
*623SERBSF10,635* 

[*623SERBSF10,635* 
'-· ------------------· 

Site Name {Subject): UNION CAMP CORPORATION 

Site ID {Document ID): NCD003216959 

Document Name (DocType): Preliminary Assessment/Site Inspection {PA/SI) 

Report Segment: 

Description: 

Date of Document: 
_,!, - . 

Date Received: 

. . r ./-

Box: Enter SF and# with no spaces 

Atcess Level: 

Division: 

Section: 

Program {Document Group): 

Document Category: 

Print Report for 
Record 

Go to New 
Blank Record 

Phase II Screening Site Inspection: References 

11/1/1991 

SF10,635 

PUBLIC 

WASTE MANAGEMENT 

SUPERFUND 

SERB {SERB) 

FACILITY 

Go to New Record -
(default to last 
record values) 

Delete Record I 



~:J 
.I 

.I 
I 
I· 
I 
I 
·I 
I 

. I-.-

1 
.·I' 
: 10 

I' 
I. 

1-:-
. ·,~. . 

~ '· · .. 

· ST~l\TEOF· 
. - - . 

NORTH.: Cl\.R.OLil'".iA-· _.,· -

Department ofEn~iro~m~n_t,- Jleaith, 
. and· Natural Resources_·.. . . 

--.-Division of Solid.·i~~sie Ma~·agement • 
-- Sup:erfund Section·~· ·-_ · 

• r . . ' . ' . . . . . 

· 'Union·.camp poipotation. --Janiesto~in_ 
' - .. . ' - - --· .. - ' . --. 

· .-NCD 003216959 .· ._-:.-- . ·. .· · 
: .. 

·. I 

-Novembe!-·1991 

!Jy: · . 

G ......... ~e .... · &-O'M::l•- -:._ ... ~c._ .•••• urne .• . .;...t:.~~ -~~!:._ .. 
'·. 



I 
I 
I 
I 
I 
I 
I 

~ I 

I 
I 
I 
I 
I 
I 
I 

I 
~ J 
( 

LIST OF REFERENCES FOR UNION CAMP CORPORATION 
JAMESTOWN, NORTH CAROLINA 

EPA REFERENCE ID NUMBER NCD003216959 

1. Potential Hazardous Waste Site Preliminary Assessment (EPA Form 2070-
12) for the Union Camp Corporation. Filed by Jack Butler, North 
Carolina Department of Human Resources. December 20, 1985. 

2. Evans, Richard, R. (Union Camp Corp.) 1982. Letter to North Carolina 
Department of Human Resources, Division of Health Services, RE: 
Request for RCRA Part A withdrawal. April 23. 

3. RCRA Part A Application (EPA Forms 3510-1 and 3510-3) for the Union 
Camp Corporation, Jamestown, Guilford County. Submitted by J.H. Neal, 
Vice President, Union Camp Corp. November 7, 1980. 

4. Strickland, O. W. (Solid and Hazardous Waste Branch) 1982. Letter to 
Richard Evans (Union Camp Corporation), RE: RCRA Status change. May 
10. 

5. Lawson, Keith 
Richard Evans 
January 29. 

(Solid and Hazardous Waste Branch) 1985. Letter to 
(Union Camp Corporation), RE: RCRA status change. 

6. U.S. Geological Survey, 7. 5 minute series Topographic Quadrangle Maps 
of North Carolina: High Point West 1969 (photorevised 1987), High 
Point East 1950 (photorevised 1982), Kernersville 1969 (photorevised 
1987), Greensboro 1951 (p~wtorevised 1968), Pleasant Garden 1970 
(photorevised 1982). 

7. Greenhorne & O'Hara, Inc. 1991. Field Notes. Site visit to the 
Union Camp Corporation site, June 11. 

8. NUS Corporation Field Logbook No. F4-1926 for Union Camp Corporation, 
TDD No. F4-8911-70. Documentation of facility reconnaissance, January 
5, 1990. 

9. U.S. Department· of Commerce, National Climatic Data Center, Climatic 
Atlas of the United States, Asheville, NC. 

10. U.S. Government 
United States. 
Washington, DC. 

Printing Office. Rainfall Frequency Atlas of the 
Technical Paper No. 40, U.S. Department of Commerce, 
1963. 

11 . North Ca ro 1 ina Ge o 1 o g ic a 1 Survey . 19 8 5 . ..,.G ... e..,.oc.~ol..,.o'.tig,..i .... c..__...,H..,a.._p'--""'o""f-...,N..,.o .... r_.,t .... h 
Carolina, North Carolina Department of Conservation and Community 
Development, Division of Land Resources, Raleigh, N.C. 

12. Brown, Philip M. 1988. Preliminary Explanatory Text for the 1985 
Geologic Hap of North Carolina, Contractual Report 88-1 by the North 
Carolina Geological Survey, November 4, 1985. 

13. Mundorff, M.J., Geology and Groundwater jn the Greensboro Area. North 
Carolina, Bulletin Number 55 (Raleigh: USGS, 1948). 
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14. U.S. Dept. of Agriculture, Soil Conservation Service, Soil Survey of 
Guilford County. North Carolina, December 1977.-

15. Floyd Edwin, 0. and Richard R. Peace, An Appraisal of the Groundwater 
Resources of the Upper Cape Fear River Basin North Carolina, 
Groundwater Bulletin Number 20 (USGS and the North Carolina Office 
of Water and Air Resources, 1974). 

16. Daniel, Charles C. and N. Bonar Sharpless, Groundwater Supply Potential 
and Procedures for Well-Site Selection, Upper Fear River Basin (USGS, 
1983). 

17. Spangenberg, Rachel (G&O). 1991. Population calculations for the 
--union Camp - Jamestown· site, NCD 003216959. November 19. 

18. Frezell, John (Town Manager, Jamestown, North Carolina), 1989. 
Telecommunications with Eric Corbin (NUS Corporation), RE: Water 
Sources of Jamestown, North Carolina. April 24 •. 

19. DeRosa, Pat (NCDEHNR). 1991. Letter to Technical Staff, RE: · U.S. 
Census. Bureau 1990 Population Data. September 16·. 

20. NUS Corporation, Phase I Screening Site Inspection for Union Camp 
Corporation, Jamestown, Guilford County, North Carolina. August 3, 
1990. 

21. U.S. Fish and Wildlife Service, Endangered and Threatened Species of 
the Southeastern United States (Atlanta, Georgia, _1988). 

22. North Carolina Natural 1Ieritage Program Element List for Guilford 
County, printout dated June 30, 1989. 

23. DeRosa, Pat (NCDHR) 1989. Memorandum to Superfund Branch Staff, RE: 
Critical Habitats of Federally Listed Endangered Species in North 
Carolina. May 18. 

24. u.s. Environmental Protection Agency, Environmental Services Division, 
Environmental Compliance Branch Standard Operation Procedures and 
Quality Assurance Manual. -Athens, Georgia, February 1, 1991. 

25. U.S. Environmental Protection Agency, Office 
Drinking Water Regulations and Health Advisories. 

of Drinking Water, 
November 1990. 

26. Huff, Christopher (G&O). .1992. 
Management Division, Groundwater 
Areas. January 31. 

Telecon with NC Environmental 
Section RE: Wellhead Protection 
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Reference 1 
,;. -

North Carolina Department of Human Resources 
Division of Health Services 

P.O. Box 2091 • Raleigh, North Caro&na 21602·2091 

James G. Martin, Governor 
Phillip J. Kirk, Jr., Secretary 

Ronald H. Levine, M.D., M.P.H. 

20 December 1985 

Ms. Denise Bland 
EPA NC CERCLA Project Officer 
Air and Hazardous Material Division 
345 Courtland Street, N.E. 
Atlanta, GA 30365 

SUBJECT: Preliminary Assessment Report 
Union Camp Corporation NC 0003216959 
Ragsdale Road 
Jamestown, NC 27282 

Dear Ms. Bland: 

State Health Director 

Enclosed please find the Preliminary Assessment report for the subject 
s~te. This priority is based on review of available data. 

The Union Camp plant in Jamestown was built in 1946 by Highland Container 
Company •. Highland Container merged with Union Camp in Deceaber 1959. 

Corrigated shipping containers have been manufactured in this plant since 
1946. In this process card~ard cartons are cut out, glued together, and 
printed. In the past the inks that were used contained metals· such as lead 
and chromium. Utilization of an ink with low lead content was begun in about 
1978 or 1979. The basic glue used is made in 660 gallon batches and contains 
about 1,000 lb. of corn starch and about 30 lb. of caustic soda to suppress 
the gel temperature of the glue. A water proof glue is also produced by 
adding approximately 50 to 60 lbs. of a water proofing agent to the basic glue 
formulation. Thi• water proofing agent is called amerez resin and contains a 
small amount of foraaldehyde, presumably as a preservative. In the past about 
a cup or two of formaldehyde was also used in the basic glue formulation as a 
preservative, however, the use of formaldehyde was discontinued in about 1975. 

The wastes from this process result from washing down this glue and ink 
from machinery. This wash water is discharged to the Jamestown sewage 
treatment system without pretreatment. Approximately 1,000 to 1,500 
gallons/day of waste water is generated. Occasionally glue containing an 
excess of starch will solidify before it can be used. This off spec. glue is 

, disposed of in the city landfill as a non-haz-ardous solid waste. 
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Ms. Denise Bland 
Page 2 

·-- -- -·--------------- . ·-- _.,.... .~ . . -- . -... -;.. -

A small amount of 1,1,1-trichloroethane is used to clean machinery and in 
removing pads from the printers. All of this is lost by evaporation during 
use. The used rags are reused after off site laundrying. 

Approximately 2 gallons of oil suspected to contain PCB's from an old 
switch box was disposed of approximately 3 years ago as a hazardous waste. 
Number 6 fuel oil also reportedly has been spilled on site and contaminated a 
nearby stream on at least 2 occasions in the past. The first fuel oil spill 
resulted from a broken pipe and the second spill resulted from a leaking 
underground storage tank. These fuel oil spills occurred approximately 3 or 4 
years ago, were reported to state environmental officials at the time, and 
reportedly have been cleaned up •. The plant presently uses natural gas, 
however, number 6 fuel oil is used as an alternative fuel. 

Water from a 182 ft. deep well on the site is used to wash down the 
corrigation equipment. The plant is also served by city water which is used 
for drinking, boilers, and to wash the flexographic printing equipment. 

There are no records or reports of past hazardous waste disposal or 
spills, other than the fuel oil spills, in the past. Because of the age of 
the facility and unknown past waste disposal practices a low priority is 
assigned. 

On 19 December 1985, this Preliminary Assessment was reviewed by CERCLA 
Unit personnel and by the following representatives from the North Carolina 
Department of Natural Resources and Community Development, Division of 
Environmental Management: Fay Sweat, Groundwater Section and Glen Ross, Air 
Quality Section. 

If you have any questions, please call me at (919) 733-2178. 

JB/tb/0214b 

Sincerely, 

~~ 
Jack Butler, Environmental Engineer 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 
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&EPA 
I. SITE NAME AND LOCATION 
Ot IITEMMI!A..c_•__.._.,_, 
Union Carrp COJ:p. 
03QTT 

Jamestown 
oe CCXlfQU.TES LA T1T\JOE 

_15.0 .-5.9.' -1Q.'!_ I 

' 

POTENTIAL HAZARDOUS WASTE SITE 
PRELIMINARY ASSESSMENT 

PART 1 •liT£ INFORMAT10N AND ASSESSMENT 

02 ~.~NO~ Of'IPICII'IC LCCA110N _,,,._. 

Ragsdale Road 
04 STATE I 06. CClCII rOI COUim' 

~ J 27282 Gli.lford 

·.. .··. 

10 DII'ECT1QHS TO liTE,_.. __ ,_.... . _ . ·-- . _ . . 

The site is a1 US 29A/70A aboo.t 0.5 or 0.6 miles wt .of the High Point City Pa:dc:. 
Access the plant fran Dilloo Road .wch crosses the_ RR tracks fran us 29A/70A. 

IL AEI'OHSIBLE PARnES 
OtOWNI!R·- ... ___ ,,.,;:..;,..~·- ... 

.... · .•:. 1600 Valley ~ union eanp· 
03QTT 

Wayne . __ ......_,.. 
04 STA,06 ZPOCXll" r061UB'HCHE......,_ 

N1 I 07470 ·. . C201J 628-2000 
010P£MTCR ,. ___ .... ....., .. ··-·-~ ... . ,. 
uxlion eanp carP·· · -·-· ...... -·-'~ .... -·· -··-- · P.o.--sax-759 - - ··· -- · 

Jamestown . ·. · 
• -·-.~··•• tOSTATIJ11ZPOCXll • ltZTB.IPHONE....,. - '· •.• -~-. r 

•• ----~ ~.:.:!;':....:_ . • . lC •'"I 27282". C919J 454-ll5i". :.- __ .;...:. :_: .:~- - . 

t3 TYPlOI'~ICIIed-
A.PRIYATE CLFEDERAL: -----:===-----· CC.STA1E CD.COUNTY ,..,.,._ 0 E.loUICPAL · :. . _' • 

C F. cmet ,._,
1 

. . .. • • • C G. UHICNOWN --- !.. .:...;. 

04 DESCIW'IU'IOI'..st'NCII~'U"' •• If ...... QRAI..Uaa) - · • • " . --- •• "·' .-··t· · · . - · · .._ •· • 

Kmufac:t::uie corrigated .Sbi.W'iBi·:~·:··MiX-ql.Utf7and:.-ink a1 site;-· Eq\i.i.ptent·~ · 
down and off -spec. ·qlile--m:e-=--~s"Tof waste.. -Glue_~ --~-bazardcus ~· · Ink.· ---~- · 
cantaininq·lead· arid c:hrammr·usea. tmtil.:abcut 1978-.~-- .;..;.;..... . ·. --.:- ~- - ...... ~~.:.::.:.=~~. . . . . . .. .. .. 
06 OIICIW"11CJJI 01' JI'OTBniALHAZNID TO BNIIDai!Nr NGtiR PCP\UTIQII" · • . -~ • • · · -- • • • · · - • -- . . · • - ..._ • • • • 

Wash water to city SCRr.:-,.~·Pa!ti:eablerit.· :·N()-~Site _disposal.--- City water._ fer~;~--·: 
drinkinq; 182-~~-:~::fgr~~~~-~~lJ.l.ff -·~:~.-.0~ ~ -~ ~;:.;:. 
-~9B t:az:Jk•.'-.. :;!P.: .:..~~<:'· ... ~~:-~;~F-:~:..:4 -., u.-;.z ·; · ·._ :··· ~ ... _··-:·~:-:· .. ~t.:~--·-···-- .-..:.:.... .... ·--.. ~~ . .:.~:·~-:-~_::':•.~-

Ot PfiCNTYI'OftiG ECIU'I~-···---·~--,_, ____ ,_,.,._....,_~--... -· .• -·- · ·• ·· · __ ·· •· · c ··-.··:·.;·~c.····~-· •··•--:.· .. ·.·c·-- ·· ···- ... -· -•.:-·.--.... · ••. CA.tat ...... - ...• B.t.IED&JM_ ._;._ LOW , . D.- ·.~-· .. . 
. ~............. ~~--· -~-..................... ~-.--:- ,. .... ~...-..--------·--·--·- ·. 

YL IHFORMA 110N AVAII.AILE FROII . --c~· ..... 
Ot CONTM:r 

Bill-. 
• - . OICIPI¥ :~ U I 

\ - ~v~:.;.v.:.:r!" -~~'~ . ·. · · :'"! ··: ·-·-· :· · · ·· ... 
. , ·..... . . thia1 Cairp - !txlreStown, Tenn. 

•otu,.eerr oa.ll!!fl'C' 06CfaAHIZA'TDI 071B.EPHONE....,. ·--
' N:!·. DHRIDHS sml M:mtt. Br. 

OI~TI 

Ji" ()3 tSS 
IIQifiM ... """ ( git} 733-2178 Jack 'Rni-1~1"/Pat ---
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L IDENTFJCATIOH 

&EPA 
POTENTIAL HAZARDOUS WASTE SITE 

PRELIMINARY ASSESSMENT • . 
PART I•.DESCRJPnON OF HAZARDOUS CONCmoNS AND INCIDENTS 

Ot ITAftl 02 11ft....,_. 
N: I 0003216959 

L HAZARDOUS CONDmoNS AND INCIDENTI 

01~A.GAOUNOWATEACONT~T10N 02J(oasaN'EO(OATE:-1q~u & l"f82 OPOTENnAL llf'AUSE» 
03 POPULATION POTEH1W.LY AFFECTED: IJnknown 0. HAMAT1VE DESCRPT10H · "' 

;6 fuel oil spilled fran rupt.uJ:ed pipe and 1~ undergroona_ storage tank CXl 2 
cccasions in the past. Spills reported to state and reportedly cleaned up. 

• I . 

01 rf.B.SURFACEWATEACONTAMINAT10N 02~08SERVEDIDATE: -~.L~I:S.L 6r .~I:S~ 0 ~ Di'AIJ.EQED 
03 ~LAT10N POTENTIALLY AFFECTED: o4'HAARAT1VE DESCAFTIOH 

Spills· discussed under groundwater contaminatioo reportedly caltami.nated off site 
stream. 

01 0 C. CONTAMINATIOH OF ~ 
03 POPULATION POTENTlALLY AFFECTED: -----

01 0 D. FlAeiEXPLOSIVE COPQT10NS 
03 POPULATlON POTENTIALLY AFFECTED: _...;_ __ _ 

01 0 E. DAECT CONTACT 
03POPUl.A.T10NPO~Y~ -----

02 0 OBSERYED.,,(~DA~TE::·~...----1 
CM NAARAllYE DDCAIPTION 

0 POTENTIAL 

... ·.~ ..... - . .... . 

01 0 G. DRINKHI WATER CONTAMINAT10N 02 0 CAISE'ItW'ED.., :;IDA~TE:;.:,r· ;:;:---1 
03 POPULATlON POTEHTWJ.Y AFFECTED: -----· .. CM NAMA11YE~TION· 

OAUSJED· 

01 0 H. WOAI<fR ~ 02 0 OIOER\'B) (DATE: J 0 fiOT!N1W;.. 0 ALLEQED. 
03 WOAKEAs POTENTIALLY AlP& I& :· CM JWIIM11YE DDCRP110N .. . . . . •. ·- .. -

:. ·~ .. . .. 
. . 

. . . . . 
.• 

Ot ~ I. POPULATlON EXPOSUAEIINJUR' 02 0 CBS&IYS) COATE: I CPOTSfiW. C AILEQED 
03 POPULATION POTENnALLY AFFECTED: CM NAAM11YE tEICAP110N 
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Reference 2 

--
.~~-.- ... ~ 
I. I 

-
P.O. DRAWER 759 JAMESTOWN. NC 27282 TELEPHONE (919!454-1151 

April 23,· 1982 

NC Department of Buman Resources 
Division of Health-Services 
Environmental Heal~ Section 
Solid G Hazardous waste Management Branch 
PO Box 2091 
Ral~igh, NC 27602 

Dear Sir: 

our· corrugated box plant in Jamestown, NC sul:xnitted a Part A 
HAzardous-Waste Permit Application in November, 1980 as a· 
storage tacility in accordance with RCRA regulations. We 
obtained EPA I.D. INCD003216959. At that time the hazardous 
waste consisted of flexograpbic ink washwater and sludge which 
contained small amounts of lead and chromium pigments. These 
wastes may have exceeded the limits for these metals in the EP 
toxicity teat. 

Since that time tha inks have been changed to eliminate these 
P,igments and further test~g demonstrates that the washwater 
and slu~ge is clearly not a hazardous waste by RCRA definition. 
We are also ftotityi;nq the OS EPA ~gion rv Office in Atlanta, 
GA. 

We wish to withdraw our Hazardous Waste Permit Application for 
this facility based on the above change in our operation. Any 
hazardous waste in storage will be disposed in accordance with 
North CArolina and EPA ·regulations for such disposal. Please 
advise if any other action is required. 

Very truly yours, 

. R~i-AR~--~L-
. Riehar~ R. ~. 

Plant General Manger 
ME alp 

. . . 
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I 
I 
1: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 

I 
I 
I 
I 

DIVISION OF HEALTH SERV•rc:~ 
P.O. Box 2091 
Raleigh, N.C. 27602-2091 

.. 

Mr. Richard R. Evans 
Union Camp Corporation 

. P.O. Drawer 
Jamestown, NC 27282 

Dear Mr. Evans: 

.CONT. TECH. 

MAY 14\982 
2 

R.e: F01c1li ty ID No. _ __,;.N=C=D0=0:.::3:.=.2~1 6:...9~5~9 __ _ 

Based on information supplied by you ve h~ve processed and accepted at the State 
level your·request for the facility identified with th~ above ID number to re­
ceive the indica.ted changein classification under RCRA: 

Add As Delete As 

0 ~ generator 

0 D transporter 

D 0 treater 

o. t3l storer 

0 0 disposer 

D 0 small generator 

We are advistnR EPA or the chan~e in your status. Please notify us if. there is 
any further chan~e in your npcrationa which would ngoin affect your statu~. 
Your EPA ID NO. 1•0 ia not~ being cancelled. 

ows 

cc: John Herrmann 
EPA Region IV 
Emil BrecltlinA 

DHS Form 3048 3/~~ 
Solid & Haz. Waste M~t. Brant:h .. 

.. 

Cordially, ------
??G'!s.:/Ln~ . 
Solid & Hazardous Waste Management Branch. 
Environmental Health Section 
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DIVISION OF HEALTH SER' 
P.O. Box 2091 

. Raleigh, N.C. 27602-2091 
.. 

Mr. Richard R. Evans 
Union Camp Corporation 
Post Office Drawer·759 
Jamestown, NC 27282 

Dear Mr. Evans: 

·.·, .· 
\ 

Reference S . 

Ronald H. Levine, M.O., M.P.H. 
STATE HEALTH DIRECTOR 

~) 

. .r • 

Date: Januar,y 29, 1985 

IE: Facility ID No. NCD 003216959 

Based on information supplied by you, we have processed and have accepted at 
the State level your request f.or the facility identified td.tb the above ID · 
aum?er to receive the indicated change in classification under lCIA. 

Add As 

-

Sincerely, 

1~/~ 
Xeith Law1oD 
Environmental Cheaist 
!uviroumeutal Bealtb Sectio~ 

rL/jad 

cc: ·Doua McCuUJ 
EPA ReaioD IV 
Emil BrecUiq 
Joe Deakins 
Guilford Co. Health Dept. . . 

DHS Form 3048 1/B.S 

.Delete As 

. -
X 

generator 

transporter 

-~all aenerator 
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CURVE AND REDUCTION TABLES 

• 

PubU.hed b7 •urene Dletaren Co. 

1. Radius . R= 50 
• sin D/2 

• 

2. Degree or Curve: D= lOOt Also, sin D/2= W 
3. Tangent. : T=- It tan !1 I. Also, T= TFor ~cmrvo +C •. 

' • 

4. l.cngth of Cut vi!: 

5. I.ong ~honl : 
6. 1\ficltllc Ottlinat.e: 

La 100-l> 

J •• C.= 2R 11in 3-i I. 
M= R (1-r.os H I) 

7. External 
n 

: E= cos 3-i I -R. Also, F.= T tan J( I. 

Alm UI!IB OJ' T ABLBS 
• 

Olnll P.l. St.&. 83+40.7, 1•4!i" !0' and D •11":10' lind: 

• 

ltatloD.I- P. C. • P.l.-T. T • T lor 1~ C'un·a + C. From Tablee V and VI 

23112.8 . 
T• 0 . .5 +.1117•3118.32•3+68.32. St.a. P. C. •83+4D.7-(3+M.32) •711+72.311. 

P. T.•P. C.+L. and L•IOO i•IOO 
4!:~3 •607.38 Therefore, P. T.•(711+7.38) 

+<8+117.38) •88+60.78. 
Oll'aets-Tanaent olfHII ,..,. Capprodmately) direetl7. wi&h D and with the 

111uare ol the diatanea. From Table Ill Taopnt Olf•et lor 100 eel •5.11Cl0 f~t. Diol.&ooe 
. (l!7 112)• •80-81.&. P. C. •27JI2. Hence olfltt •5.M X IOO •.4.32 ft. Aloo, 1'\llllre or any 

dlotanoe, divided b)' twice the radlua equala (apr>roaimalrly) the dl.tanoe frum tan .. nt 
to curve. Thua ~7.62)1 +(2 XIIIII.05) •.432 1&. 

Detlectlona-Defttetlon U11tle • ~ 0 lor 100 ft.,· J( D fOI' 30ft., ate. For "X" ft.• 
Defteetio'l Anal• (in .111inute.l • .3 XX XD: For l!ta. 110 of abo•a curve llell..,tiOft An~tle 
•.3 X27.02XCI.S •6:1JIS'. Alao Dtfteetioo ADele •dfl. for lft. from Table! Ill XX •I.U 

Cl" !10' . 
X27.S2•li3.8G'. For8t.a.181 DtlleetioD Aftale•S3.8G'+ ~ ·••a.se•. 

Jbtarnala-From Table V for t• ouna. with oentnl an,la or 46" 20', E •4711.11. 
4n.CI · • 

Therefore, for8"30"eurve, E • O.S + Corrretlon lrom Talole Vl•7.378+.030 •7.417. 

. . 
• 

• 

• 

·~ 

• 

• • 

• 

• 

' • • • ,, ... r!j;jr·l,j 
• •· •f t • , • t 

I I 

IIi; II; 
b; ¢! I ! I I . ! I I I. 
jl: ·'·l'l',li·:! 

• . . 

I 

• 

~~~:~. 1ii 1 
. ~ -~~~~ ,..,-,• ! I I I 

I ' ' ' 

1 •••• \ I. 
·-

• +-·+··• -J--J.-J--1 

- . 

- .. -+· 

. . . .. ... 

• • 

H-+-+-+-1f--+-+-t-+-+·+-J-l- -+-H -· -+- . . -~ 

~~-+~4-+-r-1-+-~4--~-~ -~-- - ····-~-1-J-J ... J. 

1-H-4-++-+-•-IH-+-~-+-~-1 -~+-·-· -i-.. 1-+·1-

-

- -

-
I 

.1.·-+·+· 
I -+ ·-t -~-~--~· 

. I - I 
HH++-HH+++-·H-~·-1--·1-1-- -1- ··~- 1-1-

H-t++-H-t-t-+-+-·~-t-1- -~--J -~1--- · •-~- ... 

• .. I • 

• 

• 

-+-

• 

• 

• 

• • 
• •• 

• ••• • •••• 
• • • 

. ' . . 
• • 

' . T . . . . ,, 
·-~.-_,.,., 

' . . , ,_ 
I'\~ .. ~ 

.. . : . . . . .. . •· . . . 
• • 

• • ... • • 

• 
' I I '' -

• . . 
• • • 

• 

.. . . . 
• • • • • 

• • 
• • 

• 
• 

• 
• 

• • • •• 

>. 

I.- t 

... 
.. . 

• • 
• 

• 

. 
• 

• • ... 
. . . , • r· 

• 

• 

• • 

• . 

• 

• 

• 

• 
• 

• 
. ' 

•• 

I . ,. 
• 

• • 

' • ' 
I 

! 
I 

' 
I 
I 
' I 
I 
I 

' I 
' ' I 
I 

• -. ... . . ' ~ 

. ,~ ... 
• • •••• 

• 

. .... .. . . . . . ,. ... -
• 

. . 

-



-

• 

• • • 

• 

--

• 

,_ ---+-··- ---- ---f------.-·--
08 . . ·····--··-

.. . .. -

-. -·----- . -·. 

• 

• -
• 

• • 

• 

• 
• 

I 

I 
I 
• 
' • 
I 
• 
I 

I 
I ... 
' 

' • 

I 
• 

0 -

oF I 

' • 
l 

I 

• • 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

-

...•. -- ...... ---· .. ... , __ --.--.... 

' • 

I 

I • • 

I I ... . ' • • 
I 
• • • t • • •• 

I 
' ----·-·-· ..• -- ... • 

I 

• 
-. ____ .,.,- ... .,. • • • • • 

• .. ·- . . .. .. • 

.. .. .. .. • 

• 
.... -- ... - ... ,_ . . . - • .. 

• 

- --- -·- • .. • 

I"'-( -- .. 

• 

• 

• 

• 

-

• 

• 

I 
t 

' I 
I 
• 

• 

• 
• 
I 
• 

• 

• 

• 

• 

l 

• 

• • 

I 

l 
' 

I 
I 

• 
I 

• 

• 

' 

• 
• 

• 
• .. 

• 

... -· 
IH . . ·- ·---· 

• ... - .. 

.. 

• 

• • 

--

• 

• • 

• 

·--·· 

• 

I 
• 
' ' I 
•• 

I 

I 

I 
' 
• 
• 
I , .. 
I 

I 
I 

• 

• . .• . 
•• • 

., . 
' 

·• 

• ., 
• 

• • • 

. ·-· . -1------

·---!-----

...... +----

-- --·-- ---·-·-· 

-.. -- • 

. ...... -1---

_, __ _ ----
. . ' . . -·----·--

··--------

·-t------

• 
• -- -----

..... -----+---------

-- ·-
., ____ .....;,_ __ _ 

;--------+----
...... -+--------

. .. --··· 

.. .. -11- ·• . -----·-t-------
•• .. -- ---- -t----·--

• . __ .. _______ +-------

I . . -
a.::JI • • 

' 

• 
I 

'¢::1-
• 

I 
~-

• • • 

m~· 
• • 

I 

• 

• 
~- .. • ... ·• • 

-~ 

·--

.. 
• 
• 
----~-~-J 

. ·-·1--
• 

• 

I 

•• 

.• :... ........ ::.:$..~. • .:I'~;,_. 
• • r.; -· 

/0 ,'3 C> • 

-,.-, 

-1--l·-

-

• -

·- • • 

.. 

• -I·-+-

r-+-4·· -

... -

- • 

I 
• 

• 

• .. --~-. .. .. .. . '"l ~ . ·~·~-.";;'/# . .':'',' .. . 
• • 

• 

• 

• 

• • 
' • 
' ' I 
• • • • 
• 
• 
• 
• 
I 
• 

I 
' I 
I 
I 

I 
I 

I 
I 
l 
' 
I 
! 
I 
• 

• 

• 

• 

• •• . . 

• 
• 

• 

• 

• 
• 

' .4• • ... 
f I.! ' • . -

• • •• 
.: ~ ~--.,,. . 
• •• ·•. • • 

•• 
• • • •• 
~- ·--·~ 

• 

• 

. . . . . ., .... "' -,~ . ••• - . . ···'·• ' .. 1-
• .. l• 

' ... "" ~":--,':rr ... 
! • y -~ • 

• • 

• • 

• 

• • • • • ... . . . ·. ' -
~ ·. .. • 

1 ' ...... , . . ' . 
• 

' • .. 
• • • 

• 

• • 

• 

• • 

• 

• 

• 

' I 

• 
' 

• 



• 
. . . 

'· • • 

• 

• 

• 

I 
I 
I 

. ' 
" . . . 

' ' . .. .. . . ' ... - . . . . .. • • • • • 

---- LL .... 
' I 

.5Qo3 
' 

- • ·- I 
·' . ·. ) . . 

• • 

I 

.. . 
• 

. ' 
' • 

··--·-···-···· I ··- ·---- ......... ---+-----' -. .. --
I . 

·- . -. 

. . . . - ~ . 

'VlC..t 
. ·-

... Sro 

Pe>~trrg .. S.o•. 
' . ~c.,_ T:_}ifi': 1/ . . 1'1 ~ ~-(__· --

' 

ot=-; M4tk /3L 
1 T "1 ~ot=- 1H c= 
A4~ 1TA .. ~~ (A-a 
TI-t~ S rnp 1'¢ 

ot.rn 

. ~----'--
0· ~ ...... -----

• • 

rS o.,,...., P \..~ vv b. .S. CC?(.. L- GC. ·-- - .. --· - ..• I . . I 

Fe 0 ~'1 3 HO l..G'S A5» 1 s~o\,.lVN IN 
I . t I ' . • • -- -

I • s , ,) j -ru IE:; . . JL e;: r c 1-r : l.) e: c o 1.,..' J~ll ... ~- .:::A=---• 

· Def':rl-f o,-=- 14PPil..o>c.; I Pr 
••••••• t • o I ' ••· • 

T~e~ 6 cto~l'lO S.< ... ,-tZ..Fo. c:j.e"" , ''-. . . - --· ·--·-

''""' .o.:S. 6 t::!"NE 1t.. '" '-L-'I [)A fl.Jc.. 
o ' I . • • 

""~ , rH t,. 1 T r L-lf' C s~~o 
0 - . 

. t--\ . • • I 

• 
• • • . --
I 
I • • i . . ··- ' --

• 

. --55 -'3 .. ----• • • 

' 
• . . . . .. . ... - . --··-· 
' 

' 
• • I -·- -············--·----

• 

• • • .. . I 

fVI Ill '-? 
. 136()~. -

I 
' • ___ J.__ 
I 

I 
I 

. ' 
Co 

' . 
• f • • ··- • . • 

: A!3ovtr 
·~a.o~~" 
·T~I£ 

I!). (;, 

• 
• 
' 

I 
' 

. " 

• 

---------
• 

!---·-''"'-· --··· . ·------
. 

--- - .... - -· -----·-

l .• -
• 

-lllllt::l-
• • 

I 
I 

. . .. 
• • • 

• • 

... ''T".,...., ..-r-r-r· - ·- .. - -;-.... T".... .... .. l - T 
~~+-~4-~~~~4-~~+-~+4~+-~·-r+4-+4-·4--~~ 

I 
-t-1-1--+-~ 

i 
H-+++-11-+++-~++-H-++-+-·+-+-+-+-i-~ .. +-i-1- - .. 

• • 
i 

H-+++-11-+++-H-++-H-+-+--H-H -1-4·- - ·t· --

H-+++-11-+++-H-+4--- -- - --+--1-+--1- ·-- - - · .. 

H--4--IH-++-+-·1-++-+-1---- .. - -- - . -1- .... . -.. r· 

' .. -t 

I , 

- - .. I . • ___ ....... ,. . - .... ' I· t· . " . I 

~-+-+-+-+-+- - ..... --.. · 1 i .... , I l ·+ · --!-r 1- I .. ·-t-1~ 
!-+-+-+--+-+~ . i l•1!' lii' 1 1 I. ill· I ,,,1,· ! 'I' ~--~ ' 

i . f . • : 
: . . • I • 

• 
• 

I ,1.,11 . I 

II ., :. . ! I • I I • I • i I I . I • I I I '. - -

;::1;. 1;1il~ '1:1 . ; 

H-1--1- I . - ! . ',. ! i ; i : : . 1·1 ! : ! ! ~ I ! ! . 1- ; 
.. ·l ~; ; ; i ' .. .1. 0·. '· .,i I i I : :, .... "- : 

i j I 1-+-++-++--+-i- -· .I . I I . .. .. ... T - . .. : 

I I . . I . I· - ....... - ... - .. --+-+-ll 
....... - .. ·- -- .. ·\· ... - ...... - .. I 

- · I +- ·. ·I-

1-1-+-+--H~-1-- 1-.!-~ . . . . . . - . - -

I --·+- - - . . . --- - . - ~-1-·+~ 

1-+-+-+-++-H-+-H--~- .. - . +·-·. - --·- ..... -· ..... 

1-1-+-+-+-1~~+-. --1--~ --+ - - . .. -- ·- - -- . -+- '·1-4-1-~ 

H++-H++-f- -- - - - - ---- - -· ·· - - . . . -· . . --H 

. . . -. 1 I 
• .•. L ..... ·--·-- ·-

• I 
I' 

." I . -
' f. • .• 

-7k~ . ,~ . ..: 
• '''Jt'" 

. ' ·.:..' :. 
" . 

. ~ ' . ' ,. . ..• .. 
w ..:.l,'t. 

-• 

• 

• • 

• 

0 

• 

i 

I 
I 
I 

' 

. 
' 



•• • 

• 
• 

• 
• • ••• 

• • • 

• 

• • 

• 
• 

• 

• 

• 

• • • 

/ • ... 
./ 

• 

• 
• 

• • 
• 

. . ·.' 
• 

• 

• • • . • 

• 
• 

• 

• 

• • 

• 

• 

• 

• • 

• 

• 

• • • 

• 

• • 

.. 

• 

• 

• 

• 

• 
• 

• 

• 

.. .. . 

• 

• 
• 

• •• 

-~· 

• • • 

• 

• 

... .. 

• • • 
• • 

• 

• • 

• 

• 
• • 

• • 

... .... 

... 

• 

• • 

• 
. ..... 
• , . • • 

) 
• 

• 
• . . 

. . 
' 

• . ' .. ... .,.., ., 
• li ,, .• 

• 

• 

• • 

; • 

• 

• 
I • • 

' 

• 

I 
• 

.. • • • . ... ' . ". 
• • • ... • 

• • 

• 

• 

• 

• 

• 

• 

•• • 
• 

• 

• 

• 

• • .. 

• 

,. 
• 

• 

• 

' • . , 

• 

• 
"" •• J. • • 

• 

• 
• • 

• 

• 

• 
• 

• 

• 

• 
~-:.( ....... , 
1 ... ·•' . -~, . 
·"" - : • • • 

- ~: :, ~". '11lt:t,' • 

• 

" 

• 
• • 

• 

• '; '. ·-~· ~~-·~-) . \ ,. 
'I·'• -·~ ..!,~ •' 

.. ~.:~:~. ~:~::, ...... 4 

• 
• • 

• ; 
• • 
• 
• 

•• • 

I . .,. o .• ' , "'' • 
• • l '· ~ ~ ,, 
.... ... l'i ... . . '(. . 

• 
• • ,. 
• . .. 
• ,. 

• • 

. ,. 
• ': . ~- -;~ ·--·~.,~-

•• :·f ."·~·~<~ . • ,_ .. r. ' 
' .. 

' I I 

.'\­
't' . , : 

' ' 
• 

• 

• 

• 

. ~- . ,· .. pt.~.!, 
• • 

• 

"J."' -
I 

• • 

, .J. "r 
• • .. 

•• 

,. ·i:'JI··· •'. 'I . il"- • •. . . . 
i • ~ • . • 

• • o I • •! 
•;. )'·"''_,('_ 

• ' !4 ••• 
'• '· o< ..... -

• 
·( . ; .... ~~·· ..... . . . . ~ 

• of .~,JC.C~. . ....... ~ '•' 
't: . 

• 
• 

~~-. • • 

.. 

•• 

•• 

• • • ., . . . 
• 

• • 
• 

' 

• 
• • 

• 

.• J 
• • • • • 

• 

• 

-· .. • 

• 

r •' 'I . . ; 

: .. 

' . •• 

• , . 
• 

• · .... , ... 
• • &: ' ··•;-·· 

' 

• 
• 

' . ·~ · .. 
• ... ~ 

• •• 
• • • • r . 

• 

• 

• 

• 
~·~-~ . 
~I 
1 4·~-:: 
• • • • 

• 

••• • 

' • 

• • 

" I : . 
F' • 
•• 
' • 
' 

• .. 

• 

• 

• • • 
• 

• 

• 

• 

.. 

• • • 

• 

• 

•• 

• 

• 

• 

• 

• 

• 

.. 

• 

• 

• 

• 

• 

• 

• 

.. 
• 

• 

• 

• 

• 

• 

• 

• 

' I 
I 
I 

1 
I 

'· 



f 
• 

• • • 
• 

• 

• 

• 

. ' 

• .. 

• 

I 
I • 

• 
I 

! 
I 
• 

• 
• 
' ' 
• • 
I 

• • 
' I 
• 

I 

• 

• 

• 

CURVE AND REDUCTION TABLES 

• 

• 

CURVII'ORMOI.AS 

• 

1. Radius 
. 50 

• R== . D 
' BID /2 

D= fOOt Also, sin D/2= ~ 
• 

_ 2. Degree or Curve: 
• 

. · 3. Tangent 

' 
• T , ILJ AI T-Trort•curvc+C . = h t.an .·~ •. so, - D • 

I . • 

_ 4. J.ength or Curv~: L=I000 · 
J,, C.= 2n 11in Ji I •. 
M=n Cl-r.os HI) 

5. I.on~ f:hnrd : 
6. Mit.hlle OnJinate: 

7. Extt•rnaJ : E:::i coe ~ 1- n. Also, F.= :r tan U I. 

ExPLANATION AND USB 01' TABUS 

Olftn P.l. Sta. 83+~0.7, I -c:;• !0' and D •11":1!1' lind: • 

• 

· T for 1• C"ur\•o · 
lt&tl.ou-P.C.•P.l.-T. T• D + C. From Tabt .. V and. VI 

2302.8 . . 
T • B.ll +.1117 •3fl8.32 •3+68.32. Sta. P. C. •83+40.7-(3+011.32) •'711+72.311. 

P. T.•P. C.+L. and L•lOO -b-•100 
4
:.·;3 •007.38 Therefore, P. T.•(711+7'38) 

+(11+117.38)•8&+1111.711. 

O.ll'eeti-Tanrent oll'.ela "lll'7 (approdmatoly) dil'ftt17. 'With D and 'With tho 
~ttuare ol the diltan~. From Table Ill Taopnt Olfod for 100 ett •5.1100 f~t. Diotance 

. ( ·•7 112)' •80-Sta. P. C. •27.112. Hence olfset •5.116 X "100 •.432 h. Aloo, lfJn•re of any 

d;.tance, divided by twice tho radiua equalo (approsimatrly) the dLotanoe frorn tan~nt 
\o eurve. Thua 127.02)1+(2Xfliji.D.S) •.f32 h. _ . 

Dollec:ttou-n.fleetlon an~~;le • ~ D for too f\.; U n for SO ft .• etc. Fur "X" ft.• 
O.fteetl1>., .\nale (ln.minuteol •.3 XX XD. For lila. HOof ahove eun·e IJeft~tion An•lo 
•.3X27.62X0.5 •63.110'. Aloo DeHeetioo Anile •dfl.for lft. from Tablr Ill XX •I.V.'I 

X 27.02 •53.86'. For 81&. 181 Defteetion Anale •63.80'+ fl• ~10' •4" 8.80'. 

Kztei'Dali-From Table V for t• cu"e, 'With central an1lt or 45" 20', E •4'711.11. 
4711.4 . 

Therdore. for Cl"30'eu"'· E • 6_5 + Cont'Ctlon from Tal.le Vl-7.378+.0311 •7.417. 
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The or this atlu Ia to depict the cliNt,. rl ... United 
· States in terms of the distribution and nriatioll of 
elimatic element& Climate hu a profound, often elfect 
upon the life, mood, health, and activity or all of a 

Climate may be considered the collectin .Uw of tile earth'a 
atmosphere at a specific place for· a long of ti111e 
several decades). The short-term variations of 1M •taw of the 
atmosphere are called "weather." Weather is tht tHilduct of the 
interaction or numerous natural elements; the lonl ltatilticaJ 
valuations of various elements collectlnly ctenne die climate. 
For many planning, engineering, and acheclulilll pa,._lt Ia 
important to know the climate of a certain city, Stlw, rwart area, 
etc., than to know what the weather happen• to be there 

The Climatic Mapa of the United Statea In unlroun 
format a aeries or anal }'Bel showing the national mean, 
normal, and/or extreme values of temperature. •'- wind, 
barometrie relative humidity, dewpoint.. ll _, ClO'ter, 
heating degree days, solar radiation, and enporl 011

• The map 
projection hu been standardized to allow . and 
correlation or the various climatic elements and thei' :~ 

The individual analyses were originally pre meet the 

• 

• . 

• 

demand for climatic Information from commercial, lndllltrial, qri­
cultural, ·and educationallnatltutlo1111, aa well u rnHn the 
general public. Each sheet, or set or sheets, wu made available aa 
lOOn .. printed. Now the entire set - a total or 40 Jarp 
taining 271 climatic mapa and 15 tables - hu been collected and 
bound Into this comprehensive atlas. (Individual sheets and eets 
may still be separately). 

It llhould be that these are not 
or temperature, ete., but reflect collective 
atmoepheric that over periods or years: often 
obilerved conditions for day, week, month- or even year-
will differ sharply from Indicated In the anaiJIIC!IL 

The climatic mapa in this atlu were prepared primarily by 
John L. Baldwin, Chief of the Domestic Climatology Branch of the 
Environmental Data Service, DISA, an agency of the U.S. Depart-
ment of with map contributions from the Hydrologic 
Services Division and the Solar Section of the 
Weather Bureau. Appreciation Ia dae Dr. Helmut E. Landsberg, 
former Director of the Environmental Data Service, and to the 
National Academy of Science Advisory Committee on Climatology 
for advice and guidance. 
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Mean Annual Precipitation in Millions of Gallons of Water Per 
Square Mile by State Climatic Divisions ...................................... 51 . 
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I 
. the eastern side of the Charlotte Belt but extending slightly into the Carolina. 

I
. Slate Belt in the vicinity of Randolph County. In this area, the unit is not 
described in great detail in the published literature.· Goldsmith and otl}ers 
( 1988) described a unit with almost identical contacts as metavolcanic rocks, 

·undivided, including mafic, intermediate, and felsic volcanic rocks. North of 

IRocky River and west of the Gold Hill fault zone Stromquist and Henderson 
(1985) mapped several units that together have contacts corresponding to the 
metavolcanic rock ( CZv) unit. They· describe the material as being deeply 

l weathered to soil and saprolite derived from the Cid and Millingport 
Formations. . . 

I
CZbg BIOTITE GNEISS AND SC~IST 

. See Inner Piedmont belt, Chauga belt, Smith River allochthon,' and 

I
Sauratown Mountains _anticlinorium. 

CZfg FELSIC MICA GNEISS . 

•- Carpenter (1982) and Wilson (1975) mapped units in the Milton belt and 
parker (1979) mapped a unit in the Raleigh belt that were compiled into this 

State Map unit. The unit is predominantly a fine- to medium-grained, 

l
commonly equigranular gneiss. The chief minerals are quartz, feldspar, 
muscovite, and biotite. In Raleigh belt, the unit includes graphitic zones 

· (Parker, 1979). In both belts the felsic gneiss is interlayered with other 
. rock types such as biotite and hornblende gneiss and schist (Parker, 1979; 

~~arpente~, 1982). . .. . ··-··:· . ... .. . .. 

CZbf FINE-GRAINED BIOTITE GNEISS 

.I See Kings Mountain belt. 

ICZg METAMORPHOSED GRANITIC ROCK 

This·- unit is predominantly medium to coarse-grained, equigranular to 
porphyritic quartz monzonite and granodiorite with lesser amounts of" grinite, 

l tonalite, and quartz diorite. The rock is massive to well-foliated with common 
shearing. and recrysta1lization. The replacement of original minerals by 
minerals of low-rank · metamorphic assemblages is almost universal. The 

l·largest aeri~ extent of this unit is in the northern half of the Carolina Slate 
belt, from Person County to Davidson County. Here the unit consists of 
single intrusions and complex, multiple intrusions only a few of which are 
described in detail such as the Roxboro pluton (Glover and Sinha, 1973; 

il.son, 1975). ·-Intrusions belonging to this State Map unit also occur in the 
. harlotte belt, Raleigh belt, and Eastern Slate belt. · . 

I Individual intrusions or complexes described in the literature include . the 
· Chapel Hill (Hayes, 1962), Farrington (Wagner, 1965), Meadow Flats (Mann 

and others, 1965), Moriah (McConnell, 1974), Parks Crossroads (Tingle, 

1
1982), Fountain (Mauger and others, 1987), Oxford (Hadley, 1973), and 
Buckhorn (Parker, 1979) plutons. The description of the unit as a whole is 
based on detailed descriptions of these individual plutons which ~omprise a 
minority of the . total surface area of the unit . and one reconnaissance 

l description (Carpenter, ·1982) of the majority (Person County to Davidson 
County) of the unit. . . . · ··· · 
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ABSTRACT 

. :. ~,~ . . .i-.;.. 
--:-::=;-~.-:•,. • .-u.~d 

The Greensboro area is in the north-central Piedmont of North Carolina 
· and includes Alamance, Caswell, Forsyth, Guilford, Rockingham, and 

Stokes Counties. 

The area includes 2,975 square miles and had a population of 438,404 
i:a 1940. 

The area lies entirely within the Piedmont province, which is character-
ized by fiat to rolling upland surfaces, separated by stream valleys, with .. 
a few scattered monadnock hills. 

Except for a belt of sandstones al)d shales along Dan River, the area is 
underlain by igneous and metamorphic rock!, consistinr chiefly of gneiss, 
schist, slate, and granite. 

Wells drilled in greenstone schist have a considerably higher average 
yield than wells in any other rock unit. The average yield of municipal and 
industrial wells in this rock is 55 gallons a minute. In granite, gneiss, and 
the Triassic sandstones and shales, the average yield of municipal and 
industrial wells is 83 to 35 gallons a minute. 

Topogiaphic location has an important bearing on the amount of water 
yielded by wella. The averare yield of wells drilled in draws and valleys 
is more than Slh times greater than the average yield of wells drilled on 
hills. It is probable that draws and valleys mark the location of sheared 
and fractured zones in which the rocks are saturated with water, whereas 
hills occupy areas of massive. unbroken rock which contain, and will yield, 
relatively little water. 

Wells drilled where the weathered mantle is thick generally yield larger 
supplies than those drilled where it is thin. 

The yield per foot of well generally decreases with depth and beyond 
250 feet drops quite sharply, indicating that it is usually not advisable to 
drill beyond that depth if the well has not obtained water when it reaches 
that depth. 

Included in the report are a number of tables showing the relation of 
yield to type of rock, to topographic location, and to depth of wella. The 
report includes a chapter on the ground-water resources of each of the 
six counties with tables of well data, chemical analyses, and well logs. 

viii 
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GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, 
NO.RTH CAROLINA . 

INTRODUCTION 

LOCATION OF AREA AND SCOPE OF THE INVESTIGATION 

This report, the third of a series on the ground-water resources of the State, gives the results· of an · 
investigation of the ground-water resources in a part of the north-central Piedmont of North Carolina. 
The area consists of Alamance, Caswell, Forsyth, Gullford, Rockingham, and Stokes Counties. 

The investigationa on which the reports are based are being made through a continuing cooperative 
agreement between the North Carolina Department of Conservation and Development and the Geological 
Survey, U. S. Department of the Interior. The proll'am is under the direction of Dr. J. L. Stuckey, State 
Geologist of North Carolina, and Dr. A. N. Sayre, Geologist in charge, Division of Ground Water, U. S. 
Geological Survey. 

The first report, published as Bulletin 47 of the North Carolina Department of Conservation and Devel­
opment, is a progress report giving general information on ground-water resources of the entire State, 
with particular emphasis on the Coastal Plain. 

• • 

GREENSBORO AREA 

HALIFAX AREA 

PLACE WHERE SPECIAL 
INVESTIGATION . WAS ~ADE 

.. ~--

ICALI t·' tp 7 

~" • 
•" 

" 1 \ 

Fir. 1-Index map ot North Carolina ahowinc the loeatlon ot the Oreentboro area and other plaeu where cround·water 
. fnveatlratlona have been made. . · 

The second report, published as Bulletin 51, gives the results of an investigation of the ground-water 
resources of the Halifax area, including Edgecombe! Halifax, Nash, Northampton, and Wilson Counties. 

Because of the many military establishments constructed in North Car.olina during the war, most of 
which utilize grpund water, a conaiderable amount of time has been devoted to special investigations and 
reports regarding ground-water supplies for military bases, war plants, and contiguous civilian housing 
areas. The index map (fig. 1) shows the areas in which investigationa have been made. 

·.: 
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2 GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, No&TH CJ.llOLINA 

The field work in the Greensboro area was done Jrincipally in the summers and autumns of 1942 and 
1943 and consisted of obtainin~r data on about 1,300 wells, a number of springs, and the 23 municipal sup. 
plies, collecting samples of water, and notin~r the &'eologie and topographic setting of the wells. Informa­
tion on the wells was obtained by interviewing well owners and operators and well drillers. A great deal 
of the information was given from memory and some of it, therefore, may be somewhat inaccurate. 

During the course -of the field work it was found that existing geologic maps were so generalized as 
to be wholly inadequate for use with the hydrologic data secured. Therefore, an additional 5 weeks were 
spent in the autumn of 1944 in mapping the geoloiY On a reconnaissance scale. It should be emphasized that 
the geologic map (pl. 1) is based on these few weeks of field work plus notes made during the collection of 
hydrologic data in 1942 and 1943; and, in detail, the geology of the area is a &'feat deal more complex than 
is shown by the map. Rocks of similar geologie and hydrologic characteristics have generally been mapped 
together. Also, some rocks of diiferent kinds have been mapped together because they occur together in 
such a way that only mapping on a large scale, requi~ a great deal of time, would permit their separa- • 
tion. The belt mapped as iJleiaa is a aood example of this in that several types of gneiss and schist may 
alternate repeatedly in a short distance. 
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GEOGRAPHY 
INTRODUCTION 

Area and population.-The Greensboro area .ia in the north-central part of the State, bordering the Vir­
ginia State line, and includes Alamance, Caswell, Forsyth, Guilford, Rockingham, and Stokes Counties, 
with a total area of 2,975 square miles. The location of the Greensboro area is shown in figure 1. 

The area had a population of 488,404 in 1940, about 147 to the square mile, according to the U. S . 
.Census Bureau report. There are 18 incorporated cities and towns with an aggregate population of 219,121, 
which is 50 pereent of the total population of the area. Four cities, Burlington~ Greensboro, High Point, 
and Reidsville, have a population of more than 10,000, and nine other cities and towns have a population of 
more than 1,000. 

Agrleulture and IDdastry .-More than 79 percent of the area is included in farms, nearly half the total 
· area of the farms, however, bein&' woodland. The total value of the farm products in 1939, according to the 
1940 census, was $20,599,677, tobacco accounting for slightly more than half the total. Other important 
products are livestock, dairy products, poultry and eggs, corn, wheat, hay, potatoes, and vegetables. 

Manufacturing is the most important occupation in the area, with 67,607 wage earners being employed 

I . in 
1
1939d. dedThtoe 19ha40 census report lists 526 manufacturin~r ·establishmentsb

1
inhmthe Gz:ensbo

3
ro area

1
• • The ftottah 1 

va ue a t t of the raw materials by the operations of these esta is ents m 19 9, exc ustve o e 
establishments in Forsyth and Rockingham Counties which are not reported, is more ·than $61,000,000. If 
these two counties were included, the total value addEd by manufacture probably would be well above $100,-

1 · 000,000. The textile industry, chiefty cotton, is the most important, employing about 65 percent of all fae~ 
tory workers. Tobacco manufacture, principally the manufacture of cigarettes, is next in importance, fol-

lllowed by furnit~re;, chemieala, BDd lumber. 
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GEOLOGY AND GROUND WATEB IN.TBJ: GRDNSBOIO AI&\, NORTH CAROLINA 23 

Above-normal rainfall during 1985 and 1986 resulted in hi&"h ground-water levels in the spring in 1935, 

1936 and 1937. However, the exeess of rain did not prevent the W'lter level from declining to near-normal 

1 vel~ in the auturnn of each year. Below-normal rainfall in the winter and spring of 1938 prevented the 
eormal winter and ipring rise; and although about the normal amount of rain fell during the remainder 

nf the year, the water level in the Lindale well reached record low stages. Because of the above-normal rain-
~all during the last part of 1938 at Haw River, the Governor Holt well did not decline to record lows. Rain­
fa)) and water levels in both wells were not far from normal in 1939 and 1940. Below-normal rainfaJJ in 
nearly every month of 1941 and in January 1942 resulted in record low levels in both wells during the first 
part of February 1942. Approximately normal rainfall during February and March did not suffice to raise 
the water level of either weJJ b~ck to no~al. ~viden~y because of a very larre deficiency in soil moisture. 
With approximately normal ramfall durmg the remamder of the year, both wells were at below-normal 
levels. However, the water level at the end of the year waa not far below normal and evidently the soil­
moisture deficiency was not large because the wa~r level made ita usual spring recovery in 1943 with nor­
mal or below-normal rainfall. Above-normal rainfall fn 1944 built up the water table to a very favorable 
position at the end of 1944, althou&"h no record hi&'h was . reached. . • 

UTILIZATION OF GROUND WATER 

Ground water in the Greensboro area is obtained from wells and springs. The different types of wells 
include dug, bored, and drilled wells. 

Dug weUs.-More domestic water supplies in the Greensboro area are obtained from dug wells than 
from any other type. Dug wells in the area range. from a few feet to nearly 100 feet in depth. The hole is· 
~neraUy dug between 30 and 60 inches in diameter. When the well is curbed with terra cotta or concrete 
pipe, the inside diameter usually i8 24 to 30 inches. ~e inside diameter of masonry- or rock-curbed wells 
and uncurbed wells generally is somewhat ll'eater. Dug wells have certain advantages over other types of 
wella but also have certain disadvantages. Probably the most important consideration that leads to the 
choice of a dug well is that of cost. Generally thia ia·the least expensive method of obtaining a water supply, 
with the possible exception of bored wells. . Furthermore, many wells on farms and on the fringes of towns 

· are dug by the owner in his spare time or in slack seasons, so that there is no cash outlay from digging. 
However, cost is not always in favor of the du&' well, particularly where bedrock is encountered before a 
satisfactory supply is obtained. 'the cost of du&' wells under such conditions has been reported at several 
places to have exceeded the cost of the averap drilled well in the nei&'hborhood. A second advantage of the 
dur well is the large storage capacity aa compared particularly with the small-diameter drilled wells. A 
well 24 inches in diameter will contain nearly 24 gallons of water i>er foot of depth, as compared to 1¥2 
pl]ons and 116 gallon per foot of depth for wells 6 inches and 2 inches in diameter, respectively. Thus, 
even though the yield of a well may be very low, a fairly 1arp quantity of water can be withdrawn in a 
short time. 

Dur wells have two important diaadvantages. Usually the depth of water in a dug well is not great, 
··either because of the di1ficulty involved in digging below the water table or because bedrock is encounter­
ed. In. periods of dro_aaht, therefore, many du&' wells go dry. A seeond disadvantage is that the water in 
these wells is much lllCift susceptible to pollution or contamination by the entrance of impure surface water. 
A survey made in PeDDI)'Ivania in 1930 and 1981, durin&' which 17,665 water supplies were examined for 
purity, showed that the- supplie. from 90 percent of the drilled wells were safe whereas less than 50 percent 
of the supplies from du&' wells were safet. · 

The dan&'er of contamination of dug wells can be decreased by observing certain precautions. Ail dug 
wells should be covered tightly to prevent direct entrance of contaminating materi&I, either solid or liquid. · 
The well should be cased or curbed with tile or concrete pipe or similar material and the joints should be 
cemented to a depth of at least a few feet below the water table, but in any event to a depth of at least 10 
~eet. below· the surface. The space between the walls and the curbinr should be filled, above the water-bear­
•nr bed, with clay. The dug well should be located several hundred feet from ally source of contamination 
and up the ground-water slope from any nearby source of contamination. 

011 at 1 Lobmu, St&lller W., GroWlcl water Ill llonheutma PIIIUJIYIUII&; P11111t11'f1U1t& Topor •. &lid G«<L 8~17 llull. Wt, p. ~~. 1131. 
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A!f4LYIE8 OF Glol""~D WATER ROll FOIITTB Co~~TT. NOITB C-'IOLI!U 

(AnaJystJ: E. W. Lohr and M. S. Berry, l". S. Geolork:al Su"ey. Numbers at beads of 
columns corre:spond to numbers in table of well data) 
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Geography, physiOIJ'&phy, and drailla&'e~-Guilford County, in the south-central part of the Greensboro 
area, is the largest of the six counties and has .the largest population. It has four incorporated cities and 
towns and about 14 unincorporated towns and villages. Greensboro, located in the center of the county, is 

··the largest city and county seat. High Point, the only other city, is in the extreme southwestern corner of 
the county. Greensboro is an important center of textile manufacturing and High Point also has a number 
of textile factories, although it is better known as a center of furniture manufacturing. There are . a few 
factories in the smaller towns and villages, but the remainder of the county is dominantly agricultural. 
Guilford County has a good system of paved roads and railroads, most of which radiate from Greensboro. 

Guilford CountY. is in the Piedmont physiographic province. Its surface is formed by the uplifted and 
partially dissected peneplane of that province. The land surface near the larger streams is gently rolling. 
with a relief of 100 to 150 feet. The interstream areas are broad and generally quite flat. No large trunk 
streams flow through or near Guilford County and therefore there are no deep valleys. Because the base­
level is higher, dissection has pneral1y been less extensive than in. other counties of the Greensboro area. 
Guilford County ia underlain by rocks of several different types. Because some of these differ considerably 
in resistance· to erosion, both the topography and the drainage pattern are greatly influenced by the geology. 
However, topographic maps have .not been made of any part of the county, and the geology is complex and 
at many places obscure, so that the exact relation of the topography and drainage to the geology cannot al­
ways be ascertained. The outstanding feature is the northeastward trend of the ridges and streams. Ap­
parently some of the streams flow along or near the contact between different kinds of rocks, whereas others 
flow in weaker rocks, the more resistant rocks forming interstream divides. The major exception to the 
northeastward trend of the streams is Deep River, which flows southeastward chiefly across diorite and 
granite, which are uniformly resistant. · 

Practically all of Guilford County is drained by the two main branches of the Cape Fear River system, 
Haw River and Deep River. About 75 percent of the county is drained by Haw River and its tributaries. 
the most important of which are Reedy Fork, Buffalo Creek, and Alamance Creek. Practically all of the 
remaining 25 percent is drained by Deep River, only a few square miles of the southwest corner of the 
county draining southward into Yadkin River. 
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. Geology.-The geology of Guilford County apparently is more complex than that of any other county 
of the Greensboro area. Seven of the nine geologic units crop out in Guilford County and the areal distri­
bution of most of. them is quite irregular. 

The gneiss unit crops out in several irregular belts extending northeastward across the northwestern 
corner of the county. These belts are separated by·areas of porphyritic granite, which was intruded into 
the gneiss. The principal rocks of the gneiss unit are banded quartz-mica-feldspar gneiss and quartz-mica 
schist. They are chiefly of sedimentary origin, and although the rocks have been greatly changed by meta- . 
morphism at many places the bedding planes can still be distinguished. The granite has intimately intruded 
the gneiss so that the boundaries between the two units necessarily are greatly generalized. 

• The greenstone schist crops out in large, irregularly shaped areas in the southeastern two-thirds of the 
county. These areas are separated by areas of sheared granite. The greenstone schist consists of a green 
fine- to medium-grained basic schistose rocks, chiefly of volcanic origin. At most places the rock is highly 
schistose but at a few places it is coarser and fairly massive. .. 

The sericite schist crops out in a belt extending northeastward across the county from a point near Guil- • 
ford College. It is closely associated with the greenstone schist and may be a metamorphosed tuff or possibly 
a metamorphosed clay. The rock is greatly weathered, and usually the only recognizable minerals are quartz, 
sericite and iron oxide, the latter apparently an oxidation product of chlorite and hornblende. 

The slate unit is limited to a narrow, highly irregular belt extending across the southeastem'comer of 
the county and to a small patch in the south edge of High Point. The rocks are mostly tuffaceous slates but 
include some clay slates. · 

"The sheared granite is exposed over about 50 percent of the southeastern half of the county, where it 
forms a fairly continuous area interrupted by large patches of greenstone and slate. The granite is gen­
erally a moderately coarse pink schistose and gneissic rock consisting chiefly of quartz, biotite, and feldspar. 
The granite has been considerably metamorphosed and intensely sheared. The outstanding feature of the 
granite is the schistose and slaty dikes; which are green in color and greatly resemble the greenstoD, scnists. 

~Diorite crops out at a number of places but was mapped separately at only two places ....... Tife outcrops 
otherwise are too small or not well enoua-h exposed to map separately. Places where diorite crops out but 
is not shown on the map include the vicinity of Seda-efield, Pleasant Garden, along State highway 62 between 
Climax and High Point, and an area about 6 miles north of High Point. The diorite is a medium- tO coarse 
grained, dark-gray to greenish-gray rock consisting chiefly of plagioclase and hornblende. It generally i~ 
·massive but at a few places is somewhat schistose. · · · 

The porphyritic granite outcrops in irregular, elongated patches across the northwestern corner of the 
· cou~ty, where it is closely associated with the gneiss .. In places the gneiss has been completely assimilated 
by the granite but· in other places the gneiss has only been impregnated by emenations from the granitic mag­
ma. Because the granite has so intimately intruded the gneiss and because every gradation between true 
granite and true gneiss can be found, the map is necessarily greatly generalized. 

The porphyritic l'ftnite is a-enerally coarse-grained and medium gray, with large phenocrysts of feld­
spar. The ground mue consists of quartz, biotite, and feldspar. At most places the granite is entirely 
massive, but at-some placea the granite has some of the schistosity of the gneiss. 

Ground water.-Nearly all domestic water supplies, many industrial supplies, and one of the three muni­
cipal water supplies are obtained from wella. 

Dug wells are extensively used for domestic supplies in rural districts. · Generally they are from about 
15 to 50 feet deep and 21h to 4 feet in diameter. Welb can generally be dug deep enough in gneiss and 
schist that they will not go dry even during a drought. However, at some places in granite, diorite, green­
stone schist, and slate, the rock is so close to the surface that dug wella frequently go dry • 

. Bored wells are used considerably in suburban areu and are cheaply and easily constructed. They are 
bored by power-driven earth augers and cannot go below the completely weathered zone. For this reason, 
they are not always successful in rocks such{ granite and dibrite, where the water table at times declines 
below the weathered zone. Most bored wei are caSed, and where they are properly constructed and of 
sufficient depth that they will not go dry, th. y are a satisfactory source of supply. Dug and bored wells 
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obtain their water from the weathered rock material· at and just below the water table. For this reuon. 
extra precautions must be observed to prevent contamination. 

There are a large number of drilled wells in Guilford County. Records of more than 350 drilled wells 
are given in the tables of weir data. Many of these were core-drilled with chilled shot and are 2 or 3 inches 
in diameter. There are many other core-drilled wells in Guilford County which do not appear in the table. 
Core-drilled wells have the advantaJreS of all drilled wells and are cheaper than the larger percussion-drill~ 
wells. However, although they are satisfactory for domestic well!, their small size makes them unsatisfac­
tory for most industrial plants. About 7 or 8 gallons a minute is the maximum rate at which water can be 
removed from a 2-inch well by a deep.well pump. The average yield of 157 wells 2 inches in diameter in 
Guilford County is 6 gallons a minute and the average yield of 20 wells 3 inches in diameter is 10 1,~ gallons 
a minute. These quantities are near the maximum amount that can be pumped from wells of that diameter 
and suggest that many of the wells would yield more than can be.withdrawn from the well. 

Most industrial, and public-supply wells are drilled with a percussion drill and are from 4 to 8 inches .. in 
diameter. The 6-inch well is by far the commonest. The larger-diameter wells encounter more fractures 
and cracks than small-diameter wells. Also, because a larger pump can be used, more water can be pumped 
from a large-diameter well than from a small-diameter well. 

Drilled wells, both core-drilled and churn-drilled. have certain advantages over dug or bored wells. 
Because they are generally tightly cased and the water is obtained ·from crevices in the rock, they are 
much less liable to contamination. The depth of water in the well is generally large in comparison with the 
fluctuation of the water level, so that the yield decreases only slightly during a drought. 

A summary of data on drilled wells 3 inches or more in diameter is ~ven below: 

TABLE 16-St:'tnuaT OF DATA ol' WJ:LLa I1f GC'ILJ'Oan Cot!lfTT 
(Dr1lled wells 3 Inches or mor~ ln diameter) 

ACCOIIDIIIQ TO IIOCIC TYPI: 

YWdc.l-aaiaate) 
S'GIIblrel .&...,. 

. TTPI 01' BocK .w.a. DeP'II 

~ 
If lit) Ptrfoolel 

Well 

o.-.. ............................ to I ISS O.IJI 
I . 

0........~---················1 
I I .... 17 ! IU 1-200 ..m 

lltrleheltlll&-••••••••••••••••••• --H Ill 1-10 11.1 .101 

................................. m 1-11 10.1 .OS I 

~ ........................ N I 17S o-70 IU .. 
~.,...._··-·-··········! • 137 I }f-to 10.1 Jl7t I 

171 I lA I o-JDO D.O .m All ............................... 

AOCOJIDIIIG TO TOflOQfWHIC LOCAT1011 

TWilcial-aa~ntt) 
N...Wel A ..... 

T~ loc4TIOII Weill DePIIi 
(feet) a... ,.,.... .. , ...... 

I Willi 

11111 ••••••••••••••••••••••••••••••• 41 I *13 o-loo 11.1 0.0'71 i 
rw.. •••••••.•••••••••••••••••••••• 

=R~ 
O-JDO D.J. .U1 

Slope. ••••••••••••••••••••••••••••• J-IJO 11.1 .Ill 

Draw·-··························· II 125 J}f- 71 IU .1a . 
~-························· 22 111 Jo-JDO .... .211 

,_,olnlll 
JWdimc'-

tMia I piJaD 
amiaaw 

1.0 

2.0 

0 

0 

IJ.O 

I ..I 

1.1 

r.-tolnlll 
1ield!ac-

thu 1 piJaa 
amiaaw 

2U .. 
u 

0 

0 

0 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCE 14 

I 
I 
I 
I 
I 
I· 
I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I­
I 
I 
I 
I 
I 

Guilford Cc 

Reference 14 

. SOIL SURVEY ·OF· 

rth .carolina 

United States Department of Agriculture 
Soil Conservation Service 

In cooperation with 

Board of Commissioners, Guilford County, North Carolina, and 
North Carolina Agricultural Experiment Station · 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. ; ·,;.:· .. . ~ .... _ ..... -... ~ ..:. _-:~· 
··-··--=· -- ... 

Contents 

Page p_,~.,. 

Index to soil mapping units ............................. :............ iv 
Summary of tables ..................... ;.................................... v 
Foreword............................................................................ vii 
Introduction...................................................................... 1 

General nature of the county...................................... 1 
Climate........................................................................ 1 
History........................................................................ 2 
Cultural facilities ...................................................... 2 
Industry and transportation.................................... 2 
Water supply.............................................................. .· 3 
Land use...................................................................... 3 

How this survey was made ........................................ 3 
Soil map for general planning .... :............................... -l 

1. Cecil-Madison association.................................. 4 
·J Madison-Cecil association.................................. 5 
3. Enon-Mecklenburg association ........................ 5 
.t Wilkes-Enon association.................................... 5 
5. Coronaca-Mecklenburg association ................ 6 
6. Appling-Vance-Helena association.................. 6 

. i. Chewacla-Wehadkee-Congaree association .. 6 
Soil maps for detailed planninr .................................. 7 

Soil descriptions and potentials.................................. 7 
Planninr the use and management of the soils...... 25 

Crops and pasture ........................................................ 25 
. Yields per acre .................................................... .-... . 26 

Capability classification............................................ 27 
Wo~llan~ management and productivity ................ . 27 
Engtneer1ng .................................................................... 28 

~uil_ding sit~ ~~velopment ...................................... 29 
::san1tarv fac1ht1es ...................................................... 29 
Construction materials ............................................ 30 

Recreation .............................................. :................... .... :::! 
Wildlife habitat.............................................................. :::.! 

Soil p~ope~ies ............ : .......................... :.......................... :::: 
Eng~neenng properties................................................ .:-l 
Ph,ysical and chemical properties .............................. ::-! 
Sod and water features................................................ ·:.-, 
Soil test data.................................................................. ;:n 

Classification of the soils.............................................. -~.; 
Soil series and morphology.......................................... ::~. 

Appling series ................ :........................................... ::..; 
Cecil series.................................................................. ::! 
Chewacla series ........................................................ ::.:. 
Congaree series ........................................................ ·· · 
Coronaca series.......................................................... ::~ 
Enon series ................................................................ .=:~ 
Helena series .................................................. ~ .. ~........ ::~ 
Iredell series ........................................................ ... .... :!~ 
Madison series............................................................ ;I~ 
u kl b . j~ ··~ec en urg senes ................................................ .. 
Sedgefield series........................................................ -lll 
Vance series .............................................................. -''' 
Wehadkee series........................................................ .; 1 
Wilkes series ...................................... :....................... "! 

Classification ............................................................. ..... .: I 
Formation of the soils.................................................... -l:! 

Climate ........................................... ;................................ 4:.! 
Plant and animal life .............................................. ...... -l:.! 
Relief.............................................................................. ~:: 
Time ................................................................................ o~:: 
Parent materials............................................................ ~=: 

Literature cited................................................................ .t-l 
Glossary............................................................................. -l-l 

\\' ater management .................................................. 31 Tables .................................................... be~nnin2' -l~• 

Issued December 1977 

iii 



I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

......... 

St•te Acric:ultur•l Experiment St•tion •t R•leich 

Location of Guilford Count7 In North Carolina. 

• 

viii 



-~·-·-

1 
I 
I 
I 
I 
I­
I 
I 
I· 
I­
I 
I 
I 
I 

f I. 
I~-

I 
I 

. 
-- .. --·-- =-·-·· ·-.- .. - ·-· .... 

. 1 .. ,, ... ~ . . ,-' ·. ···.- · ... 
. ·-- -··· .. _ ---·-~-- -···.-:. ... -· . . --- . •·:: .• . :' 'C'. •• •• · .• 

. - ·-'--·- --- . .:: ..... . 

SOIL SURVEY OF GUILFORD COUNTY, NORTH CAROLINA· 

By Ronald B. Stephens 

-Soils SU'Veyed by E. H. Karnowski, R. B. Stephens, Marcus _R. Bostian, 

R. L. Howard, Roger J. Leab, and Michael L. Sherrill, 

Soil Conservation Service 

United States Department of Agriculture, Soil Conservation Service, in 

cooperation with Board of Commissioners, Guilford County, North Carolina, 

and North Carolina Agricultural Experiment Station 

Introduction 
· GUILFORD COUNTY is an agricultural. industrial, 
and urbanized county in north-central North Carolina 
(See map on facing page). It is bounded on the east by 
Alamance County, on the north· by Rockingham County, 
on the west by Forsyth County, and on the south by Ran­
dolph County. The area of Guilford County is 415,940 
acres. In 1970 the population was 288,590. The City of 
Greensboro is the county seat and is at the geographic 
center of the county. 

Guilford County is in the Piedmont physiographic 
province. The county is generalJy rolling with moderately 
steep slopes along the drainageways. . 

Guiltord County is rapidly growing into an industrial 
and urban county. Well diversified industry, government 
at all levels, educational institutions, wholesale and retail 
outlets, and transportation all contribute substantially to 
the economy of the county. 

The northern part of the county is still primarily 
agricultural. Tobacco provides about 80 percent of the 
gross farm income from the major crops. Com, hay, 
wheat, soybeans, oats, sweet potatoes, Irish potatoes, 
lespedeza seed, and cotton account for most of the 
J'emaining farm income. Beef and dairy livestock and 
poultry are also raised. 

General Nature of the County 

This section gives general fad.s about Guilford County. 
It briefly discusses climate, history, cultural facilities, in­
dustry and transportation, water supply, and land use. 

Climate 

Guilford County is hot and generally humid in summer 
because of its moist maritime air. Wmter is moderately 
cold but short because the mountains to the west protect 
the county against many cold wavea. Precipitation is quite 
;ve~y distn'buted throughout the year and is adequate 
or all crops. . 

Table 1 gives data on temperature and precipitation for • 
the survey area, as recorded at Greensboro for the· period 
1951 to 1974. Table 2 shows probable dates of the iLrSt. 
freeze in fa)) and the last freeze in spring. Table 3 pro; 
vides data on the length of the growing season. 

In winter the average temperature is 40 degrees F, and 
the average daily low is 29 degrees. The lowest tempera­
ture on record, -1 degree, oceu.n-ed at Greensboro on 
January 16, 19'72. In summer the average temperature is 
76 degrees, and the average daily high is 86 degrees. The 
highest temperature, 102 degrees, was recorded on June 
27, 1954. 

Growing degree days, shown in table 1, are equivalent 
to "heat units." Beginning in spring, growing degree days 
acewnulate by the amount that the average temperature 
each day exceeds a base temperature (50 degrees F). The 
nonnal monthly accumulation is used to schedule single or 
successive plantings of a crop between the last freeze in 
spring and the itrst freeze in fall 

Of the total annual precipitation, 22 inches, or 52 per­
cent, usually fails during the period April through Sep-

. tember, which includes the growing season for· mOst 
crops. Two years in 10, the April-September rainfall is 
less than 19 inches. The heaviest 1-day rainfall during the 
period of record was 6.24 inches at Greensboro . on Oc­
tober 15, 1954. Thunderstonns number about 47 each 
year, 29 of which occur in summer. 

Average seasonal snowfall is 11 inches. The greatest 
snow depth at any one time during the period of record 
was 15 inches. On the average, 4 days have at least 1 inch 
of snow on the ground, but the number of days varies 
greatly from year to year. 

The average relative humidity in midaftemoon is about 
55 percent. Humidity is higher at night in all seasons, and 
the average at dawn is about 85 percent. The percentage 
of possible surishine is 64 percent in s~er and 54 per­
cent in winter. Prevailing winds are southwesterly. 
Average windspeed is highest, 9 miles per hour, in March. 

In winter every few years heavy snow covers the 
ground for a few days to a week. Every few years in ]ate 
summer or autumn, a tropical stonn moving inland from 
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SOIL SURVEY 

differences among the aoill of Guilford County. Major dif- Literature Cited 
rerenc:es among parent materials. such as ditterences in 
texture, can be observed in the field. Less distinct dif- m . Ameriearl ~of State Hirflway (and TranlportationJ om. 
ferenc:es, auc:h as differences in mineralnmcal eomnn.ition, cialL 1970· Standard •pedncationa for hifhway materiala and 

-•· ,.-- methoda of umpq and ~- Ed. 10, 2 vol.. IUua. 
can be detennined only by c:are!ul laboratory analysis. (2) American Soeiety for Teltinc and Material&. 19'74. Method for eJu. 

The two broad c:laaaes o£ parent materials in Guiltord ti&aUon ofiOila tor eftlineerinc J)IUliOIH. ASTII Stand. D 248i. 
County are residual materials and alluvium. Residual 69. I• 1974 Annual Book of ASTK Standard~. Part 19, 464 pp., 

iliUL . 
material is related to the underlying rock, from which it (3) Nort.h CaroliDa Deputment of Conlervation and Development. 
has weathered. Transported materials are related directly Diriaian of Mineral Retoarea 1948. GeoiOCY and rround water in 
to the soils or roc:ka !rom whic:h they were removed. the Greenaboro area. North Carolina. BulL 55, 108 pp.. mus. 

(4) United Statee Depuuneftt of AcrieuJture. 1951. Soil turvey manual. 
Guilford County is underlain by gnnite, diorite, alate, u.s. Dep. Aerie- Handb. 18, ~ pp.. iDua. (Supplementa rep!acinr 

schist, and gneiss (.!). Granite makes· up about 48 per· pp. 173-188 iaued May 1982) 
·cent of the underlying rock. Gneiss ia found in the (5) United St.atee Deputment of AcrieuJture. 1960. Soil cluaification. a 

camprebenaive 1yst.em. '1'\h approximation. SoU Conaerv. Sen. 
northwestern eorner of the eounty and makes up about 15 265 pp.. ilha (Supplementa ilaued March 1967, September 1968. 
percent. Schist underlies about 31 percent of the county. Apri11969.] 

Min ta f di 'te and slate __ ,_;.. · th · (6) United Statet Department of A,ricuhure. (n.d.J Selected chapwrs 
or amoun 0 on lllaAe up e remam- from the unedited text of the soil taxonomy. [unpubliahed. availa· 

ing underlying bedrock. . ble iD the Soil Conlervation Service State Oftkoe, Raleigh. North 
In Guilford County the parent materials of the residual CarolillaJ 

soila derived primarily from acid and basic: igneous and 
metamorphic: roc:ka. The light-eolored. acid roc:ka include GIOfiHIAPV 
granite, gneiss, and ac:hiat. Cecil and Appling aoila fonned --~ 

Alhmum. Material, IUCh u aand, lilt., or clay, depolited on land by 
ltreaJM. 

Ana reclabn. AD area dimcuJt to reclaim after the removal of soD for 
conatnaetion and other uaes. Reve,etation and ei'Oiion control are 
extremely ditfteuJt.. . 
~ lOlL A 1f0UP of soila aeo.nphically uaociated in a chanc~ 

teriatie npeadDc ~ttem and defined and delineated •• a li!IP 
mappinc anlt. 

AY&II .. Ie w.aer C~~PKitr (aqllable molltuft c.,.cltr>. The capacity 
or IOill to hold water available for uae by· I!IOR planta. It il com· 
monly deftnld u the cHtrerence between the amount of soil wtter 
at neld moisture capKity and the amount at wiJtinr point. It is 
eommonly expreued u inches of water per inch of soil The capati· 
ty, in inchet, in a 110-inc:h protue or to a 1iJnitinc layer ia expreued - /ncllr11 

Very low ... _ .................... _._,_ ............. --··· ......... 0 to 3 
Low ·--· .... -· ....... -·---·····-· ........... _ ......... .3 to 6 
Moderate ......... ..-.. ..... - .• -;._ ................ ----... 6 to 9 
Rich ·----··---......... _ ................... More than 9 

in material derived from acid igneous and metamorphic 
roclcs, as reflected in the low pH of these soila. In addi­
tion, the c:harac:teriltic:a or the parent material have in­
fluenc:ed the texture or these aoill and of other more fria­
ble, coarser textured aoila of this group. The dark-eolored, 
basic: rocka include diorite and gabbro. These rocks are 
the parent material of Iredell, Mecldenburg, and other 
so~ of the eounty that are more plutie and finer in tex­
ture. The basic influence of the parent materials ia 
reflected in the reaction of these aoila: they are leas acid 
than others in the eounty. A number of aoila of Guiltord 
County formed in mixed acid and basic roeka; for exam­
ple, Coronaca, Helena, Sedgefield, and Wilkes aoila. 
Greenstone sc:hiat makes up a large. part of the mixed 
roc:ks. At various locations the mixture eonsiata of 
weathered granitic: rocka and dikes or basic:, dark-eolored 

ka ik Due 1aturatlon. 11te de,ree to which material having bue exch~ 
roc: that intrude into the granite. These d' es vary eon- properUe. it taturated with exchan,.eable bun (aum or ca. M1. 

.. siderably in width, and their sudden outcropping results Na. K>. expreMed u a percentage or the exchaftre capacity. 
in abrupt changes in kinds of soil. Many of . the aoila in Bedrock. 11te solid rock that underlin the toil and other unconsolidated 

h ped • th H 1 -Sed fi ld 1 material or that ia expelled at the turfaee. sue: areas are map m e e ena ge te eomp ex. Bottom IUIIL The DOnna! ftood plain or a •tream. subject to frequent 
Transported parent· materials are primarily alluvium noodinc. _ . 

and loc:al alluvium, both or which may be young or old. Clar. Aa • toil tepUSte, the mineral soil particiH leu than 0.002 mil· 
limet.er in diameter. Aa a toil textural clua, soil material that ia 40 

. Young alluvium baa been deposited recently and consists percent or more clay, lett than 45 percent sand, and leu than 40 
oC material that. baa been changed very littlt! by the soU- percent lilt. 
fonning processes. Old allu~um consists of material that Clar ftlm. A thin coacm. ot oriented clay on the surface or a soil ar· 

,repte or lininc porea or root channel&. Synonyms: clay coat. clay 
baa been deposited long enough for the soil-fonning •kin. 
processes to change it in varying degrees. Loc:al alluvium . Coa.ne frqmenta. Mineral or rock particles up to 3 inches <2 millim~ 
C:OnslS' ts r ..... il material that baa been transported abort ten to 7.5 centimeten) in diameter. 

. 0 ...., • Colluvium. Soil material. rock tn,ment.a. or both moved by creep. slidt. 
dlStancea by water and baa been depoatted along small or local wuh aDd depodeci at the buel or steep •lopes. . . 
drainagewaya, in depressions, and at the foot of slopes. Complex llope. ll"ftt\llar or variable tlope. Planninr or co':"tructml 
Th · 'pal i1a tha ' ed • all • a) tre terTSen. diveniona, and other water-control meuurn ia dtfficult. 

e pnnc:t .ao ~ £Onn m uvtum ong a ams Complex. •11. A mappinc unit of two or more kind• or IOil occurrin« in 
on flood plains are tn the Congaree, Chewacla, and tuch an intricate pattem that they cannoc. be shown Rparakly on • 
Wehadkee aeries. soil map at the selected tctle or mappinc and publication. · 

~ 
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Most areas of this soil are used for woodland. The rest buildings, apartment complexes, parking lots, or other 
are mainly used for pasture. Slope, surface runoff, ero- uses where buildings are closely spaced or the soil is 
aion, slow permeability, and the high shrink-swell poten- covered with pavement. Slope is generally modified to fit 
tial are the main limitations in the use and management the needs of the site. The extent of site modification va­
oC this soil. ries greatly. Many areas have had little disturbance, while 

~ This soil is unsuited to crops. It has low potential for many areas have been ·cut down or filJed over. 
1hay and pasture plants. Included in mapping are a few areas of Mecklenburg 

This soil is unsuited to most urban and recreation uses. soils. 
There is a moderate potential for broadleaf . and Determination of use and management of these areas 

·needleleaf ~rees. The dominant trees .are Y!~ginia . .P.~!J~, ... generally requires onsite investigation. Not placed in in­
shortleaf pme, cedar, red oak, and white oaJ<. The aomi- terpretive groups. 
nant understory species are dogwood and sourwood. HeC-Helena sandy loam, 6 to 10 percent slopes. This 
Capability unit VIe-2; woodland group 4c. moderately wen drained soil is on long, narrow side slopes 

· · : Es-Enon complex, gullied. This complex is on poirits, on uplands. The mapped areas are· generally 3 to 20 acres 
Duuu•u•t:'"'• and sides of ridges. The mapped areas are 3 in size. 
acres to more than 10 acres in size. Enon soils make up TypicaHy, the surface layer is dark brown sandy loam 
about half or slightly more than half of this complex. about 7 inches thick. The subsoil is 31 inches thick; the 

·. They are on elevated narrow ridges between guJlies that upper part is mottled brownish yell~w and reddish yellow 
have dissected these areas. cJay, and the lower part is·· mottled brownish yeHow, 
. In most places the original surface layer of these Enon strong brown, and light gray clay loam. The underlying 
"soils has been eroded and the present surface layer is material, to a depth of 80 inches, is mottled strong brown 
made up of clay from the subsoil. In a few small places and white clay loam. 
these Enon soils are not so eroded; in these places the Included with this soil in mapping are a few small areas 
. surface layer is· loam or fine sandy loam and the surface of soils that have a loamy sand surface layer, a few small 
; layer and subsoil are thinner than is described as areas of soils that have a clay loam surface layer, a few 
,representative of the Enon series. areas of soils that have slopes of less than 6 percent or 
i Moderately deep to deep gullies make up 40 to 50 per- more than 1o percent, and a few small areas of soils that 
icent·of the mapped·areas. These- gullies have exposed un- have gravel or cobbles on the surface. Also included are 
~derlying parent material in many places; however, 
iremnants of subsoil from the Enon soils remain on the. small areas of Appling, Enon, Iredell, Sedgefield, Vance, 

and Wilkes soils. . 
! sides of these gullies. Gravel, cobbles, or stones are in The organic-matter content of the surface layer is low. : 
:places. : 
l This complex is wen suited to trees or wildlife; how- Permeability is slow, available water capacity is low, and 
1 ever, trees :or plants grow slowly unless the erosion .is the shrink-swell potential is high. Reaction of the subsoil 
, thecked and. the land is adequately fertilized and limed. is very strongly acid or strongly acid. Depth to rippable 
:Without proper treatment, this land. is subject to ac- bedrock is· more than 48 inches. The seasonal high water 
~ celerated erosion. Capability unit VJie-2; woodland group table is commonly at a depth of more than 5 feet, but 
·not assigned. because of a slowly permeable subsoil, a perched water 

.1 EuR-Enon-Urban land complex, 2 to 10 percent table is at a depth of 1 foot to 2 .1/2 feet in places during 

jalopes. This complex consists of areas of Enon.soils and we~~::S:r~~ of this soil are used for woodland. The rest 
1 Urban land so small or so intricately mixed that is was 

I
~ not practical to map. them separately. The complex con- are used for cultivated crops and for pasture. Slope, ru­
sists of about 30 to 6~ percent Enon soils and 30 to 60 noff, erosion, wetness, and the high shrink-swell potential 

ipercent Urban land. . . are the main limitations in the use and management of 
1 Enon soils are well drained and are on side slopes and this soil. . 
I broad interstream divides: Typically, the_ ~urface layer is This soil has moderate potential for corn, sorghum~ and 
dark gr.ayish brown fine sandy loam about 3 inches thick. small grain. Slope and wetness· are the main limitations. 

!·The subsurface layer is yellowish brown fine sandy loam Minimum tillage and crop residue management help to 
6 inches thick. The subsoil is 25 inches thick; the upp·er control runoff and erosion. Conservation practices such as 
part is light olive brown sandy clay loam, and the lower maintaining sod in drainageways, constructing terraces 
part is yellowish brown day. The underlying material, to and diversions, stripcropping, establishing field borders, 
a depth of 75 inches, is mo~tled brownish yellow, black, contour farming, and using crop rotations that include 

: and dark greenish gray loam. . . dose-growing crops also help to conserve soiJ !ind wa_ter. 
Urban land part consists of areas where the original The potential for hay and pasture plants such as ladino 

aoil has been cut, filled, graded, paved, or otherwise clover, red clover, and sericea lespedeza is moderately 
thanged to the mctent that most soil properties have been high. J>roper pasture management helps to ensure 
10 altered that a soil series is not recognized. ·These areas adequate protective cover, which reduces runoff and con­
are used for shopping centers, factor~es, municipal trois erosion. 
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I TABLE 111.--PHYSICIL AND 'CHEM1CAL-PROPERTIES OF SOILS 

r~symbol <means less than; >means greater then. The erosion tolerance factor (T) is for the entire I profile. Absence of an entry means data were not available or were not estima.ted] 

Depth J il name and 
ap symbol 

I .In 
ppling: I 
Allf ApC----~-----~ 

ecil: cl Ccc, 

I 
I 

CcD-----1 
'I 
I 
I 

:ii2, CoC2, ICfB--~ 

1ewacla: I 

0-8 
8-53 

53-72 

0-6 
6-52 

52-85 

0-6. 
6-52 

52-85 

~h----------------1 0-18 

I I
I 18-50 

50-70 
70-90 

I 
~llf~::: __________ ! 

. I 

:>laca: ::: , ere, 
I 
I 

1cuB----I 
I 
I 

~on: t· 

0-8 
'8-49 

49-80 

0-8 
8-95 

Permea­
bility 

In/hr 

2.0-6.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

Ell, EnC, EnD-~~--~ 0-8 2.0-6.0 
8-33 0.06-0.2 

33-75 0.2-0.6 
I 

EoB2, EoC2, EoD2, I 11, 1EuB---------~ 
. . I 

I 
~lena: I 11: . I 

lena part-----1 
. I 

. . I 

. i'!dgefield 
I 

part- I 
I 
I 
I 
I 

H~---------------~ 
. . I 

. I 
redell: I 
!~----~---~------~ 

. I 

H 1 HaC, HaD, ai.Jon: 
I 
I 

HaEI 
I 
I 
I 

0-8 
8-33 

33-75 

0-7 
7-38 

38-80 

0-12 
12-16 
16-33 
33-48 

0-7 
7-38 

38-80 

0-7 
7-24 

211-27 
27 

0-5 
5-34 

34-80 

0.6-2.0 
0.06-0.2 

I o.2-o.6 
I 
I 
I 
I 2.o-6.o 
10.06-0.2 
I 
I 
I 2.0-6.o 
10.06-0.2 
I o.6-2.o 
I 
I 
I 2.o-6.o 
(0.06-0.2 I . 
I 
I 
I 2.0-6.0 
(0.06-0.2 
(0.06-0.6 
I . 
I 
I 
I 2.0-6.o 
I o.6-2.o 
I 
I 

l(see footnote at end of table. 

I. 

Available 
water 

capacity 

0.10-0.15 
0.12..,;0.20 
0.15-0.211 

0.15-0.20 
0.15-0.20 
0.13-0.18 

0.10-0.12 
0.13-0.15 

0.10-0.14 
0.14-0.18 
0.12-0.15 

I 
I Soil 
I reaction 
I 

I 
I 
I 

5.1-6.5 
5.1-6.5 
5.1-6.5 

5.1-6.5 
5.1-7.3 
6.1-7-3 

·5.1-6.5 
5.1-7.8 
6.1-7.8 

4.5-6.5 
4.5-5.5 

4.5-6.5 
4.5-6.5 
5.6-8.4 

I 0.10-0.12 
I. 0.13-0 • .15 
I 

I 4.5-6.5 
1 4.5-5.5 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

o.12-0.15 I 5.6-7.3 
0.16-o. 22-r 5.6-7. 3 
0.14-0.18 I 6.1-7.8 

I 
I 
I 

0.11-0.15 I 4.5-6.0 
0.13-0.18 I 11.5-5.5 

I 
I 

I Risk of corrosion I Erosion 
I Shrink- I I factors 
I swell Uncoated I Concrete I I 
I potential steel I I K I T 
I I I I 
I I I·· ·· I I 
ILow-------IHoderate------IHoderate-------10.201 4 
!Moderate IModerate------IModerate-------10.2111 
1----------t--------------1-7-------------1--- I 
I I I I I 
I ·I I I I 
ILow-------IHoderate------IHoderate-~-----10.321 4 
!Moderate IHoderate------IHoderate-------10.281 
l----------1--------------l---------------l--- I 
I I I I I 
ILow-------IHoderate------IHoderate-------10.321 3 
(Moderate IModerate------IHoderate-------10.281 
l----------1--------------l---------------l--- I 
I I I I I 
I I I I I 
ILow-------IHigh----------IModerate-------10.281 5 
ILow-------IHigh----------IHoderate-------10.281 
ILow-------IHigh----------IModerate-------1--- I 
l----------1--------------l---------------l--- I 
I I I I . I 
I I I I I 
ILow-------IModerate------IHoderate-------10.281 5 
ILow-------IHoderate------IModerate-------10.281 
l----------1--------------l---------------l--- I 
I I I I I 
I I I I I 
ILow-------IHoderate------IHoderate-------10.241 5 
!Moderate IHigh~---------IModerate-------10.241 

I I I I I 
ILow-----~-IHigh---~------IHoderate-------10.371 4 
IHigh------IHigh----------IModerate-------10.281 
(Moderate IHigh----------ILow---------~--10.371 
I I I I I 
I I I I I 
ILow-------IHigh----------IHoderate-------10.371 2 
IHigh------IHigh----------IHoderate-------10.281 
!Moderate IHigh----------ILow------------10.371 
I I I I I 
I • I I I I 
I I I I I 
ILow-------IHigh----------IHoderate-------10.371 3 
IHigh------IHigh----------IHigh-----------10.321 
l----------1--------------l---------------l--- I 
I I I I I 
ILow-------IHigh----------IHoderate-------10.371 3 
IHigh------ILow-----------IHoderate-------10.321 
!Moderate ILow-----------ILow------------10.321 
l----------1--------------t---------------l--- I 
I I I I I 
ILow-------IHigh----------IHoderate-------10.371 3 
IHigh------IHigh----------IHigh-----------10.321 
l----------1--------------l---------------1--- I 
I I I I I 
I I I I I 
ILow-------IHoderate------ILow------------10.321 3 
IVery high IHigh----------ILow----~-------10.201 
IHigh------IHigh----------ILow------------10.281 
1----------1--------------l---------------l--- I 
I I I I I 
I I I 1. I 
ILow-------IHigh----------IHoderate-------10.281 4 
ILow-------IHigh----------IHoderate-------10.321 
l----------l--------------l---------------1--- I 
I I I I I 

:. 

···1-'f·; 
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AN APPRAISAL OF THE GlOUlm.VAT!ll R!SOUllC!S OF THE 

UPPEll CAPE F!AB. lllVEB. BASIN, NORTH CAROLINA 

by 
., .• 

t . Edwin o. Floyd, u.s. Geological Survey 

and 

I· .r.-,· 
Richard Peace, N.C. Department of Natural and Economic Resources 
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INI'RODUCTION 

.. .. 

This report has been jointly prepared by the u.s. Geological Survey and 
the Division of Ground Water-of the North Carolina Department of Natural and 

.. .. lconomic Resources as a conttibution to the interagency study of the vater 
resources of the upper Cape Fear River basin. The report describes the occur­

_,. renee, availability, chemical quality, and cost of development of the ground­
water resources in the basin. 

The authors wish to acknowledge.the cooperation of Heater Well Compaay, 
Inc., McCall-Brothers, Inc., and Bainbridge and Dance, Inc., in supplying 
esttmatea of well-drilling costa in the ba1in. 

PUllPOS! All) SCOPE 

An adequate and dependable supply of aood•quality water is a prime requi­
site to economic development of an area. The decision to use ground water or 
aurfaca water a1 a source of supply should DOt ba made until both ·source• are 
.eo~~pared in tenua of quantity, dependability, qual~ty, and costs. 

The purpose of thi1 report ia to supply information pertaining to the _ 
feasibility of using ground water aa a source of supply in the upper Cape Fear 
River ba1in. Within the scope of this report, an appraisal of the ground-vate· 
resources can be made by discussing, in geueral tenua, the following basic 
que1tiona: · · 

1 
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Table 1.•• Population supplied with water from surface-water and ground• 
water sources in the counties lying entirely or partly in the upper 
Cape Fear River basin. · 

Percent 
Population served with using 

Population ground 
County in 1970 Ground water Surface water water 

Alamance 96,362 46,562 49,800 48 

Chatham 29,554 21,854 ··1 ,100 74 
Caswell 19,055 17,555 . 1,500 92 
Durham 132,681 32,681 100,000 25 

Guilford 288,590 66,293 222,297 23 
Harnett 49,667 34,017 15,650 68 
Lee 30,467 17,967 12,500 59 
Montgomery 19,267 13,767 5,500 71 
Moore 39,048 27,468 11,580 70 
Orange 51.707 24,207 33,500 42 
Randolph 76,358 53,858 22,500 71 

Rockingham 72,402 31,702 40,700 44 

Wake 228,453 91,653 136,800 . 40 

Totals 1,139,611 479,584 660,027 42 

GllOUND.WATEll RESOURCES 

Occurrence of Ground llater 

The source of all water in the upper part of the Cape Fear River 
basin is precipitation, about 45 inches each year. Moat of the precipi• 
tation runa overland to strecu and is classed aa "surface runoff." 
Another large part is returned to the atmosphere through evaporation and 
by tranapiration of plants. Ten to 15 percent of the total amount per• 
colatea to tba water table and becomes ground water. Beneath the water 
table, sro\md water is stored in and is transmitted through the openings 
in the rocks to points of discharge, such as wells and streams. 

The rocka underlying the basin generally occur in rwo distinct zones. 
'l1le uppermost zone is formed by weatberiq of the UDderlying bedrock. The 
residual material formed by veatberiq is referred to u saprolite •.. It 
usually conaists of clay with lesser amounts of saud and larse rock frag• 
ments. The thickness of saprolite in the upper Cape.Fear River baain 
rmses from a few feet or less near rock outcrops to scaewhat more than 
100 feet. The average thickness on moat bills and ridses is 30 feet. 
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Saprolite that has been eroded fram the hills and transported 
to the stremD valleys to form the flood plains is called alluvium, which 
may range in composition from clay to boulders. Its thickness is gener• 
ally less than 20 feet. 

The saprolite in the basin is underlain by uuweathered bedrock. It 
consists of several different types of rock, most of which have similar 
hydrologic properties. The different rock types will be discussed in 
another section of this report. 

· -The saprolite and fractured parts of the bedrock form the ground• 
water reservoir of the basin. The quantity of water that can be stored or 
transmitted by the saprolite-bedrock reservoir is dependent on the size, 
shape, and abundance of their contained openings. In the saprolite, ground 
water occurs in the pore spaces between particles. In bedrock, water 
occurs in the sheetlike openings developed along fractures in the rock. .. .. 

The bedrock has been subjected to great stresses during its long 
geologic history and comprises a complex reservoir system. The degree of 
fracturing of the rocks resulting from these stresses varies greatly from 
place to place, ranging from very small, widely spaced fractures to zones 
of intensely broken rocks that are tens or hundreds of feet wide. Gener• 
ally, bedrock fractures are only fractions of an inch in size and spaced a 
few inches to several feet apart. As a rule, the fractures decrease in 
number and size with depth. Data show that zones of significant fracturing 
extend to depths of more than 800 feet. The range of depth and degree of 
fracturing is not adequately known and considerable exploratory drilling 
will be necessary to ascertain the structure of the reservoir system. 

One of the basic concepts of ground-wat~r hydrology is that aquifers 
function both aa a reservoir to store water and as a pipeline to transmit 
water. The quantity of water that can be stored depends on the porosity of 
the aquifer material. The ability to transmit water depends on the perme• 
ability and thickness of the aquifer material. The porosity usually is 
betw~en 20 and 50 percent in saprolite whereas the porosity of bedrock is 
generally a fraction of 1 percent. The permeability of both materials, 
generally is ~etween 1 and 100 gpd (gallons per day) per square foot. 
Obviously, the water in storage in a unit volume of saprolite is mauy 

· timea greater than in an equal volume of bedrock. However, the thickness 
of the water-bearing zone in bedrock is generally several times greater 
than the thickness of the saturated part of the saprolite. In most cases 
it is useful to· consider that the saprolite functions as the reservoir and 
that the bedrock functions as the pipeline. 

Geologic Units 

The occurrence of ground water in the upper Cape Fear River basin is 
influenced to a large extent by the local geology. The type and structure 
of the rocks have a strong influence on such factors as topography and the 
thickness of the saprolite. 
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LeGrand (1967) has shown that the yield of wells in the Piedmont 
region, which includes the upper Cape Fear River basin, is related to the 
topography at the well site and to the thickness of the saprolite. The 
highest•yielding wells are a~ost invariably located in topographically 
low areas, such as draws and stream valleys. The lowest-yielding wells 
are generally located near the tops of hills and ridges. 

The differences in yield in different topographic situations 
- apparently reflect the composite effect of several factors. Chief among 

these is the number and size of fractures in the bedrock. Valleys are 
believed to be located where fractures are moat abundant, whereas the 
hills and ridges suggest the presence of relatively massive (unfractured) 
rock. Another factor is the tendency of the ground water to move toward 
valleys from the adjoining ridges, so that more water is available to 
pumping wells in valleys. A third factor, and one of the most-important, 
is the infiltration of water from streams into the fractured rock when 
ground-water levels are lowered by pumping. • .. 

The thickness of saprolite is important because, as noted earlier, the 
saprolite functions as a reservoir. When fractured•rock wells are pumped, 
water slowly seeps downward from the saprolite into the fractures in the 
rock. Thus, the thicker the saprolite the larger the volume of water avail­
able for withdrawal. From what was said in the preceding paragraph about 
stream infiltration in valley areas, it is apparent that the thickness of 
saprolite is-of greatest significance to the yield of wells in uplaad areas. 
In uplands underlain by 25 to SO feet of saprolite, the sustained yield of 
wells may be double that of wells in uplands underlain by only S to 10 feet 
of saprolite. 

Quantity of Available Ground Water 

During extended dry periods the flow of streams in the basin is 
sustained by ground water discharging from the adjacent aquifers. The 
volume of ground water discharged to streams is an indication of the amount 
of water available for development from the ground-water reservoir. 

Comprehenaive quantitative studiea of the amount of ground water avail­
able for development in the upper part of the Cape Fear River basin have 
not been made. However, based on studies in stmilar areas, it is estimated 
that the stre.aflov equaled or exceeded 70 percent of the time is a reliable 
iudicator of the amount of ground water available. 

Figure 3 shows areas of approximately-equal ground•water discharge, 
based on the flow of streams equaled or exceeded 70 percent of the time. 
The area encompassed by each coincides with the areal underlain by the three 
principal hydrologic u~its and-represents the average rate of ground-water 
discharge to streams,. in millions of gallons per day per square mile of 
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ground-water development, and after spending thousands of dollars in 
drilling wells they still do not have an adequate supply of water. ·However 
the ground-water resources of the basin are adequate to meet demands many ' 
times larger than those presently-being met. To minimize future probl~, 
development of ground-water supplies for industries and municipalities 
should be carefully designed and managed by qualified professional personnel. 

Pollution 

Even though ground water is better protected from pollution than sur­
face water, there are many places where pollutants are known to have found 
their way into the aquifers. With increased development of an area, there 
comes an increasing potential for pollution of the ground•water resource. 
Sanitary land fills are becoming more numerous and in each case provide 
almost direct connection between the refuse and the water table. Sewage, 
fertilizers, and industrial wastes are common agents of stream pollution, 
and, if unchecked, they may preclude the development of potentially large 
ground-water supplies from some of the stream valleys in the basin. 

CO!CLUSIONS 

Large amounts of water are stored in the rocks underlying the upper 
part of the Cape Fear River basin. Dependable ground-water supplies can be 
developed from these rocks in all parts of the basin if the hydrologic con• 
ditions are properly evaluated and the wells·and we'tl fields are designed 
accordingly • 

The chemical quality of the ground water in the basin is generally 
suitable for most uses. However, excessive concentrations of iron, hard• 
ness, and chloride occur in some local areas. Where necessary, the 
objectionable constituents can be effectively and economically reduced or 
removed by treatment of the water. 

It is not within the scope of this report to provide ·exact data for 
development of water supplies at specific sites. However, with the avail• 
able data, it is possible to predict, within acceptable limits, the general 
hydrolosic conditions over a sizable area. Even in similar geologic aDd 
topographic situations, the hydrologic conditions can differ greatly 
within a short distance. For this reason, it is rarely possible to 
predict accurately the condition. at a specific site prior to actual 
on-site testing. 
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The different geologic, hydrologic, and economic conditions that 
had to be considered in appraising the ground-water resources of the basin 
make it necessary that certain generalized assumptions be made in esti• 
mating the costs of development. On these assumptions were based the 
estimated costs of construction and operation .of hypothetical wells. 
These estimates are valid only for a comparison with estimates of costs 
of developing a supply from surface-water sources or from the different 
geologic units in the basin. Because of these assumptions, the eltimates 
given are neither appropriate nor intended for use in detailed planning 
of a specific system. Planning and design of specific systems require 
geologic and hydrologic data from the actual project site and also the 
services of consulting ground-water hydrologists :and qualified 
well-drilling contractors. 
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Figure 1. Hap of North Carolina showing the location of the upper part of the Cape Fear River basin. 
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GB.OUND-WATEI. SUPPLY POTENTIAL AND PROCEDURES FOR WELL-SITE · 

SELECTION IN THE UPPEll CAPE FE.All lliVEil BASIN,· NOllTH CAROLINA 

By 

Charles C. Daniel 11I and N. Bonar Sharpless 

Population growth and industrial development in the 1,750 square. 

mile upper Cape Fear River basin of the central North Carolina 

Piedmont has been increasing, and current surface-water supplies are 

approaching limits of capacity. Thus, other water sources need to be 

considered as alternatives in planning for future water supplies. 

Ground water is one alternative source of supply. Ground water 

supplies nearly half the population in the Piedmont and Blue Ridge 

areas of North Carolina. Ground water is used at a rate of about 200 

million gallons per day, yet it is a vastly underutilized resource 

and little used for large municipal and industrial sources of water. 
. . 

This report describes the IDOSt favorable areas for high-yield 

wells (yields equal to or greater than SO gal/min), estimates the 

total ground water availability both in storage and from recharge, 

and.describea a site-selection procedure for wells that is based on 

bedrock lithology, aeomorphic analysis to locate fractures, and 

reconnaissance mappina to locate areas of thick regolith and a high 

water table. 

GrOUDd water ia stored in the regolith and in the underlying 

fractured bedrock. The regolith averaaea about SO feet thick and 

contains approxiaately l.S billion gallons per square mile of poten­

tially available water. Seasonally this value ranges from 1.3 to 1.7 

billion gallons per square mile. Storage capacity in the fractured 

bedrock is low and decreases to nearly zero below a depth of about 

400 feet. Precipitation data from National Weather Service stations 
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at Grahaa, Greensboro~ and H1ah Point averaaed 4S.9 inchea per year 

for the period 1971 throush 1980. About 19 percent of this amount 

infiltrate• to the water table to recharge the ground-water system. 

The mafic volcanics unit is the moat productive bedrock aquifer, 

having nearly three times as many high-yield wells as the sheared 

granite, porphyritic sranite, felaic volcanica, mica gneiaa, and 

diorite. High-yield wells are ahsent in the mica schiat and argillite 

units. The sheared sranite, baaed on outcrop area and well yield, is 

the second best unit for wells. 

High-yield vella are most often found in draws or narrow valleys 

where ·the well site is underlain by thick regolith and highly frac- . 

tured bedrock, and haa a hish water table~ Drainage patterns provide 

clues to the presence or absence of fractured bedrock. 

. · Drilling of teat vella de•onatrated the usefulness of the site­

selection criteria for locating, in selected seologic units, wells 

with above average yields that penetrated zone• of highly fractured 

rock at sitea with thick resolith.and a hiSh water table. A well 

completed in the sheared granite near Gibsonville yielded 18 sallons 

per minute, above average far the sheared granite unit. A production 

well drilled·in the mafic volcanica near the Greensboro-High Point 

Regional Airport yielded SO gallons per minute, nearly twice the· 

average for the unit. That well was tested by continuous pumping for 

62 houra at an average rate of 38.5 gallona per minute. Eighteen 

additional vella, 4 in bedrock and 14 in the regolith, were monitored 

during the teat. The water table aaaumed the shape of an elliptical 

cone with the lana axia approximately parallel to the strike of 

foliation 1D the bedrock. Nearly all the pumped water was derived 

from atoraa• 1n the reaolith. 
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INTIODUCTIOM 

Additional water auppliea will be needed in the upper Cape Fear 
River baain aa population and 1Dduatr1al development continue to 

increaae. Development of additional aurface-water sources will be 

confronted by a number of probleaa, 1Dcludina: (1) reservoirs 

compete with farmina, houaina, and induatrial development, lor 

available land; (2) many of the beat reaervoir sitea, thoae in deep, 

narrow valleys, are in use; (3) less suitable sites having wider, 

shallower valleya, will require more land area. ShallOw reservoir• 
alao tend to have more water-quality problema aaaociated with biologic 

activity than deeper reservoira; and, (~) increasing land and con­

struction costa will make new reaervoir~ very expenaive to build. 

Thus, other water sourcea need to ba conaidered aa alternatives in 

planning for future water suppliea. 

Ground water baa many at~ractive featurea aa a source of supply. 

Ground water in the Piedmont province baa a relatively low cost of 
development (Cedera_trOII, 1973). Generally, ground water in Piedmont 

areaa, auch aa the upper Cape Fear River baain, ia of good chemical 

quality and require• little treatment. · Because of the large quantity 

of water in 8toraae, th•·iround-vater ayatem uaually can sustain 
moderate yielda during annual drought perioda. Uae of ground water 

generally permita other land use activitiea if they do not impede the 

infiltration of recharae or diminish water quality. 

Ground water ia an important but underutilized water-supply 

source in the Piedmont province and hydrogeolosically similar Blue 

lids• province of North Carolina. O.ta fraa a recent survey (Mann, 

1978) ahov that 13 percent of the 132 public water supplies serving 

500 or .ora cuat~r• in the Piedaont rely on ground water. In 1975, 
- ' 

out of a total population of 3,950,000 in the Piedmont and Blue Ridge 

of North Carolina, two million people relied on ground water as a 

aourca of aupply (Baath, 1978). Ground-water usa waa approximately 

200 aillion gallon• per day. 
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Results of studies in other areas of the Piedmont similar to the 

upper Cape Fear liver basin suaaest that the around-water systea may 

poaaibly support lara• yields. For example, many vella in the 

C.oraia Pied.ont produce more than 100 sal/min (&allons per minute) 

and aome yield nearly SOO gal/min (David Svanaon, Georaia Geoloaical 

Survey, written comm., 1979}. Similarly, Cederatroa (1972) found 

that yields of 100 to 300 sal/min are not uncommon for bedrock vella 

in the Piedmont and Blue Ridae provinces from Kaine to Virainia. 

Purpose and Scope 

The primary purpose of this study vas to evaluate around water 

as a source of large supplies for .the up~r Cape Fear River basin. 

The occurrence and quantities of around water available, both in 

atoraae and from recharae by precipitation, are described in this 

report alona with improved techniques for developin& the resource and 

locatina sites to drill wells Which will have·a aood probability of 

offering hi&h sustained yields. This report discusses findina• made 
from January 1982 to Kay 1983. 

The moat favorable conditions for around-water development were 

identified in an analysis of existing recorda of hiab-yield wells 

(yields areater than SO gal/min) and correlationa.between well yield 

and rock type, topoaraphic position, distance fro. strea .. , and 

regolith thickness. 

Ground-water storaae was estimated from water-level records~ 
estimates of regolith thickness, and hydroloaic properties of core 

samples from the north Ceoraia Piedmont. An estimate of the maximua 

around-water availability waa determined in water-budaet analyaea for 
several stre ... in the upper Cape Fear River basin usina continuous 
streamflow records and rainfall data collected between 1971 and 1980. 

' Ground-water recharae was estimated by hydrograph separation. 
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Figure I.--Regional setting of the upper Cape Fear River basin study area in the Piedmont 
physiographic province of North Carolina. 
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Cliute 

The climate of the study area is temperate with distinct season~l 

changes in weather. The coldest month 1a January with an averaae 

temperature of about 41 degrees Fahrenheit and the warmest month is 

July with an averaae temperature of about 78 dear••• Fahrenheit. The 

average annual rainfall 1a approximately 45 inches. The growing 

season, that period without killina frosts, lasts from ~d April to 

the end of October. The moderate weather and abundant rainfall 

support the lush arowth of natural veaetation ·and crops of many 

kinds. Undeveloped areas are often heavily forested with stands of 

evergreen and deciduous trees. Fields and pastures support crops and 

grasses much of the year. 
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GEOHYDROLOGY 

The principal components of the ground-water system in the study 

area are illustrated schematically 1D figure 3. The regolith consists 

of an unconsolidated or semiconsolidated mixture of clay And frag­

mental material ranging in size from silt and sand to boulders. · The 

porosity of the regolith is on the order of 35 to 55 percent near 

land surface but decreases with depth as the degree of weathering 

decreases. Because of its high porosity, the regolith acts as a 

reservoir which slowly feeds water downward into the bedrock. The 

consolidated bedrock contains very little intergranular pore space. 

Rather, the water within the bedrock is contained primarily in planar 

secondary openings developed as a result·_.of fracturing. Secondary 

porosity ranges from 1 to 10 percent in fractured crystalline rock 

(Freeze and Cherry, 1979, table 2.4). Porosities of 10 percent are 

atypical, whereas values of 1 to 3 percent are much more representative 

of the North Carolina Piedmont: 

As a general rule, very few open fractures occur in bedrock of 

the Piedmont at depths greater than 400 feet (LeGrand, 1967). At 

greater depths, the pressure of the overlying material, or lithostatic 

pressure, holds these fractures closed.and the porosity can be less 

than 1 percent. Fractures are most numerous and have the largest 

openings near the top of the bedrock. · These fractures are the 

openings along which water can move. 

The implications for the drilling of wells is obvious. The 

chances of penetrating open fractures and obtaining water (or addi­

tional water) at depths below 40Q feet is low. In fact, 85 percen.t 

of the total possible yield from the average well is already obtained 

at a depth of.200 feet; the average yield increases only 5 percent by 

drilling to 300 feet (LeGrand, 1967). Froa the standpoint of ground-
• water production, two 20Q-foot deep wells are more effective, on 
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soil and saprolite aa a reservoir and the desirability of havina as 

lara• a reaervoir aa possible from which to draw water, th·e smaller 

drainages underlain by thick regolith seem to be better sitea than 

the laraer, broader stream bottoms which may only contain a thin 

veneer of alluvium on top of bedrock. 

Using average casing depth_of wells as an indication of regolith 

thickness (table 1),. one might aasume that the upland flata have ~he 

largest, thickeat regolith reservoir and therefore represent the best 

location for a well site. However, under the influence of gravity 
, . 

ground water flows away from the hilltops and toward lower lyina 

discharae areas alona streams and lakaa.- Conaequently vella in the 

lover part of a drainage area are able to intercept water flowing 

toward them and, in effect, derive water froa a larger area because 

of the natural gradient toward the well. Wells on hilltopa, on the 

other hand, muat induce flow toward the well by pumping. 

The Ideal Well Site 

Ari ideal site would be located in the geologic unit having the 

greatest probability of hi&h yielda, have thick resolith, a hish 

water table, be underlain by highly-fractured bedrock, and have a 

large contributing drainage area. Hiah-yield geologic units of the 
- . area are known (fig. 8); regolith thickness can be estimated from 

_existing well data (~able 1): and fracture locations c~n be inferred 

from types of stream drainage patterns discussed earlier. 

Sites having the greatest possible saturated thickness of regolith 

must also be identified. The porosity and specific yield of the 

regolith. decrease with depth (fig. 5). Consequently, sitea with a 

large saturated thickness of regolith, and a high water table, will 

have the areater amount of available water in storage. In addition, 
. ' 

the higher the water table, the greater the available drawdown to 

wells (in compariaon to a vall of similar depth in an area with a low 

water table). In the upper Cape Fear River basin the regolith 

is generally thickest in the interstreaa areas and thiDnllt 1D the 
flood platna of perennial streama. On the other hand, the depth to 
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SUMMARY 

Ground water is used by nearly half the population of the Piedmont 

and Blue Ridge provinces of North Carolina aa their source of water 

supply, yet it is a vastly underutilized resourc~ and little uaed for 

large municipal and industrial sources of wa~er. In a 1978 survey, 

only 13 percent of the public water supplies serving 500 or more 

customers in this region were using ground water aa a supply source. 

In contrast to the small amount of ground water actually used 

(approximately 200 million gallons per day) the_ amount of potentially 
available water stored in the ground is very large. In the Piedmont 

and Blue Ridge provinces, ground water ia stored 1ft the regolith and 

in the underlying fractured bedrock. Nearly all of the storage 

capacity ia in the regolith. The storaae capacity within fractures 

in the bedrock is low and below a depth of about 400 feet the storage 

capacity decreases nearly to.zero. In the upper Cape Fear River 

basin, the average thickness of the regolith is about-50 feet and the 

average depth to the water table lS.feet. Given that the remaining 

35 feet is saturated with water and baa a 20 percent drainable poros­

ity, each square mile c_ontains an estimated 1. 5 billion gallons· of 

water some of which drains to springs, streams, lakes, and wells. 

Due to seasonal changes in the water table, the amount of.water in 

storage can vary from about 1.3 to 1.7 billion gallons per square 

mile. 

On an annual basis, the change in ground-water storage is 

usually small and recharge will be about equal to ground-water 

diacharaa or base runoff. Within the upper Cape Fear River basin 

averaaa annual precipitation is 45.9 inches per year or about 1,500 

(gal/a1n)/ai2• Of this amount, ~bout 19 percent infiltrates to the 

water table and part is available to wells. 

The most favorable area for ground-water development within the 

upper Cape Fear River basin is the area underlain by the mafic vol­

canics unit. The second beat is the area underlain by the sheared 

··granite unit. The likelihood of obtainina a high-yield well is 
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greate•t in these areas. Selection of the best sites wit~in any rock 

unit is based on considerations of topography and drainage patterns • 

. The best well sites will.be in topographically low areas having a 

high water table and large saturated thickness of regolith, all of 

which is underlain by highly fractured bedrock. The best sites are 

within the smaller valleys and draws of fracture-controlled intermit­

tent streams. Drainage patterns provide clues as to the presence of 

fractured rock; drainage linears that cut across lithologic boundaries 

are a good indication of fracture control. Reconnaissance geolo~ic 

mapping is used to confirm interp~etationa of drainage patterns, help 

determine the presence and thickness of regolith, and facilitate 

final site selection. 

Two test sites were selected for evaluating the site selection 

procedure. One site was in the Rock Creek basin southwest of Gibson­

ville, an area underlain by sheared granite. The other site was in 

the Horsepen Creek basin, about 1 mile southeast of the Greensboro­

High Point Regional Airport. The second site is in an area underlain 

by the mafic volcanics unit. 

Between December 14, 1982 and April 26, 1983, two wells were 

drilled at the Rock Creek site and 20 wells were drilled at the 

airport site. Two potential production wells were drilled at each 

site; however, only one production well was successfully completed at 

each site. The Rock Creek well yielded·about 18 gal/min, above 

average for the sheared granite. -The airport well was pumped at 

rates as high as 65 gal/min, much more than the average yield of 28 

gal/min for the mafic volcanics unit, as reported by Mundorff (1948). 

The reaainina vella at the airport were used for monitoring 

water levels durin& a pumping test of the production well, conducted 

May 9 to 13,,1983. The average_ pumping rate for 62 hours of continuous 

pumping was 38.5 gal/min and a total volume of 143,200 gallons was 

pumped from the well. Nearly·all of this water was derived from 

storage in the regolith. Water levels in the production well declined 

to lSl.S feet below the top of ,the casing by the end of the test. 
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The final pumpina level vas 61. S feet above the pump intake. Water 

levela in all 18 observation wells declined during the test; declines 

ranged from less than 1 foot to more than 13 feet. The water table 

assumed the shape of an elliptical cone by the end of the test. The 

long axis of the cone vas approxtmately parallel to the strike of 

foliation in the bedrock, or.N. so• E. 

After the pump was turned off the water level recovered to 28.6 

feet below the top of the casina at the end of one hour and to 19.7 

feet, within 1.9 .feet of the startins level, after 14 hours. 

_The successful completion of vella at test sites chosen usina 

site-selection criteria based on seoloaic units, fracture identifi­

cation by aeomorphic analysis, and reaolith thickness, demonstrated 

the usefulness of the criteria for identifying vell sites. 
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NUS CORPORA nON AND SUBSIDIARIES 

CONTROL NO. 

DISTRIBUTION: 

BETWEEN: John Frezell, Town 
Manager 

AND: Eric Corbin, NUS Corporation 

DISCUSSION: 

DATE: 4124189 

TELECON NOTE 

TIME: 1630-

Nn PHONE: (704) 454-1138 

Mr. Frezell was contacted in an effort to determine the source of water for the Jamestown Water Department. 
He stated that they purchase water from the High Point Water Dept., from the Greensboro Water Oept., and they 
have a surface water intake located at the Oakdale treatment facility on the Oeep River. He further stated that 
they served at 1,000 residences and at 150 businesses. 

,• 

-----""""'"'"'· -.-:--;~·-·r: _____________________________ ..... 
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TO: 

FROM: 

RE: 

September 16, 1991 

Technical Staff 

Pat DeRosa~ 
US Census Bureau 1990 Population Data 
Persons Per Household by County 
Persons Per Household by Town 
Total Population by County 
Total Population by Town 

Reference 19 

Please find attached the subject population data which I recently received from the 
US Census Bureau. Please note that the Persons Per Household by County data which I 
distributed in June has not been revised and is still accurate as included here. I have also 
included the remainder of Table 6 which lists information on Persons ·Per Household by 
Town, and Table 5 which lists Total Population Values for each County or Town. Please 
let me know if you have any questions about using this data or if you require additional 
census data. 

Attachments 

.. ,-, ... 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Tables. Household, Family, and Group Quarters Characteristics: 1990 IF«_d_ ... ____ ... l 

State 
Co:.~nty 
Place and [In Selected 
States] County 
Subdivision -h -C?::r---------I 
==~== -===1 

I .0. 117 

...... c....,--------__ , ··--------
• .....,CDc,r.,. -----------­-""""" --------­s..-..ec...,., ·----------"""""··---------""""" ·-------
~"""""-----------
.... c::.a...y. ________ _ 

C,..,...Go"'" --------
~c....,. _______ _ c..-_, _________ _ 
~"""""---------­~~----------­c.&nl>o c...., ---------
CIIarwtC«<''ty ----------
o-m.c....y ________ _ 

a--.,. _______ _ 

~~==--==== 
~c....r--------­er.....~------
~-"-------· c.m..oc-., ··-------
0...'-"r ···--------f::::""c....,""":::::_-::..-:::::::::: 
~c-., -··------­
o.... ... Cowley ·---------·· '-""""·----------~~:::::::::::: 

=-~======== -eo...r -·---------..,_,.""""' --------_c:..rq _______ _ 

=-~.:::::::::::: 
~eo.... ···------·----'-"'-----~---------
~eo...,. _________ _ 

-'-'··------..... eo..., ______ _ 

~-·-------
_c;o..y ______ _ 

~C...,--------

~====:=:=::::=: """""'eo..,;;::::::=== 
"-"'---------
=-~---------------·----__,_, ____ _ 
...... a...,. -
=:~~-=--==---== .. ,...,.eo.. •• _____ _ 
.... .,...,..., CAiwy ···------

=.,.~~.!.:===== 
~~ ====--==== 
-~-----"'--·----· ---
~-------= 
P'Z:OIMLT, - ---"'*"'---==-====­_eo...,_ 
=~========= :=.,~c:..r.r------

=~.:=-----= 
Scoi-C...., ---------==----··---·· tz.eo-.., .:::::::::::::: c.o...w ____ _ 

~~'------
~.~..c;;;:.---

IDS 3:7 
r. 245 

"" 23 117 
Zt 1165 
ll Ill .,,. 
:!': 3:1 
0':!15.3 

"'"7 
1&:1 713 
n:al! 
r. 2SS 
eot11 
5175 

5!S.S.. 
20053 

111 X7' 
::.lt$ 

"'"' 
13 %33 
7 1!0 

13 tit 
tat!., 
71 01• 

2S3 lQ ..... 
22 Sit 

"'"' 'Z:SCI 

311301 
Ill liO 
ss ... 

ZS7 ... 
lS Z37 

17'2 711 
12!1! 

7 "' lS 191 
14 16$ 

llS 3<1 
.. 122 .. ,.. 
46152 
.. 201 
21 ll2 
21 112 
S303 

ll:!<lBZ 
Z!lll 

10 311 
I 412 

40151 
ssw .. .,. 
:IS ... 
22102 ..... 
24 Ill ··-. ..... 
::m 
se oto 
7S <!0 ,,,. 
Z3 ass 

11S Z7C ..... 
tt 247 

':211 ... 

21! .. 7 
10 :103 ,..,. 
':.!~ 

14 117 
IDS ... 
.:J!.J.t 

103 ,. 
as 242 

""07'0 

56117 
.. 754 
:r!C79 ,.,. 
,. 1102 
IOISO 
lOW 
21 a:l 
3 4SZ 

IIZW 

M­
"'"' 

2 517 Q3 

C!I!Z 
10 331 , ... 

• ~1 .... 
s 120 

1a rg 
7 41% 

10 710 
200!11 

''"'" ..... 
r. 515 
%:112 

2 ""' 21 Zll , ... 
<SltD 
152>3 
7 ... 

s t1l 
2""' 

X! 037 
!I <So 
205<2 
•• SQl 
SCll 
• 340 ..... 

10 1U 

""" 72 Z1 
20 :119 

IC7 4ft 
I>SI:Il 
15 :1<7 
3~ 
2m 

ll 134 
SliiS 

11' 7ot 
20llS 
25150 
II 211 
201011 
I ISO 
740$ 
200< 

!15573 
• 1113 

31,.. 
3 402 

""" tl &II ,.,... 
13100 
liM 

·1 ... 
• Jt: 

Z:O Ztl 

sm .... 
Z!IIZ1 
:211 Oil .. I. 

7 SOl ..... ,. ... 
•m ,,.. 

11 t12 , ... ,.., 
~·=· • uo ..... ,.,... 
:16151 , ... 
C! SIZ 

Z!l. 
17S2e 

""" 1S 7D 
Uo IZJ 
2• 252 
•m ..... ,..,, 
"'"" 

,...,_ 

'112 OSl 

7, 11$ 
I ... 
Zt:211 .... 
17 .. 
4112 ..... 
s "'' I 017 
nat 
.. 335 
21 711 
Z3 ,.7 
Z:l56 1.., 
IS 271 
5711 

33 nl 
11:27 .... 
JT.'S 
2 177 

:4 252 

""" 22 ... ..... 
JIS4 
I <:5 

:s:'171 
ICJI! 
,.,. ..... 
15 cu 
n 121 
JO 011 .. ,... 
2503 
2 ... 
111:1 .... ..... 

1fl 174 
~~~ 
14 120 
21 Ill 
Sllll 
s r .. 
' 'l3 21101 

""' Z3 217 
20311 

11 na 
IS f1f 
, .. 111 
10"" 7., . .,. 
I"" 

"" 311 
• Ql 
I 27< 

""" 21 :2'24 

"'""' s ... 
3Z 171 
21121 
IJQ 
1:0. . .,., 
3""' 
ISl'Q 

11 .&.!C . ,.. 
31 l6l' 
1227<1 
270 
24 171 
II CI!S ..... 
1l1fl 
I 171 

14 -~ 
!I <::I 
~~~ ,.._. 
7 ... 
I., 

ZIS>O 

-..... -I w 2DI 

21 205 
171$ 
21:1 
• ssz ,.., 
3 !CO 

I "" "" ses. 
12 .,. 

"'"' ""' Zlr.'l 
11153 

1 "" 12&81 .... 
27 411 

Ot1S 

""' 
2 142 

'"" 10 011 
tO 311 .. , .. 
s .. , 
lr.:z ,. .. 

XI 410 .... 
'"" ;: ,.,.& 

10"" 
S.Sl1S 

7 ... 
11105 
2 010 
I &JI 
7 $01 
I<DI 

71 tK 
!Ct'O:! ..... 
n a:u 
t! ta 
I "' 
3 "' 11!1 

21 ,.,. , .. ..... 
2034 . .., 

II tll 
12 2:7 
1571 
I Z3l .... s.., 

tOl 211 

Jm 
'""' f.f JtZ 

113:!2 
24 721 , ... 
2!037 ..... 
2 717 
1:106 

11:'1' 
2 ... .. ,, 
""' Jf'l 
211lS 
'Ill 

11 Ut 
19 lSI 
25100 

13 "' 10051 
• z:s 

1£ 4!,\ I,., 
IS~ 
ZliiZ 
14q 

110 

""" 

~I 
,._I 

101171 

Sill 

"' lll 
14<! ,., ... 
2110 ... ,. 
1712 
2 031 

7 ... 
I 1 .. 
3(;'2 

2"" 

'" 2 1::1 
1 :;c .... 
11105 

llS 

:u 
""' 0 Ill 

275:' 
J l~1 

12 11:1 .,, 
112 

'"" ..., 
zooo 

10 l21 ' ,., ,...., 
I lOS 

,IQI 

"" 2 .. 
I 1ST 

17S 

17 5l'Q 
4 011 
3 I" 

'"' 2>w 
1173 
11105 

3ZI 
'C!:l 

001 

",.,. .. , 
2 '" ,,... 
lim 
I ,., 

"' 5!1 
1511 

ZS Oil .,. 
' "' : .fi"l 
31 .. 
~~ 

I "' ,.., 
11!!0 

~~11 
I 371 ... 
I 517 
SIST 

Sll 
31ST 
2 SSI 
7:W ,.., . ,,. 
2 SSI 
253 
21>1 
1m 
I :"':I 
2 :1<1 

w 

'" %13 , ... 

i 

I 
T~"l 

101m1 
' i 

11 oar 1 
2:Z.ZI 

:~, 
2100 
13511 
4 l17 l 
11111 

2 "' I • rn I 
21.., I 
, 7 "' I 
::: i 
s~l 
,!~I 
'001 I 
, fC1 ! 
l:t!l 

'!I 
7TS5 
nos 
7 ... 

21 "' 
liM 

' 

,:~I 
2 StS 

' 11101 
:s 312 
s 23< ,.,... 
""' ..... 

TS• .,. 
3 :!II 
13ZII 

' 
"'ItS I 
5441' 

'"''I s "'' ! 7 S<o I 
2 ~: 
1 111 

'" ''"' 2113 ,,.. 
OS3 , ... 

• 327 
• 103 
, 314 
2SOO 
IIQ 
2C17 

15151 

Ia 
2 a•• 
I l<C 
7 It? 

157':10 
I 147 7.., 

14 111 
1 tU , ... 
2 102 ... 
2153 

"""' 1714 
I 733 
.!2:1 
17'25 
ens 

11057 

!711 
.om 
2"' 

•• 4 no 
l 101 
I 11:17 

• I"" 
2C!I 

311:1 
sm 

TQ 

--I 
10.., 
2022 ..., 
20Q 
IW 
12:5 

., 115 
I 7;7 
2$1'0 
o:n ..... .... 
'"'" S""' .,, 
I 001 
110:1 

10 2:0 ,.., 
I 7M 

1%!11 ... 
1 on 
' lSI 
I J21 

17 711 ... 
t20ol 

10 ... 
:: .. 
ISSJ 

"'""" &7t:! .. , 
liZ ,.., ,. 

54: 
z• 
II .. 

,.571 

"''' sm 
• 101 . .,. 
20U 
1 411 

Sll , ... 
2 2Q 

7 "I 
:7< ,.., 

s""' I,_, 
2R z• 
I ItO 
2 211 

szcm 
12JIS 
I Ill 
s Ml 
I"" 

12431 
1 111 
I 271 

10 110 
I oss 
z:zs 
2:1111 ... 
zn 

10 4•: 
1 !o4 

'"' " ~~4 
7 r-1 
7 ... 

IOZI!! 

1255 ,.,.. 
2 Ill 

'"" 213 
1 474 
•s 

222< ... 
S 011 

TQ 

221 ... . ,.. 
&ll ,, 

1 rn 
1 Ct• ... 
IC:'• 

OS7 
I 2'1 
1 ... 

• 174 

2""' 3500 
nr. 
"' '!! ,;:; 

, 412 
r.s 
.. I ... 

s"" 
2 1!2 

'"' • 720 ... 
"' CliO 

11125 

'7:'1 
! SS3 

• 2 12C 
• 7:'1 
I!!OC s,., ... ,... 
I 2:16 

ST4 

12 flO 
23110 2., 
2m' 
3 531 

m 
!21 
201 

3 271 ... 
, 100 -1110 2.., I.., 
I 3011 
l'ltr. ,.. 
I Ill) 

12100 ... 
17& 

t 1" 
2 110 
•m ... 
I TS2 
2257 

!21 
I ll2 

I OSS ... 
12DII 
3 101 

052 
I 435 
2 011 
J:ISS 
1 .. 

"" 2!51 'c:: 1 ,, 
2 1 .. 
I 246 
2732 .., 
' 121 

201 
2 1&1 

--111Z121 

, .. 
lSI .,. ... 
""' '''' 1..,. 
"' lim 

I 1 .. . "" 22211 
2 171 
I"' ... 
1431 

STI 
l 115 
1141 

751 ... 
314 

2120 
IIIIlS ,.., 
IN 

112 
s::z 

J lit 

"' IQI 

' "' ' 717 
7 r:s 
1121 
• T2D 

"" 22S 

"' ... 
• 151 
I rm 
I 102 .... 
2 '"' ,.. ..,., 

Ill 
2 ... 

7<1 

27lD 

'" I 107 
2 073 
117:1 
I 135 
I ., 

.. I 
101 

tO IIQ 

5>t ... 
2 Z>l 
2 311 
l S1: ,. 
I "' I 1311 

"" lOIS 

1M 
3U 

"' 2 511 ,.. 
21'111 , .., 
2101 
2102 
l 11S 

2csa 
1 ItO 

13S 
I 7!5 
1 011 
22!6 ... 

112 ... 
I 7S5 

z.n 
uo 
2.<1 
2.71 
~. .. 
2.!2 
: ... 
2 •• 
2.!: 
2.52 

U> 
2.51 = 2.ST .... 
Z.<J 
~. .. 
2.55 
2.51 
2.>0 

%.511 
z. .. 
Ul 
2.15 
u. 
2.77 
2.01 
:UI 
2.51 
2.55 

uo 
~. .. 
Z.TS 
2.«> 
U! 
2" 
Z.TS 
2.50 
2.11 
2.7% 

z. .. 
~. .. 
2.10 
2 .. 
2.ll 
us 
2.11! 
Z.ST 
2.10 
:1.<1 

:LSS 
2.1'0 
Ul 
2.5< 
2.15 
2.51 
U4 
2AI 
2M 
2.>0 

z.n 
Ull 
:UJ 
2.10 
2.43 
2.60 
2.60 
U4 
~. .. 
2.a 

2.51 
Ul 
2.01 
Z.SJ = 2.ST 
2.SO 
us 
z.ss 
Ul 

Z.SJ 
:zr 
2.:1 
2.ST 
Ul 
Z.SI 
z.ss 
us 
:1.12 
uz 

I 

,...,I 

u• 
'"' 2.18 
lZ! 
uo .... 
>r. ,., 
311 
Ul ..., 
Ul 
J.:Z 
U7 
).11 
uo 
1.::! 
u; 
2.05 
:U! 

Jr. 
Ull 
l.:Z 
l.l! 
lr. 
11i 
Jlll .... .. .. 
z.os' 
1121 u• 
3,2:5 
u• 
JJ>7 

"'' 3.11 
Uf 
Jll 
3.11 

zum 

2MI ,.,. 
20'1 
3S7 ... .... 
r.l ., 
113 ... 

' 101 2.., 
1'-'l 

:72 

"' I <X2 ... 
2<:3 ... 

:::01 

%13 
s 

17::2 .,. , ... 
Z! Zlil 

:.0 

"" tlll 

"' 
11::1 

15:!5 
102 

• nz , tn 
2111! 

10:0 
20 

3 IS. 
m 

12 cr.'2 
' ... 2"'2 .... 
I ., 

Ill 
12" 

Z3 ... 
l 01: 

lOS 
2 m I"'' 51:" 

117 .,., 
"I 
2!S 

IIIC7 

.. s 
I.., 
I lXI! 
1 ::7 
I Z3S ,., ,.,.. 
• 220 

12S 
1414 

:lSI 
I" 
lSO 

s ~· ::0 
I 0!10 ... 
1..:.3 

c 
)!...'! 

7:;1 ... 
;~. 

"' "" I:S 
I zr. 

• I 571 

..... ...... ...... 

%:'I 

' liS 
121 
Ill 

1 ... 
Zl':' 

'"' 1r 
Z3e 

"" 2 175 
1ST 

3"3 
!60 

1 ... 
ICI 
II 

u·~ 

"" 
30M 

I "' 1200 
n: 

""' m I, .. 
" ... 

210 .., 
2 

m 
ISlll 

Sl7 ... ., 
10. 
257 

JS:. 

1:11 .., ., 
tel 

IX!! 
712 

"' "" 112 
3&3 

340 . .. 
:10< ... .. ., 

I.,., 
r.s I.., 
"' ZQ 

721 
I» 

"" m ,., ..., 
2:S 
171 

' ... 

0..­.,.1. 
"""' _ ... 

" II 
:• 

""' 1:10 

• Ill 

2 1<2 
53 ., 
17 

"' ::!2 

" ... 
"' ~ 

I 

"" 10 2,. 
tO'i't!S 

ll .. .. 
:II 

r 
~~ .. 
1111 

""' ... 
I 
2 

75 
IS . ... ,. 

12Q 
>:; 

"' "" 
' 3S 

2732 

~ 

S! ., 
:!)1 
271 
7&5 • 1100 .. 
"" 33 

"" 1 ... 
I 

l:ll" 

I '" " I 031 

10 .. 
•m : .. 

100 
713 .. 

1111 

.., 
r.l ,., 
10. 

"" I ... 

SUMMARY POPIJLATION AND HO:.iSING CHAAACTERIST!:S NORTH CAROLINA 105 

l"OTE: The population counts set forth herein are subject to 
P•1Ssible correction for undercount or overcount. The United States 
Department 01 Commerce i~ considering whether to correct these counts 
and will publish corrected counts, if any, not later than July 15, 1991. 
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Table 6. Household, Family, and Group Quarters Characteristics: 1990 -Con. 
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NOTE: 1:.1! population counts set forth herein are subject to 
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Department of Commerce is considering whether to correct these counts 
and will publish corrected counts, if any. not later than July 15, 1991. 
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NOTE: The population counts set forth herein are subject to 
possible correction for undercount or overcount. The United States 
Department of Commerce is considering whether to correct these counts 
and will publish corrected counts, if any, not later than July 15, 1991. 
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NOTE: The population counts set forth herein are subject to 
possible correction for undercount or overcount. l11c United States 
Department of Commerce is considering whether to correct these counts 
and will publish corrected counts. if any, not later than July 15. 1991. 
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NOTE: _1l1e population counts set forth herein are subject to 
possible ·correction for undercount or overcount. The United States 
Department of Commerce is considering whether to correct these count~ 
and will publish corrected counts, if any. not later than July 15. 1991. 
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LtiVcD . . hue o .. Fag, I 

.... · ........•... ~ .......................... Race·~~-·-·······························;.. ··········t-IOC of H1spantc ortgrn··-·
1
•••• I 1~)9J 

. . 1 , A11. Indian, . Asian and I H1span.c1 ('fJ . I 

................... _ ................. : ................ L ...... !?!~! ........ ~~! !! ........ ~ !~~~- :-=-. ~~ :; !;! ..... ! ;!!~?~ ........ ~~~;~~ .. ~;~~ :~~~;! L ...... ~~~ :~ ........ ~ ~ ~~~~~ .. ~~~~ ~·~~~P. !~H:mnv 
Ncr~n Cuolon.t....... ......................... 6,628,631, 5,008,~91 1,456,323 · 80,155 52,166 31,502 76,726 4,9'11,127 1,449,1H 1)1.1.·12 2.hlb,H•3 

.:a 18 rears lnd over.... 5,022,488 3.902,539 . 1,007,856 53,649 36,8H 21,620 52,769 3,876,139 I,OCJ.~27 89,553 
~•••:Nonce Coun1y ..................... ;; .... .. .... 101,213 86,373 ' 20,822 303 487 228 136 85,913 20,763 8?1 

J;oolo 5 ~9'~ cv Race ano ttospanoc Orogtn: 
Go.,~rrvnental unus 

1990 

-15,312 
18 rears and over, .. · a4,531 61,636 15,190 239 325 141 473 U,3U 15,163 5iil 

·llo.anaorCounly ............... ; ............. ::· 27,544 25,667 1,613 52 49 103 184 25,587 1,662 101 
18 Y'!rl lnd over.,t, 20,111. . 19,462 1,178 34 25 71 121 11,415 1,170 58 
.. . .. .. .. .. .. . .. .. .. 9,sto . 9,331 111 a 5 62 as 9,316 176 11 
I" Yll"rli and uvur.... . 7,535 ': ; 7,337 '., 140 ·' a 2 48 64 7,322 139 10 

... , .. ; ......... ;.: .. • 2l,41L . 12,264 . 11,106 · 69 21 a 67 12,212 11,011 97 
18 ye~rs_ and over,.,, . 17, i30 : 9,622 7,434 • , 47 20 1 50 9,595 . 7,417 68 

............... : ......... ;.... 22,208 ·: 21,960 144 21 ~ 31 53 102 21,5110 144 53 

11,197 

5.3H 

. · '">011 Count 1 · · . • 9.25~ . 
' 

:,"" Counl Y· •• '· 11,119 
11 years' and over... 17,406; 17,205 113 15 23 50 94 17,160 113 39 

· · ....... ·............... 14,1&7 ,14,596 151 23 23 67 118 14,554 156 39 
18 years and over,... 11,529 .. llr300 137 16 11 59 94 11,269 136 3\l 

Beau fori Counly ........................... ·..... 42,213 ; 28,949 13,194 28 48 64 197 28,145 13,155 86 
18 years and ovtr .... · 31,321 :. 22,442 8,716 25 36 39 123 22,368 8,769 68 

.. .. .. . ..................... 20.381. 7,790 12,531 46 14 1 32 7,782 12,512 62 
18 years And ovtr.... 14,547·:: 6,154 8,351 · 30 II I 25 6,147 8,336 39 

.... ....................... "·663-·. 16,926 11,199 464 30 44 150 16,860 11,167 J86 
18 rears and over.... 21,057 · .·· 13,067 7.624 314 21 31 97 13,022 7,607 lll 
..... , •. , ........... 50,915-';• 41,336· 9,211 242 81 liS 376 41,120 9,172 317 
18 yuars ana over... . 38,960 :·~·~ 32,438 6,210 174 G2 76 243 32,303 6,186 n8 

hory Counl y .. 8,923 

19,598 

B~rJ 10 Coun1 y.. . 8. 331 

61aO()n Counly . 

. . 31. 114 
• 

Uu•lCtli•IIHJ· Cuunt 't . . ............. · 174,121 158,919 14,336' •IHG '/G5 · 255 1,173 158,117 14,779 1.,~7 
ldy~arsandovo~.,... 135,886··· 124,838 10,026 34G 530 J.lti 788 IH,242 9.&93 ftl.l 

.· Uur~u Courur. .... . .. • ................. . 75,744~ ~ 69,521 5,178 133 19·1 118 344 69,306 5,159 ~35 
· "· 18 years ·and over... 57,937: : 53,688., 3,693 · 95 382 79 232 53,546 3,1>84 475 

Cacarrus.cciurilr ............. : ......... :.;:.... 91,935 ! 85,286 :.c 12.153 313 375 108 483 84,964 12.805 6~3 
. . 18 yurs.and ovar... 75,031. ' 65,610· : 8,863 •· 213 267 85 330 65,400 8,134 ~H 

Caloweii.Counly ............................... ~. 70,709~ 66,506 3,811 · · 105 Ill 106 315 66,322 3,864 2C8 

31.515 

39.713 

· 11 years and over .. ,. · 54,022.: 51,011·. 2,695 80 82 78 201 50,973 2,685 156 
Calll<)On Ceunly·. . . ......... : ............... · .5,904.;, 4,381 1,411 21 9 5 24 4,375 1,481 24 

. . . 18 years and over.,. 4,469 3,354 . . 1,081 14 9 4 18 3,344 1,088 19 
CariOrei'COUnJy ............. ·.;;.............. 52,556. . 47,445 4,385 269 293 164 450 47,188 4,369 549 

18 years and over... 40,749 37,305 2,916 · 204 225 99 291 37,132 2,91)7 ~19 
Caswell 'CounJy . .. .. .. .. ..... .. . .. .. .. • 20,693 12,155 1.436 26 . 20 56 136 12,099 1,409 4i 8,254 

1a t~ars and over... 15,774 9.:176 6,326 19 19 34 86 9,3H 6,307 40 
.. .. .. .. .. .. .... .......... 111,il2 106,370 10,619 232 830 291 921 105,795 10,649 1.047 

18yearsanoover... 90,127 82.0$7 7,171 Ill 521 199 629 81,665 7.150 o8l 
Ca1a.ca Coun1y .. 49. 192 

' 

CNINm Counly ... ... . .... ... ........... ...... 38,759 29,423 8,845 . 125 69 297 564 29,194 1,794 207 
18 years &nd over.;, 30,073' 23,306 6,419 87 49 212 ~13 22.137 6,385 llB 

Cnerokee Coun1y ..... . .................... 20,110 19,313.. 361 405 42 49 131 IIJ.lll 358 -148 10. 319 
18 years and over... 15,599 · , 14,950 270 320 33 26 79 14,899 269 3~2 

Cr.ovan Counly ......... .• : ....... ·................ 13,506 8,349 5,087 24 29 17 95 8,314 5·.041 56 5. 911) 
11 years and over.;. . · · 1.870. 6.~81 3,438 18 23 10 60 6,458 3,411 41 

Clay· Counly .......................... , ..... ;.... 7 ,J$!1.' 7,061 41 39 7 · 1 ' 40 7,028 41 ~6 ~ • I~& 
11 years lnd over... 5,540 5,465 32 34 4 5 31 5,439 32 38 

Cltvelal'oCI Coun1y. . .. ........... ................ 14,714 , 66,362 17,141 114 394 103 376 66,152 17,701 ~as 
t8 yurs and over... 63,UO 51.~80 12,041 91 256 12 265 51,335 12,019 321 

COIIJIIOUS County... ............................. ~9,517 32,8i7 15,111 1,370 53 86 242 32,816 15.122 1,407 20. 51 3 

Craven coun1y ...... . 
IS rears and over.,. 35,tiG 25,030 9,924 936 42 54 159 24,872 9,aa;; 9o9 · 

.... ...................... 11,113 58,660 21,116 319 765 753 1,821 57,796 20,940 1,05i 32.293 
18 years &nd over... 51,570 44,115 14,142 2H 571 511 1,172 43,511 14,045 765 

.. · ......... ; ........ ;.. . 274;566 . 170,069 81,496 4,425 5,769 6,107 13,298 165,057 86,216 · 9.SS5 
18 years and ovar;.. 197,792 · 127,233 51,713 3,082 ~.231 4,473 8,620 124,006 58,050 7.116 

, . ....... ... .. 13;736 12,051 1,545 GG 51 73 110 11,965 1,542 nq 
18yuar~anCIUvllr... 10;242: 9,026 1,111' 47 39 13 63 8,979 1,115 85 

.............. .,;.:;: 22;746'. 21,766 Ill 37 79 53 199. 21,626 .807 .• f IU 
18y .. rltndover~ .. 17;6$7'. 16,956 SH· 32 53 42 142 16,162 570 Kl 

OAVIO~on County ........... .' ... : ..... :: ..... ;;;;,.· 126,617;:· . 113,296,· 12,314 395 477 195 602 112,937 12,275 86) 
• · .. :· .. : li,Ytars and over.,. · 16,357;. 87,041: · 1,611 · .. 287 292 126 409 86,805 8,593 • 5t·) 

Oavlt.Counly ..................... ; ..... ;........ .n.ese;. 25.18~". 2,412: ··· 86 53 · 44 . 129 25,115 2,413 142 
·II years and over;,. . 21,3n·.. 19,407,' 1,12(' ··:·:· 49 31 25 "" . 12 19,355 1,117 79 

. Oup)ln County .................. ; ... ;.;.,,;;;,.,, · 31,815 1 25,127. · 13,n9 • 104 47 651 ~! 1,015 25,&:15 13,200. us 
. · · · 11 years:anc1 over,.... 29;•41. 19,126 ' 9,031 . 66' 35 483 713 lf,621 · 9,003 97 

DurNra Counly ............... , ........... :.. 'III,U5. 1. 109,116. · 61,654' 425 3,2)) 637 2,054 108,722 67.385 3,6H 
.. II years and over.·.. 140,425 18,355 41,711 316 2,49& 468 1,551 81.4~6 41,621 7.avo 

lagecon.ce coun1y ................ ; ............. ;.. 56,551 . 24,665 31,661 n 61 91 255 24,581 31,565 157 
· 18yearsandover ........... 40,S39 .. 19,245 21,123,. "56 44 11 181 19,181 21,066 111 

Jioro;yuiC••oillw .... ,_ ... ., .;· .•• ' . 765,878 1!16,918 . GG,I02 . 551 1,662 645 2,102 195,660 65,158 2.758 
'' · ;·;~ :· .... ,~, ·• -··· lll.ycmr»•••no uvur .. · ·,. · · .·205,.70 · 156,596 46,155 · 409· 1,214 ~96 1,456 155,709 46,691" 1,614 • 

Cu,.r 1 tVt:., Cnunt y .,. l~'/ 

16. 3~5 

77,/IJ 
• 

21.&27 

115,715 

lrar11olon Coun1y ..... , ............... ; ..... ·...... ; ... ·36,41•· 23,288 12,a43 74 63 146 290 23,197 12,191 136 
" ... , . . · · · .. ' II years and over ... ·: . ·.· 21;577 . 18,219 9,097 · 50 47 104 205 18,212 9,067 93 

NoJIO• 'Tno populatoon counn sal forln ntreln are SUDJ&CI 10 posslale corrociJon lor \.l'lOC!rcounl or ovorcounl. Tno u.s. Dcpar1mcn1 or COIWI>f.lrce IS conSid~rlng wncuner lo corrt>ct IMse counts ana 

14,957 

. ·r. • woll l>o..DIO>Il corrcc1co c<Nnls, •f· any, ncu Iaior lllln July 15, 1991: · 
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hole s 199 c~ Race 
Go.~rnmontal Unt1S 

an<:~ HlspantC Origin: 1990 

• 
• • 

• . -~ '· 
' . .. 

' . ' . . . 
• 

··· .. .;..;. .. .;.· ........... ···· ········ · · ·····A•ct~··· · ·· · ···· · .... · · ·· · · ··· · · · · · · · · · ····· -. ' ., 
I ; . :'. • . . · Arw. ln<Jian, As1an and I 

-·• 1 ,.'., . hk1mo, PbCifiC 0tt>Ur1 
' .- · · 1 . lola I llnlle Black '""' A I cut Jslaooor races I 

' ' - . . . . 

··········Not of 
H1span1ct 

ortlltn loft 
any racell lin"' 

t-t•span1c or 1<}111• ·" • • • • • 
I 

01r.::r1 
Block 

Fa~~ 2 

. . . . . .. . .. . . . . .. .. . .. . . . . . .. . . .. . . . . . . . .. . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . .. . . . . . .. .. .. . . . . . . . .. .. . . .. . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . .. . . . . . .. . .. . . . . . . . .. . . . . . . . . . .. . . . . . . .. . . . . .... 
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• • L :' •, • ,....., ... __ ·, -~ 

-·~:- .. ' 
. L ' . " . 
.'·~ ... 
r- \ •• . . 

-·.Cuton COo.mlt-
- "' ~· . . . 

. . ·cues Counn •. . . 
. . . 

: CraNII Coun1 y: 
" . . 

.-,- ~--~Gra!1,•Jie Ceun!, 
.-:}-,.· . 

' 

• 

. ' . 
••••••• 0 •••••••• f •• 0 • .115,093 150,868 

·130,810 . 114,780 
;, 8,305 5,101 

11 years. arid over .•• · . . 
• o o .' • o o o o o o o 0 o 0 o o • 0 o 0 I 0 0 0 I o 

:;.6,932 3,934 
.·• 7;196 6,131 

- . '' -. ' 5"499 _5;212 
' 38!345 23,069 
''2tllOa :17,891 

· _ 11. vurs and over ••• 
• • • • • 

' -. •,' 
• ••• 0 ................. . 

ll~vears ar4.cvcr .. , . . ' -- . ...... -. .......... ~ ... . 
· lH. yc•r• llrld ovur, · .. 

.22,6lf" 
. 15,082 

4,18o . 
- 2,981 

I 
- I 

397 
290 

a 
a 

4S4 

' - . . . . - . - .. .. . -. 
\ . ' .; ·• . '­
·~,,·,- -.-. · .. . . ) . ""15,384 . 8,747 • 

1 '11.391 6.8~9 

. ' 
• • • • • ' 0 ••• 

14; 909 
IO,fl.16 
6,521 

218 
99 
S2 
16 
10 .. -o; •• ·-- ...... ·.··-· ·,. .. 

• • • . ' ' ' . .. 
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' '. . ' ~'- ·,- ,-, 
~ ...... .., . ,' \;.· 

"1-i ,,-_,-,. .. . . , ' . ' ' . . . . . '• 
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L. .. _-

' . ' . . 
• . _ _.. - . 

' - . -- ' ' - . _, 

~ t; - -. . .. ' . . ,~~·. . .. ' . ' 
' 1 .. • ' 

• • • ' . 
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' 

-

' " -. 
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:·Cud fora Caunty .. 
- . . . 

• 

f ' ' . 

~" lt.trr.llt County 

ltonoerscin taunt y 

11er II ora COunt i. 

··. • ·· tto~o County ..... 

" . 

·.· tt,cw County ... 
" . · 

.,. ; I rllw II· Coun 11 . ' • 
' --Jack50n COo.lnty. 

' . .. ·, ' . . 

. , 18,. yeu ~ ar.a. ovur •.. 
. ' -. . o o o o .. 0 I • o o o • 0 o o 0 0 o o o I o 

, : 18. yuar5 and ovur ... 
' -, ' '' 'o o • o 0 o o , .. o I o o o'O o 0 0 .._ o • 

'. 18 .. years.and over.;. 
. . . ....... -.-... ~ ........ ~ ''" .. 

· 18 vears lind over ... 
• • 

• o o 0 o 0 o 0 0 0 o 0 o 0 0 0 0 0 I o 0 0 

.. 111 years· and over ... 
• 

• • • • ••••• 0 ............... . 

. t8 years and over ..• 
" - - , o o o 0 o o 0 I I o o o 0 0 0 o o o o o o 

.• 1a years and over: ••. 
• • • • • • • o o o • . o o o o o o o o o o 0 • o o o I 

18•yuars Arid over •... 
• • • • • 0 • • • 0 0 • • • • " • • 0 0 • 

• . ........ ~ ... -.· ....... . 
. 18:yaars lrtd over ..• ....•.......... : ....... . 

18 years ana,over, .. 
. - ' . . · · Jonnuon COunty 

ll,years·and over ••. 
• o o • o o o 0 0 I 0 t 0 0 0 0 0 t 0 I 0 0 0 t f' t t 0 0 

• I : ' ,- .· .-
• . ._ .. , 

:;.~1 ··-.·'' 
"'-~.:- ·: r 
•, . •. ' ' . 
·, .. ' /~ ·-·-

.. · --·~onos'Counry ... . . ' - . .. 
0 0 0 o o • ' o o o I I 0 0 t f 0 0 t 0 0 0 t t t t t 0 t t 0 

' ~ · · · · · ... · • ~l•v••~s.and.over ... 
, ·.·;~tee,County; ..... o .~ ........ -...-.~~ ... ~ .. : .. ,.~ .. . 

::·..:':.:_:._:~,:~ ·.,.; .-_:~~·~,"·~·-.·~-(~-~. ll,years ... •~.~ver .. . 
_·,·: ·---:'>.:- . -'-.·~-\· '·-~~ n y ............ ,a,······-·:..:.········· 
. ·.' . ' ' .' 

·- .. · '·_ .. : · .· . . , · .. yoars,a ..... !)ver •• ~ 
:'~~::-~:.: · .. ·:-~·: .... ':; ·_.-,.-;·:.:L·•ncoln CO.,nty.' .· _···~···~··;'~·····"·········· 

-.~·.·~··-:_ .. · ·· · •• s~o ' ._r_ ... ,, "._- . '. '. . . ' : ' . . ·. . 'l vv·~ : lr-w_, ver ••. 
·t·"t> 1-' •,• . Mc:O ) l c -t:-.. ~-;.1-;'·.::.. ·· .. ".-.• ··~:OW~ -, Oo.lnl'l··•.·•····•·••~•••••'-.••••·•··-.••••·· 
·_>i.t~·->:.(.·:.-;· .:--~~ -· --:·-j';--:·· .. _- _ . . . . ·II. years~·~ over.~.· 
·· · · ·· · · · ··"·co~ Count · · · - • .·. · · · •: •· ,·I;~, · .. I .... JIWI ,,. . Y'••• • ••• '' oo •. ,,otltootoot•o•••••••• .......... , 

l 
· · : ·. · :· ·.- ··-•·: .'• ' .... , :- · 18. "ears, ana over.-•• 

.· .·. ~·'.' ·· -.·· ..• -..-;;-,,t,~rson.cc>.;,ntvo· ..........••••• : ••• -............. . 
. ; · · ·. • :' · • : · · ' - : · 11· yur~. and over ••• " 

• 

' •• 
• 

. - . . 
- . ' '· -
• .. ' .. 

. - . . . 

' ' .. . 
.. . . ' 

_· · J_,._ .• w.rt•'n CoUnty ...•.. ~ .. -...•.••• -~ • .- ••••••• ;. • .- •••••• 
' . ' . . · :• ::· _ . .. . . . · 18 years and over .. . 

"<\···Mvek.tetOurg County •.. ····o·····~ ..... ~ ... , ...... . 
· · :· . _ : ' 1a yean and over .. . 

· .•, lhlcllGll count·t· .. 
. ' • 

0 •••••••••••••••••••••••••••• 

11 years ~~_over .•• 
, · .. t.-Montgoraery County ........... ~ ............ · .•• ; ••.• 

!8 ._year I anc:t over ... 

'· 347' 420 249.584 
l :• ~G9: 703 199,203 
:;ss.sl6 . 26,009 
·.140,.191 "''lO,SII 
; '61,822 : 51,111 
~. 50,536 .· '39,212 
~ ': 46,942 46,011 
' 37, 196 36,$08 
• 69,28'!1 66,158 

-~ 54,108 52,629 
,, 22,523 ; 8,214 
'1&,416 ' 7,389 

.. 22,156 9,635 
. .: 15,171 ; . 7,358 
: .• 5,411 ' 32 •• 579ti68 .,., ··o52 •. ~ . . . 

. ·.-; 92,931 71,207 • f ·. 
I; 70;496 59,91S 

• 26,846 23,609 
" 21;434 19,216 
" ,,.81,306 65,173 

: ;-.li203 50,624 
~-·!1,414 :5,687 

;. ,t,lll 4,300 
, •. 41,314 . ,31.216 
:~ 30!618 . 23,908 

. . ;:, .. S7,2H · . 34,322 
'.42;389 26,900 

:~.50!319 45,710 
. :~: 31~109 . 34,794 
·:·;, 35~UI 33,901 

.•. ·:. 27! 153 • 2S,I17 
. ~.:.. 23;489 : 22,919 

··;·;· '11;134 18,414 < .. '1&;9$3 16, 7H 
0 .. 

II' 13,256 13,079 
" - 25,071 13,788 ,. 
''. 11.384 10,114 
:; 511,433 364,651 
i: 311.980 . 286,958 
-·t '14,433 -. '14,354 
,; :11,324 . '.11,262 
,; '23,346 16,173 
.•-~11.325 12,911 
.'.' .. '."9,013 47,•6• • • ...... • .......... 0 • • • • • • • .. • .. - t- ' ·. · .· ..Core COunty.. . . • 

,. .. .ll,yearsandover... ·-~.-·45,617 3l,a91 
··· .. : -~;~!"--.n:CoUnt 1!- •• :~- . • ••• :: •••• ' ....... p.-;~ ·(~.-~.16.177 ·. 51,114 

·'-<- ,· .. -."·--. 0.'.-,:. ,-•. - . . : ... ·tf,years.afl(l over ... _ .,'_ .51.101 .• 40,1S9 
·.:.' ~: .. -·:_.~---'-r._NtV't11t\OVIr.·CoVntt·······~··'•••~••·-·=·.~:~~.~ ••• · .v.·.-~;·_1.20~214 '94.195 
-~····- •.... ·.. I - ~~ 8293 'l$"5 ··,"·.-· .•. ~, :: . · · :. __ .. -- _ ..... · . •.1 years and. over.-.. · .>"J· , • ., ! 2 . ,4 • 
. ,, ,, ' '- .. ·-··h·-lo c~•nt ' . • . . ,·-.·-t·'·-~0.79" ·.-.·.~97 ·.··-:··'!.·· ,,..,· •.· .'- . ......, '"'"- 1\- Y~·······••••·····••••••·••••••• ~ a • o1 - ...... '. ' \ - -

-•,-:·_1-)t·_·_,_/·.-~. · ... '_·-' ·;-.'"·:'<, ··- .· - -.- --~ •-!l.v••rt.an~_over .... ,.,L.: ••. ;ti~S95 _ :,,142 
_, -~- ·-~· ·····,~ .. on•t .... County ···'· · · · · .... ·•··1"'131 · 1119~9 ''J,·,· ., .•, '· 1.-o -· • v• . •• j 0

' '· o•oooo•"••••••• .. ••••••·•• 1'~.·--·.•,\- ••• ·., - 1 ol. 

:'.~".::'·:.' · ·-. ,··,;i.;.-·,,· .. _ ... 18 years.na_over.,. · ·--~. 113;53~' ' as,au 
-:~,r~-~·· . .- :_,- :orange County .. 0. • o•• .............. ·•· •• ;.~ ••• :. :·";:·.;t3,1St'. : :;1s;a1r 
·· :··. · · ·· • · • •. · · -. 1a years and over.~. ·. ·16, 104 - · 62,313 

. . .. · Pa••l•coCounty.. . .. ............... -::;; ... ,'.. .: ·_11,372 1,362 
, . ·. · ··,- · ·111. years •1"4 over.'.. · ·. · 8,662 6,51 
····~ .. .-.l·~· .. -;.-~f •••.••• ,~~•:.•.t r • .:.;,,,_. ·- .:·: . , . .. ·-. ~---.--~'·'qliJ.. 1q.~ol 

"(. .: \l . ~ 7 ~- • - ~~- ,. • . . Ill vu .. r~ I"',,·~., ; ' -~ . 44, •2!1 I• 5•~ - .':\' ,,;·I '' " •· ,0.,1 ""''.fo<<,,' ·'•< '• • .. N 11'¥ •,, • ' ',1·._. 44o ... 'II 

.--. .fl(:tkl\Jt (OUtlli····~-·-~ .. : •• · ... ~:~.-.-._-.;';/,.V,.~;.;_: .... ··-~-· ~5.-.-.:21tl55 19.8'9 
: .. ·.. ·.· .- -' . .-· -' .·.·~:. · ,: . · . · ,-II year• anc:l ovor',;:;-· -· •. • .. ·· . .- 21,742 IS,5S7 
· : .. ·:'. ·r · .. II<Jta:. · Tnu popyla11on counts set forth hero Ill aru SUIJ8CI_Io posslole corrt.'CIIon 

· :.•·. ·; .:·· w111 .,.:.u1nn correctua. counts, II: anv,' not later INn .~~.tly IS, 1891. . ·- . 
·.• ::'··· .. ~·- ' . . ' . . ' . 
,._ .. '·. .. 
'. •, 

.. •' 

' 4,461 
91,655 
•GG,I9~ 
. 27,586 

.. 11,392 
15,315 
1o.:no 

641 
481 

2,361 
1,581 

12 '970 
8,179 
9,878 
6,494 
1,181 
1,268 

14,5&9. 
10,~.; 

42S 
374 

14,319· 
9;805 
3,617 

' 2. 574 
. 9, 40 I 
• 6. 199 

- 22,539 • 15,194 
·~ 108 

'2;69/ 
1;479 

: t, oaa 
. ·.' 38S 
' 'I 282 
' ' 136 
. .. I 21 

• "· tt.i 
7,583 

134,468 
92,481 

' 23 
20 

' 6,001 
4,035 

'10,182 
7,343 

24;142• 
'16,446 

.. 24,097 
',16,532 

... 12.321. 
. '. ,~8.69S 

·: '29,808 
•• '21,62S 
'· ·.; 14,893. 
. 11,330 . : :' 

2. 951 . . .. 
2,083 ; •. ' 

. 11,5A3- · 
1,082. 
1,770 
6,005 

I ,637 
1,20S 
1,7 II 
I,ISI 

601 
403 
180 
138 
197 
127 

- 22a 
ISS 

3. 116 
1,909 

4 
• 

193 
146 

2.Eii7 
1.726 

118 
131 

- 8 
1 

lt9 
109 
70 
58 

120 
11 
12 
52 
16 
61 

- 19 
17 
20 
16 

1,936 
1,408 

19 
. 17 

92 ., 
309 
20~ 
218 
164 
43S 
334 
42 
18 

939 
744 

. - 286 
241 
33 
24 
Stl 
~~~ 
16 
56 

" 

for urtdarcounl or ovurcou•H. 

• 

. ' 

915 231 1&4 - 150,285 
604 154 597 114.384 

13 3 - 21 5,087 
1 2 . 12 3,826 
6 4 29 6,701 
5 3 21 5,19~ 

100 168 3S6 . 22,913 
. 6·1 125 280 ll,liiS 

& 94 169 1.690 
S S9 iOI 6,113 

3,726 811 2.aa7 247,891 
2.SSI S50 2.081 191.960 

145 65 237 25,915 
96 41 159 20,U5 

299 490 1,1S9 50,5S3 
215 336 7a4 . 38,130 
67 36 240 45.115 
SO 19 IS3 36,371 

286 283 146 65,606 
183 182 545 S2.275 
9~ 11 81 9,112 
11 , 13 55 7,362 
85 82 218 9,556 
60 57 137 7,305 

3 21 U 3,S82 
3 13 24 2 '759 

356 . 306 612 76' 897 
234 195 466 S9,68~ 
109 36 ISS 23,507 
86 32 108 19.145 

159 807 ·1,262 6S,370 
122 S21 822 50,358 

19 23 53 S,66S 
IS 15 32 4,218 

19 I 391 800 30,928 
. 139 263 551 23;691 

151 192 463 34,136 
105 132 310 26,781 
112 209 570 45,359 
108 Ill 362 34,513 
200 29 114 33,820 
118 18 89 25,812 
60 59 165 22,118 
38 ' 39 109 18,346 
32 22 86 16,684 
22 t1 59 13,039 

. 40 44 . 89 13,112 
33 38 61 IO,lOS 

8,461 1,917 6.693 - 360,554 
5.784 1.3~3 4.909 28l.a97 

19 18 so 14,324 
13 12 31 11,245 

15:1 330 556 ... 564 
19 211 365 12 ,liS 

ISO 208 470 47,260 
93 146 3" 37,753 

223 220 606 51,563 
162 116 446 39,9ll 
616 • 241 924 ' 94 '288 
4S2 150 670 .. 74,997 

II 20 IIG • ·<1,311 
1 13 89 . ; ~. 6,a22 

2,994 4,158 -1.035 108,190. 
2.082 3,201 ~-'!'!'.5.757. 13,844 
2,361 4~0 r 1,279 75,055 

'1,831 ill -9'4 61,774 
· • 20 6 " a. 111 

15 s 33 6,SI3 
1"~ u 246 1a.n9 
119 40 .. ~. 14,458 
44 Ill 273 19,723 
35 89 IU . 15,485 

~2.t~2 l,ll) 
1~.GJl 8~2 
4,116 " 
2,979 I~ ' -~~-; 

I 281 
14,872 2C4 
10.916 !Jl 
6.505 . 21) 

- 4.456 ~~ 
. 91,212 S.J60 
65,950 3,712 
27.481 1,&76 

. la.329 1.251 
IS,221 8!9 
10.314 G~-a 

Ul 2•:l . 
·- 481 ltiS 
2.34a 485 
1.579 3C9 

12.952 3ta 
1.767 232 

.9.840 ),)42 
G,4H I,S\;2 · 

· 1,178 a 
1,266 3 

14,821 SH 
9,974 372 

42S 2.759. 
-374 -1.8'7 

14,331 343 
9,774 2~9 

. 3,670 26 
2,570 21 

. 9,310 330 
6,141 -2JS 

22,456 219 
15,140 15a 
4,096 2i4 
2,690 184 

• 1,474 213 
I ,084 16a 

384 132 
282 97 - -135 u 
120 38 

11.1~9 sa 
7,56S 47 

133,866 10,3~0 
92,096 l.Ola 

23 36 
20 28 

. 5. 98i 2~0 
4,025 150 

10,832 ~51 
7;320 ,, 253 

24,067 ~41 
. 16.~04 lli 
. 23,983 . ·1.069 

16,459 • 791 
12,257· 54 
8,641 43 • 

29,131 · l.lJL 
. 2 .. ::5 2 • 7~!o . 

. 14.¥47 2.<7J 
• 11,301 2.vas 

. 2,940 . 54 
2,077 3q 

11.557 :JG 
8•064 llol 
8,7J9 ' . 120 
5,98~ 89 ' 

l,'t,l'l1 

• • • ~ ....... 

'14.164 

.:~OJBO 

• 

H. tll 

o.dlO 

1,9U ... , 
'·"'·"' 

J;o,t91 

14,052 

l.d29 

. 23,73i 

20, 189 

·~.091 

17.174 

1.~;;1 

. 
6,S8l 

10, HI 

21. 3S8 

11.024 

57,076 

8. 914 

38,683 
• 
" 6.0~0 

u. 2'la 

IS.~J7 

TI>O u.~. OcpariiJOCnt of C01111111rce IS cons1oer1ng wnerner to car roc 1. rnose countS ana •. 
• 

• • 
,. 

• 
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• • ' . 
laola S !~ c·-, Race and tllspantc Ortgtn: 1990 
Cov~rmo<:nu I Urtll s 

• 
. . . . 

' 
' . ' . ' • 

·····································Reco······································ ' ··········Not 
. I 
I 

. I 

Ato. tnata11, As•••• and 1 Hispantcl 
of tltSPantc ortgtn""""' 

I 

• . 
EskliiiO, Pactftc Olherl origin loll 

While Black ~ and Atoui tslaooor raceSI any race)l 

• .. . 

To til 
• • 

··················································~·-········································-~~-, ............................................................... . 

' 

I C I 
-. • ... 

·vr~ lrt.Ans. oun y ............••••••••••.•••••••• 
18 years ano over ••• 

~~<J•S•••Counly ........ . . . •••••••• 4 •• 0 ••••• 0 ••• 0 

Ptll Counly,. 
' ' . 

~ul~. C(ll<nly .. 
,,~--··-· 

' 
' 

w~uuulpn county 
' • ·,o, .,. 

. . 
u •c.IIIIIOncl .count v ... · 

• • • - ' • < 

• • • •••••••• 0 ••• 0 • 0 • # •• 

• • • • • • • • • • • - • • • • • • • 0 • 

' IK ycftr~ and ovvr •.. 
•' ' t .C' Z .._; 'I '\ • ~I 

• . • • • • • • • • • • • • • • • • • • 0 • 0 

18 years ano over,,', ' 
o·t• 1'. ,·•f~ 

., ••••• 0 •••••••••••••• 0 •••••• 

18 years ana over ••. 
"-"on county. ' .. . . .. •• "~"" • • ••••••••••••• ·-· • 0 •• 0 ••• 0 ••• 

:. . · 18 years ano over, ••. 
nock """" . c nl .. . . " . ' • "' ,,.,.._,.; ()U 't .. ·, 0 ••••••••••••••••••••• ~ ...... . 

: . · · · 18 years anct over, ;·. • .. • c .•. _ ... ,.,., ........ .. o'!'an Ot..l-:'\1 y ~ , ...••••..•••••• ~ •••••••••••••••••• 
18 rears and over.,; .. - .. --~"\"' .. 

• •••••••••• 0 ......... 9 ••••• Rutnarfora county ..... 
11 years ~.ov~r,, .• • 
. ' 

• . . . ' 
~·~son Counly ... ••••••••• 0 •• 0 .............. . 

• 
sco11ana CO.:.n1 y. . 

11 years ana over,,. 
' . ' . . . . . . . . . . . . . .. . . . . .. . . . . . . . . ' . 

18 years ana over ••• 
~t•n1y Co...tnty ....•....••....•••• ·., ••••••••••••.. 

18 years ano over.,. 
Slo~•' Counly ........ . - •••••••• ' ••••••••••• 0 • 

. II years and over ••• 
Surrt County ......... . • 0 • 0 •••• 0 ••• 0 • 0 ••••••••• 

11 years and over ••• 
Swa 1 n (0\..lnt y. . . • . . . . . .................... , • ·, ,. ••• 

. 18 years anct over~, •• 
Transy,van•a County ......•.••••.•••••••••••••• , 

18. years ana O'ier,, .•• 
Tyrreii·Counly .... • o o o o • • ... o o I o 0 o • 0 o o • • 0 • 

18 years ano over .••• 
. Uf\101\ coun1 y, • • • ••••••• ' .... 0 •• 0 •••••• -· • 

~ ". . 18 years •no over.. • . 'T ,, .. , ..... ,, 
Vo\f'Cu, COUI\1 y . . . . ' • •••••••• 0 ••• 0 •••••• 0 •••• 

wa•e Countv, • 0 0 • • • o 0 o o o 0 0 0 I 0 0. 0 0 o 0 o I 0·0 0 0. 0 0 0 

18 years ana over ••. 
• • ' . . ·'- i 

~~rrcn Counly,. .... . . . . • ••••• 0 ! ••••••• 0 •••• ·-

. 18 ye,rs ana !'v~r.· ... 
wasntiiiJIOn County .. • • • • • • ............. • .. ·- ...... . . . ' . ' 

18 years ano over .... ·. 
w•tauga County •....••.••.••• -•• ~~-~- • .'~.-.:~/~_-· •. -

. .' 18 years a net. over, ••. 
w a yno . Coun 1 v •.•......•......•• ~ · ..... • : •••• = .. ; ·; : ·:··. . . 

· · 11 years a no over ••• 
v 1llt e1 Count v •.......... a ••••• ; •• : ~ •• ·• a ••• :. :· ~-••. 

· · · II years ano over, •. 
·- ·, ~ -·. • •. i ............................ II ll SO'l Co.nl y ... 

18 years and ove~.;. 
.. ····· -···-UOk tn County. • . . . . . . .................... . 

18 years and over •.. . . ' . 
• • • • • . . . . . . . . . . . .. . 

'oaroeen 1 cwn •...... 
18 years and ove~ ..• 

. . . I. ............................ 

10.~47' 6,979 
7,175' 5,483· 

30,180 20,740 
22,761 16,0'4 

107,824 70,643 
81,820 SG.670 
14,416 ·; 13,276 
II,G23·': 10,821.· 

106,546·;c: 99,042 ..• 
10,8211·J. 75,•U9 
44,518' 30,816 
32,745 23.615 

105,119 ·, 37,986 
72,803 !' '29,511 
85,064 ;; 67,193 
65,6'32 •'. 52,694 

110,105;'' 91,151'· 
•• 401 .·.. 71,303 •. .. c-
5&,811~1 so.m · 
43,037-. 38,451 . 
41,217.. 30,273' 
34,152." 23.274 
33,154 19,025' 
23,823 ~ 14,353 
51,765 45,269 
39. 06~ . 3·1 ,184 
31,223 34,917 
28,146 26,485 
61,704:~ 58,383' 
47,513'' 45,241 
II. 2&1. 7, 950 
1,413 . 6,336 

25,520.: 24.121 
11,1141;; 18,993 
3,155:, 2.281''' 
2.793;~ 1,747' 

u.2..,~-· 10,o23 
6i 201''1 52,041 c 38: •• ,-.() 21,146': 

· 21 Ul ,; 16,471. · . . -
423,310.· 324,011 ; 
325,565~ 2S3,422 · 
11, 2&5 : 6. 593 
., ,916 ·. 5,372 . 
;j,991 7.556 
IO,tl& · 5,165 
36,952: 35,830 
30,630: 29,122 

. 104,666" 69,112 . 
77;296) 53,020• 

. 59,393· 56,231, 
45,423' 43,143. 
66;061' 40,623 
48;833 31,777 
30,481 • 28,184' 
23,641 22,4GI 
15,419: IS,221 
11,915• 11,137 
2 700: 2,2t' • • 

18 years anct over... 2,oas· 1,718 
' •• 0 ••• 0 •••••••••••••••• 0. 0 ... 31t 2. liS 

II years ano over.. • 3, 2$Q. 1 ,717 
11araance w•11ago ........•..••• ·.~ ••••• : •• ~:.. 251 '256 

1non 1e I Own ..... 

3,426 
2,358 
9. 106. 
6,~71 

35,921 
2•. 144 

1,053 
744 •. 

6,361 ': 
• ,563 ·. 
12.~69 
a.su 

26,115 
16,870 . 
11.548 ·. 
12,'S20. 
17,173 
12,431 . 
6,514 ' 
4,392 .· 

15,616 ·-
10,695 
12,176 
7,192 
$,972 
3,976 
2,069 
l,'S24 
2.780 
1,976 

19G 
131 

1,189 
800 

1,5U 
1,034 

13.~27·. 
8 .ua· 

17,512: 
".as& .. 
88,057' 
63,937 

9,147 .· 
6,959 
6. 366 . 
4,207 

761' 
617 

33,79'l. 
23,099 
2,124 
2,029 . 

H,l96 
16,697 

I ,295 
969 
151 
119 
400 
271 

2. 146 
I ,432 

• • 

' 

• 

18 
16 

181 
149 
214 
167 

11 
IG 

4S3 
325 
502 
3l7 

40,511 
26. 162 

149 
I 14 .. 
262. 
181 

90S 
67 

876 
583 

2,430 
I, 59 I 

155 
93 
52 
35 
66 
so 

3.075 
I ,907 

79 
53 

4 

" 294 
212 
69 
55 

I, 141 
911 
763 
542 

13 
a 

S9 
51 

265 
201 
69 
ss 
70 
43 
22 
21 
2'1 
11 
11 
13 
34 
24 

• 

• 

20 
IS 
IS 
12 

709 
520 

2S 
IS 

3S8 
257 
19~ 
108 
239 
169 
190 
121 
444 
314 
98 
li9 
75 
S3 
83 
61 

249 
147 
79 
~1 
u 
6S 
31 
20 
99 
76 

5 
3 

257 
1~6 
60 
44 

8, 117 
S,901 

·~ 
9 

35 
23 

IS2 
132 
839 
584 
100 
68 

17'1 
13 I 
26 
22 
II 
8 

25 
13 
24 
IS • 

• 

4 
3 

138 
89 

437 
319 

4S 
20 

326 
235 
136 
103 
2SI 
184 
214 
113 
275 
Ill 
11 
52 

387 
247 

40 
26 

120 
G4 

tOG 
'SS 

391 
2Sl 

16 
12 
32 
26 
1 • 210 ' 

154 
lOS 
64 

1,987 
1,387 

48 
34 
27 
13 
43 
38 

S97 
385 
163 
128 
295 
185 
26 I 
175 

9 
4 
3 
3 
2 
2 
2 

28 6,959 
23 'S,467 

249 20,655 
ISS 15,914 
971 70,211 . 
695 56,365 
115 13,201 
75 10,773 

734 98,659 
508 7!.. 201 
293 30, 72i . 
205 23, SSG 
704 31,850 
us 29,421 
620 67,603 
389 52,531 
6SI 91,'S21 
44'S 71,013 
342 . 49,896 
237 38. 29'S 
127 30,016 
460 23,105 
318 18,867 
209 14,241 
309 45, 102 
214 34,6'SI 
2S~ 34,787 
ISO 26,396 
602 58,160 
391 45,097 
11 7,930 
44 6,321 

154 24,004. 
112 11,912 

II 2,2U 
I 1,744 

675 69,624 
473 51,760 
271 21,019 
189 16,317 

S,396 321,008 
3,878 2SI,281 

91 6,571 
62 5,358 
65 7,531 
37 'S,849 

249 35,725 
189 29,513 

1,3S6 68,529 
e~> 52,617 
:11.1 . 56,044 
272 43,003 
537 40,461 
3~1 31,675 
388 28,755 
248 22,386 

49 IS,III. 
38 11,103 . 
19 2,244 
14 1,769 
21 2,174 
14· 1,768 
2. 256 

61ac• . . . . . .. . . . . 
3.H I 
2.3S~ 
9.C8') 
6,41>1 

3S,813 
2~.085 

1.:.s3 
144 

6,3SO 
4,SH 

12,758 • 
8.'S39 

26. 125 
16,83~ 
17.492 
12,4/9 
17,719 
12.389 
6,488 . 
4,372 

15,630 
10,662 
12.071 
7. 725 
5,954 
3,963 
2.Cil 
I, 520 
2.765 
1,964 

19 I 
135 

I, 185 
796 

I, S42 
1,033 

13,358 
8,590 

17,47$ 
II, 833 
81,565 
Gl.'SSl 

9,118 
6.9~4 
6. 351 
4. t9S 

7GG 
685 

33.683 
23,028 
2,818 
2.026 

24.811 
16,647 

1,294 
9G9 
IS I 
119 . 
395 
276 

2. 139 
1.430 

• 

,f 

• 

Olr,er I 
r hi. OS I 

• 

3~ 
31 

·~~ 
It I •n 
t?S 

3 I 
bC3 
!111 
GS8 
HS 

J~. 5·:N 
2&.2-3 

3H 
2Jl 
,,~ 

5~2 
192 
133 
52~ 

62S 
2,4S8 
I , 6~ I 

4w 
236 
119 
80 

111 
131 

3,069 
I, 9 I 3 

111 
I 28 

q 
7 

ss~ 
3111 
Ul 
ss 

S .~II 
G.HI9 

1'/8 
~~: 
50 
3 I 

212 
183 

I,Giii. 
111 . 
169 ,, 
l~Eo . ., • . . . ~ 
Sl 
~s 
311 
25 
42 
~G 
57 
38 

• 
. " . • 11 Y"rs.•nct.9v,r;.. J2u· '213 -•' 

.... 
• 

.~ 1 213 
:tDolfl••rle Clly , .............. ,...... ·14,131 12,102. 

- 18 years anct over,.. , 11,521 1 9,667 
&IQadnu.lr lit liS IO•n ........ .- ........ "' , 662 513 

. . . 18 years ana over.;. . . 496 444 
&11 ....... ,: ...... . . - 51ll "'qq 

~ .. '· _. _ . : H.,,. 11:1 yu•·r~. •ncJ oyur . . · 4~8 :na 
'I'~'"""""·0•~11>C<r COP. . . ·:.· .. ,,;;,:;.·,.... 1,076 983 

·. . II, years ana over... .. 800 73G 

., 
2,633 24 
·~134' . - 21 

n · · · · 1 
•9 . • . .. . ' ' . 
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2 I, 806 
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26,022 

12. 8S3 
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8.1U 
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24.960 
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2i9 
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llo1o~:. TN! populattOil coun1s sol forth toeretn are suOjecl to. possible correction 
"'" puol 1sh corrcclcd coun1s, 1f any, nol later thin July I'S, 1991. 
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' 
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. . . ' ' 

•••• 
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any racell Wn•te 
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413 
·lftl 
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954 
6'/9 

lO 
.• N ;as 
~ 68 
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. 1,427 

12,162 
8,455 
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Taole 5 :ga D·f Race ar.-:1 HISPanic Or ig1n: 1990 
Govcrn-rtc1tll a I Un 11 s 

-~·-·································Race··················-·················~· • ··········P-lOt ot IIISPilliC 0r1grn· • • ' .. • • 
I I 

t 
t Total 

' 
Vhlte 

All. JnCIIBtl, 
Esk iiiiO. 

Black ana Aleut 

&sian ana 
PaCII IC 

Is I ao'IClar 

I 
Olherl 
racest 

1115PiniC I 
or•gm loll 

ony race J t 
0 u·...,r I 

White Black rac~st 
UCu$- IOCJ 

urol t 5 
······················-----------························-----····································-··············-···················-······························································· 

' Benson town .. : 2,810 1,871 ' ' ' ••••••• 0 •• 0 ••• 0 ••• 0 •••• 0 0 • 

18 yoors ana over .•• 2,076 1,469 
\.6 'II c I'" tot.•.. COP • • 0 • • • • • • • • • 0 • • 1.~17 1,4G2 

1,111 1,092 
fh1<:. ~tJfiMJr ( I t f C I ' t • o o o I 0 0 o o 0 o o 0 0 o 0 I 0 0 0 0 4,GU 4,104 

3.~92 3.071 
I ,U2 a07 

. 18 yoars ancJ over.,. 
. ' ' • • • 0 • • • 0 • • • • • • • • • 

Ill vu•rlt nrl<l ovur ... 1,317 C72 
3,186 3,163 llu 1 11 h:h< .... till'. ' . -

• • 0 •• 0 ••••••• 0 • 0 • 

2,3a~ 2,370 
933:·, 755 llwlav II to· tcwn ... 

1~ yuars ana ovur ••• 
. . . . • • ••••• 0 •••• 0 ••••••••••• 

736 '' 620· 
1,327 t,3H 

18 years ana over ••• 
Uti eucre lorcsc 10wn ....... ....... ·.:.~ ••••• ·; .. ~. 

1,033 c ,Ol2 
1, 414 I ' · 808 . . ' 
1,024 .,.. 625 '• 

•. 615 ;:• 574 ··!; 
'461 ':;·. 440 ;>l, 

5,411 >t 4,909 '; .: . .. 
4. 34fi ; • ' ' 3. 966 •. 
1,821',:·.·: 1.525 ' . 
1,357. . 1,209 ' 
1,2$7 1,2H 

. 18 years ancJ over •••.. 
• • . . - • . • 0 

8tSCOG tcwno;~ ..•...•.. , ......•••••••••••••••• ;. • •. 
· · · · .: ... _·_· • ::· · t8 ye~r• ancJ ~"'"'·'·'', .. 

Bl•tk- Creek o.to·wn .•.••.••••.••• , ·, .-••• -~ •••••• -••• ~ •••. -.. "' 
: · :· · · , . :. - ta year•-.afiCS o-.:•r·.·-:o· ., · 

·Black. t.eountatn·town .•.•. · ••...•••••• ~· •. , .•••••• -.... . · 
.. ,. ·"'.. - tlyeartancJover;~,;;;, 

" ' . . .. , 
U1aoorooro ·town, .•.......••.••••••• ~ •••••••••• , •. · 

: ' t8 yoars · ancJ over~ ... 
S1ot~fng Rock 1 tow'' ......•...•..•. ~ •..•••• -••••••• , · 

1,0411 ; 1,036 
' 1,3n • 1,289 

• · 18 years ancJ over .. , · 
. ' . 

llOCJU r C 11 y COP ; .. • • •••• ' 0 ...... 0 ••••••• 0 • • • • • • • • 

1,080 · · t.Oll 
·1,650 :: 1,600 
1;281 ••. 1,247 
2,445 '. 2,086 

' 2,015 .. ' 1,741 
221 • 211 

18 years. and Qv~r~ ... 
CliYo••·•·•••••o, ••••• ;. •••• 

18 years_ancJ over: •.•• , 
e:)1l1ng Springs lown .... 

' 
• ~ ••••• 0 ••••••••••••••• 

18 years 11ncJ ovtr .••• 
~011Y1A·town.~~ , . ' . . . . 0 0 • 0 ••••••• 0 ••••• 0 ••• -

167 ' 155 
53 I 171 1!01 ton town: .. 

18 years. ancJ over,.·; 
' . . . . . . . . . ' . . . . . . . . . . . . 

. 396 145 
3,893 1,566 Uonnre Ooorot ~OP ... 

18 years ancJ over_ ••• · • 
• • • • 

. . . . . . . . . . . . . . . . . . . . . . ~. 
18 years and over ••• 2,729 • 1,223. 

12,915 12,169 • . . . ' . . . . ..................... . 
• 18 years and over ••• 11,9a6. ' 11,298 

lloonvrllo I own ....•... . . . . . . . . . . . . . . ..... -..... 1,009 '. 952 
758•·.' 711 
371''' 34 •• 

18 years and over.,. 
- .... .. ! '. . 

. ' • ' . . . . . . . . . . . . . . . . . . . 
'268;~. 244 

· ... •a a-~- • ' ·• . "52 · ··-················-···· ., .... ., 18 ..., . •,•11-.'H 3,833·,·, years. a ... over, :t ·· . .. • 
• ' ' " 453' '. 433' 

' ' :166 "' 350 .·· anP; at7 · 
·. 7131 ·~ 663 '. 

1' 
3,246~::: 1,371 
2,1117: . 969 
. . 451''' U6 

Ur.:vara c IIY• 
t8 years and over.,. 

- . . . 
' 

BrrO,tton·:IO~n.: .... ; .•. 
j,, ....... , .. ~··········· 
· t8 year1 •. ancJ,over ••• . 

:!roa:~.at ·to.,n· ·. ···.·················~········ 
Brog:hln COP. ; ... 

t8 Y"" 1ncJ over ... 
•••••••••••••••••••••• .. 

tl- years ancJ over., •.. , . 
llroc;• fora ·town. . ' ' . . . ....................... . 

18 years and over •.• 360'.• 355 
llrun5w1Ck tovn., ' • • • •••••••••••••••••••• 302· 106 

18 years ana over ••• 208' u 
1,145 1,064 ' . ' . . . . . . . . . . . . . ' . . . . . -

18 yo1r1 ana Over .•. · .. 942 884 
I\~,~ hl~ Cro--:k COP • • • • • • • • • • • • • • • • • • • • • • • 2,085 1,903 

18 years ancJ over .•. t,a95 1,745 
' 364 2.1 • • • ' 0 • • • • • • • • .. 

18 ~can ana ovor, 281 tal 
llurg.\w town. . ' ' .· .•..•...•.•••• : •.••. I,IOJ· 1,140 

18 ~ears ancJ over... 1,415 921 
n ... rtu\gtcn CH, 
. ' .•••.•...•.••.•. 39.~sa··. 30,IU 

IB years and ove~... 31,018" 2·1,461 · 
............. 0. 0. .• • 1,411' ...... 

, t8yoarsandovor ... · ·1,2ot'' 1,183 
l!vrn~v' l 1o tc.wn 

llulnt:r COP. .. .. ............. ;;... 4,679 · 2,7().1 
.. . . , IR ~oars and ovor... ·3,717 ,,168 

......... .. ............... ...... . . ...,, .• ,q··· 7.l!tt) 
· . · 7 ' . . · . , • , · · 111 vu~r• ,;uvl uvur t, 9n · t. 89S 

... · tal•n,..,t, IOwn'. .,·;::•.-;..\·.~··.'.\·.;.<..... -.· 1,210·-. 1,202 
. • ''· ...... tByoarsancJovtir.~0" .... -... ·_·:,1,142.· 1,139 

• 

892 . 
587 

7 
4 

570 

·-
405 

1,032 . 
695 

10 
4 

176 
115 

• 
• 

549 
' ' ' 

315 . : 
37 ... 
26 '"' 440 : . . 

344 ' : . 
292 ' . 
146 

8 .. 
8 .. ' 

24 ' 
13 
31 
19 

340 
255 ' 

14 
9 

339 
236 

2,021 
1,300 

602 
555 

51 
40 
27 
24 

749 
511 
. ' 16: . 

13 ! • ; 

76 ..• 
50 

1.823 
I, 190 

4 
4 

196 
124 

4 
2 

132 
107 
116 
95 

640 
~76 

8,909 
6, 2GO · ·. 

33 ,, 
1,9~9 
1,492 

7' 
'/0 . 
. a 

. 3 ' 

• 

6 
3 
3 
3 
9 
7 
• 
• 

4 
2 
• 
• 
• 

• • 

• 
• 
• 
• 
1 
5 
• 
• 
I 
I 
8 
4 

12 
9 
6 
6 
3 
3 

21 
15 
67 
47 
24 
22 

I 
I 
• 

• 
10 
a 
3 
3 
• 
• 
9 
9 
I . 
I 
• 
• 

64 
48 

7 
5 
6 
3 
6 
6 ' 

78 
~G 

3 
3 
8 
6 

' 2 
• 
• 

li<lt.! , lnu IJOI'U1~t•on CC<~ntli.sct fortn ~ro1n are Sublecl·to possiD1o· corructton I or uriCk!rc:oun 1 or ovarcoun 1 . 
..;n PuDI~>II c:~~Nct~ coUnts~ 11 · ar~y. not Jator 1nan July .15, 1991. . · · 
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7 
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20 
20 

• 
• 
• 

• 
16 
14 
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19 
II 
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• 
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• 

10 
10 
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IS 
8 

51 
31 

• 
• 

9 
4 
•I 
4 
• 
• 

~5 1,858 
19 1,461 
It 1.456 
10 I,Oil-
19 4 ,Ot7 
9 3,067 
I a07 
I 622 

13 3,151 
10 2,361 
a 752 
4 611 
• I, 324 
• 1,032 

126 806 
84 625 

3 573 
• 440 

28 4.895 
21 3,955 
10 1,511 
• '· 205 a 1, 23& 
3 1,033 

54 1,282 
33 1,027 
10 1,597 
6 I, 244 

12 2.082 
12 '· 737 I 210 
• 155 .. 
• 171 
• 145 

lit 1,471 
198 1,161 
a6 12. 102 
78 II, 239 

• 952 
• 712 
I 344 
I 244 

48 4. 525 
44 3,808 

9 424 
4 346 
3 894 
3 660 

43 1,353 
29 956 

• 446 
• 355 
2 106 
2 84 
6 1.062 
4 883 

29 1.890 
24 1,734 

• 241 
• 183 

24 1,130 
14 914 

234 29,986 
.-" 151 24.357 

,.. 10 1,436 
7 l,t'/6 

2t 2,691 
12 2.261 
!i 2.350 
5 I, a95 
4 I, 19a 
4 '· 135 

Tha U.S. OcpartntCnt or Conrnorce IS conSICSOrlng whCCIIer 
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4 
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Taola 5· 1ga ov ~aca 
C~•ernmental Un11~ 

. ,, 
' 

" 

-

an.:J 1115pan1c Origin: 

• ' 

-·· 

' ' 

' ' ' 

1990 ( ,( ; . 
' ' ' ' 

' . . . . ' . . - . 
······•······························Racv····························-········· ··········Not 

~· - ' 

1 . • • • · . . loo. lnaoan, hwn ano 1 1t1span1CI 
' . 

"··· 1 ·. :: .. ,. ·• lsk1110, ."PaCifiC Olnerl or1g1n loll 
. I· ·. Tollil 111\lle Black ana lloul l~lana~r races!· any racult . 11n11a 

of H1span1c 

Blac~ 

or•g•n···:··'"· 
I 

Otr..,r I 
. . . . . . ..._ 

. ···························································-·······························-·~---················· ···••····•····· ...••........•.•••...•.••••••••.........•••.......... ; ..... 
' •'' ""'' . • 

·····•••·•••••···•·•· :''·'411 312" :·~:99 7 to.n • 
' 

J·-· _l_' ~----
1 ·: ··:. 

18 ye~rs ana .,,..,r,;. < ·.·347 ·261 ··74 3 
·.'.·.'215 ·121 ·a& • I •,' • ~- . · C•nooron tc•n • ••• 0 • 0 ••• 0 •••••••• 

!S years ana over ... · · • 1~9 99 "59 1 .. -. -. ' " ' 

·.· CA~ iOJINN Centro\ I ' . ' .. .. • • .. . .. . 36~ 716 24,815 9,064 267 ... 
"~" ' . - . . ~ 

18 ta"'.~ Mel over... :30,229 20,680 7,309 2l1 -··. ~ ·· -~- '.:r..,••••,.·.-,... .. . :t ?411 G·1ft 43 II ' " 

~ . • . ·..• • • • .,, __ .,.,,.,._ ...... , """'' l J'·; !II'' !•l!t . ' ·. 7li 
.,. --t~IUH)Itll#lllt: • ......... ~·.:.:.·..... '3,'190 3,1111 t,9 

.. _. , •·:: , - . . 16·.vears ancs ovar... ' .3{146 3,089 55 
' .. • '··:; ·: • ColllC. C•rtcret I Own.. .. . . ;·,. ; .•• ; . '.:,:,...... ,I ,C08 I ,001 c:; • 
· J ••....•. -_ ••• ··--. - - · e 5 
::~\~·->~.r-·--.· :··:·~-.--r\:-. .-/_·.- __ ·;-.- __ :_,· -~-:. -. .' .·:, 1_1 _us\_Y~Ar~ ·~:-~v_er;.o_: · ·· 4 · -~ 138 ~ .: 

33
• 

-x ... •.- r,_. :.·:· ,·< ; CaroiU'\I·Seacn town .. ·.oo··oo •• .: •• .o.-............. ·_·, .·3,630 ~ 3'.}68. 
~~ .. ;-~:_:.'_·.- .• ;,:~·~:-.-_--~.Ji.·.-:_·_,<--:!!';:--. •_\.·->_:._~\. -· · ··.: '·-_ _.- .,,._ ll~ytara._·anci,_-~vtr.-~.-.' --.- ··-:;·-. 2,:965 ·2,111 · .. 32. 
~A:~:;'-. ·~<~.--~-;,'··--;<:f-.~ Clrrcoro ~town~ •·· ... j-;. ~:. ~- •-o .-.... -, .. o ~ •• ~-.... -•• ;... .- _ ....... it',$53. c ·:9.066 1~930-
<.:,~;,f..- .. ·.>.,·."'·"·····,' · · ': ·· ·, ... ~urs·aoo·oiltr · .... · '· <.·g·953 ·7'982. l'il,507 
,_· ;,~·-,··,---~·: --_~_:..(:.:..·.:•\---~---~- :·,'-, -"· -'.' .. _- •' '. '·'.'' ........ • ·~·:( , .. } . •;' . . 

· -._- t -;_4r':: 1'_~-~ I.·, .. -: • . ~:.· ·~ car\ Ngt .. 'c .. n , . ; . ; . :-: , ... ; o • ..- • .: ; •••••• , • • - ; ; •• .- • ; ·- · ·~ :- '-' ·' 11171 ? - --17 2 :- ;· 197 
.. ",'·:.::; .. ?.;.,;·,':; ·: ........ · ,· ... ; ll:yura·_ancs oiler.;,".: · ·i:-~•-lu ~"'599 ·qJA 

-~-: ,..-. · .. ~----.:car,~,o~n!' ... ; ~.: .. :.~ ..... ~:~.-~;.~ ....... ~ ..... ~-:--:-· ~·-::·•1:asa ~1;374 -2;417 
·.·. : .. •:, -· ·; .. ·.. . .· ll:vears;ancsover •• :· >'32;311 29,153 1;136 · 
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"C•s•rc-:tc"n .... :- ........ · .•••• -..· •• ;.-.,·:;~ .... :~-~- ·-.• ~~t321 .1~(327 .·,r; ·-
. , .. n:. years ana over;.;. · ... ,,~246 '; 245 · , ; • 

•CaUAIIa"<to~n.. . .. .... : ...... ;:....... · :1 261 '•<164 ,:1·97 
.. . · · . ••. 1ears ana over... ); 'Ill • · 122 . 1 69 

.. ---CAstle Hlyno COP .............. ~.-~::.~:.:.-:· .. ',..~;. .... · -.~-~~112 1,044 ,._ 127 
.·· ll,yur~;ana'over.,:· . · ·;·,eaa ··788 ::94 

'Caswoll Beacn to~n · · ·· · · ' · · · · .' "· .··'.-''' 175 · .• · ••· 174 · • ,·. • - ••• _ .••..•••••••••.••• , ••••• o,, 
-~· ..... ,. _ · - ·· .. tl. yaars and Otter ••• - : --· ·:: 155 :·'-,l 154. H · • 

·Cit a~··· tOwn,. •...• -.: .. o ••• · .... --•• .-. ~. ~. ~ .·-:.- ... ~.. _ 7. _' __ -:_.-: 467 ·. · 378 · · 19 
. · II years. ancl over.,, . ·· :: · 367 · 309 · 58 
Cooar· Pouu town .................... -~.·.......... '· 628 · 621\ • 

• . ' 

' . ' 

II years ana over... ·:·· 534 53, • 
· Centervl11etOli'n ................. , ........... o .. - •• 115 lt2 3 

', ., ·.·. ,. II. years ancl,over... ·; 87 as 2 
, . :- . CoirO Goroo town ......• ~ .. o ••• • ~, ••••• .- ••••••• ·.• ..'I: .. , .. ·. 227 t86 .ao 
, . . .. tl,yeers ana over... 110 140 ' ·29 

.... ·\--.. ·· fCNcR<Jurn'tovn .. ·........ ......................... f ~ 3,005 <1,116 850 
.. '·· ,. . . :. . , ll.years ancl over... ' ~. 1,427 . 862 . S33 

.-'!--- -~. •·. •• ~cna~t·HUt town ................... -...... i •• ·•••• -:. ·31,719 · 31,175 4,153 
~,,., • · .;~·- :.: ... ·. . llyearsana_over.,; ;,'33,271 27,182 3,822 
··:· ·. . .. · · <cnarlolle,c:lty .... ; .. ; ...... ; .. ;~ .. ;............ .j·395,934 · 259,760 125,827 
·~:;,;:··. ,' •· ,· , ,.· '· . . . 11 years ancs:over... .,.. 300,216 206,930 86,138 
-~ ;; .. : -;-. ~ :.~.- _ ~---~ ; :·· CNrryvi1 1e c1ty.- ••.•. ·. · .•.• : ••• ·• o •• ~. ~ .-.:~·~~ ~. •. •• . 
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.~·; 4,156 - -4,311 - _-.:: 389 

_,t ..... .. · • · . ·. . · · .. Ja yurs .ancs over... · ,<'3,731 ·- 3,413 292 
<{~!)_· . .... :,~~- ·:: ':_:!• :·~ CnuU.,GrovG- •ovn _.-.'·.· ..... o ••• ·~--.~.~--.~.~.-.- ..... ;·- .::.-.~c-'_2,732 2,453 255 
·"'j.,::·'>>, .. ;_:: <.: :. , : · .18yeat~ .. ancs.11ver ... : • ''2,059 '1,876 . 165 
''l" --- -· · ----~·:cnoco"'n'IY tovn .... .- ..... _ .••• ~ ••• .- ......... ·._~.- .,._:.- 624 ·k 503 121-
·. ;·:~: c ' . · · · •.18 ... wears •lld over.... ~/ .475 411 64 

:.~ -·.:·~-~·clar~ntc•ty ....... .- •. ;~ .••• _ ........ o •• _ ••• \_..:..,.-·,980 .,.; 961 .. 11 
,:>: .· .. ' · · ·' . ·. · II years ancs over... '·~,., '173 159 8 
' ' •: ··Cian1on town .. ·" · · · · · · ;' 7•& · 5·'4 1a6 
:o • · , . • ii · v~;~i · ;~ · o~er·.. . 1 ·; 1· 536 .;2 · 91 
' .·_.'_ ... ·. _._:- ;~Clayton tovn ........ -_.. ·······~-,·.:~............ -~~--4~156 3,554 t,t49 
< .. 1 ;. ·· .'•, .. ·.. . . · . ll)ears a"';' over... . , ~.·, 3,547 ... 2,73~ 773 

.. _.._. .. · • ·t'~CI0111fft0t\S·V111Age .. ,: ........... ; .......... q·t,..... · •:<''6,020 ·_ 5,797 146 • ' ' . 
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·: .. ·.. •· ·,.llyurs,anaover ... ;_ 1 ,.4,589 ·:4,431 , 100 
· ·· -~·- ctevol•ro to""· .•....•.... ; •• ~ ... o ••••••• _, ._, •• ~. ~ ~-·.-!.i.J'-- &96 497 197 

. . "11, years ana over... · ,, 1 • · 499 l64 135 ' . 

· · --c,,n,on·c~ty ........ ~ ....... ~-.0 ............. ~ • .-. ~ };":.1~204 4,639 .l,-160 
. ,.II.. years ancs over... ' : ·::&. 160 l,l52 2,336 • ttyoetown •. - ................. ~ ••••••••••••••••• _:.~~'1,04t 991 43 

. II years. ancs over... . 12a . 7a5 • 26 
t'· -.·-c~t-s'·town ..................... 0 •••• , • .-.~.;.... :·,·:~t,AI3 · 1.2?3 1&5 

· · · · ·: . · :· -~ . · . 11 yurs ana over.,. ' l .'I,ISa '1,016 ·' 127 
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.· Col~raon tuwn ., ....... , ....... ;... 139 126- II 
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_rt~·, . ._~--· ... :t. 1(.J.,,·,,._:.,. 1 •• ,.- .,.-~~.I.I_Vu'a~r":-..uttduo/Ur •. _ •. , .~911 211'1 ~OIJ · c 1 · ' ·1 · · ··• · · · · · · · .~ •. ., · · - · ,, · · a 2 1 5 · 21 -, o ~~-own.-~· ..... _.-..... ~,.,,.,.t .. il •••• -,.-, •• ·_ .. __ ,_. .... : 1 8 
. 'i: '···.·~ ·. · · ,', .'.· : ... '11 vo•~•:•ncs ovor:;. : ::, ··,684 · 667 ·· ., 14. 
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• ...••...... -•••.•.• ~ ....... ~··········R•ce······································ .. . ··········t.,ao1 of H1span1c orog1n········ 

I ' . • .. : .. 1 < : . , . All, Iridian, 
. . . , . I • , .,: (Sk IIIKI, 

•• . . '· · · ·'I Total·. ·. 11n11e Olack ·and A lout 

as un •rid 
Pac1f u: 

Is lanoor 

I 
Oll•url 
racnl 

111spaniCl 
tlrog 1n loll 

any racol I llntte 
I VJ~ U\CJ 

un11 s 
' ' ... __ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••• 
,:'_ 1- ··t 

(:)ruO town ... ~ ••••.........•..•••••••••••••••••• -.-
. ' 

71. . 69 
_ · 18 years and over ••. ' "'- ,;. ...... ·-·~ .. · ~rcorG ,c • 'v .•. , . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . -

18 years and over .•• 
C .... ·-~.: ·-onatoe· town •. 1 ._ ., .••••.•••••••••••••• , ••• , , ••••• • __ 

18 yu~s.and,over; •• 1, . .. 

56 I ' · ~4 . 
27,3471'· 21,495 
21,269<' 17,161 

• 292 ' ' 109 
· 2oa:·" u. 
1,349'•'\;; 1,302- '' 
l,ooJ• .• ~ . 976 
5,4t5 '. 4,806 

Coronol h: SPfii"JS lo .. ro .. . . . ......... ' ...... ' . 
. IK YC:IIfS And OVQ( .•• " .. . . . . . . .. 

Cunov\:r c II.,, .... - ......... .- ......... . 

. ' 

• 4,214 3,713 
C011w~y~ town:,.·.-.· ' . . . . . . . . . . . . . . . . . . . . . . .. . . . 759 · S06 - ' 

. 562 400 I • 
971 ; 1, 921 
171 i ' 111 

2,581 • 2,020 
I , 932 : ' ' I, 548 

497. • 264 • 

Cool eo-eo town · ... 
18 years· ana over •• , , 

••••••••••••••••••••• • •••••• 
18 years ana over ••• 

CorMftus- tovn .. -..............••.•••••.••••••••. 
1a years and over .... 

C ovc · C ' ! Y ' ! ovrt . . . . . . . ......••• · .•••••••• ~ •••••••• 
311 . 218 ' 

2,371 .. : . 2,213 
18 years and over •.••.• 

Cramer tOll 'tOwn.; ..... • • • ••••••••••••••••••••• 
1,102.:' : 1,13~ ' 
1,504 •• ~3;~ 1,048 ... 
1,17 •· · 13R ,.;. 
:· 36t '.:.~: 11:.. '~' · 

Cr;raOiiOOr c11-; , , .............................. 
• 

' • • •••••••••••••••••• t •• . • 
·. 253 H < 141 
2,015 >::! 1,981 ·'·' 
1;~74'·."·~ 1,559 
; 271 fll 264 
.. 114 ;.,., 182 
<1,029';. 3,729 
3,120 .• : 3,534 
3,012 ' ' 2,367 

til yc:oirl arid ovor,,. 
~· .. , .... ~ .. -

~ttt ····~1··~··-· 

ttt y~~,~--~~ ~~.~r::.~ 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • 

. 18 yearp. and over. 1 ; 
- I · o i • ·i ~ . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 

Cru:.,.:t· COl•~,. , 1• 

• 

Crour.ore: 1 owro ..... 

Ct.~ I IOIIN8 COF .•. 
' ' 18 years and over ..• 

. • ' ._ ; I o • .. 
Oallu lown ..... • • • • •••••••••••••••••••• 

2,263 .. ' 1,834 
. 119 ; 101 . · Parc>ury tDwt\•.. . 

18 years and over •.. 
_,, . - ·-~ 2•\"1 . . . . . . . . . . . . . . . . . ·- .... . 

.. 96 ~··: 86 
<1,046~!''· 3,334 

18 years. and over ... · _. ,. ' .-\ ._, .•.---•> 
• ••••••••••••••••• 

3,511 ?:· 2,!169 
10 1>·, • 

IH year~. ana ovor; .. 
. . . . .. .~ .. -

• • • • • • • • • • • • • • • • • • • • 
.. 

····; 7.· 
I, 292 ·. . I , 292 

11 years and over ••. 
' . . . - .. 

O~n1on town., .•. . . . . . . . . . . . ' . . . ' . . . . . . . . . . . . 
18 years ana over •• , 919 I • ' 918 ' · 

D 111 sooro- town ................... ; ...• · .• ; .• ~ • · .•••. SIS'' ' 83 
8i;·· 78 

1,144 .. 1~6 

830' 119 
I 195'' 1,122 • •• 

962 " 904 
. 840 1 '-' 62l" • 

119:: 4&3' 
. 4•tl.• 2"7 · • • • o • • 1 0 0 • f o o o • <o o • 0 o o o o ill ill 

18 years and over... · 336~" 197 
Or~•el t-·n ....• · · ' · · 1,74&!.: c 1.676 · • ..... • • • • • • 0 ••••••••••••••• 0 ••••••••• 

' ' . · II years and over... 1,381 -: 1,337•. 
Cvo1 tn town.~ ....................... :·.,·,.:-._:.·;,,"", : 241 :. : 2:15, ~ 

1~ vur-i and over.,, . 
Occoan1 Hetgnts to"'"············; ..••• ;.- •. ~ •• ~·.~: 

t8 years and over ••• .. •·-
Ccoson town .. • • • • • ••• ' ••••••••• 0 • • • • • • • • • • • • • . 

Ooricnes town 
18 years ana over,,. . --·-'-'-

' • • • • • • • • • • • • • • • • • • • • • • • • 
' . 

Oovor. t c ... n . .; .. 

. 18 vears ana over... IS& . .i;· 111· .. 
0 ·. ~ • ...... n. • •\':l..• I 3"6'~ O 761 Uflf\_Cit'f;,t•';~ ••·••••••••• ••• . , .,, .. :_l .. , 't~·· 

·' u ve•rs and ovor... 6,165;:.·1 3,1:16 · 
Uwrl\it,. Ctl t .. '\ .. ::~'.' .• :·.·~·1 :!-•!,L., t36,6tt·~: 10,&40 

, • 18 Y,ll•f! ·.~ C?~'.f,:_,... 106,571. ; 58,815 
'"'''· to .. n. ,· .. . . -.................... 2lO; ·. 201 f u . . .. 

· 11 reus and over... 169 1 155 .. 
fast, arcadtl to .. n . . ....... :.:.~~~~:: •. ".~·.:!.'~·:-. 461.;. J2 · 

-:. . tlyear~andover .. : 290:• <6·: 
East eana ·t¥•11····· .. .......... j;·~.::;·;.:: .. ~·-~~;:·:.. l1lt_1 604.: 

. •• yea~s and over... 4U ~ ~ · 454; · 
.last flat Roc• COP... . ...... ; ·,;.:.; •• ;;;;;;·.·· · :3,211 ;, 3,096 

. II yoars ana ovar... 2,4i4'! 2,404 
las I Laur II'CIYrg ICwr'l. . .......... ·......... · 302 212 

18 vaan and over... 1 238 221 
. t ·•·.lf•v•:r r,n1• · . . ·.·A' .7~2~ . 1.01~ 

• • ·~. ~· _. , .. -1K.f11.1~'!':.-,•!uJ~·~"S .. !41' HO'I 
'\d\lllOC.:"II"JfWrtCUt• ,,, ••••''''"''''''"'' ,..,151 l-,732 

·. 11 years ana ovor;.. 3,012 2,840 
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2 

5.623 
3,930 

113 
120 
II 
II 

532 
347 
253 
162 
32 
22 

S25 
362 
233 
162 
67 
51 

435 ) 
323 
168 
10~ •. 
20 

·' 

10 
'J : 
2 . 

206 
199 
625 
414 

a 
7 

639 
•187 

• 

• 
• 
• 
• 
• 

971 
706 

46 
39 

216:. 
155 
IU . 
139 . 
47 
29 
8 
1 

3.~n, . 
1.1~9 '. 

62,449. 
45,007. ' 

22. : 
14 . 

45$ ' 
283: l 
. 14 : 1 , a ,_, 
58. 
44 
1 
2' 

170 
U!l 
331 
171. 

. loll a· '"" j)()Pu!Atlon co..nts set forth nereln are S~J8CI to possiDie correction 
will l>wDIIIn ccrrocteo counts, 11 any, not later tnan Julv 15, 1891. 
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63 
52 

• 
• 
~ 
4 
9 
8 
• 
• 

15 
1 
9 
5 
• 
• 
8 
6 
2 
2 
• 
• 
3 
3 
• 
• 

30 
24 
13 
9 
• 
• 

16 
9 
• 

• 
• 
• 
2 
2 
a 
4 
1 
I 
I 
I 
• 
• 
8 
a 
2 
2 

61 
ll 

334 
248 

• 
• 

I 
I . 
• 
• 

35 
I 18 

. 13 
I 

311 
)3 

16 
5~ 
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• 
• 

ISO 
113 

• 
• 

23 
9 

101 
63 

• 

• 
• 

• 

26 
11 

• 

• 
. 12 

9 
17 
10 

• 
• 

• 

• 
• 

58 
57 

4 
4 
3 
3 
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I 
• 

• 
• 
• 
I 
• 
I 
• 
• 

• 
• 
• 

13 
6 
• 
• 

• 

• 
• 
• 

I 
I 
9 
s 
• 
• 

II 
II 

14 
7 

Tne u.s. 

• 

• 

• 
16 
13 

• 

• 
• 

• 68 
• 54 

150 21.118 
10~ 17,082 

• 109 
• 19 
2 I, 300 

• I 915 . 
17 
13 

• 
• 
3 
I 
1 
• 
• 

• 
I 
I 
2 
• 
• 

• 

- 89 4. 731 
55 3.74~ 

1 506 
I 400 
3 921 
I 7<17 

19 2.007 
13 1,537 
• 264 
• 219 

10 2. 275 
I I, 729 
1 I ,041 
• 836 
9 192 
5 Ul 

15 I. 978 
10 I, 552 '' · .. ' 

• 

• 

6 
6 
3 
2 
• 
• 
7 
1 
• 
• 
• 

• 
• 
• 

2 
I 

25 
18 

• 
• 
• 
• 
2 
I 
• 
• 

• 

2 262 
I Ill 

28 3,709 
28 3.514 
IS 2.358 
9 I. 821 
• 108 
• a& 

48 3,302 
34 2.94~ 
• a 
• 7 
• I, 292 
• 989 
• !13 
• 79 
5 156 
3 119 

24 1,119 
t7 903 
• 623 
• 463 
I 257 
1 197 

12 1.671 
5 I, 336 
• 235 
• 117 

77 4,746 
5S 3.119 

1,610 69.773 

28 
17 

516 
399 • 1.262 58,110 • 

• 
• 

• 
• 

• 

• 
19 
13 

• 
• • 

_.,.. . 

• ,... 

• 208 
• 155 
• . 12 
• 6 
5 600 
2 452 

S I 3.C&S 
3~ 2.382 
6 217 
4 22~ 

s 1s·• t,oto 
5 II 801 
5 36 3,714 
3 24 2,828 

Ocpartn•cnt of Commerce Is considering wnetner 

• 

, 
2 

s.aoe 
3,920 

183 
120 

19 ' . 
II 

528 
3H 
252 
161 
32 
22 

52S 
362 
233 
162 
67 
51 

435 
323 
160 
10 I 
20 
10 
7 
2 

2C6 
199 
6H 
Jl4 

a 
7 

633 
~u 

• 

• 
• 
• 

• 
• 

9H 
704 

46 ' 
39 

216 
155 
193 
138 
H 
26 
9 

. 7 
3,4\)9 
2.229 

61. 193 
4·1.847 . 

22 
14 

455 
283 

13 
I 

59 
44 

7 
2 

110 . .,g 
319 ~ 
169 

'' 

., 
• 

to corroct 

• 

• 
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l8 
13 

110 
71 

• 
• 

IS 
7 

30 
l'J 

• 
• 

19 

·~ 20 
12 

• 

' 

' ' • 
• 
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7S 
15 
I 2 
3 
3 

63 
55 , 

I 
• 
• 

2 , 
g 
4 
6 
3 
I 
I 
• 

• 
:2 
14 , 
2 

10: .J .. , 
l, )JS 
7.35S 

• 

I 
t 

I 
I 

Jl 
H 

" 7 
48 
31 
89 
61 

• 

117 

571 

2. 2J I 

3J3 

1,079 

IS] 

I .·~7 

t8J 

I, 272 

so 
I. 332 

3 

567 

63 

592 

499 

'J2S 

1~1 

Ill 

l .Gld 

,,~ 

271 

I. S72 

t.SIJ 

lhese counts ana 
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l(,ng cuy.·. . ..... ·······ot·--~····n· · •.osg~. 3.99& 
'• - 18 yc•rs and over • .". 3,046 .~ 3,001 

.CII'\gS Noun•a•n Cltt •• ;.................. 1,76~~-: 6,812 · 
· · 18 yean and ov1r: •• 6,$80 ,,; S,386 

.Ctr.QStOwn town.. . .. . •. ;.L,.t.,.~··••q• .. 151 ~ lS ! 

' '· · · II yoars and over:., : &4t' · 13 
""'''Of'c''" ... :.•·:-. ... ~d·~•n· 2$1;2ss·· 10,512· 

· · · ·- 18 yoars lnd over.,. 18,151:; 8, 764 
~·,qru1J town .l.L •.•. -.d.-. ... \~·'' . _ 221··· Ill 
· · ·• • ' · 11 ·yean and over... · · na;~· 134 
"'-~!" .. ~~~ .. , ... town.. . ... ~·L·-~~ •• ~ ••• , ••• _:..·,. .. · .· 1,9371 ~ 1,915t 

18 y11rs and over.... ' · 1 50~- I ,491 ' 
•nl~t~"le· to~n. ·- ·' · · · .. 1',ee'".'.· 1,692 -:.f' • - .. • o o • o o I I .._•,o 0 O,o'o o t 0 <f I If 0 0.0~0'0 • 

· ··•I ·" 18 years and over.... .' l,l51 1,226 '! 
·· .cureUoacn town • ..... : . .-...- .. .- ...... ,,..... · .&19·-~ 617• 

•·. ·' •.•.' ·.· 18 years and ·over: .. :. 522' 520 · 
ta Grango town ............... Jo-: •• ....... , •• • • 2,105' I, t91. 

· .. · t 11 years and over... 2,049 : 952 
Lat& e Juna 1uslla COP .............. , • ....... , •• ,.. 2 ~482 2, 4~5 

· II years and over.... 2,05& 2,028 . 
L•k• Lure 1own ..................... ~ ...... -...... '69t · 67t' 
·'' >•· 18 years and over .. ,. &26; 609 

Lilli waccamaw town ..•. - .•••••• , • ; .. -••••••• ,, •.,.. 154: 162 
• • • • • ' 1 • 18 years and over •• , '731. &10 

Lanais town. . ...... · ... ~,. ~. ',.,; ~ ••••• ;, ··\,.. 2~333 .' 2,269 
· · 11 years and over... 1,810 1,821 

Ll!"!~fnt'J _town ............ -~~-~ .. ~-.. ·· ,.4, ... ·.... tlt t'Jt 
· · · 18 rurs ano over... 1~2 U2 

lii$"-Or town. ... .. ........................ 139 131 
· II vears and over... 112 Ill 

1 At ttniOre 1o""n •••• .-.-............... 11'3 t66 
' 111 yean lind ovur... 140 131 

L•~rot P~r• to~n . . . • .... .••••..••••••••••. t,322 1,312 
'· · ' II years and over... 1,145 1,138 

Laur1rourg C"r· ................... "..... 11,643 5,827 
••. ·. · · • · ·· · ta years ano over... 8,416 4,145 
, .·:- Lawno•1e town ........... .... r.:~u • .~.·.-........ · Sl3 444 

'·. : . . .. · 11 v1:"rs and over~,. : 41il · 316 
·":. ·'·• ' le""all to~n. · '" ''" • ··•· .... ' .• • 101 ''69 . ·~· ·: . ... ., ................. 4 ....... ,. ••••• _ 

.:_:·,,-:·--·.> ··~.-... ·.~ .. .-.·•·•. . : 1lyearsandover • .-.. ·-:~4~1l ... 10 
. _:.:.--J.·.< .. 'i.e'J.na·:toVn .......... ~.- .. ~ ..• \o.i., .... ~.~~-~:. .... .; ··- -~- .'1~101 .,,611 
.· 
... 

< ' • 
' 

~ :·.-;;-· ·.'" . ' . '-"· . 
-' ~-

·.. . II years and over( .. · 1 '· I,:IOS' · . 1,111 
. lf.!r•Jor Clly . . .... · ........ ; ... : .. 1 14,192 · 11;164 

. . .. , ' .. · ··.. 
1 

. 111 fl.!llr' •••I nvur , . \. :. IO,!IR4 !1,4
5
1'1. 

• ._...,,,,.,,, Wt,.,.J.,tl u lu"n ..... .' .•. . 'IIIII -2 'I 
::-:·.-._,_.,,:I·~-~-·"~.· . llyoarsa,..aovor •.. ·· ··~·:~•sts·_ 198 
·;··-·'towtSvtlle COP• .. ···- ~;. ....... ··~·••.••:-··.~- ........ , ••••••.. , · ... 3,206 3,085 _ 

· ·· , · . . . 18 years and over ... · , · · · :. 2,394 2,303 

• • 

8,007 
5,170 

783 
550 
204 
15:1 
H9 
·~9 1' 

22. ': 
22 • • 

222 .. ,' . 
159 '. : 

5,342 
3,515 

105 
H. 

311 . 
255 
601 
31!i , ,. 

. 606 i: 
432 : ', 

21 ' ,, . 

25 
18 

I, 791 
1,101 

941 
631 

14,615 
9,812 

57 
. 45 ; 

2 .. 
2 j 

170· 
101 ' . ' 

• 
• 

· I, 594 
I ,085 

16 

" 11 
14 

164. 
Ill 
54 
41 

• 
• 
I 
I 

15 
1 
I 

. I 
5,239 
3,281 

119 
'86 
39 
27 

II& 
120 

2', 240 
I ,51G 

5211. ' 
315 
96 

• 

... 
1<14 
98 

8 
a 
I 
I 
• 

5 
3 
I 
I 

38 
2G 

• 
• 
• 
• 

II 
a 

20 
1·1 
II 
10 
a 
6 

11 
12 

• 

• 

• 
• 
3 
I 
• 
• 
I 
I 
I 
I 

10 
8 
3 
3 

27 
9 
3 
3 
• 
• 

• 
• 

• 
• 
3 
2 

504 
330 

• 
• 
• 
• 
3 
3 

. 26 
17 

: ' · \ I 3 
.. 2 

3 
2 

;NOlo T~ pOpulatoon counts set forth ~rein are 5ullJCCI 10 posstllle correction • ' ' 

15 
lor undercount or overcount . 

:·\rtll puol tsn corroctoo counts. tf' any, not later 11\an .July. l!i,· 1991. ' . ' - ... ' 

' . . .. ,.,,_.,. 
'.. . 

• . · '- ' - ' . ' ' -. ,. 
-.. - -_ 
• 0 • ' 

• 

'102 
!.'!1 

16 
12 
64 
4S 

• 
• 

8 
G 
• 
• 

71 
49 

• 
• 
2 
2 

• 4 
63 
4•1 
ll 
18 
24 
18 

137 
80 

• 

• 
104 

G9 
• 
• 

I I 
6 

12 
8 
I 
I 
1 
6 

10 
8 
• 
• 

• 
• 

6 
2 
• 
• 

• 

• 
• 
• 
5 
2 

•18 
3'/ 
10 
6 
• 
• 

I 
I 

40 
28 

• 

• 
20 
13 

657 
1117 

13 
9 
4 
I 
• 

2 
I 

10 

• 96 
tG 

• 
• 

!i 
5 
I 
I 

76 
43 
22 
19 
4 
3 
G 
5 
• 

• 
lO 
18 

• 
• 

6 
4 

10 
10 

• 
• 
5 
s 
I 
I 
• 
• 
I 
I 
I 
I 
• 
• 
• 
• 

2 
2 
I 
I 

25 
17 

• 
• 
• 
• 

• 
• 

22 
6 
• 
• 

1,571 19,599 
917 14,512 

35 3,441 
15 2.662 
21 2,310 
II I, 155 
• ' 323 
. 2&3 
4 I, 26 I 
3 I ,055 

10 1,316 
4 1,010 

181 24,013 
123 19,223 

• 99 
• 13 
9 532 
9 ' 45~ 
2 931 
2 • 138 

161 I 9,996 
95 . 1,186 
S I 4, 124 
39 3.269 
20 3,983 
16 2,989 
43 6, 791 
27 5.37!i 
3 I !i 
2 13 

120 10 •• 71 
79 8, H2 

• 11 I 
• 134 

30 1,191 
16 1,419 
28 I ,671 
21 1,211 
2 615 
I 519 

14 1,195 
10 950 
I 2,431 
5 2,024 
4 661 
4 605 
I 762 
I 610 

12 2.258 
II 1,817 

• 111 
• 142 
• 138 
• I II 
2 166 
2 131 
3 I, 309 
I 1,138 

71 5,801 
54 4. 728 

3 441 
3 313 

. • ~ 69 
,> • 60 

,. 6 1,611 
5 1,181 

16 11,119 
35 9, 395 

2 255 
I 191 

2 21 3.013 
I· · II 2, 292 

Tloo u.s. Deparunent of Cormoerca IS cons 1aarong w1o;:1 nor 

• 

7,845 
!.I,C87 

171 
~.u 
20~ 
IS3 
279 
159 
22 

' 22 
222 
15:1 

!1,321 
3, 50J 

lol5 
1 I 

313 
251 
E~l 
385 
596 
428 

21 
IG 
25 
18 

I, 785 
1,106 

938 
629 

·~. 559 
9.834 

~~ 

·• s 
2 
2 . 

166 
lOS 

• 
• 

I .590 
1,083 

16 . 
I I 
11 
·~ 164 

118 
5~ 
41 

• 
• 

I 
I 

IS 
7 
I 
I 

5,21d 
3,2'/2 

119 
86 
39 ,, 

180 
115 

, ,231 
I, 512 

578 
315 

;} 

·I 

• 

~:;" 

"''! 1 
)li 
)I 

6S 
4u 

• 

13 
q 
I 
I 

1\:9 
H 

• 

• 

2 
2 

15 
12 
83 
57 
·12 
)8 
31 
23 

137 
62 

• 

• 

13& 
9o 

• 
• 

I~ 

7 
12 
8 
2 
2 
6 
6 

20 
16 
3 
3 

27 
9 
9 
5 
• 

• 

• 

• 

• 

•I 
4 

65 
42 

3 
2 

IG 
9 

• 

• 

I, v5 I 

a;. 

S2t 

130 

12,717 

103 

328 

111 

s. 069 

~ ,809 

I, 562 

3.689 

215 

9ol 

2. lOS 

78S 

937 

I, 220 

1,!.12 

1.; 

u ., .• 
g •• 

4,631 

254 

31 

6,336 

324 

I, 331 

to corruc1 th<.'se counts ano 

•• 
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Taole 5" ~ge oy Race 
Gc.~r~nlal Untl$ 

' ' ' 
. - ' 

. ' ' 

. 

' . • . . ' 
~ ' · .. ~ . . . 
. ' ' 

11'10 HtsJ:an•c'Or•g'in~ ''1990 '·;·· 
J''···f ' ' . ' 

- ... . ,-_. ' ' 

' . . ' .· ... · 

~ . " ' ' ·, l ,. . ... - " .. . . 
' ' ' . -- ~ . 

- ,. ' . .. . 

• 

• 

-· •' 

• 
•' 

. ~. ' . -~ . ' . . . . . -

·········~···············~--·········Race······································ 
I 
I 
I 

... 
• • 

' . 
" • . . ' ~ ' .. 

Blacli . . ' . - . Total vnlte 

Art. IndiAn, 
lsk 11110, 

ana Aleut 

As tall ana 
Pa<:oftc 
hlancJ~r 

I 
0 ttll!r 1 
racesr 

• - •• · •••• ~ •J.t)t 

ttl spaniel 
orlgtn loll 

all'( race) I tltl I te 

of Hts~an•c ortg1n········ 
I 

Black 
Olll~rl 
racosl 

?ag~ 12 

IIVu:ltng 
un11 s 

······························-···········-····························································································---·-············-·································-··········­. . 
. . '. •; 
. ' . ' . - ., 

. ..: j.': > 
·L " ,.._,_ .:-
." ·, . 

.. . . 

" 
·:::-\·, t 

I o!Jnl oa• CllP 
'·- .. \ ~ .• , ••• < - : i ' ·:".! . . • " 

-' '·· . ., 1 !111~Vtlle to .. n. • .. _., . - ~~ ,.., .. , ........... ( . .,.. ' 

:· oO •'; '''·,, :·•W ,' .• ~ • ';.', -~. '• 0 

- -~,, • •• ~:..~ _·; .' -~:· :~, • :_ .-
1
:·. ~'· .l~-i 'IJ i f'Y-t ptt t Uw11 

•,;•1.~.- j.·_::·; -'~.- ·: ·.1 '<:-1 -•-~f.!.~.:\. ..... IPr'~-" 

' . 

• 

. . . . ' . - . 
• • ••••••••••• 0 •••••• 0 • 

18 years and over ••• 
,c • • • , ~. • • . ~ ................ ~~---

18 years and over ••• 
•• 0 ol'i''wo•,,,, I '0 ... ·.II_ •• 0 0 0 

18 yoar~ and over ••.. ........ -\ . .._. "--
• • • • • ... ·-· •• t .......... ~ 

t H yutu,. mKJ uvur _,. . 
#9_ ·,~:<.-.t .... ; l!'. :•:' :.--.. .J ~-~ .-_ 

.. •a··ycu·~~ .. : .. J over: •.. .-~--.-, 

16.511 
12.698 
2.047 
t.f:Oi 
I. 339 

. · . ' S43 • ! . 

·, •!"_ .. _,-_~. ~,...-~-- - .·J ,: - • • _._. - • ~-." '' • •,' ·,. 

. . :~.: .. -;;•,.; ;;· ..• ttncolnton.cnv. 
, .. ·•!..: ~ -; ... -·: .,._,._:· ..... ll.{,-~ .... _, J•.-"-~. -- ' 

• ; --. · •• I •••• JIJ, ... r.:-i•~--. i1-.· r. ;._.,_c.·.,.-.- _ .-. :·. . . . . -. 

. ,_. ~ 468 
.. ' 348 
. 2,0~1 
.'. I , 708 

'. 6.147 
.. ,.,_ ·' - ... 
•l' .::c -:·,"~ -- ;! • -· . 

E~i-~~~:~ ~------:--: :· :~ -~-- _.-_ -~-~- ~~~~\~ ~ 9~". _- .. ~~ l ;~~;-~~ ~-~~ ~~;~;: ~ :-
-.'-<: ··-'.>: .'. :--:~ < , . ·~ •,' •, ,( ' ,,,.'on. f own • , . , . • , , , • o , , , o ~ o • .; ; ~ aT. ~ II .;_ e .. f •' ~ • • e e 

Ill yc:llrft · 11nd over:; .. ·. ~ 

,(~.-"--1\ f ~ • 1 -, 
1 --~~---. ~: • ·•· •• ~ 11 years and over.- •• .-
~-·-:;"::.-/: .- tlC?Cu~~.t;~t'r:.." ........ - .. -..:~~ ••• --.·~·.; .• -••• _.,. •. : 
·: , • : . • : ••· :- ' -~ J • • ~ • - t 8 yeArs ana oYer ... 
·-;. ~- .--: : -~or.g eaacn town .. -'. a •••• • •• .,~ t.;-..--.;,.;, ••• ~~. !.•, .-.· .. 
-~· ~ . ~-- ·.:· _:~--~:.- .- --~--~·-' :: -· ur-,ears ana over •• .-,>.-

' . . . . ' . - . - -
-~r;,;_ ~--~-:-- ·. __ --:JlPf\9 Vtow..,town., .... --,.~t.-;:.;.t."•••.lo-'"••••'·", 
._ .. ,-~ · :---··1 · 1 .• '<t-'' .. .-.t'·:~J· i"·~ .• :·. 1.8 ~ear• a-o;.e'r · · 
.' .- I ,, . ~ ' . -. ' • - . . f .. , f- • "'"' o . 

·:·:~--- -~ .. - :; , &o~us~rg IOwtl. . ,.-..,.J.\ .. L.~ .• ,~-_..,·.-P·•~~·- · 
, . , . • . • +•- - o\ _. :J . (. - . . . - . 
·~ , . · '. · · .· · ··. . ta years and over ••. '· 

LOVe Va11et IO\rn ...........•. ~.-:-.-•.••• ,, ........... . . ' . .... - ' . 
·, ·-, . ' . . . ·, · ·.' -,, ' ' · .. · · 18 years al'\0 over ••• 
' . Lew• I!. C.t tv •..................•.• -.............. _ •••.. 

· ~-, • · ' · 18 years and over ... • 

(o.tSV111e COPi. ·····~····: •• ~i·~.-......... ~ ••••• . ' . . . . , ... 
~ ' ' . 18 years and ov1r ••• 

. . lucama to.n ••.•. - ......... :~.,.J,;,;.~--• .-,.-...... . 
" 

' .: 
- I ' • . ,•• f •• - 18 years and over ••• .. . . . 

1 ,., · · .. l""O<Ir Br 1090 town •.... ...... .. . . ". 0 0 0 0 : ,! ) ~-' 0 ;. • ;,· 0 .- •• f 4 0 '• I 0 ...... . . ,.. . .. ' ' - . -
---~·.-·., .- -_,_ 
,, · · ,· luooorton Coly 

'· 't' · ·•· --. I .- .k ·.··,~~, • \o• 1. ... ~· ' .-.:,,_- .. ,, .. - .. 
' . ' r ,. ' • .. . •- ' '•- - , . . . . . - •· .. 
.~r:·-<_.'./ -~;..: ··. "'='oo"'v•lte· tow" 
~-,:<1"·,;·-'._·, ',,_ ,• ,,( .,__ .. .; ___ .JI-(,,' ___ ,,. 

11 years and over •.• 

' . 
., .. ,_,, . 
•••• i"' .......... ~ ~- •••.. 

ta·years and over ••• 
... ' . ' .. . ' 

'0 o I • ............ , ..... ,. •••••• 
• • 

. . 

,, -·· . '.· . '-, ' 

:>: .. " · : .. · -~, .. lol•cclo'f lola lu•n ..... 
:"·.,;_~ • •: __ · ,·,- .-;.~H·!~ { ~J\'.' ,:, 

18 yurs- and over • .-., 
I - . ·. . . . . 

r ••'•thooo·,,,o;o•.a,••••••' 

'I ' '?- ·' -' ' •' • 0 • , ,_,_.-._. ., .. 
·' ·· 'IICOONICI•IOwn .... • 

· 18 years and over ••• 
. . . ·- ' .-..... ' ...... _ ........... ····· ..... ··-

• _ ·: \. __ : \-._ • ':; :J_ •• ~- ~ ~-'~'.. ,: • •. • II years_ anct ove,. ••. 

;;:t_:-~. -·_·_-·-> .~ ·-_----~t-~~~~r,'.~~"-_}o_~_" ......... ···;e·;~;;;·;;.d·~;;;::: 
.. :.;/,.'- .~<·: ·. · 11\:twan$ sllu CDP · · , ?~;·7.·.~-<~<-:.-·;~·, _:_.t;':r. -'!~_. 1 ~- • :.;;.,,;'. . · · • .,. 

1
•
8 
•... • ._-, • •, • .:;.. ......... : 

~. .. . ... . . . . years a ... over ••. 
:.- .... p; ._.,,,.,\-• .. u.. ' ' ' . 
--:.-~,;..~.r.- -~,~' ;_;";: ·-~en tc.n __ .. . .. _ .. _-.~.,~~~~·n-•}•':-"'·'-~.; •• ~-.-
-;.-vr:_:-,!~;: ;.>;·- '-·:·_ .... .,_':'~·_.~~-Hr_.., fT"'-· 1 ••• _ •• _ '· tl years·.ana over..-.~--
(,~--::::::·:-:-. -:-~: .·. · -- Maat ~on· -,o•n~·- -•. _ ~ ~ •. ---., .- ..... • ,_:.v .. ~ ·.- ~ .. ;-... ~;. ...... c ~ ~. :· •. _ 

,, •• ,_' l .l-., 
; : • .. ·_ ·',"-_,,::···'3--: ... ---~---....... _.-·. - :· .- .. · tl -Yea,.s arid Over .• ~;.-
·.-_: .. ·_ ·:'_-: . .:· .!-'·~~~-V~,,~.,- tOwt\ ........ ,-... ~ •• : .... ~~ ... ,.~, ...... ·--

.. .._ ·. ~-·~:·.; ·~- •: · · · 18- years AM over ••• -
· · ·. Magnol•a town.-.... • •:-.·,,.~;.- ••• _ ............... . 

!·,;;.._ .. ~ - ·:· · :: .. ! · ·; .. ' 18 ye•rs ana· ova.- •.. 
·· ·•· U-,~n 1o~n. -"""'- . ····~---·~·······--········ .. - ·' . . ~ 

• • /: :\ :. ~-: . 
-··,-·;·· ·'' 
~ - ~- . . ' ... 

' 

' __ ., ,-
II years and over •.. 

town ...••..•. • • • ••••••••••••••••••••••••• 
. II years ano over •.• 

.._.r:,ett• ·ru-.n .............. -.• ~-•• -.•.. -••• -•• ,.-.-•••.• 

'. .. 5,117 ·. 
-'~''180 . . . 
: :134 

· ... ,,,'691 
••.. 546 
... , ;940 
. ·I ;405 

.. i 3;8J& 
' ' 3; 114. 

... . )·~. 3;229 
.:, ~2;5S8 

• 

.• 3· 037 
• • • . ; 2,$63 
••. 67 

. " .. 54 
f,704 
2 ,"153 

,'1,092 
. . '-. -:772 
• ·. 133 

. ' 6810 
.: . ::.109 
····'79 
: .. , ... ~01 

. ··~;417 
· . ·.·'·no 
' r. "tiO. 

f_le493· 
:· ~ •:·• 396 
·'"'?~'tea . .. . . . .. 
· .... · -; · II 
. ' ~ ~~ 98 

' ~. >'' 78 
. ,.~. Ctl~l54 

. - ': ... 1 ;;'·ees 
.. _ •• , .• -~ 154 

. . ., J ~~114 
'· . ... ..... -

.. : '2'371 . .. . .. : 'i.' 838 - '4 • 
· .. •-"'IU 
.:-~ •. ~.'157 
• • • • 

··' '"'7H 
•· 1:···526 
1',;2'$74 
. ' •. • I , 960 
·. .'c· · 991 

' . · ·• · l!OO 
. i ; : 206 

' 
,.-

.. . : . . 18 years and over... ,.;;: 133 
'· u. I '· • ·::-... :4,.765 

' . ' . ' 
' 

. . 
• ' 

-~ ... ,.J.. ... -riOnC1Y·· 1 ·····.-···· ••• ;.·,· •• ;.·:• • .-.·J. •.•• ;.,.. ,, __ 
·,:·. . ., ··:· ... .' ··'· · ' 18 years and overc.. , , 3,758 
{;~~ _ .. ·.-.-~.- . _-~r,·~~ ~~-~~_, ..... (•_:_ ....... ~:.~:;1r.-1f.r4·J-=.~:;:-·······:.. ~·~-~~-32 .~a62 -y ---.- '.-. • :. '-· ~ ;: \ · - . .- .. · · . . , . 1 years a • .., ·over,:.~.· . • -~·· .,_ .~ t 

·':~-;··\·;.:;\, .~~: ";: ~rso.u··to"n-·:. I •••.•••• ~.:--,'.,-_. .. ;~- .... ~~.;. ....... ~ .. ,_- •• ~::~-.-~~,2-109. 
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11,30$ 
9,147 
1,491 
I, 213 

374 
270 
257 

. 204 
1,193 

9U 
5,443 
4.325 

163 
' .125 

415 
' 365 
·I' 891 
I ;376 
3,79~ 
3;092 
2\143 

'z; 111 
0 I i 920 
I; 710 
. 61 
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2,481 
1,990 

•. 956 
. 692 
. 858 
. 63$ 
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. 75 
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'114 ' . 
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<.: 345 
~ . ._ : •o 
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169 
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I, 211 

3H 
210 
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halo S !g.l Dt ~ace bna tlospan•c Or 191n: · 1990 
G~wCH"W~nla1 Un11s . 
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• 

• • 

-~···································Roco··~·-································· . . . 
I All, lrliJIIln, h1o10 111\0 I 
I (sktiiiO, 11acti1C OlltOrl 
1 Total Whtle Black and Aleut lslanaor races! 

• 

··- •• • • • • ·tj()t of 
lttSJJ•ntCI 

or•g•n loll 
any race) I While 

Htspontc Crt(ltn" • .. · · • 
I 

Black 
O!Nrl 
rac:cst 

~-- .. . ···················--·······-·····-············-············-·······················4•······························· .•..••.•.....••••.••••••••••.•••....•..••..•... ······~···· ....•..... 
. . . . . . . . . . . . . . .. .. . . . . . . . . 13,651 13,003 

9,655 9,222 
2,373 828 . ~•'O" town. 

18 years ana over .•. 
. . . ' . . . . . . . . . . '· . . . . . . 

18 years ana over .•. 1,592 640 
M,t 1 o..;s.;tn I Own • • • • • • • • • • • • • • • • • • • • • 2.471 2,233 

18 years ana over ••• 2,016 . . 1,858 
"''''"''"·'town . . . . ' . . . . 192 450 

634 .' 34G 
4,7~4 ' 3,156 M,:UtU'IQ C I I 't _ 

111 yu.tr~ 1tncJ ovur • •. . - . ... ,· ...... ~.-....... · 

3,566 :·. 2,811 
310 . 98 ~~ t c 1 own, .• 

18 year,,ana over ••. . ~ - ' .. -

• • • • • • • • • • • • • • • • • • • • • • 
18 years ana over ... 238 76 

411 ·' 396 ., 
334 ll• • 31) 
131-),l 56,,, 

. . 96'.::. . • •. ' . 
~ • • j 

. 130 . : j . 524 ' : 
'545 ·~; 404 .. 

l;lal ',·: c 1,180 : 
1,348. 1,343. 

. 115 >: 109' 

,.,cru 1o-.n ..• -"·~·- .,. . ' .......... ~,·· t······ 
ta re~n,~na oy~r/ ·.:. : 

_..,DdJel)!Jrg tovn .•...•••....•..•••••••••••••••••. , 
. _ 18 vears 1nc2 over; .. : •·. 

M • o011 se • ·· 1 own~-~ . • . .......••••• · •• · ; • ~ ~ J :: • ·, ~ ! _.,·~··. ~ ( · · 
• · · , . t8 v~•rs.•nc2 l)y~~-· ... , 

'4t11ers ere'" COP ...............••••••••••••• · ••• 
18 years 1nc2.over ... , 

' . . ' '. . ~--loltllon town . .. .. .. . . . • • ••••••••••••••••• 
• 18 years ana over ... 162 . . . 90 

. . .................... . 266 . . 264 
239. 237 

II ,567 ·. II ,212 
8,584 8,336· 
3,399) •. 2,676 
2,641". 2,138 .. 

. 16,121:1 9,397 • ~ 
-11,605 7,443 

693 649 

18 vears.•na over ••. ' 
. 

M1nt lttll.lown •........ , ....................... ,. 
· 18 years ana over.·,. 

J,iott~ sv t I ie town •..... o ~.. • ••• o.: •• _ ~: ~ ••• ~·. ~; :; .. 
18 yllrs,anc2 over ..... . .. ·-

lol-'nrce ctty .. : ... .. • •••••••••••••••••••••••••••• 

M·,ntr-~.11 -town.· 
18 years,anc2 over •.•• 

• • • • • • • • • • • • • 0 • • • • • • ~ • 

18 yuars. and ovor ••.. 
.. . 635 . 591 

•.t ;,c.rcnoor o c 1 tv • 0 • • • • 0 • • • • • • • • • • • • • • • • • 294 • . 228 
18 years ana over ••. 22& 183 

• • • • • 0 •••••• 0 0 •••••••• 9,317 7,088 
7,011.. 5,527 
I ,136 ·. . I , 59$ ~~•••••n falls COP 

11 years ana over ••• 
' . 

• • 0 • • • • ' • • • • • • • • • • • • • 0 

1,362.' 1,254 
6,046~: 4,811 

18 re~rs ana ovor •.• 
f4.)rc..rl4.ht0 City to.,n .. .•. o,.:~~ .. ~ .. ~ .. ·.-~:-./:·. 

4,691;. 3,931. 
IS,OISi 12,520 . 
12,132~. 10,301 -

.: 1,022." 840 
:·'.'·St3· • 668 
• cc'•. 590 ' 180 . 

. 411·~ 151-
I,IU'.i 1,872 

• c 1,456 \ . 1,443 
3,697·. 3,511 

c I 8 years ana Over. , , 
fol:>rgantc.t:t Ctl'l· ....... o····o······.::.:;~4.~·.:~;. 

. . 18 ynrs 1nc2 over.;.: 
II ' .. ., '. J- .('•\ 

MOt'r'ISYt 0.: tO•n _.,. o o o ••••• , o ·•••••• •••• ~, ,. ••· _ 

· 11 years anc2_ov~r::· 
Mcf'vtn~town;:; _.. _ .....• · .••••••••• •··., •• ,, •• 

... , 18 ~~·rs.•na 9v~r,,_ .. ;, •. 
t.t~ntatn tb'hO.COP •... ..; .. o ••••••••••••• _. •• ,, •••• ~. 

· · . · 11 years 1nc2 over, .. ., ·•: ,.,, ; .. · 
' ' •••• 0 ..................... . 

2,556.·! 2,440, 
l,15&·C 6,469 

· . . · · 18 years ana over, .. 
. , ~ . .. .. . 

"~"'&.try Ctt·, ..... o •••••••••••••••••••• -,.~ •• ~. • 

5.694•~ 5,236 
. 1, 3!16 ,, a• 

1 ,006.; 624 . 
·7,110 7,006 

. 1 a years 1nc2 over ... 
'· Moul\1 Gt1uaCJ town .• ··o o· •• 0·-. •• :~.·;·.~:~ .• ~·.-• ." 

' 18 years ana over ••• 
• . ' ·, 

• • • • 0 • • • • • • • • • • • • • • • • 

111 years ancs over. . . . 5,969 i. 5,485 . 
Maunt 0 lt va I Own 0 0 • • •••••• 0 ••••••••••••••• 4,582: 2,156. 

18 yoars ana over •.• 3,462' 1,782 
1,021: 921 
1.106.: 727 
2,339. 2,316 
t,ato~ t,IOI 
2 ,510·•· I ,594 , 0 o 0 o 0 0 I 0 0 0 o o. 0 I 0 o 0 0 f 0 0 

lol.:ount Pleasant town 

..,_.loorry COP ., 
'. • • • 0 0 ••••••••••••••••• 

18 years ana over •• : . - .... , ... ' 
••••••• 0 ................. -••• ' ••••••• 

18 years ana over:·· 
M~rfr~O\Doro town 

18 years ancs over... 2.121· 1,316 
.......... : ....... ~-~~ ....... ~ ... t.ll!t· l,.tl$5 

18 years ana over.. • ' 1, 233 I, 140 
......................... ~ •• 215' 4,155 

. . 
• 

M,riiO Grovo COP. . . 
IR yOM\ 1tnr.l nvor... · c 3,3,5 3, 230 

·, • , .. ••J'\.I .. .o•~tJ tuwrl . , .••. _:, 1 · -I ,IlK . I ,'Ill 
: ·"";- , . ._, ... 111 yo•rs •na over... , ••. 1.534 1,411 

11 ~ .. ' · ·· · · \ .... · '• - 3 611 · c 2 o•4 N•~nvl o town ...... , ·-······-'•••••··· .. :.t.-, ••• ,. -·-· .·., • . • .. 
• • • ::. '. c c • • II years anc2 over.·,;.: • ·.·, 21·745·. 1.589 

' ' I - - ' 

' ' - . 

• 

467 
317 

1,367 
841 
222 
147 
~36 
2113 
952 
665 
211 
161 
21 
16 n : . 
48 : . ' 

IU ,'. ... 
122 ' . 

I " 
I 

74 
70 
2 
2 

246 

.... 

172 
101 
490 ' 

6' 413 .. 
3,984 

29 
29 
66 
45 

1. 139 
1,43 I 

95 
70 

1,066 
693 ,. 

2. 319 .. 

. ' 

·t,685.~­
tlG .. 
141 ·. . 
408 . -
25S . .' 
• 11 . 

5 
146' 
91 

638 
423 
571 
371 
645 
4•11 

2,405 
1,662 

102 
11 
22 • 914. 

613 
II 
&I 

100 
79 
411 • 
.. 2 . . 

1,561 
1.147· 

-. . 
37 
29 

168 
99 

3 
2 
I 
I 
1 
4 
• 
• 
• 
• 

• 

• 
I 
I 
3 
2 
• 

--
• 

4G 
36 
12 
1 

55 
42 

2 
2 
• 
• 

25 
11 

I 
I 

35 
24 
21 
18 
• 
• 
• 
• 
4 
2 
6 
5 
9 
7 
5 
5 

19 

·~ 5 
5. 
4 
2 
• 
• 
7 
~ 

21 
11 
3 
3 
• 
• 
8 
6 

IJ2 
79 

7 
5 

12 
9 
I 
I ,.. 

I •I 
• 

• 
• 

• 

• 
• 
• 
• 
2 
I 
2 
2 
• 
• 

58 
36 

9 
5 

95 
59 
12 
12 

• 
• 

44 . 
31 
15 

" 52 
39 

208 
. 118 

4 
2 
• 
• 

5 
3 

33 
19. 
II 
10 

• 
• 

37 
26 
10 
9 
• 
• 

• 
• 

59 
54 
14 
12 

·n 
13 
14 
II 
2 
2 

12 
8 
3 
I 
I 
• 

~ 

3 
15 
6 
I 
I 
• 
• 

-
• 

21 
18 

I 
I 
• 
• 
• 
• 

5 
4 
I 
I 

97 
11 

I 
I 
• 
• 

21 
II 
30 
26 
16 
10 
17 
10 
2 
2 
2 
2 
6 
3 
I 
I 

29 
18 

• 
• 

3 
3 
6 
4' 
• 
• 
I 
• 
6 
4 
4 
3 
• 
• 
3 
3 
2 
I 

• .--

121 12,896 
92 9,140 

5 128 
I 640 

II 2, 224 
a t,ast 
a 441 
5 3H 

48 3,722 
27 2,857 
2 97 
2 75 
• 396 
• 3 II 
• 56 
• 48 

21 511 
22 39!1 
2 1,111 
2 I ,342 
• 109 
• 90 
2 2(;2 
2 2l5 

11 11,141 
so 8,291 
10 2,669 
9 2,131 

215 9,311 
161 1,312 

I . 649 
I 591 
• 221 
• Ill 

45 1,067 
33 5,508 
37 I, 581 . 
30 I ,250 
56 4,150 
31 3,917 
58 12,480 
45 10,270 
12 830 
II 659 
5 179 
5 150 

ll 1,861 
6 1. •4o 

I I ),501 
10 2,431 . 
60 &,445 
44 5,218 
5 lSI 
2 622 

31 6,919 
25 5,463 
18 2,151 
15 1,771 

• 921 
• 721 

II 2,305 
8 I; 793 

14 1,586 
II I, 369 
IG 1.442 
II 1,132 
13 4,143 
13. 3,211 
10 1,766 
10 I ,474 
12 2,040 
II 1,515 

NailL.· lno popuht•on counts. sot fortn t>er11n are.s"l!Jtcl. to poulale correction tor undorcount or overcount. Trw u.s. Ocparlmonl of Connorca IS COI1S ICIIIr ing wne Iller 
lit II pualtsn corrected counts. '' any, not 1a11r. tnan .July 15; .1991;: 

' . . ··' . . ' ·' . . . ' ' ' ' ' . -· . ' 
' - --

• 

• 
• 

• 

4G2 
liS 

I ,366 
U1 
221 
I . -•0 
~lS 
283 
951 
664 
211 
16 I 
21 
16 
l5 
41 

184 
122 

I 
I 

u 
10 
2 
2 

246 
172 
699 
489 

,,HI 
3,971 

29 
29 
~6 
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' . . . . ' ' . . •••••••••••••••••••••• . . . . ' ' · 18 yeart ancl over, .• • 

; ·~i'·271 2,23' . ' 6 21 1 a . 2,230 
·'" ....... ~ . . · !o•l~:;~~~ tOP.; ....... . • • ••••••••••••••••••• 

. ,-_ -.. ~. ' .' 

, ' • I •' 

. . 
' ' tl years ana over ... • l.711 1,76. 3 s a • s 1,760 1 •.· : · · '09 • · 400 · · 4 I . I 3 3 · 400 .......... 0 • • • • • • • .. • • • • • ~ 

' •.II years anci_Civtr... 1 ~J~ 3~0 ,, 332 •'. 4 I I 2 2 332 
;-·~:~~: .. 

·::-:;~." ... :, 
•J! ..• ·'' . Saleno.Jrg IO•n .... ·. . . . 

........................ ·. 23,011 14,728 . a.•~~ 42 ISl · 40 136 14,657 
.,llyaar~.anc:tovar... ..·'·'11,284 12,436 5,C89 . 3·) 107 22 101 ··12,379 

._ ... ~ ..•• ~ ••• ~ ••• ·.~ ........ ·• ;;:·.Ji All r .. :., 48U · I • · • • I 479 
, ··••-vears.anct ov•r • .-;. ".·'··· 391 '''• 383 8 1 382 

.. ..... ~''"2•• ... ··.2·'1 .:I .• '·.: ': : 3 231 • ,................... .... .. 4 

•-ll,yoars.anctovor... .•::-~7' 168 • 16G • 2 • • 1 165 
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6 
3 
4 
4 
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S,tEi 

8 
8 
• 
• 

'~ .,; ..... . -. . 
. - '~ ' ' .~. .: ' ....... '' 

·.... • • . .. ... .. .. :.:'14,~75 9,154 5,04'> h5 82 tos 221 , 9.o&a 
~· '\ · . · .. • ~·tl,yu•rs lr\12 ovor... · •·'10,722 . : .. 7,219 ,;3,253 ~9 &5 &G 141 1.222 

:.~.r"''-~~~u1i(:.:ttl&ntown· .... ~. •• ~ .••• : •• ,· .. ·.•. ·N·.• .a7 .. : .u ~;~ · • · · 1 . -16 
' ' ·-1 • 
. ' :-, . . . . ' . ·•,.; ... 

.,.., ' I ·. ~ 
• . J ' . .,.,,,._ ,, 
• ' 1. ' , . 

' . . ··,.---· 
. '. ' ~ 

• .•. , ·.• ••. ~ .,, •.••.. 4~ • · · · . . · · · · • • . • .. . .. a-· . , v.a.ar, s .. •. • .,., o. ver_, • •. • ·• ... · .. ~ : • 'J _ .: , • • • • 1 ' 44 
... ~"~"''-' ~ • '•. . T ~·o ,-- ·. ·.-,.rllito?f.-10wn•;o~• ..... ·....•. . ... ,.-;;· .... ;. .. ,::.' • .- •.• ~ ••• ;.·. : ··•'to :142 ' .·.~ :120 19 .. 3 • 1 319 1q 

, ....... :·. • • .. ,. ·· .!.·.;; . .... ;.·.ll.~elts anctovor,.. _..,~·~.· 26G .• 2411 11 ' • t • ,.,..·- 1 247 11 
: .. ~o~rwtl h town. · :.· .... " .. ,, . ~ •. ·,: ·.: ,·,-:' " . '·' '·· 4· 0111 · 4,0S'i I 13 9 10 r • 11 4,049 t 
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• 
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11 
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2 
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6 
• 

• 
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u 

119 
6y , 
13 
2 
2 
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• 
• 
2 
2 

t ~·I 
• 

1 
I 

~I 
18 
4 

· "•' h tt ·•••• ta .... JJ . ,, . . . ' 1ft vuors anct ovar. 833 67B 149 . 1 ., I ' 3 1 618 14'i .1 
· · ·. ·• :·::··. ' .. 2,575 I,O<;S 1,4'/5 I • 4 14 1,089 1.471 t 

' • ., ' .•· !"*"\.".· 
tuwn 

···"'~-· . . ' 

~''' rca~~ .. •nct o~ur.:.. • 1,907 911 99~ 1 • 1 6 901 992 1 
· · .. "., "" "...... . 791 19l 597 I • • 7 193 590 t 

llt.Ao\ •' 1 

"'"··~ ••••• 
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. ·. ' •• 

3.971 
• 

• 
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• 

3, tiS 

t.bU~ 
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I J 1 
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82 
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Tacle S :g.2 llV Rac-1 ana uospanoc Or~gin: 1990 
GO:'¥tlrr·n.~nta1 Un•ts · 

~--····················-·············Race·~---·······················-········· ··········Not Of HISJ'~IIIC orogon··· • •• •• 
I 
I 
I Total wnno 

111. lrdoan, 
hk lm<l, 

Black ana AIOUI 

AS ian ana 
PacifiC 

lslan®r 

I 
01ncr1 
rac~s I 

Hospan1ct· 
orog1n loll 

any racell wnote 

• I 
011\Vrl 
rAL!USI 

110uS ln<J 
un•t s 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
S-1~9~10 COP 

• ' . : ' ' . 

~cagrowo tti .. n ... . . ' - ' - ... .. ... 
'{ . - -

SCO?il GarOGn· COP 

' ........ •· ........... . 
18 years ana over •. ; 

• ~ ' - . : . 
'' ••••••• ~ ~-- • .•••• i"• ••. :,, ••. 

18 years and over .. ; .. : .. 
. ' ' . . . 

·············~····••'ot"'•••( 

5,444 
4,165 
-· 244 • 

5.:114 
4,0S4 

242 
19$ . 

2,697 ' ; 
- ···-·· ·-- ,: .. " ' ' . 

. . . .. ... -

18 years. and· o"''.. • · ·. 

• 196 ••• · .... 
2 714 ' . ; : 2: 141~:: :' 
4,600' ' • 
:1,33!1 . -' ·" 
. 117 ' < 

2,090 . : 
; SO liM icw11.: .. . ,, .... _.~ .. . ' .,. - '' ' - . --

·.c-..:u Uc.:vfl' IU .. rl 
··-~·· -· .. • 

~vwcn tA•C¥ COP .. 

•.. ' . ···••o··········· .. ··.:····· ~ ' . . . . . 
111 vunn·And ovor;,. · . 

' . - ' 
. • . ....... •!t ..... , ........... :-

11 years and ovor •••. · ·, 
._ . ~ . . ................... , ' .... ,.,, 

18 yoars· ard ovor.· •.• 

.u .. : 
. 2. 048 : ; :. 

I 799 :. • ·' 
t • ... ~ 

~\1\0rl !;.prtng) to•n . . . . .... ·.~ r·.:.-•• •.• · •• ~ ..... ·. t63' ·-~~ 
. ·. · ·· 18 years and over ... ·• 131 • > 

~thwrn}o~~-n ............. ····ia·~~~~~\~~·~;~~:-::;~_- -._ ~~~··i~ · 
4lr.a 11oue to .. n .. ; .. .. ........... : • ••••• o~.. ~-. ... . 965 . 

11 years and over... 797 · 
Snarpst~urg town .......•...••.•.•• ; ••••••••• ,· ••• .-.- f,536 J ... 

• 18 years and over... I ,Oll " · 
5t\01DtC1tl ,., ..... d·,.·; •.•.•• ,..... t4,669 

·11 years and over.... lt,OSO "' 
Sr.wrr ,·, ts Foro CDr> .•. 

':.11".,. C••v to-.n . . . ' . ' . . . 

~, '""~ c " t cor-. ' . . ' ' ' ' . ·-·- ... · • 

• ...... ··••• ••••••••••.•• , 3,185 
18 years ard over ... · · 2,514 
... ' ' ••••.•. ~ . ·> ~' .. - . . 4 .101 

18 years ana over.,. · · :1,130 · ' ' 
• 

•·' ' .o.,;. •••••••••• .; ••• :' t,34l =J~· 
18 )tars and over·,,:'. .. ·• ; 9n . . 

S •lvor LAlle COP ......... ·. · ...• ~"" ........ ,:-. o .- •• , .~-••• ·, ·;. 4,011 ·· ·-' 
''·. · ·· · •·· .... · 18 years end over .. :· · . 2,913 ' 

S '""'on Y t 11a().J ................ ;. .-•••• ~ .... _. •• • • •tiO -~ · j • 1 8 years and over. , • · 283 · i • • . ' I ' ' ' • 

S.,,,, ·town.· . .. . .......... .; ••.••.•• , ..... ,..... · · J24 · · 
. . . '; . 18 years and over.:.··. . 1\)~ ; • 

4lrattn Cre-ek CCf'i .... -...•. · ............. 4., ; ••.• -•• ·•• •• .1 ,461 '--
' 18 years and over... 5,446 ... ! 

S.mtlnf to1a to'"'n.. .. .......... : .-,; .-0. o. ~.... 7,540 · ~ · 
' ' 18 years and over... 5,121:·: 

~ncaos forrY COP . . . ...... ~ •.••• • o ••••• o •• -0 •• •• 2.031. 
-·• -···· 18yearsandovcr.;. 1560''· ' -, ' ~,. 

sno. tnl t. town.,' • •, o o • • • • • • o of. o ;---;;~I o •• o o; o; t 1,371.,: 
·. ·.' 18 years and over •• ~- 1,042 1 - · 

SC).Itnorn.-P•nes town ......... od~.!'!'.·a· ....... ;~r. 9,129 
1

.-

' . t8 vears and over... . l, on 
'SOUtf\Orn ShOres town ........... ·.~.:~·.-••••••• ~.;. 1.447 • 

. 18 years and over .. ; I, 165 
·. So...tn ~ltCntl COP • ............ ~.~ ........... '•• $~417 .• 

. 11 years and over.;; 4,123 
S~tn tttnderson COP ••..•...•••.••• · •••••••• •. •.... I ,:174 

11 years and over... 898 
S()..ltrpart Ctt., .--••••. - •••••••• o.• .·::. ~ ••• · ••••• :·; • 2,361 . 

· · 18 years and over... l,au. , 
SO\itn ~oscmary COP. • . ~ ....• o •••• ~ ~ ......... ·; ~... t ,955 

18 years and over... 1.472 
SOulnW'tJ~oonCOP •....••• :.!.~o•··.- ...• ·o •• ~ t.fi~O 

·.: 18 years and over... 1,051 , 
!.P4rt• _I own. .. ..... : t. ~-•... ~.; .1,. •--~· •• · 1,157 . 

:· · .. II ~eus and over... ·. l."~l4" 
S·~·oa 10 n ~. ~ ,, . -'aa·.' ... ~ ' •• -... •• • • • •• • • .o ...... -. ••••• _ ••.••••• 

· · :. · • . 11 years and over... · 6s·:, 
<c~--'r tc n ·" .... " · ' --- • 2 II "'r'liii' -.v . w ..... , .• , ........ ,• .••• -. ••• • •••• •-. • , •.... • ~, : • 

. -':·::_. '·' :· .. •. · ·. 11 years and over •• ·.- .. : 2~418;; 
lSpance'r,_MOunla•n town ...... • :.-•• -'-.<<.-~ • ......... -........ ··.. ..· .. · ~,lS -~-

. ·. · · . · · 11 ·years and over.,. · - · · 82 ! 
!.Ptt'10a1e "t'Ow"n .•• .•.• '.;:; • .•••• .-;t.: .... .-.-.-.~·;; • .- ... :-·_ ..... ··_ ..... _·4,040 ~ . ' .. ' 

·· . ·. _ ·· · 18 years and aver' .. · .': · .. · 3,161, · 
!.Pf'1"9 ttopQ.town ... . .......... o-.o_ .••. .-~;;·.:o.:··:: ._. 1,22t ~ 

IR yOar5 lnd ovor.·. t 910. 
• ............ -.. ~ .. -- l•tto~tt • .- ., ··7· . . . .. . . . . ... ; 

2', 664 . : ; . 
7. 101 
. 113 

94 
1,979 
1,748 

147 
' 119 

157 
122 

. 914 
752 
947 
103 , I' 

8,366 
6. 917. 
3,056 
2. 410 
3,393 
2,140 

34 • 
29 

3.802 
2. 749 

161 
I 2!1 
103 
n· 

6,764 
~ ,98 I . 
4 ,130; 
3,808 
I. 826. 
1,404' 

63 ~ 
508 .. 

5,906 
4,913 
I ,435 
I, 154 
~.981 
3. 711' 

688 
$21 

I, 742 
1,404 
1,083 

818 
:Itt 
249 

1,891 
I ;519 

45 
34 

2,467:: 
2 ,039; 

135 . 
92 . 

:I,OU · 
2.458. 

615 
571 

l.ll~4 
~ . ,. . ' ' . 

.' r·'"' ,,_1 , ... :, Ill ,.,,.,., AI•J ltVut· ··,. ·_ .. -4,!fl,:f, 7,1h~ 
' "•f•fuC.tJ l~u'IJ.tUwu ·- .. , ''. :,.-;- ·: .. _ ... ;·)··~ '· : ,,OJO .· ,.001 

. · ·· . . ' 18'. y1:nrs •nd ov~:r .. ·• :· · ·: · I, 549 · 1, 544 
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61 
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• 
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. 4 
4 

61 
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16 
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86 
42 
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:164 
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4,020 

Ill 
94 

I, 793 
895 

1,297 
896 
215 
128 
240 
162 
21 
17 

579 
318 

2.654 
I, 917 

159 
121 
733 
527 

3,155 
2.070 

6 
5 

471 
320 
674 
476 
619 
475 
868 
591 

1,324 
798 
u 
3!1 
43 
31 
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425 -. \ 
934 ' 
681 
537 
394 
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' . ' 
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I 
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1 
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• 
• 
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4 

13 
13 
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7 
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20 
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• 
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• 
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• 
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2 
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28 
6 
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I 

11 
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• 
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54 
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36 
14 
8 
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10 
2 
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10 
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I 
3 
2 
1 
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• 
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• 
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It 
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• 
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I 
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6 
• 
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6 
3 
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1 
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• 
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1 
1 
l 
2 
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10 
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• 
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11 
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• 

10 
5 
3 
2 
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• 
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95 
61 
23 
14 
4 
4 
7 
3 
2 
2 
1 
7 
2' 
1 
3 
3 
I 
I 
• 
• 

12 
12 

• 
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6 
I 
• 
• 

• 
5 
5 

31) I 
JIIIJ. 

5 

' 

37 S, 2U 
21 4,032 

$ 2ll 
3 192 
9 2,695 
5 2,019 • 

37 2,647. -19 2,092 
• 113 
• 94 

10 I ,975 
6 1. 745 
• 147 
• 119 
• 157 
• 122 
5 910 
5 lU 

14 931 
II 698 

69 8.:129· 
48 6,950 
6 :I,OSO 
5 2,405 

184 3,322 
142 2,685 

I 34 
1 29 

33 3, 776 
26 2,128 

3 167 
2 129 
• 103 
• 81 

52 6, 721 
42 4,945 

153 4,671 
106 3,768 
38 1,812 
24 1,39S 
10 631 
9 507 

60 5,811 
35 4,946 

5 I. 432 
5 . . 1.151 

20 4,910 
13 3,712 
13 691 
7 516 

12 I, 133 
8 I. 399 
3 1,081 
2 871 
I 3 It 
1 249 

16 1,894 
14 1,$18 
" 45 I 

• 34 
26 2,453 
t2 2,032 

,.. ·' • 135 
,. • . 92 

.... 14 3,075 
12 2,450 
6 674 
5 571 . 

S&l· 7.R62 
:Ill 2,0!.1 
II 1,996 • 

7 I, 540 
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C.7 

• 
• 

15 
50 

1.905 
1,218 

4 
4 

6l 
47 
16 
12 

103 
86 
42 
38 

580 
362 

6.21S 
4 .Oil 

117 
94 

I, 276 
883 

1.296 
195 
215 
128 
240 
162 
21 
11 

SlS 
317 

2,641 
1,912 
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. 127 

729 
523 

3. 137 
2,065 

6 
5 

411 
320 
670 
475 
619 
475 
868 
591 

I. 323 
191 

42 
•JS 

43 
31 

'119 
421 

• 
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928 
683 
537 
394 
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2" 

·• 
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• 

• 

• 
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• 
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• 

• 
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• 
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• 
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1.503 
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2.815 
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I, 73S 
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. tl year~ and over... ~08 

wcouor town ..... . 
• 
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" 
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-'"' :::;:.· .... 
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·::...::-~··- ., 
,·, .. ·. 
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;· ,,llrhOtl'CIIr.. ···•······•······...... ::·36,930 t9,3l8 17;126 

· · · · 18 year~ ana ovar.... . 21,215 1~,Slt 11,517 
··Wtnocraore COP ..... ;!i.,:~-l!..!~':J.-.~-.~·....... :. 4~60. 4,318 244 
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·:-.-,~_-'.-· : · ~ ,•,recJOOr,,,,o.n .. _ . · .:~;-;- .... :.1.-.-.'..~....... J:;;.af73& ·2.1ta .. so 
.. ·.'· : · !B:.v~·~s am over... ·,,t7il47 .. 2,135 8 

···~• .. na lot.n ...... · .•....•. ~ •.•.• : ... ;..-••.•.•• - i'.t.J60 -:~•22 ·J'JG 
' 18 years ard over... , ,.,530 3•2 · 186 

"'irtgntsoo_ro COP ......... .... :··:~~ . .'.:.:.- ;~.~~.-.. ~4-;152 '3,276 1,427 
. ta. yoars.aro over... ,3,580 2,586 '· 9S9 

' . II '' . ' . ... ' . ... . . 4 917 2 92 I 5 - .· · •·. \ir~gt\l sv' it I.Oi~acn town .... q. ~ ~ ••••• •• ;·, -,...... . • ., • • , 
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Tn•s •s A SP~c•al computer listing of Puolic la~ 94·171 redistriCting data. 
Contact Custooo4!r,Servu:es l30t·l63·4100l for tnfor.utlon on 1110 avatlaOillly of 
Taoles t·4: Tno POPulatton·counts·set forth nereln·are suojcct to posslulo 
correct•on lor unaercount or overcount. Tne u.s. Oepart.ant of Commerce IS 
cons•oer•ng wnatner to correct lhlse'counts and wlll.publlsn corrected counts, 
,, ~"•· ,r1Qt later wan July_.l5,· 199L ···-· \.: · ·• .· '· , . 

- - . ... ·•. ,.. ~ .... . . ·-~-·------ , ... , . . 
.,,O'.Jrdra . . . •• 

.. 
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lt'IQ COI<>Ct•vo ·of lh1S PrDlirliiiiS IO.IMiel !t,.;..recr.Air;,.;.tlnl~·or P.;DIAC taw 94· 
ll I trus ho, · unac:toa 1n 1~/$; requlrel.lhO Cansut·Bunou to provoao 
'\'<llllru:t II"J <loliA"In 11 fiOOi)rl!pnoc ror ... llr-OIIOO.D'( $11\Q IJCIVUrn•unt5 
II '•l•·•'olu>'• ll~ol'vllllon II yu"r lnllnvlrq Cun-.1~ D11y lhy,'lprtll, lq'ltl, 

' . U~~r,~ l'-lf"U ... -Uun.r.u.J IMU:!iil \t..trlllJ ·tu· .. ., Cuvurnur lttlll· u-.-. h:c.~•"''''"ru ur \ltll:t•• -
• • • 

~111111 lf>O P<ll"-'101 10n Ohlll II Will t>OCCS 10 redraw dUtrtCIS lor IIi Sill Ill 
1~!)t\1aturu .. ' .. I' r•.· •. •.:-

to 111C:II( tllQ le<Ja r recr.~~r!lnocnt; 111<1 Census· Bureau "Ubi I Shed a voluntary 
progra11 to a11ow States to recetve data for: voting districts 1~·9·, 
clcclton procinets; c~ty"lllrosl·tn alldlttOII' to-stalld&rd:census geOgrapn•c: ·-· ., ... ,... ' 

. _·;~. -. ' . . ' ' . . ... . . . --
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. ~ron suc:n If Coulltllsi:'ctitll; census•tracu,•and DlockS ... Tneso tiles .. 
· ·.:, .··,;' .. conta•n aau ror votlng'olltrlcts fOI'' thOSI count Ill ror.,wnlcn •.State. · 
· · · ' .. y·"· out I tnaQ voi(ng'd_lst~ ICI • tloUfl$ttt• arOUI'IIJ· a· 111 of .cel)sus ,Diocks .. on. cons'us . 
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:·.· -~y~-~-~ .. =~N:.~&-;co~y,y,a·~~-~reli·ittc•,;i,~~~·:;~.~- ;· ·1.,~·., ~ -.~:' . 
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::i:'i1". llilSkil_,NAt'IYII~:vt,\!IOeS.I~!fi-'SJ:to.ntlflllll"lrlbtS~'Dilndf.,..clans, ...• , ,(,, 
· · · , . 9rO..P~, .v 1 Jlage~ ,, .COIWIUn I I td ,_; ~I'_' ISSOC flllant •.In ·A Iaska, lha I, are ,. ",; . , . 

rccognuoo pursli.ant. to tN· Aluh Nat 1\-e: Cia illS :Sell 1-nt, let or_ 1912, . 
· P~ool •c Uw 92·203: B~:cau~ii &NV•w·dd·ndt nave legally cMslgnatca .•. 
oou~artes. tne.Census Bureau nas established Alaska Native village 
SIAIISIIcal arou (ANVS&•S)'for'SIIliStlcal purposes. for thO 1g90 
census, tne Census Bureau cooperated wltll officials of thO nonprofit 
corparatton wttntn eacn parttclpatlrig 1llaska·Natlve Regional 
Corporatton (:Nl!Cii as well as otNr·knovtee~geaole.offlciiUs. to 

· oel•neue D6undarles tnat'tncOIIIPUI'lhl·setlled area auoctated with 
.. ,- eacn ~~V; &NVS&'s. are:loeated wllntn.ANIIC!a·and dd 11Qfcross lNAC", . 
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· · · '· hen 'NV5l u lu •PO ., four•algtt:~.nsvs ewt, r~~ff'lfl" tr011 6001 
::. tnrougn &989. 'acn &NYU also llasstgnaa a flve·dlglt FIPS'coaa." Botn 
· IN ccrnsus ana fiPS coo.)\' -are· nstQIIed•:ln-.alpha!MIIcal oroer of 
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' ...... . - .. , . .. . --~~ } ... ·' ,, ·'· ~ .. . - ~ .... 
: &mortcan lndtan Aeservatlon··feaeral a.ertcan Indian reservations are areas 
w •tn,pounaar.et· ·ostaol ISnecfby 'treaty, •Ita lull, ana/or• ea~ttve or court 
oroe~. and reeognlzecl oy \hi federal Goverrvaen1 11. ter~\tory In .wnlcn 
&mortcan Indian 1r1oes•nava )urlsacctlon: ·State·reservattons are lands hllld - . - . . . . 
'" trust Dy State' goverMents ror lhl use and oenetlt of a given tr "'~· 
TN reservat•ons.and'l1101r oounaarles wre.tdentlfle<l.for 11'18 1990 · 
census ov 1no llurea" of lndlln &tralrs·.(BUJ, _Ocparlloont of lntertor 
I lor fu~ral re.orvatlonsl. ana'SIIII governaantl lfor. SIIIM 
rosvrvat•onsl. ThO nln4S of l~rtcan lndton reservations recognized Dy 
SIIIG ~·er~nt•. DUI not oy lhl Federal Gover~tnt, are followed by 
·t~tatel • aroos C~oPOitd of reservation lanas that aro 
aouniSterod 101111 ly And/or are CIIIIIIOQ by two resorvat tons, as 
•o..·o;lofu!a tlt llkl_UIA,are cat lad "JOint· aroas,•:and aro truatua 
u SGI>arat.a &n~r 1can' lnd11n reservatIons lor consus: r>urPD\05. 

foiJ'-r~·, ''"''ur-vat 10ns IN\' Cross Stato DOuf"--truli, and fcuor•' and Sttttu 
. rUQfva! •ons ""Y cron- county, countv~suocuvtston, ana ptaco 
Dounaartes. for:reservaltons· tnat·crt~ .. ·:Stall DO.Indlr!n, only tno 
por11on or tne·reser~ratlons ·.tn a Diven Stale·•re snown In the data 

• • prooucts lor !hal State; •ne enltre reservattons are snown In data ''"""'r:" lor thO Unllcd Status.·-> 
• 

. ' . . ' . ' ' ' .. ' . -
t ;.,:•• &....:r u;n•i I nc.J a .. i, ·rf.ltaurv;t t _tun. '". ltMi ,,,._'d·, ~: f uur • \J •u t t cc.:n~us ctx.JV 

"· rliiKJin<J I rOot 0001 lhrOU!JI'I 4989 .. ThOSe CllnliUS ci:Jdill ·are an 1911ed In 
·,.lpnaoot•cal oraorof ·&IIQrtcan Indian rosorvatlonl;nallonwtde, e•cepl 

' :_ ,, I hill. JOtnl areas appear Ill I hi lnd of ·1110 COde rango, fach loner tcan 
.. lhdtan· reservation also •• assignea • ·r lye·atgtt flPS code: because 1110 

fiPS c00o1s aro asst!)ned in alpl\aoetlcal s"'-'ence or· a.erican Indian 
reservations wttn•n oacn State, the flPS cooa IS dlfferonl in uach 

• 

' ', . . ..... . . 

• 

---

• 

.. 

• 

State for resurvatoons In ~ore tnan one State • 

Trust lana··Trust lands are proPerty associated with a parttcular ~.~,,~An 
Indian reservatiOn or trtDe, neld tn trust by tne Feacr•l Go'·~r,.•cnt Trvil 
lands may be hOld tn trust attner for a tr•bo (tr1bal trvsl l~nol or 
for an lndiVtd<lal ""-~•IUer of a tr~be I lndiVId<l&l trust· lanoJ. lru>l 
lands recognized for 111e 1990 census c~rtse all trloal tr .. st lar,,. 
and lnhaDttod tndiv1uua1 trust lanas located OUIItDI'of a reservat•cn 
l>uunaary. as wttn ou ... r &..ortcon lndtan areu, trust lanas "'at Do 
10CIIltuo ''' ntUrU tn•n ono St•ta. Onlr Uw ''"'' 1aoas 1n • tJ•v..:n \1 .. 1~ 
are shuwn tn thu uau prOducts for tnat ~late; all trust hololS 
asso.:•ated "''"a roservatoon or trtbe ore snown tn data proe~vct~ l.;r 
thO Urutud Sut<:l. '"o Census 8uruu t1rs1 rL"PDrted aau for tru.~l 
trust lan<ls lor ""' 19~0 cons .. s. · 

tru~t '""U"' tU'(J 4tMt1\Jf.Ud t• fuu,..·cltflfl t:&:nloul COOU AllCJ • f tvU UHftl t II•"., 
coao, uw •~•»<~ ·~ that lor lllC reservat•on wtln vntcn tnor ~"' 
assocoatcd. Trust lands not assoctated wttn a reservat•on are pr~sent~~ 
hy tr obnl '""'""· 1111Urspcrscd alpn~Dol teat lr among 1110 rosor•atocM 

Tr1Dal Oes1gnated StattSIIC:Al Area (TOSl) -

Trtbal des•gnated stattstlcal areas ITOS&'sl art areas, ael•naatea 
outside OklahOQa by roaerally· and Slate·recognlzed tribes wttnout a lana 
ba~" or assoclatod trust lands, to provide statlltlcal areas for wn•cn 1~ 
Ct.:•·•"~ lluroau taouhtos aata. TDSl'l ropresonl areas gor..,rally cent·•" ,,.., 
1110 lnrOrtean lnd~an POPUIIIIOI'I over wntth fecMratly•recognu":~ trtc•n """ 
jurlsdtCiton and areas In wntcn State. IriDal pro1101 blneftts ana sar.•c~s 
10 thOir .. L<oCl<lr\. ThO nauoos or TOSl'S aellneatod by Sllta·recO!J•liH:O ,, '"''' 
11ro lollowL'Il ov "(State). • -Tne Census Bureau did not rocognuo TO~&·s 
bcluro thu 1990 <:un>us. 

hen lOS& 1St ns111nod a 1our·d1QII census CD<.Ie ranou>g rreo• 9001 
lhrougn 9589. tne census c:uoos are assigned In alpnaoettcal.ora.r of 
TOS&'s nationwide. facn TOSl also IS assigned &'flvt·dl911 FIPS CDDw 1n 
alphAbi!IICAl Ordo2r wllllln Slate, . ' -· ' . · . . . -· 

• 

lrtbal .JuriSdiCI ion StatiStical Area IT.JSll 
. 

Tr1oal JUrtSdiCtoon stattSIIC:al areas IT.JSl'sl are areas, 
oettnea1ea Dy reoarallv·recogntzea tr•oes In OklahOIIa wttnout a 
reservation, for wnicn toe Census Bureau taoulates dala. TJS~·s 
represent areas generally contotnlna the lmerlcan lndtan pepulatoon 
over wntcn one or more trloal governm9nts nave jurJSdlct•on; 11 tr1ca1 
officials delineated adjacent T.JSl's so thAI they lncluoo some 
OUPIIcate Jerrttory, lhe overlap area Is ca1111a a 'JOint use 
area,• which '' treated as a separate T.JSl for· census purposos. 

.. ,, .. - ..... ·- .. • ' -. •. • • . • .c 

T.JSA's replace lhe ~Historic Areas of Okla11011A ltacludlng urban•zod 
areas)• snown •n 1980 census data proaucts. Tne Historic Araas of . 
Oklahefta con~rtsed tne tarrltory located wltnln reservations 1na1 nad 
legally established bOundaries frDN 1800 to 190l:·tnese rtservat•ons 
were dtssolveQ ourtng lh8'2• to 3·year period prectlltng the statenoca 
of Oklanoma tn 1901. Tne Historic Areas of OklahDIII le•cluotng 
urbanized areas I wert I dent If leO only tor' I hi 1980 consus .. · · 

lacn TJ~l •s asstOned a four·dtglt census cOde ranging fr011 5001 
tnrougn 5989. t110 census cOdes are asslgnea tn alpnaoe11ca1 oraor ol 
T.JSl'S, eacopt that joint aro•s appoar at tne end of tne cooo ranoo 
facn TJSl also IS assigned a llve·dlg11 FIPS eoae In alpnaoot•cal oracr 
w1thon Oklahoma. 

COUNTY 

Tl10 pruu.try pOlitiCal diVISIOnS or most States...,., terooeo 
•coun11os.• In lOUISoana, the!~o diviSions aro known as 
•par~si'ICs.• In Al~ska, wn•cn has no coun11aS, lllC county 
o<rHvallmts ar·o tho oruanuou •oorouons• and 1!'0 •cunsus 
ArOU' that "''' uutonuuoa fo~ sl•tllttcal r>urpo~os uv tll<l ~'"'" ul 
AI•~"• '""J U"' Cun!»U$ Uuruau· Its four. Statu' ClrAIIrylht\U. M''''"''r 1, 
~uvaua, Ar\IJ Vlrgtntat. U\Uru ,ru ona or 110ro ctttot ""'" aro 

·I 

• 

lnd(pen<~nt of any county organlullon and nus con~111u1e pr uoary 
diviSions ol ll>alr Statu. TI10SI ctttu are known as • lndoponoont 
cities• ana are treated as equivalent to counties for stattlltcal 
purpasos. Tnat part of Yollo~Stone National Park 1n Montana IS tro.ttca 
115 n ~:uunly "'•"""lunt. Tho 01Strtcl of Col.-la nas no pru .. ry 
dtvn••ons. J•tw.J thCJ unt lrC arua tS con~u~rca eq.,,.va1cnt to • county ro,. 
statislical p<!rpusos. ,. 1 

• • • • 
' ' 

facn county and counly equivalent Is assignees a three·dlglt FJPS cooe 
· tnat is untq..o within State. T11111 cOdes are assigned In alphADOitcal 
order of county or county eq..tvalent vltntn State, e•cept lor tne 
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• 

• 

' 
I 

• 
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' . p • ' : • . . ··-· . ;.,: . ....... . . . . . ' . - ' 
··naepeno.Jnt CIII~S.' wntcn follow 1110.\ist ir>Q ,of counlles. . . . . 

, COUIOTY 5U801VISlC•I . • 
'• . • t . . - . -. . . .... ,. -~-. -- '~ -· 

I··~ ·- · 1, •. , •. -._-, . 

.. .'tcX..nty 5uCdiVi51CnS'Ir81 tne prtraary SUIXIIVISJons of,' l;ount 1eS and 
: • .1Nllr,eq.,,vaJents for'tr4 reportu>g or aecemi&J;census a~ta. 'They 

inclu•J.; (Ch~.:5 Ce<Jnty-'lflvlsions,·census suoneu, 111nor civil 
a•..,.·•s•cns. -~~-a Unci--:-3~12!"~' tet,.i\Of'\8$. ·-\· ~:-1·:· .... _- ~ ; . . . . . . . - . . .. ··-- ... ,_., . -.- ' . . 

. .. !acn county suDdiVIs·ocM '•t •n•·•....o a tnrea·chgit census cooo In 
..,., .. alPNt~i.ocal ora~r with,n cu.··•}'ofl!J ~I 1vo·dlgll FIPS cOde •n . ' ' . 

,. ·· Alpnat~nftcal QrU..Jf"·.;nthtn )l.it.r.! ·:1.,;/J, • ;. ~<.14'..•.1c • .. · ... . ''').• - - '. ·1.I 
1
• • • ',: - ~ ····-· .••.. ->:rf __ ~r·t 'l~•_:Jf·~~ :t·,, ... ,~· 

•f.LJ ,OoA • oO' 00 0 •J' •'- ' .,, 

.·. ._.~·-., ..... ~·~ (:•~·• U•v•~intt-·r -'"""::-·:..- ~·:·:.-r~ ... ; ·~·,.-,- .... ·iJC' ··-. 
'· -I •••• - •• >ilf·i·"• l""fl • · ( ' • 

··· , ;-~.._ . ., -. ~ ,, ·~ .... _, .. ·-·.,.' · . "- .. :~•..,· ;, ·.··f~·i ro:w:•:·.J ... -.• ,,-
.. ·. . . c·.' .... I•I<Jr c•··' ,diYI~IutiS IWCU'sl•ra.IN'pruoar.,·PQ11ltC•1 or • 

: •. ·. . ·. •o••n,straltv&.dlvtslons·or•a countv. IICO's·represent ~~~anv different 
.. : ......... ··~ . : . .:u"!51if J11f14l.u~IIIIOS wHn'ArlltdOt'II.,IOty.of:!)O•ernmoruol ••vi/or 
/,. ·.'.:., ..... , • , •. 0 .a~un~"~Ulyo,{u~t1~!1Sj IICO'I_a•re:var~ouslv,QeslgnaJcd,as. h1Clr1~an 

'. f; : ~; · .:·< ·:., .. ·: . ' • ~.:;;- lnd••n ·re~~rvat1ons':'uses~Mnt• lllltr,lcts;·.~rouons 1 etoctlqn, ,;,_ .. 
-~:iJ. .· .,, !. :., • ... ,.-::· ~ .... ~ ,,~..aJur.•ct~,,llore.s,. gr~nts,t Ngllte~lal alttr ,, ts1 .par''" govlrn~ng 
':-.!r'.··~·'' ·• ·• ;· ', .. "•''~': .. ;r,,,,,.autnor llr.atstr.•cts·r plantattona~ prectncu.t JNI'Cil&UI,. IIJPtrvlsors' 
~·:t:-···:.-o·::~ ; •:,;.. ':,~ ·. ·;::·:., ~:·>ahtr~c:\1',· towns, •ncs iowlisn,ps~ 1n1 10111efStalll, .all:or. IQII\1. ;, .; . 
~~:. · . ·.'·, ,>:'~;~~' .. '···.:~,;-,·t!!COrport~ 00 PIIICII ar.e not.locattllln an,.. NCO anel.tnus serve as loiCD's 
~. 1.~·: •·;;··, ·:1'/ ·.·.:·'"'·"·In INir own ngnt",'.tn'otlllr State~·;->.lncorpor&tl<l places are · · 
:::"; · · :· · . ~· · · ·• ~/4·> sueord•n•te to lp~rt~ofl· IN·NCO•s·ln wntc:n tner are located, or tna . 
· ,.:. , : · · · i• ·:·• :p111er" u :tt•ea·•S0r141 Incorporated places are l~fliJ8nt of MCD's ana 
.. \ · · ' ·. . ,;.: ~ o_U>erS ~~fit i"tlOrd ~~18 to·~ or:110re I!CQ''" ~ ';·7 , I , .c :; , 
-•:··t_. ~ . ' ,• ., __ ~- "' .,.,...__,' '<t-~ , .... ~·,·!-<lfl.t':·.w· ~ ... ~ _.,,. . 
n' ·.. . . ''·· I"''·. Tno 'co,;;.;r'Duro.i._; recogrures 'uco•.",ln 'j~;fO(!civi~;~a States:' 
·''. ~ ·. • · ;. . · 7 · .: ' ·:. t, ,.,,. &r~ ansas ·, . ~onnoc 11cu t; ·I I I I no lSi · lnd 1ana, I ow a, Kansas; lou I Slana, 
';[-,' : i •: · · ' ... : · · .... · ::.·,.~,•I!<' I"'· '!l.a.~ytane~: ll.lssach.lntts6:Mtcntgan, Minnesota, MissiSsippi, · 
·:' 1 · ' ,. : ;£.. · ... • · ·.- . !.·< .f,, M 1 $50UrJ;· Nc:ara~k ~! 'New lia~Snlre; Nlvl Jers~v~ 1111! yor~. , Nor tn 
.~.: ·. ' :: ~· . ··. . . ); .. ;·.>., ~· .. ,t1!9111'~·;:r~d~·oa~ota!:onta;··PeM•ylvanJa, rR~ Jf!lhd; Soutn Oo~olta, 

., •. , ·•· · · h··~·.YilriiiOnt, Y!fglnll;:~4h.Ytrglrua~'··•ne~'VIsconsln.,tt .... outrlct of 
: .:.,.,.·,c9luno1a NS no·pr!~ry:alytslons,.anel tne·tntlr,.aret is constaerca 
· .. :· ·O<Nivalo,t1 IO an !1~0· tor·stillltlcat.purpOaU• :·! ... · ., · 

,_i: iu•tlt' ~~ .. .,,; .... ·.:· ~~-·~~ ...... -~-··~HW.,..!t, .. t·:t,_)~~-· ,·~, .. ... 

{. -~· ~:- i. :unorg~n_•t~~ .T~!~.t\o~vJ J.~~rg!;)J •ll!4•-·-'J .... _ .... -.;.~~ ~-:.- .t. ,_ 
·- ••t • ' ' .. ,., .. .....,, •. ,t•-'-··, .. · ... ·-+~-.. ,.. .. ······-··-······-. ·--·· .. ,,, .. •• • 0 j, - ••• •. • • .. • - • ~-· • ' ' • • 

'~ , ,. :''t 1!1 n1ne Sl,.,es IAr~ansas., Iowa;. Kansas~ lOUISiana •. Maino, Nlmesota, . 
(. :). o•n. NOrth Carolina, l~rin Dakota; ·and South Dakota), ,SOII>Q counl Ill$ contatn 
,~ ·· , . • ,...,:li';tor.ntorr: 'INI:.'I·s 1101. 'lncl~d·'in- an MCil recogrurtll 'Oy lltU Consus 

' ·, • ; . . ' · ~ ··. lluruau. tAch ·separate area of -unargamrld ,torruorv In U•oso States 1s 
1·:: · ·· " ~.;;.;rect>JI\U<>d As. one or.tOOra·separat• county suDdlvlltons lor consus 

:., .. ; .· ~: .,·. ':•.,purpesu: !acn unarganlrea·ttrrllory 11 given a !llscriptive na,.., 
, . . . ; , ~ ,.,: , IOIIOw~a D{.lhe IIOSI!INIIDII ~unorg.•. ~ ...... . 

. . ... : ~ • ~ .:· . ~ • . • \ ·. l -=- ,,., ~ - (..,r l l -~ ,· ........ ... ~ ". i ' . ·. . . -·-~ l ' ' • . 

• ;· ., ' · '\o 10 , ... P~Lq• " · ' · · 
· ...... ~-.• _ ~- . ' .. · .. ·'' ••• i-•if -;.'{, ' ,-:'.' . . ·'·--· .. 

:)·~f,~·:1·~·i{~· ,·:.~'>:_-_:.-r··_:l!·~·~/!~,~~:i}~- f~!~~~~~:·_ior: · , aecem••• ·censUS-. a&t •• 111\!luao census 
, ...... ,. ·:··~:.··:: . .c·:.:· .. •·.,·;•\;:· .. ·;:,..,:,,, laos.lgnai~CI ee~:places ••. (adl..place ts assigned a 
;,;:1 .:'::;,1::;: ;:--:(,' :: ;;'.· . ;c).~~:dour:~•IM: s'UI\Ique• w~ til ln.: St•te·l Eacn pi as;e Is also 
,.'~ · , :·'' . < • '·.:<·:; : ·, ;;. h _,n,gnea·a: 191\' f tnaP la~ntque' "Unln Slate •. Both tne . 
; ~':' · •. ; · · : ·•· ... ,. ~7~·;.;census lino' coaea·are·nsfllnl<l 'OUIII on:&l~ttcal order wltntn 
i . .. · . ·· ... , '~;:'.., • ~tate;; t(lfiSOlllllt~ C f\ III'·(Sn: bllow) .. are BIIIP." a OM•charac:tor 
· · · ' · • .. '·· .... · aiPnaaotlcal census coati tnat' Ia unique. natlorwl~.,and a ttv•·CSIQit 

: ,_.[ .. • . ~ .'HPS ceo.· tNt ·u un1~e vltnm Sta~to< • , "•·i,.,;j 1 ~,.,, ' · .. ,, , 
.-~ .. \: _-,· •.... ,:... , .... _ .... ~r·J,~-~"' -·~- '· ·. . . . , -~ ,_- -

, ;,t' ;c.-.;: ·• . •:. · ... ~,il·.c.,~sus oc.~''l":"'od Phce ICDPI ·.,,,_._1;!.; :.'.•,',' •-~· ... _f,-._' _, •-. , r .,j,,-J ti"Zit·-~, ~~·,-_,.u· •--(< 0 ... ,. 1 ,_''-:·_·. ·: . ·~. ·: :~"-:t:c·ensus ~'s1gnaied"plac~s ICOP'sl:arid.lirie~ced'lor 1110 decomtal 
::;;f, ';,< . , . ·. ·' ,;,.,·',;; .. census ·~ :tno sut•shcal counterPArts. of. Incorporated places. COP's 
, o:r.,.; .... · · .-. · -. · • cc.r4)rt~<l ov"sely sell lea concentrellons·oi.PQP~.~Iatton tnat •re • 
.· .;,'i~. ~:·· .;· · ; .. ,,·, ,,_\uwntituole ay na~;~Ot.it are·nonlegaiJy Incorporated places. Their 
· :·'! .'' · · ·: · - aounoar~es; · wh1cn"usua1tr coinclde:vun:vtu'Oie ,features or tile 

, .. :·; ;' . ·. · ·· · ,. ,. · ; .. aounoary·,ol.~ an adJacent 1ncorperatea place, ·na,, no legal status, nor 
• · OQ tnase places ~ve o111c1a1s •ltcted to serve traaltlonat muntc1pal 

': \ . . . •'' lunctiOII$. COP ooundaries IU'f tnangt IIIII\ Cl\ollr>geS In tno setllemcnt 
·• or·;,' t~!! ~.ttorJ'I;, .~. ~DP, with thO: ~·"'!It· ""Ill ., 1n prev!ous censuses aoos not 

. :: . ., . .:.?~lf:>!'~ NCG$S~ri)W~"::Y~~.\":G $&~·-~~':"1_~~~~'.'_\.·~:•~ > _ _-_c~_-.-. __ · ... : ... , ~ 
;.- ... \rf-.:~:,r· ... ,.,r.-_ .-· ... --·- .- :_"':··.~-t -·.-:or.--' t.'••'io(.f-.~~.,, ~- ... , 

·:·~ · , v• : ·.. Boguyung """ tna ti50 census, 'till Census BurtaU',l 1n ceoperat ion w1111 
:/~. l ... ;. Stale •!I'I•'C•os •nd local census• stittSIICII•are.-s connlttoo~. ttas 
.:·'. . .. · · ... ;;,1 '' '"'' "'~~· o.~II...,Aitid -•loS lor COP's-1 for, 1110 ~~~Q c:onsus, 
.... ,., _ ....... th; ... ,...,1 ••' ,_., ......... ~•• 1•tnc:u ts· fnltnwt..'~l 111 •cuP • Ju.- u•J Jqno 

.'~~- ·,? '·. ·.·."',.~""~ '•CC.Inol· "'':.>·,,,,,.:tJ; lur•· Hfl(),· lq\.oo .... ,., t9~U ccn~.u'!liu~. · 
'::}· \ · .. :. ·:, ,' , ~~~~: ~lacus ~oro t~lll~ll~d av 'lUI,~ dO~nlng •un!ncorporatod 

. ,·f.'.··'l·:~,·:--.:~_·.-.. ·i :-' ,'_..;;·:• .. ::... '''\;- r, : .'.·;;··-~- · ,· ~-.'. · '. · .', ·:.~ .'~f ,. 
•• __ ,,". -~.:1.·- • ,._ . :• -. -~····' •"·; .. -- :" .r ,. __ . ,, _,: .. ~-- ~. •, . . - . . ' . . ' ' . ·, . . . - . 

;;·:'·'!· ';:· .. ··.-: ; ' · -· ... " -' · • · · ' . · · T u 1~11 I 1 tv as a. COP. t ur I nil 1990 cuns .. s, an un ~ncorpor a 1 ed connun 1 1 y 
,..,,_:·· • ,._, . .: • v :. ' ""'I r.av~ ooct .,..., lollo .. •no cr1ter1a: ·•· 

'. . 
'I ,.. • ' -,·,;·_· ,_. • . . 
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• 
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t. In all States eoccpt Alaska and liawall. tne Cei'SuS Burea.., uses 
threo POI>Uiat10n sue cr11erta to d0$19Nitl a COP. t""se uner.a 
are: 

• • 
• 

.. 
a. 1.000 or n~re persons If outSide tne eour~or1es of •n ur~antzc~ 

area (U~I c:1~11noated lor tne 1980 census or A·Subsequenl sp.;c,al 
census. • ; 

• 

b. 2,500 or o110r01 t-wrsons If 1ns1ao thO! aounoar~n of au& ool ""-'·••~.J 
lor tno 1980 consus or a suasequent special census. 

• • . ' '· 
c. ·~so or oaoro persons 1t outside IN aounoar1es of a u• o~l .r.oa"c 

tor tl\0 1980 consus. or • suase(f.Jona· ·~c•al cc.r.s ... ~. hf..J w • .,.,,~ •··-~ 
oftrcu•l buurldaraut of an Ar~ertcAn IOd11n r~·H:r'·"'fl~" ".:t=~Jfllh;O 

. lor 1110 1990 consus. 

2. In Alasa..a. 2S or •nora parsons U oulstoa a Ul. AnJ 2.500 or '".:lr..: 
persons 11 11151~ a Ul aolln~ated tor lllC 1980 ccn~u~ or a suosu~·~"' 

•. ':i!NCloil consus. ... . . '. ., 
• ' 3. In ltawa11; lOO or IIOrt parsons, regaraless of wNtner IN con.rnun111 

IS lnSiCiQ or OUIIICIQ I U&·, ' · . ... 
. -:• 

for 1110 1990.census, COP's qual If 1M on tne aasts ot IN populal 10n 
, counts prepared tor tne 1~90 Post census local· Review Progra111. Hocau~~ 
, tnese counts wore suajec:t to cnangeca '"" COP• s ..ay nave 1 •na 1 

pepulat I on counts lower INn tnt mlnu•uros ''no"n•atlOva.~ .. ,. , , .. . .. . ' :. . '. ·-· -- .. 
11awu1 u tho only State wltn no lncorparattll places reco~n•zea oy '"" 

Bureau of tn1.1 Cr:nsus. &11 places ·snown for Hawaii' In tne cJata prodUCIS 
are COP's. By agreement wlln 1118 State of tlawatl, 1110 Cens·.•s Bureau 
ooas not snow aata separately tor tne city ot HOnalulu, wn1ch •s 
caoxtens1ve 111tn ttonolillu County. ' ... · ., .. 

.. .,-. ' 1 -.,,, r.-t ... ' .· ... ·_ 

Consoliaated C1ty ., ~' '- '"'_ • 
' . 

A consolidated government IS a untt ol'loocal governmant lor wn1cn 
1110 IIJnct tons ul an Incorporated place and Its county or '"'nor c .. tl 
OtVISIOn (!ICDI twve taergud. Tne legal aspects ot thiS ICIIOn may NSull 
1n COin tne prImary Incorporated placo •nd tN county or !lCD c~.or.t ""'"'il 
to a. 1st as legal ent Illes, even tnougn tN county or MCO perlorons te• 
or no govorn•cntal functions and nas 1e11 or no e1ec1ea olftctals •nere 
11115 occurs, ana wnoro ono or 1110re otNr tncorperlt.:!a places 1n 1nc 
county or NCil c.:et111nue to lunct 10n as separate goverm.:nts, c•en tnu-.gn · 
tnoy nave oacn 1ncluaoa. tn 11141 consoi1Da1or.J !JOverrwent. t11e pr •mary 
tncorporotea place Is retorrud to as a'•consolloatea City. • 

• 
Tno data prosent4110n lor consoll~ted ctt1es var1es o-~ndl~ upon 1r.o 
geographiC presvni&IIOn; In nterarcnlcat presentations, cunsol 1n.r•c·1 
cttlos are not snown, Tnase prasentat tons 'lnclu!ll tne seml'ina.,pat.l""l · 
places and t1141 •consolt~tea city lreraalndlr);• vnere tN. ·.;. , 
consoll~ted cttr Js:coexlenslve·vltn'a··countv or cour.ty suDdiVISIOn, 
till aal•· snown lor 'ltoost areas, In 1\ler•rcnlcal presentations are 
e~lvalont to tnos~ ror t110'consollelaltCI' t:. ,. . . •·. 

-. ''· ... -..::..:;-~ ..... ' 
' ' ' . . .· . . . . . .. . . 

for •n•entory geograpnJc presentatlons,"'tne consolidated· Clh appaars 
at tne end ol tno lilting of places. Tne d•ta tor tne consol•oatea Clly 
lncluaa places tnat are part of· tnt consolidated city. Tne 
•consolld•lad cttv lrOtUtnaorl• 11 tne port ion. ol 1110 
consolloatea 9<J•ornmcnt rolnus 1110 ·se~~l•tndepeooont places. and ts ""''" 
·In atpnaootlcal sequence With Other placos.···· .. · . ........ , .. •• 

In sun .. ary presenut ions Oy 111e ot PliCa, IN Consolldatea C11 1f 
Included. Tne places 5~1-lndependent of consoltuatea c111es arQ 
c:ategor1zcd ay tnotr s1ro. •s •s the •conso11aatca c11y 
lroroatooorl." . . · .; ·'· ... ··· . , 

. . ' 
. . ~ 

........ · ·-
• 

• 

n 1otJI 

hen Cetlsol ida ted cttv IS •nlgnod a ona·cnaracter alpnacot•c ccn~us 
cooe. !acn consolidated C:i,y,also Is •sstgned a tlvo·dlgtt fiPS Cetl.:! 

· tnat Is uni()Jo wttntn S\.111 .. TN sllu' tnc~epenaenl ptaees aoo 1110 
•conso11aataa clly lre~~o~tfliJ8r)• are ass1gncd • rour·a•gll'census 
COCIO lfl!J a tlve·diOII FIPS place COOl thAI ue urllqua Wllllln SUiil. 
Botn 1110 census and FIPS coaes are asslgi'ICI c•sed on alpno~tlcal or~~• 
Wllllln Statu. . . 

. . . ... ' ' " 
- rr.:urpor·-··._,, '"'"·'-" ' • • 

, ... ~ • • ! • 

lncurporatca plul:~:s recogn1zad 1n 1990 census data prQO.JcU are 
those rcpnrtaa to II"! Census Bureau u legally 1n e•tSto?nco on Januarr 
I, 1990 unuur lhu lliNS of 11111lr ro~Pl!CIIV8 States u CIIIUS, ooruuuns. 
towns, and v1llagos, wun 11141 follllwlr>Q exceptions: 1~ to.ns tn tt~o~ 

• 

• 

• 

) 
• 

• 
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• 

No~w lnglana Stales. llew York, ana WisconSin, and 1118 boroughs In Ne11 
vor~ are roc09n1Zed·as rainor civil Cllvlslons lor census purpo~us; tho 
ooreu~·~ •n &lbs~a are county ~qulvalents. 

• 

, ST&TI 

States are tne pr1mary governmental CIIYISICOS of thl Un1100 States. 
Tl:.l 01Sir1CI or Colunota IS treateCI as • SIAIISIICal equlvll~nl of • 
State fer census purposes. 

Offii<IIIOilS Of SUB.'lCI CH&R&CHRISTICS 

( . . . . • 
. :.t~• 

lrt<~ 0111a en a11u were dertvea fr0t1 answers to I}JtSitonnaore 11011 5, 
~n1c:n wits ~~~~cu or "" po"ons. Tho a!)O clan1r ICallon IS b•scd en lllO 
a1,.: or tnc ,,.,rso11 '" c~letco yearll as of &prtl· 1, 1990. TtiCI a!)O 
ro~ponsc 1n <?-•US II Oil Sa was nor•allv usco to. represent a person •s A!)Q. 

· IOO•.:•cr. wlloln 1110 A!)Q respcnso w3S unaccept~ole or unavat1Abl41, a 
jl<)rscn· s A!JO ••~ o.:r 1vco fr011 an accop1aDie yoar of Dtr th ruspcnso 1n 
qu~SIIOn 50. . 

. 

• 

' . . '. :·. . ' .·• ..... .-
Oat a en a~.l are usea 10 oeter111ne the appiiCaDII tty of clhOr qu~•• 1on~ 

fer a p~rscn ana to claSSifY ctner cnaractorlstlcs In census 
taoulations. &!J& oata are neeoea to Interpret ~SI social and eco~oic 

·. cnarac<ertSI ICS usco to· plan ana o•a .. lno many progra11s ana pol icles. 
• . . . . ' • . . ' . . 

. : ... ;: i .. · c',':.,• . lti~I'&PIIC OWII>Itl: ... ·. · ·, , .... ·,; . • · , . ; .: : 
'··· .,. '\,.,•, •.• " '1-. '• ~ .. 
·~c.-"'·.··_:-:,:· ·.:·. :,. . ."·)(:.' ' .. ' .-.. '- .. ·· ...... -. · .. · ' _ ... . _·: r__ ::.-1 ·_ ---:-, 
.,.:> .·.-: · .. , .. ·. · T11o Odt• on ~""'""'/111span1c oriQIIIworo CICirlvoa frOI answurs 10 
, ..... · ···. : .. · ... · ... · .. QUUstlonr~Atre 11era1, whtCh wuukea of all persons. Persons of 
·,:, .. , ·., : '.. ,.·~: ·, ~:. HISPantc or1g1n-are 1nose wno cluslf lea 11'1811selves In oN of 1M 

r,;;·. ,.... ·. '· spac1ftc Ht5paniC ortgln categor!"~.-l1$1ecl on.lh8' 
-~;:~-~ · · · -· quosuorv".a•re···Mexicat\, • •Puertu ihcan,•· or·-:.>, 

· :·.:': · . ·cucan• ··as well as tnose wno tnatcatea 11\&t tney were of 
•otner SpantSh/HISpantc• origin. Persons Of 'Other 
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Spanlsh/Htspantc• orl~ln are these wnose or1glns are fr0t1 Spa1n, the 
Span1sh·sp~ak1ng countrieS or Central or South &raerlca, or thO 
0DIIIn1Cin ~oi'UOI tC; Or lhly or11 persons Of Hispanic Ortgln toentlfyln<J 
IN!t>SOivos oenorally It Spanish, Spanlsh•& ... rlcan; lllspaniC, Htspano. 
Ul ttlQ, ana so en .. Vf!J&• !.n rnpenns 10 tne •ctnor · 
SpaniSh/HISPanic' category were cOded only for sample data. 

. . 
' .• t' . ' . ' . 

. ' · , ~ o ._ l 1 .; . l: .~ ! \ I ·. •- ' ' .. 

·ortg•n can oo vtewca.as,tno ancestry, na110nallty group, llncoga, or 
country.ol.o1r1n or tne'porson or 1110 per,on•a parents or ancestors 
colore 11101r-· irrtval 1n thil Un!tta·states. Porscns•ot Hupan•c or1gtn 
,...,.~of .,., race. ~ ·· .. ·· '· ·'" · . · ·: '· ........ · · . . '• ' ,..,:!:-.• ··_i.•: -::~~ ...... ; '· ,".:···~~· 

' ' ~--0_-:,. '-· ·\'. • . 

~- taou1111cns are snown llv the HISpanic origin of· thO ncusanotoor. 
In all casu •nere ncusenolas·; faratllll; ·or oceupleCI hcuSinQ units aro 
claSSified ov ~ispanlc cr1gin, the Hispanic ortgln of the nousenoloor 
1S usfta - : · · · · ' 1 • , •· ~' : · ·· · 1 

1oO ' • - ' '• j . - 1, ., , _. ·, o t -. - f '• , • 
• •- ,-·.· ... " · .. - ·-- lr·'-' · .. o·A · ' ''"- · ·~~., - ... - .• , •• ~t~.;-

• - • 1 _ -- 0 • I<(.,''' l'·l .. , , , · 

D·•rt"9 atrect Interviews ccno..cted llyeruaerators;.· tf a person coula 
nct.prOYIOi 1 single origin response, he or She was askeCI to select, 
oasoo en self·tountlflcatton,'thl greup wntcn DISt ooscrlooa n1s or ner 
or1g1n or ouc:ent. If a person·coulCS'not provtde•a 1111111e group, tho 
or1g1n or the porson•s ~tner·was useCI. If a 11111111 group coula not be 
prcv1u.:o lor.tne person's IIICith8ri tne··flrst·ortgin:repcrteCI ov the 
ftUt'son was usoa •. ·- f ••. -,·~·:~'t -"'/::.) -- , .... 's<· ,_ • •.. --~· • 

- .- . •·.• rw,.•·. ;• 
' . . ' . . . . . . - ' 

· 11 •nv lo:;sviiold mcucer tulea to respcno to ·,,._~j • .- .. s11/111span1c 
or1g1n ques110n, a response was'asstgnea lly the comput~r accoraing 10 
tne reportea entrteS:ot:olhl(hO!JSithllld IIIG-rl'lly using spaclflc ruliiS 
cf preceo.nce of y.ousenolcs te11110nshlp.• In I hi process lng of Slli!Pie 
~est 10nna1res •. responns 111 otner qt.llst1ons on the' ~SI lonna Ire, sucn 
as ancestry.and place ol Dlrth~;were usea'to assign an orig1n oefore 

· an·, relorer>Ca · ~~~ .uoo to 1118 origin reported IIV other ncusenolCI · · · • 
~~<:-moors· If an or1gtn was ncif enteriCS'for any to.iienola 11111111:11r, an : , 

,. · ortgln·was.aSSI!)noCI1rcn.a1'1Cihlr 110u11nola accordtnu to thO raco of 111o 
nousenot-r.IJ, •;· · .... -~· ·-;.··.·,.-.-:~~· • .:-- :"":--~ · . ~ ~~>.-. · . 

vv . 0 •• ··- ' •• ,.,,, >'" ,. ' 
• > i < - I 1 0.. ·~· 0 '• ••, ' .... , j , . . . . . ' ' ... '·1·····~·- .. .. •t ··- • -,t.-.!)•-·· ·r••·'t"<"'> __ ,·, -, ' . ' - . . . . 

''"'· tqqo rlo•l·• <llllh"l''""<: oro(JIII.AfO rti111or11lly c~W.rnulu wllll lllnso 
I "r IIMJ' 1'1110 (;1111~•1~· • I kowuvur •: IIIUrll' A rei· lol)lto(J' II I If orut1C!IIS o 111 I ha for,.,. I 

.. ·-- - . ' ,o< • • 

u.r ""' lll~t»n•c: "'.'1111\..CJJUII I~¥~, Dill "'lOn trtt~' two censuses. tor• t990, IIIU 
wora •ocscont• ••• Clllotoa fr011 lhl IIIIO'worCIInQ •. •In'ICICiitlon,•' r · 

·. ilou utr" •Jiolalcan·&lllllr•~·usoo 1n 1910 was snortanea furtnor to 
• · .·'Nex1can·,,. .• to r~o a1srepcrtl1111 Cor •a,..rtcan•l In· . · 

.thll'catcgory ootvctea lft·lhl 1980 census. finally, thO 1990 question 
allowed tnost wllO repcrtoo as •oth8r Spanish/Hispanic" to wr1to 
111 ll>.:tr >~CI f 1c tll~pan.c Ort\lln greup. · 

• 

·-. .. 

• 

• 

' • 

M1srcporltr•'-' 111 tho ·t.t~xlcon·Anter.• category of tne 1980 census 
llo•• on Spani~II/IIISPantc crtg1n may affect thO comparao1l11y of ISSO 
ana 1990 cunsus oata for persons of H1span1c origin fer certa1n ar~.,s 
of lhCI country. An o ... l .II ton of thO 1980 census 11oo1 on 
SpaniSh/lltspantc or I!Jin ln<liCatuo that tnere was IIISrcpcrtln!J tn 1r.:1 
Mua1can or101n c•tcgory Dy Vhll& •na Black persons 1n curtain ar~•• 

·ThO stuCiy results sncwea evioonce l1'01t tne 11isrepcrt 1ng occur reo "' lf'il 
South loxclua1n9 feaasl. tne Nortnoast le•clu01ng 11~ Ne11 Ycr~ C1t 1 
areal. and a lc11 States 1n tne Mldwast Rug1cn. Also, results oasco on 
ava1laole oata suggest lhll tno 1mpact of PDSSIOle llisropUrltng of 
Moalcan criQin In 1110 1980 census wos severe 1n those por110ns of 1r~ 
abQvu· ... enttonucJ rc.:g.on,. wnere tno ttupan•c ortgtn pop.et•t•on .. -.~ 
genorally sparso. IIOwOvCr, hiiiCnal 1980 censuS CiliA on thO IIC,.,Can 
ort{pn J)C)fiUIItiiUII ur fOiitl llt5t11sniC o,r-tgtn p()PUIAI tOn •t tf'\IJ r'VII IONd 
ll:vul wu not wrtously ntrcctcd by 1110 reporting prcDie,. tier" •·or~ 
ootaitca diSCu~S1on of the evaluatiOn of lhl 1980 census 
Spantsh/lltSI'<IIIIC: ortgtn 11e10, soc thO 1980 census ~uppJon.cnt..rr 
Re-ports.) 

• 

1110 1990 o.no 1990 census data em thO ltiSPaniC populat ten aro r.o1 
Cltrt.!C:Ily COti4MrloOIO with 1970 Sp1n1SII 1;r1g1n 0111 bi!C<oule of a nun.c.~r 
of factors: ltl overall lmproventOniS 1n thO 1980 an.J 1990 censuses. IH 
bot tor coveraut.! ol 1110 (>OilUiallon. 131 tn.proveo ~ostton Cl.lSI£1115, ana 
141 an olleCIIVU I~•DIIC reiUICOS campa1gn by tne Censu~ lluruau wlln 
the ass1stanco or national ana communiiV e1nn1c groups. 

Spe:coiiC CtW'!)OS •n QuiiSIIOn O~SI!)n b<llwocn tno 1980 •na ISla ccn,,s;:, 
tnc1u~d tho p1a~:~n...:nl of tno category •t«>. not Span•sn/tiiSpan•c· 
as tho r•r:~t c••tcuury 1n that ""ost•ono Ctha corrasponaul(J ca1&:'Jur 1 
aJ~li!MI:U Ia~ I 1n 11111 1970 "-'ost10n. I Aho, 1110 1970 Cllh:!JOry 
·cunlr~l or Soulll &nourlcan• was oolotoa because In 19'10 SOMI 
respondent~ ra1S1nturpr11eo tno cuegory; furtnormore, IN OUIIJNitOn$ 
•Mu•lcan·&morlcan• ana 'Ch1canc• were aaoea to tno 
Spantsh/tlispanlc crtgllt question In 1980. In tne 1970 census. tr.o 
'''"~liOn on Spantsh cr1gtn 0115 askeo of coly a S·perccnt sample of tr.;; 
population. 

~ACE 

Tr...: oata on race \l&ro der1vca rron~ answers to QJ&St10nna1re ue•• .a. 
whlcn .. as asked of all parsons. tr ... ccncc:pt of roce as useo ov II';) 
Census·curc~u ralll!ciS soii•IOuniiiiCIIICn; 11 ooes not ounotu.an, 
clear·cul sctenttflc ooftnitlon of biological stock. Tne data lor rac:o 
represent self·classlftcatlon bV paople according to 1110 race w11n 
which thOy racsl closely ICICint ify. furthllriiiOre. II Is racc<Jnu~;o ""'' 
trw catci)Orles of llwr raca 11eoo 1ncluaa Delli ractal ana nat tonal Crt\Jtll 
or socto•cultural 1Jrcups. · 

• 
During e11rec1 interviews conaucteCI by enumurators, If a person ccuto 

not provloa 1 Single response to lhl race question, ne or sne was as~eo 
to select, basea on self·toentlficatton. 1110 group wh1cn bast oescr1oco 
hiS or ner racial identity. If a person coulCI net provtoo 1 s•ngle rae;) 
response, thO raco of lhl .otnur was used. If a single race r~sponso 
couiCirlOI Do prov1uua lor thO parson's nootiiOr, thO''"' ra~:o "''"'"~', 
by 11111 parson was usua. In all cases wllllro occuploCI nous ""J unlls. 
nousenulo~. or faoolltes are classlflea Dv r.aca. the race'of 1110 
nousanold~r was usea. 

Tl~ racial classificatiOn usoCI by thl Census Bureau generally aonar~s 
to the gutoo11nes In federal Slat tst leal Directive No.· IS, ISSu&o c, 
1110 Office of Management ana Bue!Ool, which proYioes stanoaros on u1nn•c 
ar111 nctal Calegcries for stat 1SI1ca1 r~rtlng to bo usuo by all 
l~'<l<!ral agcncius tho racial caiiiiJOrtc• usod 1n lllO 1990 C•m~us 0.11~· 
prOducts aro provided llulow. · '· · ' 

VhiiU"'Iflcluues pvrsons who Indicated lhOir race as "Vhl to·· or rcportt-<.1 
entries sucn as Cana011n, Cer11an, Italian, le!lanose, Noar (astorncr. 
Arao, or Po I ISh. ~ 

•• 
Black··lncluoes persons wno•l~icated their race as "Black or Negro• or 
roportuCI unlrlos such as African AllOr lean, Afro·&IIIOriC:an,· lllnck 1'ucr1n · 
R lean;· .Jaraa 1can, Niger I an, Vest Ina tan,· or HI 1 11an.. · • 

0 • • 

"'•Crlcan lncJIAn, fskl1110, or Alout··lncludlls persons wno ClaSSiftOO 
llll.'osulvus 1>5 ~u<:h 1n OttO ol lhO ~pccliiC nco cate!)Orios IOCnlllti!CI below 

• I , .·-

&IIIOrtCan lnatan•·lnclUCIQs persons wno Indicated •ne1r .. 
racu u •amartcan lndtln; •· enttrea tne na111, or an lna1an tr 1De, 

. or reported sucll entries IS Canadian lnalan, French·&1110r1can 1na1an, 
or Spannh·Anoortcan Indian. 
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. &mer 1c•n lndtan Tr IDe·~Persons whO laont If leCI 'themsohas as '"'ertcan 
lndtJn were as~eCI to repOrt 11111r enrolleCI or principal trloe. 
Tllerefore, tribal aaia In tabUlitlonf reflect·tt.. writ ton tribal 
entroes rcPDrtlld.on ttwl Q.Jutlo,Uires! SO<OO'of'tllO entr1es (lor·. 

. e•a-.>le, lroq..,ots, Sioux, ColoradO River, and flltneadl represent 
1

- -. rn.t•c~s.or·re:sorv•tions. ~, -·· ...... . 
' ' . ' ' ' . . . 

' Jr·o onlcr .. allc" on triCQ IS based on sell~tcenttfoCalion and thereforo 
'· • coo~ not reflect .... , .Jeslg•l'\ll.m of FeCierally·"or Stalo·recO!)ntzed 

· •·: ·: 1roca. lnloroulton en Aoooru:an Indian trtt>as·-ts presented tn su••••ry 

• 

-~·-- .. ·.· .. , . 
' .• 2 • . -

: . . -...IIPO. loiGs and SP<1C'oal'a.ui pr~u: Ttwl·lnlor!Utlon Is derived lrooo 
"'" .. IN A.wroc.>n .Indian Deta tla<t Tr1bal Clan It tcauon lost lor ttoo 1990 

' . ' . • 
' ' . ' . .,. .. ; ' - ,. _ .~.._~·(' ;.-_Curl~u~., 1NJ _c141f~tf•.cili u.)n·_!'lit· retProsonts •11 ;·u·-lbus. bands, and c1••ns 

:•:·,., .. tt""f .. _!~''·'·-~-_st~!'!~"d-~~r' ~r:aiiOrtcan.tnat•n"S ruport<:tl un thO cun~us ' ; ' . -
' ' .. - . . . - . 
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· :,: .. ls~ono··lnclua.u p~~rsons whO.Indlcated lhelr·race as·"hkoma• or rcporiUd 

,_ .. : t:n!rii!S ~ucn. as· arctic Slope; ln.rptal; and Yuplk•t• 
• ' •• -·' • 1 1•.. " , ·, l '. ... • • 

:1"., ;,, • • ,,,> I ·•_·~.•.•'; ;., ·.•.:;..'!a.· 
' --·-- ~-·. -1 

, .. , ~h:ut•:!ncluUC5 IX!rsons·wro IndiCated thlllr··ract:U .'Aleut• or r~,>Orll!d 
_, '''" OO'Irtes sucn as:AIUJIIq; lge91k, ·anci'PrlbiiiOvlan.-. . ,. ·i 
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·.&stan ur P•c•l .c lslanaer•·locludas persons vhO-reportea In ono ol tno 
, ls•an or Pactloc lslandor groups .listed on tile Q.JGStiOMalro or wno 

: • Prov tuco wr 'I e·. •n rosponsos suclt as. Tnal. IIePa II, or Ton<;•"· 
. . - .... ''~'"!····'•J' ,, ... ~·-· "•. 
.~- .•• ' .... "=--~ • ..... -,·'· .• · .. ·• ;,: .. '" ....... ,__ .• 
-- Otroor Race-·.· Includes· al!. O!her·persons nor'lncluCieCI tn 1110 'Wt)lle,· 

.. · 'Black,' '1ooertcan lnd,.n, ·~stl1110;' or-· &leut;•·.and·tne .·.-., . 
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· - · .. · ~···'·'•Stan or Pac1flc tslandllr" race categories descrltled abOve. 
·;.. .. ., - ~·l:Pursons ,rt:I>Qrtinr) In thO "Ottwlr race~ cate~ry and prOIIIOong 
· ·., _.';;' -.. - ~'''~<rlle·ln.'un~r.i••'sucn.'as -.Jlllraclal;·i.ull.lotiii'IICiiiiUoa,:-lntorracial, 
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criteria ol separateness and dlrtcl 1ccess •r• appl!~d to tne •nteno~c 
occupbnts wllenever posstbla. II that Information cannot oa oota1oeC1, 
tr>e Crt Ioria aro appl ted to the pro11tous occupantS.· · -.. 

• • 
· Both oCCUPied and vacant noustng units are •ncludi:;J' o • II>~: I<W$ong unot 
Inventory, e.cept tllll recroat tonal venlcles, boats ..... .,,~ tents. 
railroad cars, dnd 1110 ltke are tncludOd only If tney aro occuptu~ ·~ 
seorooone•s usual place of rasodonce. vacant 1110011e hOoon aro oncluJ~a 
prc11lded ttley aro 1ntenood lor occupancy on ttwl site wnere 1noy s1•r•1. 
vacant nootlo llDmus on dealers• sales lots, 11 tl\a fac1ory, or on 
slorago yards aro c•Ciuded lr~ tne nouslng Inventory. 

11 100 llvu\9 q.,artof.s conta1n ·~ ur oore pgrsons unre1t~toCI 10 tno 
lleuse•~l~r or Person 1n cllarge Ia total of tO unrelatoa persons I, ''~' 
;oro cla>solocu as group ·~·•rters. If the I ov1ng q.rarters contaon oognl 
ur·fewor person~ unralateo 10 tne tousenolaer or person on cnar~e. tr~,. 
aro class II 100 IS nouslng units. - .. 

' 

Occupied IIUUSII'I!J Unlts··A nous;ng unit Is class1loca as OCCuPtea '' 11 os 
tne usual place ol residence ol tne person or group of persons l•v•ng on 11 
at thO tlma ol c,Umaration, or tl tne occupants art only •~·~rlrtly 
aosont; that. IS, away on v•c•t •on .. If all tno persons star '"'J 1n tr.e uo111 
at thO limO ol tllo census lllve tneor usual place ol resocencu ~~·~w~ro, 
tno unit •• class If led as 11acant. A nousenola lncluacs a II ttwl persons ~roo 
occupy a ttOuslnQ unit u-11101r usual place of reSICIOnco. Br Cleltnotoon, 111e 
count· of occuptu<J IIOu»ln<J units tor tO<l·parcont uwratoun• u ""' >ft""' 
as tne count ol f?JSehOids or nousellOICio_rs. · 

' 

vacant HouSing Units··& noustng unit Is vacant II no one IS l1v1ng 1n 11 at 
tile 1 """ ol eruocratlon,· unless Its occupants are only temporar 1lr •c•un1 
uruts tcnt>Orortly occuPied at 1110 ti"'O of enu..Oratoun'·unttrolr Dr r.cnun• 

· .roo·havo a u•u•l raSICiencG olsewl'lere aro also cUssof ocu as v•cant. · 

Ne~ units not yot oceuptod are class lilt~ as vacant nous1ng un1ts of 
construction nas reacned a point wnere all exterior wtnCIOws ana a~rs 
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Table 15. Land:< Area'_., Populatiall Density: · 199Ct .. , ... .,_...,_ ........ ,.,..... _ _, 
State-' 
eou.tr·· 
County Subclrisloa' 
Place-. ,_ .,. _________ _ 
~~-----·-------1 ...... 1.--------

,.....,. 2. Collie-----·----............. _______ _ 
,.....,. 3 ...... Slalioll-----­

........ cilrlllfJ-----
a. Calott- -----­
c-...-lllfJ -·---
ca.- C])P (lltJI-::==== ,......, .. ....,. ___ 
....... a..-C])P--T ....... 5.,_ _____ _ 

, ....... ~'------
....... cilr CllfJ------Gnlo.- cilr CllfJ ___ _ ...... _.,.J--_ 

, ....... ~~~·-------~C])P(IIt.l-----T ........ I ...... _____ _ 

~C])P(IItJ ==== , ........ 9, """- --
~ C])P (pt.) ··-----
~ C])P IPI.I-------

1 ........ 10. Moio6-----­
- cilr (pt.)-------
~C])P{pr.l.----

T ........ II,,.._,"----··· 1 ........ 12.....,._ ____ _ 

.......... CllfJ-----­
c;a. - C])P CllfJ-~-----T ........ Il,flow .. __ _ 
............. Cllf.l----­
c.-.n cilr (pt.) ------­---llltJ-------~ C])P {pt.) _____ _ 

,...,., c-y ---------­
lioN!* _,... -'------------~ _,... _________ _ 
""" .... _.,... ----------­.............. ---------­sa.,._...---------· 

s..., ... C])P !pl.) -----s......, _.,... _______ _ 
,..,..,..._....., -------1..,..,..------------........... _.,... ________ _ 

......... ~ -----------
~'-Y------­

Oony w. ....... -------c..~~or~y...-. ____ _ 

Gap(ioi ......... · 

~-------­
Ciodo (not ......... ------· --finly (not.........., _____ _ 

~ ""* _.,... -------­-------------
~c....-------------------......,._...,. ___________ _ 

._.... -------------...... _....., ___ ...; ______ _ 

...... 
•r' 

/". ' ,·· 

!. 
. ~ . ·;:". , ... 

--••• 6J7 

1011 213 
2 100 

. ' 3 231 
251 

14 I9S 
:, . ....., .• 3M 

1-
I 296 
• 501 
I 076 
3 007 

19327 
60119 

10 303 
209 

2 567 -
3296 

<lSI 
<1109 

770 
I 066 
9 277 
4 269 

129 
2719 

32797 
21960 

I 320 
4 927 

123 
1646 

2754<1 
3 047 
I 860 

630 
1 162 
• 076 
1 131 
1 023 
I 334 
I S66 
7 <112 
3 186 

9590 
1 205 

<lSI 
3 676 
I 957 
2 134 

666 
767 
691 

s--u... s--_,. -
126179.9 41 71&.1 

I 115.5 01.7 
132.1 51.3 
19.4 30.7 

1.2 .5 
67.1 25.9 
1.7 3.4 
6.5 2.5 
2.1 .I 
5.3 2.0 

96.1 37.1 
6.0 :u 

IP.7 3U 
4.1 11.6 
1.6 3.3 

16.1 6.2 -
53.1 20.5 

170.1 65.9 
6.9 2.7 

90.4 34.9 
6.7 2.6 
4.0 1.5 

73.7 21.5 
7.7 3.0 
1.0 .. 

114.2 .... 
60.<1 23.3 
35.3 13.6 
5.9 2.3 

39.7 15.3 
.I 

2.2 .9 
5.2 2.0 
.I 

674.2 260.3 
122.8 47.4 
IIU 44.2 
46.5 17.9 
66.3 25.6 
68.5 26.5 
6.2 u 

53.1 20.5 
10'1.0 ·42.1 

3.2 1.2 
93.5 36.1 
19.7 7.6 

607.1 234.7 
107.1 .... 
63.3 2U 
90.3 34.9 

6.1 2.<1 
133.1 51.4 
66.1 25.5 
96.6 37.3 
51.2 19.1 

-. 
s--•· -

S1S IJ6.1 ,_., (-'Y --· -----------------_.., _______ _ 
f7.0 251.2 
21.1 SAA 
.0.7 105.2 

"--------------............. _______ _ 
._a-·-----------

215.0 516.0 
m.o· 575.1 

llodl....,_- ... , -------­
s.-Dooik- fllt-1--------s.,.......- .... (pt.)-----

"'i• 167 
I 633 

271 
2 ... 

933 
5 

20 
96 

662 
2 

2 561 ... 
4477 

34 
645 

.51U I 301..5 
·- 676.ct-:: I 757.6 

................... _____ _ 
.... ....,.._(pl.)..;. _____ _ ,., .... I UJ.O 

·2M.5· 6&0 
: CnoMrt ....,...____ -

aM-··-·------.... 121.3 
179.3 ~. .., .. ....,......,,_. -------

~ .... -----33..5· .... , .....,.. ___ _ 
. .01.1 I 039.1 

. ·701.0 I MS.2 
639.9 1661.8 

s.-Dooik- IPIJ-------
S...._. .... c,r.l..__ .... c-t ....... ____ _ 

' ... ,. 125.2 
.1 ............. ___ _ .... c..- ....... _. ___ _ 

36 
IQ 

I 716 
292 

19.3 50.0 
66.4 169.6 
53.2 137.8 

107.5 276.9 
266.5 710.7 
125.9 325..5 
ssu I 4210 
129.0 322 . .5 
24.3 63.0 

so.o 11/JU 
820.<1 2 129.4 
223.7 5n.t 
12<1.1 322.0 

55.9 136.7 
316.5 823.0 

40.9 105.1 
2U 64.3 
16.2 <12.1 
13..5 35.2 
17.5 45.4 
59.5 153.1 

112.4 471.3 
19.3 49.9 
76.5 191.0 

.....,e-ly-------.... ........, _________ _ 
..... ~--:-------­

OooalooWII' ......... ----------­
a..z,.ioity- -----------­........ C])P (pl.)-----------..__......., _______ _ 
IIMrllolld C])P IPI-1-------
Waolingtoll,.. ------­""""" ....... ----------..._ _________ _ 
....... -------------­.,.,.. ....... ------------------------------Waslinglool ............. __________ _ 

............ cilr-----------­

..,. '*-Y ------------------­
(oloreio _...,. ------------­

Colonin- -------------­............ - lllf.l----------­
- Woods ......... -----------_..,HI_...,. __________ _ 
Mitdloll ---------------,..,., --------------..........,_lllf.l--------

42 213 
3 797 

154 
6419 

624 

7 845 
3192 

403 
6 925 
2269 

171 
3 so 

654 
13684 
9 075 

203111 
3428 

139 
II .., 

liM 
2766 
I 209 

419.4:: I 305.0 
205.3 

................. ____ _ 
Kolord ------------------

22 
I 569 

204 
79.3 

. 161.7 . 419.2 
I.Nislaft WooiWt- (pt.). _____ _ 

......... -·-...:---------- I 
. 2" 
I 204 
I 571 
6m .. JS.I IIJ.9 

sa. ... .........., _________ _ 
WhitiS ....... _____ ..:,. _____ _ 

11.3 29.1 ww.or....,.._. --------
7.1. 11.5 AIUwoile ----------------­w""""' -·------------

201 
2 056 
I 737 

717 

.0.7. 105.3 
. 320.1 115.4 ..,.,.... ........... -------------16.0 •1.5 lowislaft ..... - lllf.l------10.1 26.1 

7.9 20.6 
13..5 34.9 .... ~------------------ '21663 

Allllalls·.-.ship ~--········- I 173 

17.0 
.;.2-. ~ ...... --..·------------- 2 2842 - - ------------------ .. 

. 1.9 . 22.9 ................. ---------------· s 362 
161.6. . IIJ9.3 ~ -·-····-····-··· I 821 

. ·· II. I . ; . 21.7 a.--.., ......... ···-·-····-- I 911 
•. •.c 12.0 ;: . 31.1 Oarttcoo-------~-~---·- 739 . 19.1,., '...... c..nemt ......... _.______ 2 035 

153.6.,.:. ·liM.O . hstM>161 ___ ..;... __ ;__ • ~ ... 
• ,._,...... :.c-.f ........ ___ . .. , .. "' 
~< .316 'Calyla..... • • -::-~1M2 

·; : .• :~ ........... -----·· -··---- ,... 390 
. -.£ .: ,.,....(Mk ......,._ .. -· ~---- 711 . . :::: a:=:· . ...::;'.::::::::::::: .. ~ ~ 

51.6 ;133.5 fnodls(Mk ....... _._;_______ . 731 
··~~473.4•d 215.0 ....,___.,.._________ I 611 

::.--: .. ·.·:_~-_~; .. _·-.·-.·~ ........... _ •. _·_~~- ..... :"'- 115 -' .. - . - ' ..... c..a ....... ~:..--· ---~------ 604 
~-.. ,20.1 .. \st.r :r..w....,...~----· ~~----- ~.: <~75 
,..~ •10.1·~ I 21.0 ..... 0111 ........ ____________ ,, '' I 210 

<~,21.1 . : 56A 'WIIiloi Cnol ....... ·-·-···-·- ·" .. I 612 

·,~: .'ro:~ ·:, ;.e::: ~-~ ~----:..:~--- i :50 "' 
.• 32 s l.actwoods hlr .......... -~----- ' ;..10 705 . ' 1.26.! . llaldM .... - ..:.. ___ _;_ ____ ..;. . \ ~ . . 626 

~ .. , Sloo6111w-1Pf.)-~; _____ .· •: .:JJ 

;. . i ~1:! .... ::::.::-::::~-7:::::::: ., 7 = 
. 29.3 ..... - (lt.l ••••• ..:.. ••• ____ _ 
'124.7 tolaod- (pl.) ______ ;________ .. .... ~ ....... --~·--:~..;... _____ _ 
; 33.7 5clllllr er.t --~--;.:;~----· ' 21.7 .. $loalullt ,.,...... _____ ~;_ _______ _ 
. 50.1 ~ --=------..;; _______ _ 
i 10.9 (looaoo .. ..---~-------- •• 

· r. 24.1 . $loalullt- fill.) •••••••••••••• - ' · · 

. ' 415 s..lllf ..... -.c•;; 7U .'~ ........ _::::::::::::: 
., 'r416.11 . ...,....,..,......,.~----- .... · ..• 16.1 c-.lllodl ____________ ..:. 
.... t .5J.2 ... _.:;.;.;. _____ _.__ 

": 1'52.2 cilr ·~--~---.:------.......... ~.'""' __ ._. ________ _ 

639J .. 
50.1 

1.1 
62.0 
2.2 
1.1 
1.6-
3.6 

4.3 
3.0 

11.1 ... -
129A ... 

3.9 
1.7 
.I 

247.0 
19.3 ... 
23.9 .. 

.4 

·' 1A 
11.6 
1.2 

31.3 
.7 

so.o 
1.5 
.7 

•U .t 
41.3 15.9 

1:!··~~ 
2 IC.S .• 127.6 

286,0. 110.4 
.. .3 

<114.1 159.9 2.". .• 
-.\ 

214.2. 
11.3"" 

.7 
476.2 

3.9 
2.1 

434.3 
2.3 

74.6 
1<1.1 

IOU 
7.1 ., 

113.9 
1.5 
.. I 

. 167.7 
.9 

96.0 
·u 

I 111.0 · 699.2 
211.9 .... 
.• 7 '.3 

.7 .J 
101.1 39.0 
113.1 70.7 
171.0. . 66,0 

3.1 1.5 
.. 2 .I 
152.1 . 51.7 

1.3 -- .• .5 

. -'·;:r . · 1.0 

- . : 

170.2· .. · •.·6U 
1614 . .63.1 
392.6 - .. 151.6 
"'·· . .5 5.9 ·--2.3 

265.5 IOU 
5.1 2.0 

. ··<"tt.7 
' .•• 13.3 

., 192.5. ·. 
.. :·· 15.7'" 

.7"·'; 

51.1 
34A 

51U 
40..1 

7IO.a : 
: ·· 27_..,,. n.s 

., "212.7 5a2· 
' 575.7. '-, 343.3 ; 

·•:.14..5·· !73' 
· '511.8 151U. 
... IIA-' 21U 
~··u ·2u 

21U 726.1 
55.0 145 

:. :~613.2 I 591.1 · 

:;<·~ 
,: ·. 201.7 

.2$A.7 ' 
'·'' 401.0 
,.: .. tl.2 

·.-

i.. 

' ' . . .. ~- - .. ·;- )...~ ... :. 
..... ~ .: :.·· 
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Tobie 1 5. land-Area :-~Popalalioe· Deasity:- 1990~Con. ""..,...... .. _ .. ...,. ............. 
~ (-'Y-Coft. . ,_c..- -.llio------------~--­.,. - (prJ·---------------.... s..ma !.abo city --------...... -·---·-----------·---­

talaod- IP!.I ·--------------~ - -.llio--·····----------
~ (owdy ---------------
,...,.. _..... _____________ _ 
~city fllt-1-------------
---""""- (pf.) •• ___ _ 

...... - fllt-1----------,_., c..-_,.,.------------
~ cily fllt-1---------
,_., en.t CDP ··········--·­
llool en.t CDP ·-·-······-··-lllcd.........,._..., .. ______ _ 
llladt -----------­------------s-w- CDP fllt.l --·---·· ....... _,. _________ _ 

,.,.... _.,. ---------------­,......(Ill'----------------­
flat Cnllc ~-----------­
flinch lnlad ~------------Woodfin - lpt_) __________ _ 

::::~::::::=:::== 
AsMoat city fllt.l----------
~ _,.., ·------------­

AsMoat city flltJ-------------
U!mcn """"- 1111.1------
Royol Plnn (Ill'----------------'- Hominot __,. ________ _ 
~ cily flit, _____________ _ ..... (not _,.,. __________ _ 
w_.. ----·····-----­

Sandy Mush -......----------------s-w- __,.., _______________ _ 

~city""-'··--·-·------­
s-w- CDP fllt.l --··-·-··-Uppor ........ __,.., _________ _ 

9260 
66 

I 650 
:m 
242 

2260 

174 121 
71 247 .. 55 519 

:. '. 690 
2 661 
.. 653 

6 
II" 
l.a7 

'IOMI 
5411 

693 
549 

I 070 
65" 
I 830 
3 602 
3940 

75 
2 757 

II "S .. 
16 007 

... 466 
637 

.. .&II 
1760 

245 
9451 
2 107 
I 003 

12 666 
I 297 
2 989 

10 129 

~-

........ -
605.3 

.6 
59.1 

1.7 
1.7 

331.1 

1 699.1 .. 
160.5 

. 74.0 
3.6 
6.6 

7'-1 

·-· 6.1 
146.1 
12.5 
7.2 
1.1 

109.2 
126.0 

16.1 
53.1 
60.2 

1.9 
. 160.7 

175.9 
.2 

17.6 
11.3 
4.2 
7.9 

63.9 
2.2 

109.6 
5.6 

15.7 
127.3 

2.9 
13.0 

ISI.I 

....__ 

~ •l":-.· ~ 

*"- s.-• -s.-... .,.,_. .... 
233.7 15.3 39.6 

• 2 rro.o DJ.O 
22.1 27.9"" 72.4 

.7 134.1 325.7 

.7 142 .• 34$.7 
121.1 6.1 17.6 

656.J loU'~ "'"" 62.0 449. 1149.1 
21.6 751.2 1 Nl.7 
lA 191.7 •. - 492.9 
2.6 403.2 " 1 CID.S 

21.1 62.3 161.6 

1.7 ·. 260.0 672.9 
u 243.1 .. 666.5 

56.7 n.a 191.2 ...... . _. 433 .• " 1 121.1 
2.1 96.3 20.5 
.7 305.0 710 

42.1 9.1 • 25A ..... 51.9 134.7 
u 113.7 295.2 

20.5 . 67.1 175.7 
23.2 65.4 169.1 

.7 39.5 107.1 
62.0 17.2 ..... 5 
67.9 65.1 161.6 

.I 20.0 40.0 
33.1 112.7 473.6 ..... 395.2 I 015.0 
1.6 151.7 391.1 
3.0 559.2 I 472.7 

24.7 137.1 3SU 
. I Ill .• 306.3 

42.3 16.3 223.6 
2.2 376.3 957.7 

33.1 11.7 30.3 
<19.1 99.5 251.0 

1.1 "7.2 I 179.1 
5.0 229.9 597.1 

61.3 61.2 176.7 

.... c-y ____ .:_____________ 75 7" 1 312.5 506.7 57.7 149.5 

Dnal ~~----------- 6 131 30.1 11.6 203.7 521.5 
Dnal- -······-··•····- I 7ol6 U 1.3 513.5 I 30.1 
VGidna--.1-·········--- 36 .2 .I 110.0. 360.0 

tard ~-----·--·------ 14 060 146.3 56.5 96.1 24.1 
CoMely Scmos-·(pt.).......... 261 2.9 1.1 90.0 237.3 
lidary cily 111.1~--~---------- 79 1.9 .7 41.6 112.9 
llldllnlt- ~--"····------- 790 . :s.5 u m.1 .. 1111.1 
tard CDP --~---····---- 2 553 _ 10.1 19 ., 252.1 65U 
Loot V.W - (ptJ ·---···-·- , . 351 .6 .. 2 596.7 I 790.0 ........,_flit_)___________ 226 .9 ... 251.1 565.0 

lDNIS llidgt ~ ···---·----- 659 75.2 29.0 . 1.1 22.7 
,.... ~ ····---·-···--- I 131 106.5 41.1 10.6 27.5 
~ --.. •••••••• ---·-· .I 005 57.5 22.2 139.2 .•• 360.6 

CoooolotScmos- IPI.I---··-· 1 011 6.1 U . 17U . 453..3 
........., Colott- •••••••••••• I 126 5.0 1.9 ZZS.2 ._ 592.6 
Valdno- CDr.) ·-·······--- 3 171 10.7 4.1 '362.. 945.9 
'- Cnllc-....., ·······-··--- 2 079 55.5 2U 37.5 • 97.1 .._fort'-"""'·····-·--------- 2 364 155.3 59.9 15.2 39.5 
Morp!all _,.,. ·-----·------- 24 730 154.6 .59.7 160.0 . .,.., 

....,.._city IPI-1-------·· 13 623 36.6 14.1 372.2 966.2 
Sc*ftCDP •••• ~------- ; ' 2 271 11.3 4.4 :201.0,-_ 516.1 
~ ......... -....... ··' 5 m .. ·.·.· .. _94

5
.! 36

2
_.6
1 

...... 61.5 159.2 

~=-=·=·-·:.:.-_-_- ~ ' ~ ~ -·- -139:5 ., .. ••.9 . ~211.5 .~· ·,553.1 • .... ... 59.0~~ •. 152.7 
Ga.!~'!-"----:----:-:--: ·-~· 563 .-~-: -f1" :::_.:·! .,.234.6: 625.6 
~CifYfpl.)._______ 299 ...... 2•.9 . '.,_-J6 :;.,226..,.27_.,; .. ,'591.,.3.0 

!mat-, (not~··---·--~--- ,, : 665 .. . 1 
1111Por en.t t~ ----~"---·- I 014 . 203.7 11.6 . -~ 5.0 : · 12.9 
~~ppor fort-.....-·------"··-- , ·. 151 61.1 , __ 26.6 .•. 1 1~ ,, 32.0 

c....ic-v:.~--~-.:-~:_..J ;; ~ tl~ .~:.:·~-'- .36u .·:lcM.IJ:_ :m.s 
TOM!IIip I. Horrisburt ·---:..·-- -~. I 110 ·•· •• 110.9 42.1 .. L n.l•>. \ ..,.5 
llarridlur9-"·-----~---· --· .. 1 625 ·-· ••• 5.4- ... 2.1 ·-·•300.9.:·• :m.1 

T ........ 2 ...... T ...... -~---·- ''- .· 11101 .•••.•. 99A •. ;.31A r· ·.111.1<;- i219.J 
Cooaonl city CDr.l ····--~---···-· - 'r · 969 ...... 1.9 . .. '· 3.4 • ··• 101.9"?' •215.0 

·ro=r'O.:.~~-::::::.~~ ,, I :t ...... :u ..... ~:! , 2::::...,. :::f 
TOM!IIip 4. ICamaDoh ....... ~--- '' ~ 30 659 .1&.2 '- 33.3 .. · 355.J.,; ,920.7 

Cooaonl city""-'---·---------~ ;~: .. 2 743 ... - .. u .. ··3.3 . t 322.2. .131.2 
~city(pt.l •••••• ~----· !" 21 220 -.28.9.: ... 11.1 · 73U' 1911;7 
...... T ... CDP(Iol.l ······---- ·'- 116 ·• . ~-2.5. · 1.0 •·· li.&A '716.0 

TOIM!Iip 5. liiW' ~ ·······---- ,. 3 .365 •. , , 61.9 23.9 • .. 54A ,, : 140.1 
• Cooaonl city llol.l ··········----· 112 .I .3 227.5 606.7 
TOMII!Ip 6 . .--............... I 743 65.6 . 25.3 . 26.6 . 61.9 
T-'ip 7, Gold IGI ··-··-·--·- ·~ . 991 :, .... 69..C- 26.1 : .. -.JO · ·Jl.O 
TOMISIIip I. - "-""' ~-----· • • ' 133 • .. 10.1 . 30.9 . 59 I '153.2 
To-=~;::::::=:.-:: :~ •: ~ m ... -J~ ~{ ·, :_3~~ ~ ;~ 
T-'ip 10, Mdaod .............. _ 4 123 .. . 111.0 · --45.6 ·, 34.9 · , tO..& 
T-.llip I I. c:- c-....~-----..: , . I I 922 • 11.9 .. · 30.5 " 151.1 ; • 390.9 

Cooaonl city 1Pt I • ..;. ..... ~ ••••• ~ 6 451 · .•.. -16.5. . U •-' 391.0 . I 001.0 
,_,. 12. '-"4~----·,;." __ . "· ~ 11 002 ......... 21.9 . u ... · nu '· 2 0110.2 

Cooaonlcilylll!l ••••••••• --· : 17002 ...... 21.1 ., .... 1.4 ., ·179.9"' 2024.0 
• :J.• • ~~--.. t ... v' ;···•~·! ; •.~<r 

Colohoof c-y; •• ~--------~------..l :; ~ ~ 709 ~rl 221.6· - 471.7 ,.,, 51.9'' ., 149.9 
C~a~>o_...,... ________ .; _____ .... - uo ~--- ·106.9·· · •u :: ., .. 3.• :. •': 1.1 

......, loctt - Ill! I ; .. ·---~-~ '·';: 1 14 . : • · · ~·:-;7_ .-. -·~ • ".3 ' ·• 20.0 ·:': : _46.7 

suMMARY •roruiAnoN:ANo~ oousiNG-tHARACTERISTics _ 
,. ), ~. -~ 

. . . -~ 
..... 

• X.:_,' 

c.IMI c-tv-C. ....... ---------·····--·--Cai*"•---- (IN. I-.. ...... . ....... -------··---------­
....... cily ""·'·-------------·--~-(pt.). ______________ _ 

...... ------···---·--ltiop c-t.......,_ ______ "·---
'-'*' ..... ~------------
'-"• ...... - lslt-1------c;...o~_._ __________ _ 

....... cily "'·'"-------' Unit--------------
~----------­
~ ftlo ---------­
.......... Oll' ~------·--------llhooltia- (pl.) _________ _ 

~- (llf.l-------
~c-t--... 

IAnaircily(llf.l ....,to- -----..... c......._.. ______ _ 
Cai*'• ........ - (pf.) .. - ----

"""'-- _... -·-------------
lllawilooladt- (pt.) --------- Cnolt __..., _________ _ 

,. .... Voloy """"""'----------

c-Ion ea...,-------------·-­"""'--..hip------·----
. Eizollollo Oy cily ""·'------
SIIioh _..., _____________ _ 

SOUIIt .. """"'""-------------

ear-""'""'--------------·-­
AIIanlic: ----······-····-·· 
8oaulart ~------------··· ........, -----------------­
Cadlr lolonl -..hip-----·-·--·­
o.Ms _....., ----------­
llarbn- ~----------

Harbrs blond CDP ---------­
llc>rtoow ~ ------------··­_......., ~----·-·------­..._ ~ -------·-·----­-- """""'""---------····· 

Albolic ...... -------------·-
£monoid .... - (pt.) --------------...... -------------
............ Oy- -"-------­
... r..ol Silins - ·----------........... _..., ___________ _ 
,.,_, ---·--------­
~---------­
Soa ..... ,.,..,.. ----------
Smynoo --~------Siary ........... ______ _ 

s-~ ------------­
WIW Cal< -.lilt --·-···-·-

C.,.. c.---------­
c.lar Pl:lint ----------
&owald .... - "'·' -------· 

Coswol ea..., --------------·­
Aiodor.- """"'"" -----------­
Oan--.slip------------
~------­......... --~-----
.=~~~---
. ---··--· .............. .:. --S...,c-t ......,. _____ _ 
. ,._,.._.., ______ _ -· ,...,... ________ _ 
~~--"~~-·· __ 
~-........... .;:__. ____ _ 

' c.IMI .......... ______ _ 
: .......,_...., ___ ._.-
. c-... ..... ;~-~.-----. . c-...-·------------­' 0........,..·_~--------. a.-ar,IPI.I"-----

c-c~~yc,e.) ... ' -------•,· MiiMoy cily ...,_, ______ . ---

St~ _._. Oll' (pl.) --------
IIIMoy ......,,~-----------­

Bnlaldald -----------------­
'-cily (pt.1 -----------IIIMoy cily (pt.J _______ _ 

. laot v..- (pt.) ----------V..Qll' •• __:.. ___ _ 
...... ......,Oll'~--...;;._, __ _ 

St: s-..r-Oll' (pt.) ---------........ hilt........, _______ ; __ 
~c-t-.tip _______ _ 

'~ ~-~_::::::::-.:= a.- lily flltJ~.:.. ____ _ 
c-cily .. ,. ___ .;:.. ... __ _ 
......, cily llotJ;.;.· ____ :;.:. ____ _ 
...... - (pt.l~-.;..::; ___ _ 
-:~cily~-------' -· ---

10 .... 
931 

2119 
257 

2 012 
1654 
I 711 

. 11 296 
394 

3357 
7019 
3354 

12 324 
3253 
1219 

412 
2 076 

II 941 
6 916 

924 
5 912 
I 097 
2534 

3D 
57 

I 231 

5 904 
2 016 

29 
tnt 
2 017 

.. . 

!Mil-· ..,_,._. 

4.1 IU . 21U 559.7 
2.4 .9 390.1 I 042.2 
8.1 3.1 ····M.O·t··· 909.4 

5:; 2i ' =::~ I::~ 
112.0 43.2 . ·' ••.• 38.3 
87.7 . 33:9' 19.5 • 50.5 

126.9 '49.0 · ·· 1...._, : ln.• 
1.3 · .5 lOU · 111.0 

11.6 -- •' 7 r -, 1111.s . 466.3 
•. 17.2 . '6.6 ._,,-........ 1 063.5 
. 142.2- . 55.3 . 23.4'" 60.7 
106.7-- .. "41.2 . ·"115.5- 299.1 

1.5 3.3 ; 312.7"1 915.1 -
9.6 • .- . ·17 - 127.0·•· 329.5 
1.0 . ' ...... ". 412.0 1 030.0 
7.7 '10 "' ,... .. . 692.0 

tu · · 34;4 "::"·IH.I - . m.o 
17.1·. 6.6 . 0.4·!. 1 047.9 
19.9·-- . su ·. --·10-3 26.6 
40.2 . 15.5 . < 1.&1.1"'. 311.4 
4.2 ., ·~!-61 •. . 261.2 615.6 

93.6 - 27.1 . . 70.2 
.3 t'.l 100.0 300.0 

46.9- 1 .. , 1.2 3.1 
125.3 ....... 9.1 . 25.4 

623.4 
140.2 

.I 
179.3 
303.9 

240.7 ·' . ·9.5 
5u· -. 14.9 

., 290.0 .. , 
69.2 .,.. . 9.7 

117.3 •. 6.9 

24.5 
31.6 

25.0 
17.1 

52 556 I 376.3 531 . .& -31.2 91.9 
801 31.0 12.0 26.1 67.3 

7 563 101.1 39.3 . : 7U 192.4 
3 801 4.5 1.7 ' 146.2 2 240.0 

316 sa.5 22.6 5.• 1•.o 
459 165.1 . 63.7 ., . 2.1. 7.2 

I 761 29.5 IIA .. , 59.7" 154.5 
I 759 6.6 2.5. 266.5 .. 703.6 
1 on 67.5 26.1 ... 15.9 41.1 

565 . 3.7 .... ·-,. .. -152.7 .• 403.6 
469 173.7 67.1 - 2.7 . 7.0 

21 136 94.4 36.5 ... 231.3 . 591.2 
I 931 6.0 2.3 . •.: 323.0 • 142.6 

129 .7 _.l · ., IIU •· 430.0 
153 1.3 .5 '• . 117.7 306.0 

6 Q.t6 6.1 2.6 .. --·- 2 325.4 
1 360 5.9 u .. :.ms 591.3 
7 112 tn.7 66.7 41.2 106.6 
2 516 5.0 1.9 .. .,. 503.2....,1.324.2 

521 ~u -i~! · ::.::11.1 .5.7 
651 56.9 . 22.0 , .. 11A : . 29.6 
264 39.6 15.3 ·-·6.7" 17.3 

2 115 95.4 36.1 • 22.2 .. 57.5 
7 a.. 241A 93.2 ' .. 29.2.:~ 75.6 
1 001 5.5 . ' 2.1 ..;. 113.3 1 410.0 

621 4.9 - 't.9 /., 121.2. l30.5 
2 30S 12.9 . 5.0 111.7 461.0 

20 693 1 102.6 · .a25.T ·; tt.l · · .au 
2 119 130.6 . 50.4 . . '16.1 43.4 

~ ru :m -~:..~.::: :;,,~u: ~:1 
I 311 111.1.-----4$.9 -.> "11.1 '; 21.7 
1 903 116.2 . ' ~ ...... 9. ... v"'tu ' .au 
2 4SI •. ,,._. :~· ., . .._. :t' ... '.tt.A ; ·50.2 

115 , ... .-;,:;:.:::-;;t ~~!?ru:~ ·6~:: .. 
~ = ... 116.1. ' • '4$.1 ' > 21.9 . 56.1 
3 04 114.9 ........... :·~: 26:5 : 61.6 
I m IU · _ .• ':'!-.1 ;~!16.1 Gl.2 

Ill 412 • 'I 036.0 :· • • ·iiiJ'Ji I :•i JO~.l' . 296.0 · 
3 343 '112.9 ..... 43.6 """.".29.6.;:. ·. 76.7 
s 452 . 92.4"~' '35.7 ..-.:'"59.0 ..•• 152.7 .. 

557 1.9 . .1 ..... -~~·;,. :795.7 . -. 
6 465 "131.5 ·--·:.50.1' ~.-;; .. .2 ·~~- 127.3 

467 .. 3 .• ---'. 1.2 • "150.6~; . '319.2 ' 
16 074 156.2 . ·- .. ·:.o.J ;.-, IO:Z.f·{·' 266.6 •. 

910 4.6- •• 1.1 '-'·_:'"213.0:, .. S.....4-' 
I 033 . 3.1 -. .. • :1.2 ~ . 333.2; · . 160.1> 

113 ..•. 2.4 •••• ., .. 9 :-" -;70.:.- 203.3· .. 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

·· 2 526 --- 11·· ""·~r.o· '·•~m~-~-- . ...,o ·•· 
52 m lt&:s .• ·: ... 2. ''..':;:299:o; ·· m:9 ·-·. · 

451 .... ,.,.1 .- ~322.1 . 902.0 I 27 ~ .. a- ::. ·,jJ .:· ~~1 i d~~ 
, 2 111 5.1 .... ·~z.o :~56u'-- 1 435.5 

3 697 12.1"- ·-·4.7 ···!OS.s·::_ 116.6 
4 299 -. . . U.S - ""'.•':-.s:2' r::-· !IIA" • . 126.7" 
6 201 " 11.0 ..• ''6.9 ::,....,9;;.• 199.7 

' , ... . 105.1' . --·.ao.6 .... 33.3, ' 16.2' 
........ '"'110.0 ··:45· ~:~:. 117.3 

< ~ ~~ -.r:~ ... :·~~~ ~t~E · . :;:~ -
4 33i :::::.:u;;:,:~::?.;;'i. '~Y:u3:;>: 'w.i: 

.I 
• ···-- ... ·. ;,· - .~~ l .. "163.1·' 4900 .. 

2 o~ · ~--::il ·;··:· "~j: '":.310..6> '"':5- · ···_.I ' '* .. -~.;~~ ... 21,1.::-.":~.e-.t_ .. ~:-~9::•••-6-< 

t~~~~-' .NORTI:tr:~; 239~' · 
,.;_ 

.''.:. ... _( 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
] 

Table 15. ,,., ......... _ ... ...,.. ......... _ ..... 
State-­
CCMdy• 
Couaty Subclthha· 
Plea 

~ c_., --------------­.... -- --------------­WIIoio-- ---------­... ""'- _....., ---------------c...,__,. ___________ _ 
c- __,._ ___________ _ 

l'lllllloro ---------------­
c;..,-- -------"-----

Goldslalt ------------­
Jbloot .......... -------..... _ _....., ----Jtilry ........... ___ _ _....,........., _____ _ 

Sllr O't- ------!low .... _....., _______ _ 
Oallloo' .......,. ____ _ _....,. _________ _ 
~ (I)P _________ _ 

a-uo '-'Y-------._............,. _________ _ 
Hot- ...... --------.,..,_.,.. _____ _ 

Murplly - -----------­............ ------------
~ ""'- ...... ---------
Yaloy ,_ ...... ---------.-....... -----------

a- (WilY-"------------­
,_,..,I.~--------

fdono<llo- (pl.) --------­
,......., 2. Midclt--------­
,_.., 3.""""' ---------­,_,., '· , ...... ----------
~- IPI-1---------

Qoy '-Y--------------._ _,.,. _______ _ 
....,... --------------.......... ---------------­........ _,.,. ---------­
Shooliog CIMl .......... ----------s-o.--., _____ _ ,.....,.. .......,. ____________ _ 

CIMianll """"'----------­
TCIWIIIIip t.---··----· ,_,., 2 ...... Spriogo ______ _ 

..... Spriogo- --· -----sw., Otr (pl.)------

T ........ 3. llippyl----······­
&11- ------------­
,.._,_ Spriogo- --------­
sw., Otr (pl.) -----------r--•.llinvs.......,--------
"---------------llinvs ...... cily IPI-1---------

T_,., S. w.lit --··---
Waat------------­

,_.., 6. 5llolbp ---------------­
llght Oat (I)P ---------------­

. Sllolby ~ Cpl.) --------------,_.., 7. Sandy- ... ____________ _ 

...,._..-(pl.) -------._.._ ---------­
_..... cily ----------

, ....... I. l'alhlo------. ~-·-1-------· -· 
...... Otr --------,........,,, DMII.,. ___ _ 
........,_(pi_) __ .----­

hlofon -- ---­
~---------,_,., 10. """Cnot ·-------......... - "'J~------­. ,........, "·c-..;. __ .----·-
'--------------

~c..., ___ ....:::.. •••• ~..:.---... _,.., ______________ :..., 
LaU w--"'J--------~a~~oo~--... ______________ _ 

....... -------------­.... -------------~---c... Gonlo _,. _______ _ 

c... Gonlo- ·-------­
Cialoouno ...... ---------­
~- -----------­"*llluff ...... -----------"*llluff- -----------

&.. ...... ·--------..._ ...... ----------
Saulll ............... -------~----

Tabar (loy - ·-·--··-·· 
, _ _,., _________ _ - ------· -------.... .._-lftJ------
Woldl (Jwlr. _,...:.-·---·-

Wntlno ~ fiMnllli!J--~----
~fiMnllli!J------·­.._.. ---------­-....Dir--------__ _..,. ______ _ 

240 · . Nomr'CAiOi.IM~ -

• 759 
2 IC9 
'511 
3 221 
I CMI 
case 
IG 
!013 

299 
I Mf 
I 011 
I c• 
9«16 
eiOI 
I 7l2 ,. 
• 2" 
' 101 

211 uo 
635 
9111 

I 215 
1 575 
26C9 
I 571 
6 192 
2 SSI 

13511' 
7CO 
5 201 
3 017 
I !36 
I 1116 

67 

7155 
I 296 
2732 

m 
9SC 

I 071 
6C6 ... 

.. 71C 
691 

6060 
2 ccs 

7 
'7 710 

230 
'690 

17 611 
516 

1007 
6561 
' 3211 

291112 
1.339 

IC662 
SOil ... 

113 
29C 

21CS .. ,. 
. uw 

. : .e ts6 
' ':1117 .... 

573 
... , I til 
.• -l2C 
\;l6CS 
. 321 

:., 517 
2 975 . -
1 599 

• 531 
. '2 !57 
• "I til 
; 227 

5693 
21105 
I t31 

-I 061 
271C 

·3 739 
em 
2 S30 
3127 
I tc6 

9SC 
! I.., 
; ' ,197 
1 102116 
t~ . .:-
;.~= 

1769.2 613.1 
136.2 . 52.6 
117.2 45.2 
212.1 12.2 
129.1 ... I 
161.5. 65.1 

6.3 2 .• 
1 •. 9 n.9 

2.G .I 
120.1 ... 6 

5C.6 21.1 ,.., .. 61.9 
1'1'5.3 67.7 
12.0 C.6 

IOU .. ·c.o 
n.J 27.9 

129.6 so.o 
5.7 2.2 

1 179.0 CSS.2 
226.2. 17.3 
67.2 25.9 

3C9.6 135.0 
5.9 u 

lOS. I «1.6 
111.3 711.0 
2 .... 96A 

1.2 3.2 
.C7.1. 1n.6 
116.. •s.o 

9.3 3.6 ...... s5.1 
17.9 33.9 .... 31.0 
3.5 ... 

556.1 214.7 
62.2' 24.0 
10.3 . 31.0 

1.0 .. 
!1.3 12.1 

1n.6· 68.6 
.W.2· 17.1 

1.0.6 .. 62.0 

I 202.7 .... l 
.c.s. 17.2 

106.1 . cu 
9.2 3.5 

.9 .3 
97.1' 37.1 
2.1- ' .. .I 
2.7' . 1.0 
.I... .I 

16U·-" '63.5 
2.2. .9 

1•.3 u 
112.7 0.5 

2.1 •• 
IMI.O 61.1 

3.9 1.5 
21.7 ... 

106.9 -· •1.3 
3.5 1.• 
2.0- .. 
•. 6 .... -1.1 

127.7 :_ .. .,, 

. Jg;:." --::ro:1 
115.2 .·:···- '.w.s 
JJ.s' ,C' . ; "5.2 

· s.6·: ·.··~-u 
..... ·-- 7 
··n.1 ··'·"'as 

II.• ,-:;:·-· 7.1 
. n.o ··:-.. 35.9 
. ·: u ·--- 1.7 

21.9 56.7 
15.1 40.9 
3U". 1110.0 
15.1 39.2 
1.1 21.0 

21.1 7 •. 6 
227.9 . 591.3 
IU C2.3 

leU S7U 

1::: _. ~ 
U D.l 

.:~- 'I:.::; 
IU CU 
111' ,.,0 
32.1 15.0 

193.2 soo.s 
17.1 
2.1 

13.5 
23.5 

,266.9 
25.2 
1.7 

:M.I 
311.1 

30.2 
6C.O 

559.2 
'20.9 

15.2 
17.3 
19.1 

12.9 
20.1 
JC.o· 

m.o 
30.S 
6.1 

IC.6 
2.1 

.. , 
7.3 

SS.I 
.0.9 

. au 
65.2 
::r::r.e 
6C.2 

797.2 

71.3 
165.5 

I..W.7 
SC.I 
39A 
.C.9 
•7.9 

33.3 
sc.o 
18.1 

697.5 
71.1 
15.7 
37.1 

7.2 

71l.C 112.5 
15.5 «1.2 
SU IC7.1 

265.1 ' 691.6 
7.1 • D.l 

71.1-· 201.0 
109.5 , __ . 217.5 

'255.6 r' 690.0 

. " 107.1 ·;· 277.3 
23U 57U 
5St.t -· 455.1 51.3 .• 151.0 
152.4 ·.· ', CIIO.O 
115.6 . ' ao.6 
34.3 ' ,.. 192.7 
675.7 • I 7CS.S 
C6.9 ·J2J.C 

2CI.O ,. 620.0 
9l.S .• ' 221.1 

.• ; 61.9 , ___ '163.3 

22.3. 57.7 
. ..o >< . ': 2211.0 

:,·-~ru-~:··. ~~1 
. a9 .•. DU 

~.31U .· .. ,111.6 
~ .. ~ •. 2U ~ .... ') 67.1 

. , 17.6 -n .,,CS.6 
: .. ,ru ..... :cs.1 

76.! . 192.9 

2o.c"'-' --u.t 
11.3'' jC. 2f,3 

- .. ,.;.J·•~ -

·, 

c.-~--------------­
,......,.I~--------------------~2-------

a.w..---------­' .T ....... 3~--------·· . C..Cily---===== ' DIMr--
:~s ., ......... ::::.:::::.::.:.::.: ....... ., 

......... (I)P __ ,,......,7 
--O'tOIP------
~·-----------­llowln*r----........ ______ _ ,,..,.. .... ____ _ 
~9------­
~ Cautlly __ . ------a-o.........,. _____ _ .......... .......,. _______ _ 

,... - .,.J -------­
G*io ----------c.-s ""'-_....., _____ _ 

' ,.._,., {pr.l-----­
hrt ..... (I)P (pl.l-----·-
aw. ------------

c.-"'"" .......... -----
......... cily (prJ------S....-----------­
"-* (I)P "'·'·-----------

"- Cnot towoolip --------,.,..,....., (pl.l-----r.-_....., ______ _ 
~Cill'---------
,.,..,... cily fpl.l------

' "-* (I)P "'·'·-------­
Wodt --------------Grays "'"" _,. _;... _____ _ Mane!.- towoolip ____________ _ 

hrt .... (I)P fpl.l---------­
..... Nt (I)P ----------­
s.n. .... -----------

...._ Miii-.Hp --------­
......... cily (pl.l---------
.... Mill- IPIJ ------· ................. _________ _ 
... Mill-(prJ----­
~ ........ ------...... O..Cill'---"----

,.,..,...cily IPI-1------
hrt .... (I)P (piJ ----------

c...-.W c-y -·----------
Ctawfn _....., ---------. ,............,.. ________ _ ,_...,.........,...., _____ _ :...,.. .......... ____ _ 

0.. c..,-~---------. Nbolit_...., _______ _ 
.. DDM .. -------

' . Dlyltlwk ---------
;,:·~~-------.Q.-........ _____ _ 

.. ,., ............. ~.;.·=· === ~-- .......... -=' ................. _. ------· = .............. -. . ;_ _' ________ ...:.,_ 

. .. """ .... --------­' w--..OJP_·---------
~-=-c:r';· f'; ===== :: ·, .......... .., .,._, ______ _ : ,._,......,. _____ _ 
; .... ........, ______ _ 
... ..._Cill'.,..l-----._ ........ ______ _ 
~-- c-.118 ........ "--------l.aiiiiiM., .,. .. ____ _ 
.. eon. c.- ........... ===== ~-·~~--J- . . r.-.....,.. _______ _ 

. .,... ----~------.................. ________ _ 
' ..... fllriol.......,. ___ _ 

~------..------~ ......... _....; ____ _ 
;, , ......... ,., tptJ .;. _____ .,:..._ 

- .. ..._ (I)P ..,._, ----------

' ............... ---------" ..... (I)P ..,._,. ________ _ '"""'"" ......, ______ _ 
~ ': .... (I)P .,.J -----·--
~- sa-• ......... -'------:-• . .---. ........ .:... _______ _ 
~;, .......... ,., ,_, ______ _ 
::. ~~-··----:-·-
" r,..r ••· -----. Ydioc.lott.....,_:;;;_ __ _ 

. ·~ .. ··: '1.' 
...... 

·-II 613 
5931 

"' 6 371 
CS3 

3C27 
.. 7 
CSI 

2635 
25 112 
202M 
1 110 
6171 
•m am 

17163 
20 
2366 
2., 

27• 566 
I SCI 
2 511 

216 
n 

19200 
3118 

110 
9C22 
1 552 

577 
315 

"7 .. 
"7 .. 
9QI 
I 20 

'" ~ 231 
C719 

35 !29 
201CI 
2157 
7 s::r• 

12m 
m 

32 717 
I IIC 

10 611 
3193 
2 797 

13 903 

13736 
'936 
I 139 
3 091 
45111 

22 7 .. 
10 371 
em 
I t37 
ICO 

110 
139 

2SIC 
. I 230 
J'SlS 

991 
1131 1., 

126 677 
6215 
. .ca -6CIIO 

ll 
3313 
• 076 

'7 311 
292 • 

6331 
. I 292 

"' 166C 
. 7911 
290 
"219 
3 009 

. 9197 
llS 

!563 
t ~ •. ,.:,­
.e6SI ,. 
···o 
15tiS 
6 376 
''619 

"""y,~ ·,, ' ~-, . '-'~- .._ .. ~. , •.. 
., 

,I · .. :~'! 
s.-u. s-.. s-..• s... -· ... ........ ... 

I IOU 695.6 45.3 ·-. 117.S 
011.7 166.3 111 •,,., 35.7 

••• 1.7 . - 215.0 _ • .,.: .· S56.S 
211.7 11.7 ·• , :111.1·--· •. 71.0 

.9 .3 SD:J:J'"' I 510.0 
253.2 97.1 - tJ.S-·· 35.0 

1.5 .6 ·Jlu-·;. 12u 
2.5 ,9 IIOA•<•·- · SOI.I 

155.9 .0.2 16.91'-~· . ·4.1 
M.9" IJ.U . n.o "'''-"·116A 
31.5·- W.9 •. .. SJl.• '"'- I IMI.J 
7.7 10 I.W.2 llQ.O 

13.5 32.2 , .. 12A' .... 2116 
IU •. I ... :MS.I -~·- lti.S 

135.6 52 •• ··"'21U · '" se.s-
26.5 10.2 .. 655.2 -.. I JQU 
6.6 2.5 J64.1,..C·; .• 9612 
C.6 .. 1.1 .. SIU 'I SUA 

112.0 'JO.J ' 11S "'"'lSJI . - ... , 
1691.6 653.1 I&U--•· QIA 

207.1 10.2 7.C ' ••. lt.2 
95.5 • 36.9 26.3."'-'····"-0 
l.O ~- 11 

n.o ,. ••. , .... 
.6 121.3 <·•··' li5..D 

212.1 •.• 1.9 .. , 90.5 .... , • 23oi.A 
u l.S '131.9- 2•125.3 

.1 _ .. •:.'r.·,·- -
1.3 .5 lli.S ,... .. :NO.O 

252.1 97.3 l7A·"'~·· 96.1 
u 1.7 J.o.9" tl2.t 
3.2 1.2 110.3 •. CIO.I 
C.2 1.6 ti.J·· -'· 2-t0.6 

91.9 35.5 726.3 '··I 110.2 
91.9 35.5 nu - ·-1 110.2 .. 

231.1 19.2 AD.I ~~ •IOU 
7.1 3.0 IStA• · .. •1u 

.7 .3 .. , .... '2 OQ.3 
5.7 2.2 .-•--139.3 ~ ... 3111.9 . 
2.5 1.0 95.2 231.0 

117.C 45.3 «1.1 ~: 105.7 
152..3 51.1 232.0'"·' 400.1 
30 .• 11.7 615.6''' 'I 711.3 
7.6 2.9 375.9 "/ . 915.2 
7.1 3.0 t6u····2 sou 

36.5 IC.I · 336.2 ·-·~m .. 
.6 .2 I 321.7 '~ !'965.0 " . ';• ..... 

14.0 55.2 '::ra.i "'' ·. Sf2.7 
11.1 c.s 693.6 .-•.. , 111.7 

151.7 51.6 · SllA "'I 375.7 
7.9 .• !.0 ' -· C92.1 _, '1 7f7.1 
3.7 I.e ·. ·n5.9 1•'1'997.9 

11.1 7.3 ': --~-!-:~,I.JOU· 
6n.l 261.7 . 20.s~~-.... ·s::r.s 
::r::ru 16.6 22.0 57.0 
10.9 31.2 IC.I ·36.5 

17C.I 67.2 . '"'17.1 -:. ..... ...., 
1985 76.6 · n.o--·~·· '59.7 

'"-~· 
.. ~ ... -. ";-

988.5 · 311.7 •· r '23.0 ~- · St.i 
6C.2 24.1 161.7 ' •• Cli.S 
I U 5.5 ' 291.5 ·' 770.5 
21.2 1.2 91A ... 236.2 
10.3 c.o ·' ~-· 1«1.5 ,., 361.1 

•11.7 151.9 •• ""''2.1 "'!;•-:· 5.5 
3CC.6 •··- lll.O .,.- .c ""'"~' 1.11 
Cl.7 .. · ' IU " -~·62.0· ''"'"1*1.5 
39.9 • ... · 15.e ~~ ~3111.1~,;""'''79.9 
IC.6"'""'llA ~-'.."17.0 ['''225.6: c.o ---.. · u .,_, ·w.1 ~ ._.., .. M0.7 
16.C · · 6.3 ' :· 112.1 '· .• ,·> 291.7 
12.1 C.7 : . _1_1~.0. ·.'..-:'~~-' · 

I C30.3 ., .. 552.2 
71.1 ... - 30.2 

.5. .. . .2 
61.1 ..... 23.9 
su --··21.0 

1.1 .. A 
11.8.. 33.9 

1ou · ·no 
.3 · · ·.I 

. 941 36.6 
so . l.t 

136 0 ... 52.5 
3.5 · 1.• 

17.1 . 69 
91.1 ' 35.2' 
62 I :M.O 

IC24 .. 55.0 
251 • ·• to.O 
171 ····9 
•. c ·J.U 
26 . 1.0 

53 7 20.7 
· l .... ·.I 
122-"" 31.7 

. 1"5. 6C.J ; . s ....... .2 
261 ... 10 I• 
9C3 •·-··36.C 
127 -· C.9 

.·,,:,.;:/, 
. .. · 



Table 15. land Atea:cnf,populallaii,Deaity:' 1990~Con. 
,,..~ .. --........ .,.... ...... 

l)aoit c-y __________________ _ 

"*""*' _...... ---·------------­
(JartJwilo ............ ~--··------------­,..,...._ _..., --------------r.Aiall -.hip:_ __________________ _ 

........ ---·------------
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2613' 
255' 
7 156 

·24 
103 755 
102919 
32324 
14M! 
7, 

26 976 
1114 
56M .... 
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Tobie 16. land Area and-Population Density:" 1990 
,,., ..--.,_ ........... "' ,.,..., -'""" 
State. 
(ouftty 
Place .I [In Selected 
·States) County 
Subcfiyision 

nos- ••••••.•••••.•••.•. 

coum 
~c.nv----················· ,__c.-.,······-············· 
,.,.., c-y --·········-········ 
,_c-y •··•············••···•·· 
#MCGUOIY ·-············-········ ,_,., """"" ·······················. ......,c.-.,·-··················· ..... """"" ··-···················· ....... """""··········--········ 
~""""" ·······-·····--··· 
.......... """""······-·····--·· ..... c-J--·······-·-·-······ 
(lMmll '-Y --------·········· "*"""" """""·-···················· c..-~·-···-········-·-·· 
c.- c.nv -·······-~---···-···· 
(aswoll (.wily ·-···················· 
(Jotwbo c.nv -···················· 
(loalharlo""""" -·················-· 
(honlbe """""·-······-··········· 

o-c-r---·····-············· (loy Couloly_ •••••••••••••••••••••••• 

(lrwlaood c-v -··-················ 
~ c-v ··-·-······-······· 
c.- Couloly ·················-····· 
(ltrnborbod c-v ······-············ 
(urfiluck (.wily ········-···-········ 
Don (.wily -·····-··············­
J)Dwidlan c-v -·-···-··-···-···· 
DcMI C"""Y---·-·········-······· 
Ooclio (.wily -······-·········-··· ~(.wily ••••••.•••...••.••••.•• 
E4goallobo tounty ···--··-······-····· 
Fanyftl tounty ••••••••••••••••••••••• 
r.aotin tounty ···---·······-······ 
GaPcn """""························ 
"""" CAunly ·-···············-···· 
~ Ceunlv--·-·················· 
~ """"" ·····-·······-······ "-C"""Y--··-··-·····-····· 
~ """""-···-'-·······-·-···· 
Haifa Ceunlv--····-··"········· 
IWIIItt c-y -·····-··· ·······-·· 
liiP/WOOd c.nv ···--··········-·· 
.......... c.nv ··········--···-· llortfonl tounty ___________________ _ 

llob tounty •••••••••••••• ••••••••••• 
Hyde tounty ••••••••••••••••••••••••• 
..... CAunly •••••••••••••••••••••••• w- (.wily-············--···--
~ tounty ..................... . -(.wily •....••.....•.•..••.•..•• 
lM CAunly ......................... . 

lloair c-v ·······-················ 
lftDio (ooody ~-············-····--
Mcii!IMI CAunly ···········-··-······ -"""""-·-······-··-··-··· ....... c-y _._ _____________ _ 

...... (.wily········-···-····-· 
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Slaolot CliUI'IY ....................... . 
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Sony (ounly ......... ···--········-· 
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. 23 474 
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75 744 
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: 70 709 
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31 759 
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7 ISS 

.. 714 
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II 613 
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56 sse 
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14 433 
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59 013 
76 6n 
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20 791 
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93 851 
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30110 
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44 518 

IDS 179 
16 064 

110 60S 

56 911 
~7 297 
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Sl 765 
37m 
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II 261 
25 520 
3856 

.. 211 

126 179.9 41 71LI 

I 115.5 430.7 
. 674.2 2#1J.3 

.. . #IJ7 .I . . 234.7 
I 376.9 . 531.6 
I. 103.8 426.2 

639.1 - 247.0 
2 143.5 827.6 
I 111.0 699.2 
2 266.3 .... 875.0 
2 214.2 854.9 

I 699.8 656.3 
I 312.5 506.7 

943.9 .36U 
I 221.6 . 471.7 

623.4 240.7 
I 376.3 531.4 
I 102.6 425.7 
I 036.0 400.0 
I 769.2 683.1 
I 179.0 ~55.2 

447.1 
556.1 

I 202.7 
2 426.4 
I 101.5 
I 691.6 

6n.8 
91111.5 

I 430.3 
616.9 

2 118.2 
752.7 

I 308.1 
I 061.0 
I 273.2 

923.4 
812.2 
756.5 

I 375.7 
llll7.S 

172.6 
214.7 
464.3 
936.1 
695.6 
653.1 
261.7 
311.7 
552.2 
265.2 

817.1 
290.6 
SOS.I 
409.7 
491.6 
356.5 
340.6 
292.1 
531.2 
265.4 

I 683.1 650.1 
I 871.9 .. 725.4 
I 541.2 · · 595.0 
I 434.6 553.9 

961.3 .. 373.8 
916.0 353.7 

I 013.3 · 391.2 '• 
1 587.2 . . 612.1 
I 487.7 · 57~.4 

. . I 270.6 490.6 

2 051.2 792.0 
I 225.9 473.3 

666.4 257.3 
I 035.7 399.9 

773.9 2981 
I 144.0 441.7 
I 337.6- 516.5 
1-164.1 .. 449.4 
I 191.1 :· · 462.6 
I 366.0 _.; · ·· 527.4 

573.6 221.5 
I 271.8 491.1 
I 109.8 . , 691.8 
' 399.• . 540.3 

515.3 191.9 
1 311.6 536.1 
I 916.2 716.9 
I 035.5 399.8 

872.7 336.9 
587.7 nu 

2 255.2 170.7 
640.2 247.2 

I 016.2 392.3 
I 617.7 651.6 

616.0 237.8 
2 039.5 717.5 
I 227.8 474.0 
2 457.7 941.9 
I 467.2 566.5 
I 324.5 511.4 

I 461.3 564.2 
2 441.9 9~5.5 

126.6 319.2 
I 023.3 395.1 
I 170.3 ' 451.9 
I 389.7-c 5366 
I 367.9 '· 521.1 

979.9• 371.4 
I 009.9 '' - 389.9 
I_ 650.9"':• . 637.4 

SUMMARY POPUlATION •AND iHOUSING ·CHARAcrERisnCS 

su 

97.0 
40.9 
15.1 
17.0 
20.1 
23.2 
19.7 
11.3 
12.6 
23.0 

102.1 
57.7 

104.1 
57.9 
9.5 

31.2. 
IU 

IIU 
21.9 
17.1 

30.2 
12.9 
70.4 
20 .• 
45.3 

162.3 
20.3 
23.0 
18.6 
40.6 

11.9 
. 241.6 

43.2 
2506 
. 28.6 
119.6 

10.5 
9.5 

27.9 
22.4 

206.3 
29.5 
44.0 
32.7'. 
71.6 
24.6' 
22.6. 
3.~ 

62.5 
21.1 

396 
7.7 

62.1 
55.3 
65.0 
31.2 
17.6 
14.6 
20.9 

37U 

25.2 
18.4 
32.6 
54.1 

23U 
15.0 
75.4 
906 
130 
53.3 

12.1 
163 
29.7 
639 
234 
522 
36 3 
421 
58.7 
135 

:I'D 
193 
40.! 
506 
311 
444 
12 

260 
38 

510 

134.1 

251.2 
105.8 
40.9 
44.2 
52.1 
#IJ.2 
51.1 
29.2 
32.1 
59.6 

216.4 
149.5 
211.5 
149.9 
24.5 
98.9 
48.6 

296.0 
56.7 
44.3 

71.3 
33.3 

112.5 
52.9 

117.3 
420.4 

52.5 
59.6 

229.4 
105.0 

41.9 
625.7 
112.0 
649.0 

74.1 
491.1 

27.3 
24.6 
72.2 
58.0 

534.4 
76.5 

114.0 
... 7 

115.4 
63.7 
58.4 
8.1 

161.8 
54.7 

102.7 
19.9 

160.1 
143.2 
161.4 
10.1 
45.5 
37.7 
54.2 

969.7 

65.2 
47.5 
... 4 

141.9 
#IJU 
31.1 

195 .• 
234.7 
33.1 

137.9 

33.1 
42.3 
76.9 

165.6 
#IJ.6 

135.3 
93.9 

110.1 
151.9 
216.3 

100.9 
50.0 

105.7 
131.0 
12.4 

115.0 
21.3 
67.~ 
9.9 

132.1 
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w..._ c-.··-··-········-··· w.w- c-.----·······-~----­--c-. ... --··············· -c-.-·-··-·······--···· , ... c-..----·············· ,_c- -····················· 
PlACE A11D COUNIY IUIDIVIsal · ....._-.Moen CGU01Y ········­
AAa~Wa- """"'"''- -········ ~ ...... ~(llunty ____ _ 

~city. $laNy c-y ·······-·· 
Alnlftllr ... -· ~ (ounly •••• 
Alliaoa - ....... c--, ······-··· ljt~ I' I ~craP. Abnanca (OUIIIy •• 

,.,._ - CoMbe (llunty ····-··-,..--c--, _________ _ 

,_,.. -· .-.- Coo""Y ·········-· ~-w.uc-y_ •.••••••••••• 
,.....-.l'llolli<oCaotty •••••••••• 
,.,..... city·-·-·--·········--~(GUOIY ... _______________ _ 

~ (auoly -·······-······· 
Alingloll -· Ydlo (llunty ••••••••••• 
Aslllllonl city, llandolph (ooody ·········­
AshoWit city, ........... (llunty ····----­
~- lcrlil tounty ••••••••••• 
Aft'--· ...... c-y-·····-·· - .... -. ~ (llunty _____ _ ...... -. ..... ~---·······­
"""" -- ........., (IIUI'IY •••••••••••• 
~ -· ~ tounty ••••••••• 
A_, Cnok (])!', ............ County ·-···• 
Ayden -· flit Coo""Y .-••••••••••••••• 
lacin (1)1', $laNy (GUIII'f ••••••••••••••• 
...., - ...... (llunty ••••••••••••••• 
~ -· MitcNI (llunty •••••••••• 
WI """"lllallll Wlagt, ._wick Coo"'Y •• w- (1)1', """'""- (llunty ••••••••••• ...... a-.,._,c-oy .......... . 
lcriaflloiglllsCDf'.~(ounty ••••• 
lcriaf T• Milt (I)P, ...,._ (Gunly ···-· 

Iaiii -· 11a11ort CGU01Y ·····--···· ...,.... -~--··-----~-----
~c-----········-·· .... c-.----······-­
~- ....... (Gunly-•••••••••• 
~Cill'.llow-(ounty ••••••• 
_,_ -· '*"'"' tounty ••••••••••• 
~ -· Cono<tt (aunly ••••• -.:-···· .... ..,.. ________________ _ 
,._,c-y ···--··············· -... """"' ···-··--··········· 

..._ -· ....,., """"' ·········· 

..._ city, Gaston ,_., ••••••••••••• 

..... - -- tounty ••••••••••• 

....... - Cllwlaod c-v ····-··­.__ ......... CIIUI'IY"-···-···· 

._ ena Clll' • .._.. tounty •••••••• 

._(ily city. Cia*""""'··-···· 

....., -. I'll! CGUOIY ---···-······· 

......... (I)P ............. tounty ··-····· 

...,... -· o...>M tounty •••••••••••• 

..,_ hrat -· ........... (llunty •••• 

.... - Maollploly """"'····--· lllall ena -· ..._ tounty .... _____ _ 

lllall .._.. -· .._,.,. (ounly --........ - ...... Coo""Y---····-· ............... ________________ _ 
(al!llool (ounly ···--···········­
...... CGUOIY -··········-····· 

:::. c:;:.=,~-c;;;.;;: 
.... s.n.s -· CIMbol CAunly ··--...... - ...... .a tounty ••••••••••• 
..,.,.-.C*n~MCIIUI'IY .•••••••••• 
...... o.-CDI'.~""""'-···· 
"--. -. c-ty ~--····-··· ._. -· ., ..... c-v ........... . 
Iaiiie-. ~ tounty ••••••••••• 
.,_.. city, ,.....,...,... (llunty • •••••••• 
....... -· c.- tounty ••••••••••• .........., ____ ................... . 

- '-''Y ···-················· .. (.-., ·······-····-·····"··· 
lraQdoloCDI'. w- '-•············ 
............ -· Catawllo CliUI'IY •••••••••. 
........ --~ (Aulty ••••••••• 
..,_ (ily -· Swoin c-v .-........• 
..... (Nolo Clll'. - (llunty.o ••••••••• 

.. : ... )-,. 

·AI-

31192 
423 :sao 

17265 
13 997 
36952 

104.666 
59393 
"061 

'30411 
15419 

2700 
4 391 

2511 
14 939 

162 
513 

I 076 
2 551 
2235 

614 
4961 

430 

6 913 
234 

6679 

795 
16 362 
61 #IJ7 

201 
275 

I 931 
I 209 

"' 116 
I 144 
4740 

1411 
553 
332 
71 

I Ill 
933 

I 137 
I 017 

154 

447 
210 
167 

m 
1 161 

n 
3101 

239 
7 

232 

2269 
8434 

" 631 
2110 
1487 
4691 
1142 
3 116 

933 
I 327 
I 484 

615 
5411 
I 121 

I 257 
44 

I 213 

1 373 
I 650 
2445 

221 
531 

3m 
12 915 
I 009 

371 
5318 

453 

973 

973 

3246 
451 
302 

I 145 
2015 

~ 

I ...... _ ,._..,_. 
~: ~ I .. - - .·• ·. 

SquonU.. Squon Squonlll·;., . Squon - ----- .. 
656.7 253.5 .su 153.4 I 2 159.1 m.t 1911.0 507.7 

I 110.5 '28.1 - 15.5 ..... 40.3 
9009 347.1 15.5 40.2 
1109 ~ 312.6 •. 45.6· 111.2 

I 431 Z 552.6 ·--~- n.l 119.4 I I 9612' 757.2- •".JIU •,. 71.4 
961.1 371.1 ~ .... - 6LJ' ~~ 171.0 
169.1 335.6 .. -'d3S.I 90.1 
1109.: 312A -- • lt.l:. 49.4 

.. ·-•..-!. 
0 u · ir7l'~ 111.2 

I 6.6' 2.6 -.·.·465.3 I ...... 
1.2 .5 . 215.0 . 516.0 

38.0 14.7 393.1. 1016.3 
1.5 .6 441.3- I 103.3 
5.0 1.9 116.6. 306.1 
6.0 2.3 J~l:"''' ~g I 1.2 3.2 
(.5 . 1.7 .. 4916.7 .. I 314.7 
3.1 1.5 .161.6 ~ . 409.3 

10.8 ~.4.2 AMUI; I 112.9 
5.7 ·~.2 ·: J5.• .: 195.5 

17.9 6.9 ·-316.2 1001.9 .I ... .6 '167.1 390.0 
16.5 6 .• ..,. .. I 043.6 

2.2 .8 .)6JA·c 993.8 
. 30.1 11.9 531.2 ., I 375.0 
.. 90.5 34.9 610.1 ,· I 765.2 

1.4 .5 IG.6 .. .a%.0 
2.6 1.0 -. 105.1 2750 I 6.0 2.3 USJI< 842.6 
3.1 1.5 .. · 311.2 806.0 
2.3 ·' ·' 2IU 726.7 
1.3 .5 121.7. 332.0 ... 1.7 . :NO.O .; .72.9 
5.4 2.1 tn.t. 2 257.1 

I 9.5 3.7 ·:._155.9 400.3 
1.1 .7 ". "".2 790 0 
1.9 .7 · •. _17.U 474.3 

11.1 4.3 .. _ ·u 11.1 
4.4 . 1.7 . ·: ''2SI.1'" 657.6 
2.2 .I "~=:L I~::· 3.4 1.3 I 5.9 2.3 :tau~· 472.6 
.a .3 ': -~ )fU . 513.3 

-- .9 .4 ······.-.7"1· 1 117.5 
.3 .1 ' ... m.s·.z: 2 800.0 
.6 ·.2 '" 271.JQI-. 835.0 

•~'•"···.·~ 

I 3.1 ·1.5 ·--·192.9·-- 411.7 
9.3 3.6 -171.6 ,. 461.4 

.7 .3 --· 110.0 256.7 
•. s 1.7 ~-~146.2 2 240.0 

17.2 -6.6 --- i3.9 36.2 
4.0 1.6 1.1 ••• I 132 5.1 17.6 45.5 

3.9 1.5 581.1 ·I 512.7 
14.9 5.7 566.0 I 479.6 

.6 .2 110.0 3300 
31.9 12.3 19.1'· . 51.3 
4.4 1.7 . 631.6 ;.: 1 652.9 

I 6.1 u · .. 243.1 .,, 646.5 . 
9.2 3.5 51D.7·· I 3.Q.3 
2.6 1.0 701.5 ·.. I 842.0 

19.7 7.6 161.7 . . . 419.2 . 
3.2 1.2 291.6: m.s 
7.7 3.0 172.3 ·'. 442.3• 
5.2 2.0 2I5.A .: . 742.0 

I 1.7 .:: ·361.1 171.6 
12.5 -··-G1A. ' 128.8 
4.9 . 1.9 - 371.6 . .9584 

7.7 30 :IW ·_ :' 419.0 . 
1.0 ... •. MJI'.· --~:~ 6.7 : • .& -IIIJI -

I 30 1.1 457.7 .' 1•248.2. 
59.1 2ll 27.9 72.4 
92 35 .'-·~t,::.~J' 1.7 .7 
1.0 3.1 66,4 ..... ·171.3 . 
79 3.0 492.1·. I 297.7 

I IU 5.5 909.5. 2 341.2 
2.8 1.1 3#/JA .. 917.3 
2.3 .9 . 161.3 . ~. 412.2 . 
II 3.4 612.3 . I 584.7 • · 

.9 .3 . 503.3 :I 5100 

3 I 1.2 -3119 110.1 . 

I -
31 u 31l.9 110.1 

56 2.2 .579.6; 1475.5' 
I~ .5 322.1 -9020. 
II .4 : .. 274.5 :. '·· 755 0 
5S 2.1 201.2• 5452 .. 

1-3.5 1.3 ·.: 5'95.7 . I#IJU;· 
.. -" 

1_,. NORJH:.cARoliNA:;'•249: 
•II-!'- •••.• ,.,,--io, ..... -..··-:- ·• 

' ·~ .. 

.. " ·I 
)-' . ~-· .. "' .. ,-·~ ::-:. '. ' ::;. .-.. 
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Table 16. Land Ana ...t ,.....:DIIIIftJ:·1990:-Con~-
tr.r.....,...,_.,.....,._"'..-c-•--

1---t.~-----4--,._--,..;,_-_-1 State--
Couaty~- . 

PUCE AIID COUNTY SUIIIMSIC*-
Can. 

... -. FnriJio '""""·--------..,.., -· ..... '---------......... cily.-(CIIIIIIy __ _ 

..... -. y.....,c_., __ _ 

..... CilP. ~'-'------
Clio*'• ---·~c-.­
c.labaah -. ltllroowO ""'"" --­
CIIItllo-. Docoio (liUIIIy ---­c-..-.-'---..,-­
'- lljuoe CaoiNI CDP. Onslow t-. -
c..lor-. ..._,. c-y --C..-.IIopood(liUIIIy. __ _ 

Capo c.--· c.- '-Y-­
c.ama lloD-.--c-.-
c..tDo -· a...c.nv ·--­
Carlhagt -·-"""""·----­Cary-. .... '-'---------c..-· a...lond ""'""------Ceslllio -· - (CIIIIIIy ________ _ 

Cestto Hay!-. COP. - - (CIUIIIy -
Ceswollllod -- It-a t.uo~y_ c-t.-· """""""'"" ---'* faint -· ""'- c...nty ___ _ 

Clootlr6-. FnriJio """"'------c... Canto--, ......... c....,., __ _ 
Cllocllaunl -·c......... c....,.,---
Cllllpollil- -----------------= t::: ::::::::::=== 
o..tolto cily, ........... c....,.,_._ 
~ cily, """"""""" --­
DiM Cifaw -· ...... ""'""---­CIIoalw;oity -· .....,., c....,., __ 
a.- city,-'-- c-ty -----
Oao'dool-• ...,... c-ty -----­
(Joytall -· Johns"'" c-ty ---------a..- .oloot. lor1y!tl C.-y ·--
Ciowolalol -· ._ c-ty ------
Cinlon cifr. s.- (liUIIIy -------
01* ..... """"""'(liUIIIy -------
Coals ..... llarnotl c-ty --------
Cofiold .... llortfanl c-ty -----
Cdorail-. ..... (liUIIIy --------Qibleio-. Jynt~,-c-y _____ _ 

CaUrQa -· Pill< (liUIIIy ·-----­
'--- """"'"'""'""-------c- cily, CcMnuo c.-y _____ _ 

c-....-.~'---­(OINiy Spmgs- ..... t-ty __ 
c-cily, Catawba'-"'·-------
'---~CGIOifY---
c.oc.--· .,.,... c-ty ------c..-..-·~ t~u~ty __ 

c- City-- c.-""'""----­
"-""' -- Gas"'" c-ty ---­~ cily, c;._., c-ty ·-----

Cmwlll -· ~""'"" "--Cricbt CDP, wa.t t-ty········--'--· _, C'"'"'Y------~ CDP. JoclJcn '-·---
Dallas-· """"""""" ----­Dioluy -..$lobs (liUIIIy ------
DaoidaM _. ___ j_:..:.. •••. -~--

.. .... (liUIIIy --~-~:_ ________ _ 

: ~ c-ty ··-··-------

u..;.. -· """" c-ty -------
........ -· Dowidooo (CIUIIIy -----...... ._., .... C'"'"'Y----
DallliN ...... -- Ec!moRd '---
Dalllaoo-·Suny C'"'"'Y------
~---'------Dowr -.c.- c-ry ________ _ 

Dllul -- ..... (.-y ··-··---CUlM-·-'-··---­
DuM cifr. """"" (liUIIIy ···-------

. ~ ~:::::::::-: ·__ -
Olangt c-., ········-------

Earl-- CIMiaod """"" ····--­
hoi Arclldio -· kdoo (CIUIIIy --­hoi ..... -.-YcodUI '----­hoi llot 11ock CDP. --c....,., __ 

-lest t.urioburt - Scotland Ccuoly ·­.._ CllP, CunWtond (CIUIIIy _, __ 

hot ......... CD' ._ """"'-­
lost s-.r -- ._ '""""'--­Edlll cily, ~ c-ty ------
ldolttooo -· CJoo,oo. c-ry ---a.... (jfy dfr -~~-:.. ••••••• ~....:.;. 

Clnodla County-~---······___:..__ .......... '- ····--·----........... -- ._. """"' __ . -

·-
~ 

I 107 
39491 
IC 
4619 
2429 
I 210 •• 215 

36116 1. 
3190 
tea 
3630 

II 553 
976 4g 
261 

I 112 
175 
41.7 
6211 
11.5 
227 

2 005 
31719 

I liS 
3760C 

39S 934 
4 756 
2 732 

62• ,., 
739 

•756 
6 020 

696 
I 2CM 
IIWI 

- I 493 
4111 

. 139 
136 
112 

71 
27 ,.7 

292 
1 349 
5 -165 

.- ' 10 
I 292 

·~ •pt• "· t5 
. i" -· ..... : :~-=~-~ 

451 
1.741. 

. ·24/, 
.,~··.336 
: 136•611 
.' 136 59C 

.. 'J . 17 

230 
' "" .• 619 
3 211 

.•. 302 
, ••.• 243 
"'4 151 

'··-20SS 
._, 15 231 

. ~ ,,,s 261 

: ' 114 292 

--- 29 , - ·u 263 ,,..._ :i 701 

s.-u. ---
u-
5.3 

52.7 
-·4.1 
17.1 
7.9. 
4.7 
2.5. 
2.7 

50.7 
2.1 
9.2 

-- 5.5 
4.4-
9.1 
5.3 

10.7 
4.3 
1.9 
5.1 
7.9 
3.1 
4.9 
.• 7 
2.0 
5.5 

- .5 
2.0 

20.3 
.1.6 

.• 6.9 
. 3.0 

1.1 
1.0 

~ •. 1 

2110.0 '-'-' 721.0 
-,..,_9:" .... to3.5 

- 749 . .5•·-·· 945.7 
'361.S. : 926.3 

_.. 262.9.. - 671.1 
- 307 .5' - . ., .7 

257.4 -· ' . 672.2 
192 •• ,._, ..... 0 
. 79.6-·''' ''195.5 
724.2 '· I 173.3 .... -

. 1.1 
3.5 
2.1 

- .· 1.7 
3.5 
2.0 

31.2 
1.7 
.7 

2.3 
3.0 
1.2 
1.9 
.l 
.I 

2.1 

267.1 610.0 
Cl2.0 I 012..9 
113.3 . . . 410.0 

.. 125.0 2 135.3 

··=1:''::: 
543.5 '405.7 
76.3' 192.9 

137.. 372.9 
203.1 .513.9 

22.2. 51.3 
150.6 319.2 

- 121.2 • 330.5 
- 160 .• 313.3 

113..5 - 283.1 
3W.S 954.1 

Place and [Ia We elM , · 
States] eou.ty ·_. 
SubchisJoll t . 

PUCE AIID OIUif1Y SUIUM5IDII­
Can. -

(ljn ---------------------------­
Suny c....,.,---------··-···-· -..c....,., __________________ _ 

a r..t -· ,.,., '-' -······-·· ""*""' -· .......... '-·---
EIIdlt -· ...... c-.-----
... (jfy -·--c-.···-----
0.. Calooo-. aa-c-.----
...., CDP • .,_C...,·-· -----
&wold .. -. c.-'-~-----
&oliolll-. llolla c-y -------
&adMit CDP, ...... c_, ·······-··· 
(nolo- ..._ c-or--------------
fleooah CDP, ,.,.,_c-.----··-
&nla -· ..;.. c-y ---------
lwrttls - ..,., '------------
,.,..,. -· (lbobus c-r -----,.._- ~""""' ---------
r.pains CDP, Wllbs t-. --·-····· 
,.._ CDP, ........ (liUIIIy ··-······ ,...... -· ~c-or-------­
hitlo -. ...... '-Y-~-----------

,., ---------------------
Cunarlood (liUIIIy -------------­
s.n.- """"" -------------------

,._ 

3 190 
3720 

10 

"" SIC 
I 132 
I 624 
4394 
4021 
2 434 
3 012 
2 901 
4 061 
I 997 

212 ,.., 
I 061 
249 
2339 
I 130 

701 
553 

216 
216 

101 .. 
4392 

75 695 
I 101 
I 812 
2 717 
7 475 
30S.C 
,. 744 

us 
I 301 
~ 

2 173 
I 615 

666 
I 710 
4 562 
3 357 

741. 
14 967 

I 057 
I 003 

54732 
301 
532 

3441 
I 410 
I 961 

t.l-

.... . ~· .;, 

13.1 5.3 
136 5.2 

2 .I 

1.1 .7 
2 ... .9 
2.6 1.0 
1.9 .7 
6.5 2.5 

17.5 ••• 13.6 5.2 
. 3.2' 1.2 
II.• 4.4 
1.7 - 3.3 

10.1 4.2 
.9 A 

1.2 . - .5 
5.2 2.0 
5.1 ... 2.0 

11.9 
"' 4.6 16.1 ... 6.2 

2.2 _\: .. 
1.9 ..... 
u 1.3 
30 1.1 
.l .I 

.6 .2 
5.6 2.2 
6.1 2.4 

105.1 40.4 
5.7 2.2 
7.2 2.a 

12.2 ... 7 
16.1 6.5 
13.1 5.1 
.. 9.2 19.0 
u .s 
2.5 1.0 
7.2 2.1 
9.1 3.5 
2.0 ... 
2.5 1.0 
3.5 1.4 

1 ... 0 . 5.4 
·18.6- 7.2 

u 1.1 
29.5 IU 

2.5 1.0 
4 .. 1.7 

78.7 30.4 
1.1 .4 
2.5 1.0 

H 2.1 
21 .I 
3.3 1.3 

563 H .9 
2 616 II 2 ... 3 

77 6 -•.2 
40 7fll . .su -- .21.0 

299 J -· .. 2.0 .... , .. 
I 090 •.. . 1.0 -- •• ,.3.1 

_ ·. •o ~ : . _ .. 'H ;:. ,:-:;.U 
- · 3 253 I.S . "3.3 

1616 ..... _. '-~··1.7 
512 ... 2 -.. · '·'-' 

1113 521 206.7 .. · .. '79.1 
u9n 47 ...... 11.0 

... 2393 •o ... ·I.S 
. 253 ·---4-<•'<•' ·~· 

. 
1
. 2 1<10 36 •' 4

' • lA 
-.~ . .ut .... _.1]' ·-:~.; .• ;J 

.... 516 . . 2 2 .•. ,_, •. 9 
6306 . ._ •. 163 •'" .6.3 

. '327 . --' l -:--~· -.4 
: ~.:6'= .. ·.;~~---~: . ..:.-.{ 
. . ,_ 759 6 6 . 2.5 

. 431 - ~· --~,~ 
:,_ 117 ·12 ... 32 

2 - J ·--"· :a.-~.n-.3 
·115 ---75---··2.9 

~ ~l "' ~ 106 - '·-\""~:~_~j 
I 62S 54 - ~H 2.1 

: .•20 2:: ' • - 38 ~ - . 1i~ 
:! ·1155 ; :. :· ~~'~':"1-2~ t····m 1. --15·---.. 61 
; 1-:" 1 671 !·' ...... ' .-.~---1 
'·:o-;2176 .... 19 •. :;. 34 
'·,-15655 . ·• 113 71 
.: "- 7 214 -'· ··-: •• 10,.. ,-~;~-. ~~ 

,.._,.. __ , 

:.. '? 

teo.o .. s«<.o 
81.9 226.4 

720.0 1 130.0 
720.2 I I6U 
193.2 • ... 5011..5 
251.7 ... 6<11.1 
221.4' ,, . 5910 
....... ~ ·.1_150.0 
233.1 .591 .. 
706.2 I 12U 
317.9 190.0 
523.2.' t 301.0 
41..4 . .,_-_ 119.3 . 

315.7 •. ~ 1 1211.9 
~107.5, ·,-2 DIU·•· 

266.4 ,_ ·.-.• 666.0 •. 
411.6 1221 ... 
325.9.- .. , ..... 

· • ·tiO_s-.,.. ... 466.3 .. · 
266.4 ..... ,._ 671.2 
507.4 ,, .., '· ,3_12.9 

. 422.1 =-- 1' 057.0 
• 221.0 •) ··~· 590.0 

~:~ ~'=::·-
212.1 •. -.532.0 

. 637.2 ~··· 631.6 70U • 1150.0-
594.2 - I 501.5 
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Tobie 16. land Area and Populatioa·Density: 1990-Con. 
'"" .,._"'- .......... "' .,......_ •1101'1 

State·~ 
County . 
Pface and [In Selected . 

States 1 County 
Subdividoa j. • ' 

PlACE AND COUIRY SUIDMSlON­
Con. 

Hortlanl --~ """'"·-······ 
~ ~:::::::::::::::::::::: 

c-tJa eo.no, ----------------

119.::. ~::::::::::::::::::::: 
- eo.no, ------------------

~ ':!. OZ;;;::::::=::::::::: """"" ~ --------------------~ eoo..o, _____________ _ 

............ (alllly ------------------

ligll ... cily. Gastool County ---------
llilcllbr-.. -· lurb (IIUIIIy -----------~ -· ~c-y _______ _ 

Hob9ood - llailu County ---------~ -· ltidlm:Jnd County ________ _ 

HoldM a-It -· .........,.. County-----­
Hall< lid9t -· Onslow County --------­
Hall< Sp;ogs -· Wab County-····-·· 
floabrt011 -· G<ftN County ••·•··-·· 
.. Mils -· CumboolaNI """"'------­
""' Sorift9s -· - c_., --------
"""--· Caldoool Countv------------
---· Alfttlriwv County -----
...... (I)P. lurb ,_,., ---------------.... -" ---""'- """"'--------
.... I nil -· UniOII County----------
~ -· ~ """"'------· 
............. Oty, Onslow County -------­
,... City (I)P, c- County----------
--- - c;.;llonl County---------
.lanwsooio -· - (OUI'IIy -----------~ -· -,_,., ___________ _ 
~ -· Yadkin County ••••••••••• 

'---" Oty ---------------------
c-.... County ___ ; _______________ _ 

....... County--------------------­
~-.·~<nit County·-------··-··­
_.... -· o.pioo County ----------!Ceoly - _ _:_ _____ .:_ _____________ . __ 

. .lcllonsiOII County ..1.-----------­.. - County---~--------------
~ --------------------~­
•.. Fonvlh (OUI'IIy ----------------

Goillanl (OUI'IIy ---------------------

ICill DoW IWs -- Dart Countv----------
"""" Oty ------------~--------------­

"'"yftl (OUI'IIy --------------------­
S"*"> County··-··---~---------·-·-

""""' ,._.,.. o:ifv --------------------
a...lond County-------------------­
Goslnn """"'---------------------
~ -- Oowtlond Caunty ________ _ 

ICinstool cily, Ltooor Counly ----------
. Otni-:Yooo C-'Y------------
Oiy Hawt - Oln (OUI'IIy ---------

·. <·ICnightdalo -· Wab County --------
•. ICin -" -. -- """"'~----
.. .'-Ia "- ...... \tOOl County ----------

Lib AloaWG 01' . ........., ""'""-----­
Lob Lon-.. ~County-----­:lib........,_- ,._County __ 

.. ·, 1.-h -·'lew» Coontv----------­
. ....... -· _,.. (OUIIIy -------------lalbr -· ~ (OUIIIy _______ _ 

• Ia ........ - a.. ....... County -------
laonl Part .................. c-y -------
.......... citr. Scoltood ,......., ---------­
.._..... -· o...- (OUIIIy --"----­......., -.. ~ ._..,. -------­....... -.- """'""'~ ,_,., ----------

• '--""' Oty;(Gidwol '------------. llwis ..... ·~ ,....., 8lt"if County __ _ 
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1927 L.At<ESIOE PA~I<WAY 
51.JITE614 
TUCI<E~. GEOI=IGIA 3coa4 
404-938-7710 

August 3, 1990 

Mr. A.R. Hanke 
Waste Chemicals Branch 

C-586-8·0·19 

Date: 
Site Disposition:----------

Waste Management Division 
Environmental Protection Agency 
345 Courtland Street, N. E. 
Atlanta, Georgia 30365 

EPA Project Manager: _________ _ 

Subject: Screening Site Inspection, Phase I 
Union Camp Corporation 
Jamestown, Guilford County, North Carolina 
EPA 10 No. NC0003216959 
TOO No. F4·8911-70 

' Dear Mr. Hanke: 

FIT 4 conducted a Phase I Screening Site Inspection at Union Camp Corporation in Jamestown, 
Guilford County, North Carolina. This assessment included a review of EPA and state file material, 
completion of a target survey, and an offsite reconnaissance of the facility and surrounding area . 

. The Union Camp Corporation is located in a small commercial/industrial area of Jamestown. More 
specifically, the facility is located on Ragsdale Road, less than 100 yards south of Routes 29 and 70. 
Union Camp Corporation is a single building on approximately 7.9 acres of land and is bordered on 
the north by Southern Railroad, and on the east by a chemical facility, Chern Central. The south side 
of the property is heavily wooded down to the Deep River, which is approximately 0.3 miles away. On 
the west side is Dillon Road, and a convenience store (Ref. 1 ). The facility has an industrial well on site 
(Ref. 2). 

The Union Camp Corporation has manufactured cardboard boxes at the Jamestown facility since 
1946, when the plant was opened by the Highland Container Company. Highland Container merged 
with Union Camp in 1959 (Ref. 2). In making cardboard containers, the facility has over the years used 
such raw materials as, inks containing lead and chromium, caustic soda, a water-proofing agent called 
amerez resin, and formaldehyde, presumably as a preservative. Union Camp stopped using. 

· formaldehyde in 1978 (Ref. 2). The utilization of inks with a low lead content began in 1982 (Ref. 3). 

Wastes generated from this process resulted 'from washing the glue and ink off the machinery. The 
washwater was discharged to the Jamestown city sewer system without pretreatment (Ref. 2). Earlier 
waste included a potentially hazardous sludge containing ink residues, such as lead (Ref. 3). It is not· 
known where the sludge was disposed. 

A small amount of 1, 1, 1-trichloroethane is used to clean machinery and in removing pads from the 
printers. All of this is lost by evaporation during use. The rags are reused after offsite laundering 
(Ref. 2). 
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Mr.'A.R. Hanke 
Environmental Protection Agency 
TOO No. F4-8911-70 
August 3, 1990- page 2 
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Approximately 2 gallons of oil suspected to contain PCBs from an old switch box was disposed of in 
1982, as a hazardous waste. The location of disposal is unknown. Number 6 fuel oil also reportedly 
has been sprlled on site and contaminated a nearby stream on at least two occasions in the past. The 
first fuel oil spill resulted from a broken pipe, and the second spill resulted from a leaking 
underground storage tank. These fuel oil spills occurred approximately 8 years ago, were reported to 
state environmental officials at the time, and reportedly have been cleaned up. The plant presently 
uses natural gas; however, number 6 fuel oil is sometrmes used as an alternative (Ref. 2). 

The Union Camp Corporation filed a RCRA Part A application for status as a generator and .storer of. 
hazardous waste in November 1980 (Ref. 4). In April 1982, the facility requested withdrawal of its 
Part A application on the grounds of a change in plant processes (Ref. 3). In May 1982, the facility was 
granted deletion as a generator and storer of waste (Ref. 5). Union Camp was subsequently classified 
as a small-quantity generator (Ref. 6). Union Camp was deleted as a small-quantity generator in 
January 1985 and ceased being a RCRA facility at that time (Ref. 6). · 

Jamestown is located within the Carolina Slate Belt of the Piedmont Physiographic Province (Refs. 7; 
8, p. 76). The area is characterized by gently rolling topography with moderately steep slopes along 
the drainageways (Ref. 9). Jamestown has a temperate climate (Ref. 10, pp. 7, 11). Total annual 
precipitation averages about 45 inches with a net annual precipitation of 4 inches (Refs. 11, pp. 3, 17; 
12 ). 

The geology of Jamestown consists of folded and fractured metamorphic bedrock overlain nearly 
everywhere by residual material termed saprolite (Refs. 8, p. 77, plate 1; 11, p. 3; 13). The saprolite 
ranges' in thickness from a few feet near rock outcrops to more than 100 feet in interstream areas 
with an average thrckness of 30 feet on most hills and ridges (Refs. 10, p. 38; 11, p. 3). Metamorphic 
rock types in the area include highly altered granite, gabbro, and diorite (Refs. 7; 8, p. 77, plate 1 ). 

The saprolite and bedrock act as a single hydrologic system, as there is no confining layer present 
between them. In the saprolite, groundwater occurs within intergranular pore spaces (Ref. 11, p. 4). 
In the bedrock, groundwater occurs primarily within joints, fractures; and other secondary porosity 
openings (Ref. 11, p. 4). The frequency, size, and interconnection of both joints and fractures 
diminishes with depth (Ref. 11, p. 4). There are few open fractures at depths greater than 400 feet 
(Ref. 10, p. 12). · · 

The saprolite has a hydraulic conductivity of less than 10-7 em/sec and acts as a reservoi·r which slowly 
feeds water into the underlying bedrock (Refs. 11, pp. 3, 6; 14). It is also the unit from which most 
domestic water supplies in the region are obtained (Ref. 8, pp. 23, 77-78). The water is supplied to 
both dug and bored wells that are completed within the saprolite at, and just below, the water table 
(Ref. 8, pp. 77-78). The depth to the water table in the facility area is about 15 feet below land 
surface (Ref. 10, pp. 7, 59). · 

The surface water pathway from the Union Camp Corporation flows overland in a southerly direction 
for 0.2 mile until it joins a small stream that enters the Deep River, 0.4 miles south of the facility. One 
mile farther downstream is the Oakdale treatment facility, which is also the location of the only 
surface water intake on the 1 S-mile surface water pathway. This intake serves the city of Jamestown, 
which maintains connections for 1,000 residences and 150 businesses. The city also purchases water 
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Mr. A.R. Hanke 
Environmental Protection Agency 
TOO No. F4-8911-70 
August 3, 1990 • page 3 
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from the Greensboro and High Point water departments, which have surface water intakes upstream 
or on different water routes, namely, the Deep River and High Point Lake (Refs. 15, 16, 17). The Deep 
River is large enough to support recreational fishing (Refs. 1, 15). · · 

Groundwater use in the area is sporadic, with the majority of wells found to the south and southeast 
of the facility where there IS no municipal service. There are approximately 395 residences within a 3· 
mile radius that rely on private wells for potable supplies; the nearest of these is located on Dillon 
Road 0.6 mile south of Union Camp. A further 107 potable wells are located between 3 and 4 miles of 
the study area. The house count was performed using 7.5 minute series topographical maps (Refs. 1, 
15). 

There are no critical habitats identified in the area of the facility (Ref. 18). Two state-designated 
threatened species, the Greensboro burrowing crayfish (Cambarus catagius) and the plant Nestronia 
(Nestronia umbellula), are found in Guilford County (Ref. 19). 

Approximately 0.15 mile northeast of Union Camp Corporation is the Jamestown Elementary School, 
and 0.6 mile to the east is High Point City Park. The nearest residence to the Union Camp facility is 
located approximately 1,000 feet to the west. The facility's parking lot is easily accessible to the 
public, although the rest of the actual plant area is either inside the building or in a small, fenced 
portion behind the facility (Refs. 1, 15). There are approximately 1,011 people living within a 1-mile 
radius of Union Camp, and 40,421 living within 4 miles (Refs. 15, 20). 

Based on the above referenced factors and enclosures, it is recommended that Phase II of this 
Screening Site Inspection be conducted at Union Camp Corporation on a high-priority basis. If you 
have any questions or comments please feel free to contact me at NUS Corporation. 

Very truly yours, Approved: 

:3~044/L_ 
Bryan~ams . 
Project Manager 

BJW/tb 

Enclosures 

cc: Kelly Cain 
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ENDANGERED.ANP TUDraT~~ED SPECIES .. 

~-

U.S. FISH AND WILDLIFE SERVICE 

R~:~- : - .. · ~TLANTA 
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Federally Listed Species by State 

NOR'Tlf CARO.. INA 

(E•Endangered; T•Threatenecl; Qt.Critfcal Habitat deten~fned) 

M .. als 

Bat, gray (Myotts frtsescens) - E 
Bat, Indiana (Mf:t s s0da11s) - E 
Bat, V1rgfnta b g-earid · 

(Plecotus townsendtt vtrgtntanus) - E 
Cougar, eastern (Fe11s conco1or couqar) - E 
Manatee, West Indian (tr1chechus manatus) - E 
Shrew, Ots•al Sw.-p southeastern 

(Sorex lonqtrostrts ftshert) - T 

Squirrel, Carolina northern flying 
(Glauca.ys sabrtnus coloratus) - E 

· Whale, ftnbadt (lalae,.tera phxsalus) - E 
Whale, hiiiPbiCk <!!ri•_ra novuanqlf ae) ·- E 

·Whale, right (Balaena 9 actal1s) - E 
Whale, set (8a1aeno,£era b0rea1ts) - E 
Whale, spen. (Physe er catodOn) - E 

Birds 

Eagle, bald (Haltaeetus teucocephalus)·· E 
Falcon, Alartcan peregrine · 

(Falco lerefCtnus anatUI) - E 
Falcon, ret c peregrine 

(Falco lf~nus tundrius) - T 
Plover, pjiif (tliaridHus •lodus) - T 
.Stork, ~(~t•rta ... r1cana)- E 
·warbler, Bldliiii1sYel'll1vora bachmantt) - E 
Warbler, KtPtlancl's 

(Dendrotca ktrtland1t) - E · 

·woodpecker, ivory-billed 
(Cam~phtlus pr.tncfl:lts) - E 

Woodpec er, red-cock a 
(Ptcotdes (•Dendrocoposl borealis) - E 

General Dfstrtbutton 

Extre~e Southwest 
West 

Avery County 
Enttre state 
Coastal waters 

Dtsul Sw•p; C•den, Gates 
Pasquotan~ and Perqufmans 
Counties 

Western mountains 
(Yaney County) 

Coastal waters 
Coastal waters 
Coastal waters 
Coastal· waters 
Coastal waters 

Enttre state 

Western mountains · 

Enttre state 
Coast 
Coast 
East 

Northwest, Central, 
Southeast 

Southeast 

East 
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NORTH CAR(l.INA (Cont'd) 

Reptiles 

Alligator, Amlrican · 
(Alligator •isstsst;ftensis) - T CS/A)* 

Turtle, k .. p•s (X£1an c) ridley 
CLepidochelys k~fi) - E 

Turtle, green (ChiiOnfa •xdas) - T 
Turtle, hawksbtll 

CEretmochelys imbricata) - E 
Turtle, leatherback 

(Dermochelys coriacea) - E 
Turtle, loggerhead (caretta caretta) - T 

Fishes · 

Chub, spotftn (Hybgpsts ~nacha) - T,CH 

Shiner, Cape Fear (Notropis 
mekistocholas - E,CA 

.Silverside, Vacc_. .. 
· (Menidia extensa) - T 

Sturgeon, shortnose 
(Acipenser brevfrostrua) - E 

Mollusks 

Mussel, Tar River spiny 
CEllfptio (Canthyria) steinstansana) ·• E 

Snaf 1 , noondQ 
(Mesodon clarkf nantahala) - T 

Plants 

Hudsoni a montana. . 
(mountain golden heather) - T,CH 

lsotrfa medeolotdes 
(small Whorled pogonta) - E 

. ' . - . 

State Lists 12/87 

Coastal plain 

Coastal waters 
Coastal waters 

Coastal waters 

Coastal waters 
Coastal waters 

·~tttle Tennessee River, 
Swatn and Macon Counties 

Rll'ldolpll, Moo,., •.ee, and 
Chath .. Counties 

~•• Vacc•• and Upper 
Vacc•• R., Col Wllbus County 

Coastal rtvers 

Tar River, Edgecombe County; 
Sandy Creek, Franklin County; 
Swfft Creek, Nash County 

· Swat n County 

Burke and McDowell Counties · 

Macon and Henderson 
Counttn 

*Alligators are bfologfcally neither endangered nor threatened. For law 
enforcement purposes they are classified as •Threatened due to Similarity of 
Appearance.• Alligator hunttng ts regulated fn accordance with State law. 

2 
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NORTH CAROLINA {Cont'd) 

L1atr1s he11er1 (Heller's bla%1ng 
star) - T 

t1ndera me11ss1fo11a (pandberry) - E 
(ys1mach1a asperu1aefolia 

(rough-leaved 1ooses£rffe) - E 

Oxy\111 s canbyt (Canby's dropwort) 
say tar1a fasc1culata 

bunched arrowhead) - E 
Sarracenia oreophtla 

(green p1£Cher plant) - E 
Solidago sltth .. aea 
. (Blue R1 ge goldenrod) - T 

... E 

3 

State ~f$tS 12/87 

AShe, Avery, Cald-all, 
Burke Counties 
Bladen County 

Carteret, Scotland, 
CUiberland/Bladen, · 
Brunswick, Pender, and 
Hoke Counties · 
Scot land County 

Henderson County 

Clay County 

·----· ·----

Avery and Mttchell Counties 
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EXPLANATION OF SPECIES STATUS CODES 

The attached output from the N.c. Natural Heritage p'rogram 
database i~·a listing of the elements (rare species, geologic 
features, natural communities, special animal habitats) known to 
occur in your geographic area of interest. Following is an 
explanation of the four columns of status codes on the righthand 
side of the printout. -

S'i:ATE STAnis 
Plants: 

From.sutter, R.D., L. Mansberq, and J.H~ Moore. 1983. 
Endangered~ threatened, and rare plant species of North carolina: a 
revised list. ASB Bulletin 30:153-163, and updated lists of the Natural 
Heritage and Plant conservation Programs. . . . 

E = Endangered PP = Pt imat i Prepesed C. :.CA."" cl ,· c:lo:~- L 
T = Threatened SR = Significantly Rare 
sc = Special Concern 

E,T,and sc species are protected by state law (the Plant Protection and 
Conservation Act, 1979); the other two categories indicate rarity and 
the need for population monitoring, as determined by the Plant Conserva­
tion and.Natural Heritage Programs. 

Animals: 
From Cooper, J.E., s.s. Robinson, and J.B. Funderburg (Eds.). 

1977. Endangered and Threatened Plants and Animals of North Carolina. 
N.c. MUseum of Natural History, Raleigh, NC. 444 pages + i-xvi, and 
updated lists of the Natural Heritage Program. 

E = Endangered ·SC = Special Concern 
T = Threatened UNK= Undetermined 
SR = Significantly Rare EX = Extirpated 

FEDERAL STATUS 

From Endangered & Threatened Wildlife and Plants, April 10, 
1987. 50 CFR 17.11 & 17.12. Department of Interior. Established 
by the Endangered Species Act of 1973, as amended. 

E = Taxa currently listed as Endangered 
T = Taxa currently listed as Threatened 
PE = Taxa currently proposed for listing as Endangered 
PT = Taxa currently proposed for listing as Threatened 

Taxa under review for possible listinq ("candidate species"): 
Cl = Taxa with sufficient information to support listing 
C2 = Taxa without sufficient information to support listing 
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GLOBAL RANK (STATE RANK) 

The Nature Conservancy's system of measuring rarity and 
threat status. "Global" refers to worldwide, "State" to 
statewide. 

Gl = Critically imperiled globally because of extreme rarity 
or otherwise very vulnerable to exinction throughout 
its range. 

G2 = Imperiled globally because of rarity or otherwise 
vulnerable to extinction throughout its range. 

G3 = Either very rare and local throughout its range, or 
found locally in a restricted area. 

G4 = Apparently secure globally, though it may be quite rare 
· ib parts of its range (especially at the periphery). 

GS =demonstrably secure globally, t~ough it may be quite 
~are in parts of its range (especially at the periphery). 

GU = Possibly in peril·but status uncertain; need more 
information. 

GX = Believed to be extinct throughout range. 
Q = a suffix attached to the Global Rank indicating questionable 

taxonomic status. 
T_ = an additional status for the subspecies or variety; the 

G rank then refers only to the species as a whole. 

State rank codes follow the same definitions, except substitute 
the words, "in the state," for "globally" or "throughout its 
range." 
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OG/30/89 
NORTH CAROLINA NATURAL ~ 

scientific and corn111on na 
ET~EOSTOMA COLLIS 

CAROLINA DARTER 
MEANDER SCARS -

CAMBARUS CATAGIUS 
GREENSBORO BURROWING CRAYFISH 

HESPERIA LEONAROUS 
LEONARD'S SKIPPER 

DENTARIA MUL TIF~DA . 
DIVIDED TD~THWORT 

EPILOBIUM LEPTOPHYLLUM 
NARROWLEAFtWILLOWHERB 

NESTRONIA UMBEL~ULA 
NESTRONIA 

-------------:----------

Reference 22 

P;;ce 
LIST 

state ·fed stAte DlC•b 

st•t ;tat l""ank rar•k 
sc 53 G3 

T C2 G1G3 

UNK S2'? G4 

SR 51' G!:ia 

r.•~:• 52 6:5 

T f;2 53 63G4 
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TO: 

FROM: 

RE: 

-­~·-:-:;":. , """' 
~ ..... ~ .-0, 

Superfund Branch Staff 

Pat DeRosa ~ 

Reference · 23 

l'JS9 

critical Habitats of Federally Listed Endangered 
Species in North Carolina 

On May 18, 1989, I spoke by telephone with John Fridel!, US 
Fish and Wildlife Service, Asheville, NC (704) 259-0321 to 
reques~ an update on cri t.ical habitats in North ca::-=: i~a. !{:-. 
Fridell said the Fish and Wildlife service has been reorganized 
into a western and eastern office in North Carolina. P.is office 
now handles only western North Carolina. He said there·have been 
no changes in the designated critical habitats ide::tified :n 
western North Carolina. 

I then spoke by telephone with Debby Mignogna, us Fish and 
Wildlife Service, Raleigh, NC {919) 856-4520 regarding critical 
habitats in eastern. North carolina.· Ms. Mignogna sent the 
attached maps of the 2 critical habitats designated :n eastern 
North Carolina. Please note that the Waccamaw .· Sil verside is 
listed as threatened, not endangered. · 

PD/pb;'critical.hab 
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Notroois mekistocholas 

Order: Cyprinifo~7.eS 

F ami 1 y: Cyprinidae 

Status: Endangered (Federal Register 9/25/87) 

RECEIVED 
MAY 19 1989 

6/88 . 

SUPERFUND BRANCH 

Range: The Cape Fear shiner is known from four small popul~ti~ns in the 
Cape Fear River drainage in Randolph, Moore, Lee, Harnett, ant :hat~a~ 
Counties, North CcrJ1ina. 

The strongest ~opu"!tion is located around the iJncticn a= :~! =~c~y ::~~­
and Deep.River in Chatham and Lee C~unties where the fish inhabi~s tn~ 
Deep River from the upstream limits of the backwaters of LJcksville G~7t 
upstream to the RocK~ River; then upstream from tne Rocky ~iver to 3e!r 
Creek, and upstream from Bear Creek to the Chatham County Road 2156 
Bridge. A few individuals have been collectea just downstream of the 
Locksvilie Dam, but because of the limited extent of Cape Fear shiner 
habitat at this s1te, it is not believed this is a separate population . 
Instead, it is thought these fish represent a small number-of individuals 
that periodically drop down from the population above Locksville Dam oool. 

The second population is located above the Rocky River Hydro~lectric Jam. 
This population was historically the best, ~ut the area yielded only Jne 
specimen after extensive surveys by Pattern and Huish (1985). The third 
population is found in the Deep River system in Randolph and Moore 
Counties. This population is believed to be small (Pattern and Huish 
1985, 1986) •. In a 1985 survey, three individuals were found above the 
Highfalls Hydroelectric Reservoir; one in Fork Creek, Randolph County, and 
two in the Deep River, Moore County. The species was also found 
downstream of the Highfal'l s Dcrn. However, the extent of suitable habitat 
in this stream.reach is limited, and it is thought that these individuals 
likely result from downstream movement from above the reservoir where Cape 
Fear shiner habitat is more extensive. The fourth ·.population is fo_und in 
Neal Creek, which flows into the Cape Fear River near Lillington in 
Harnett County. 

Three historic. populations have apparently been extirpated: one in Robeson 
Creek, Chatham County, believed lost when Jordan Lake flooded part of the 
creek; and one each in Parkers Creek and Kenneth Creek in Harnett County, 
which disappeared for unknown reasons. Other undiscovered populations or 
population segments have likely been lost due to reservoir construction in 
the Deep, Haw,. and Cape Fear Rivers. 
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CAPE FEAR SHINER -· N. ~ekist~cholas 6/88 

~·---. - : ... -...... UESCr1ptiOn: 7n~ ~ape icc:' ;n1:1i:::" .:; :;;:-,._:;I, :".!r"£: .J =1..:£::-::_:·,:.'.:j !.. '"'-·•"=-' 

in length. The fish's body is flushea with a pale si ;very yellow, ana a 
black band· runs along its sides (Snelson 1971); The fins ~re yellowish 
and somewhat ~cinted. T~e ~ooer 1~~ is .~lack, and the lc~er liJ bears ! 
• • • ·, 1 • • ·- - .,..,...:" -" r ......... ~P~ .. s,...:.,e.,.. .. .., .. :.,_ ~.""'\(" .. :"' .. _ ..... ,. :n1n o.ac.:( oar .:!ong 1'-s ... a~~·~~. . ·-= "·=~·-= r_... .. .... , :,..,. '·= •v..;~ J- .:. 

members of the large genus ~otroois, feeds extensively en :·ant 
material, aod its digestive tract 1s moolfied for t~is diet by having :n 
elongated, convoluted intestine. 

Reasons for Current Status: The Cape Fear shiner may always have 
ex1sted 1n low numbers. However, its recent reduction in range and its 
small population size (Po::e~n anc ~uish 1985, 1926) inc~e=ses the 
species' vulnerability to ~ catas:~~phic event, such as a :oxic che~ic:· 
spill. Dam construction in the Caoe Fear system has orobab1y had the :.;:s~ 
serious impact on the species by inunda~ing the species' rocky riverine 
habitat; and changes in fiow regui~~ion at existing hyaroe:~ctric 
facilities·could further threaten the species. 

The deterioration of water quality has likely been another factor in t~E 
·species• decline. The North Carolina Department of Natural Resources ana 
Community Development (1983) classified water quality in the Deep River,. 
Rocky River, and Bear Creek as good to fair, and referrea :o the Rocky 
River below Siler City as an area where their sampling indicates 
degradation. That report also stated: "Within the Cape Fear Basin, 
estimated average annual soi 1 losses from cropland ranged from 3. tqns oer 

. acre in the lower basin to 12 tons in the headwaters." The North Carolina 
State .Division of Soil .and Water Conservation. considers 5 tons of soi 1 
loss per acre as the maximum allowable. . . 

Potential threats to the species and its habitat could come from such 
.. activities as road construction, stream channel modification, changes·in 

stream flows for hydroelectric power, impoundments, land use changes, 
wastewater discharges, and other projects in the watershed if such 
activities are not planned and implemented.with the survival of the 
species and the protection of its habitat in mind. 

. . . 

Habitat: The species is generally associated with gravel, cobble, and 
boulder substates and has been o~served to inhabit slow pools, riffles, 
and slow runs (Snelson 1971, Pattern and Huish 1985). In these habitats, 
the species is typically associated with schools of other related species, 
but it is never the numerically dominant species. Juveniles are often 
found in slackwater, among large rock outcrops in midstream; and in 
flooded side channels ~nd pools (Pattern and .Huish 1985). 

Critical Habitat: (1) North Carolina, ChathJm County. Approximately 
4.1 m1les of the Rocky River from North Carolina State Highway 902 Bridge 
downstream to Chatham County Road 1010 Bridge; (2) North Carolina, 

2 
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CAPE FEAR SHINER - N. mekistocholas 6/88 

Chatham and Lee Counties. Approximately 0.5 river mile of Bear CreeK, 
from Chatham County Road 2156 Bridge downstream to the Rocky River, t~e~ · 
downstrea~ in the Rocky River (!ooroxi~ately 4.2 river miles) to the =~~P 
;<iver, tnen cc·,.,.ns:::-e=.m in :::e .J.::e::: ~~·:e·r (aoor:JI.imat::~y 2.6 riv~-- rr.i ·~~. 
to a point 0.3 river mile oeio~ =~e Moncure, North Carolina, U.S. 
Geological Su~vey Gaging S~ation; and {3) ~orth Caroi ina. RanGolph !10 

Moore Counties. Approximately 1.5 miles of Fork Creek, from a. point G.l 
river mile upstream of ~anaolph County Road 2873 Bridge downstream to ~he 
Deep River then downstream approximately 4.1 river miles of the Deep River 
in Randolph and Moore Counties, North Carolina, to a point 2.5 river miles 
below Moore County Road 1456 Bridge. 

Constituent eiements incluce ciean streams with gravel, cobole, 3nd 
boulder substrates with pools, riffles, shallow runs and slackwa:er ar~as 
with larae r~ck cut~rcos an~ s~~e :~a~~els and peels with wa:er :f ;c:: 
quality ;ith relatively low silt loads. 

Feeding Habits: Plant material f~rms .:~e pr~mary part of the diet. 

Reproduction and Development: No information is presently available _, 
breea1ng behav1or, recundlty, or longevity. 

Population. Level: Total numbers are unknown, but all populations appear 
be small. Surveys conducted in 1984 and 1985 yielded 101 individuals 

from the population located around the junction of the Rocky River anG 
·Deep·River in Chatham and Lee Counties, 1 specimen from the Rocky Rive~ · 
near State Highway Bridge 902 in. Chatham County, and 6 specimens from :he 
Deep River system in Randolph and Moore Counties. · 

Management and Protection: Assuring survival of the Cape Fear shiner 
will require, at a minimum, maintaining good water quality and the na:~ra1 
conditions of the remaining habitat. Providing for a higher level of 
security will necessitate determining limiting factors and ~eestablishing 
additional populations into suitable waters ~ithin the historic range. 

References: 

North Carolina Department of Natural Resources and Community Development. 
1983. Status of Water Resources in the Cape Fear River Ba~in. 135 
pp. 

Pattern, G.B., and M.T. Huish. 1985. Status survey of the Cape Fear 
shin~r (Not~opis mekistocholas}: ·U.S. Fish and Wildlife Service 
Contract No. 14-16~0009-1522. '44 pp. 

Pattern, G.B., and M.T. Huish. 1986. Supplement to the status survey of 
the Cape Fear shiner (Notropis mekistocholas). U.S. Fish and 
Wildlife Service Contract No. l4-l6-0o09-l522. 11 pp. 
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Snelson, F.F. 1971. Notroois mekistocholas, a hew cyprinid fish· 
endemic to the Cape Fear River bas1n. North Carolina. Copeia 
1971 :"4.19 -462. 

U.S. Fisn a~d ~ild1ife Ser~!ce. 1987. Endangerea and :~re3tened w~·;:~:e 
ana plants; de:erminat~on of endangered species sta~us and 
designation of critical habitat for the Cape Fear shiner. FedE'!i 
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NORTH CAROLINA - Critical Habitat 

--.... , 

Notroois l!lei<.istocholas •· "Cape Fear shiner" 

(1) Chath'am County. Approximately 4. 1 miles of :::e Rocky· River fTo::: ~cor::-. 
Carolina Sta:e nign.,.,.ay 9G2 Bridge downstrear:J tv :;-;a::!":.al':l County ?.oaci ~:10 

Bridge; 
(2) Chatham and Lee Counties. Approximatel:.· 0. 5 :-iver ci:!.e oi Bear 
Creek, from Chatham County Road 2156 Bridge downs:ream to the .Rocky ~iver. 
then downstream in the Rocky River (approximately L.2 river miles) t: the 
Deep River, then downstream in the Deep River (approximately 2.6 river 
miles) to a point 0.3 river mile below the Honcure, North Carolina; 
U.S. Geological Sur•1e~' Gaging Stat ion; and 
(3) Randolph and Moore Counties. Approxi=ately :.5 miles of Fork C=!!k, 
from a point 0.1 river mile upstream of Randolph :ounty Road 2873 Br~~ge 
.downstream to the Deep River then doWnstream appr~ximately 4.1 river ~iles 
·of the Deep River i:1 ~andolph and ~·!oore Cot.::::ie~. :;art=-: ::.:;.::o:ina, :: ~ ;:vi:-.: 
2.5 river miles bela~ ~oore County Road 1456 Bricge. 

Constituent elements include clean streams ~ith g=~vel, cobble, anc 
boulder sub~~rates with pools, riffles, shallow.r~ns and slackwater a::eas 
with large rock outcrops and side channels and pools with water of_gc:c 
quality with relatively low silt loads. 

o[o 
u,u 

~/:'! ..J<( 
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~~AW SILVERSIOE 

Menidia extensa 

Order: Mugiiifarmes 

Family: Atherinidae 

Status: Threatened (Federal Register 4/8/87) 

RECE\VED 
MAY 19 l989 

7!87 
SUPERFUND BRANCH 

Rance: Known only from Lake waccamaw and the upper Waccamaw River in 
Cotu~ous County, North Car~lina. The s~iverside is found in the ~~o~· 
Wac:a~a~ River only durin; ~eriods of high ~ater and is not a per~ane~: 
res1aent. Lake Waccamaw (:'lot to be confused with the town of Lake ~a::~maw) 
is the prooerty of the Sta:! of Nor:h Carolina and is administered by :1e 
~:or::~ Car-.:lina Depart!i;E:!l\. :f :\att.:ra: Resc:.:r.:~s anc CJ,':lmun:rJ ue·::::Jon-:::··:•; 
Division of Parks and Re:~~ation. 

Description: The Wacca:;;aw siiversi::e, a1so ;.;.nown as "s.:i;JjacK" :r ··;·.:~s 
m1nnow," 1s a small.(growing to about 2.5 inches), slim, almost trans::rent 
fish with a silvery stripe along each.side. Its body is latera:ly 
compressed, the eyes are :c.rge, anci the jaw is sharply angled upr1ard. 

Reasons for Current Status: The primary threat is the deterioration c; 
water qual:ty !n L!Ke ~a::~~aw resJ1:ino fr:m nutr~ent t~~lduc. ~1:~:;~~ 
specific sources are currently unidenti¥ied, runoff and leachate from -
surrounding development may be contributing fo the buildup. Nutrients ln the 
lake increased since 1973, and it now appears that any further increas: could 
tip the scales towara water quality conditions that would threaten th: 
species. The existing de.~:. as interpreted by Casterlin et al. (1986'. 
indicate that phosphate c~ncentrations and loading rates in the lake ~=~e 
~han tripled in the years :e~ween 1973 and 1981. ·They :urther state :-tt 
"continued high rates of phosphorus input (organic pollution) will lik~~Y 
bring the lake to a hyper-eutrophic state ..• by the end of the cent~ry." 
Water quality could also be affected by habitat alteration from develooment 
and other changes in land use, both around the lake and in its waters~:d 
(especially Big Creek), if these activities are not planned and implemented 
with the protection of the Lake Waccamaw ecosystem in mind. 

A permit to propagate hybrid bass at several sites in the Lake Waccamaw 
watershed has been granted by the North Carolina Wildlife Resources 
C()nmission. Although the permit stipulates certain precautionary me-~sw~es, 
escape of non-native predators from such a project· into the system co~.;"j 
upset the existing predator-prey relationships in the lake to the detr:ment 
of the Waccamaw silverside and other fishes now present in the lake. · 

A final factor ~hat could threaten the Wacc~maw silverside relates to ~ts 
very short life cycle. The fish spawn when one-year-old and most die shortly 
thereafter. Failure to spawn in any one year could jeopardize the species. 
Water quality problems related to nutrient loading, even on a short-term 
basis, could cause the extinction ~f this fish. 
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WACCAMAW SILVERSIDE M. extensa .-

Habitat: Lake Waccamaw is a natural lake with an approximate surface area 
or 2,934 a:res and r..n average depth of 7.5 feet. Although it 1; ::d b~: 
=c:.jic snta~no s:7·-:ams, the lake· has a virtually r.e~tra1 pH. ·_Thj: ~::-...t··:~ 
:.;r:aition, unus.Jal among North Carolina's coastai plain lakes, :~ :elie·:ea ~0 
be caused by the buffering effect of the calcareous Waccamaw Li~es~one · 
formation, which underlies the lake and is exposed on the north s~ore. The 
Waccamaw silverside inhabits open water throughout the lake, whe~e schcols 
are commonly found near the surface over shallow, dark-bottomed areas. 

Cr~:ical habitat: North Carolina, Columbus County. Lake Wacc=rr.=, in ~ts ·· 
ent1rety to mean high water level, and Big Creek from its mouth :: ~a~= 
waccamaw upstream approximately 0.6 kilometers (0.4 miles) ~o ~h:~e tn~ :reek 
is crossed by County Road 1947. 

Constiiuent elements include high quality clear open water, wit~ ! neut~al ~n 
and clean sand substrate. 

Reproduction and Development: Spawning occurs from April t~rou;p ~0ne, bu: 
reaches to peak when water temperatures are between 68 and 72F. ~u1iy 
developed larvae form small isolated schools by early May. No ~=~:nta' care 
of the young has been noted. The silversides reach sexual matur:~y by the 
following spring, spawn, and then shortly thereafter most of the adults die 
off. A few may survive a second winter. 

Population level: Estimated to be in the millions. 
·-.- '· 

Management (Activities, Recommendations, Implications): The ta~~~g of 
_s1ivers1oes for fish bait or for scientific purposes is not cons;aered a 
threat to the species. These activities may continue in accorcc.:-:e wi:n 
State regulations. Activities which could affect water and subs:~ate cuality 
by increasing siltation and/or nutrient loading, or by altering :=mpera~ure 
or pH, will require monitoring and control as necessary and feas~~le. Some 
of the activities that could prove detrimental .include indiscrim~nate 
logging, land use changes, stream alteration such as channelizat:on or 
impoundment, bridge and road construction, improper pesticide/h::~:>icide 
application, and point and nonpoint pollution discharge. 

References: 

Casterlin, M.E., W.W. Reynolds, D.G. Lindquist, and C.G. Yarbro(.;n. 1986. 
Algal and Physicochemical Indicators of Eutrophication in a La~e Har~oring 
Endemic Species: Lake Waccamaw, North Carolina. Journal of t~= :lisha 
Mitchell Scientific Society 100(3):83-103. 

Davis, J.R. and O.E. Louder. 1969. Life-History of Menidia extensa. 
Transactions of the American Fisheries Society 98(3):466-472. 
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NORTH CAROLINA - Cr~tical .Habitat 

Me!l.idia ext:ensa. "Waccama~l~rside" ---
Columbus County. Lake Waccamaw in its entirety to mean high water :evel, 
and Big Creek from its mouth at Lake Waccamaw upstream approximate!:: 0. 5 
ki~~ce:er (G.~ :ile) to where the creek ~s crossed by C~unty 2~a~ :~-;. 

Consti:~ent elements include high quality clear ·open water, ~:::h a ~eut~~l 
pH'and clean sand substrate. 

N 
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NORTH CAroLINA -Critical P.abitat 

Hyb::>psis rronacha, "spotfir1 chub" 
. 

l·~CO:i and S ... 'ai..'i Co·.:.:: ties. :..i tt.le Te..."1.iessee Ri • .. -er, :-:-ai..""l c.l;a11..-:el :r:::m 
:he bac~-waters of E'c:1ta."1a ~.ake upst.-~a.;1 to t."E :iJr-:. Ca:-oli:.iE:-:;...~~=;.:.a 
state line. 
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NORTH CAROLINA - Critical Habitat 

~--Hudsonia r.1ontana, "r.iountain go1aen r~eather" 

Burke County. The area bourrled by the following: on the west by the 
2200' contour; on the east by t~e Linville Gorge ;.,·n9erness Bourx:~ry 

11/80 

north from the intersection of the 2200' contour :nd the Shortoff ~ountcir. 
Trail to where it intersects the 3400' contour at "The Chimneys"--then 
fo11 ow the 3400' contour north unt i 1 it rei ntersects the Wi1 d erness 
Bourrlary--then follow the Wilderness Boundary again northward until it 
intersects the 3200' contour extending west from its intersection with 
the Wilderness Boun:::lary until it begins to turn south--at this point the 
Bourdary exten::ls due east until it' intersects the 2200' contour. 

PI!CAH 

~· 

L - .. - ___ __j 



I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCE 24 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

TO WOK ·IT KAY CONCERN 

REGION IV 

ENV!P.ONMENTAL SERVICES DIVISION 
ATHENS. GEORGIA 30613 

Reference 24 

Bnclo1ed 11 one copy of the latelt revi1ion (February 1, 1991) of the US BPA, 
legion IV,. lavlronmental 8ervic81 Divhion, Bnvirormaental Compliance Branch 
Standard Operatin& Procedur .. and Quality A11urance Manual (SOPQAM). Thh SOPQAM 
wa• prepared exolu.ively for UJe by the Environmental Compliance Branch. Any 
part .of thb SOPQAK uy be reproduced for Ule by your organization. However any 
direct reproductiona, in whole or in part, 1hould be referenced a1 follow•: 

Enyiroumental Compliance Branch Stand&rd Oporatina Procedures and Quality 
AJiurance Mlnual, US·EPA, Region IV, ESD, AtheDI, GA, February 1, 1991 
(and 1ub1equent revlaloDJ). 

If you have received a copy on dille, plea•• be advised that ·it 11 in lJordPerfec~ 
5.1 format. You vill noti~e that the following fi,ur•• are not on the di1le: 

Fisur• 1.8.1 
Fisure 1.8.2 
Fisure 3.2.1 
Figure 3.3.1 
FiJUre 3.3.2 
FiJUre 7.2.5 

Environmental Compliance Branch TiDe Accounting 
Payroll Diatribution TiDeaheet · 
Sample Tas 
Chain·Of·Cu.tody Record 
Cui tody Seal 
Example of Site Map Showing Traverse Points Used To 
Locate Monitoring Vella 

Should you have any co•entl or 1ugge~tion• concerning the SOPQAK, please contact 
either Michael R. Carter (404-546·3117) or Bill Bolcey (404-546-3300). 

Sincerely youn, 

;(.~ !n:::1~~ 
Environmental Compliance Branch 

I • •' ~.' 



This diskette contains the complete text of the US-EPA, 
Region IV, Environmental Services Division, Environmental 
Compliance Branch standard operating procedures manual, dated 
February 1, 1991. The document is correctly referenced as follows: 
Environmental Compliance Branch standard Operating Procedures and 
Quality Assurance Manual, February 1, 1991 (ECBSOPQAM). 

The procedures described within the ECBSOPQAM may be modified 
as necessary (procedures for modification are described within the 
document), with the foll~wing proviso: If the. procedures are 
changed' they 'may no longer be referred to as the procedures 
described in this document. The Environmental Compliance Branch 
(which· is an integral part of the document review and field 
overview process in Region IV) will strongly resist any attempt to 
mo?ify these procedures and have them submitted for review as the 
original procedures. 

The files are in WordPerfect(c) 5.1 format. The files are 
organized such that each major section of the sop is in its own 
directory,. with each major sub-section saved as a separate fil~. 
As stated above, the text is complete, however, two figures (3.2.1 
and 3.3.1) are not included because these figures were reproduced 
by photocopy in the original document. The files are saved in 
a prestige elite (12p) font and are formatted for printing on a 
Hewlett-Packard Laser Jet(c) printer. We are unable to support 
other files at this time, although this file is saved in ASCII 
format to enable any user to read it. 
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FOREio/ORD 

This manual contains the standard operating . and field quality assurance 
procedures used by Envirorvnental Compliance Branch employees · during field 
operations. The specific procedures outlined are based on the experience of 
Branch personnel over the years or are specifically referenced ·at the end of each 
chapter. The specific quality control procedures outlined in the manual are 
provided as required by the Agency's Mandatory Quality Assurance Pol icy. 

This manual shall be provided to each Branch employee engaged in field 
operations. Each etlflloyee is expected to read and be familiar with each section 
of the manual. This manual will serve as a source-book for training new 
etlflloyees as well as a reference for current etlflloyees. The manual is meant to 
be a ·dynamic- document. It will be periodically reviewed and updated. IJhen 
changes are made in the manual, a memo will be sent to each Branch employee. Each 
employee will be responsible for keeping his or her manual current. To assist 
in this updating, a log is included inside the front cover for tracking revisions 
of individual sections. 

The SOP and specific quality assurance procedures outlined in 
CSOPQAM) are to be incorporated by reference into all "study plans 
Branch personnel. Any deviation from this SOP or specific quality 
procedures as outlined in this manual must be thoroughly documented 
C if possible) with the appropriate Unit Chief -and/or Section Chief. 
tion from this SOPQAM shall also be documented in all study plans 
resulting from that project. 
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1.0 STANDARD OPERATING POLICIES 

1.1 INTRODUCTION 

This section presents the standard operating 
Envirornental Conpliance Branch (ECB) as well 
activities. The basic objectives of this section 

• the Branch functional statement and 

• how requests for field investigations 
received, processed, · and i~lemented; 

• the basic flow of project activities, 

Sect Jon No. 
Revision No. 
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AND PROCEDURES 

policies sOd· procedures 
as a description of 
are to present: 

organization; 

· · and technical assistance 

. including the assigrnent 

1.·1 

0 

of the 
Branch 

are 

of 
personnel to projects, preparation of study plans, report prepara· 

• 

• 

• 

• 

• 

tion, and peer review; 

basic rules for errployee conduct and legal requirements for entry 
procedures during field investigations; 

Branch procedures for basic administrative functions such 
as travel, overtime, 

handling 
purchase requisitions, and typing requests; 

Branch procedures for obtaining analytical support; 

the Branch quality assurance plan; and 

the Branch basic safety program. 
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1.2 BRANCH ORGANIZATION 

1.2.1 General / 

The Branch is organized into two · sections: the Hazardous Waste Section and 
the Air and Water C~liance Section. The Hazardous Waste Section is compos~ 
of the RCRA Unit and the Superfund Unit. The Air and Water Compliance Section 
is composed of the Water Compl lance Unit and the Air C~l lance Unit. The 
staffing plan for these sections is presented in Section 1.2.2. The functional 
statements for the Branch and each Section are presented in the following 
section. The Branch structure is shown in Figure 1.2.1. 

1.2.1.1 Enviroi'Yilental Compl lance Branch .Responsible for planning, 
coordinating, executing, and evaluating investigations of toxic and hazardous 
substances; pesticides; waste, air and wastewater management problems; water 
treatment facilities; UIC fecit ities aild groundwater related problems; : and 
related enviroi'Yilental studies· within the Region. Provides technical assistance 
and multimedia overview to other federal agencies, states, local agencies, the 
private sector, and EPA contractors in municipal and industrial operations, field 
investigative procedures, and toxic and hazardous wastes investigations. 
Maintains expertise in air monitoring methodology. Develops and presents direct 
training courses. . Reviews and conments on remedial investigations/feasibility 
study work plans, remedial investigation reports, RCRA facility investigations, 
Record of Decision docunents, NPDES permits, UIC permits, State/local agency 
OA/SOP Plans, and federally licensed construction projects ' and provides requested 
field investigatory support of these programs. 

1 .2. 1.2 Hazardous \laste Sect ion Responsible for planning, directing, 
and conducting assessments and investigations for program and enforcement pur· 
poses (civil and criminal) related to hazardous substances, including:. RCRA 
related sampling and non·sampl ing feci\ ity inspections (pre· and post·permi t 
issuance), solid waste dumps and landfi\ ls, and Superfund remedial and· pre· 
remedial investigations such as at abandoned hazardous waste sites and related 
multimedia environmental and technical assistance studies. Responds to requests 
for assistance with oil and hazardous material spill investigations, and related 
multimedia environmental and technical assistance studies. IJhen required, 
provides support and. technical assistance for TSCA and FIFRA inspections .and 
investigations. 

In conjunction with the Analytical Support Branch, manages the Regional 
Sample Control Center (RSCC) for the national Contract Laboratory Program (CLP) 
and provides logistical support and scheduling for all Superfund related field 

conducted by the Section and program contractors. Provides over·. investigations 
view (field and document related) and quality assurance of Superfund contractors 
in conjunction with the IJaste Management Division. 

Provides technical assistance, training, and multimedia and routine over· 
view to other federal agencies, state agencies, local agencies, and EPA 
contractors in conducting multimedia hazardous waste inspections, toxic waste 
monitoring,- and RCRA inspections. 
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and other associated 

1.2.1.2.1 . RCRA Unit. The RCRA Unit has the primary responsibility for 

all Hazardous \laste Section RCRA activities, including the conduct of RCRA 
compliance inspections, sampling and non-sampling field investigations, technical 
support, technical assistance, and testimony for RCRA related facility and/or 
site related investigations in support of civil and/or criminal enforcement 
actions; overview of the state RCRA field program activities including on-site 
overview of state RCRA inspections as well as field program mid-year ·and end-of-
year reviews; review of state RCRA grants and related docunents; develo~nt . of 
standard operating procedures and inspection protocols for RCRA field activities; 
as well as technical assistance and training for local, state, EPA program, and 
other federal personnel in the field aspects of RCRA investigations. The RCRA 
Unit has the primary responsibility for coordinating the training activities 
conducted by the Section and training received by Section personnel. When 
required, provides the primary Section support for TSCA and FlFRA inspections and 
investigations. 

1.2.1.2.2 Superfund Unit -- The Superfund Unit has the primary responsi· 
bil ity for all Hazardous \laste Section Superfund activities including the conduct 
of abandoned hazardous waste site inspections and investigations, both sampling 
and geophysical; field investigations, technical assistance, and testimony in 
support of Superfund civi I and criminal enforcement actions; responds to requests 
from the Waste Management Division for assistance in monitoring oil and hazardous 
material spill situations, as well as assistance in investigating potential 
immediate removal Superfund sites; and operation . of the Section's portion of the 
RSCC. In conjunction with the Waste Management Division, schedules all Superfund 
investigations in the Region conducted · by Section and EPA contractor personnel; 
conducts on·site field quality assurance overview of contractor field 
investigations and overviews contract related investigation documents (study 
plans, RI/FS work and site operation plans, study reports, etc.); overviews state 
hazardous waste programs that are Superfund related; participates in and develops 
specific· Superfund related training and field standard operating procedures as 
well as participates in training courses for local, state, EPA programs, other 
federal field personnel, end contractors; end provides technical support for 
Superfund investigations end inspections to state and ._other federal programs. 
The Superfund Unit has the primary responsibility for the Branch's field health 
and safety program. 

1.2.1.3 Air end \later Conpliance Section 
coordinating, 
treatment 
drinking 

end executing investigations 
investigations 

of nunicipal 
facilities, and 

water programs. 
local agencies, 

Provides 
federal 

in support 
technical assistance 

agencies in nunicipal 
operations, end 

end other 
air monitoring studies. Develops and 

courses; 
construction 

reviews 
permits; 

end comnents 
and provides 

on NPDES permits, 
expert testimony. 

1.2.1.3.1 
conducting 

;\1-at~e~r .... ~C~onp~l~i-an~c~e~ .... ~U~n~i~t · •• Responsible 
including and assessments and investigations 

Responsible for 
and industrial 
of the Regional 

and overview 
and industrial 
presents direct 
end federally 

planning, 
wast~water 

· IJIC and 
to states, 
wastewater 

training 
I icensed 

for planning, . directing, 
data interpretation and 
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investigative 
facilities. 

reports related and industrial wastewater treatment 

Responsible for studies relating to facility operations, 

impact upon receiving waters as well as the persistence and fate 

taminants in the aquatic environment and ground water. Provides 

including 
of their 

related 

their 
con· 

input 

to permitting, enforcement, and other associated regional programs. 

Overviews and provides technical assistance and troubleshooting to state, 

local, and other federal agencies and the private sector concerning municipal 

operations in order to correct ope rational problems at existing facilities. 

Conducts in·depth diagnostic evaluations 
enforcement 

Division. 

of wastewater treatment facilities 
etc., to provide technical details for actions, consent decrees, 

support of the ~ater Management 

Monitors and overviews NPDES delegated states as well as conducts indepen· 

in 

dent 
etc. 
cipal 

studies of municipal and industrial feci l ities including CSis, CEis, PAls, 
Reviews and suggests corrections for self-monitoring techniques at sruni· 
and industrial facilities and provides input to enforcement actions.· 

Provides technical assistance, training, and overview to state', local, and 
other federal agencies 
techniques, operational 

concerning municipal and industrial facility investigative 
control techniques, and data interpretation. 

of the ~ater Management Division, 
of water treatment facilities 

responsible 
and field 

for conducting 
investigations field 

support 
program 

At the request 
investigations 

of the UIC, 
including 

Drinking 
associated 

water, 
water 

UST and the Regional ground 
quality investigations. 

water monitoring 
in 

1.2.1.3.2 Air Comoliance Unit Responsible for conducting state and 
local agency Performance Audits; Quality Assurance Plan (QA/SOP) reviews and 
approvals; conducting National Air Monitoring (NAMS), State and Local Air 
Monitoring (SLAMS), and Special Purpose Monitoring CSPH), and National 
Performance 
particulate 

Audit Program CNPAP) participation including the distribution of 
filters; conducting data validations; tracking and submitting 

Precision 
agency 

and Accuracy (PARS) data submittals; conducting an annual state/local 
training workshop; and conducting special studies. 

Responsible for maintaining the Region's expertise in 
methodology, which includes conducting, planning, and 
studies. Provides technical assistance to federal, state, 
air monitoring and analytical methods for both .toxics 
pollutants. 

air toxics monitoring 
arranging 
and local 

and 

air toxics 
agencies on 

criteria air 

Conducts air monitoring 
safl1:)l ing· 
from the 

in support of CERCLA and RCRA site ranking studies, 
and performs air 
response requests 
site clean-up and 
overviews contractor 

for specific pollutants 
Waste Management Division. 

remedial .action plans for air toxics 
air monitoring activities. 

in response 
Reviews 

monitoring 

to emergency 
hazardous waste 

activities and 
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Maintains an sir monitoring laboratory equipped with sophisticated 
air monitoring instrunentation, sir toxics screening instrunentation, 
sampling equipment, calibration equipment, c~terized data 
equipment, and a NBS Standard Reference Photometer in condition · ready 
valid air quality data. Some air monitoring equipment is maintained 
state and local agencies for special studies or emergencies. 

Provides assistance to the Air, Pesticides and Toxics Management 
by arranging, planning and conducting regional studies; reviewing state 
agency worlcplsns; and conducting National Arrbient Air System CNAAS) 

air toxics 
acquisition 

to produce 
for use by 

Division 
and local 

Audits. 

Verifies 
and certifies 

that state/local Hi-Vol orifices meet regulatory specifications 
ozone photometers and calibration systems. 

1.2.2 Line of Authority 

The purpose of this section· is to establish 
the event of 

the line of authority, in the 
Branch and 
respective 

in each 
section 

Section, 
Chiefs. 

Branch: 

John Marlar 
Mike Carter 
Bill Bolcey 
Steve Hall 
Ron Barrow 
Herb Barden 
Bill Cosgrove 

in 

Hazardous ~aste Section: 

Bill Boltey 
Steve Hall 
Bill Cosgrove 
Rod Davis 
Bruce Ferguson 
Dan Thoman 
Charles' Till 
Don Hunter 
Jim Gray 
Fred Sloan 
Sharon Matthews 
Pat Boyle 
John Trudell 
Roger Carl ton 
John Vail 
Terry Thomas 
Laura Childs 

the absence of . the Branch or 
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Air and Water C~l lance Section: I 
Mike Carter 
Ron Barrow I 
Herb Barden 
Danny France 
Joe C~ton I, 
Louis Salguero 
Jerry Burger 
Mike Bowden I 
Chuck Padgett 
Tim Slagle 
Jeff Lovell I 
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Ron 
Hike 

Barrow, 
Bowden 
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ESAT Uarehouse· Staff 

Chief 
UNIT AIR 

Herb 
Jerry 
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Danny France 
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Chuclc Padgett 
Tim Slagle 

_ .. 

UNIT 

Chief 
Jim 
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The Branch receives requests for field investigations and technical 

assistance activities from a variety of sources ·including federal, state, and 

local agencies; EPA Headquarters (including NEIC's Office of Criminal 

Investigations), EPA regional operating divisions (primarily the Water 

Management . Division and the . Waste Management Division>; u.s. Department of 

Justice; as well as the private sector. 

All 
activities 
with a copy 

requests 
shall 

for non·routine field studies or technical assistance 

be directed to the Director, 
Chief. 

Envirormental 
Any request 

Services Division 

to the appropriate Section that is forwarded in 
· · any other maMer shall be immediately routed to the Director's office. 

Requests for field studies that are received by Branch staff by telephone shall 

be discussed with the appropriate Unit Chief who 
shall 

will 
be 

notify 
followed 

the Section Chief 

and/or the Branch Chief. All such requests up by a memo or 
letter from the 
the Branch or 
Division Director 

All absence). 
expeditiously, 
letter from the 

requestor. 
the Division 

and Branch 
emergency 

but all such 
requestor. 

assistance activities Ci.e., 
plan) shall be directed to 
activity to the appropriate 

Non-supervisory Branch personnel are not to i::011111it 
to field studies without the approval of the 
Chief Cor appropriate Section Chief in his/her 

requests for· field studies shall be handled 
requests shall be followed up· by a written memo or 

All requests for routine field studies or technical 
those activities c011111itted to in the · aMual work 

the eppropriate Section Chief who will assign the 
Unit. 

The receipt of an investigation or technicel assistance request shall be 

acknowledged es soon as possible. This is normally the responsibility of the 
Division Director, the Branch Chief, or the appropriate Section Chief. 1f the 
request is accepted, the requestor will be so notified, and the Branch Chief 
shall assign it to the appropriate Section. The Section Chief shall then 
essign the request to the appropriete Unit Chief who will log the request into 
the c~terized project tracking system. The Unit Chief, in .consultation with 
the Section Chief, shall select a tentative study date and assign a project 
leader or field investigator es appropriate. 

The essigned project leader or field investigator shall discuss the 
technical merits of each project with his/her Unit Chief. The objectives and 
scope of each investigation or technical assistance project will be. mutually 

. agreed upon dui-ing this session. The project leader or field investigator will 
then contact the requestor and obteln necessary background information to 
formulate a study plan. A recomaissance trip may be necessary in some cases. 
Trips to the EPA regional office or state and local regulatory agency offices 
may also be required. \lh~n the project leader has collected all of the 
relevant material, he/she shall prepare a study plan and, if appropriate, 
discuss the resource requirement of the project with his/her Unit Chief. When 
required, additional steff from other . Units will be assigned by the Section 
:nief or Branch Chief. In studies involving more than one Branch, appropriate 
staff will be assigned by the Branch Chiefs or ·Division Director/Deputy 
Division Director. . Concurrently, the Unit Chief and/or project leader shall 
discuss the analytical requirements with appropriate Analytical Support Branch 
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prepared as study 
1.5 

plans 
and shall 

and 
be reviewed in accordance 

be 
with the Regional 

plan has been prepared, the project leader/field investi· 

a request for travel orders and overtime/compensatory time 

and submit them to the appropriate Section Secretary. This request should be 

submitted at least 10 working days in advance of routine studies. Concurrently, 

the project leader shall coordinate equipment and vehicle needs with the Branch 
warehouse staff coordinator and procure any needed special equipment. 

· After the field study has been conducted, the project leader/field lnves· 
tigator shall prepare an outline or draft of the study report for review and 
concurrence of the appropriate Unit Chief (not required for routine 
inspections). Jf sanples were collected during the study or investigation, the 
Analytical Support Branch will submit data to the appropriate Section Chief. 

The Section Chief will distribute the analytical data, through the appropriate 
Unit Chief, as soon as possible to the project leader/field investigator. The 
project leader shall prepare a draft of the final report (not required for 
routine inspections) for review by the Unit Chief and Section Chief. Once the 
report has been cleared by the appropriate Unit Chief and Section Chief, it 
shall then be reviewed in accordance with the Regional peer review pol icy. The 
review comnents shall be considered and · incorporated where appropriate. A 
final report shall then be prepared and distributed as outlIned in• Section 1.6. 
Routine inspection reports shall be prepared in final form for review by the 
Unit Chief and the Section Chief or his/her designee and shalt be promptly 
transmitted 

After 
vestigator 
outlined in 
appropriate 
entered by 
CoqJUterized 

(Section 2). 

the 
shall 

final report 
collect all 

Section 3, place 
Section Secretary 

the appropriate. 
project log. 

has been transmitted, the project 
relevant material including the 

it in the project file, and 
for filing. Completion of the 

Section Chief or Unit Chief into 

leader/field in· 
report, 

submit 
project 

the 

etc., as 
it .to ·the 

shall be 
appropriate 
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The project leader has overall 
out expeditiously 

responsibilities 

responsibility 
and that the 
include: 

for seeing tl!at field opera­
are met. tions are 

Specifically, 

• 

• 

• 

• 

• 

• 

• 

carried 
these 

study plan preparation 

project objectives 

and coordination; 

logistical 
purchase 

arrangements including the sutmission of travel and 
order requests; 

overall technical supervision of assigned project personnel 
field operations and assurance that standard field 
procedures are followed (any deviations shall be docunented 
field log book as well 

overall responsibility 

overall responsibility 
field as required; 

certifying and keeping 
compensatory time, and 
personnel in the field; 

as in the 

for project 

for making 

accurate 
hazardous 

final report); 

field safety; 

·Study plan modifications 

records of all 
duty time earned 

project data interpretation and final report preparation; 

any necessary project follow-up activities 

by 

coordinating 
attending show-cause hearings, presenting testimony, etc. 

during 
operating 

in the 

in the 

overtime, 
project 

and 

such as 
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1.5 STUDY PLANS 

Study plans shall be prepared and issued for ·all investigations, inspec· 
tions, and .field studies conducted by Branch personnel. The responsibility for 
preparing study plans rests with the assigned project leader or field investi· 
gator. Study plans shall be issued at least 10 working days in advance of the 
study for routine inspections and investigations and at agreed . upon time .frames 
(agreed upon with the requestor) for more complex studies. The only exceptions 

are those investigations and inspections that are conducted in response to 
emergency episodes and spills. No specific requirements for study plans for 
emergency episodes or spills shall be made. However, if time permits, · a study 

plan should be prepared. 

Study plans for routine inspections such as compl lance sarrpl ing (CSI), 

case development investigation evaluations (COlE), performance audit inspections 
(PAl), etc., shall consist of a notification ·that the inspection will be 

of 

and 
conducted, who will conduct it, the inspection dates, the nlnlber and types 

(if appropriate) sarrples to be collected (if appropriate), analyses required 
a statement that the procedures outlined in this SOPOAH will be followed. These 
study plans shall be prepared as one or two page memorandi.IIIS. These standard 
study plans shall be distributed to appropriate Regional staff as well as the 
appropriate state regulatory agency (if appropriate). IJhere required, safety 
plans should be prepared for routine investigations (Appendix K). 

Study plans for 
In 

non-routine investigations and 
should 

field studies need to be 
more detailed. 
elements: 

• 

• 

• 

• 

• 

• 

general, these study plans contain the following 

Introduction 
·investigated. 

a brief history and statement of the problem to be 

Objectives 
accomplish 

Scope 

a statement as to 
and how the information 

a definition of the limits 

what the investigation 
is to be used. 

of the study • 

Time Schedule a statement 
results 

the final 

outlining when the study 
conducted, analytical will be avai table, the draft 
will be written, and report will be available. 

Study Procedure the specific plan to collect the 
information (not field methodology). 

is to 

will be 

report 

required 

Methodology specific field techniques to be employed • A 
statement that the techniques 
be included. The use of any 
shall be justified. 

Analytical 
collected, 
the sarrples. 

Requirements 
required analyses, 

in this SOPOAM will be employed 
techniques not Included in this 

a complete listing of all sarrples 
will and which laboratory(s) 

shall 
SOPOAH 

to be 

analyze 



Section No. 1.~ 

Revision No. 0 

Date: 2/1/91 
Page 2 cif 2 

• Logistics a complete listing of the manpower requirements and 
and specific functions of all project personnel, special equipment 

vehicles to be used, use of mobile laboratories, 

etc. 

how samples are to 

• 

be transported to the laboratory, 

Safety 
eluded 

Plan where required, 
(Appendix 'K). 

a safety contingency plan will be in-

Draft study plans for the non· routine investigations shall be prepared and 

reviewed in accordance with the Regional peer review pol icy. Information copies 
of the draft study plan should be sent to all relevant program staff and ,to the 
Analytical Support Branch staff. 
study plan, it shall be rewritten 
Regional Peer Review ~Pol icy. 
transmitted to appropriate Regional, 
appropriate state regulatory agency 

If significant 
and reviewed 

A final study 
CCI, 

staff 
and/or 
utilizing 

changes are made to the draft 
again in accordance with the 

plan will be prepared and 
Headquarters staff as well as 

a transmittal memorand1.111. 
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1.6 STUDY REPORTS 

Almost all investigations, 

Branch personnel will result 

leader/field investigator is 

inspections, 
in the issuance 
responsible for 

and field 
of a technical 

the preparation 

2/1/91 
Page of 1 

studies- conducted by 

report. The project 

Df the report. 

Routine inspection reports such as CSI's, COlE's, PAl's, etc., shall 
include the c~letion of any appropriate standard fornis along with a transmittal 
memo detailing the significant findings of the ·inspection. Specific requirements 
for routine inspection reports are given in Section 2. The reports shall be 

distributed to appropriate Regional or · Headquarters personnel utilizing a 
transmittal memoranduri. Reports distributed to state or local personnel will be 

by use of an official EPA letter. 

report 
report 

No firm 
outline 
formats 

format , 
shall 
should 

is given 
be used 

include: 

for non-routine 
as a guide and 

technical reports. 
modified as necessary. 

The following 
Generally, 

• 

• 

• 

• 

• 

• 

Introduction should 
requested the study, .when 
study, the objectives of 
ments. 

Study Area a description 

Study Findings 8 brief 
any relevant conclusions. 

include a 
the study 
the study, 

statement of the problem, 
was conducted, who conducted 

and any necessary acknowledge-

of the area studied • 

summary of study findings, results, 

who 
the 

and 

Recommendations 
findings. 

•• · any recommendations resulting from study 

Study Methodology 
the study. 

Appendices 
study. 

field and analytical 

a listing of all relevant 

methods ~toyed during 

data collected during the 

As a general rule, reports prepared for enforcement 
actions, 

contain 

purposes, 
should 

or 
contain 

reports 
only prepared 

factual 
tions, or 
for these 
concurrence 
transmittal 
prepared 
discovery." 

in anticipation of possible enforcement 
information. 

personal 
These reports shall not 

opinions. Conclusions, recommendations, 
conclusions, recommenda-

and personal opinions 
investigations may be included In a separate memorandum with the 

in 

of the Branch 
memorandum 
anticipation 

or appropriate 
should be starrped 

of enforcement 

Section Chief. 
"Confidential 

litigation. 

When this is done, the 
This document · is 

It is not subject to 

The draft study report shall 
the 

be reviewed in accordance with the Regional 
peer review policy. Although Regional peer review pol icy e~tcludes enforce-
ment related reports, the Regional Quality Assurance Officer shall be sent 8 copy 
of all draft enforcement related reports for peer review with the exception of 

reports. The final report shall be distributed to criminal 
appropriate 

investigative 
Regional or Headquarters . personnel utilizing 8 transmittal memo. 
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1.7 EMPLOYEE CONDUCT 

1.7.1 General 

No. 

2/1!91 
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0 

EPA efl1)loyees are required to perform their duties in a professional and 
responsible manner, refraining from any use of official position for private 
gain. Branch efl1)loyees are also required to collect and report the facts of an . 
investigation or inspection completely, accurately, and objectively. They must 
conduct themselves at all times in accordance with the Environmental Protection 
Agency Regulation on E~loyee Responsibil iti.es and Conduct (1) and shall adhere 
to the Code of Ethics . for Government Service. The following paragraphs review 
some topics in the regu'lations especially· applicable to the work of Branch 

~loyees. 

E~loyees shall avoid conflicts of interest through outside employment or 
other private interests. A conflict of interest may exist' whenever an EPA 
employee . . has a personal or private interest· in a matter which is related to 
his/her official duties and responsibilities. It is important to avoid even the 
appearance of ·a conflict of interest because the appearance of a conflict damages 
the integrity of the Agency and its employees in the eyes of the public. All 
employees 
conflicts 

must, therefore, avoid situations which are, · or give the appearance 
the government. 

of, 
of interest when dealing with others. in or outside 

Good public relations and conmon sense dictate 
are engaged. 

that ~loyees dress appro-
priately for the activity in which they 

Jt is important 
when working 

that cooperation be obtained 
This can 

and good working relations· 
by using established. 

diplomacy, 
(including 
and should 
products. 
use only. 

with the public. best .be acconpl ished 
tact, and persuasion. E~loyees 

other regulatory agency or facility 
use discretion when asked to give 

All· information acquired during an 

should not 
personnel) 

a professional 
·errp l oyee' s 

An errployee is forbidden to solicit or accept any 
tainment, favors, loans, or any other thing of monetary 
corporation, or group which has a contractual or financial 
which has interests that may be substantially affected 
official actions; or which conducts operations regulated 

1.7.2 Entering A Facility 

speak of any 
in a derogatory 

opinion on 
duties is for 

person 
manner, 

specific 
official 

gift, gratuity, enter-
value from any person, 
relationship with EPA; 

by such errployee•s 
by EPA. 

1.7.2.1 
enforcement 

Authority Various federal environmental statutes grant EPA 
personnel authority to enter and inspect facilities. The au:hority 

granted in each statute is similar to that stated below in Section 308 of the 
Clean llater Act: 

"(a)(B) the Aaninistrator or his authorhed representative, upon presen-
tat ion of his· credentials (i) shall have a right of entry to, upon, or· 
through any premises in which , an effluent source is located or in which 
any records required to be maintained. • .are located, and 

I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
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(ii) may at reasonable times have access -to and copy any records, inspect 

any monitoring equipment or method required. and sa~le any 

effluents which the owner or operator of such source is .required to 

sa~le. •11 

For the specific requirements on conducting inspections and collecting data 
pursuant to a particular Act, see: Section 308 of the Clean . Water Act; Section 
9 of the Federal Insecticide, Fungicide, and Rodenticide Act; Section 3007 of the 
Resource Conservation and Recovery Act; Section 8 of the Toxic Substances -Control 
Act; Section 1445 of the Safe Drinking Water Act; Section 104 of the 
Coq>rehensive Envirorvnental Response, Coq>ensation, and Liability Act 

·(Superfund>; and Titles I, III, and IV of the Clean Air Act. 

1.7.2.2 Unreasonable Search and Seizure -- EPA authority under the various 

Acts is 
Amendment 
seizures, 
required, 
foregoing 

subject to the "unreasonable search and seizure" provisions of the Fourth 

or trickery. 

to the Constitution. 
but only those which 
has not 
of right 

been given. 
to privacy 

The 
are 

prohibition 
unreasonable 

is not against all searches and 
or to 

Consent, in this context, 
which is not the result of 

which 
means 

either 

valid 
the 

fear, 

consent, 
intentional 

ignorance, 

if 

To coq>ly with the Acts 
should 

and avoid 
be entered 

any "unreasonable 
In the following 

search" 
manner: 

and procedural 

problems, a facility 

1. 

2. 

3. 

4. 

5. 

The facility 
through the 
inspection 

premises 
entrance 

notification 

should 
designated 

letter 

be entered 
by the 

(a 308 

through 
source if 

letter for 

the main 
in response 
exarrple). 

gate or 
to an 

The ~loyee shall introduce 
courteous manner 
plant official 

to a responsible 
may be the owner, 

charge for the facility, including 
Identification-

If only 
present 
superior 

a guard 
her/his 

on the 

credentials 

is present 
credentials 

shall 

Phone. r'f 

· at 
and 
the 

responsible official he/she is 
guard to call him/her directly. 

herself/himself · in a dignified, 
plant official. A responsible 
operator, 

the plant 
always be 

officer, 
envirorvnental 
shown. 

or agent in 
engineer. 

the entrance, the ~loyee shall 
suggest that the guard call his 
inspector 

to see, 
knows 

he/she 
the 

shall 
name of 
request 

the 
the 

If the c~ny provides a general sign-in sheet; it is acceptable to 
sign it. Branch etll>loyees :;:.S:..:;ha~l!.ll.._~no~t--2s.:.:i911!n.l.....-!!a--r~e~l~e:!!.a~se:__~o"-f-.!..l!.!ia!!.!b~i.ll.!.itll:Y 
<waiver) when entering a facility under the authority of Federal 

W!· 

. If entry · is 
the facility 

• 

• 

refused, the 
representative, 

obtain name 
the facility, 

etll>loyee 
but 

shall not contest the 
will illlllediatel y do the 

and . position 
and record 

of individual 
the date and 

denying 
time; 

issue with 
following: 

entry to 

cite the · appropriate EPA-administered legislation, ask 
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if he/she 
presence, 
for denial 

heard and 
and· record 

understood 
the answer 

the 

and 

reason for 
any reasons 

your 
given 

of entry; and 

• leave the premises imnediately. 

After leaving the facility, the employee 
and 

and 

shall, at the earliest possible 

time, inform their 
the 

imnediate supervisor 
took place 

the office of Regional Counsel, by· 

telephone of events which seek guidance on how to proceed. 

1.7.3 Requesting Information 

The various laws and statutes under which EPA operates address the pro· 
of trade secrets and confidential information. As a general pol icy, 

staff should not accept conHdential information unless it is necessary 
tection 
Branch 
for carrying out Agency functions under a particular Act. As a matter of Branch 
policy, 
party 
Regional 

request for confidential information can only be signed by a responsible 
in one of the operating Divisions or by an attorney in the Office 

Counsel. 

In COI!l>liance with EPA regulations, an EPA request 
pursuant to statutory authority, will contain a· statement 

for COI!l>any 
allowing 

information, 
the facility 

of 

to designate all or part of the information requested by the Agency as 
confidential by marking it according to: Code of Federal Regulations, 

In acldi t ion 
information 

Title 40, 
to citing 

will state 
Part 2, Section 203.41; or Federal Register, 41 FR 36902. 
the appropriate regulations, the request for confidential 
that: 

(1) 

(2) 

may, if it desires, assert a business confidentiality 
part or all of the information in the manner 

The business 
claim covering 
described by [the applicable regulation], and that information 
covered by such a claim will be disclosed by EPA only to the extent, 
and by means of . the procedures, set forth 
regulations]; and that 

Jf no such claim acc~nies 

EPA, it may be made available 
notice to the business. 

the information 
to the public 

in [the apPlicable 

when It 
by EPA 

is received by 
without further 

If the 
responsibility 

collection of confidential 
of the Branch, personnel 

information is required to carry out the 
should consult careful! y with the appro· 

priate 
general, 

operating 
when such 

Division staff and the Office of Regional Counsel attorneys. Jn 
information 

information 
is needed by Branch personnel, the request should 

·state 
Regional 

that this will be transmitted directly to the Off ice of 
Counsel. 

In general, Branch personnel shall not accept confidential information 
conducting a plant evaluation, inspection, or reconnaissance. I./hen 
personnel RUSt collect · or observe confidential information, a separate 
shall be maintained. IJhen confidential information is entered into an 
tor's logbook, the entire logbook and each page cOntaining confidential 
mation shall be marked "CONFIDENTIALITY CLAIM." Upon return to the EPA 

when 
Branch 

logbook 
inspec· 

infor· 
Region 

I 
I 
I 
I 
I 
I 
I 
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I 
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I 
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IV I ESD 
cabinet 
disposition 

facility, 
end the 

of 

all such information shall be maintained in a locked filing 
Office of Regional Counsel shall be notified for ultimate 

the material. 

1. 7.4 Disclosure of Official Information 

pol icy to make information about EPA and its work available, It is EPA 
freely and equally, to all individuals, groups, end organizations. This pol icy, 
however, 
mat ion 
mental 

does not 
and evidence 
laws. 

extend to confidential information or to investigatory infor-
relating to the suspicion of a violation of federal environ· 

Any Branch employee who receives a request, written 
or disclosure of EPA investigatory records, whether made 
procedures or the Freedom of Information Act, shall 
Division's Freedom of Information (FOI) Act Coordinator 
Coordinator of the request. such records she! t not 
specific 
program 
reports. 

concurrence 
offices will 

of the Regional 
make ell third 

FOI coordinator. 
party distribution 

or oral, for inspection 
under judicial discovery 
immediately advise the 
and/or the Regional . FOI 

be released without the 
RCRA, Superfund, and TSCA 
of data and investigative 
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1.8 BASIC ADMINISTRATIVE FUNCTIONS 

1.8.1 Timekeeping 

Each Section Secretary is that particular Section's timekeeper. The 
timekeeper shall be kept informed of all leave taken as well as the overtime and 
corrpensatory time earned and taken by each efll'loyee. Branch . efll'loyees shall 
obtain approval from their respective Unit, Section, or Branch Chief before 
taking annual leave. A leave request form (SF-71) must be completed when more 
than 40 hours of annual leave is taken or whenever any leave is taken and the 
employee anticipates being unavai table to initial his/her timecard. All Branch 
employees shall utilize the appropriate Section roster, located on the bulletin 
board in their respective Section Secretary's office, to post leave taken. If 
an efll'loyee is too sick to report for duty, the efll'loyee shall !"Otify the 
respective Section Secretary by telephone as soon as possible. The appropriate 
Section . Secretary, as well as the employee's· immediate supervisor, shall always 
be kept informed of all travel plans (even those made to the regional' office). 
The appropriate Section Secretary is responsible for notifying the Division 
Director's Secretary in writing of any scheduled travel by COB on Thursday prior 
to the following week •s travel. Emergency or unscheduled travel will be reported 
via telephone to the Division Director's Secretary by the . appropriate Section 
Secretary once the travel is known. All efll'loyee•s time must be charged to 
appropriate specific account numbers. This is accomplished by having each Branch 
efll'loyee utilize the form shown in Figure 1.8.1 to account for all work hours. 
This form shall be f i \led out by each Branch efll'loyee to the nearest whole hour. 
For the Activity Code in Figure 1.8.1, each efll'loyee shall use the most relevant 
Activity Code from Table 1.8.1. The form shall be submitted to the appropriate 
Section Timekeeper no later than close of business on the first Monday of each 
pay period. All leave, compensatory time, and overtime, whether earned or taken, 
must be turned in to the appropriate Section Timekeeper by 0900 on the second 
Thursday of each pay period. These times/days may vary on holidays. A notice 
will be posted In each Section Secretary's office if leave should. be turned in 
earlier. 

Each 
who works 
EPA Payroll 
to the 

enployee with 
on any Superfund 

Distribution 

either a fixed Superfund 
activity during a pay 

Timesheet (Figure 1.8.2). 

account 
period 

This 

number 
shall 

or any employee 
also complete the 

form shall be filled out 

overtime. 
nearest 

The 
hour 
report 

for regular hours 
shall be signed 

their Section Timekeeper 

worked and 
and dated 

on the first 

to the 
by . each 

day 

nearest 
employee 

of it in to 
Timekeeper 
the . second 
Timekeeper. 

gives the supervisor the form to review, sign, 
each 

and 
the day of each pay period, the Supervisor returns 

quarter hour for 
prior to turning 

pay period. The 
date. By noon on 

form to the Section 

All requests for compensatory time and overtime must be. submitted in ad· 
vance of projects and approved before it can be ·earned •. OVertime/compensatory 
time requests should be submitted to the appropriate Section .secretary on the 
bottom of the Request for Travel Order Form (Figure 1.8.3>. These requests 
should be submitted at least two weeks in advance of. projects, and shall be 
initialed by the employee's irnnediate supervisor. The appropriate Section 
Secretary shall complete the Request for Authorization of Overtime "'ork (EPA Form 
2560·7) for approval by the Division Director. 

I 
I 
I 
I 
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All 
appropriate 
form should 
appropriate 

overtime 
Section 

be signed 
Unit 

and c~nsatory time earned shall be suanitted to the 
Timekeeper utilizing the form shown in Figure 1.8.4. This 

by the project leader/field investigator, initialed by the. 

Chief, and signed by the appropriate Section Chief. When field 

operations are conducted during the second week of the pay period, the project 

leader or field 
0900 on Thursday 

personnel. 

investigator 
end report 

shall call the appropriate Section Timekeeper by 

any overtime and compensatory time earned by project 

Blanket . authorization for hazardous duty pay is ·approved on an annual basis 
for Hazardous Waste Section personnel. The Overtime/Compensatory Time/ Hazardous · 
Duty Pay Approval · Form (Figure 1.8.4) must be c~leted for all approved 
personnel earning hazardous duty pay. The form shall be c~leted upon return 
from the field investigation for approval by the Chief,· Hazardous Waste Section. 
The justification for hazardous duty pay shall be signed by the Project Officer, 
the Section ·safety. Officer, end the Chief of the Hazardous Waste Section. 

1.8.2 Purchase Requisitions 

All purchase requests shall be submitted on EPA Form 
through Request/Requisition). 

Chief to the Section 
written justification 
as to why the purchase 
be so noted below 

This form shall be routed 
Chief. All· purchase requests 
on a separate sheet . of paper 
is necessary (if the request 

the written justification). 

shall 
attached 
is for 

This 

1980·8 (Procurement 
the appropriate Unit 

contain 
to EPA 

Superfund, 
form 

a specific 
Form 1980·8 

it should 

justification shall also be used when purchases are made utilizing 
and 

petty 
written 

cash. 

1.8.3 Travel Authorization Reauests 

requests shall 
initialed by the 

All travel 
(Figure 1.8.3), 
be submitted to the appropriate 
advance of the scheduled travel. 

1.8.4 Word Processing Procedures 

be made on the Request · for Travel Orders Form 
inmediate . supervisor, and C if possible) shall 

Section secretary at least 10 working days in 

To 
finalized 

minimize 
through 

risks of 
the clerical 

multiple 
staff. 

copies, all 
The clerical 

distribution 

reports 
staff wi II 

and memos wi II 
be responsible 

be 
for 

proper formatting, editing, and final of each doc~.~~~ent • Once a 
doc~.~~~ent has . been submitted for finalization, no further editing should occur to 
the doc~.~~~ent unless it is on the "official working copy" which has been submitted 
to the clerical staff. 

1.8.5 Report and Correspondence Distribution 

After report distribution memos and correspondence have been signed, these 
items wit I be returned to the appropriate Section Secretary or Clerk·Typist for 
distribution. 
such itenis. 
authority> 
Chief, and 

In general, other Branch enployees !!ll! .!:!2! make distribution of 
Memos or correspondence for. the Division Director (or higher level 

must be initialed by the originator, the Unit Chief, the ·section 
the Branch Chief prior to ·submittal to the Division · Director's 
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Secretary. The appropriate Section Secretary will carry all correspondence for 

the Division Director's signature directly to the Division Director's · Secretary. 

1.8.6 Vehicle · Use and Checlc·Out 

The keys for Branch sedans are kept in the Air and \later Coq:)l lance Section 
Secretary's office in a locked box, and the keys for Branch field vehicles are 
kept In the Hazardous Waste section Secretaries's office in a ·locked box. All 

vehicles 
located 

shall be checked out by Branch personnel utilizing the check-out sheet 
in the appropriate Section Secretary's office. Any needed repairs shall 

be noted on the check-out sheet along with the ending vehicle mileage at the 
conclusion of a trip when the keys are returned. The gas tank for all vehicles 
shall be at least three quarters full when returned to the Athens facility. 

1.8.7 Field Equipment Check-Out 

Branch 
(Figure 1.8.5) 
All requested 

for which 

field personnel shall 
to specify the 'field 

information (including 
the investigation code 

mittel to the warehouse · staff. 

use the current 
equipment needed 
account 

is charged) 
The 

ni.Jllber, 
shall 
form 

warehouse 
needed 

staff at least five working 
load· out 

days prior 
(except in an emergency). 

1.8.8 CERCLA/RCRA Site Map Requests 

field equipment load-out form 
for specific field studies. 

project number, and activity 
be· C0111Jleted prior to sub· 
should be submitted to the 

to the 'time the equipment is 

Requests for hardcopy production of site maps and other graphic output to 
be produced by the Hazardous \Jaste Section AutoCAD/Happing workstation should be 

completed using the form shown in Figure 1.8.6 or equivalent. · · Requests 
CERCLA/RCRA work as well as requests by non·H\IS Section personnel 

for non· 
require 

. approval · by the H\IS Chief. 

1.8.9 Requests for Analytical Data SI.IIIIIBry Tables 

The Hazardous Waste Section has developed c~ter programs that produce 
tables si.IIIIIBrizing ESD/ASB ·end CLP laboratory analytical data results. ·Since 
these programs require direct access to the ESD/ASB c~ter databases and 
appropriate accounts and access rights on the laboratory's e~ter, requests 
should be made .to the HIJS using the form shown in Figure 1.8.7 or equivalent. 
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I Names: _____________________________________________________ __ 

I Dates of Travel __________ ............... -------------------------------------

I Site Namecs>'--------------------------------------------------

Site Location(s) _____ _.:. __________________ _ 

I Site Account 
N~r(s) ________________________________________ ..... 

I 
Purpose of Trip·----------------------------------------------

****************************************************************************** 

I LOOGING 

City/County ______________ Hotel ___________ _ 

I Cost _________________ Actual_ Expenses. ________ _ 

****************************************************************************** 

I 
DO YOU NEED FLIGHT RESERVATIONS? Yes No 

Beginning Date LV Time Flight # 

I AR Time 

Returning Date LV Time Flight # 

I AR Time 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DO YOU NEED A RENTAL CAR? Yes No 

I Confirmation #---------------Agency __________________________ ___ 

I 
Rate. _________________________ size. _____________________________ _ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

REQUEST 

I 
FOR OVERTJME/COMP TIHE 

I Submitted By: ________________ __ 

I Approved By: ______________ unit 
Chief 

-----------------------Section Chief 

I 
I 
I 
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FIGURE 1.8.4 
OVERTIME/COMPENSATORY Tl ME/HAZARDOUS DUTY PAY APPROVAL. FORM 

USE ONE FORM FOR EACH PROJECT 

PROJECT NAME: PROJECT NUMBER: 

ACCOUNT NUMBER PROGRAM ELEMENT: 

NAME DATE OVERTIME COHP TIME 

PROJECT LEADER: _______ _ APPROVAL/DATE 

CHIEF, HUS _____ ,;.._ ___ _ APPROVAL/DATE. __________ _ 

HAZARDOUS DUTY PAY JUSTIFICATION 

SAFETY OFFICER: ________ ,APPROVAL/DATE __________ _ 

CHIEF, HUS: _________ ....-APPROVAL/DATE. __________ _ 

No. 1.0 

No. 0 
2/1/91 
of 20 

HD PAY 
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HAZARDOUS IJASTE SECTION Revision No. 0 

LOAD OUT SHEET Date: Z/1/91 
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Project Leader ______ _.:EXT ··---- Activity Code. __ _ Loadout Date 

Stucly(s). ______ ~_ST ·---- Project No. 

Account No(s) RCRA? 

SOIL/SEDIMENT/UASTE 

s. s. Shovels 

Hand Augers 411 heads 

_Extensions 

_Pins (jar) 

_Handles 

~q s.s. SeQOOS 
_(S) 

~ll Glass Pans 

~-~ _(S) 

Scoops 

_scoop 

_conduit 
Brackets. 

Pipe 

Cl) S.S. Ponar Dredge 
_CS) 
_3/8 11 Rope Cft) 

Miscellaneous 
_Glass Tube 

_Bacon Bonb 

Tubes _Coliwasa 
_s.s. Push Head (ea) 
_shelby Tube/pushhead(ea) 

~ 
_Well Sounder tl ___ _ 

_2" Teflone Bailers 
_. Bailer Rope (spool> 
_Phase Detector tl __ _ 

_Graduated Cylinder 

C latex) 
Rubber 

Rubber Cea) 

_ surgical 
_ Neoprene 

_Butyl 
_PVC 
_cotton 
_silver 

(ea> 
Work (ea) 

Shields 

UEll INSTALLATION 

_Lil' Beavere 
_Auger Points 
_Auger Flights 

2" Sand Points 

211 Uet I Casings 

(Box) 
(Box) 

CERCLA? Vehicles(s) 

Peristaltic P!.JI!f?(S)tl 

_Silastic 

_Teflone 

_vacuun 

_M. Flex 

Tubing (coil) 

Tubing C25'roll) 

Inserts 

Cables 

(jar) 

(set) 

_Ful tzlll Punp(s)fl. __ _ 

*-----'---
_Extra Fultz Heads (S/L) 

_Power paclc 
_ 24v Cables (set) 

_ charging Units (ea) 

_24v Generator 

Goulds p~ 11 
_Extension Cord 

110v - Generator 

- Hose (ft) 

_3/8 11 Rope (ft) 

_Tripod 

Geo Guard tl 

_Geo Guard Control Box 
Geo - Guard CQI11)ressor 

Uell 

_3011 

1./izard # ___ _ 

Controller 
_3111 Controller 
_Air Comector 

_12v Connector 

BATTERIES 

_12 volt 

(elect.) 
(gas) 

SURVEYING EQUIPMENT 
_Transit tl _____ _ 

_Level . tl. ______ _ 
_R~ tl ________ _ 

_Altimeter 
_steel Tape Cea) 

Tape _Fiberglass 

Targets 
(ea) 

_Aerial 
_Flagging 
_Cloth Tape (ea) 
_Tacks 
_Wood Stakes (ea) 

Cea) 
Cea) 

_Sledge Ha11111er (ea) 

_Ha11111er 
_orange 
_Pll.llb 

Cea) 
Vests 

Bob 

I I 

~. 

_Topcon# ___ _ 

_Prisms 

_Prism Tripods 

_Thermometer 

_Barometer 

_Field Book 

GEOPHYSICAL 
_ ._Magnetometer 

_Metal Det. 
_EH-31# ___ _ 

# _ 

(L),(S)# 

_EH-34 # __ _ 

_lladi 

UOUID CONTAINERS 

Liquid 

_1Gal.(EXt/Pest) 

_1L Poly Met/Cyanide 
_40-ml VOAS-3/sa""le 

__ Chlorinated 

__ Non· Chlorinated 

_soomt Glass(Phenol > 

Soi l/Sed/Siudge 
_8oz 

_2oz 
Ext/Pest/Cyan 

~ 

Miscellaneous 

_1 Gal Plastic 

_4oz white-cap jars 
_SOO·ml Polyeth. 

_112 Gat Plastic 

_1 L. 11/M Clr. Glass 

Concentrated · Uaste 

_8oz Glass (jar) 

REAGENTS 

_HN"3 CSOOml) 
NaOH (bottle) 

-H2so C500ml > 
- 4 
_Thiosulfate 
_Zinc 
_KCL 

Acetate 

_Ascorbic Acid 



FIELD ANALYSES 

_pH Paper 
_pH 
_pH 
_pH 

Meter 
Meter 
Buffer 

(old) __ 
<new) __ 

(set) 
Storemore jars 

_Cond. Meter#_ 
_D.o.· Meter#. __ _ 

# ______ _ 

#. ______ _ 

ICE CHESTS (L,S, 6pcl:) 

Crates (L,S) 

Plastic 
_Large 
_Mediun 
_Small 
_lolhirl·Paltse 

Bags 

ill£ 
_Fiber 
_Duct 

(ea) 
(ea) 

_Electrical (ea) 
_Masking tea) 

SAMPLE SHIPPING 
_vermiculite (Bag) 
_Dust Masks (Box) 

Sanple Cans w/ tl ips 
_Gallon tea) 
_ouart (ea) 

Shipping Boxes£ 
StJ!rofoam Inserts _, Quart tea) 

_·4 Quart (ea) 
1 - Gallon tea) 

Special Requests 

Released BJ!: 
Released To: 

FIGURE 1.8.5 (CON'T) 

SAFETY EQUIPMENT 

XL L M s 
_Tyvel: 
_Green 
_Yellow 

One Piece Suit 
Splash Suit (ea) 

_Disposable Booties (pr) 
_Tent (ea) 
_Drink Cooler (ea) 
_Chai r(s) (ea) 
_Tables (ea) 
_cooling Vests 
_Brass Tools (set) 
_Rangers (set) 
_Extra 
_Ultra 

M r Tanks (ea) 
Twin canist.(set) 

System _cascade 
_Boundary 
_Boundary 
_Boundary 
_Eye \.lash 

Tape·Excl 
Tape·Supp 

Zone 
Zone 

Tape·Cont Zone 
System 

_cooling Vest & Batteries 

SAFETY MONITORING 

_Air Monitoring Box# __ 

_OVA#·-------
_Tip 

ll ·---·---
FIELD CLEANING 

_lolash Tubs (ea) 
_PI,IIl) Sprayer (ea) 
_Distilled Water (gal) 
_organic Free Water (gal) 
_Hilli·O Water System 
_Isopropanol (gal) 
_Liquinox (bott) 
_Graduated Bucket Cea) 
_Brushes Cea) 
_Aluninun Foil (box) 
_Garbage Bags Cea) 
_Oil \.lipes Cea) 
_saw Horses (pr) 
_Plastic Sheets (box) 

pate: Returned To: 
pate: Returned To: 

Section No. 
Revision 
Date: 

No. 
2/1191 

9 of 20 Page 

PROJECT LEADER 

_Tags (bundle) 

1.8 
0 

_cust.ody Seals (box) 
_custody Sheets 
_sample Receipt 

Travel Orders -
_Hotel RSVP 
_Topo/Quad/Photo 
_Hand Radios 
_Hand Rad. Charger 
~Safety Bag(s) 
_camera 
_Film 
_Instruction 
_Notebook(s) 

Manuals 

_Traffic Reports 
_Air Bill(s) 
_Hazardous Manifest 

MISCELLANEOUS 
_Extension 
_Trailer 
_Trailer 

Cord 
(large) 
(small> 

_Trailer 
_Bungi 
_Gas 
_Boat 

(H) Hearse) 
Cord (ea) 

can (ea) 

_Life Vest(s) (ea) 
_oar(s) (ea) 
_loladers (pr) · 
_Flash! ight (ea) 
_Machete Cea) 
_Whizz \.litch 
_JI.Jil)er Cables 
_safety Harness 

(set) 
Cea) 

_Fluorescent Paint 
____ 12v Floodlights 
____ Tool Box (ea) 
_Paper Towels (pies) 
_Garden Hose 
____ Gator Aid (pl:s) 
#CHECK PAGE ONE 
_•_Reagents 
_•_Lit' 
_•_24v 
_• _110v 
_•_PUMPS 

Beavere 
Generator 

Generator 

Date: 
Date: 
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FIGURE 1.8.6 
AUTOCAD REQUEST FORM 

REQUESTOR'S NAME: _____________ _ 

TYPE OF REQUEST: CERCLA __ RCRA __ OTHER __ 

DATE OF REQUEST: ______ _ DATE REQUIRED: _______ _ 

PROJECT NUMBER: _______ _ ACCOUNT NUMBER: _______ _ 

PROGRAM ELEMENT: ______ _ . FIGURE NUMBER: _______ _ 

NAME OF OLD DRA\IING 
(IF APPLICABLE) 

TO USE AS TEMPLATE: ______________ _ 

HAZARDOUS 
(REQUIRED 

\IASTE 
FOR 

COMPLETED 

SECTION CHIEF SIGNATURE: _____________ _ 

ALL NON·CERCLA/RCRA OR NON·H\IS REQUESTS) 

COMMENTS: 

BY: _______ __ DATE: ____ _ 



Section No. 1.8 
Revision No. 0 

.fiRST and LAST 

FIGURE 
DATA TABLE .. DEFINITION 

INITIALS: - -

1.8.7 
ENTRY 

(computer 

Date: 2/1/91 
SHEET Page 11 "of 20 

will assign the DB NAME 

PROJECT NUMBER: based on info at left, WRITE IT) 00\.IN!) 

TABLE ID: (1 or 2 char): DB NAME = - - -
YOUR LAST NAME: DATE TO RUN: I - - '-

H H 0 0 y 

INCLUDE NONOETECTABLES (Y or N)? C"Y"es will give all "U" values) 

SORT COMPOUNDS ALPHABETICALLY? (Y or N)? ("N"o is the default) 
************************************************************************•••••• 
* ANALYSES TO PULL (Answer Y or . N): 

ALL VOAORG EXTORG PEST/PCB ·METALS SPECIFIED (CN) 
****************************************************************************** 
• (You may enter up 

TABLE TITLE . #1: 

TABLE TITLE #2: 
TABLE TITLE #3: 

TABLE TITLE #4: 

TABLE TITLE #5: 

to 5 titles, up to 40 characters each) EXAMPLE: 

TABLE 

ANALYTICAL 
BOZO'S .TOXIC 

FUME CITY I 

DATA SUMMARY 
IJASTE, INC 

NEll JERSEY 

JANUARY, 1988 

****************************************************************************** 
SAHP 

SAD #1:_ 
SAD #2: __ 

(optional) · 
STATION: __ _ 
(8 char) 
DESCRIP:_ 
(8 char) 
DESCRIP:_ 
(8 char) 

SAHP 9 
SAD 11:_ 
SAD #2: __ 

(optional) 
STATION:_ 
(8 char) 
DESCRJP:_ 
(8 char) 
DESCRJP:_ 
(8 char) 

SAHP 2 

SAHP 10 

SAMP 3 SAMP 4 SAHP 5 SAHP 6 SAHP 7 SAHP 8 

SAHP 11 SAHP 12 SAHP 13 SAHP 14 SAHP 15 ·SAHP 16 

---· 

y 
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TABLE 1.8. 1 Section No. 1.8 

I ACTIVITIES CODES Revision No.O 
Date: 2/1/90 

RESOURCE .. TRACKING SYSTEM Page 12 ·of 20 

I GENERAL (USE APPROPRIATE ACCOUNT) 

I 
Program 
Element Activity 

General Administrative 

I 010 Administrative . Personnel, Performance, Travel, Etc. 
012 Timekeeping 
013. Training Attended 

I 014 Safety Training 
015 Training Plan Development 
016 Property Inventory 

I 
017 Procurement 
018 Clerical 
020 Equipment Maintenance 
021 Vehicle Maintenance 

I 023 Equipment Repair 

~ 

I 
051 .. Annual 
052 Sick 
053 Holiday 

I 
054 Administrative 
055 Hazardous \leather 
056 Jury 
057 Uo'OP 

I 058 C~nsatory Time (Taken) 

ManagementlS~rvision 

I 
100 General 
101 Review of National Guidance 
102 \lork Plan Development/Review 
103 Regional Program Reviews 

I 104 , Regional Program Planning 
106 Literature Review 
107 \o'orkload Model Review/Input 

I 
108 End of Year Review (Personnel) 
109 Mid·Year/End·Of·Year Review (Personnel) 
110 SPMS/STAR .Report/Preparation 
111 Study/Project Plan Review 

I 112 Peer Review Reports 
113 Report Preparation 
120 Office/Lab Cleanup/Move 

I 
121 Ell'4)loyee Physical 
122 Attendance at Conference, Seminars, Conventions, Etc. 
123 Staff Meetings 
124 Health and Safety Meetings 

I 125 FOI Requests 
126 Ccmnittee Meetings 
127 Program Meetings 

I. 
128 General Meetings 
133 Congressional Response/Inquiry 

I 
I 



AIR MONITORING 

Program 

~ 

201 
202 
203 
204 
205 
206 
207 
208 
209 
211 
282 
551 

251 
252 
254 
255 
256 
257 
258 
261 
262 
263 
264 
265 
266 
267 
268 

259 
260 
287 

269 
270 
283 

284 
285 
286 
287 

271 

2n 
273 

TABLE 1.8.1 (CONTINUED) 

CA2304P009) 

Activity 

Technical Assistance 
Develop State/Local 
TA to EPA Program 
TA to State/Local 
TA to HQ Personnel 
TA to Other Federal 
On·site TA 
General TA 

Agency Capabilities 
Personnel 
Agency Personnel 

Agency Personnel 

Sectlon NO. l.b 

Revision No. 0 
Date: 2/1/91 
Page 13 "of 20 

Assistance 
Assistance 

to State/Local 
to State/Local 

Conducted 
Analysis 

Agencies 
Agencies 

• Acid Rain 
• Air Toxics 

Training 
Trends 
OA/SOP Plan Reviews including Branch SOPQAM 

Evaluations 
Project/Study 
State/Local 

Plan Review and Preparation 
Agency Lab Evaluations 

Site Evaluations 
NAMS (New Sites) 
NAMS (Existing Sites) 
SLAMS (New Sites) 
SLAMS (Existing Sites) 
NAHS Docunentation 
SLAMS Oocunentation 
OAHS Audit 
EHSL Audit 
NAAS System Audits 
Pre·audit Preparation 
Audit Report Preparation 
Performance Audits 

Revisions 

Precision & Accuracy and Data Submittals/Retrievals 
P&A Reports 
P&A Evaluations 
SAROAD Retrieval/System Support 

Air Toxics MonitoringlS~cial Studies 
Air Toxics Monitoring Studies . Anbient 
Air Toxics Monitoring Studies - Superfund 
Air Monitoring Policy Manual 

Criteria Monitoring 
Orifice Calibration/Certification 
Ozone Calibrator/Monitor Certification 
CO Saturation Monitoring 
PH10 Saturation Monitoring 

Network DesiqnlRedesiqn S~cial Enforcement Activity 
Ozone 
Criminal 
CO Network 
TSP, so2, 

Network Redesign 
Investigations 

Redesign 
& Pb Network Redesign 

2n 
273 

Civil 
Ac*nin. 

Investigations 
Enf. Actions 

271 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WATER QUALITY 

Program 
Element 

202 
203 
204 
205 
207 
211 
551 
101 

301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
336 
400 
401 
341 
337 
357 

ENFORCEMENT 

Activity 

Technical 
TA to EPA 
TA to State 

TABLE 1.8.1 

(AFE04P000) 

Assistance 
Program 

Agency 
Personnel 

Personnel 
TA to HQ Personnel 

(CONTINUED) 

Program 
Element 

250 

TA to Federal Agency Personnel 409 
402 
403 
404 
372 
373 

On-site TA 
Training Conducted 
QA/SOPQAM Activities/Updates 
Review of National Guidance 

Inspections 
PAl - Major Municipal 
PAl • Minor Municipal 
PAl 
PAl 
PAl 

• Major 
Minor 

• Federal 
CSI • Major 
CSI - Minor 
CSI - Major 
CSI 
CSI 
CSI 
CEI 
CEI 
CEI 

• Minor 
• Toxics 
• Federal 

Major 
• Minor 
- Major 

Industrial 
Industrial 

Facility 
Municipal 
Municipal 
Industrial 
Industrial 

Facility 
Municipal 
Municipal 
Industrial 

CEI - Minor Industrial 
CEI • Federal Facilities 
RI • Major Municipal 
Rl - Minor Municipal 
Rl • Major Industrial 
Rl • Minor 
Rl • Federal 
LSI • Major 
LSI • Minor 
LSI • Major 
LSI • Minor 
LSI • Federal 
DE • Major 
DE • Minor 
DE • Major 

Industrial 
Facilities 

Municipal 
Municipal 
Industrial 
Industrial 

Facilities 
Municipal 
Municipal 
Industrial 

DE • Minor Industrial 
DE • Federal Facilities 
DE (MIIPP) 
DE (Tech Transfer) 
Biomonltoring 
Toxic! ty Study 
Toxic Sludge 

360 
361 
362 

368 

347 
348 
363 

364 

336 

279 

Section No. 1.8 
Revision No.O 
Date: 211/91 
Page 14 of 20 

Activity 

State Overview 
General 

Special .Enf. Activities 
Show Cause Hearings 
Consent . Decree 
AO 
Attorney Consultation 
Criminal Investigations 
Civil Investigations 

Pretreatment Inspections 
Pretreatment 
Pretreatment 
Pretreatment 

Underground 
UIC 

Compl 
Check 
Audit 

Injection 

Special Water oua l i ty 

~ 
oual Monitoring 

Studies 
'-'ater 
Toxicity 
Support 
Activities 

Permit 

NPDES Enforcement 

'-'etlands/Oceans 
Field Investigation 

Miscellaneous 
EIS Review 

Insp. 



TABLE 1.8.1 (CONTINUED) 
WATER QUALITY MONITORING (A5304P009) 

Program 
Element 

101 
105 
211 
280 
551 

103 
280 

201 
207 
210 

202 
203 
250 
274 
282 

366 
204 

366 

366 

103 
207 
251 

Activity 

Technical Assistance 
Review of National Guidance 
Review of lolater Monitoring Strategy 
Training Conducted 
Review of Annual lolorkplans 
QA/SOPQAH Review/Update 

Program 
Regional 
State 

Evaluation 
Program Review 

Program Review 

Technical Assistance to States 
State Capabi lit i es 

TA 
Developing 
General 
Multimedia Geographical Area Assessments 

\later Quality Technical Assessments 
Review 
Review 
Emerging 
Success 

of Regional Documents 
of State Prepared Documents/Reports 

Problems 
Stories/PR 

Trend Analysis 

Technical Assistance 
Field Investigations· 
Other Assistance 

Technical Assistance 
Field Investigations 

Special Monitoring 
Field Investigations 

to HO 

to Region 

for States 

Estuarine/Marine Program 
Program Review 
Technical 
overview 

Assistance 
of \lork Plans and \lork Products 

SeCtiOn No. -.. () 
Revision No. 0 I Date: 2/1/91 
Page 15 "of 20 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HAZARDOUS 

Program 
Element 

101 
211 
551 

207 

201 
280 

281 

203 
211 

104 

211 

202 
211 
205 

TABLE .. 1.8.1 (CONTINUED) 

IJASTE MANAGEMENT (A8004P009) 

Activity 

Technical 

Review 
Training 

Assistance 

of Program 
Conducted 

Guidance (Not Enforcement Related) 

QA Activities Including SOPOAM Revisions 

Technical Review of Waste Analysis Plans 

State Program Reviews, Training, Technical Assistance 
Review 
Review 
Mid· Year 
Technical 
Training 

Program 
Program 
Training 
Technical 
Training 

of State Grant 
of State Program 

or End·of ·Year 
Assistance 

Presented to 

Package 
Plan 
Program 

for State 
State or 

Reviews 
or Local Agencies 
Local Agencies 

Planning, Training, Technical Assistance 
Planning 

Presented to EPA Program Personnel 
Assistance for EPA Program Personnel 

Presented to Other Federal Agency Personnel 

Section 'No. t .8 
Revision No. 0 
Date: 2/1/91 
Page 16 of 20 

Technical Assistance for Other Federal Agency Personnel 



HAZARDOUS 

Program 
Element 

101 
211 

551 

202 
203 
206 
289 
295 

350 
352 
353 
354 
356 
357 

372 
373 
366 

4D7 
408 
403 

280 

TABLE 1 .'8.1 (CONTINUED) 

\IASTE ENFORCEMENT (AGD04P009) 

Activity 

Technical Assistance 

Section 
Revision 
Date: 

"No. 1.8 

No. 0 
2/1/91 

Page 17 o• 20 

. Review 
Training 

of National 
Conducted 

Enforcement Guidance 

Including SOPQAM QA Activities 
Technical 
Technical 

to Program 
to State 

on-Site 

Assistance 
Assistance 

Technical Assistance 
Field Overview 

Revision 
Staff. 

Personnel 

State/Contractor 
DocLment Review 

Investigations and Inspections 
Groundwater 
Groundwater 
Groundwater 

Monitoring 
Monitoring 
Monitoring 

- Civil/Criminal/Admin. 

Evaluations 
Evaluations 
Evaluations 

- TSD - Major 
Federal Fac. 

- State Facit ity 
TSD Major 

C~rehensive 

C~rehensive 

C~rehensive 

Case Development 
Case Development 
Case Development 

Investigations/Evaluations 
Investigations/Evaluations 
Investigations/Evaluations 

- Federal Facility 

Field Support 
Field 
Field 
Field 

Investigative 
Investigative 
Investigative 

Litigation 
Litigation 
Litigation 
Litigation· 

Support 
Support 
Support 
support 

• State facility 

Civil Enforcement Actions Support 
Support 
Support 

for 
for 
for 

Criminal Enforcement Actions 
Administrative Enforcement 

for Civil Enforcement Actions 
for · Criminal Enforcement Actions 
for Administrative Enforcement Actions 

State Program Oversight/Technical Assistance 
State Program Review 

Actions 
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HAZARDOUS 

Program 
Element 

101 
211 
551 

538 
369 

295 
289 
296 
290 
297 
292 
298 
291 
295 
293 
294 

278 

281 

202 
203 
211 

TABLE 1.8.1 (CONTINUED) Section "No. 1.8 

SUBSTANCE SPILL AND SITE RESPONSE (TFA04P700) 

Activity 

Technical Assistance 
Review 
Training 

of National 
.Conducted 

Guidance (Not Enforcement Related) 

QA Activities Including SOPOAM Revisions 

samle Control Center 
Operation of the Sample Control Center (RSCC) 
Scheduling ESD Field Inspections 

Contractor Overview 
Review of EPA Fund· Lead RI/FS Contractor Docunents 
On· Site overview of Fund· Lead Rl/FS Contractor Field 
Review of EPA Enforcement Lead Rl/FS PRP Contractor 
Review of EPA Enforcement Lead Rl/FS PRP Contractor 
Review of State or State Contractor Prepared RI/FS 
On·Site Overview of State or State Contractor Rl/FS 

Revision No. 
Date: 2/1/91 
Page 18 of 20 

Activity 
Oocunent 
Field Activity 

Documents 
Field Activity 

Review of State Enf. Lead PRP Contractor Prepared Rl/FS Doc. 
Review of State Enf. Lead PRP Contractor RI/FS Field Activity 
Review of FIT Study Plans 
Review. of FIT Reports 
On· site Overview of FIT Field Activity 

State Overview Activitx 
On·Site ov of State or State Contractor Screening Site Inspections 
(SSI) 
Mid·Year Evaluation of State Superfund Grant Program 

Technical Assistance and Training 
Technical Assistance to EPA Personnel 
Technical Assistance to State Agency Personnel 
Training Presented 

0 



HAZARDOUS 

Program 

~ 

101 
211 
551 

373 

372 

366 
374 

407 
410 
408 
403 

406 

296 
290 
297 
291 
294 

TABLE 1..8.1 (CONTINUED) 

SUBSTANCE RESPONSE AND ENFORCEMENT 

Activity 

Technical Assistance 

Review of National Enforcement 

Training Conducted 

QA Activities Including 

Field 

Field 

Field 

Field 

Field 

Investigations 

Investigations 

Investigations 

Investigations 

Investigations 

SOPQAM 

in Support 

in Support 

in Support 

in Support 

in Support 

Litigation SUDDOrt or Technical 

Litigation 

Support 

Litigation 

Litigation 

litigation 

for 

or Technical Support 

EPA Superfund Cost 

or Technical · Support 

or Technical Support 

or Technical Support 

Contractor OVerview 

Section "No. 1.8 
Revision No. 0 

(TGB04P009) Date: 2/1/91 
Page 19 of 20 

Guidance 

Revisions 

of Enforcement· Activities 

of Civil Enforcement Actions 

·of Criminal Enforcement Actions 

of Aan Enforcement Actions 

of State Enforcement Actions 

Assistance 

for EPA 

Recovery 

for EPA 

for EPA 

for State 

for Enf. Actions 

Civil . Enf. Actions 

Program 

Criminal 

Ac:tn. Enf. 

Enf. Actions 

Actions 

Enf. Actions 

Review of EPA Enf. Lead Contractor Prepared RJ/FS Doc~~~~ents 

On-Site Overview of EPA Enf. Lead PRP RI/FS Field Activity 

Review of State Agency Enf. Lead PRP Contractor Prepared RI/FS Doc 

On-Site OV of State Agency Lead PRP Contractor RJ/FS Field Act. 

On-Site OV of EPA Enforcement Contractor Field Activity 
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TABLE 1.8.1 (CONTINUED) 

DREDGE AND FILL (AGM04P009) 

Program 

~ 

207 
206 
413 
366 

279 

DRINKING 

Program 
Element 

366 
202 
203 
204 

Activity 

Program Assistance 
Environmental Assessment 

Technical Advice 
Desk-Top 
On-Site 
Expert Witness/Consultant for Litigation/Settlement 
Field Investigation 
EJS Review 

WATER CA7004P009) 

Activity 

Field Investigation 
Technical Assistance 
Technical 
Technical 

Assistance 
Assistance 

to EPA Personnel 
to State Agency 
to HO 

Personnel 

.......................................... -...... ············--------·············------·--·········· 
UNDERGROUND 

Program 

llimm! 

101 

202 
203 
366 

STORAGE TANKS (A4EOSGOSL) 

Activity 

Review of National 
Technical Assistance 
Technical Assistance 
Field Investigation 

Guidance 
to EPA Personnel 
to State Personnel 

Section 
Revision 
Date: 

"No. 1.8 
No. 0 

2/1/91 
Page 20 of 20 
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1.9 BRANCH PROCEDURES FOR OBTAINING ANALYTICAL SUPPORT 

1.9.1 ~ 

Analytical support for Branch field investigations is · avai table from 

nl.lllber of sources including in-house analytical support from the Analytical 

Support Branch (ASB), other EPA laboratories, the National Contract Laboratory 

Program (CLP), or other private contract laboratories. Procedures to be followed 

for obtaining this support are contained in the following paragraphs. 

1.9.2 Specific Procedures 

All arrangements for analytical support are ultimately channeled to the 

Analytical Support Branch (ASS). All requests for in-house (ASS) analytical 

support, or for contract laboratory support other than from the National . . Contract 
Laboratory Program (CLP), are handled directly by the ASS. Requests for CLP 
support (Superfund) are normally directed to the Regional Sample Control Center 

(RSCC - i.e., Chief, Hazardous IJaste Section). 

In either case, the ASB Sample Custodian assigns 
analytical 

project 
support 

support 

ntmbers for all 
as they ere received. Requests for 

advance as possible to insure 
capacities of the analytical 

that the 
laboratories 

should be sub· 
can be obtai ned 

projects 
mitted 
and the 
The ASS 

as far in 
analytical 

will not accept samples without a project ni.Jilber, except 
are not exceeded. 

in an emergency. 

The Sample Custodian requires the following information to assign· a, project 
nl.fllber: 

• 
• 
• 

• 
• 
• 

name/facility name; 
of project/facility (city and state); 

project 
location 
type of 
date of 

study, 
study 

activity, 
end sample 

and program element; 

ni.J!Cer of samples 
analyses required 
the analytical 

shipping dates; 
by media; 
by media 

turn· around 
and 
time 

analysis 
required. 

type; and 

Branch 
unless 

personnel should not routinely 
required. 

request quick turn· around for analy· 
ses is absolutely 

Blind spike and blank samples for 
the 

inclusion 
ASB (see 

with CLP sample shipments 
for other purposes are obtained from Section 4.6). 

1.9.3 Definitions 

1.9.3.1 ~Na~t~i~on~a~l .... ~C~o~n~t~ra~c~t._ .... ~La~bo~r~a~to~r~x~ .... ~P~r~o~g~r~am~ .... ~<C~L~P~) The CLP generally 
supports the Superfund Program. The program can be used for regional laboratory 
support by contacting either the Regional Sample Control Center CRSCC, Chief, 
Hazardous IJaste Section) or the Project Officer CTPO, Chief, Organic 

or 

Chemistry Section). All aspects 
Technical 

of the CLP including the proper c~letion of 
CLP forms and shipping procedures are given in the · ;U,..se:.:r_,s __ _..G;;u..,id""e'--...:.t.::.o_•:.:.·h-=e._-=C~on~t:.:r~a~c~t 
~La~bo~r~a~t~or~x~-----P~r~o~g~r~am~ (2). 

a 
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1.9.3.2 Routine Analytical Service (RAS) •• Analysis conducted by the CLP 

compounds, which includes volatile organic compounds, semivolatile organic 

pesticides, metals, and cyanide. These individual parameters are listed on the 

Target ComPound List (TCL) and the Target Analyte List (TAL). 

organic 

ASB and 

Contract 

1.9.3.3 Target Compound List and 

(TCL) and inorganic (TAL) parameters 

the CLP. These compounds/analytes 

Laboratory Program (2). 

Target Ana lvte List 

normally analyzed 

are included in the 

The list of 

for by both the 

Users Guide to the 

1.9.3.4 

by the 

Special Analytical Services CSAS) Analyses 

TCL/TAL. 

protocols 

that can be con· 

to be re· ducted CLP other than those 

ques-ted through 

be developed for 

the ASB . as soon as 

the CLP. 

included 

possible 

in the 

since 

These need 
for analyses have to 

1.9.3.5 
inorganic 

Detection Limits The optimun detection limits for 
ASB 

for 

organic and 
and the CLP 

organic . and 
constituents in water and soil/sediments by both the 

are listed in Tables 1.9.1 and 1.9.2. Optimun detection limits 

inorganic 

etc., can 

standardized 

compounds for other media, 

be obtained from the ASB 

i.e., concentrated 

on request. The 

waste, 

detection 

aquatic 

limits 

organisms, 

for other 

analytical procedures are contained in the Analytical support 

~B~ra~n~c~h~ ..... ~O~pe~r~at~i~o~n~ .... ~a~nd~-=O~ua~l~i~t~y----~C~o~n~t~ro~l~ .... H~a~n~u~a~l (3). · 

1.9.3.6 Regional Sample Control Center (RSCC) -- The RSCC coordinates 

aspects of the scheduling of Superfund investigations and analytical support 

and CLP) that involve sampling activities. The RSCC is accessed through 

all 
(ASB 

the 

Chief, Hazardous Llaste Section. The information required to obtain analytical 

support is the same as outlined in Section 1.9.2. Normally, analytical support 

for samples to be collected by EPA contractors is coordinated with the RSCC for 
Superfund projects through the Environmental Se.rvices Assistance Team CESAT), 

Sample Control Coordinator located in the Llaste Management Division (110). 

Support for Environmental. Services Division Superfund activities is coordinated 

by the Hazardous Llaste Section's, Superfund Unit Chief. 

In addition to coordinating the scheduling 
ties, the RSCC is responsible for estimating the 

the National Superfund Program. 

The 
Superfund 

RSCC 
and 

Is also responsible for 
RCRA activities conducted 

1.9.4 Distribution of Analytical Data 

ASB Laboratory Reports 

obtaining 
by Branch 

•• Normally, 

of Superfund sampling activi· 
needed regional CLP support for 

sample containers tor Branch 
personnel. 

two copies 1.9.4.1 
analysis will 
RCRA projects 

be sent to the Chief, Hazardous llaste Section for 
of 

all 
the resui ts 

Superfund 
of 

and 
all 

nunicipal and 
is completed. 
data requestor 
unused portion 

1.9.4.2 
analyses for 

and to the Chief, Air and llater Compliance Section for 
industrial investigations. Analytical data will be -reported 
Llhen at t project data have been submitted, the ASB will notify 

as it 
the 

that the analyses are complete and request that disposal of the 
of samples be . approved. 

:.,C~L P:._...:L:..:a~bo~ra::,t~o~r-'y ____ __....::R~e.t:eo::::r~t~s Normally, 
Branch projects will be di~>trlbuted 

two copies 
as outlined 

of the resul u of 
In Section 1.9.4.1. 
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Conc~tratlon 

Description 

low Vater 

low Sol !/Sediment 

Hedlun Vater 

Hediun Sol !/Sediment 

Low Vater 

Low Soil/Sediment 

Medlun 

MediUII 

Vater 

Soll/Sedhnent 

Low Vater 

Soil/Sediment 

Mediun Vater 

Hediun Soi l.,Sediment 

TABLE 1.9.1 

OPT! HUH DETECTION LIMITS 

ORGANIC COMPOUNDS 

VATER AND SOIL/SEDIMENT SAMPLES 

(BASED ON CLEAN SAMPLES) 

Reported As 

NA 

Dry Velght 

NA 

Dry Veight 

NA 

Dry Velght 

NA 

Dry Vel gftt 

NA 
Dry Veight 

NA 

~ 
Detection Limits 

Purgeables 

5·20 ug/l 

10-20 ug/kg 

5·21 ug/l 

10,000·50,000 ug/kg 

Extractables 

10·20 ug/1 
2,000·4,000 . ug/kg· 

10·20 ug/1 

10,000·20,000 ug/kg 

Pesticides (PCB 1s) 

0.05·5.0 ug/l (1.0·3.0 
50·5,000 Ug/l (500·1500 

0.05·5.0 Ug/l (1.0·3.0 

Ug/l) 

ug/kg) 

ug/1) 
Dry Veight 50-25,000 Ug/kg (2500-7500 ug/kg) 

1 • Detect ion limits may Increase because of. varying sample size and/or 

Section No. 

Revision No. 

Date: 2/1/91 
Page 

ill 
Detection limits 

Purgeables 

10 ug/l 

10 ug/kg 

10 ug/l 

1200 ug/kg 

Extractables 

10·50 Ug/kg 

3 of 

1,700·3,000 ug/kg 

10·50 ug/l 

10,000·50,000 ug/kg 

Pesticides (PCB 1 s) . 

4 

1.9 

0 

0.05·5.0 · Ug/l (1.0-2.0 Ug/l) 

1.7·170 ug/l (33-67 ug/kg) 

0.05·5.0 ug/l (1.0·2.0 . ug/l) 

1.7·170 ug/l (33·67 ug/kg) 

interferences requiring dilutions 

!!Q!!: Soil/Sediment Extracting Methods, Mediun level Versus low Level: The primary difference in. the methods 
Is the 

mediun 
(1) the 

positive 

a mediun 
is only 

Is very 

factor 

-

size of sample used for extraction. The . low level method uses 30 gm (wet weight) of sample, whereas the 

level method uses 2·3 gm (wet weight) . of sample. The negative aspects· of the medium level method are 

quantitation limit is higher and (2)· the smaller sample size is less representative of the sample. The 

aspect is the much simpler and faster sample extraction time. It . _takes less than an hour to extract' · 

level sample and four hours to prepare a low level sample while the difference in quanti tat ion limit 

a factor of five (1000 ug/kg for low level extractable organics and 5000· ug/kg . for mediun level). This 

significant with the increasing work load and also considering the lack of information on whether this 
of five increase in quantitation limit is necessary. 

... - - - - - --- - -- - - - - --
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Silver 
Arsenic 
BarilJTI 
BeryllilJTI 
Cadmiun 
Cobalt 
ChromilJTI 
Copper 
Mol ybdenlJTI 
Nickel 
Lead 
Antimony 
SelenilJTI 
Tin 
StrontilJTI 
TellurilJTI 
TitanilJTI 
ThallilJTI 
VanadilJTI 
YttrilJTI 
Zinc 
Mercury 
AllJllinlJTI 
Manganese 
CalCilJTI 
MagnesilJTI 
Iron 
SodilJTI 
PotassilJTI · 

!!Qlli. 

TABLE 1.9.2 
OPTIMUM 

INORGANIC 
DETECTION LIMITS 

CONSTITUENTS 
UATER AND SOIL/SEDIMENT SAMPLES 

~ Soil ~Dr~ ·Ueight2 
(Ug/l) (mg/kg) 

ASB CLP ~ CLP 

1D 10 1 ·s 
30 10 3 5 
20 200 2 100 
10 5 2.5 
10 5 2.5 
20 50 2 25 
10 10 5 
10 25 1 12.5 
20 2 
20 40 2 20 
30 5 3 2.5 
30 60 3 30 
40 5 4 2.5 

100 40 10 20 
10 
40 4 

10 1 
10 5 

10 50 25 
10 
10 20 1 10 

0.2 0.2 0.05 0.05 
100 200 10 100 

25 15 2.5 7.5 
1000 SOOD 100 2500 

100 5000 10 2500 
100 100 10 50 

1000 5000 100 2500 
5000 2500 

Indicates that the constituent is not analyzed for. 

"1. 

• riJ()I 

1 9 

fe 1,4 03 
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1.10 QUALITY ASSURANCE PLAN 

1.10.1 General 

The procedures outlined in this manual are the basis of the Branch Quality 
Assuranee Plan. Where appropriate, each section within this SOPCAM addresses the 
specific quality control aspects of the subjects covered by that section. The 
Branch Chief shall designate the Branch Quality Assurance Coordinator . for the 
Branch. The current Quality Assurance Coordinator is the Chief, Hazardous Waste 
Section. The Quality Assurance -Coordinator is responsible for: seeing that the 
specific quality control procedures as outlined in this SOPCAM are followed, and 
for tracking and recording the results of specific quality control CCC) programs 
(such as that outlined in Section 4 • Sampling Procedures). The Branch Quality 
Assurance Coordinator is responsible for the field analysis cc program, 
periodically checking the equipment logbooks, and notifying the appropriate 
Section Chiefs, Unit Chiefs, and Branch Chief of any observed problems. 

The Branch and Section - Chiefs are responsible for seeing that Branch 
personnel 
control 
Chiefs 

receive adequate training in order . to provide the required quality 
for Branch operations. In addition, the Section Chiefs and/or Unit 

may periodically observe the professional and paraprofessional eq:lloyees, 
in their respective sections, under actual field. operating conditions to insure 
that the Standard Operating Procedures, as outlined in this manual, are being 
followed. 

1.10.2 Corrective Actions 

Corrective actions will be taken any time when deemed necessary. 
of field· 

Problems 
blanks with field quality control may result from contamination or 

contamination of field equipment and supplies either· from the vendor, during the 
cleaning/loadout process, or during field operations. Corrective actions must 
be taken immediately when data or field procedures are of questionable quality. 
These corrections may range from modifying certain procedures to reconducting an 
entire field investigation. The Regional. CA Officer (QAO) shall be notified 
(through the Branch and appropriate Section Chief> of any suspected problems. 
A Corrective Action Plan shall be developed in cooperation with the OAO. 

1.10.3 Peer Review 

All non-routine reports and study plans generated 
peer reviewed in accordance with Region IV Order R2200. 1 
of Materials for Public Distribution. The appropriate 
be responsible for distribution of docunents for peer 
Review Clearance Form· has been signed by the Division 

by the 
• Review 

Section 
review 

Director. 

Branch shall be 
and Clearance 

secretary · shall 
after the Peer 

from reviewers shall be considered by the project leader. 
All 

If the 
Chief 

be made 

comnents 
docunent 

receives a nonconcurrence, ,- the Branch and appropriate 
immediately notified. Appropriate changes/corrections 
entire docunent shall be resubmitted for peer review. 

Section 
shall 

shall 
and 

be 
the 
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policies 
SOPCAM: 
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SAFETY PROGRAM 

The 

• 

• 

Branch safety 
in addition to 

program 
safety 

includes 
practices 

the· following . regulations. and 
specified in Appendix N of this 

Safety 
Agency, 
(4). 

and Health Manual, United States Environmental. Protection 
Environmental Research Laboratory, Athens, Georgia, 1990 

This manual 
at the EPA 

covers 
feci l ities 

safety practices and rules governing activities 
its in Athens, Georgia. Included in 

contents are 
and mannade 
laboratories, 
wastes. 

accident reporting. procedures, 
emergencies, 

and special 
safety guidelines 

procedures 
for 

of 
offices 
equipment 

for natural 
and 

rules for storage 

Field Health and Safety Manual, USEPA, Region 

involved in all· field This manual 
performed 

covers 
in Region 

safety 
IV. It includes regional 

training 
protection. 

requirements, medical monitoring, and 

29 CFR, Part 1910, Hazardous Uaste Operations 
Response; Final Rule, March 1989 (6). 

This is the title for the Department of Labor, 

and 

IV, 1990 (5). 

activities 
policy regarding 

personal 

and Emergency 

Occupational 
and Health Administration (OSHA) regulations governing workers 
hazardous waste sites. It covers reguirements for training, 
equipment, and practices involved in specific hazardous waste 
activities. 

Safety 
at 
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I Facility/Site Name·--------------------------------------------------------------~-

I 
Address'---------------------------------~-------------------------------------------

Project No. _________________________ .EPA · IO NO._;_· ___ __;. _____ ..,:._ __________ _ 

I 
Overview 

Personnel ______________________________________________ Date. ______________ __;. ____ __ 

I State/Contractor Project 
Leader __________________________________ __ 

I 
Affil iation. ____________________________ Phone No. <------.J--------------
Address ________________________________________________________________________ _ 

I 
Sampling 

Personnel _______________________________________________________________ ___ 

I 
I 

Other Personnel & Affiliation, ________________________________________ __ 

I Type of study? ___________________________________________________________ ___ 

I Study plan i ssued? _______________________ o,ate issued? ________________________ ;._ ______ ___ 

Study plan reviewed by ESO? Yes____ No ____ _ Acceptable? Yes. ____ _ No ____ _ 

I Uas study plan followed? Yes. ____ _ No ______ _ 

I 
C~nts _________________________________________________________________________________ _ 

was a safety plan prepared for the study? Yes _____ _ No. ______ _ 

I Was the safety plan adequate? Yes _____ __ No. ______ _ 

C~nts 

I Was the safety plan followed? Yes _____ _ No. ______ _ 

C~nts 

I Additional coninents or Infornmtion~---------------------------------------------------

I 
I 
I 



EXHIBIT 1 
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Date: 2/1/91 
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Checklist sections completed for this overview: , __ 2 __ 3 __ 4 __ 5 __ 6 __ 

KEY: 1 General Procedures; 2 Ground \later Sampling; 3 Soil, Sediment Sa111Jl ing 

4 surface \later Sampling; S IJaste Sampling;. 6 Monitoring W~ll Installation 

SECTION GENERAL PROCEDURES • SAFETY. RECORDS. CA/CC, CUSTODY. ETC •. 

1) Type samples collected? 

2) IJere sampling locations properly selected? Yes. ___ _ No. ___ _ 

Conments 

3) IJere sampling locations adequately documented in a bound field log book 
using indelible ink? Yes. ___ _ No. ___ _ 

Conments 

4) IJere photos taken and a photolog maintained? Yes. ___ _ No. ___ _ 

5) What field instrunents were used during this 'study? _____________ _ 

6) Were field instrunents properly calibrated and calibrations recorded in 
a bound field log book.? Yes No 

conments 

7) \las Saqlling equipment properly_ wrapped and protected from possible 
contamination prior to sample coll~ction? Yes No 

Comnents 

8) \las sampling equipment constructed of Teflone, glass, or stainless steel? 

9) \lere samples collected in proper order? (least suspected contamination 
to most contaminated?) Yes No 

Conments 

10) \lere clean disposable latex or vinyl gloves worn during sampling? 
Yes No 

Conments. _______________________________________ _ 

11) \lere gloves changed for each sample station? Yes. _____ . No. ____ _ 

Conments.~----------------------------------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 



EXHIBIT ~ect 10n NO, t..,.l 

I REGION IV ESD FIELD OVERVIEIJ Revision No. 0 
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I 12) IJas any equipment field cleaned? Yes ___ _ No ___ _ 

I 
13) of equipment 

cleaned? _________________________________________________ __ 
Type 

14) field procedures used? No. ___ _ Yes· ___ __ IJere proper cleaning 

I 
c~nts. _________________________________________ __ 

15) Yere equipment rinse blanks collected after field cleaning? 

I 
Yes ___ _ No. ___ _ 

c~nts __________________________________________ _ 

I 16) IJere proper sarrple containers used for samples? Yes. ____ __ No. _____ __ 

C~nts ____________________________________________________________________________ __ 

I 17) IJere split sarrples offered to the facility owner or his representative? 
Yes No. ______ _ 

I C~nts ____________________________________________________________________________ __ 

I 
18) IJas a receipt form given to facility representative? 

Yes. ____ __ No. _____ _ 
for samples 

19) lolere any duplicate sarrples collected? Yes. _______ • No. ______ _ 

I c~nts ____________________________________________________________________________ _ 

I 
20) Uere sarrples field preserved? properly Yes ______ _ No. _____ _ 

C~nts. ___________________________________________________________________________ __ 

I 21) lolere preservative blanks utilized? Yes ____ _ No ___ _ 

C~nts ____________________________________________________________________________ __ 

I 22) Were field end/or trip blanks utilized? Yes. _____ _ No. _____ _ 

I 
C~nts ___________________________________________________________________________ _ 

23) Were serrples adequately identified with labels or tags? Yes No 

I 
C~nts 

24) Were sarrples sealed with custody seals after collection? Yes No ___ 

I Comnents 

25) What security measures were taken to insure custody of the sarrples after 

I 
collection? 

I 
I 



EXHIBIT 1 ::.ectton Nu. "·'· o 

REGION IV ESD FIELD OVERVIEIJ CHECKLIST Revision No. 0 
Date: 2/1/91 I 
Page 4 · of ·17 

26) Were ·chain-of-custody and receipt for samples forms properly completed? I Yes ___ _ No. ___ _ 

I 
27) Were any samples shipped to a laboratory? Yes. ___ _ No. ___ _ 

28) If yes to No. 27, were samples properly packed? Yes ___ _ No. ___ _ I 
·camrents~----------------------------------------------------------------- I 

29) If shipped to a CLP lab, were Traffic Report Forms properly completed? 
Yes No 

Camrents I 
30) What safety monitoring equipment, protection, and procedures were used 

prior to and during sampling? I 
31) Was safety monitoring equipment properly calibrated and calibrations 

I 
recorded in a bound field log book? Yes No. ___ __ 

I 
I 
I 
I 
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SECTION 

1) 

2) 

3) 

4) 

5> 

6) 

7) 

8) 

9) 

10) 

11) 

12> 

13) 

14) 

15) 

16) 

EXIIIB11 sect1on No. t.L. • 

REGION IV ESO ' FIELD OVERVlEI.I CHECKLIST Revision No. 0 

2 SAMPLING - GROUND I.IATER I.IELLS 

Date: 2/1/91 
Page 5 of "17 

Type of wells sampled? (monitoring, potable, industrial ,etc.''---------

Uere wells locked and protected? Yes. ___ _ No. ___ _ 

C~nts•--------------------------------------------------------

l.lere identification marks and measurement points affixed to the wells? 
Yes ___ _ No. ___ _ 

Cooments: _______________ ~---~-~------------------------------

l.lhat were the sizes and construction materials of the well casings~ 

Uere the boreholes sealed with a concrete pad to prevent surface 

infiltration? Yes No 

c~nts 

l.las there 8 dedicated punp in the wet t? Yes No 

Uas clean plastic sheeting placed around the wells to prevent 
contamination of saq>t ing equipment and containers? Yes No 

l.lere total depths and depths to water determined before purging? 
Yes No 

l.lhat device was used to determine depths? 

\/ere measurements made to the nearest 0.01 ft? Yes No _____ _ 

\las the measuring device properly cleaned between wells? 
Yes No. ____ _ 

Conments 

l.las the standing water volume in each welt determined? 
Yes, ___ _ No. ___ _ 

How was the volume determined? 

\las a sufficient volume purged prior to saq>l ing? Yes ___ _ No. ___ _ 

Conments 

How many volumes? 

How was· the purged volume measured? 



8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

EXHIBIT 1 SeCtiOn No. E.2. 1 

REGION ~ IV ESD FIELD OVERVIE\1 CHECKLIST Revision No. 0 

Date: 2/1/91 
Page 5 of ·17 

Uere total depths and depths to water determined before purging?. 
Yes. ___ _ No. ___ _ 

\lhat device was used to determine 
depths? ______________________ __ 

!Jere measurements made to the nearest 0.01 ft? Yes No. ____ _ 

Uas the measuring device properly cleaned between wells? 
Yes No. ___ _ 

Conments 

Uas the standing water volune in each well determined? 
Yes · No. ____ _ 

How was the volune determined? 

uas a sufficient volune purged prior to sampling? Yes No. ___ _ 

Conments 

How many volunes? 

How was the purged volune measured? 

\lhat was the method of purging? 

!Jere pH, conductivity, and temperature measurements taken and recorded 
at least once during each well volune purged? Yes No 

Comnents 

!Jere pH, conductivity, and t~rature readings stable prior to 
saq>ling? Yes No 

Comnents 

How many wells were saq>led? Upgradient? oowngradient? 

How were the saq>les col tected? Baiter p~ Other 

Ccmnents 

If puq> was used, what type? 

If a puq> was used, was it pro~rly cleaned before and/or between welts? 
Yes ·No 

Ccmnents 
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EXHIBIT 1 ::.ectJOn .. o. 'I:•'• I 

REGION IV ESD FIELD OVERVIEIJ CHECKLIST Revision No. 0 

Date: 2/1!91 
Page 6 of "17 

24). What were the cleaning procedures? _______ _;_ ________________ _ 

25) Did bailers have Teflon® coated wire leaders to prevent ·rope from 

coming into contact with water? Yes No 

26) IJere . bailers open or closed •top? 

27) \las a clean bailer and new rope . used at each well? Yes No 

Comnents 

28) \I ere samples properly transferred from the sampling device to the sample 

containers? (i.e., .purgeable sample first - not aerated, etc.> 
Yes No 

Comnents 

29) \las pH of preserved samples checked to insure proper preservation? 
Yes NO 

Comnents 

30) \I ere samples iced irrmediately after collect ion? Yes No 

31) For what analyses were the samples collected? 

32) If samples were split, what were the sa"l'le/station ni.JIIbers for these? 

Other conrnents or observations·---------------------------
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1) 

2) 

3) 

4) 

5) 

6) 

.7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 
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16) 
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3 SAMPLING • SOIL. SEDIMENT, SLUDGE, ETC. (Non-containerized) 

Type of sanples collected? ___ ,.;_ ___ _;_ ___________ _._~-------

General description of samples? _________________________ _ 

How many sanples were collected? ______ ----------------------

Were background and/or control samples collected? Yes ___ _ No ................. 

C~nts ........ ------------------------------------

Were representative samples collected? Yes ___ _ No ___ _ 

C~nts._.. ............ ------------------------------------

Were grab or composite samples collected?_..---------------------

Were composite samples areal or vertical?----------------------

How many al iquots were taken for the composite sample?------------

What. procedures and equipment were used. to collect samples?---------

Were samples thoroughly mixed prior to putting them into the semple 
containers? Yes No 

Conments 

Were samples properly placed into Sllmple containers? Yes No 

Conments· 

Were samples iced inmediately after collection? Yes No 

For what analyses were the semples collected? 

If samples were split, what were the sample/station n~rs for : these? 

Was a drilling rig, back hoe, etc., used to collect soil samples? 

Were the drilling rig(s), bacl:.hoe(s), etc., properly cleened according 
to the ESD SOP, Appendix 8, prior to arriving on site? Yes·---- No. __ _ 
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17) 

18) 

19) 

20) 

21) 

22) 
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Conments 

~hat was the condition of the drilling and sampling equipmen.t when it 
arrived on site? __________________________________________________________________ _____ 

~as a decontamination 
not cross-contaminate 

area 
clean 

located 
and/or 

where the cleaning 
drying equipment? 

activities would 
Yes. _____ _ No. ___ _ 

Comments. __________________________________________________________________________________ _ 

~as clean equipment properly and stored in a clean area? 
Yes No. ______ __ 

Comments _________________________________________________________________________ ___ 

\.las the drilling rig(s) properly cleaned between well borings? 
Yes No. ______ __ 

Comments· .... ---~---------------------------------------------------------
\./ere 

with 
the cleaning 
the ESO SOP? 

end decontamination procedures conducted in accordance 
Yes. ______ ___ No. __________ __ 

Comments·---------------------------------------------------------------------------------------------

Other comments or observet ions·---------------------------------------------------
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4 SAMPLING . SURFACE \JATER (Pond. Stream, River. Leachate, Etc.~ 

Type of sar~Fles collected? 

General description of samples? 

How many sar~Fles were collected? 

Were background · and/or control samples cot lected? Yes No 

Corrments 

' Were grab or COIIFOSite samples collected? 

How many al iquots were talc en for the composite sa~te? 

What procedures and equipment were used to collect the samples? 

Were sal!1'les collected directly into sar~Fle containers? Yes. ___ _ No. __ _ 

Did the sar~Fl er wade in the stream to collect the sar~Fles? Yes ___ No __ 

Corrments __________________________________________ ~------

Were the sar~Fles collected upstream from the sar~Fler? 
Yes ___ _ No ____ _ 

Did the sar~Fler insure that roiled sediments were not collected along 
with the water sar~Fles? Yes. ____ _ No. ___ _ 

Were representative sal!1'les collected? Yes No. ___ _ 

Was the pH of preserved sal!1'les checked to insure proper preservation"f 
Yes No ___ _ 

C~nts·---------------------------------------------

Were sar~Fles iced inmediately after collection? Yes No. ___ _ 

For what analyses were the sal!1'l es collected?-------------------

I 
I 
I 
I 
I 
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I 
I 
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16) If samples were 

Other comments 
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split, what were the sample/station numbers for these? 

or observations _________________________ _ 
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SAMPLING • DRUMS, TANKS. BARRELS. ETC. (Containerized) 

collected? (Oil, sludge, waste?>--------------------------------

Description of containers or sources sampled? ________________ __ 

How many samples were collected? ____ -------------------------------------------------

IJhat type of equipnent was used to collect the samples? __________ _ 

What procedures were used to collect the samples? ____________ .... ______________ _ 

For what analyses were the samples collected? _________________ _ 

If samples were split, what were the sample/station numbers for these? 

\lere any special safety measures 

IJhat level 
sa~les? 

of safety protection 

taken during collection of the sa~les? 

was required for collection of the 

Other comments or observations. _____ .... ________ ---------------------------

t· 
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SECTION 6 MONITORING \JELL INSTALLATION 

1) \Jere the wells installed 
study plan and/or project 

in the proper Locations 
operations P,lan (POP)? 

· in accordance 
Yes. ___ _ 

with the 
No. ___ _ 

2) 

3) 

4) 

C~nts•----------------------~-----------------------------------

\o/ere the 
proceeding 

wells installed · starting 
to the most contaminated 

in the least 
area? 

contaminated area and 
Yes. _____ _ No ___ _ 

C~nts•------------------------------------------------------------------------

\Jere proper safety protocols employed during the well Installations? 
Yes No. ___ _ 

C~nts. ________________________ ~--~--------------------

Were samples 
materials, 

of 
etc., 

the drilling 
collected 

mud, water, 
for quality 

bentonite pet lets, fitter pack 
control analyses? Yes_ No. ___ _ 

C~nts. ________________________________________________________ ___ 

Eguipnent Decontamination 

5> 

6) 

8) 

9) 

Were the drilling 
to the ESD SOP, 

rig(s), 
Appendix 

backhoe(s), etc., properly cleaned according 
B, prior to arriving on site? Yes ____ __ No. _____ _ 

C~ntS~·-------------------------------------------------

What was the condition of the drilling and sampling equipment when it 
arrived 

on site? _________________________________________ _ 

\o/as 
not 

a decontamination 
cross·contaminate 

area located 
clean and/or 

where 
drying 

the cleaning 
equipment? 

activities 
Yes. _____ __ 

would 
No. ___ _ 

c~nts. ____________ .... _____ .... _ .... ____________________ _ 

Was clean equipment properly wrapped and stored in a clean area? 
Yes. ___ _ No. ___ _ 

c~nts. ___________________________________________________ _ 

Was the drilling rig(s) properly cleaned between well borings? 
Yes. ___ _ No. ___ _ 

t~nts ______________________ ~-------------------------------------------



10) \Jere 

with 
the 
the 

REGION 

cleaning end 
ESD SOP? 
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decontamination procedures conducted in accordance 
Yes. ___ _ No. ___ _ 

C~nts:----------------------------------------~-----

Drilling 

11) IJhet type of drilling method(s) was used to install the wells? 

12) 

13) 

14) 

15) 

16) 

17> 

18) 

19) 

20) 

l.lell 

21) 

22) 

23) 

lolas this drilling methOd(s) the same as proposed in the study plan and/ 

or POP? Yes NO 

c~nts 

lolere soil samples collected for logging and analyses as the wells were 
installed? Yes· No 

If yes to 13, at what intervals and by what method? 

lf air rotary was used: 
IJas an in· line organic air filter employed? Yes No 
IJas a cyclone velocity dissipater used? Yes No 

tomnents 

lolhat diameter borehole(s) were installed? 

\Jere surface outer casings used? Yes No 

If yes to 17, what size and to what depth? 

\Jere the wells double cased? Yes. ___ - No._-__ 

If yes to 19, explain procedure. ___________________ -----------------

Installation 

l.lhat type of well cesing(s) 

l.lhat diameter were · the well 

l.las there a minimum two inch 
and borehole wall or inside 

and screen(s) were used?---------------

casingts>?-----------screen(s)? ____ -------

annulus 
augers)? 

around the casing (between casing 
. Yes. ____ _ 

NO·----

I 
I 
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Corrments 

What was the length of the well screen(s)? 

What was the slot size of the well screen(s)? 

\las the well screen(s) conrnercially manufactured? Yes No 

If yes, by whom? 

Was the bottom of the well screen(s) plugged or capped? Yes No 

C011111ents 

\lere sand and/or gravel (filter) packs installed? Yes. ___ _ No ___ _ 

Comments._ ......................................................................................................................................................................................... ...... 

Specify type of materials 
grain size (20/30, 20/40, 

in 28 
etc.)], 

\las a sieve analysis conducted 
filter pack grain size? 

Comments 

\I ere the wells installed to the 

Conments 

\I ere well screens placed at the 

Conments 

Were the filter packs placed a 
screens? 

Comments 

·Was the tremie tube method used 

temnents 

sand, Ottawa sand, etc.) and [(play 
if known ...................................................................................... ...... 

to determine well screen slot size and 
Yes No 

proper depths? Yes No 

proper intervals? Yes No 

miniiiUII of two feet above the well 
Yes No 

to place the fitter packs? Yes ___ '4o 

Were seals placed above the filter packs? Yes No 

Jf yes to 35, what material was used for the seals? 

Was the vertical thickness of the seals' a miniiiUII of two feet? 
Yes No 



38) 

39) 

40) 

41) 

45) 

46) 

47) 

48) 

49) 

50) 
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C~nts: ________________________________________________________________________ _ 

If bentonite pellets were 
were they allowed to hydrate 

used for the 
a minimum 

seals above 

of 8 hours? 

the f i l.ter packs, 
Yes ___ _ No. ___ _ 

C~nts ____________ ~---------------------------------------------------------

Did contractor/driller 
rec~nded hydration 

have 
time? 

documentation from manufacturer stating 
Yes ___ _ No ___ _ 

C~nts. ______________________________________________________________________ ___ 

\las the tremie tube method used to place the bentonite pet lets? 
Yes ____ _ No. ____ _ 

Comments ____________________________________________________________ _ 

\las the 
surface, 

annulus grouted from the 
line? 

seal to within two feet of the ground 

or below the frost Yes. ____ _ No _____ _ 

C~nts. ____________________________________________________________________ _ 

Yhat grout mix ratio was used? (should be stated in, the POP) ____________ _ 

Yhat was the density of the grout? (lb./gal., 
etc.) ______________ __ 

If bentonite grout was used, was the density at least 9.4 lb./gal.? 
Yes ____ _ No ____ _ 

Was the density determined using a m.Jd balance? Yes _____ _ No ___ _ 

\las the grout allowed to set 8 minirrun of 24 hours before the surface. 
pad was installed? Yes No~-----

Comments·-------~----------------------------------------

llas a concrete surface pad installed with an outer protective casing and 
locking cap? Yes ______ _ No _____ _ 

Comments~------------------------------------------------
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51) 

52) 

53) 

54) 

55) 

56) 

57) 

58) 

How far 

\/hat were 

Did the 
surface? 

below 

the 

well 
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concrete pad extend? _______ _ 

pads? ______________ _ 

of 2.5 feet above the ground 
Yes ___ _ No. ___ _ 

Comments. _______________________________________________________________________ _ 

How far 
extend? 

Did the 

Comnents 

\/ere the 

Comnents 

above 

outer 

wells 

the ground surface 

protective casings 

properly developed? 

Describe method of development. 

Give a general 
installation 

evaluation 
of the wells. 

of the 

did the outer protective casings 

have weep holes? Yes No 

Yes No 

activities observed during the 



51) 

52) 

53) 

54) 

55) 

56) 

57) 

58) 

EXHIBIT 

REGION IV ESO FIELD OVERVIE\J 

How far below the ground surface did the 

IJhat were the dimensions of the concrete 

Did the well casings extend to a minimum 
surface? 

Comments 

How far above the ground surface did the 
extend? 

Did the outer protective casings have weep 

CHECKLIST • 

concrete pad 

pads? 
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extend? 

above the. ground 
Yes No 

outer protective casings 

holes? Yes ___ _ No ___ _ 

Comments _______________________________________________________________________ __ 

!Jere the wells properly developed? Yes ___ _ No. ___ _ 

Comments _________________________________________ ~-------------------------------

Describe method of development·-------------------------------------------------

Give a general 
installation 

evaluation 
of the wells. 

of the activities observed during the ·· 
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3.0 SAMPLE 

3.1 JNTROOUCTJON 

The 
procedures 
maintenance 

objectives 
for s~le 

of field 

CONTROL, FIELD 

of this section 
identification, 

RECORDS, AND DOCUMENT 

the Branch are to present 
Sal!llle control and 

records, and · docunent control. 

:Section 
Revision 
Date: 
Page 

CONTROL 

NO. .), I 

No. 0 

2/1!91 
of 1 

standard operating 
chain-of-custody, 

A s~le is defined as physical evidence collected from a facility, site, 

or the envirorrnent. For the purposes of this section, the term 11physical 
evidence11 also includes photographs, records, or any other tangible article 
collected from the envirorrnent, facility, or site. 

All sample identification, field records, and chain-of-custody records 
shall be recorded in waterproof, non-erasable ink. If errors are made in any of 
these docunents, Branch personnel will make corrections by sil!lllY crossing a 
single line through the error and _ entering the correct information. All. correc-
tions shall be initialed and dated by the investigator. If possible, all 
corrections should be made by the individual making the error. 

If information is entered onto sample tags, logbooks, or sample containers 
utilizing stick-on labels, ·these labels should not be capable of removal later 
without leaving obvious indications of the attempt. Labels should never be 
placed over previously recorded information Corrections to information recorded 
on stick-on labels should be made as stated in the previous paragraph. 
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3.2 SAMPLE AND EVIDENCE IDENTIFICATION 

3.2.1 ~ 

The · method of sa~le identification utfl ized depends on the type . of sample 

collected. s~les collected for in·situ field analyses are those collected for 
specific field analyses or measurements where the data are recorded directly in 
bound field logbooks or recorded directly on the Chain·of·Custody Record, with 
identifying information, · while in the custody of the sa~l ing team. Examples of 
such in-situ field measurements and analyses include pH, t~rature, and 

co~uctivity. Also included in this category are those field measurements or 
analyses ·- such as flow measurements, geophysical measurements, surveying 

measurements, etc. that are made with field instruments or analyzers, where no 
sa~le is actually collected. 

3.2.2 Sanple Identification 

Sa~les, other than those collected 
yses, are identified by using a standard 
tached to the sa~le container. In. some 
sa~les, the s~le tag may have to be 
sa~le. The s~le tags are sequentially 

for in·situ 
sa~le tag 

field measurements or anal· 
(figure 3.2.1) which is at· 

cases, particularly · with biological 
included with or wrapped around the 

numbered and are accountable documents 
after they 
following 

are · c~leted and attached to a sa~le or other physical evidence. The 
information shall be included on the sa~le tag: 

criminal 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ESD project I"IUiber; 

field identification or sa~le station number; 

date and time of sa~le collection; 

designation . of the s~le as a grab or c~site; 

type of sample (water, wastewater, 
and a very brief description of 

leachate, 
the . sempl ing 

soil, sediment, 
location; 

etc.) 

the signature(s) of the sempler(s) or of the designated . sa~ling 
te11111 leader (a team leader is II field investigator assigned by the 
project leader to be present during the collection of a specific 
s~le and to be responsible and knowledgeable of all activities 
directly related to the collection of that sample). 

whether the semple Is preserved or unpreserved; 

the general 
tag); and 

types of analyses to be· conducted (checked on front of 

any relevant 
odor 1 COlOr 1 

conments 
or known 

(such as readily 
toxic properties). 

detectable or identifiable 

Semples or other 
investigations 

physical 
are to 

evidenCe 
be identified 

collected by Branch personnel · 
by using · the "criminal sa~le 

during 
tag." 
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This 

that 
tag. 

tag is identical to the standard Saq:lle tag shown in Figure 3.2.1, except 

of the it has a red border around the front and a red background on the back 

The field sa~Jl'le station m.nber is assigned by the project· leader or field 
investigator. This nurber is ordinarily an alpha·n~.~~~eric code, designed for a 
particular inspection or investigation. For exaq:lle, if a sa~Jl'le is collected 
from a monitoring well. installed during a site screening investigation conducted 
at the Abercrorri:lie . Widget CCiq)Sny, the alpha·n1.111eric Sa~Jl'le nll!ber code could be 
A\1·001\1. A surface soil sa~Jl'le from this facility might be identified as AW· 
002S. Each separate. monitoring location should have a different n~.~~~erical . 
designation. Frequently, water and sediment Sa~Jl'les are collected from the same 
Saq:ll ing station and could have the same n~.~~~erical designation. For exa~Jl'le, 

water and sediment s~les collected from the same location in the Oconee River 
at Station 001 would be identified as OR·001W and OR·001S, respectively. The 
project leader or field investigator shall exercise due caution to insure that 
Saflllle station nureers are not duplicated during studies. The exact description 
of all safllll ing stations associated with field identification or SS~Jl'le station 
nt.mbers shall be doc1.111ented in the bound field logbooks. 

If a Saq:lle is spll t with a facll i ty, state regulatory agency, or other 
party representative, saiJl'le tags or labels with identical information should be 
attached to each of the s~le containers by the party receiving the split 
Saflllle. Also, all tags 
"duplicate," respectively. 
blank saflllles which are 
"Bl inc!" spiked or blank 
submitted as outlined · in 
be recorded in the bound 
outlined in Section 4.4. 

for blank or duplicate saiJl'les will be marked "blank" or 
This requirement does not apply to "bl inc!" spiked or 

to be subnitted for laboratory quality control purposes • 
S&flllles 
Section 

field 

shall 
4.6.9. 

logbooks 

not be identiHed as such, but will be 

This identifying information shall also 
and on the Chain·Of·Custody Record as 

3.2.3 Photograph Identification 

·All photographs taken by 

following 
Branch personnel shall be identified on the 

of the print with the 

• an accurate 
name of the 

information: 

description of what the photograph 
fecit ity or site .and the location. 

• date, time and the location that the photograph 

shows, including 

was taken; 

back 

the 

• the orientation of the photograph (i.e., looking northeast, etc.); 

• the s I ;nature of the photographer. 

If the photograph was taken with a Polaroid camera, the information shall 
be entered on the back of each photograph as soon as it is taken. If a 35 11m 

camera Is used, a aerial type record of each frame exposed shall be kept in the 
bound field · logbook along with the Information required for each photograph., The 
film shall be developed with the negatives supplied UK:ut. The field 
vestigator 
serialized 

shall then 
photographic 

enter the required 
from the 

Information on the 
logbook, 

prints, using 
in· 
the 

record bound field to identify each 
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photograph. 
the bound 

cabinet. 

For · criminal 
field logbook 

investigations, 
in the project 

the 
file 

negatives must 
and stored in 

be maintained 
the secured 

with· 
file 

3.2.4 Identification of Physical Evidence 

Physical evidence, other than sa~les, shall be identified by utilizing a 
sa~le tag or recording the necessary information on the evidence. ~hen sa~les 

are collected from vessels or containers which can be moved (barrels for 
exa~le), the field investigator shall mark the vessel or container with· the 
field identification · or s~le station nunber for future identification, if 

necessary. The vessel or container shall be marked by utilizing a sharp 
instrument or spray paint. The vessel or container need· not be marked if it 
already has a unique marking or serial nlJiber; however, these numers shall be 
recorded on the s~le tag and in the bound field logbooks. In addition, it is 
suggested that photographs of any physical . evidence (markings, etc.) be taken and 
the necessary information recorded in the field logbook. 

Occasionally, it is necessary to obtain recorder and/or instrunent charts 
from facility owned analytical equipment, flow recorders, etc., during field 
investigations and inspections. Field investigators should mark the charts and 
write the 
instrument 

• 

• 

• 

following information· on these charts while they are still in the 
or recorder (along with the field investigators initials>: 

if possible, 

if possible, 
measurement 
instantaneous 
location on 
and time of 

a description 
information 

starting and ending time(s) and date(s) 

the field Investigator shall take 
of the media being 

measurement shall 
the chart. The field 
the measurement 

of 
required 

the 
to 

and 

location 
Interpret 

measured by the 
be entered at 

investigator shall 
then enter his/her 

being 
the 

monitored 
data such 

device, chart unfts, factors, etc. 

for the chart; 

an instantaneous 
recorder. The 

the appropriate 
enter the 

initials; 

and any 
as type of 

date 

.other 
flow 

After the chart has been removed, the field Investigator ·shall indicate on 
the chart who the chart (or copy of the chart) was received from and enter the 
date and time, as well as the Investigator's lnftlals. 

Documents such 
marked with the field 
and from whom they were 
documents, except in 

as technical 
Investigator's 

reports, laboratory reports, etc., should be 
signature, the date, the nlJiber of pages, 

Branch personnel shall not accept confid~ntial received. 
special cl rcunstances such as process audits, hazardous 

waste sfte Investigations, etc. 
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I FIGURE 3.2.1 
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3.3 CHAIN·OF•CUSTODY PROCEDURES 

3.3.1 General 

The 
from the 

possession 
time · they 

of saii"Pl es 
are obtained 

or other 
until they 

physical evidence shall be 
are introduced as evidence 

traceable 
in legal 
Services 

of Branch 
proceedings. 
Division 
persomel. 

This section 
chain·of·custody 

covers only that 
procedures that 

portion of the Envi rorvnenta l 
are the responsibility 

3.3.2 

3.3.3 

custody 
Branch 
split 
receipt 
as a 

Sanple Custody 

A Sa!I"Ple or other physical evidence is in custody if: 

• it is in the field investigator's or the transferee's · actual 
possession; or 

• it is in the field investigator's or the transferee's view, 
after being in his/her physical possession; or 

• it was 
physical 

in the field investigator's 
possession and then he/she 

or the 
secured 

transferee's 
it to prevent 

taR"Pering; or 

• It Is placed in a designated secure area. 

Chain·of·Custody Record 

The field Chain·Of·Custody Record (Figure 3.3.1) is used to record the 
of all s..,les or other physical evidence collected and maintained by 

persomel. This form shall not be used to docunent the · collection of 
or clupl icate s~les where there Is a legal requirement to provide a 

for s..,les (see Section 3.4). The Chain·Of·Custody Record also serves 
s..,le logging mechanism for the Analytical Support Branch CASB) sa~le 

custodian. 

3.3.1) 
.The following information nust be supplied in the indicated 

Record. in detail to conplete the field Chain·Of·Custody 

• The ESD project I"'U!b!r. 

• The proJect name • 

• All s~lers and /Or Bllq)ling team leader nust 
designated signature block. 

spaces (figure 

sign in the 

• The Sllq)ltng station I"'U!ber, date, and time of s~le collection, 
grab or conposite s..,le designation, and a brief description of the 
type of s~~q:~le and the ·~ling location nust be included on each 
line (each line shall contain only those s~les collected at a 
specific: location). 
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team leader's name should be recorded in the right or 
of the Chain-Of-Custody Record when sa~les collected by 

one sa~l ing team are included on the same form. The 

s~ling team leader is an individual designated · by_ the project 

leader 
collection 

to be responsible for all ·activities related to the 

The total 
indicated 
containers 
indicated 
illllOSSible 
container 
the Record. 

of salll'les by a specific team of salll'ling personnel. 

nl.llber of salll'le containers nust be listed · in the 
space for each salll'le. .The total ni.Jiber of individual 

nust also be listed for each . type of analysis under the 
media or miscellaneous columns. Note -that it is 
to have more than one media type per salll'le. The type of 

end required analyses should be circled as indicated on 

The tag 
, supplied 

nl.llbers 

in the 

for each 

indicated 
s~le 

column. 

and any needed remarks are to be 

The field investigator end subsequent transferee(s) iTust doc~.~~~ent 

the transfer of the S&llllles listed on the Record in the spaces 
provided at the bottom of the Record. one of the sal!1llers . 
documented under the salll'ler(s) section ~m~st be the person that 
originally relinquished the salll'les or evidence or a designated 
field san.,le custodian . who receives secured san.,les from sal!1ll ing 
teams and maintains these san.,les under secure conditions. Both the 
person relinquishing the SJN~l)les end the person receiving them ~m~st 

sign the form; the date and time that this occurred ~m~st be 
docunented in the proper space on the Record. Usually, the last 
person receiving the Sllllllles or evidence should be a laboratory 
s~le custodian or other evidence clerk. 

The remarks colUII'I 
airbill numbers or 

at the 
registered 

bottom of the 
or certified 

Record 
mail 

is used to record 
serial nl.llbers. 

The Chain-Of-custody Record is a serialized doc~.~~~ent. Once the Record is 
c~leted, 

project 
evaluated 
format. 

3.3.4 

• 

• 

it becomes an accOU'Itable document and ~m~st be maintained in the 
f He. The sultabil ity of any other form for chain-of-custody should be 

based upon Its inclusion of all of the above Information in a legible 

Field Custody Procedures 

To si~~pllfy the Chain-Of-Custody Record and eliminate potential 
litigation problems, as possible should handl~ the 
sanple or physical 

as 
evidence 

few people 
during the investigation or inspection. 

The field 
custody 
properly 

investigator 
of the a~les 

end formally 

is responsible for 
collected. 

transferred 
(Section 

to another 

the proper 
3.3.2) 

person 

handling 
until they 
or facility. 

and 
ere 
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saq,le tags (Figure 3.2.1) shall be COI!llleted for each · sa~le, using 

waterproof, non-erasable ink as specified in Section. 3.3.2. 

All sa~les shall be sealed htmediately upon collection utilizing· 
the EPA custody seal CEPA Form 7500-CR7•75)) shown in Figure 3.3.2. 
The field investigator may write the date and his/her signature on 
the seal. This requirement shall be waived if the . field 
investigator keeps the sa~les in his/her continuous custody from 
the time of collection until they are delivered to the laboratory 

analyzing the sa~les. 

All Sllq)les must be documented in bound field logbooks. 

A Chain-Of-Custody Record will be COI!llleted for all sanples or 
physical 
separate 
destination 

evidence collected as specified in Section 3.3.3. A 
Chain-Of-Custody Record . will be 'utilized for each final 

or laboratory utilized during the inspection or 
investigation. 

If chain-of-custody is required for documents received during 
investigations, they should be placed in large envelopes, and the 
contents should be noted on ·the envelope. The envelope shall be 

sealed and en - EPA custody seal placed_ on the envelope such that it 
cannot be opened without breaking the seal. A Chain-Of-Custody 
Record· shall be maintained for the envelope. Any time the EPA seal 
is broken, that feet shall be noted on the Chain-Of-Custody Record 
end a new seal affixed. The information on the seal shall include 
the field Investigator's signature, as well as the date and time of 
sealing. 

Other physical evidence such as video tapes or other small items 
shall be placed in Zip•Loce type bags or envelopes and an EPA 
custody seal should be affixed so that they cannot be opened without 
breaking the seal. A Chain-Of-Custody Record shall be maintained 
for these items. Any time the seal is broken, a new seal shall be 
affixed. The information on the seal shall include the field 
investigator's signature, as well as the date and time of sealing. 

ln genera\, Branch . personnel shell not accept sanples from other 
sources U"'less the s~le collection procedures used are known to be 
acceptable, can be documented, end the sen.,le chaln•of·custody . can 
be esteb\ ished. If such s~les ere accepted by Branch personnel, a 
standard allll'ple tag containing ell relevant Information and the 
Cheln·Of·Custody Record, ahell be conpleted for each set of Sbnples. 

EPA custody aea\s can be used to maintain custody on other i terns 
when neces1ery by using similar. procedures as those outl i ned pre· 
vlously In this section. 
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Transfer of Custody and Shipment 

• All physical evidence or saq>le sets shall be acc~anied by a 

Chain·Of·Custody Record. ~hen transferring the possession of 

s&qlles, · the individual receiving the saq>les shall sign, date~ and 

note the time that he/she received the saq>les on the Chain-Of· 

custody Record. This Chain-Of-Custody Record docunents transfer of 
custody of S&qlles from the field investigator to another person,· to 
the ASB, other laboratories, or other organizational elements. 

• S&qlles shall be properly packaged for shipment CAppendix C) and 
delivered or shipped to the ASB or other designated laboratory for 
analyses. Shipping containers shall be secured by using nylon 
strapping tape and EPA custody seals. The custody seals shall be 

placed on the container so that it cannot be opened without breaking 
the seals. The seal shall be signed and dated by the field 
investigator. 

• When saq>les are split with a facility, state regulatory agency, or 
other goverrrnent agency, the facility, state regulatory agency, or 
other goverrrnent agency representative should sign the Chain-Of· 
Custody Record. The only exception is that a Receipt For Saq>les 
Form will be used for RCRA, TSCA, and CERCLA saq>les as required by 
the appropriate regulations (Section 3.4). 

• All S&qlles shall be aCCOqlanied by the Chain-Of-Custody Record. 
The original ·and one copy of the Record will be placed in a plastic 
bag inside the secured shipping · container if saq>les are shipped. 
One copy of the Record wi tl be retained by the field investigator or 
project leader. The original ·Record will be transmitted to the 
field investigator or project leader after saq>les are accepted by 
the laboratory. This copy will become a part of the project file. 

• If sent · by mail, the package shall be registered with return receipt 
requested. If sent by cccnnon carrier, a Goverrrnent Bill of Lading 
(GBL) or Air Bill should be used. Receipts from post offices, 
copies of GBL 1s, and Air Bflls shall be retained as part of the 
docunentation of the chain·of·custody. The Air Bill nurber, GBL 
IU!i)er, or registered mail serial IU!i)er shall be recorded in the 
remarks section of the Chain•Of•Custody Record or in . another 
designated area if using a form .other than that shown in Figure 
3.3.1. 
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3.4 RECEIPT FOR SAMPLES 

3.4.1 General 

Section 3007 of the Resource Conservation and Recovery Act CRCRA) of 1976 
and and Section 104 of the Conprehensive Envirormental Response, Conpensation, 

Liability Act (CERCLA or Superfund) of 1980 _require that a "receipt" for all 
facility s~les collected during inspections and investigations be given to the 
owner/operator of each facility before the field investigator departs the 

premises. The Toxic Substances Control Act (TSCA) contains similar provisions. 

3.4.2 Receipt for Sanpl es Form 

Receipt For 
to satisfy 

S~les 

the receipt 
Form (figure 3.4.1) is to be used by Branch , 

for samples provisions of RCRA, CERCLA, and 
The 

personnel 
TSCA. 
rejected 
following 

The form also docunents 
by the owner/operator 

that split samples were offered and accepted or 
of the facility_ or site being investigated. The 

Samples 
Form. 

• 

• 

information aust be supplied and entered on the Receipt For 

The ESD 
location 
form in 

project 
of the 

nunber, 
facility 

the indicated 

project 
or site 

locations. 

name, 
IIUSt 

name of facility 
be entered at 

The s~ler(s) aust sign the form in the indicated 

or site, 
the top of 

location. 

and 
the 

• The feci l ity/sfte owner/operator's acceptance or rejection of split 

• 

• 

samples nust be checked In the appropriate place in the Split 
S~les Offered section of the form. The owner/operator should be 
requested to initial his acceptance or rejection by the check mark 
and to sign his name in this block Indicating that he has been 
offered this choice if the offer is refused. 

Each sample collected from the facfl ity or site aust be docunented 
in the sample record portion of the form. The s~le station 
I"Uitler, date and time of sample collection, carposlte or grab sample 
designation, whether or not split samples were collected (yes or no 
should be entered under the split sample colum), the tag nunbers of 
samples collected which will be removed from the site, a brief 
description of each sampl fng location, and the total I"Uitler of 
sample containers for each sample aust be given. If EPA sample tags 
are used for split samples, these tag ru~Cers should be recorded 
under the remarks col urn. 

The bottom portion of the form is used to docunent the rece i J)t of 
split samples by the owner/operator of the facfl ity or site. one of 
the samplers nust be requested to sign 
In the 10transferred by'' section (date 

and complete 
and time 

the information 
aust be entered). 

The owner/ operator of the site aust sign 
of the form (the- owner/operator aust give 

the, "received 
his title, 

by" section 
and telephone 

~"UlCer and give the date and time he/she signed the form). If the 
owner/operator refuses to sign the form, the sampler(s) should note 
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this fact in the owner/operator•s 
entry. 

The copy of the form is to be given to 
The Receipt for Sa~les Form is serialized 
after it is c01rpleted. The original copy 
project files. 

signature block 
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the facility or site owner/operator. 
and becomes an accountable docunent 
of this form rrust be maintained in 
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3.5 FIELD RECORDS 

Branch. personnel shall use only bound field logbooks for .the maintenance 

of field records. The standard field logbooks utilized by Branch personnel are 

those obtained from the General Services Adninistration federal· supply schedule 

numbers 7530·00·274·5494 and 7530·00·222·3525. Other bound logbooks such as 

bound surveyors logbooks are acceptable so long as pages cannot be removed 

without tearing them out. 

Preferably, a logbook should be dedicated to an individual project. The 
investigator's name, project name, and project code should be entered on the 
inside of the front cover of the logbook. All entries should be dated and time 
of entry recorded. At the end of each day•s activity, or entry of a particular 
event if appropriate, the investigator should draw a diagonal line at the 
conclusion of the entry and initial indicating the conclusion of the entry or the 
days activity. 

All aspects of sa~le collection and handling as well as visual 
observations shall be documented in the field logbooks. All sa~le collection 
equipment (where appropriate), field analytical equipment, and equipment utilized 
to make physical measurements shall be identified in the field logbooks as 
outlined in Sections 4, 5, 6, and 7 of this SOPOAH. All calculations, results, 
and calibration data for field sa~l ing, field analytical, and field physical 
measurement equipment shall also be recorded in the field logbooks. All field 
analyses and measurements lll.lst be traceable to the specific piece of field 
equipment utilized and to the field investigator collecting the sa~le, making 
the measurement, or analyses. 

All entries in field logbooks shall be dated, shall be legible, and shall 
contain accurate and inclusive documentation of an individual's project activi· 
ties. Since field records are the basis for later written reports, language 
should be objective, factual, and free of personal feelings or other terminology 
which might prove inappropriate. once completed, these field logbooks become 
accountable documents and lll.ISt be maintained as part of project files. 
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Disposal of samples or other physical evidence obtained 

SeCtiOn 
Revision 
Date: 

Page 13 

NO. .).O 

No. 0 
2/1/91 
of 1 

during Branch in· 
vestigations is conducted on a case·by·case basis. Before any samples analyzed 
by the ASB are disposed, ASB personnel shall contact the Branch field inves· 
tigator or Branch or Section Chief, in writing, requesting pennission to dispose 
of the samples. The samples will not be disposed until the Branch field 
investigator or Branch or Section Chief coq)letes the appropriate portions of the 
ASB memo, signs and returns the memo to the ASB, specifically giving them 
permission 
Program 
permission 
general 
evidence: 

• 

• 

• 

to dispose of the samples. Branch persomel should 
Office requesting the inspection or investigation 

to dispose of samples or other physical evidence. 
guidance is offered for the disposal of samples 

No samples, physical evidence, or any other docunent 
8 criminal investigation shall be disposed without 
slon from EPA's Office 
Regional Counsel, or the 

Quality assurance samples 
cal results ere reported. 
disposal of these samples. 

of Criminal 
Department 

are routinely 
ASS does 

Samples associated with routine Branch 
disposed. 

Investigation, 
of Justice. 

disposed 
not advise 

inspections 

check with the EPA 
before granting 

The following 
or other physical 

associated with 
written permis· 

the Office of 

after the 
the Branch 

analyti· 
on the 

may be routinely 

After 
Branch field 
and maintained 

samples are disposed, the ASB shall send the 
accountable 

sample tags to the 
investigator. These sample tags are and must be placed 

in the project files. 
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3.7 DOCUMENT CONTROL 

The term docunent control, as it eppl ies to Branch inspections end inves· 
tigations, refers to the maintenance of inspection and investigation project 
files. All project files shall be maintained by the appropriate Section 
Secretary. All docunents as outlined below shall be kept in project files. 
Branch persomel may keep their own files, however, all official and· original 
doc~.~~~ents relating to Branch inspections and i.nvestigations shall be placed in 
the official project files. The following . doc~.~~~ents shall be placed in the 
project file: 

• a copy of the study plan; 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Under 
mat ion to 
investigator 
that it is 

original Chain-Of-Custody Records and bound field logbooks; 

a copy of the Receipt For Sa~le Forms; 

all records obtained during the investigation; 

a c~lete copy of the analytical data and memorandums transmitting 
analytical data; 

sa~le tags from sa~les that have been disposed of · by the ASB; 

all official correspondence 
relating to the investigation 

one copy of the draft report 
review clearance forms shall 

received 
including 

by or 
· records 

issued by the 
of telephone 

(without review conments; however, 
be included>; 

Branch 
calls; 

peer 

· one copy of the final report and transmittal memorandum(s); and 

be 

any other 
inspection 
inspection. 

relevant documents related to the original investigation/ 
investigation/ or follow-up activities related to the 

no circumstances are any personal observations or irrelevant infer· 
filed in the official project files. The project leader or field 
shall review the file at the conclusion of the project to insure 

c~lete. 
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4.0 SAMPLING PROCEDURES 

4.1 INTRODUCTION 

This section discusses the standard practices and procedures ut il i zed by 

Branch personnel during field operations to ensure the collection of represen-
tative s~les. All s~ling activities conducted by Branch personnel are con-
ducted with the expectation that they will be used for enforcement purposes, 
unless specifically stated to the contrary in advance of the field investigation. 
Therefore, 
collection 

the use of proper 
of representative 

procedures 
depends 

cannot be over ~asized. The 
upon: 

• 

• 

• 

• 

The 

• 

• 

• 

• 

ensuring that the sa~le taken is representative of the material or 
mecliun being s~led; 

using proper s~~~Tpling, sample handling, preservation, and quality 
control 

properly 
collection 
Custody 

maintaining 

objectives 

techniques: 

identifying 
in permanent 

Records); and 

the collected 
field records 

chain-of-custody • 

of this section are to present: 

and 
log 

general 
operations 

considerations 
conducted 

that nust be incorporated 
by the Branch: 

Branch s~ling site selection and collection 
individual ·· mediun; 

Branch s~ling quality assurance procedures: end 

documenting their 
books, Chain-of-

in all 

procedures for an 

equipment 
s~ling 

calibration 
equipment. 

end maintenance requirements for Branch 
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4.2 GENERAL CONSIDERATIONS 

following factors and procedures shall be considered and implemented The 
in plaming 
procedures 
individual 

and conducting all s'ranch sampling operations. · All ·these factors and 
nust be considered in view of specific objectives and scope of each 

field investigation. 

4.2.1 Selection of Representative Samol ing Sites 

Representative sampling sites are dependent of investigation 

undertaken and are discussed under type of sample 
on the type 

procedures for each mediun 

later in this section. 

4.2.2 Selection and Proper Preparation of Sampling Eguitment 

The type of sarrpl ing equipment to be used Is dictated by 

and is discussed for ·each · mediun later in this section. Appendix 
the investigation 

B describes the 

standard equipment cleaning procedures. 

4.2.3 Sarrpl ins Eauienent Construction Material 

The material that sampling equipment is constructed of can affect sample 
analytical results. Materials used must not contaminate the sample being col· 
lected and must be readily cleaned so that sarrples are not cross-contaminated. 
The standard materials for sampling equipment used to collect sarrples for trace 
organic compcxn:ls or metals analyses are, in order of decreasing desirability; 
Teflone, glass, stainless steel, alief steel. 

4.2.4 Selection of Parameters to be Measured 

Parameters to be measured are usually dictated by the purpose of an inves-
tigation and should be based on required monitoring condltions CNPDES or RCRA 

permits for example) or on the field investigator's or requestor's knowledge of 
the problem being investigated. 

4.2.5' ReQl!ired S!!!!ple Volunes 

The volune of s~le obtained should be sufficient to perform all required 
analyses with an additional ~t collected to provide for quality control 
needs, split s~les, or repeat exeminat ions. When using a peristaltic punp, 
individual al iquots of a canposite sample should be at least 100 mi ll il i ters in 
order to minimize s~le sol ids bias. 

Although the volune of s~le required by contract laboratories depends on 
the analyses to he performed, the 81110U'1t of s~le required for a conplete water 
or wastewater analysis Is normally two gallons (7.6 liters> for each laboratory 
receiving a s~le. The 8IIIOU'It of soil/sediment required for a conplete analysis 
is approximately 16 01.n:es. However, the laboratory receiving the s~le should 
be consulted for any specific volune requirements. 
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The volunes of 
from 

samples 
sources 

collected from waste sources at hazardous waste 
to an sites or samples which are known to be toxic should be kept 

absolute minimum. 

Sample volunes to be cot lected by Branch personnel analyses by 

the Environmental Services· Division CESD), Analytical 

for routine 
Support Branch CASB) 

laboratory are in Appendix A. The sample volune required for each analysis is 
for 
the 

in 

the volume of the standard container less ullage (empty space) required 

sample mixing by laboratory personnel and safe shipment of samples to 

laboratory. Branch personnel shall at low a minimum of ten percent ullage 

every sample 
for purgeable 
which sample 

container for this purpose. The _only exception 
organic analyses (VOA) or dissolved gases 

containers rrust be c~letely filled. 

is samples collected 
such as sulfides for 

4.2.6 

Standard 
Special 

4.2.7 

Selection· 

The type 
sample 

sample 

Sarrple 

and Proper Preparation of Sarrple 

container is dictated 
used by Branch personnel 

of sample 
containers 

container preparation requirements · 

Preservation 

Containers 

by 

are 
are 

the analyses required. 
presented in Appendix A. 

in Appendix B. 

for some _analyses lllJSt be preserved in order to maintain their 
integrity. Preservatives required for routine analyses of samples collected by 
Branch 
Branch 
should 
should 

persomel are given in Appendix A. All chemical preservatives used by 
personnel will be supplied by the ASB. All samples requiring preservation 
be preserved inmediatety upon collection in the field. Samples that 
not be . preserved in the field are: 

• 

• 

• 

• 

All 

S~les collected within a hazardous waste site that are known or 
thought to be highly contaminated with toxic materials~ Barrel, 
drun, closed container, spillage, or other source samples from 
hazardous waste sites are not to be preserved with any chemical. 
These samples may be preserved by placing the sample container on 
ice, if necessary. 

S~les that have extremely tow or high pH 
generate potentially dangerous if they 
the procedures given in Appendix 

gases 
A. 

Samples 
preserved 
Appendix 

for metals analyses 
with nitric acid 

c. 

organic 
preserved 

which are 
in excess 

shipped 
of the 

compounds ana I yses Samples for 
by air shalt 
the IIIIIOI.I"'t 

purge able 
not be 

specified in Appendi~t 

with hydrochloric 
c. 

samples preserved shalt be clearly 

or samples that may 
were preserved using 

by air 
IIIIIOI.I"'t 

which 
acid 

shalt not 
specified 

are shipped 

be 
in 

in excess of 

eating on the sample tag 
with 

that 
not 

chemicals 
the sample 
preserved, 

is preserved. 
identified 

If samples 
by incH· 
normally 

why. requiring preservation were field records shall indicate 
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4.2.8 Sanple Holding Times 

The elapsed time between sa"llle collection and initiation of laboratory 

analyses nust be within a prescribed time frame for each individual analysis to 

be performed. S811fJle holding times for all routine · sa"llles collected by Branch 

personnel are shown in Appendix A. 

4.2.9 Special Precautions for Trace Contaminant Sanpl ing 

Some contaminants can be detected In the parts per bill ion and/or parts 

trillion range. Extreme care nust be taken to prevent cross-contamination 
per 

of 

these sairples. · The following precautions 
are of concern: 

shall be taken when trace ·contaminants 

• 

• 

• 

• 

• 

• 

• 

A clean 
different 
irrmediately 

pair of new, disposable gloves 
and 

will 
gloves 

be worn 
should 

each 
be 

time a 
location 
prior 

is sa~led domed 
to sa"lll ing. 

Sample containers for source sa"llles or Sallllles suspected of 
containing high concentrations of contaminants shall be placed in 
separate plastic bags inmediately after collecting, preserving, 
tagging, etc. 

.If possible, arrtllent S811fJles and SOUrce SaJifJles should be collected 
by different field teams. If different field teams cannot be used, 
all arrtlient samples shall be collected first and placed fn separate 
Ice chests· or shipping containers. Samples of waste or highly 

·contaminated samples shall never be placed in the same ice chest as 
environnental samples. It is good practice to enclose waste or 
highly contaminated samples . in a plastic bag before placing them in 
Ice chests. Ice chests or shipping containers for source samples or 
samples suspected to contain high concentrations"' of contaminants 
shall be lined with new, clean, plastic bags. 

If possible, 
fill out 

one 

tags, etc., 
of the 

wtli le 
field .team should 

the other menbers 
take all 
collect 

the 
all 

notes, 
of the 

samples. 

When sampling surface waters, the 
the sediment sample 

water sample 
is collected. 

should always be col· 
lected before 

Sample collection should proceed progressively f••an the 
suspected least 

activities 
contaminated area to the suspected most contaminated 

area. 

Branch personnel should use equipment constructed of Teflone, 
stainless steel, or glass that has been properly precleaned 
(Appendix 8) for collecting samples for trace metals or organic 
c~s analyses. Teflone or glass is preferred for collecting 
aamples where trace metals are of concern. Equipment constructed of 
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sa!l1lles for trace 

4.2.10 Sanple Handling and Mixing 

After collection, all S8111lle handling should be minimized. Branch personnel 
should use extreme care to ensure that samples . are not contaminated. If sa!l1lles 
are placed in an ice chest, personnel should ensure that melted ice cannot cause 
sa!l1lle containers to become submerged, as this may result in S8111lle cross· 
contamination. Plastic bags, such as Zip·Loclte bags, should be used when small 
sa!l1lle containers (e.g., VOA•s or bacterial sa!l1lles) are . placed in ice chests to 
prevent cross-contamination. 

a S8111lle has been collected, 
for different analyses. The 

it may 
best way 

have to be split into separate 
to split 1 iquid sa!l1lles is to 

stir the sa!l1lle contents with a clean pipette or precleaned Teflone 

Once 
containers 
continually 
rod and allow the contents. to be at ternatel y siphoned into respective sample 

using Teflone or containers 
analyses for organic C0111l0unds 
used for 
manner as 
purgeables 

stirring, 
other 

organic 

or tubing 
equipment 

COII1lOUndS 

PVC (Tygone type) tubing. 
or trace 

used· for 
(Appendix 
analyses 

metals are to 
siphoning, must 
8). However, 

may not be spl it 

Teflone must be used when 
be conducted. Any device 

be cleaned in the same 
sa!l1lles collected for 

using this procedure. 

A true split of soil, sediment, or sludge sa!l1lles is almost ill1lOSSible to 
aCCOII1llish 
difficult 

under field conditions. The higher the moisture content, the more 
it Is to split the sample. 

It is extremely important that soil samples be mixed as thoroughly as possible 
to ensure that the sample is as representative as possible of the sample 
interval. The most conrnon method of mixing is referred to as quartering. · The 
soil in the s~le pan is divided into quarters. Each quarter is mixed, then all 
quarters are mixed into the center of the pan. This procedure is followed 
several times until the sample is adequately mixed. If rOU'ld bowls are used for 
sample mixing, adequate mixing. is achieved by stirring · the material in a circular 
fashion and Oc:cesionally turning the material over. Soil and sediment SB!I1lles 
collected for purgeab~e organic c~unds analyses should !!Q! be mixed. The 2· 
ounce (60·ml > S8111lle container should be filled COII1lletely; no head space should 
remain in the S8111lle containers. 

4.2.11 Purgeable Organic CC!!J)()Unds Sa!!J?ling (VOA) 

Water · S8111lles 
stored in 40·ml septun 
to prevent contamination 
in the caps (Teflone 
prior to the begimlng 

to be analyzed for purgeabte organic c()llfiOl.nds 
vials. with screw cap and Teflon8·sil icone dislc 

of the S8111lle by the cap. The disks should 
side to be in contact with the sample) in the 

of the sampling program. 

should be 

in :he cap 
be placed 

laboratory 

The vials (40·ml) . should be completely filled to prevent volatilization, 
and extreme 
turbulence 
carefully 

caution should be. exercised when filling a vial to avoid any 
which could also produce volatilization. The sample should be 

poured down the side of the vial to minimize turbulen;ee. As a rule, 
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it is best to gently pour the last few drops into the vial so that surface 
tension holds the water in a "convex meniscus." The cap is then applied and some 
overflow is lost, but air space in the bottle is eliminated. After capping, turn 
the bottle over and tap it to check for bubbles. If any bubbles are present, 
repeat the procedure. Since · the VOA vials are pre•preserved, extreme caution 
should be exercised when the vials are used as the collection device . for surface 
water Sllll'ples in order to prevent the loss of the preservative. When collecting 
water Sllll'ples for purgeable organic C0111l0Unds, triplicate samples should always 
be collected from each location. Three 40·ml vials containing four drops of 

concentrated HCl should be filled the with Sllll'ple. 

4.2. 12 

field 
tags. 

4.2. 13 

Sample Identification 

All samples will be fully docunented, as outlined in Section 3, 
records, on the field sample Chain·Of·Custody Record, end on . the 

Procedures for Identifying Potentially Hazardous Samples 

in the 
sample 

Any Sllll'ple either known or thought to be hazardous should be so identified 
on both the sample tag and the field sample Chain·Of·Custody Record. Information 
explaining the hazard, i.e., corrosive, flanmable, poison, etc., shall also be 
listed. 

4.2.14 Collection of Auxiliary Data 

All auxiliary data such as flow measurements, photographs of sampling 
sites, meteorological conditions, and other observations shall be entered onto 
the field records when the auxiliary data are collected. Auxiliary data relative 
to a particular sampling location should be · collected as close to the sample 
collection time .as. possible. Specific types of auxiliary data to collect for 
each mediun sampled . are discussed later in this section. 

4.2. 15 Time Records 

All records of time shall be kept using local time in the 2400 hour time 
format and shall be recorded to the nearest mirx.rte. 

4.2.16 Transporting and Shipping of Sanples 

Samples IIBY be hand delivered to the laboratory using government .owned (or 
rented) vehicles or they may. be shipped by conmon carrier. All Branch persomel 
must be aware that certain samples are hazardous Nlterials and, as such, ere 
regulated . by the u. s. Department of Transportation LnJer the Transportation 
Safety Act of 1974. These regulations are contained in Title 49, CFR, Parts 110· 
119. Shipment of dangerous goods by air cargo is also regulated by the United 
Nations/International Civil Aviation Organization (UN/ICAO). The Dangerous Goods 
Regulations promulgated by the International Air Transport Association (lATA) 
meet or exceed DOT and UN/JCAO requirements and should be used for shipnent of 
dangerous goods via air cargo. Shipment of samples by EPA ~\oyees is also 
governed by EPA Order No. 1000.18 (1). The standard Branch procedUre for 
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Transportation 

4.2.17 Sanple Chain-of-Custody 
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Safety Act 
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All Branch 
1974 when 
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shall · meet 
sa111Jles by 

all field 
investigations for all Sa111Jles collected. The standard sa111Jle chain-of-custody 
procedures used by Branch ~Loyees are given in Section 3.3. 
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4.3 DEFINITIONS 

4.3.1 Crab Sample 

An individual S&qlle collected fran a single location at a specific time 
or period of time generally not exceeding 15 minutes. crab saq:Jles are 
associated with surface water, groundwater, wastewater, waste, contaminated 
surfaces, soil, and sediment s~ling. Crab s~les are typically used to 
characterize the media at a particular instant in time. See Appendix ·A for 
additional guidance concerning parameters requiring a grab s~le and for 
monitoring that indicates that grab s~les nust be collected. 

4.3.2 Conposlte Sanples 

A s~le collected over time that typically consists 
Four 

of 
types 

a 
of 

series 
CaJ1)0Site 

of 

discrete 
sarrples 

4.3.3 

• 

• 

• 

• 

saq:Jles 
are listed 

which are 
below: 

ccxrbined or 11CaJ1)0S i ted". 

Time COIII)OS it e 'Tq: A saq:Jle c~rised of a varying nUTber of 

discrete s~les collected at equal time intervals during the 
CaJ1)0Siting period. The TC. s~le is typically used to Saq:Jle 

wastewater or streams. 

Flow Proe2rtioned COIII)OS I te 'FPC>: A s~le collected proportional 
to the flow rate during the CaJ1)0Siting period by either a time-
varying/constant volune (TVCV) or time-constant/varying volune 
(TCW) method. The TVCV method is typically used with automatic: 
sarrplers that are paced by a flow meter. The TCVV method is 
manual method that individually proportions a sedes of discretely 
collected sarrples. The FPC is typically used when Saq:Jl ing 
wastewater. 

Areal Conposite: A Sllll'ple collected from individual grab Sllll'ples 
collected on an areal or cross-sectional 
shall be made up. of equal volunes of grab 

basis. 
sarrples. 

manner. shall be collected in an Identical 
sediment CaJ1)0sites from quarter-point Sllll'p l i ng 
sarrples from grid points. 

Areal 
Each 

c~sites 

grab s~le 

Exarrples 
of streams 

include 
and soil 

vertical CO!!pOslte: A sarrple collected from individual grab sarrples 
collected from a vertical cross section. Vertical caJ1)0sites shall 
be made up of equal volunes of grab sarrples. Each · grab sarrple shall 
be collected in an identical 111nner. Exllll'ples include v~rtical 

profiles of soil/sediment colums, lakes and estuaries. 

Quality Control Semp\es 

a 

The 111jorlty of ECB field studies require the collection of additional 
sarrples for various quality control purposes. These include the isolation of 
site effects (control Bllll'ples), define bac:kgr«Mnt conditions (bac:kgr«Mnt sarrple), 
evaluate field/laboratory llethodo\ogy (spikes and blanks, trip blanks, duplicate 
sarrples), or to asaess Sllll'p lf ng equipment (sllll'pler blanks and equipment rinse 
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split or duplicate s~~~~ples 

Miscellaneous . Sllllpl ing definitions are listed below: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Sanple Al iguot: 
entire s~~~~ple. 

Split Sanple: 
containers 
container. 

from 

A portion of a sa~le that is representative 

A sa~le which 
a . single 

has 
s~~~~ple 

been portioned 
container or 

into two 
sa~le 

of the 

or more 
mixing 

Dupl fcate Sanple: Two or more sa~les collected simultaneously into 
separate containers 

Control Sanple: 
source or. site to 
particular ambient 

from the same source under 

A s~~~~ple 

isolate 
mediLIII 

collected upstream 
the effects of the 
being sa~led. 

identical conditions. 

or upgradi ent 
source or site 

from a 
on the 

.::.Ba::::c=..:k~s ... r.::o=und..=. __ s::::a:::.np=l.:::.e: A s~~~~p l e collected 
site similar to the one being studied, 

frem an area, 
but located 

water body, or 
in an area known 

or thought to be free from pollutants of concern. 

Biased Sanple: A ·s~le which is known to be non-representative of 
the entire sfte being studied. An ex~l_e is s~les collected 
during Super f l.l'1d Site Screening Investigations that are 
Intentionally biased towards suspected areas of contamination. 

Trip Blanks: Trip blanks are prepared prior to the sa~ling event 
in the actual Bllq)le container and are kept with the investigative 
s~les throughout the Sllq)ting event. They are then packaged for 
shipment with the other sllq)les and sent for analysis. At no time 
after their preparation are the Sllq)le containers to be opened 
before they . reach the laboratory • ESD utilizes volatile organic 
trip blanks to determine If sllq)les were contaminated during storage 
and transportation beck to the laboratory. If s~les are to be 
shipped, trip blanks are to be provided per shipment but not per 
cooler. 

Eauienent Blanks: Equipment field blanks are defined as s~les 

which are 
collection 
be used 
equipment 
operation.) 

obtained by rU"lnfng organic-free water over/through s~le 

equipment after It has been cleaned. These Sllq)les will 
to determine ff cleaning procedures were adequate. (The 

could have been cleaned in the field or prior to the field 

Pre and Post Preservative Blanks: To determine If the preservative 
used ci.lrlng field operations were cOntaminated, pre and post 
preservative blanks are prepared. On small studies, usually only a 
post preservative Bllq)le will be prepared. These Sllq)les are 
prepared by putting analyte·free/organic·free water In the container 
and then preserving the lllq)le . with the appropriate preservative. 
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• Field Blanks: Organic-free water is taken to the field in sealed 
containers and poured into the appropriate Sllq)le containers at pre· 
designated locations. This is done to' determine if any contaminants 
pres.ent in the area may have an affect on the sample integrity. 
Field blanks should be collected in dusty · environnents and/or from 
areas where volatile organic contamination is present . in the 
atmosphere and originating from a source other than · the source being 
sampled. 
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4.4 DATA QUALITY OBJECTIVES 

As defined in Data Quality Objectives for Remedial Response Activities 
(29), uoata Qua!;ty Objectives (DQ0 1s) are qualitative and quantitative 
statements which specify the quality of the data required to support Agency 
decisions during remedial response activities". DQO's should be considered when 
planning any study. DQ0 1s provide information on the limits of the data, which 
in turn dictate the proper uses of the data. DOC's were originally developed to 
guide the analytical program of Superfund (29), but the concept also has 
application for other field sa~l ing efforts. Data collected in the field 
include sa~les and site information. The methods by which s~les are collected 
may limit the uses of the subsequent analytical data. The methods by which site 
information, such as physical measurements, photographs, field notes, etc., are 
collected, may reduce their accuracy. The manner in which sa~ling equipment is 
cleaned will also affect the DQO level of the data. The various DQO levels are 
nl.ll'bered I through V, with 1 being the lowest and IV the highest quality data. 
Level v. data are collected using special or non-standard methods. Higher quality 
methods may be substituted for lower level work. 

4.4.1 DQO Level 

Sa~ling equipment and sa~le containers 111.1st be cleaned using soap and tap 
water, visibly free of contamination, and free of detectable analytes using the 
analytical screening methods specified for the study. Use of organic vapor 
survey methods to determine locations or media fractions for higher level 
analysis is an exa~le of DQO Level I field work. However, this technique is not 
appropriate for c~s that are not volatile or produee low instrument 
response. Data produced from such s~les · may not be used for other than the 
stated purpose. 

4.4.2 DQO Level II 

Field methods, decontamination procedures, and sa~ling equipment 
construction materials for DQO Level II analyses are as specified elsewhere in 
this document. The construction 11111terials for s~ling equipment may vary if 
rinse blanks analyzed using the field analytical procedures show that the 
substituted equipment does not contribute detectable analytes, and the materials 
would not reasonably be expected to contribute detectable analytes. For example, 
it may be acceptable to use PVC s~ling equipment to collect s~les that are 
only - being analyzed for metals, or _ to use equipment made of chrome plated 
material for a~les being analyzed only for organic c~s. Field cleaning 
procedures for s~ling equipment used to collect s~les that will be analyzed 
at this OQO level · IIBY consist of: 

• 

• 

Soap and potable water wash with brush (steam may also be used), 
followed by potable water rinse. 

&later rinse. The quality of the water is determined 
contlminants of concern and the miniaun quantitation limits 
analytical 111ethods used. For ex~le, ff an atomic absorption 
U'tit is being used - to analyze water s~les for lead only, 

by the 
of the 

(AA) 

and the 
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up. to 
be used 

A minimum of five percent of Sllqlles · collected for DQO Level . II analyses 
should be split for DQO Level IV analysis. These samples must be representative 
of all sllq)les submitted to the field laboratory. 

4.3.3 poo Level III 

Field 
construction 

. methods, 
· materials 

some 

decontamination 
for DQO Level 

modifications 
III 
of this docunent. 

certain limited instances, as specified 

procedures, . and sampling 
analyses. are as specified 

these specifications are 
below. 

equipment 
elsewhere 

allowable 

10 
as 

in 
in 

If DQO Level JJI analytical 
or excavation operations, the 
excavation equipment only may 
omission of steps 3, 4, and 5. 

services are being 
cleaning procedures .. for 
be cleaned as specified 
All other cleaning and 

used in support 
the down· hole 
in Appendix 

decontamination 

of drilling 
drilling or 

E.9, with the 
procedures 

specified in that appendix apply. 

\~hen wells are · constructed 
to the contaminants being analyzed, 
III or lower for those inc~tible 

procedures are used. 

using materials 
data collected 

analytes, 

that are not 
from those 

even if DQO 

inert with respect 
wells are DQO Level 

Level IV analytical 

A minimum of one equipment · 'rinse blank per week for each week Sllqll ing 
equipment Is field cleaned is required to be analyzed. If samples ar.e preserved, 
a preservative blank nust be collected and analyzed in the field at the begiming 
and end of the study. A blank of the rinse water II'Ust be collected and analyzed 
prior to begiming the study and at the end of each week sampling equipment is 
field cleaned. 

should 
of all 

4.4.4 

A minimum 
be split 
samples 

DQO Level 

of· five percent of samples collected for 
for DQO Level IV analysis. These samples 

submitted to the field · laboratory. 

IV 

DQO 

nust 

Field 111ethods and equipment decontamination procedures 

Level JJI analysis 
be representative 

described in this 
docunent are considered to be level IV llll!thods. These are the standard methods 
to be used on all studies requiring DQO Level IV quality data. Any devi11tions 
from these llll!thods .ust be docunented in the field logbook or th'e approved study 
plan. The sampler IIIISt be aware that such deviations in the field work may 
reduce the DQO level of the data, with a subsequent reduction in the data uses. 
The field notes are always collected as specified in Section 3.5. Photographs 
are always logged as specified in Section 3.2.3. 

4.4.5 poo Level v 
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4.5 INVESTIGATION DERIVED UASTE 

4.5.1 General 

Many field investigations conducted by the Branch generate waste materials. 

These waste materials are known as investigation derived waste CIDW) C30). some 

of these waste materials may be hazardous wastes which lll.ISt be properly disposed 

in accordance with EPA regulations. Most, but not all, of these hazardous wastes 

will be associated with investigations of hazardous waste sites. 

4.5.1.1 Tvoes of IDW Materials which may become IDW requiring proper 

treatment, storage and disposal are: 

• Persomel protective equipment (PPE). This includes disposable 

• 

• 

• 

• 

• 

coveralls, gloves, booties, respirator canisters, splash suits, etc. 

Disposable equipment (DE) • This includes 
ment covers, alunlnun foil, conduit pipe, 

plastic 
coliwasa 

s&~Tple 

ground and equip· 
samplers, Teflon& 

tubing, broken or unused s&~Tple containers, container boxes, 

tape, etc. 

Sol l cuttings from drilling or hand auguring • 

Drilling IIUd or water used for water rotary drilling. 

Groundwater obtained · through well development or well purging. 

Cleaning fluids such as spent solvent and washwater • 

4.5.1.2 Management of Non-Hazardous IDW Disposal of non-hazardous IDW 
from hazardous waste sites should be addressed in the study plan. Npn·hazardous 
ID\1 such as PPE and DE may be double·bagged and brought back to the Branch 
warehouse for disposal In the warehouse trash containers. To reduce volune for 
transportation back to the warehouse, it may be necessary to corrpact the waste 
into a reusable 
active facility, 

container, such as ·a 55-gallon drun. . If the waste is from an 
permission should be sought · from the operator of the facility 

to place the non-hazardous PPE and DE lOW into the facfl ities ~ters. If 
necessary, 
permission 
landfill 
obtained 
site near 
logbook. 

' these Nterials NY be placed into IIU"'icipel ~ters, with the 
of the owner. These Nterials may also be · taken to a permitted 

local to the site. on larger studies, waste hauling services 1110y be 
and a ~ter located at the study site. They may also be buried on 

the contamination source, with the burial location noted in thf' field 

Disposal of non•hazardous IDW such as drill cuttings, purge or development 
water, 
approved 
facility 
sought 
feasible 

decontamination fluids, drilling IIUds, etc., should be specified in the 
study plan. These Nterials ftJSt not be placed into ~ters. If the 
at which the atudy is being conducted Is active, permission should be 

to place the liquid 10\1 into the flcH It I es treatment system. It may be 
to apread drill cuttings around the borehole, or if the well is 

t~rary, to replace the cuttings back into the borehole. Cuttings, purge 
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w~ter, or development water may also be placed in a pit in or- near the source 

area. Monitoring well purge or development water may also be poured onto the 

ground downgradient of the monitoring well. Purge water from private potable 

wells which are in use may be discharged to the ground · surface.· 

4.5.1.3 Management : of · Hazardous JDIJ -- Disposal of hazardous or suspected 

hazardous JDIJ nust be specified in the approved study plan. Hazardous JDIJ nust 

be disposed as specified In USEPA regulations. Jf appropriate, these wastes may 

be placed back in an active facility waste treatment system. These wastes may 

also be disposed of in the source area from which they originated, if doing so 
does not endanger hl.lll8n health and the envirorrnent. 

If on·site disposal is not feasible, and if the wastes are suspected to be 
hazardous, appropriate tests nust be conducted to make that determination. Jf 

they are determined to be hazardous wastes, they nust be properly contained and 
labeled. They may be stored on the site for a maxinun of 90 days before they 
must be manifested and shipped to a permitted treatment or disposal facility. 
Generation of hazardous JD\1 nust be anticipated, if possible, to permit 
arrangements for proper containerization, labelling, transportation, and 
disposal/treatment In accordance with USEPA regulations. 

Hazardous investigation derived waste should be kept to a mininun to 
Branch resources. Most of the routine studies conducted by the Branch conserve 

should 
purged 

not produce any JDIJ that are hazardous, with the possible exception of · 
groundwater. Many of the above PPE and DE wastes can be deposited in 

municipal d~ters if care is taken to keep them segregated from hazardous waste 
contaminated materials. Disposable equipment can often be cleaned to render it 
non· hazardous, as can some PPE, such as splash suits. The volune of spent 
solvent waste produced during equipment decontamination can be reduced or 
eliminated by applying only the mininun · 8IIIOU'It of solvent necessary. · 

\ 
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4.6 SPECIFIC. SAMPLE COLLECTION QUALITY CONTROL PROCEDURES 

4.6.1 General 

This subsection provides guidelines for establishing quality control pro-

cedures for Branch sarrpl ing activities. Specific guidelines for sarrple · site 

selection, 
standard 

selection of sarrpling equipment, types of sarrples to be collected, 
sample collection procedures, specific maintenance and calibration 

procedures 
each . mecli1111 

for sampling equipment, and other considerations are presented for 
later in this Section. Specific requirements for all sarrpling 

activities 
operating 
sarrpl ing 

are presented ·in Section 4.2. Strict adherence to all of the standard 
procedures outlined in this chapter form the basis for · the Branch 

quality assurance program. 

4.6.2 Exeerienee Regui rements 

There is no substitute for field experience. Therefore, all professional 
and paraprofessional Branch errployees shall have the equivalent of six months 
field experience before they are permitted to select sarrpling sites on their ·own 
initiative. This field experience shall be gained ·by on-the- job training using 
the "buddY" system. Each . new Branch field errployee shall accOII'pBny an 
experienced errployee on as many different types of field studies as possible. 
During this training period, the new errployee · will be permitted · to perform . all 
facets of field investigations, including sarrpl ing, U'lder ··the direction and 
supervision of senior Branch technical staff. 

4.6.3 Traceability Requirements 

All sarrple collection activities shall be traceable through field records 
to the person collecting the sarrple and to the specific piece of sarrpl ing . equip­
ment (where · appropriate) used to collect that sarrple. All maintenance and 
calibration records for sarrpl ing equipment (where appropriate) shall be kept so 
that they are s.imflarly traceable. 

4.6.4 Measurement of Relative Sanp\ins Precision 

The following ~licate procedures shall be used during . the col-
lection of Branch samples as a relative measure of the precision of the . sarrple 
collection process. Dupl Ieete grab and/or composite sarrples shall be collected 
during all major investigations and studies 
the Branch. No more than ten percent of 
duplicate. These samples shall be collected 
procedures, the same equlpnent, and In the 

(more than 20 sarrples) conducted by 

all . sarrples shall be collected in 
at the same time, using the same 
same types of containers as the 

in the same manner and subni tted required aarrples. They ahall also be preserved 
for the same analyses as the required aarrples. The collection of ~lieate 

composite aarrples shall require the Installation of ~lieate automatic sampler 
setups if automatic aamplers are used for aample 

These data will be 
are evident with 
a~fffc Branch 

problems 
used by 

auality Assurance Officer 

examined 
specific 

personnel. 
who will 

by the project 
types of llledia 

The project 
In turn advise 

collection. 

leader to determine if any 
samples or with the procedures 
leader will advise the Branch 

the Branch and appropriate 
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Chiefs of any problems encountered so that corrective action can be 

Measurement of Sanple Hancll ins Effectiveness 

The ·effectiveness of Branch personnel sarrple handling techniques will be 

monitored by utilI zing field blank sarrples. For routine studies these blank 
that 

field 
sarrples will be prepared by ASB personnel. Branch personnel shall request 

these sarrples be provided at least one week in advance of scheduled 

investigations and inspections and never (except in emergency situations) less 

than two days in advance of scheduled field investigations and inspections. 

These sarrples should not be picked up by Branch personnel earlier . than the 

morning of departure for the scheduled inspection/investigation. On larger 

studies, where organic-free water is generated in the field, these blank sarrples 

may be made in the field. The following field blank sarrples are required: 

• 

• 

The followir{g 

• 

• 

Water Sanple VOA Trip Blank A water sarrple VOA trip blank is 
required for every study where water sarrples are collected for VOA 
analysis. Two sealed preserved (or unpreserved if appropriate) 40· 
ml VOA vials will be transported to the field. These field blanks 
will be handled and treated by Branch personnel . in the same mamer 
as the 
analysis 
identified 
blanks. 

water sanples collected for purgeable 
on that particular study. These sarrples 

organic 
will 

Records 

con"pOUnds 
be clearly 

on sanple tags and thain·Of·Custody as trip 

Soil Sample VOA Trip Blank A . soil sanple VOA trip blank is 
required for every study where soil sanples 

one 2-oz. purgeable organic compounds analysis. 
be transported to the field. This field blank 

are 
soil 

will 

collected 
VOA vial 

be handled 

for 
will 

and 
treated by Branch persomel In the same manner as the so i l sa~~pl es 
collected for purgeable organic compounds ana I ys is on that 
particular study. These sanples will be clearly identified on 
sanple tags and Chain·Of•Custody Records as trip blanks. 

blanks are prepared in the field: 

Inor-ganic S!!!!ple Pr-eservative Blanks Metals and general 
lnorganics sanple containers filled with blank water will be trans· 
ported to the field and preserved and submitted for the same 
analyses as the other inorganic sanples collected. These sanples 
will be clearly Identified as preservatives blanks on sanple tags 
and in the Chain•Of·Custody Record(s). At least one preservative 
blank for each type of preserved sanple should be collected at the 
end of routine field investigations. A mininun of one preservative 
blank should be prepared at the begiming and end of all major 
Branch field investigations (20 sanples or 1110re). 

Automatic Sampler-
sanpler blanks is 
procedures outlined 
sample Integrity. 

Blanks 
given 

In 

The procedur-e 
in Section 4.5.4. 

Appendix B should 

for collecting 
In general, 

be adequate 
However, It Is the standard practice 

automatic 
cleaning 

to insure 
of the 
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Branch to· submit automatic s~~~~pler 

to collect 
blanks 

once per 

blanks for analyses when 

automatic s~lers are used sanples for organic c~unds 

analyses. Automatic s~~~~pler for other standard analyses 

shall be submitted at least quarter. 

The ASB 
or preservative 
ance Officer 

will acfvi se the Branch Quality Assurance Officer when trip ·blanks 

blanks are unacceptably contaminated. The Branch Quality Assur· 

will inmediately initiate an investigation to determine the cause 

of the problem. 
the Branch and 
initiated. 

4.6.6 Measurement 
Integrity 

Specific 

4.6.7 Measurement 

The results of this investigation will be pronptly 
appropriate Section Chief so that corrective 

reported 
can action 

of Sanple Container, Sanple Equipment, and Cleaning Procedure 

quality control procedures are out I ined in Appendix B. 

of Field Generated Organic-Free \later 

to 
be 

On larger studies, organic-free water may be prepared in the field. When 
this 'is done, 
the study. 
shall be 

a system blank should be collected prior to· use and at the end of 
If the study lasts more than one week, at· least one s~~~~ple per week 

collected. Blank sanples should be analyzed for all analytes of 
interest. 

4.6.8 Special Quality Control Procedures for Uater Sanples for Extractable, 
Pesticide. or Herbicide Organic CO!!pOUOds Analyses 

Branch personnel shall slbnit dupl Ieete water san.,les for extractable, 
pesticide, and/or herbicide organic c~s analyses from at \east one sa~~pl fng 
location per project and laboratory used. This san.,le should be collected from 
a location expected to be relatively free from contamination, since this san.,le 
will be used for laboratory quality control purposes. The duplicate san.,le 
should be clearly identified as 11Dupl Ieete San.,le for Matrix Spfke11 on the s~le 

tag, Chain·Of·Custody Record, in the field logbook, and on the .-. Contract 
Laboratory Program CCLP) Traffic Report Form (if appropriate). This procedure 
shall be followed for all Branch projects where water san.,les are collected for 
the Indicated organic c~ analyses, whether the s~les are submitted to 
the ASB or the EPA CLP. 

4.6.9 Special Oualfty Control Procedures for EPA Contract Laboratories 

Special quality control procedures are used when SMPles are slbni tted to 
the EPA CLP. A series· of blank and spiked SMPles are provided by ASB personnel 
that are to be sut.ili tted along with the revu\ar SMPles to each contract labora· 
tory utilized. These SMPles will be provided by the ASB along with the neces· 
sary CLP Traffic Report Fonns for each blank and spike san.,le. These SMPles 
shall be slbnitted to the respective contract laboratories on a blind basis. 
Fictitious station JW.IIt)ers will be used on the Traffic ·Report Fonns; the contract 

These SMPles laboratories are not to ltnow which sMples are spikes and blanks. 
are Identified as spikes or blanks only on the copy of the Traffic Report Fonns 
that are returned to the ASB. 
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These 
procedures 

spike 
outlined 

and blank sllq)les are to be obtained from the ASB utilizing the 

In Section 4.4.5. 

The ASB TPO (See Section 1.9.3.1) may request, on a case·by·case basis, 
that Branch persomel collect split sa~tes (or duplicate saq:>les · if appropriate) 
for analysis by both the ASB end contract laboratories. The split saq:>les are 
to be submitted to the ASB using estebl ished procedures. The contract laboratory 
involved shall not be notified in any way· that saq:>les were split, i.e., there 
should be no indication on Chaln·Of·Custody Records or CLP Traffic Report Forms 
submitted to the contract laboratories that these saq:>les were split with the 
ASB. 

4.6.10 Special Ouallty Assurance Procedures for Dioxin C2.3.7,8·TCDD or Other 
Isomers) 

All saq:>les collected for· dioxin (2,3,7,8-TCDD or isomers) analyses are 
analyzed by other EPA laboratories or through contract laboratories. The ASB 
does m!! conduct in· house analyses for dioxin. The ASB maintains a package that 
outlines all current ~llty control procedures to be used by Branch personnel 
when collecting seq:> lea for dio~tin C2,3,7,8·TCDD or other isomers) analyses. The 
ASB !lUSt be consulted before any such saq:>les are collected. 
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~ASTE~ATER SAMPLING 

4.7.1 General Considerations 

The variety ·.of conditions at different sa~~pl ing locations require that 
-iderable judgment be made regarding the methodologies and procedures for 
·lllllection of representative S&qlles of wastewater. Each sa~~pl ing point warrants 
mention conmensurate with its COII'plexity. There are, however, basic rules and 
fi~Cautions generally applicable to S&qlle collection. The procedures used by 

·• Branch are generally those outlined in the NPDES COIIDl iance Inspection Manual 
lb. Additional guidance is given in the agency's · handbook, Monitoring 
a.ilstdal \lastewater (3). Some iqlertant considerations for obtaining a 

..-esentative wastewater san.,le include: 

U.2 

• 

• 

• 

Site 

The saq:~le should be collected where · the wastewater is well 
Therefore, the saq:~le should be collected near the . center 

mixed. 
of the 

flow channel, where the turbulence is at a maxiiiUI'I and the 
possibility of sol ids settling is minimized. . Sld11111ing the water 
surface or dragging the channel bottom should be avoided; 
allowances should be made for fluctuations in water depth 

however, 
due to 

flow variations. 

In S&qll ing from wide conduits, cross-sectional sanpl ing should be 

considered. Rhodamine \IT dye (See Section 7.8.2.3 for procedures) 
may be used as an aid in determining the most representative 
s~~~~pl ing point<s>: and 

manual compos it i ng If 
nust 
the 

be thoroughly mixed 
composite container. 

Selection 

is ~toyed, the individual S&qlle bottles 
before pouring the individual aliquots into 

Where applicable, wastewater s~~~~ples should be collected at the location 
~ified in the NPOES permit (if the source has such a permit). In some in· 
~es the s~~~~pling location specified in the permit, or the location chosen by 

• permittee, IIIBY not be acceptable for the collection of a representative 
.stewater s~~~~ple. In such. instances, the project leader or field investigator 
il not l hnfted by permit specifications from collecting a sB~Tple at a more· 
...-esentative location. When a conflict exists between the permittee and the 
-.,Jlatory agency regarding the most representative s~~~~pl ing location, both sites 
--..ld be sampled, and the reason for the conflict should be noted in the inspec~ 

1:1an or study report and field notes. Rec:CIIIIIIendations and reasons for a change 
ia sampling location should be given to the appropriate permitting aut~ority. 

4.7.2.1 Influent .. Influent wastewaters are preferably saq,led at points 
II highly turbulent flow in order to ensure good mixing; however, in many in· 
~es the most desirable location is not accessible. Preferable influent 
-tewater s~~~~pllng points include: (1) . the upflow siphon following a conmi nut or 
Cia absence of grit chllllber); (2) the upflow distribution box following pulping .. 11111in plant wet well; (3) aerated grit chllllber; (4) flune throat; or (5) pulp 
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wet well when the 
should be collected 

~ is operating. When possible,· 
returns. 

raw wastewater sa~les 

upstream from sidestream 

4.7.2.2 Effluent Effluent sa~les should 

specified in the permit, or if no site is specified 

be collected at 
in ·the permit, at 

the site 
the most 

to representative 
discharge into 
and inspector 
representative 

site downstream 
the receiving 
regarding the 

. from all entering 
waters. If a conflict 
source being sa~led 

wastewater streams 
exists between the 
or the location of 

prior 
permittee 

the most 

site, follow the procedure out l i ned in Section 4.7.2. 

4.7.2.3 Pond and Laqoon Sanpl ing Generally, c~site 

wastewater s~les should be collected from ponds and lagoons. Even 

effluent 
if the ponds 

or lagoons have long retention times, c~site sa~l ing is necessary because of 

the tendency of ponds and lagoons to have flow paths that short circuit the 

detention time. However, if dye studies or facility data indicate a homogeneous 

discharge, a grab sa~le may be taken as representative of the waste stream. 

4.7.3 Sal!!? ling Techniques General 

sa~l ing and flow measuring 
treatment 
before· 

are nutua ll y dependent for a complete 
evaluation of a wastewater 

variability 
plant. The investigator IIKJSt 

initiated. 
know the 

wastewater flow a sampling program can be 

The choice of a flow proportional or time composite . sampling scheme depends 
on the variability of the wastewater flow or concentration, equipnent 
availability, and sampling location. Jf an investigator knows or suspects that 
there is significant variability in the wastewater flow or if the investigator 
knows nothing about the facH ity, a flow proportional sample should ·be collected. 
Otherwise a time composite sample would be acceptable. 

Prior to sampling, 
and recorder) 

flow measuring 

the 
should 

flow measuring 
be examined 

system is unacceptable, 

system 
(methods 

(primary 
described 

the investigator 

flow device, 
in Section 5). 

may have to 
totalizer, 
If the 
install 
system 

flow measurement instrumentation (Section 5). If · the flow measuring 
is acceptable, sflll'ples can be collected by the appropriate method. 

Time composite SM'ples collected by the ·Branch are based on a constant time 
manu-interval between samples. A time composite· sample can ·be collected either 

ally or with an automatic SM'pler. 

Flow proportional samples can be collected 
sampler and a compatible pacing flow measuring 
a flow chart 
manually. 

and an automatic sampler capable 
Refer to Appendix E for procedures 

the NPDES Compliance Inspection Manual (2) for 

4.7.4 Use of Automatic 

automatically with an automatic: 
device, semi-automatically with 

of collecting discrete sampl~s, or 
describing the first method and to 
details on the latter two methods. 

4.7.4.1 General -- Automatic samplers llliiY be used when several points are 
to be sflll'pled at frequent intervals or when a continuous sarrple is required. 
Automatic samplers used by the Branch IIUSt meet the following requi r.ements: 
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Sllq)ling equipment IIIJSt be properly cleaned to avoid cross· 
contamination which could result from prior use (see Appendix B for 
cleaning procedures). 

No plastic or metal parts of the sa~ler shall come in contact with 
the water or wastewater stream when parameters to be analyzed. could 
be i~cted by these materials (See Section 4.7.6). 

The automatic s~ler IIIJSt be able to provide adequate refrigeration 
during the Sllq)lfng . period. This can be acCC!q)l ished in the field 
by· using ice. 

The autcinatic s~ler IIIJSt be able to collect a large e!"'ugh s~le 

for all parameter analyses (see Appendix A for required s~le 

volunes). 

A mininun 
activated 

of 100 mls should 
If a peristaltic 

be collected 
~ is used. 

each time the s~ler is 

The automatic sarrpler should provide a lift of at least 20 feet and 
is not be a the s~ler should be adjustable so that the volume 

function of the ~ing head. 

P~ing ·.velocity IIIJSt be adequate to transport solids 
solids to settle. 

The intake line · leading to the purp lUSt be purged 
sarrple Is collected. 

The mini nun Inside diameter of the intake line should 

An adequate power source should be available to operate 
for 48 

Fact lity 

Facility 
If they 

hours at a 30·minute 

electrical outlets 

automatic samplers 
~~eets SOP criteria. 

aarrpl ing interval. 

may be used if available • 

•Y be used for conventional 

and not allow 

before each· 

be 1!4 inch. 

the . s~ler 

parameters 

Specific operating Instructions, capabilities, capacities, and other 
pertinent Information for automatic aarrplers presently used by the Branch are 
included in the respective operating 111nuals and are not presented here. 

4.7.4.2 li!!::!h:ment )nstallation 

4.7.4.2.1 ~onvens I one l S!!!5!l i !:!9 Automatic sarrplers may be used to 
collect tflle Coq')C)a I te or flow proportional sarrples. In the flow proportional 
mode, the aarrplers are activated by a con.,.tible flow 111eter. Flow proportional 
s~les can a lao be collected using a dlacrete aeapler and a flow recorder and 
manually caapos I tl ng the Individual aliquot& In flow proportional BIIIOU"'tS (2). 
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All new tubing (Dow8 Corning Medical Grade Silastic, or equal, in the pull) 

and either Teflone or Tygone, or equal, in the sample train) will be used for 

each sampler installation. 

Installation procedures include 
stream, 

cutting the proper Length of tubing, 

positioning it in the wastewater and sampler progranming. 

For a time c01J1)0site sample, the sampler should be progranmed to collect 

200 mls at 30·minute intervals or 100 mls at '15-minute intervals into a 

refrigerated 3•gallon glass jug. For a S·gallon compositing container, the 

volume should be increased 

For a flow proportional 
mls for 

of the 

sample, 
sample 

the sampler 
interval, 

should be progranmed to collect 

a miniiiUll of 100 each with the interval predetermined 

based on the flow waste stream. 

At the end of each 
positing container with 

24·hour sampling period, the 
the sample should be stirred 

contents 
and 

of the 
siphoned 

glass 
(poured 

folLowed 

com· 
jf 

there are no visible solids) into the respective containers, by 

inmediate preservation, if required. 

4.7.4.3 Automatic Sanpler Security .. 'EPA owned equipment is assumed. to 
be in the custody of the permittee as long as it is on their property. This 
assurption should be made known to permittees whenever equipment is left 
unattended. A lock or seal may be placed on the sampler to detect tampering. 
However, this does not prevent tampering with the sample collection tubing. If 
necessary, seals may be placed on the sampling pole and tubing line to further 
reduce tampering possibilities. 

4.7.4.4 Automatic Samoler ·Maintenance, Calibration, and Quality Control 
To insure proper operation of automatic s~lers, and thus the collection of re· 
presentative s~les, the procedures outlined in this section shall be used to 
maintain and calibrate Branch automatic s~lers. 

The following maintenance and calibration procedures shall be usrd; any 
differences from those prescribed procedures will be documentrd. 

Prior to each 
persomel. warehouse 

through 
necessary; 
any Item 

three cycles 
checking 

If necessary. 

. field trip, the sarrpler operation will be checkrd 
This Includes operation . (forward, reverse, automatic) 

of purge·purp·purge; checking desiccant and replacing 
12•volt batteries to be used with the sarrpler; and repairing 

During each field trip, prior to Initiating sarrpling, the purge·pump·purge 

by 

if 

cycle shall be checkrd at least once. The constant pumping volume ~ing a 
graduated cylinder or other calibrated container will be· checkrd at least twice, 
and the flow pacer that activates the sarrpler shall be checked to be sure it 
operates 

dents, 
placrd 

properly. 

Upon return from 
etc., and repaired, 
If appropriate. 

a field trip, 
If necessary. 

The operation 

the sarrpler shall be examined for holes, 
The desiccant will be checkrd and re· 

(forward, reverse, automatic, etc.) will 
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be checked 
will then 

and any required repairs will be made and docunented. The saqller 

be cleaned · as outlined in Appendix B. 

isms, 
turer•s 
appears 

The automatic 
the IILil tiplexer, 

specifications 

sampler's pumping 
or the flow 
and documented 

fqlroperl y. 

rate at I!Lil tiple heads, 
pacer will be checked 

whenever one or more 

the timing 
against the 

of these 

mechen· 
manufac· 

functions 

to be operating 

Automatic sampler blariks IILISt be collected for organic c~unds and 
metals analyses when collecting samples for trace organic c~unds analyses as 
described in section 4.7.6.1. 

4.7.5 Manual Sanpl fng 

Manual sampling is normally used for collecting 
it can 

of time 

grab 
also 
for 

saqlles and/or for 
inmediate 
automatic 
especially 

The 
container 
eliminates 
collection 
collecting 

in·situ 
equipment 
when it 

field analyses. However, be used in lieu of 
over extended periods 

is necessary to evaluate 

best method to manually collect 
which will be used to transport 

the possibll ity of contaminating 
container. The actual sample 
samples for oil and grease and 

c~site sampling, 
unusual waste stream conditions. 

a sample is to use the actual saqlle 
the sample to the laboratory. This 

the . sample with an intermediate 
IILISt always be used for container 

bacterial analyses. 

A separate collection container can be used to collect the sample, from 
which the sample can be redistributed to other containers. Jf this is doOe, 
however, 
(Appendix 
paremeter(s) 
Saqll ing 
station. 

the container used to collect the sample IIIUSt be properly cleaned 
8) and IIIUSt be ll18de of a material that meets the requirements 

being investigated. Also, a separate container will be used 
station. This will prevent cross contamination between 

of the 
at each 

sampling 

If the water or wastewater stream cannot be physically reached by the sam· 
pl ing personnel or ft fs not safe to reach for the sample, an intermediate 
collection container lillY be used. The sample is collected · by lowering 
cleaned Teflone, plastic, glass, or stainless steel · collection vessel 

a properly 
(type of 

collection · vessel used depends on the parameter being investigated) into the 
material to be sampled. The collection vessel may be lowered by hand or attached 
to a pole or rope and then lowered irito the stream. 

In some eases it may be ·best 
from the water 

all c~ts 

to use a ~. 
or wastewater 
of the ~ 

either power or hand operated, 
to withdraw a sample stream. If a ~ is used, it 
is imperative that that come In contact wfth. the 
liquid are properly cleaned (Appendix 8) to insure the integrity of the ~ample. 

Samples collected by tipping the collection container In the 
water or wastewater stream 
container should be rinsed 
is collected (exceptions 

so the llOUth of. the container 
with this procedure at least 

to this rinsing procedure exist 
present in the sampling container and for certain analyses 
and bacteria). 

faces upstream. The 
twice before the sample 

if preservatives . are 
such as oil and · grease 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.7.6 Special Sanple Collection Procedures 

4.7.6.1 Trace Organic Compounds 
metals detection limits are usually in 
care lll.ISt be exercised to insure sarrple 

and Metals 
the parts 

integrity. 

All containers, corrposite bottles, tubing, 
for trace organic corrpounds and metals analyses 
in Appendix B. 
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-- Trace organic corrpounds and 
per billion -range, so extreme 

etc., used in sarrple collection 
should be prepared as described 

\lhen possible, the serrple should be collected directly into the appropriate 
sarrple container. If the material to be sarrpled cannot be physically reached, 
an intermediate collection device may be used. This should be a Teflone, glass, 
or stainless steel vessel on a pole or rope or Teflone tubing via a peristaltic 
type ~ and a Teflon& vacuun container attachment which converts a sarrple con· 
tainer into a vacuun container. The device which is used should be cleaned as 
described in Appendix B. 

Personnel 
surgical gloves 
This is necessary 
given in Section 

handling the 
with each set 

to prevent 
4.2.10 under 

serrple should always wear a new pair of disposable 
of sarrples collected and change as often as needed. 

cross-contamination. A more detailed discussion is 
special precautions for trace contaminant sarrpling. 

\lhen an automatic senpler is used for collecting sarrples for trace organic 
corrpounds and metals analyses, the installation procedures include cutting the 
proper length of new Teflon& tubing, water rinsing of the entire collection 
system with a miniiiUII of two gallons of Milli-ae water, and blank collection for 
organics and metals. In the Mllll·ae water rinse, approximately one•half gallon 
is initially ~ Into the corrposite sarrpler container and discarded. An 
additional one and one·half gallons are then ~ into the corrposite serrpler 
container for distribution Into the appropriate blank container. Nitric acid 
nust be added to the metals blank container. Finally the collection tubing 
should then be positioned in the wastewater stream and sarrpler programning 
initiated. 

4.7.6.2 Bacterial •• Sarrples for bacterial analysis will always be col· 
lected directly into the prepared glass or plastic sarrple bottle. The sarrple 
bottle should be kept u-.opened I.Wltil It is to be filled. When the cap is 
removed, care should be taken not to contaminate the cap or the inside of the 
bottle. The bottle should be held near the base and filled to within· about one 

inch of the top without rinsing and recapped inmediately. The bottle should be 
plunged, neck downward, below the surface and turned I.Wlti l the neck points 
slightly upward. The IIOUth should be directed toward the current (4, 5). Appen· 
dix A presents preservation procedures and holding times. 

When the sarrple bottle lUSt be lowered into 
because of safety or i~ractlcal fty (manhole, slippery 
nust be taken to avoid contamination. 

Lfaufds!Ofl end Grease •· 01 l 

the waste 
effluent 

stream, either 
area, etc.), care 

and grease may be present 4.7.6.3 
in wastewater 

J~~misefble 

as a surface ffl~, an emulsion, a solution, or as • conbinatlon of 



(spl2hlOvsb8T 

I 
I 
I 
I 
I 
I 

:a 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·I 
I 
I 

; . 
··1,, 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Revision No. 0 
Date: Z/1/91 

Page 13 of 8 

these forms. Since it is very difficult to collect 
oil and grease analysis, the inspector llllSt carefully 
the sampling point. The most desirable sampling 
greatest mixing. Quiescent areas should be avoided. 
grease wi 1 l occur on sampling equipment, the collection 

a representative sample 
evaluate the location 

location is. the point 
Because losses of oi I 

of a c~site sample 

for 
of 
of 

and 
is 

impractical. Individual portions collected . at prescribed 
analyzed separately to obtain the average concentrations 

time ·intervals 
over an extended 

llllSt 
period. 

be 

4.7.6.4 Purgeable Organic COII'OOunds Analyses CVOA) Samples to be anal· 

yzed for purgeable organic c~unds should be collected in 40·ml septun vials 

with screw , caps with a Teflone lined silicone disk in the cap to prevent 
in the caps contamination of the sample by . the cap. The disks should be placed 

CTeflone side to be in contact with the sample) in the laboratory prior to the 
beginning of the sampling program. 

always 
water 
40·ml 
sample·. 
(HCI) 

When sampling. for purgeable organic c~unds, triplicate samples should 
be collected from each location. The investigator should determine if the 

to be sampled contains chlorine. If the water contains no chlorine, three 
vials containing four drops of concentrated HCl should be filled with the 

The samples may be held up to 14 days before analysis. IJhen preservation 
is not feasible, samples can be held up to 7 days before analysis for 

purgeabte aromatic hydrocarbons and 14 days for purgeable hydrocarbons c~unds. 

If the water contains chlorine, the following sampling and preservation 
procedure should be followed: 

Fill an 8·0\1'\Ce VOA s..r.:,ling container with 8 drops of a 25X ascorbic . acid 
solution and the water sample. Cap and mix thoroughly but gently by 

swirling to eliminate residual chlorine. Transfer the sample to three 40· 
ml VOA vials containing four drops of concentrated HCl *. Label each - 40-ml 
vial with "P" (preserved/ascorbic acid) • 

• The ascorbic acid and acid 
order and in two separate 

preservatives 
steps. 

nust be added· in this 

The purgeable organics vials (40·ml> should be corrpletely filled to prevent 
volatil hat ion, and extreme caution should be exercised when filling a vial to 
avoid any turbulence which could also produce volat il hat ion. The sample should 
be carefully poured down the side of the vial to minimize turbulence. As a rule, 
it is best to gently pour the last few drops into the vial so that surface 
tension holds the water in a "convex · meniscus." The cap is then applied and· some 
overflow is lost, but air apace in the bottle is eliminated. After capping, turn 
the ·bottle over and tap It · to check for t:Ulbles; if any are present, repellt the 
procedure using a new 40·ml vial. 

to any 
sampling 
holding 

Sampling containers 
field activities. 

activities by the 
times, end s~le 

with preservatives 
This will reduce 

investigation 
volunes ere 

teem. 
listed 

should be prelabeled (i.e., P) prior 
the chances of confusion during 
S~le preservation, containers, 

in Appendix A. 

4.7.7 Special Process ·control Sanples end Tests 



these 

4.7.8 

Special 
sall;)les 

Auxiliary 

process 
are given 

control samples 
in . Appendix H. 

Data Collection 

collected and field 

While conducting wastewat~r s~ling, the following 

:.ectlon NO. ..., 
Revision No. 0 

Date: 2/1/91 
Page 14 o"f 8 

tests .performed on 

information will also 
be obtained (if applicable): 

field 
3.5). 

• 

• 

• 

• 

• 

• 

Field measurements 
6 and AppendiX 

• pH, DO, conductivity, temperature (see Section 
D for standard field ·analytical techniques); 

Flows associated with · the sa""les collected continuous flows with 
composite s~les and instantaneous flows with grab s~les (Section 
5); 

Diagrams 
systems 

and/or written .descriptions 
Cff available); 

Photographs of pertinent wastewater 
flow measuring devices, treatment 
specified in section 3.2.3); 

of the wastewater treatment 

associated equipment, such 
units, etc. (keep photolog 

as 
as 

Process control information on the wastewater treatment . process (if 

applicable); and 

Completion 
investigations. 

of applicable forms required during specific 

All observations, · measurements, 
logbooks or attached thereto 

diagrams, etc., 
(where applicable 

will be entered f n bol.nd 

as specified in Section 
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4.8 SURFACE "ATER AND SEDIMENT 

4.8.1 General 
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Selection of a surface water sampling for location · 
objective, 
tributaries, 

depth, 
persomel 

water quality studies 

source is based on many factors, including: study water use, point 

discharges, nonpoint source discharges, in stream . 

characteristics, types of stream bed, stream presence of 

structures (weirs, dams,· etc.), accessibility, etc. ~en 

sampling in estuarine systems, tidal. effects IIKJSt be 

changes 
turbulence, 

avai table, 
considered in selecting 

sa~ling locations. 

If the study objective is to investigate a specific location . as a source 

of water supply, recreation, or other discrete use, then considerations such as 

accessibility, flow, velocity, physical characteristics, etc., are not as criti· 

cal from a water quality investigation· standpoint. 

1 f the objective of a water quality study is to determine patterns of 
pollution, provide data for mathematical modeling purposes, conduct assimilative 
capacity studies, etc., where more than a single SBIJ1'l ing location is to be 
investigated, then several factors become interrelated and need to be considered 
in sampling location selection. An excellent guide to conducting surface water 
stream studies is F. W. Kittrells, "A Practical Guide to Water Quality Studies" 
(6). 

4.8.2 Sanple Site Selection 

Before any sampling is conducted, an initial recomaissance should be made 
to locate suitable sampling locations. Bridges and piers are normally good 
choices as sites since they provide ready access and permit water salll'l ing at any 
point across the width of the water body. However, these structures may alter 
the nature of water flow and thus influence sediment deposition or scouring. 
Additionally,· bridges and piers are not always located in desirable locations 
·with reference to waste . sources, tributaries, etc. Wading for water samples in 
lakes, ponds, and slow·moving rivers and streams IIKJSt be done with caution since 
bottom deposits are easily disturbed, thereby resulting in increased sediment in 
the overlying water cot1.11n. On the other hand, wadeable areas may be best for 
sediment sampling. In slow·moving or deep water, a boat is usually required for 
sarrpl ing. 

access 
boats 

Sa1J1'l ing 
if the 

frequently 

station locations 
stream is navigable 

provide the only 

can be chosen without regard to other means of 
by boat, especially. in estuarine systems where 

access to critical sampling locations. 

IIBY be feasible In some cases, but this method 
usually 

Wading 
wilt 

to collect 
be chosen 

aarrples 
for .only 

has to carry a considerable 
· instrunenu, and wafer aarrptes. 

small streams. A field investigator usually very 
IIIIICU\t 

When 
of sarrpting equipment, field analytical 
it also is necessary to wear rubber boots 

'to walk. the atreanbed or to wade out to the 11111in current, the physical effort 
Involved often 11111lces this 111ethod too difficult to be practical. 
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Fresh water envirot'111ents are c0111110nly separated into two types: (1) 

rivers, 
waterways 
adapted 

streams, and creeks; and C2> lakes, ponds, and inpounctnents.. Since these 
differ considerably in general characteristics, site selection · must be 

to each. Estuarine envirot'111ents are a special case ·and are discussed 

separately. 

4.8.2.1 llo.R.!,;iv~eO.!.r.2s.o.·-~Stl:.!r~e~ams~,._· __ a:!i!lnd~~C.!,;re=:e:.:k~s -- In_ the selection of a surface water 
sa~l ing site on rivers, streams, and creeks, areas that exhibit the . greatest de· 

gree of cross-sectional homogeneity shall be located. When available, previously 

collected data may indicate if potential sa~l ing locations are well mixed or 

vertically or horizontally stratified. Since mixing is principally governed by 

turbulence and water velocity, the selection of a site inrnediately downstream of 
a riffle area will insure good vertical mixing. These . locations are also likely 
areas for - deposition of sediment since the greatest deposition occurs where 
stream velocity slows down. Horizontal . (cross-channel) mixing occurs in con· 
stl"ictions in the channel, but because of velocity increases, the stream bottom 
may be scoul"ed, and thel"efore, a constriction is a pool" sediment sa~le location. 
In the absence of turbulent areas, the selection of a site that is clear of inme· 
diate point sources, such as tributaries and industrial and municipal effluents, 
is pl"eferred for the collection of watel" samples. 

Typical sediment depositional areas are located inside of river bends, 
of islands, and downstream of obstructions in the water. Sites that 
inrnediately upstream or downstream from the confluence of two streams· 

downstream 
are located 
or rivers 
inrnediately 
patterns. 

should generally be avoided since flows from two tl"ibutaries may not 
mix, and at times due to possible backflow can upset the normal flow 

\lhen several stations along a stream reach are to be sampled, they should 
be strategically located: 

• 

• 

• 

They shall be spaced· at intervals · based on time·of·water·travel, 
distance. For exllq)le, sampl fng stations may be located about 
half day tfme·of•water·travel for the first three days downstream 
a waste aoul"ce Uhe first she stations> and then appl"oximately 
day through the remaining distance. 

not 
one· 

of 
one 

If the 
sampling 
purposes. 

study is to be 

should 
CDq)Bred to a 

if 
previous 
possible, 

study, 
fol" 

the same 
stations be used, c~rison 

A station ahould be located whenever a 1111rked P,ysical change occurs 
in the stream channel, Example: A stream reach between two 
ac:fjacent stations should not include both a long rapids sect~on of 
swift shallow water with a rocky bottom, and a long section· of deep, 
slow·IIIOVing watel" with a IIUidy ·bottom. Stations at each 'end of the 
canbined reach would yield data on cel"tain rates of change; ' such as 
reaeration, that would be an U'\l"ealistic average of two widely 
different rates. Much more would be · leal"ned of the actual natul"al 
characteristics of the stream by inserting a third sampling station 
within the reach, between the rapids and the quiet water sections. 
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• Station locations should be selected to isolate 

well as major tributaries. 
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major discharges as 

· Dams and weirs cause changes in physical characteristics -of a stream. They 

usually create quiet, deep pools in river reaches. that, historically were swift 

and shallow. Such ill'pOunctnents should be bracketed. &.'hen times of water travel 

through them are long, stations should be established within the ill'pOunctnents. 

Some 
significant 
be located. 

stream structures, such as dams, permit overflow that acc~l ishes 

reaeration of oxygen 
short distances upstream 

deficient water. 
and downstream 

In such cases, stations should 
from the -structures to measure 

the rapid, artificial increase 
reaeration. 

in dissolved oxygen (00), which. is not 

representative of natural 

A mininun of three stations located between any two points of major change 
in a stream is a desirable precaution, when feasible, even when the time-of· 
travel between the points of change is short. Major changes may consist of a 
waste discharge, a tributary inflow, or a significant difference in channel 
characteristics. The use of three stations is especially ill'pOrtant when rates 
of change of unstable constituents are being determined. If results from one of 
only two stations in a subreach are in error for some unforeseen reason, it may 
not be possible to judge which of the two sets of results indicate the actual 
rate of change. Results from at least two of three stations, on the other hand, 
will probably support each other and indicate the true pattern · of water qua I i ty 
in the subreach. 

If there Is Interest in the effects 
sites 

of certain discharges or tributary 
streams 
downstream 

on ai!Dient water qual fty, should be located both upstream and 
from the tributaries or discharges. 

Unless a stream is extremely turbulent, it is nearly ill'pOssible to measure 
the effect of a waste discharge or tributary imnediately 
source. Inflow ·frequently "hugs" the stream bank with very 
(cross-channel) mixing for some distance. This is a Njor 
estuarine environnents. s..,les from quarter points may 
altogether and reflect . only the quality of water above· the waste 
taken directly in the portion of the cross section containing 
indicate excessive effects of the wastes with respect to the 

downstream 
little 

of 
horizontal 

the 

consideration in 
miss the wastes 
source. Samples 

. the wastes would 
river as a whole. 

Tributaries should be sampled as near ·the mouth as is ·feasible. This may 
be a bridge ·some distance upstream from the mouth. . Frequently, the mouths of 
tributaries may be entered from the main stream for s..,ling by boat. Care 
should be exercised to avoid collecting water from 'the IIIBin stream that moy flow 
into the mouth of the tributary on either the surface or bottom becau::e of 
differences . in density resulting from t~rature, dissolved salts, or turbidity. 

Actual s~~~rpling locations will vary with the size of the water body and the 
amount of turbulence in the stream or river. Generally, with small streams less 
than 20 feet wide, a sampling site can be fCUJd where the water is well mixed.· 
In such cases,, a single grab sample taken at mld·depth at the center of the 
channel is adequate to represent the entire cross-section. A sediment sample can 
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also be collected at the center of the chamel. For slightly larger streams, at 
. least one vertical coqx~sfte should be taken from mid-stream, with sa~les taken 
just below the surface, at mid-depth, and just above the bottom. Of course, DO, 
pH, tell1)erature, conducHvhy, etc. should be measured on each aliquot of the 
vertical coqx~sfte. For large rivers, several locations across the channel width 
should be s~led. Vertical coqx~sites across the channel width should be 
located in a manner that is roughly proportional to flow, i.e., they should be 
closer together toward mid·chamel, where most ·of the flow travels, than toward 
the banks, where the proportion of total flow Is smaller. The nU!i)er ·of vertical 
coqx~sites required and the nU!i)er of depths s~led for each are usually 
determined in the field by the sa~l ing crew. This determination Is based on a 
reasonable balance between the following two considerations. 

1. The larger the nU!i)er of subsa~les, the more nearly the coqx~s i te 
sa~le will represent the water body. 

2. Taking subs~les is time-consuming and expensive, and increases the 
chance of contamination. 

In most circumstances, a nU!i)er of sediment sa~les should be collected 
along a cross-section of a river or stream in order to adequately characterize 
the bed material. A c0111110n procedure is to s~le at quarter points along the 
cross-section of the site selected. \lhen the sa~l ing technique or equipnent · 
requires that the samples be extru:ted or transferred at the site, they can be 
combined into a single c~site s~le. However, s~les of dissimilar 
coqx~sition should not be combined but should be stored for separate analysis in 
the laboratory. To Insure representative Sllq)les, the preferred method is diver 
deployed coring tlbes. 

4.8.2.2 lakes, Ponds, and lnpourdnents -- Lakes, · ponds, and i~nts 
have a 111.1ch greater tendency to stratify than rivers and streams. The relative 
lack of mixing requires that more Sllq)les be obtained. Occasionally, an extreme 
turbidity difference may occur vertically where a highly turbid river enters a 
lake, and each layer of the stratified water column needs to be considered. 
Since the stratification is caused by water t~rature differences, the cooler, 
heavier river water Is beneath the warmer lake water. A t~rature profile · of 
the water column as well as visual observation of lake Sllq)les can · detect the 
different layers and they can be un.,led aeparately. 

The 
with 

rurber of water allq)lfng · lites on a lake, pond, or f~nt will 
vary the purpose of the investigation as well as the size and shape of the 
basin. 
deepest 

In ponds and amall i~ts, a single vertical coqx~site at the 
point •Y be aufficient. Similarly, the measurement of DO, pH, 

t~rature, 

naturally•fonned 
etc., Ia · to be conducted on each vertical coqx~site aliquot. In 

ponds, the deepest point is usually near the center; in 
i~nts, the deepest point is usually near the d8m. 

In lakes and larger i~ts, several vertical 
c~sited to form 8 aingle aan.,le. Theae vertical san.,ling 
taken along a transect or grid. Again, the rurber of vertical 

s\ilsllq)l es 
locations 

depths at which aubsllq)les are taken are usually at the 
subsllq)les 
discretion· 

should be 
are often · 

and the 
of the 
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sa~ling crew. 
of epit irrnetic 
several vertical 

In some cases, 
and hypolimnetic 

subsa~les 

it may 
zones, 

collected 

be of · interest 
but normally 
at various 

to form 
a CO!Il'OS I t e 

depths. 
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separate 

shall 

CO!Il'OSites 
consist of 

In lakes with irregular shape and with several bays 

.from the wind, additional separate CO!Il'OSite s~les tected 
quately represent water quality. Similarly, additional 

where discharges, tributaries, 
influencing 

land use characteristics, 

and coves that 
may be needed 

sa~les should 
and other such 

are pro· 
to ade· 

be taken 
factors 

are suspected of water quality. 

Uhen collecting sediment sa~les in lakes, pond, and reservoirs, the site 
selected should be approximately at the center of , water mass. This is particu· 
larly true for reservoirs that are formed by the IJ!lXIurdnent of rivers or 
streams. Generally, the coarser grained sediments are deposited near the 
headwaters of the reservoir, and the bed sediments near the center of· the water 
mass will be C0111)0Sed of fine-grained materials. The shape, inflow pattern, 
bathymetry, and circulation nust be considered when selecting sediment sa~ling 

sites in lakes or reservoirs. 

4.8.2.3 Estuarine \laters •• Estuarine areas. are zones where inland fresh· 
waters (both surface and ground) mix with oceanic saline waters. Estuaries are 
generally categorized into three -,types, -dependent upon freshwater inflow and mix· 
ing properties C7, 8, 9, and 10): 

• 

• 

• 

Mixed estuary Characterized by an absence 
in salinity 

of vertical halocl ine 
(gradual . or no marked increase in the water · colum) and 
a gradual 
estuary 
shallow 

increase 
found 

in salinity seaward. Typically this type of 
is in major freshwater sheet flow 

depths. 

Salt wedge estuary Characterized by a sharp 
salinity and chamel ized freshwater inflow into 
these estuaries, the vertical mixing forces 

areas, featuring 

increase in 
estuary. In 

vertical 
a deep 

camot override the 
density differential between· fresh and saline waters. In effect, a 
salt wedge tapering inland moves horizontally, back 
the tidal phase. 

Oceanic 
strength 

estuary Characterized by salinities 
oceanic: waters. Seasonally, freshwater 

with the preponderance of the fresh sal fne water 
near, or at, the vegetated shore line. 

and forth, with 

approaching full 
inflow is small 

occurring 

A reconnaissance Investigation should be conducted for each estuarine study 
l.nless prior knowledge of the estuarine type is available. The rec:onnais53nc:e 
should focus upon the freshwater and oceanic water dynamics with respect to the 
study objective. In this regard, National oceanic: Atmospheric: Adninistration 
tide tables and USGS freshwater surface water flow records provide perspective 
to the estuary dynamics. The basic: in•situ ~~easurement tools for rec:omaissanc:e 
are: a boat, recording fathometer, salinometer, and dissolved oxygen meter. 
These Instruments coupled with the study objective or pollution source location, 
whether it is a point or nonpolnt source problem, provide the focus for setting 
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sa~l ing locations. 
estuarine areas are 

More often than 
changed 

initial 

during the 
not, 

actual 
often 

prep lamed 
study 

s~ling 

period. 
locations 

Because of 
in 

the 

dynamics of estuaries, sa~ling 

could be better served by relocating, adding, 

reveals .that 
or deleting 

the study 
s~ling 

objective 
locations. 

Sa~ling 

collected 

in estuarine areas is normally 
tides 

based 
(11). 

upon the , tidal phases, with 

sa~les on successive slack 

All estuarine s~l ing programs conducted by Branch personnel· shall include 
vertical salinity measurements at one- to five-foot increments coupled with ver· 
tical DO and t~rature profiles. A variety of water sampling devices are used, 
but in general, the Van Dorn (or similar type) horizontal s~ler ·is employed. 

Samples are normally collected at mid-depth in areas where the depths are 

less than 10 feet, unless the salinity 
cline (salinity stratification). In 
stratU11. Depending upon the study 
feet, water sa~les may be collected 

profile indicates the presence 
that case, samples are collected 

objective, when depths are greater 
at the one-foot depth, mid-depth, 

of a halo­
from each 

than 10 
and one-

foot from the bottom. 

tions 
sources, 
single 

In general, 
conducted 

estuarine 
during wet 

estuarine water 
season stUdy. 

investigations 
and dry periods. · 
quality dynamics 

are two .phased, with study investiga· 
Depending upon the· freshwater inflow 
cannot normally be determined by a 

For a complete 
9, and 10. 

discussion of estuarine systems, refer to references 7, 8, 

4.8.2.4 Control Stations In order to have a basis of comparison of 
water quality, the collection of s~les from control stations is always 
necessary. A control station above the source of waste is fully as important as 
are stations below, and should be chosen with equal care to ensure representative 
results. At times it may be desirable to locate two or three stations above the 
waste inflow to establish the rate at which the unstable material is changing. 
The time of travel between the stations should be sufficient to permit accurate 
measurement of the change In the constituent under consideration. 

4.8.3 · SanpUns Eguhnent and Techniques 

4.8.3.1 ~ •• Any 

as long 
provide 

equipment 
as they 

techniques used to collect 
of the s~le 

of the stream 
a sa~te are acceptable do not 

which 
cause the integrity 

to be violated 
being sa~ted. 

and which a s~le is representative 

4.8.3.2 Water Sarrpl ins Egult!!!!!nt/Technigues The physical location of 
the investigator when collecting a s~le IIIIIY dictate the equipment to be used. 
If surface water s~les are required, direct dipping of the s~le container 
into the stream Is desirable. This Is possible, however, 
a pier, etc., or by wading in the stream. Wading, however, 

only from a small boat, 
may . cause bottom de· 

posits to rise and bias the sample. Wading is acceptable ff the stream has a 
noticeable current (is not 1~), and the s~les are collected directly 
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I 
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I 
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I 
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into 
the 
etc., 

the bottle 
sa~le lll.ISt 

supplemental 

while pointed 
be collected 

s~ling 

bailers may Teflone 
requirements do not necessitate 

upstream. If the stream 
from more than one water 

equipment lll.ISt be used. 

be used for surface water 

·a sa~le from a strictly 

is too 
depth 
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deep to wade or if 
or from a bridge, 

sa~ling, 

discrete 

if . the data 
interval of the 

water colLilll. A closed top baiter with a bottom check-valve is sufficient for 

many studies. As the bailer is lowered through the water colLilll, water is 

continually displaced through the bailer until the desired depth is reached, at 

which point the bailer is retrieved. This technique may not be successful where 

strong 
required. 

currents are found, or where a discrete s~le at a specific depth is 

If discrete safl1'les are desired at a specific depth, and the parameters to 
be measured do not require ·a Teflone coated safl1'ler, a standard Kenmerer or Van 
Dorn safl1'ler may be used. The Kemnerer SBfl1'ler is a brass cylinder with rubber 
stoppers that leave the ends of the s~ler open · while being lowered in a 
vertical . position to allow free passage of water through the cylinder. The Van 
Dorn .safl1'ler is plastic and is lowered in a horizontal position. In each case, 
a messenger is sent down a rope when the safl1'ler is at · the designated depth, to 
cause the stoppers to close the cylinder, which is then raised. Water is removed 
through a valve to fill re_spective Safl1'le bottles. With a rubber tube attached 
to the valve, DO s~le bottles can be properly filled by allowing an overflow. 
Uith n.~ltiple depth s~les, care should be taken not to stir up the bottom 
sediment and thus bias the safl1'le. 

analyzed 
safl1'le 
follow 

A plastic bucket 
do not preclude 

water prior to 

can be used to collect 
it. However, 

collection of 
the bucket 
the Sllfl1'le. 

s~les 

should 
All 

if the. parameters 
be rinsed twice 
field equipment 

to be 

with the 
should 

standard cleaning procedures. 

4.8.3.3 Sediment Sampling Equipment/Techniques •• To collect a sediment 
S&fl1'le from a streenbed, a variety of methods can be used. Dredging (Peterson, 
Eckman, Ponar), coring, and scooping CBHH-60) are avai table. Regardless of the 
method used, precautions shall be taken to insure that the Slfl1'le collected is 
representative of the streambed. These methods are discussed in the following 
paragraphs. 

4.8.3.3. 1 Dredging 
used when the bottom . is_ rocky, 
is high. The dredge should be 

cause it can displace and miss 

For . routine analyses, 
in very 

lowered 
lighter 

deep water, 
very slowly 
lllllterials 

the Peterson dredge can be 
or when the stream velocity 

as it approaches bottom, be-
if allowed to drop freely. 

The Eclcman dredge has only limited usefulness. J.t performs well where 
bottom 
mud. 

light 
bridge 

material is unusually soft, as when covered with · organic sludge or light 
It is unsuitable, however, for sandy, rocky, ancf hard bottoms ancf is too 
for use in streems with high velocities. It should not be used from a 
more than a few feet above the water, because the spring mechanism which 

activates 
a height. 

the Sllfl1'ler can be damaged by the messenger . if dropped from too great 
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The Ponar dredge is a modification · of the Peterson dredge 

in size and weight. It has been modified by the addition of side 
and is 

plates 
similar 

and a 

screen on the top of the sample compartment. The · screen over . the sample 
compartment permits water to pass through the sampler as ·it descends thus 

reducing the "shock wave.•• The Ponar dredge· is easily operated by one person in 

the same fashion as the Peterson · dredge. The Ponar dredge is one of the most 
effective samplers for general use on all types of substrates. 

4.8.3.3.2 · ~ •• Core samplers are used to sample vertical colums of 

sediment. They are particularly useful when a historical approach to sediment 

deposition is desired for they preserve the sequential layering of the deposit. 

Many types of coring devices have been developed depending on the depth of water 
from which the sample is to be obtained, the nature of the bottom material, and 
the length of core to be collected. They vary from hand push tubes to weight or 
gravity driven devices. 

Coring devices are particularly useful in pollutant monitoring because the 
"shock wave" created by descent is minimal, thus the fines of the sediment-water 
interface are only minimally disturbed; the sample is withdrawn intact permitting 
the removal of only those layers of interest; core liners manufactured of glass 
or TeflonS can be purchased, thus reducing possible sample contamination; and the 
saqlles are easily delivered to the lab for analysis in the tube in which they 
were collected. The · disadvantage of coring devices ·is that a relatively small 
surface area and sample size is obtained often necessitating ·repetitive s81f4)ling 
in order to obtain the required amount for analysis. Because it is felt that 
this disadvantage is offset by the advantages, coring devices are recommended in 
saqll ing sediments for trace organic compotnfs or metals analyses. 

In shallow, wadeable waters, the direct use of a core l fner or tube manu· 
factured of Teflone or . glass is recommended for the collection of sediment sam· 
ples. Their use can also be extended to deep waters when SCUBA equipment is 
available. Teflone is preferred to · avoid glass breakage and possible sample 
loss. Stainless steel push t&bes are also acceptable and provide a better cut· 
ting edge and higher strength than Teflone. The use of the glass or Teflone t&be 
by itself eliminates any possible 111etal contamination from core barrels, cutting 
heads, and retainers. The t&be should be approximately 12 inches if only recent· 
l y deposited sediments (8 inches or less) are to be Sllqlled. Longer t&bes should 
be used when the depth of the substrate exceeds eight inches. Soft or semi-
consol idatt!d sediments such as IIUd and clays have a greater adherence to the 
inside of the t&be and thus can be a..,led with larger · diameter t&bes. Because 
coarse or U'IConsol idated sediments such as sands and gravel tend to fall out of 
the tube, a small diameter is required for them. A t&be about two inches in die· 
meter is usually the best size. The wall thickness of the t&be should be .about 
1/3 inch for either Teflone or glass. The inside wall· 11111y be filed down at the 
bottom of the t&be to facilitate entry of the liner into the· substrate: 

Caution should be exercised not to disturb the area to be s..,led when the 
sample is obtained by wading In shallow water. The core t&be is pushed into the 
substrate Ll"'til only four inches or less of the t&be is above the sediment-water 
interface. When s..,lfng hard or coarse substrates, a gentle rotation of the 
tube while ft is pushed will facilitate greater penetration and cut down on core 
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c0111)8ction. The tube ;s then capped with a Teflon8 plug or a sheet of . Teflone 

held in place by a rubber stopper or cork. After capping, the tube is slowly 

extracted, the negative pressure and adherence of the sediment 
of the core · above 

keeping the sample 

in the tube. Before pulling the bottom part the water surface, 

it too is capped. 

For 
11Sa!l1ll ing 
ment and 

a detailed 
Protocols 

Fish" C12J. 

description 
for Analysis 

of several types 
of -Toxic Pollutants 

of coring 
in AIIDient 

devices, 
Water, 

refer to 
Bed . Sedi• 

4.8.3.3.3 Scooping -- If the water is wadeable, the easiest way to collect 

a sediment sample is to scoop the sediment using a stainless 
scoop. This reduces the potential for cross-contamination. 

steel 
This 

spoon 
can 

(into 

·or 
be 

the acc~l ished by wading into the stream, and while facing upstream 
current), scooping the sa!l1lle along the stream bottom in the upstream 
lf the stream is too deep to wade but less than eight feet deep, 
steel scoop attached to a piece of conduit can be used either from 
the stream is narrow or from a boat. 

direction. 
a stainless 

the banks if 

Jf the stream has a significant flow and is too deep to wade, a BMH-60 sam· 
pier may be used. It is not particularly efficient in IIUd or other soft sub· 

strates because Its weight will cause penetration to deeper sediments, which are 
not desired when S8111lling for priority pollutants. It is also difficult to 
release secured S8111lles in an . undisturbed fashion that would readily permit 
subsa!l1ll ing. The BMH·60 may be used for priority pollutant s8111lling provided 
that caution is exercised by only taking subsa!l1lles that have not been in contact 
with the metal walls of the sa!l1ller. 

4.8.3.3.4 Mixing Regardless of the method of collection, sediment 
samples collected for chemical analysis should be thoroughly mixed (except for 
purgeable organic COII1lOI.ft!S analysis) before being placed in the appropriate 
sample containers, as .specified in Section 4.2.10. 

Special Sanple Collection Techniques 

4.8.4.1 Trace orsanic CO!!pOU!'!Cis and Metals Since trace organic 
in ambient 

or fish. 
to ensure 

C0111l0unds and metals are usually fol.n! in extremely low concentrations 
waters, the possibility of contamination is greater than with sediment 
Precautions IIIJSt be taken with s8111ll ing equipment and . preservatives 
that contamination does not occur. 

Direct dipping of the s&q)le containers is the preferred method of 
collecting . surface water l&q)le for trace levels pollutants analyses. If :~~~~rples 

are to be split for enforcement or quality control purposes, and duplicate 
s8111lles will not suffice, a sufficient volume for all s~le containers should 
be collected in a large glass C0111l0slting container and then, with mixing, be 

alternately siphoned or poured into the respective s~le bottles. This -
technique is not to be used for s~les collected for purgeable organic c~s 

analysis. 
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Many contaminants are partitioned more strongly to sediments than water; 

thus, if . these contaminants have been deposited · recently and .are not quickly 

degraded or desorbed, they are evident in the sediment . analysis. Ideally, only 

Teflone, stainless steel, or glass should be used in sediment sarrpl ing for trace 

level contaminant analyses. The method using glass or Teflone coring tubes, was 

discussed previously, is the preferred technique. 

In many 
only sampling 

situations 
location 

when the water 
is from a bridge, 

is deep, divers 
a dredge may 

are not 

be used. 

available, or the 
In these cases, 

a high grade 
be used to 

stainless 
collect 

steel Ponar dredge 
the sediment · sarrples. 

(properly 

Direct 

cleaned, 
scooping 

Appendix B> shall 
of the streallbed 

sediment as described earlier is acceptable. 

Bacterial Sarrples for bacteriological 4.8.4.2 
collected in 
The preferable 
the surface. 

bottles properly sterilized and protected 
method f s to scoop up the water with the 
This method usually is used when sarrpling 

bottle is open, both bottle and stopper nust be protected 
A small amount of water should be poured from the bottle 
an air space for subsequent shaking in the laboratory. 
closed at once. 

examination nust be 
against contamination. 
open bottle . just below 

by boat. Uhile the 
against 
after. 

The 

contamination. 
filling to leave 

bottle should be 

\lhen sarrpl fn9 from a bridge, the sterilized sarrple bottle can be placed in 
a weighted frame, opened, and then lowered to the water with a string or rope. 
The bottle can also be lowered by attaching twine directly to it. Care should 
be taken not to dislodge dirt or other material from the bridge that will fall 
into the open bottle. The mouth. of the bottle may be faced upstream by swinging 
the bottle downstream lllder the bridge and dropping it quickly but without 
excessive slack in the rope. The bottle is then· pulled upstream and out of the 
water. 

Special equipnent for collecting sterile s~les at various depths is 
available. The JZ sarrpler, for exarrple, includes a metal frame to hold the 
sarrple bottle, two sterile glass tubes connected by a rubber tube and inserted 
through the sterile bottle stopper, and a messenger. One of the glass tubes is 
bent so that the upper portion is horizontal. This portion is positioned 
to a rope. The messenger breaks the tube, which allows the bottle to fill. 
bottle, glass tlbe and rubber tube lUSt be properly steril fzed before 

next 
The 

use. 
Additional guidance for collecting serrples for bacterial analyses is given in 
References 4 and 5. 

4.8.5 Auxiliary Data Collection 

field log book will be used to record dally activities, deo~cribe 

sampling 
Section 
invaluable 

locations and techniques, l fat photographs taken, etc., as specified in 
3.5. Visual observations are particularly significant and may 

observations, 
during the 

in interpreting water quality study results. These 
including 

Investigation 
weather and stream conditions (including tide 
should also be recorded in field records. 

prove 
visual 
stage) 
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4.8.6 Specific Sanpl ing Eau.ienent Quality Assurance Procedures 

All water and sediment 
Appendix B after field use 
spec ted and tested 
necessary shall be 

dix 
During field 

B and all such 

before 
made . and 

studies, 
cleaning 

sa"" ling equipment shall be 
and before being stored. This 

being issued for each field 
recorded. 

this equipment shall be cleaned 
procedures shall be documented 

cleaned as 
equipment 

study. 

as outlined 
in field 

outlined in 
shall be in-
Any repairs 

in Appen­
records. 
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4.9 GROUND WATER SAMPLING 

4.9.1 General 

Ground·water s~ling may be required for a variety of reasons, such as 

examining potable or industrial water supplies, checking for and/or tracking 

contaminant . plune movement in the vicinity of a land disposal or spill site, RCRA 

c~l iance monitoring, or exam1n1ng a site where historical information b 
minimal or non·existent but where it is thought ground water contamination 

have occurred. 

arily 
water 

Ground water 
or permanently 
is present, 

fs usually 
installed. 

as in a pit 

sa~ led 
However, 

or a dug 

through an in·place well, 
ft can also be s~led 

or drilled hole. 

either 
anywhere 

could 

t~r· 

ground 

Occasionally, a well will not be in the ideal location to obtain the saq:,le 
needed 
have 
well. 

(for ex~le, to track a contaminant plune). In that case, a well will 
to be installed, and It may· be either a teqM)rary or permanently installed 

An experienced and knowledgeable person will need to locate the well and 
supervise its installation so that the sa~les ultimately collected will be 
representative of the ground water. 

The procedures covered in this section are those used by 

tional guidance is given in the 11RCRA Ground Water Monitoring 
ment Guidance Docunent" CTEGD) (13); the ground water saq:,ling 
by Branch personnel will meet or exceed the requirements of 

4.9.2 

shall 

Site Selection 

The relationship 
be considered and 

• the direction 

of the following 
evaluated when 

of ground·water 

factors 
selecting 

flow, 
of the aquf fer (if applicable); 

• type of stratigraphy; 

• presence of perched water tables; 

• types of 1ofls; 

• depth to bedrock; 

• type of vegetation; 

• 1urface drainage patterns; 

• type of topography; 

• general land use; 

to potenti at 
ground· water 

depth to ground 

the Branch. Addi· 
Technical Enforce· 

procedures used 
this docunent. 

pollution 
saq:,ling 

water, 

sources 
sites: 

thickness 
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• and surface features such as rock outcrops, seeps, springs, streams, 

I 
rivers, and wet areas (14). 

The area of interest should be located on an aerial· photograph, a USGS 7.5 
minute quadrangle map, a USDA soils map, and/or any other appropriate map that 
shows topography and general relationships between surface features. Aerial 
photographs can usually be obtained at the local Agricultural Stabilization 
Conservation Service (ASCS) office or the local county tax office. USGS 7.5 

I 
minute quadrangle maps can be acquired from the State Geological Survey or from 
the USGS, and soils maps from the USDA·SCS (Soil Conservation Service). A visual 
inspection of the area may be sufficient to evaluate and determine the surface 

I 
conditions and their relationship to the subsurface conditions (14). In some 
cases, surface conditions and subsurface conditions cannot be correlated by site 
inspection or reconnaissance. \lhen this occurs, a more detailed study, possibly 
involving test drilling, will have to be conducted •. 

I It is extremely iiJ1)0rtant to s~le . the unconfined or surficial aquifer 
downgradient of potential pollution sources or spills to determine if it (the 

I 
most easily contaminated aquifer) has been affected. Generally the direction of 
ground·water flow can be estimated by two vectors -one in the direction of 
surface water flow (i.e., downstream) and another toward the nearest surface 
water stream or river, if present. The relative magnitude of these vectors will 
vary according to site conditions and in ·some instances both direction and 
magnitude may be changed by construction activities. If both a shallow and a 
deep aquifer are involved in the zone of interest, a screening study will reveal 

I whether or not the deep aquifer should be saftl)led and a more detailed study is 
required. To adequately assess subsurface conditions, a mininun of three wells 
is required; one in the upgradient portion of the area of interest, one in the 

I 
middle portion, and one in the downgradient portion. In some cases, a more 
Ceq)lex system of wells may be needed to define the subsurface conditions, 
especially in establishing the depth to the. shallow grol.l'ld·water aquifer and the 
direction of grol.l'ld•water movement. She conditions and the scope of the project 
will determine the total I'IU!Oer of wells required. Existing wells should be used 
when possible. llhere permanent well installation is necessary, the wells should 
be installed according to the procedures in Appendix · E. 

I 4.9.3 Purging Eauis:rnent and Techniques 

4.9.3.1 ~ •• "ells shall be purged before taking s~les in order 

I to clear the well of stagnant water which is not representative of aquifer 
conditions. The method of purging is to ~ the well ll"'til three to five times 
the volune of standing water in the well has been removed and ll"'til the s~cfffc 

I 
conduc:tance, , t~rature, . and pH of the gi"OU"Id water stabilizes. Normally, a 
conbination of .the two llll!thods is enployed (i.e., specific conductance, te~.~ra· 

ture, and pH are measured at intervals and three to five volunes are purged). 
If a well is ~ dry, this constitutes an edequate purge and the well can be 

I . s~led following recovery · (15, 17). However, if possible, monitoring wells 
should not be ~ dry. Jf the well is ~ dry, water that has been trapped 
in the sandpack IIBY be s~~~pled. In addition, as water re-enters the well it may 

I 
cascade down the well screen and strip volatile contaminants. 

I 
I 



4.9.3.2 Equipment Available Monitoring 
using in·place pluming/purps or when in·place 
EPA equipment; either a peristaltic, turbine, 

appropriate 
used for 
i qlroper l y. 

~. depending on well depth. A 
purging; however, bailing may stir up 
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well purging is accOqll I shed · by 

purps are not avai\able, by using 
bladder, centrifugal, or other 

Teflone, ·closed ·top bailer. may be 
sediment in the well if conducted 

Other monitoring equipment used during purging · includes water level indi­
Field cators, 

Analytical 
pH meters, thermometers, and conductivity bridges (See Section. 6, 

Procedures). 

4.9.3.3 Purging Techniques <~ells ~ithout Pluming or In Place Pumps) 

4.9.3.3.1 General -- For permanently installed wells, the depth of water 

shall be determined (if possible) before · purging. This can be aCCOqllished by 

attaching a weight on the end of a tape and lowering it into the well until it 
touches the water, or by use of a mechanical or electrical water level indicator 
(see Grouncf·~ater level Measurement Techniques, Section 7.7). Branch personnel 
shall exercise·,. extreme caution during this procedure to· prevent contamination of 
the ground water.. This is a critical concern when saqlles tor trace ·organic 

CO!IlXluncfs or metals analyses are collected. 

4.9.3.3.2 Using PUlpS to Purge · 
are used, only the intake line is · placed 
contamination, the line placed into the 
Appendix B> Teflone, in the case of . the 
stainless steel pipe attached to a hose, 

When 
Into 

water 
suction 

when 

~hen submersible ~ 
Into 

(bladder, turbine, 
~ itself is lowered the water column. 
specified in Appendix B. 

suction I itt 
the water 

is either 
lift ~. 

centrifugal 

displacement, 
The ~ 

or centrifugal 
column. 

standard 
To minimize 

cleaned Csee 
or standard cleaned 
~ are used. 

etc.) 
must 

are used, 
be cleaned 

the 
as 

top 
of 

4.9.3.3.3 Usina Bailers 
Teflon& bailers with Teflone 

to Purge 
leaders 

to fill, 

•• Standard cleaned 
and new nylon rope 

(Appendix 
are lowered 

B> closed· 
into top 

the water column, allowed and removed and then the water is 
discarded. 

4.9.3.3.4 Fie-ld Care of Purging Egui~nt -- Regardless of which method 
is used for purging, new plastic sheeting shall be placed on the grOU'Id surface 
around the well casing to prevent contamination of the ~. hoses, ropes, etc., 
in the event they need to be placed on the grOU'Id during the purging or they 
accidentally come Into contact with the grOU'Id surface. It Is preferable that 
hoses used in purging that come Into contact with the grOU'Id water be kept on a 
spool, both during transporting and during field· use, to further · minimize 
contamination from · the transportlrig vehicle or grOU'Id surface. 

4.9.3.3;5 purging Entire \later Column The ~/hose assei!Oly or bailer 
used in purging should be lowered Into the top of the standing water column and 
net deep Into the column. This fs done so that the purging will Hpull" water 
from the formation Into the screened area of the well and up through 
so that the entire static volune can be removed. If the ~ Is placed 

the· casing 
deep into 
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may not be removed, and the subsequent 
of the ground water. 

To ·minimize cross contamination between wells, 
column. 

no· more than three to five 

feet of hose should be lowered into the water 1 f the · recovery rate of 

the well is faster than the purp rate, the purp may be left hanging at the 

ini tiel level until an adequate volune has been purged. 1 f the purp rate exceeds 

the recovery rate of the well, the purp will have to be lowered, as needed, to 

acconmodate the drawdown. 

After 
the purp 

the purp 
shall 

is removed 
be. cleaned 

from the 
as outlined 

well, all wetted portions of the hose 

and in Appendix B. 

Careful consideration shall be given to using purps to purge wells which 

are excessively contaminated with oily compounds, because it may be difficult to 
adequately decontaminate severely contaminated pumps under field conditions. 

\lhen these type wells are encountered, alternative purging methods, such as 

bailers, should . be considered. 

4.9.3.4 Purging Techniques - \Jells \lith In Place Plmbing 

4.9.3.4.1 General -- In-place plmbing is found at water treatment plants, 
industrial water supply wells, private residences, etc. The objective of purging 
is the same as with monitoring wells without in place pumps, i.e., to ultimately 
collect a sample representative of the ground water. 

The volune to be purged depends on several factors: whether the pumps are 
running continuously or intermittently; how close to the source the sample can 
be collected; and the presence of any storage/pressure tanks between the sampling 
point and the purp. If storage/pressure . tanks are present, an adequate volune 
nust be purged to totally exchange ·the volune of water in the tank. 

4.9.3.4.2 Continuously Running Purps -- If the purp runs continuously, and 
the 
than 

sample 
opening 

can be collected 
a valve and 

prior 
allowing 

to a storage/pressure 
It to flush for a few 

tank, no purge, other 
minutes, is ·necessary. 

it is 
tanks 

4.9.5.4.3 
necessary 
that are 

...,ln:.:.t:.;:e:.:.nn.:::.:.;it'"'t""en"""""tl ... y--. _ __..R...,unn'"""'I:.:.M ..... _P:..:urps:::.z:,. -- If the purp runs intermittently, 
to determine the volune to be purged, including storage/pressure 

located prior to the sampling location. The purp should then be 
run continuously until the required volune has been purged. 

4.9.4 

eludes 

cators, 

Sanpl ing Eauipnent and Techniques 

4. 9.4. 1 ... Eau=.:i.,.pnrn=.ut.___:;:.AV:.,:a::.,:l:.:.l:ab~l~e 

closed·top Teflon8 bailers 

Other monitoring equlpnent 
pH meters, thermometers, 

4.9.4.2 S!!"Pting Techniques 

Sampling equlpnent used by the Branc:, ln-
and .the peristaltic purp/vacUIJII . jug assembly. 

used cl.lrlng sampling Includes 
and conductivity bridges (lee 

water 
Sections 

level indi-
6 and 7). 

Wells lolith In Place Plurbing Samples 
should be collected following purging from a valve or cold water tap as near to 



the wet L 
containers 
Potable 

as possible. Samples 
. (see Standard Sample 

Uater Supply discussion 

should be collected directly 
Containers, Appendix A) • 

in Section 4.10. 

section 
Revision 
Date: 
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0 

into the appropriate 
Also., refer to the 

4.9.4.3 Sanpling Techniques -- Uells Uithout 

ing, samples should be collected ·using a peristaltic 
if possible, or with a closed top Teflone bailer. 

Plurbing 

~/vacuun 

The ~ 

Following purg-
jug procedure, 

used for purging 

generally should not be used for sampling. \lhen the peristaltic ~ is used, 
samples for purgeable organic compounds analyses should be collected using a 
bailer or by allowing the Teflone tube to fill and then allowing the water to 
drain into the sample vials. All equipment shall be cleaned using the procedures 
described in Appendix B. Also, refer to the Potable Water SuPPlY discussion, 
Section 4.10, for additional information. 

When bail fng, new plastic sheeting should be placed 
each wet L to provide a clean working area. The nylon rope 
the baiLer via a Teflone coated stainless steel wire. 
attached to the bailer semi -permanentLy and is decontaminated 
bailer is cleaned. 

4.9.5 Special Sanple Collection Procedures 

on the 
should 

ground around 
be attached ·to 

This coated wire is 
for reuse as the 

4.9.5.1 Trace Organic Conpouncls and Metals Special sample handling 
procedures shall be instituted when trace contaminant samples are being col-
lected. All sampling equipment, Including ~. bailers, water level 
measurement equipment, etc., which come into contact with the water in the well 
must be cleaned in accordance with the cleaning procedures described in Appendix 
B. P~ shall not be used for sampling, unless the interior and exterior 
portions of the ~ and discharge hoses can be thoroughly cleaned. Blanks 
should be collected to determine the adequacy of cleaning prior to collection of 
any sample using a ~· · Peristaltic ~ using Teflone tubing and a Teflone 
insert can be used to collect samples without the sample coming into contact with 
the pul1). This Is accomplished by placing the Teflone insert into the opening 
of a standard cleaned 4-liter glass container. The Teflone tubing connects the 
container to the ~ and sample source. The ~ creates a vacuun in the 
container, thereby drawing the sample Into the container without coming into 
contact with the pul1) tubing. Samples for purgeable organic c~s analyses 
shall be collected with well bailers. The procedures given in the General. 
Considerations, Special Precautions for Trace Contaminant SampUng (Section 
4.2.9> shall be followed. 

4.9.5.2 Filtering As a standard Branch policy, ground-water samples 
will not be filtered. However, If samples are filtered, then both filtered and 
non·filtered samples will be slbnitted for analyses. Proper well installation 
and development (Appendix E) as well as proper well purging techniques should be 
utilized to minimize the turbidity of samples. If filtered samples for metals 
analyses must be collected, an eddltfonat unfiltered sample wilt also be 
collected for 111etals analyses. Samples ·for organic c~s analyses shall not 
be filtered. 
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4.9.5.3 Bacterial Sanplins -- Whenever . wells (normally potable wells) are 
saq:,led for bacteriological parameters, care lll.ISt be taken to ensure the steri l· 
ity of all sal!1)ling equipment and all· other equipment entering the well. Further 
information regarding bacteriological sal!1)l ing is available · in Sanpl ing for 
organic Chemicals and Microorganisms in the subsurface (19) as well as References 
4 and S. Additional information on bacterial s&IJ1)l ing is also included in 

and. Section 4.10 (Potable Water Supplies), Section 4.7 (Wastewater Saq:,ling), 

Section 4.8 (Surface Water SBIJ1)l ing). 

4.9.6 Specific Sanolfng Equipment Quality Assurance Techniques 

All equipment used to collect ground· water s&IJ1)les shall be cleaned as out· 

lined in Appendix B and repaired, if necessary, before being stored at the con· 
(Appendix elusion of field studies. Cleaning procedures conducted in the field 

B), or field repairs shall be thoroughly documented in field records. 

4.9.7 Auxiliary 

Water table 
National Geodetic 
tions in terrporary 
ground·water flow 
water levels are 
detection methods 
Also, a study of 
indicate ·direction 

Data Collection 

measurements from . the top of the well casings 
Vertical Datun) in permanent wells, and gr~ 

wells should be made to determine the general 
and gradient. The methodology to be used to 

given in Section 7. Tracer dyes and radioactive 
can be used to determine direction and velocities 
the general topography and drainage· patterns 

of ground·water flow. 

(referenced to 
surface eleva· 

direction of 
determine well 

and thermal 
of flow (14). 

will generally 

Water 
stabilized, 

table measurements shall not be taken until the water table has · 
preferably 24 hours 

The ground surface elevation 
engineering survey practices 

after well installation 
at the wells ·should 

as outlined in Section 

for permanent 
be determined 
7. 

wells (20). 
by standard 

In addition to water level measurements, the plll\:)ing rate used to purge a 
well, the volume of water in wells, and drillers• logs are ex~les of auxfl iary 
data that should be collected during ·ground-water s~l ing activities. This 
information should be documented in field records. Methodology for obtaining 
these data are given in the following sections. 

T~rature, 

is s~led. 

specific conductance, and pH shall be measured each time a 
well Stabll ization of these parameters is measured during the 
purging process to evaluate the adequacy of the purging procedure. In this 
situation, the final measurements for these parameters prior to s~l ing shall 
be considered the ~~easurement of record for the well. If these parameters were 
not evaluated during purging, they shall be obtained prior to Sllll'pl ing. 
Methodology for obtaining these data are given in Section 6. 

4.9. 7.1 Well P~.~~ping Rate • Bucket/Stop Watch Method 
of a J:IUI\' can be determined by collecting the flow of water 
bucket of known volume and timing how long it takes to fill 
plll\:)ing rate should be in gallons per minute. This method 

The J:IUI\' i ng 
from the J:IUI\' 

the 
shall 

bucket. 
be used 

rate 
in a 

The 
only 

with J:IUI\'5 with a constant J:IUI\' rate, such as gasoline powered or electric 



submersible pumps. 
batteries lose their 
lations using initial, 

4.9.7.2 Volune 

of water in the well 

It should 
charge, 

high 

not be 
the pump 

pump rates 

used 
rate 

. are 

of Water in Wells 

should be known. To 
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with battery powered pumps. 
decreases 

erroneously 

so that pumping rate 
As the 
calcu-

high. 

In order to purge wells, the volune 

determine the volune, · the following 

method should be used; measure the distance from the bottom of the well to the 

static water level, then measure the inside diameter of the well or casing. 

Obtain the volune of the well by the formula: 

Where h = depth of water in feet 
d = diameter of well in inches 
v = volune of water in gallons 

If preferred, a quick reference nomograph or table may be used. 

Additional ground-water related data can be obtained from most local, 
state, and federal agencies dealing with water resources. Some states require 
well drillers to be licensed, and all work performed on wells lll.ISt be reported 
to the state on prescribed forms. These forms are avai table to the public, so 
a study of wells installed in the area of interest may provide backgrOlrd infor· 
mat ion as to the subsurface conditions. State geological surveys; as ·well as the 
USGS, have various types of · water related papers and reports on all phases ·. of 
ground-water studies In each state. City and ccxraty governments ·usually have 
departments. that deal with water related projects that may provide data for the 
local area. Federal agencies such as the scs, u. s. Anrry Corps of Engineers, the 
Bureau . of Reclamation, u. s. Forest Service, Science and Education Actninistra· 
tion, and the U. s. Public Health Service have water programs which may provide 
data. Other sources include the Bureau of Mines, colleges, Utiversities, and 
technical societies such as American Association of Petroleum Geologists, 
American Institute of Mining and Metallurgical Engineers, American Water Well 
Association, Association of Engineering Geologists, and Geological Society of 
America (14, 21). 
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4.10 SAMPLING OF. POTABLE WATER SUPPLIES 

4.10.1 General 

When sarrpl ing potable water supplies, utmost care IILISt be taken to ·insure 
that sarrples are representative of the water supply being sarrpled. This is im· 
portant not only from a technical and . public health perspective, but also from 
a public relations standpoint. Poor s~l ing techniques may result in ·incorrect 
results (either not detecting a cCllllpO\.Ild which is present or by contaminating the 
sarrple and falsely indicating a cCllllpO\.Ild which is not present). If incorrect 
results are disclosed to the public, it may be i~ssible to .change public opin· 

ion when correct results are reported. 

4. 10.2 sanpling Site Selection/Sampling Techniques 

Even though the same care and techniques used in wastewater, ground-water, 

etc., sarrpling (including thorough documentation of location, date, time, etc.) 

are used by Branch personnel in potable water supply sarrpt ing, there are certain 

additional special procedures which shall be used. 

When water sarrples are collected fran wells, either by mechanical or hand 
~ing, the wells IILISt be purged before the s~le is collected (see Section 4.9 
for ground-water sarrpl ing methods). This procedure insures that water 
representative of the formation is sarrpled, not the standing water in the welt 
casing, pipes, ·or holding tank. As a rule of thi.IIO, at least one volume of water 
in the well casing and storage tank should be evacuated (a 15·minute period is 
usually sufficient for residential wells). After purging for about 15 minutes, 
the pH, conductivity, and terrperature should be measured until constant values 
are obtained. This procedure insures that any contaminants that might have 
entered the area of the tap fran external sources have been removed (19). · 

Potable water sarrptes shalt be representative of the water quat ity within 
a given segment of the distribUtion network. Taps selected for sarrple collection 
should be suppl fed with water fran a service pipe comected directly to a water 
main ·in the segment of interest and should ·not be separated fran the segment of 
interest by a storage tank. The sarrpl ing tap must be protected from exterior 
contamination associated with being too close to the sink bottom or to the 
ground. Contaminated water or soi 1 fran the faucet exterior may enter the bottle 
during the collecting procedure since it is difficult to place a bottle under a 
low . tap without -grazing the neck interior against the outside faucet surface. 
Leaking taps that allow water to flow out fran around the stem ·of the valve 
handle and down the outside of the faucet, or taps in which water tends to r~.r~ 

up on the outside of the lip, are to be avoided as sarrpl ing locations. A'!rator, 
strainer, and hose attachments on the tap must be removed before sampling. These 
devices can harbor a bacterial population if they are not cleaned routinely or 
replaced when worn or cracked. Whenever a steady stream of water cannot be 
obtained from taps, after such devices are removed, a 110re suitable tap shall be 
sought. Taps where the water flow is not steady should be avoided because 
tetl1)0rary fluctuation in line pressure 11111y cause sheets of microbial growth that 
are lodged in sane pipe section or faucet comection to break loose. The cold 
water tap should be opened for two or three minutes or for sufficient time to 
permit clearing the service I ine; a smooth·flowing water stream at moderate 



pressure without 
flow which could 
collected (19). 

splashing 
dislodge 

should 
some 

be obtained. 
particles in 

·Then, without 
the faucet, 
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changing the water 
the s~les can be 

Occas i onall V, sa~les are collected to determine the· contribution of 

transmission pipes, water coolers. 

in private residences, offices, etc. 

to determine if metals, 
· In these cases, it may be 
used for a specific time 
holiday period. S~le 

e.g., lead, 
necessary 

interval, 
collection . 

water heaters, etc., to the quality of water 
The purpose of these investigations may be 

are being dissolved into the water supply. 
to insure that the water source has not been 

e.g., over a weekend or a three- or four· day · 
may consist of collecting a s~le of the 

initial 
sample 

flush, 
after 

collecting 
the system 

. a sample after several 
has 

minutes, and .collecting another 

being investigated been completely purged. 

Regardless of the type of sample bottle being used, the bottle cap should 
not be placed on the grOU'Id or in a pocket. Instead, hold the bottle in one hand 
and the cap in the other, using care not to touch the inside of the cap. 
Exercise care not to lose the .Teflone liner in certain bottle caps. Avoid 
contaminating the sample bottle with fingers or permitting the faucet to touch 
the inside of the bottle. When sampling for bacterial content, the bottle should 
not be rinsed before · use. This may not. only contaminate the bottle but also 
remove the thiosulfate dechlorinating agent (if used). When filling any 
container, care should be taken so splashing drops of water from the ground or 
sink · do not enter into either the bottle or cap. In order to avoid dislodging 
particles in the pipe or valve, do not adjust the stream flow while s~l ing. 

at a water treatment plant, s~les should be collected both 
from 

When s~ling 

the raw water . s~ly and after chlorination. 

Triplicate samples 
analyses 
collected 

and duplicate 
for extractable 

wHl always 
samples for 

organic 

be collected 
bacterial 
c~s, 

conventional parameter analyses. The procedures 
Sampling) Precautions for Trace Contamination 

for purgeable organic 
analyses. Single samples 

compounds 
·may be 

metals, phenol, cyanide, and 
given in Section 4.2.11 (Special 

and in Section 4.7.6.4 CPurgeable 
Organic Compounds Sample Collection) shall always be . followed when potable water 
supplies are s~led. 

Branch persomel shall always obtain the . name(s) of the resident or water 
supply owner/operator arid the resident's exact mailing address, as well as the 
resident's home and work telephone nunbers. The information is required so that 
the residents .or water s~ly owner/operators can be informed of the results of 
the sampling program. 

4. 10.3 Sanpl fng Eguipment/Speefffc Sanpl ing Egufprwmt Quality Assurance 
Techniques 

Sampling equipnent 
contained in Section 4.8 
Sampl fng). 

and specific equipment quality 
(Surface Water Sampling) and 

assurance 
Section 

techniques are 
4.9 (Greu"tdwater 
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4.11 SOIL SAMPLING 

4.11.1 

Soil s~l ing at hazardous waste sites will typically be approached in a 
totally different manner than sa~ling . of other media. S~ling locations and 
rationale for other media are usually easily defined. For ex~le, ground water 
sa~les may be collected at existing monitoring wells; surface water and sediment 
sa~les are ·usually collected from well defined surface drainage patterns at 

easily rationalized locations with respect to the suspected problem; and waste 
sources, such as dr&ms, tanks, and piles, are easily identified s~l ing targets. 
occasionally, surface soils may be stained or show evidence of vegetative stress, 
indicating that a contaminant may be present, but in many cases there may not be 

any direct evidence to suggest that a particular location is a candidate for soil 
sa~ling. The sa~ler may, in fact, be faced with investigating a virtually 
invisible contaminant distribution pattern, both in the surficial material, as 
well as in the subsurface region. 

4.1, .2 Sanpl ing location/Site Selection 

Areas 
to collect 
sa~les. 

selected for soil sa~l ing 
fraction 

always 

shall 
of the 

feasible 

be strategically located in order 
a representative soils with the mininun rtlllber of 

Although it is not to conduct a site reconnaissance 
prior to an investigation, a si_te reconnaissance can eliminate many uncertainties 
with respect to site characteristics and result in more c~lete and successful 
soil sa~l ing studies. A surface inspection of the subject area should be made 
to locate pertinent features (e.g., rock outcrops, drainage patterns, surface 
runoff, ponds, lakes, wet areas, seeps, springs, permanent structures, fill 
areas, erosional areas, depositional areas, etc.) and to evaluate the 
relationship between these features and potential sources of pollution. A 
knowledge of these relationships · and conditions, particularly soil conditions 
(type and thickness of soil overburden) and water table conditions are extremely 
i~rtant in developing s~ling plans. 

In addition to what is normally considered soft, i.e., in situ weathered 
rock overburden, soil s~les may also consist of what is more correctly 
considered sediment, which has been deposited by both overland sheet runoff, as 
well as flow in normally dry wet-weather swales. The location of sediment 
sa~ling locations in these types of depositional areas is II useful screening 
tool, providing an indication of the presence of contaminants from the larger 
area contributing the sediment. 

Initial investigations at 110st sites will consist of "screening-type" 
studies. S~~q:~ling for these investigations will generally be confined to a small 
nu!Der of surface or shallow slbsurface s~les. Typically, s~les would be 

collected from depositional areas within and arOU'XI the periphery of the site, 
as well as from obviously contaminated areas. Based on the· results of the 
initial site·screenlng studies, more detailed studies, involving considerably 
more s~~q:~les and with a greater ~asis on subsurface s~ling, are usually 
required to fully characterize soil contamination at a site. 
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Study plans or work plans for soil sa111Jling investigations rrust be 

carefully 
requires 
as the 

conceived with respect to the study objectives. . This, in turn, 
as well a careful consideration of the types of sa111Jles to be collected, 

sa111Jl ing methods to be e111Jloyed. These areas are discussed below. 

4. 11.3 Basic Considerations for Soil Sarrpling 

Three basic considerations, with respect to S8111Jle type, should be 
evaluated when developing a soil sa111Jl ing plan and establishing investigation 

objectives. Should the SBII1Jles be random, biased, or grid·based? Uill they be 
collected fran the surface or subsurface? Will a particular Sa111Jle be a grab 
sa111Jle or a CCJIIllOsite sa111Jle? 'olhen all of these questions are answered, it ·will 
be found that many investigations will involve the collection of most 
combinations of the above types of sa111Jles. A discussion of these considerations 
is found in the following sections. 

Random, Biased and Grid·Based Sanpl ing 4.11.3.1 
is a strong 
depositional 
collected 

indication of contamination, such as staining, 
Generally, 

or there 
S8111Jles, 

for 
areas 
small 

site investigations, 
suspected area of 
i.e., locations 
judgement. 

which provide excellent screening 
investigations with limited areal extent, such 

rrust be randomly selected fran several areas 
contamination. Random in this sense is synonymous 
are often subjectively selected based purely 

unless there 
are distinct 

soil Sa111Jles 
as screening 

within the 
with casual, 
on personal 

If any . areas show evidence of contamination, such as staining or vegetative 
stress, ~ samples should be collected fran each of the areas to characterize . 
the contamination present in each area. If surface drainage patterns such as dry 
washes or swales are discernable, soil/sediment samples may be collected fran the 
deposits in these· features to characterize the inmediate areas. Backgrol.nd and 
control SB111Jles are also biased, since they are collected in locations dictated 
by expected clean conditions or by anticipated i111J8ct fran adjacent off·site 
areas. 

Wlen soil S8111Jl ing investigations involve large areas, measured in acres 
for exa111Jle, a systematic approach nust be taken, not necessarily· to the 
exclusion of other approaches, to characterize the presence and distribution of 
contaminants. Jn these situations, a grid· based soil sampling program is 
e111Jloyed. There is no single arid size that is acprooriate for all sites: 
however, in most cases, the smaller the site, the smaller the grid size. CCIIIIlon 
grid sizes are developed on SO·foot end 100·foot centers, although other sizes 
may be appropriate In given situations. 1t may be appropriate and acceptat:le to 
integrate several different grid sizes In a single investigation. 

When the she ts extremely large, over several acres for ex&qJle, it may 
be iii1JOssible to consider B8111Jl ing every grid and ft will be necessary to stat is· 
tically select a sl.b·set · of the total nurber of grids in order to reduce the 
number of s&qJies collected for the study. On the other· hand, It IIIBY sometimes 
be appropriate to s&qJle every grid and use relatively inexpensive and quick 
screening-level analytical · techniques to define the areas which nust be s&qJled 
and analyzed for a higher level of d8ta quality. Because the screening level 
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analysis is relatively quick, the second phase sa~ling can sometimes 

conducted during the same investigation. In all cases, however, the grid centers 

should be located using a site survey and semi-permanently . marked to facilitate 

relocating the s~le locations for subsequent s~l ing. · 

4.11.3.2 
investigations, 
may cOqlri se 
to look for 
materials. 

surface and/or Subsurface Soil Sarrples In most initial 
particularly site screening-type studies, surface soil sa~les 

the great majority of soil s~les collected. These are collected 
the possible presence and distribution of contaminants in surficial 

Subsurface soil saqll ing may be limited during initial 

be 

investigations, but it may cOqlrise the major portion of the soil sa~l ing effort 

during subsequent phases of the investigation where the vertical extent of 

contamination in identified areas of surface contamination is the major 
objective. 

4.11.3.3 Grab versus COIIEIOsite Sa!!ples When a sarrple is needed to 
identify and quantify c~s at a specific location or interval, a grab samle 
is collected. Grab s~les are limited in areal extent (for surface saqlles) . or 
vertical extent (for subsurface sarrples). The s~le should be COqlrised of. no 
more than the minimum amount of soil necessary to make up the volune of saqlle 
dictated by the required s~le containers. Conposite sarrples are a mixture of 
a given nunber of subsarrples and are collected to characterize the average cOqlO-
sition of _a given surface area. or vertical interval. Areal cOIIEIOsites are 
COqlrised of subsaqlles collected from the surface within the selected area. The 
nlJ!ber of subsaqlles forming a cOqlOsite should remain consistent within the 
context of the study, i.e., a nunber and pattern for collection of subsarrples 
within a grid should be selected and, for a given grid size, should not be 
changed. Likewise, if one of the objectives of the study is to determine if any 
contamination is present within a particular vertical interval, a vertical 
conposite s~le, COqlrised of vertically discrete s~les collected over the 
selected interval may be collected. As with the areal cOqlOsites, the nunber of 
subsamples is· dependent on the objectives of the study. With the low analytical 
detection limits available today, COqlOsiting can usually be used to determine 
the presence or absence of c~unds in the area or interval s~led. 

There are two potential problems associated with c~siting for which the 
sarrpler nust be aware. Even though modern analytical detection limits allow for 
qualitative screening in many cases using c~siting techniques, the risk still 
remains that low concentrations, , present in individual COqlOSite al iquots, may 
be diluted to the extent that the total c~site concentration is below the 
minimum quantification limit. Also, if the slbsamples are predominantly _ moist 
and clayey, It will be very difficult to produce a homogenous mixture. The 
resulting sample, as represented by the portion selected by the analytical 
chemist, may no"t be representative, either qualitatively or quantitatively, of 
an average of all of the slbsamples. 

4.11.4 Sarrpl iog Methodolog~ 

This discussion of soil sampling 
used (required/needed) to collect the 
handled - and processed after retrieval. 

methodology 
sample, 
Selection 

reflects 
as well as 

of equipment 

both the equipment 
how the sample is 

is usually based 
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on the depth of Sllflllles, but it is also controlled, to a certain extent, by the 

characteristics of the material. Sil!l'le, manual ·techniques and . equipment, ·such 

as hand 
sarrpling. 
powered 
resistance 
lection 
shallow 
described 
Section 
compounds 

augers, are usually selected for surface or ·shallow, subsurface soil 
As the depth of the sal!l'l i ng interval becomes greater, some type of 

sal!l'l ing equipment is usually needed to overcome torque induced by soil 
and depth. The following .is an overview · of the various SIIJillle col· 

methods 
subsurface, 

may be 
4.2.10 

analyses. 

~toyed over three general depth classifications: surface, 
and deep subsurface. Any of the deep collection methods 

used to collect sllflllles from the shallower intervals. • See 
for special · sal!l'ling considerations for purgeable organic 

4.11.4.1 ~M~anu~a~l--~C~H~and~--~Ope~r~a~t~ed~)~--~C~o~l~l~ec~tui~o~n __ .... ~T~e~ch~n~i~gue~s~ .... ~and~~E~gu~i~pme~n~t 
These methods are used primarily to collect surface and shallow subsurface soil 

sarrples. Surface soils are generally classified as soils between the ground 
surface and 6 to 12 inches below ground surface. The shallow subsurface interval 

may be considered to extend from approximately 12 inches below grcxn:l surface to 
a site-specific depth at which sarrple collection using manual, i.e., hand· 
powered, methods becomes irrpractical. 

4.11.'4.2 Surface Soils Surface soils may be collected ,with a wide 
of equipment. Spoons, shovels, hand-augers, push tubes, and post-hole 

made of the appropriate material, may be used to collect surface soil 
variety 
diggers, 
sarrples. 
may also 

As discussed in the section on· powered equipment, surface soil sarrples 
be collected in conjunction with the use of heavy equipment. : 

Surface S811l'les are removed from the grCUld and 
mixing, as appropriate (Section 4.2.10), occurs prior 

Section 4.11.5 contains specific procedures containers. 
purgeable 
encountered 

organic compCUlds analyses. If a thick, 
at the surface, it should be removed before 

placed in pans, 
of 

where 
sample 

.sllq)les 
to filling 

for hand\ ing 
·matted root zone 

for 
is 

the Sllq)le is collected. 

4.11.4.3 Subsurface Sofls Hand·augering is the most common manual 
method used to collect subsurface Sllq)les. Typically, 4-inch auger-buckets with 
cutting heads are pushed and twisted into the grCUld and removed as the buckets 
are filled. The auger holes are advanced one bucket at a time. The practical 
depth of investigation using a hand·auger is related to the material being 
sarrpled. In sands, augering is usually easily accOI!l'l ished, but the depth of 
investigation is controlled by the depth at which sands begin to cave. At this 
point, auger holes usually begin to collapse and camot practically· · be advanced 
to lower depths, and further Sllq)les, If required, lUSt be collected using some 
type of pushed or driven device. Hand·augering NY also become difficl•l t in 
tight clays or cemented sands. At depths approaching 20 · •eet, torquing of hand-
auger extensions becomes so severe that in resistant Nterials, powered methods 
must · be used if deeper lllq)les are required. Some powered methods, discussed 
later, are not acceptable for actual Sllq)le collection, but are used solely to 
gain easier access ·to the required sarrple depth, where hand•augers or push tubes 
are generally used to collect the sarrple. 

When a vertical 
is used to advance the 

sarrpt fng 
auger 

interval 
hole to the 

has been 
first 

established, 
des f red sarrp t f ng 

one auger-bucket 
. depth. If the 
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saqlle at this location is to be a vertical carposite of all intervals, the same 
bucket may be used to advance the hole, as well collect subsequent . saqJles in the 
same hole. However, if discrete grab saqJles are to be collected to characterize 
each depth, a pew bucket IILISt be placed on the end ·of the · auger extension 
irrmediately prior to collecting the next saqJle. The top several inches ·of soil 
should be removed from the bucket to minimize the chances of cross-contamination 
of the saqJle from fall·in of material from the upper portions of the hole. 
section 4.11.5 contains additional sall1)le handling procedures. 

Another hand-operated piece of soil sall1)l ing equipment canmonly used to collect 
shallow subsurface soil saqJles is the Shelby or "push tube". TMs is siqlly a 
thin-walled tube, generally of stainless steel construction and having a beveled 
leading edge, which is twisted and pushed directly into the soil. This type of 
sa~l ing device is particularly useful if a relatively undisturbed saqJle is 
required. The saqJling device is removed from the push-head, then the saqlle is 
extruded from the tube . into the pan with a spoon or special extruder. Even 
though the push-head is equipped with a check valve to help retain sall1)les, the 
Shelby tube will generally not retain loose and watery soils, particularly if 
collected at lower depths. 

4.11.4.3.1 Powered Sanpling Devices Powered s~ling devices and 
saqlling aids may be used to acquire. saqJles from any depth but they are 
generally limited to depths of ZO feet or less. Among the common types of 
powered equipnent used to collect or aid in . the collection of subsurface soil 
saqlles are Lf ttle Beavere·type two-man power augers; spl it·spoon SBIJ1)lers driven 
with a drill rig drlve·weight asset!Dly or hydraulically pushed using dri II rig 
hydraulics; continuous split-spoon samplers; specialized . hydraulic 
penetrometer rigs; and back·hoes. The use of each of these is described 

cone 

below. 

4.11.4.3.2 Power Augers 
variety, are commonly used to aid 

where hand augering 

Two·man 
in the 

. power augers of the Little Beavere 
collection of subsurface soil S8111)les 

This type of equipment is at depths 
technically 
typical 

a Sll"1Jl ing aid and 
is 

not 
this 

iqlractical. 
a sampling device, and 20 to 25 feet is the 

lower depth range for 
the required 
collect the 

SBIJ1)l ing 
Saqlle. 

depth, 
equipment. It is used to advance a hole to 

at which point a hand auger is usually used to 

4.11.4.3.3 :.D~ri:..:l:..:l_ .. R::.iua~:s •• Drill rigs offer the capability of collecting 
soil saqlles from greater depths. For all practical purposes, the depth of 
investigation achievable by this method is controlled only by the depth of soil 
overlying bedrock, which 11111y be in excess of 100 feet. 

When used in conjunction with drilling, split-spoon samplers are usually 
driven either inside a hollow-stem auger or inside an open borehole after :-otary 
drilling equipment has been teqlOrarfly removed. The spoon is driven with a 140· 
pound harrmer through a distance of up to 24 inches and . removed. If geotechnical 
data are also required, the nu!ber of blows with the hanmer for each six-inch 
interval is also recorded, 

continuous split•spoon 
approl!i11111tely continuous samples 

samplers may be used to obtain five·foot long, 
3 to 5 inches in diameter. These devices are 
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located 
auger 
into 

inside a five·foot 
during drilling. As 

section of hollow-stem 
the auger 

until 

advances, 
retrieval. 

the 
auger 

central 
and advanced with 

core of soil 
the 

moves 

the sa~ler and is retained 

4.11.4.3.4 Cone Penetrometer Rigs .. A recent imovation is now available, 
which involves the modification of a standard spl it·spoon. The spoon has been 
modified ·with a releasable tip which keeps the spoon closed during the s~l ing 
push. Upon arrival at the desired depth, the tip can be remotely released end 
the push continued. During the subsequent push, the released tip floats freely 
up the inside of the spoon as the soil core displaces it. Split-spoon soil 
sa~les, . therefore, can be collected . without drilling, as has historically been 
required, by si~ly pushing the device to the desired depth. This technique is 
particularly beneficial at highly · contaminated sites, because cuttings are not 
produced as with drill rigs. The push rods are generally retrieved with very 
little residue. This results in minimal exposure to s~l ing persomel and very 
little contaminated residue is produced as a result of · equipment cleaning. 

4.11.4.3.5 Back•Hoes •• Back·hoes are often utilized in shallow subsurface 
soil sa~l ing programs. S~les may either be collected directly from the back· 
hoe bucket or they may be collected from the trench wall if proper safety 
protocols are followed. Trenches offer the ability to collect sa~les from very 
specific intervals and allow visual correlation . with vertically and horizontally 
adjacent material. Prior to collecting s~les from trench walls, the · wall 
surface must be dressed with a stainless steel shovel, spatula, knife, or spoon 
to remove the surface layer of soil which was smeared across the trench wall as 
the bucket passed. If back•hoe buckets are not cleaned according to the 
procedures described in Section 8.8.3 of this mai"KJBl, Sllq)les must be collected 
from material which has not been in contact with the bucket surface. 

4 .11.5 Special Techniques and Considerations 

4.11.5.1 Collection of Soil samles for Purgeable Organic COII'DOUnd 'VOA2 
Anal~ses These san.,les should be collected in a marner that minimizes 
disturbance of the Sllq)le. For exllq)le, when san.,l ing with a hand auger, the VOA 

s~le may be collected directly from the auger bucket or immediately after en 
auger bucket Is ~tied Into the pan. The san.,le should be placed in the appro· 
priate container with no head· space, If possible, as is the practice with water 
sa~les. Sllq)les for VOA analysis are not mixed (Section 4.2.10). 

4.11.5.2 Dressing Soil Surfaces Arry time a vertical or near vertical 
such as Is achieved when shovels or back•hoes are used for subsurface surface, 

s~lfng, Is s~led, the surface should be dressed to remove smeared soil. This 
is necessary to minimize the effects of cross·contaminition due to smearing of 
material from other levels. 

4. 11.5 .3 :,S!!I!C!~~l::.e _..:;M:,:.i:.X i:,:."9:~~ •• It Is _extremely l~rtant that sol l s~les be 
mixed as thoroughly as possible to ensure that the . san.,le Is representative of 
the interval a~led. Soil sllq)les should be mixed as specified In Section 
4.2.10. 
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4.11.5.4 Special Precautions for Trace Contaminant Soil Sanpling - The 
procedures outlined in Section 4.2.9 shall be followed. All. soil sa""ling 
equipment used for s~l ing for trace contaminants should be constructed of 
stainless steel where possible. Pans used for mixing shall be made of Pyrexe,. 
or equivalent, glass. In no case will chromium, cadnium, or galvanized plated 
or coated equipment be used for soil sa~l ing operations. Similarly, no painted 
or plastic equipment shall be used. All paint and primer must be removed from 
soil sa~l ing equipment by sandblasting or other means before such equipment can 
be used for collecting soil sa~les. 

4.11.5.5 Specific Sanpl ing Eauicment Quality Assurance Techniques 
Drilling rigs 
identified so 
book shall be 

and other 
that this 
established 

major equipment used to collect 
equipment can be traced through 

for this equipment so that all 

soil sa~les shall be 
field records. A log 
cleaning, maintenance 

and repair procedures can be· traced to the person performing these procedures and 
to the specific repairs made. Sa~l ing spoons, hand augers, Shelby tubes, and 
other minor disposable type equipment are exenpted from this equipment 
identification requirement. 

• All equipment used to collect soil sa~les shall be cleaned as 
outlined in Appendix B and repaired, if necessary, before being 
stored at the conclusion of field studies. 

• Any cleaning conducted 
should be thoroughly 

in the 
docunented 

field (Appendix 8) or field repairs 
in field records. 

4.11.5.6 Auxiliary Data Collection - In addition to information pertaining 
to an area or specific site/location 
previous investigations (i.e., site 
studies, etc.), information and data 
state, and other federal agencies. 

should Sa~les 

information 
recording 

be accurately 
of sllq)l ing. at the time 

procedures. 
for future STORET data 

The latitude 
entry. 

that may be available in EPA files from 
screenings, water quality, well monitoring 
may be obtained from various 'city, county, 

tagged and 
See Section 

and long I tude 

labeled with all pertinent site 
3 for Sllq)le labeling and field 
shall be obtained for each site 
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4.12 ~ASTE SAMPLING 

4. 12.1 General 

~aste s~ling as discussed in this section includes the collection of 

sludge sa~les from IIU'Iicipal and industrial wastewater treatment facilities; 

sa~les of l fqufd waste and sludge from pits, ponds, end lagoons; waste s~les 

from open or closed containers such as druns, tank trucks, and storage tanks: end 

sa~les of waste piles and landfills. 

Generally, the collection of sludge SB!I'ples from IIU'Iicipal and industrial 
wastewater treatment plants is a· low risk operation. However, the collection of 
liquid waste and sludge s&ft1)les from open containers and liquid waste from pits, 
ponds, or lagoons and solid waste from waste piles may involve S&ft1)l ing 
operations that are inherently dangerous to the personnel involved. S&ft1)l ing of 
closed containers (druns, storage tanks, etc.) shall be considered a· high hazard 
operation by all Branch personnel. The procedures outlined in the Region IV 
Field Health and Safety Manual (23) will be strictly observed during all 
potentially hazardous sa~~"pling operations. Additional ·safety guidance is 
included in the draft EPA Safety Manual for Hazardous ~aste Site Investigations 
C23). Branch specific safety protocols for these types of operations are 
included in Appendix K. 

4.12.1.1 Specific Quality Control 

Sa!!'pl ing equipment contaminated 
specified in Appendix B, Section B.1.5 

Procedures 

during 
before 

waste 
being 

for Sanpl ing 

SB!I'pling 
returned 

lllJSt 
from 

Eguipnent 

be cleaned 
the field. 

as 

Contaminated disposable equipment and S&ft1)l ing equipment that is to· be 
field discarded must be properly disposed of as specified in the site·specific 

sampling plan (Section 4.5). 

All equipment used to collect waste sllll'ples shall be cleaned as outlined 
in Appendix 8 and repaired, ff necessary, before being stored 
of a field study. In some instances, special decontamination 
excess 
These 
specific 

being 

of the cleaning procedures outlined in Appendix 
procedures will be developed on a case-by-case 

material encCU"~tered (26). 

All air monitoring 
issued for field 

and field analytical 
studies, as specified 

equipment 
in Section 

8 

basis 

shall 
6.0, 

at the conclusion 
procedures in 

will be necessary. 
according to the 

be tested 
and Appendix 

before 
G. 

Any cleaning procedures conducted in the field deviating from those 
specUied in Appendix . B, and all field repairs, shall be thoroughly doe~E~ented 

in the field logbooks. 

4.12.1.2 Co\lection of Auxiliary JnfoMillltion and Data •• The collection 
of euxi l iary information and date is particularly i~rtant when collecting waste 
sa!l'ples. Any field analyses, including those conducted with safety equipment 
such as photoionizers, explosion 111eters or approximate analyses such 
obtained wl th Ph Indicator paper shall be recorded in field logbooks, 

as those 
as outlIned 

in Section 3.5. Sketches of sllll'pl ing Locations, valving arrangements of tank 

I 

I 
I 
II 
' 

I 

' I 
\---

1 
I 
I 
:a 

\... 

I ,, 
II 
I 
·,a 

I 
I 



I 
I 

I 
I 
I 
I 
t 

-
I 
I 
·t 
I 
f 
I 
I 
I 

:>eCI.IOn ft(J. 'Ate., 
Revision No. 0 

Date: 2/1/91 
Page 18 of" 9 

trucks and storage 

in the 

tanks, 
logbooks. 

markings on druns, tanks, etc., should 
useful 

be thoroughly 

for recording ·docunented Photographs are particularly 

this information and they should be used extensively 

operations. 
outlined 

A field log 
in Section 3.2.3. 

of the photographs taken 

4.12.2 Collection of Municipal ~astewater. Industrial 

~ater Treatment Plant Sludge Samples 

Sampling Equipment equipnent 

during 
should be 

~astewater. 

available 

. waste saq:~l ing 
maintained as 

and Municipal 

for the collec· 

tion 
4. 12.2.1 

of sludge saq:~les includes: 

Branch 

. saq:~le containers; stainless steel spoons and 

shovels; 
conduit 

stainless steel ponar dredges; stainless steel scoops attached to a 

pipe; stainless steel push tubes; and Peterson and . Eckman dredges. 

4.12.2.2 Sampling Techniaue •• Jf the SBq:~ling technique involves multiple 

al iquots or if the final saq:~le will consist of al iquots from several locations, 

all aliquots should be placed into a Pyrexe dish, or another suitable container, 

and mixed thoroughly before containerization, as specified in .Section 4.2.10. 
The saq:~le is containerized as specified in Appendix A. 

If the sludge layer is shallow or if only 
the sBq:~le 

the surface 
container. 

is to be sBq:~led, 

saq:~les can be collected directly into 

If depth samples are required, the methods described in Section 4. 12.3.4.2 
may be used. 

Regardless of the method used, special care must be taken when collecting 
sludge saq:~le to mmtmlZe the loss of fine materials by the excess water flowing 
out of the sampling device, thus biasing the sample. 

4. 12.2.3 Sampling Locations S&q:~l ing locations must be 

selected to insure that the samples 
being saq:~led. The following are 

are truly representative 
suggested locations for 

of the 
different 

carefully 
material 
sBq:~l ing 

conditions. 

4.12.2.3.1 Municipal Sludge Being Drawn to a Drying Bed Collect 
sa~les 

three 
in the 

from 
or more 

sludge 

the pipe flowing to the bed or at the discharge into the bed. Take 
sample at lquots during the draw period to insure that variations 
concentrations and consistency are acccutted for. 

4.12.2.3.2 Sludge From an Anaerobic Digester · -- It is difficult to insure 
that the contents of these 111its are well mixed. Samples can be taken from 
sa~le ports in the ·recirculation tines if so equipped. Otherwise, s&q:~lf's can 
be taken from "thief holes" in the floating top of the digester.· 

these 
while 
depth 

4.12.2.3.3 Sludge From en Aerobic Disester 
111its because of the clear view of the contents. 
the contents are being mixed and from between 
of the digester. 

It is much 
Samples 

1/3 and 

easier 
should 

213 of 

to s&q:~le 

be taken 
the total 

4.12.2.3.4 Sludge From a Quiescent Holding Basin (Water or Wastewater) 
One sample camot be collected which wfl t be representative of the total contents 
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of the basin since the material is generally stratified. Near bottom sarrples can 

. be collected from the upper, relatively clear liquid layer as one would collect 

any water sa~le. Generally, a mininun of 3 to 5 grab sludge sarrples should be 

collected from the basin. These grab saJ!l)les should be as representative of the 

sludge contents as possible. Sarrples should be collected near the inlet and 

discharge 
individually 

structures as well as from the open pond area. Sarrples may be analyzed 
or composited into a single sarrple. Sludge SBJil)les should be 

collected from the basin from a boat or a platform. Sediment sarrpl ing devices 

are required to collect these sarrples. 

4.12.2.3.5 Sludge From Dr}!ing Beds After sludge is partially dried and 

cracked, sarrples can be collected with a stainless steel spoon, shovel, or 

similar device. SBJil)les should be collected from three or four locations in the 

bed and composited to insure a representative SBJillle. The sBJil)le should be 

collected to the full depth of sludge on the bed. 

4.12.2.4 Special Precautions for Trace Contaminant Sampling •• See Section 
4.7.6.1. 

4.12.2.5 Sludge Samples Collected for Purgeable Organic Compounds Analyses 

See Section 4.7.6.4. 

4. 12.3 Pits. Ponds. and Lagoons 

4. 12.3. 1 ~ -- For the purposes of this subsection, pits, ponds, and 
refer 

suspected 
to any basin, · pit, or open tank (lined 

of containing concentrated 
Which contains 

solid, or sludge 
lagoons 
or is 
chemical 
treatment 
Section 

wastes. This discussion 
unknown 

does not include 

or unlined) 
lIquid, 
IIUlicipal 

i mpounchents 
and industrial 

lagoons 

ponds 
4.8.2). 

4.12.3.2 . 
should 

or natural or man-made 

S§\iD9 boeations --
yield sarrp\es Which are 

surface water (discussed in 

Sarrp\fng locations within pits, ponds, and 
representative of that section, or of the 

entire pit, pond, or lagoon being sarrp\ed. All phases (floating sol ids, all 
liquid phases, 
only exception 
collected or 
conditions. 

Because 
waste, SIIJil)l i ng 

from a boat. 
or lagoons or 
Branch and/or 

and sludge) in the pit, pond, or lagoon should be sarrpled. The 
is situations Where representative SBJil)les cannot be safely 

Where the investigative teem is atteJ!l)ting to determine worst case 

of the inherent danger with sarrpling 
personnel should never atteJ!l)t to 

All sarrpl ing should be aCCoqJlished 
from piers. Arry . exception lUSt 

Section Chief. 

known or unknown 
sBJil)le pits,· ponds, 
from the banks of 

be approved by the 

concentrated 
or lagoons 

pits, ponds, 
approf)riate 

4. 12.3.3 Sl!!l?l ing Eaulpnent -- The following Branch equlpnent is available 
for field use in collecting liquid waste SMples from pits, ponds, and lagoons: 
saq,l ing containers; saq,llng containers ' affixed to a piece of conduit pipe, 
stainless steel scoop efffxed to 1 piece of conduit pipe with a scoop bracket, 
stainless steel spoon affixed to a conduit pipe, peristaltic ~ and vacuun jug 

arrangement, .end Bacon·Bomb saq,lers. For sludge saq,llng of pits, ponds, and 
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lagoons; 
conduit 

stainless 
pipe, and 

steel 
stainless 

4.12.3.4 Sarrpllng 

ponar 

steel 

Techniques 
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dredges, stainless steel scoops attached to 

push tubes are available. 

4.12.3.4.1 Liquid Waste Sarrpl ing If the s~l ins technique utilized 

requires multiple aliquots, or if the final s~le will consist . of aliquots from 

several different locations in the . pit, pond, or lagoon, all al iquots should be 

placed into a Pyrexe dish or a large glass s~le container, or other suitable 

coq:xlsiting container, and mixed thoroughly before containerization (Section 

4.2.10). 

The presence of individual I iquid phases can be determined by using a 
peristaltic ~· The Teflone tubing attached to the ~ is strapped to a piece 
of conduit pipe and slowly lowered to the bottom of the unit to be saq>led. The 
~ discharge (and the intake tubing) is examined to determine if phases are 
present. If phases are present, . the top I iquid phase can be s~led by direct 
dipping with the s~le container, or dipping with the saq>le container attached 
to the conduit pipe • either directly or by way of a fishing pole ·type arrange· 
ment, or dipping the saq>le with a stainless steel scoop attached directly to 
conduit pipe with a scoop bracket. Alternatively, · all liquid phases can be 
saq>led with a peristaltic ~/vacuun jug arrangement with the Teflone tubing 
attached to a conduit pipe and held at the desired depth or with the Bacon-Bam 
saq>ler opened at the desired depth. The Bacon-Bam saq>ler can be operated 
directly from the benks of pits, ponds, and lagoons; from piers; or operated by 
way of a fishing pole type arrangement using a piece of conduit pipe. 

spoon 
Floating 
attached 

sol ids can be seq> led· 
to a piece of conduit 

directly 
pipe. 

or with a stainless steel scoop 

4.12.3.4.2 Sludge SI!!!J)l ins --. If the saq>t ing technique involves mul tipte 
al iquots, or if the final saq>le will consist ·of aliquots from several different 

or 

locations in the pit, pond, or lagoon, all at iquots should be placed into a 
Pyrexe dish or other suitable container and mixed thoroughly before containeri· 
zation, as specified in Section 4.2.10. The saq>le is containerized as specified 
in Appendix A. 

Sludge saq>les 11111y be cot lected · by pushing a stainless steel push tube into 
the sludge and eq>tying the tube contents into a Pyrexe dish or other suitable · 
container. 11Eq>tying" 11111y include shaking to remove sludge or extrusion of thick 
or IIIITIIIY sludges with a new wooden dowel. A disadvantage of this technique is 
the need for multiple insertions of the tube into the sludge to collect 
sufficient Sllq)le volune. 

Sludge 
An advantage 
sufficient 

Sllq)les can also be collected 
of this technique is that one 

saq>le volune. for .1110st saq>ling 

with a stainless steel 
operation of the dredge 

efforts. 

One 
attaching 
bracket, 

of the easiest llll!thods of collecting a sludge saq>le 
pipe a stainless 

and inserting 
steel scoop 

the scoop 
to 

into 
a piece of 
the sludge. 

conduit 
The scoop 

ponar 
usually 

d•·edge. 
yields 

consists of 
with a scoop 

bracket has a 
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decided 
between 

advantage 
the scoop 

'in that it allows s&q:~ling persomel to adjust the angle 

and the conduit pipe. 

.. i2.4 Open and Closed Container Sanpl ing 

4.12.4.1 General S&q:~l ing of closed containers (drLIIIS, storage tanks, 
etc.) should be conducted only when absolutely necessary. Whenever. container 
sampling is necessary, the first priority should be the collection of s&q:~les 

from open containers since they generally present less hazard to the sampling 
persomel than closed containers ·(i.e., volatile organic . components have already 
evaporated, extreme acute toxicity would probably be evident from dead animals 
or vegetation arcxn:l the site, etc.). Closed containers IIIJSt be considered as 
extremely hazardous from either the toxicity, explosion, or fire potential. 
Acute . toxicity may pose a danger in . both open or closed containers. Because of 
the dangers involved with container s&q:~l ing, the s&q:~l ing of drLIIIS or other 
containers containing either unknown materials or known hazardous materials shall 
be considered a hazardous duty assigl"'!lent. Additional information regarding 
container . sampling is available· in the draft EPA Safety Manual for Hazardous 
\laste Site Inspections (24). 

Region 
Safety 

IV 
procedures for container sampling 

.:..f.:.:i e:.,.:l~d:..,__H:,::e:.,::a~l~th~· --"a~nd~~S~a.:.:fe:.,.:t:.~Y;.__,:;:M!:!:an~u~a!.!.l (23) 
will be in accordance with the 

and Appendix N. 

A problem which often arises in container sampling is stratification and/or 
phase separation of the container contents. Uhen this condition occurs, or is 
suspected, care IIIJSt be taken to insure that the sample collected is represents· 
tive of the container contents. If only one layer or phase is sampled, this 
should be noted and taken into account when interpreting analytical results. For 
example, if a large tank is being sampled for PCB•s and the only valve or access 
port available for sampling is at the bottom of the tank, it should be noted that 
the concentration of PCB•s might be biased on the high side, since PCB'S are 
heavy and · tend to settle near the bottom of containers. 

If stratification is not present, samples may be composited by depth C i.e., 
collected throughout the entire depth of the container or at several different 
depths) to provide a representative sanple. Uhen a drun or cylindrical container 
is standing vertically, depth compositing provides a good quantitative estimate 
of the containers contents. In other cases · where such containers· are tipped, 
horizontal, deformed, etc., and stratification is not present, vertical 
compositing will provide a representative sample at least on a qualitative basis. 
(Note: a quantitatively representative sample could be collected, ·but would 
require sophisticated sampling Nthodology involving nultilayer sampling and 
volune measurements; this is not recorrmended ~less initial screening imicates 
it is absolutely necessary). Samples NY not be composited across containers. 

4.12.4.2 Sanplins Eaui~nt The following Branch equipment is · available· 
for use in collecting waste sanptes from open and closed containers: a complete 
set of spark-resistant (beryll iun·brass) tools including barrel bung wrenches, 
adjustable wrenches, etc.; a remote barrel opening device; coliwasa samplers for 
drun sampling; glass tlbes for drun sampling; glass profile tl.bes for container 
sampt;ng; Bacon•BOITb samplers for container sampl_ing; and peristaltic pulpS and 
vacuun bottle arrangements for liquid waste sampling from ·containers. 

I 

I 
I 
I 
I 
I 
I 
.J 
t 
I 
I 
I 

' ·J 
I 
I 



I. 
I 
I 
I 

' I 
I 
I 

I 
,I 
I .. , • 
I 
I 

:.ect1on NO ..... , 

Revision · No. 0 

Date: Z/1/91 
Page 22 of 9 

4 .12.4 .3 .::?.S!!lanp=.li.::.nll:lg __ T~e.::c~hn.:..:i.:sau::e::.:::s Closed 
unknown 

druns, 
materials 

or other containers 

(including storage tanks) containing or known hazardous 

materials shall be opened using only spark proof opening devices . and while the 

container is grounded. A remotely controlled device may be used when deemed 

necessary. 
wrench along 

such 
with 

a device 
a brass 

involves 
pressure 

the 
fitted 

use of 
bung 

a remotely 
socket (25). 

operated pneunatic 

The most c0111110nly used Branch saq:~ling device for 55-gallon druns is the 
coliwasa sarrpler. The coliwasa saq:~ler is a single use glass sarrpler, consisting 
of an outer glass tube with one end tapered, and a separate inner glass tube with 
a small bulb on one end. In use, the outer tube is slowly lowered into the drun, 
tapered end first. This- ·IIIJSt be done slowly for two reasons. One, the drun may 
contain solid material which might break the tube and injure the sarrpler. 
Second, slowly lowering the tube allows the liquid phases in the drun to stay in 
equil ibriun with the coliwasa sarrpler, ensuring a representative sarrple. The 
inner glass tube is inserted (bulb end first) into the outer tube. This may be 
done very slowly after the outer tube is fully inserted Into the drun, or the 
inner tube may be inserted prior to irnnersing the outer tube. In the latter 
case, the bulb tip of the outer tube 111.1st be pulled back several inches from the 
tapered end of the outer tube. After both inner and outer tubes are inserted 
into the drun to be saqlled, the inner tube bulb end is pressed gently against 
the tapered end of the outer tube, forming a sea\. Both tubes are withdrawn from 
the drun and the ends. of the tubes are held over the &Bq)le container. By 
manipulating the inner tube, the s~ler can. control the rate of flow of the 
saqlled liquid into the s~\e container. 

Saqlles from druns can also be collected using a four-foot length 
tube. In most instances, glass tubes with a 1/2-inch or less inside 
work best. The tube is inserted into the opening of the drun or barrel 
as possible. The open end is then sealed either with ·the thUID or 
stopper to hold the s~le in the tube while removing the tube 
container. The s~le is then placed in the appropriate container, 
procedure is repeated until an adequate amount of s~le is collected. 
volune shall be held to the absolute mininun required for analysis. 

of glass 
diameter 

as far 
a rubber 
from the 

and the 
S8fl1)le 

An optional method involves the use of a piercer valve which is inserted 
into the drun 

this 
or barrel by use of a remotely operated hydraulic 

method should be used only as a last resort (24). however, 
collected directly from . the valve. Several valves may be required 
depths on the drun or barrel H stratHication has occurred. 

jack (24); 
The s~le Is 

at different 

Other s~l ing procedures including the use of automatic sllq)lers, ~. 
specific siphons, 111.1\tiple valves and ports, etc., may be used depending on the 

container 
established 

involved. These procedures should not be used unless it can be 
This that their use will not constitute a fire or explosion hazard. 

determination shall be lll8de only after field reconnaissance, 
appropriate 
of avai table 

field data (explosion 111eter, photofonizer, etc.), 
file infol'lllltion on the site. 

Tank trucks and storage tanks containing liquid wastes 
problem. S~les uy be collected from access ports on top 
trucks using the techniques outlined above. Tank trucks are 

collection of 
and consideration 

present a unique 
of these tanks or 

often compartment-
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al ized, and the investigator should insure that all _c:oqlartments of the tank 
truck are saqlled. Saqlling from discharge valves usual!" found on tank trucks 
is not recornnended due to potential stratification of th. tank c:ontents and the 
possibility of sticking or broken valves causing a release. However, if the 
investigator 111.1st s&qlle from a tank truck discharge valve, the valving 
arrangement of the particular tank truck being saqlled 111.1st be clearly understood 
to insure that the contents of the Coqlartments of interest are saiJ1)led. The 
same precautions apply to s&qlling from storage tank valves. In either case, the 
investigator 111.1st realize that samples obtained ·from valves (particularly· those 
at ·or near the bottom of tank trucks and storage tanks) may not yield represent· 
ative saiJ1)les; SaiJ1)l ing personnel should not utilize valves on tank trucks or 
bulk storage devices unless they are operated by the owner or operator of the 
facHity, or a containment plan is in place should the valve stick or break. 

4.12.5 lolaste Piles and Landfills 

4.12.5.1 ~ -· &.laste piles consist of sludges and other solid waste, 
liquid waste mixed with soil, slag, or any type of waste mixed with construction 
debris, household garbage, etc. Each situation presents a unique challenge to 
the saiJ1)ler in the selection of an appropriate ·sampling location and technique. 
Sampling at landfills is generally considered ·a routine operation. However, the 
sampling personnel IILISt be aware that, in the past, landfills were not selective 
in the types of waste materials accepted. Therefore, SIIIJ1ll ing at landfills known 

or suspected to contain hazardous wastes could involve SIIIJ1ll ing operations that 
are inherently dangerous to the personnel involved. 

4.12.5.2 Sanpl ing Locations .. S~l ing locations · 
will yield a SIIIJ1)le which is representative of the waste 

should 
pile 

be selected 
or landfill 

which 
being 

investigated. The only exception is situations in which representative samples 
·cannot be collected safely or where the investigative team is atte~J1)ting to 
determine worst case conditions. 

4.12.5.2.1 IJaste Piles •• A representative s~le from a small waste pile 
can often be obtained by collecting a single s~le. The collection of 
representative s~le from large waste piles presents problems . with both the 
nutber and locations of SIIITples. For a s~le to be truly representative, a 
statistical approach should be used in selecting both the rurbers of samples and 
the location where they are to be collected. A discussion of statistical methods 
which can be utilized is given in the Test Methods for Evaluating Solid IJaste 
(SIJ·846) issued by the EPA Office of Solid IJaste and Emergency ··Response (28). 

4.12.5.2.2 Landfil Is Representative samples from landfills are often 
difficult to obtain because of the heterogenous nature of the wastes deposited. 
Geophysical instrunents lillY occasionally be useful · in locating buried druns and 
tanks, but the signal is often lost in the bacltgrOU'Id noise of waste ferrous 
materials. As wfth samples from waste piles, for · a sample to be truly · 

· representative, a statistical approach . should be used in selecting both the 
nuTtier of samples and the location where they are to be collected. A discussion 
of statistical methods which can be utilized is given in the Test Methods for 
Evaluating Solid IJaste CSIJ-846) issued by the EPA Office of Solid Waste and 
Emergency Response (28). The sampler should be aware that landfills · often 
generate leachate ·· at one or 110re locations downgradient of the fill material. 
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Leachate 
landfill 

S8Jillles 
which 

can provide 
are migrating 

a 
via 

limited overview of materials . 

groundwater. 
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deposited in 

4.12.5.3 Sanpl ing Eauipnent -- The following Branch equipnent is available 
for field use in collecting S8Jillles from waste piles and landfH ls: stainless 
steel hand augers, . · stainless steel push tubes, stainless steel shovels, stainless 
steel scoops, stainless steel slag hanmer/slag pan, drill rig, and stainless 

steel spoons. 

4.12.5.4 Sanplfng Techniques All S8Jillles collected should be placed 

a 

into a Pyrexe dish and mixed thoroughly before containerization, as specified in 
Section 4.2.10. Sllq)les for volatile organic COftllOundS analyses. may not be 
cOIJllOsited and nust not be mixed. Stainless steel shovels, spoons, or scoops 
should be used to clear away surface materials before sllq)les are collected. 
Near surface sarrples can then be collected with a clean stainless ·steel spoon. 
Depth s~les can be collected from the cleared location by forcing a stainless . 
steel push tube into the waste pile ·or by augering to the desired depth in the 
landfill ·or waste pile with a stainless steel hand auger. When the desired depth 
is reached with a hand auger, a clean auger· head should be used ·for collecting 
the sa~le. .An alternate method for collecting depth s~les is to dig to the 
desired depth with a stainless steel shovel or scoop and collecting the sa~le 

with a stainless steel spoon • 

Sometimes the waste material is too hard to mix in a Pyrexe dish or the 
sa~le material retrieved is too large to contain in the s~le container Cfor 
exa~le slag wastes). This refractory material may be s~led by crushing 

. representative portions of the waste material with the stainless · steel slag pan 
and hanmer. Once crushed, the material may be thoroughly mixed and containerized 
for analysis. Mixing is done as specified in Section 4.2.10 and the s~le is 
containerized as specified in Appendix A. Any remaining waste materials IIUSt be 
properly disposed of, in accordance with the waste handling procedures for that 
process. 

4.12.6 Contaminated surfaces Sanpl ing 

.4.12.6.1 ~ s.,.,t ing may be required to determine whether or not 
various surfaces are contaminated, or to evaluate the effectiveness of 
decontamination proceck!res. The procedures outlined ·below are intended for non-
absorbent surfaces e.g., metal, concrete, glass, plastic, etc. These types of 
surfaces may be s~led using wipes or swabs that are purchased conmercially. 
The wipe or swab material IIIJSt be compatible with the solvent used and the 
analyses to be performed, and should not come apart in . use. The wipes are 
saturated with either methylene chloride, hexane, or deionized water de~nding 

upon the parameters to be analyzed. S~l ing personnel should be aware of . this 
and take the proper precautions against skin contact and inhalation of these 
solvents as outlined in Appendix N. For routine scheduled wipe sampling, ASB 
requests two weeks notice .to prepare the wipes. ASB aust be notified as ·to what 
analyses are required. ECB ahould provide sufficient precleaned 8•oz s.,.,l ing 
jars to ASB for storage of the prepared wipes. Wipe s~les should not be 
collected for volatile organic c~s analysis. 
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wastes 

may 
4.12.6.2 

include walls, ceilings, floors, 
Saqll ing 

Surfaces 
exposed 

locations 
beams, 
will 

inner 
often 

walls of tanks, 

equipment, 
surface 
horizontal 
likely 

furniture, etc. be .dictated by the 

to be s~led. If 
up. 

possible, however, the surface saqlled should be 

and 
to become 

4.12.6.3 

facing Surfaces in this position · are generally the most 

. contaminated by spills, splashing, settling dust, etc • 

Sampling Equipment Branch s~ling equipment consists 

specially prepared wipes in s~le jars. A sufficient nurber of wipes for 

of 
each 
8·oz saqlle are kept in separate containers. These containers are precleaned 

saqlle . jars. 

4.12.6.4 Saml ing Techniques The saqlle jar containing the prepared 
wipes is opened and ·a prepared wipe is removed. Uipes may be handled either with 
stainless steel ·tongs, tweezers, , or gloves. Gloves may be used only if the 
contaminants of interest are not present in the glove. The entire area to be 

sampled is wiped with firm strokes using only one side of the wipe. The wipe is 
then returned to the . s~le jar from which it was taken. This process is 
repeated until the area is visibly free of contamination or no more wipes are 
left in the jar. Care should be taken to . keep the s~le jar tightly sealed to 
prevent evaporation of the solvent. S~lers must also take care to not touch 
the used side of the wipe, to prevent loss of the contaminants. Unused wipes 
should not be removed. All wipes in the jar will analyzed by the laboratory. 

If surface contamination is to be 
area that is to be wiped must be measured. 
a t~late made of decontaminated aluninun 
size, generally 10 em by 10 em. 

quantified 
This can 
foil with 

(e.g., ug/em2) the 
often be acc~lished 

an opening of the 

surface 
using 

desired 

4.12. 7 Contaminated Doeunents Senpl ins 

4.12.7.1 ~ Contaminated doeunents that require s~l ing are 
business usually 

materials. 
correspondence, 
are destroyed 

records that are suspected to be contaminated with hazardous 
If business records are to be s~led (files, file folders, 

receipts, etc:.), care must be taken that no evidentiary ·materials 
in the s~l ing process. 

4.12.7.2 Samlins Locations Blank letterhead, I.I"'USed 
unlabeled file folders, etc., should .receive first consideration. If 
not present in sufficient 
removing 11111terial from 

SIII!Dl ins 

quantity, 
the I.I"'USed 

Equipnent 

it 11111y be necessary ,. ·to collect the 
portions of the doeunents. 

A Pyrexe pan ·and a .·pair of 4.12.7.3 
decontaminated 

.not be painted 
as specified 
or constructed 

in Appendix B. The handles of the scissors 
of plastic. 

receipts, 
these · are 
Sllqlle by 

s-:issors 
should 

4.12. 7.4 SIII!Dlins Tec:hnfaues -- The llllterial selected for sllq)l ing should 
be as representative as possible. Once· the s~le lllllterial has been removed, it 
must be reduced in size and mixed prior to containerization. This can be 
ac:c:~lished by cutting the paper into 111111ll pieces with a pair of scissors and 
mixing the pieces in 11 glass pan. The shredded material is then placed into a 
precleaned 8·oz glass jar. 
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be kept to a miniiiUII 

4.13.1.4 Analytical SUDDOrt Branch -- Upon arrival· of the metal container 
at the Athens laboratory, the saqlles shall be stored in the metal container in 
a refrigerator until submitted to the chemist for extraction. 

4.13.2 Volatile Organic Conpounds CVOC) Sanpling \lith SUMMA• Electropolished 

Stainless Steel Canisters Using Method T0-14 

4.13.2.1 General ·- The following is a synopsis of procedures which should 
be strictly adhered to for the cleanup and use of 51.11111118 

This SUIIIIIIry 
canisters in saqlling 

air for Volatile Organic C~s (VOC). is adapted from Method 
T0·14 of the COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC 
COMPOUNDS IN AMBIENT AIR. 

SI.JIIIIa8 

The following procecllres lUSt be followed in the preparation and use of 
canisters for s.pling VOC. 

• lli new surmae canisters !!Y!! be individually checked for 

• 

• 

• 

• 

contamination by the ESD laboratory 
of 10 SUIIIIII8 canisters· that are 
analyzed to check for contamination. 

All s~~~~pler tlbing, fittings, 
solvent washed in hexane and 
then be assetrbled and flushed 
prior to use in the s~~~~ple 

apparatus. 

and 
heated 

with 
train 

before use. One of each batch 
subsequently cleaned rrust be 

wetted parts of valves 
to >100° c. These parts 
. nitrogen for at least 

or in the canister 

rrust be 
should 

8 hours 
cleanup 

Each canister's valve 
Any 

and fitting will be inspected for damage 
before cleaning. damaged. valve 
previously cleaned (see procedure above) 
valve, the canister will be cleaned and 
is free of contamination. 

is used to s~~~~ple a high 

will be replaced with a 
valve. 
analyzed 

After replacing. any 
to verify that it 

it If any canister 
must be cleaned and analyzed to. verify it 

concentration 
is free of 

source, 
contamination 

~ it can be used again. 

Chain·of-custody must be maintained for all s~~~~ples • 

4.13.2.2 
be followed 

SUMMA• Canister 
for the preparation 

Cleanup 
of all 

-- The following 
summae canisters: 

cleanup procedure will 

• The canisters should initially be pressurized to >2 atm with 
hunldlfied nitrogen1 then evacuated to 1 atm. This filling and 
evacuation aequence ahall be repeated five times to dilute any 
residual contaminants. The addition of the water from the 
hunidiffed nitrogen lillY also displac:e some of. the 110re reactive 
contaminants that could acllere to active sites on the wall of the 
canister. After the fifth evacuation to 1 atm, the vacuun purp will 
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on and left on for a minillllll of 3 hours or U'lti l a VaCUIIII 

of the 
in the 

valve 
then be 

and the 

millitorr Is reached. 
the date and the fInal 

cleanup 
be capped 

logbook. After 

with 

to the canister 
the person who 

a swagelolce 

denoting 
performed 

The identification number 
vacut111 will be recorded 
cleaning, . the canister•s 

plug. A label will 

the date it was cleaned 

the cleaning. 

1. (The nitrogen should be certified 99.999X pure by the manufacturer. A molecular sieve 
scrubber should be attached to the nitrogen line after the regulator to remove.any trace 
inpJrities). 

4.13.2.3 Sanple Cot tection .. Two types of VOC S&q)les can 
to 

be collected 
fill ·rapidly with SI.JIIlla8 canisters.· The canister can be opened and' allowed 

to obtain a grab s~le or filled slowly by using a flow controller to collect 

a time integrated s~le. Uith either type of safl1'le, the following general 

procedures should be followed: 

• An EPA, 
SUIIJI88 

pre· numbered s~le tag should be tied to the handle of the 

canister prior tO Safl1'( ing. 

• A Chain·Of·Custody Record should be c~leted detailing time of 

Safl1'lfng, S8fl1'lfng interval, and · signed by the person · taking the 

S8fl1'le. 

• After the sanf>le has been· collected, the sl.ll'inae canister should be· 
capped, the pre-numbered EPA tag should be c~leted, and the 
canister should be placed in a shipping container with a copy of the 
Chain·Of·Custody Record and sealed with EPA Sllfl1'le custody tape. 

4.13.2.4 
is collected 

Crab Sanple Collection •• Before a grab SBfl1'le for VOC analysis 
in a S~ canister, the canister inlet valve should be fitted with 

a pre-cleaned (Section 4.13.2.2) stainless steel particulate fitter. At the 
SBfl1'le 
allowed 
can be 

method 

collection 
to ffll. 

heard), 

location, the main valve should be opened and the canister 
After aboUt one minute (when no audible sound of rushing gas 

close and cap the main valve of the S~ canister. 

4.13.2.5 Time Integrated S!!!!p(e Collection This s~te collection 
Involves the use of a flow controller or a SBfl1'ler containing a flow 

control ter to slowly llll!ter the flow of air entering a S~ canister. \lith this 
method, 
Safl1'le. 
a voc 
Interval 

samples: 

a SBfl1'le Is collected over a longer period of time than with a grab 
Jf a constant flowrate was maintained, the resul tlng . SBfl1'le witt have 

content that Is the average of the voc concentrations for the S&fl1'l ing 
(a time Integrated S8fl1'le). 

The following procedures should be followed to collect time integrated 

• All SBfl1'ler systems should be checked for cont1111fnation prior to use 
or after any 11ajor repair. This is acc~lfshed by. metering zero 
air or nitrogen1 · to the Inlet of the S8fl1'ler. Excess zero air or 
nitrogen · flow should be vented with . a Swagetolce tee from the sampler 
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4.13 AIR TOXICS MONITORING 

4.13.1 Formaldehyde Sampling 

Method 10·11 

4.13.1.1 General . -- The 

Using Dinitrophenylhydrazine 

following is a synopsis of 
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Cartridges Using 

procedures which should 

be strictly adhered to for the handling and field use of dinitrophenylhydrazine 

(DNPH) cartridges for formaldehyde saqlling. This is from METHOD T0·11 of the 

COMPENDIUM OF 

AIR. 

The following 

• 

• 

• 

• 

• 

METHODS FOR THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN 

generic procedures should be adhered to ·at all times. 

Polyethylene or Nylon gloves IIIJSt be worn whenever handling 

cartridges (in the extraction laboratory, 

for shipment, during field set·up, in field 
the DNPH 
preparation 
preparation 
preparation 

for return shipment, and in the laboratory 

for analysis and during analysis). 

Coated DNPH cartridge which have been prepared for longer 

days shall not be used. 

AMBIENT 

any of 

during 
during 
during 

than 

All padding material shall be either clean tissue paper or 
polyethylene-air bubble padding. Never use polvurethane foam, 

cardboard, or . newspaper as padding material. DNPH cartridges which 

have been properly prepared for shipment may be shipped in cardboard 
containers or preferably in coolers with eutectic salt (Blue Ice) 
packs. 

Chain·of·custody shall be maintained for all s~les • 

A mininun of one · trip blank shall be transported per one to ten 
samples collected. 

4.13.1.2 Extraction Laboratory Upon conpletion of preparation of the 
DNPH cartridges, both ends shall be plugged ·with polypropylene tuere mate plugs 

and each DNPH cartridge placed in a borosft Ieete glass .cut ture tube with 
polypropylene screw caps (tightened). A serial nu1Der, expiration date and a lot 
numer label . will be placed on each glass culture tube. The batches of culture 
tubes shall be placed in sealed friction-top 111etal containers which contain 1·2 
inches of granular activated charcoal (or a pouch filled with a similar amount 
of charcoal) for storage in the refrigerator. in the Air Laboratory. . The culture 
tubes should be enclosed in two Zip-Locke bags to prevent· contamination from 
charcoal dust. 

4.13.1.3 Air C~liance Unit .. The Air Conpliance Unit will notify and 
keep the Extraction Unit informed IS to the anticipated nu1Der ·of prepared DNPH 
cartridges needed for field use. On routine studies, the Air Conpliance Unit 
will notify the Extraction Unit of needs . at least two weeks in advance of needed 
pick·up . date. Only. the nu1Der of DNPH cartridges needed for a maxinun of 60 days 
(including trip blanks and extra ONPH cartridges for breakage) will be requested. 
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On the date of shipment or when loading out for a study, the Air 

COII1lliance 
cartridges 

Unit 
sealed 

will remove the sealed cans (which contain the DNPH 

the Air Laboratory. 
a particular study, 
to another, smaller, 

in glass. culture tubes) from the -refrigerator 
If only a small rn.nber of tubes are needed 

the correct nli!Der of tubes will be transferred 
solvent-washed shipping can. 

in 
for 

An appropriate amount of packing material shall be placed in the 
metal container to prevent breakage of the glass culture tubes. A 
label shall be affixed onto each metal container listing the nli!Der 
of DNPH cartridges in the container. The metal containers should be 
shipped in coolers containing eutectic salt packs (such as Blue Ice) 
to maintain a t~rature of approximately 4°C. The DNPH cartridges 
shall be shipped the same day they are packed. 

On each s~ling date, the metal container(s) will be removed from 
the refrigerator or cooler for transport to the · field. At each 
sa~l ing location the metal container will be opened and one glass 
culture tube will be removed (wearing clean polyethylene or nylon 
gloves) and allowed to warm to llllbient t~rature (before removing 
the DNPH cartridge from the glass culture tube). The plugged DNPH 
cartridge will be removed from the culture tube and the two Luere 
end plugs will be removed from each end of the DNPH cartridge which 
will be imnecliately placed on the sa~ling train. The -Luere end 
plugs will be placed back into the glass culture tube and the cap 
placed on the tube and tightened. The culture tube will· be left in 
the s~ler enclosure at the site. The same procedure will be 
adhered to at each s~ling location. A trip blank Cin a sealed 
culture tube) will be placed in a s~ler enclosure at one on the 
sites for the duration of a s~ling event. 

sa~ler will be 11111nua ll y turned on and allowed to rLrl for two. minutes. 
flowrate should be recorded on the sarrple date sheet. The timer 

set to turn the s~ler on and off at the desired times. 

The operator should collect the s~le as soon as possible after the 
s~l ing . period ends. The s~ler · should manually be turned on and 
allowed to ....., for two minutes and a final flowrate and elapsed time 
from the elapsed time meter should be recorded on the s~le ·data 
sheet. The exposed DNPH cartridge will then be removed from the 
s~l ing train (wearing. clean polyethylene or ·nylon gloves).· The 
two Luere end caps will be removed from the glass culture tube and 
placed on the ends of the DNPH cartridge. The DNPH cartridge will 
be placed back into the glass culture tube, the lid tightenec: and 
placed back into the metal container. The same procedure is to be 
followed at each s~l ing site. 

At the end of the day on which the s~les are collected, the sealed 
metal can (which contains· the exposed DNPH cartridges) shall be 
either placed in a refrigerator for storage· overnight or placed in 
a cooler. The cooler will be used to transport the s~les to the 
EPA, Region IV, Analytical Support Branch in Athens, GA. The 
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then be filled 

• Initial flowrates will be determined with 

Cat 
sheet. 

a mass flow meter. The 

• 

initial flowrate and initial VaCIAJII 

data 

least 29 inches of Hg) 

should be recorded on the sarrple Adjust the flowrate so 

that at the end of the sarrpl ing 

canister is approximately· 0.9 

interval 

atm. 

the ending pressure 

Final flowrates should also be determined with a mass flow 

Final flowrate and . final vacuun should be recorded on the 

data sheets. The . final vacuun should be between 5 inches and 
of Hg. The final flowrate should be at least sec/min. 

of the 

meter • 

sarrple 

1 inch 

After sample collection, all canisters should be double checked to verify 

that each has an EPA pre•I"'UUbered tag with all 

and seal the 

information filled Out. Place the 

canister 
tape. 

4.13.3 

in a shipping container container with EPA sarrple custody 

Semi ·Volatile Organic Compounds (SVOC) Sanpllng \lith High Volune PUF 

Sanplers Using Methods T0•4 & T0·13 

4. 13.3. 1 General •• The following is a synopsis of procedures which should 
be strictly adhered to for use of the High Volune Polyurethane Foam (PUF) 
sampling method for sampling semi •volatile organic compounds CSVOC) including 

pesticides and polychlorinated biphenyls. This sllllllllry is adapted , from Method 
T0-4 (pesticides and PCBs) and T0·13 (polynuclear aromatic compounds) of the 
COMPENDIUM OF METHOOS FOR THE DETERMINATION OF TOXIC ORGANIC COMPCl.INDS IN AMBIENT 

A!&. 

lledia 
The 

and 

• 

• 

followi~ 

usi~ the 
procectJres 
High Vol~ 

be followed 

•thod for 
in preparation 

Alllpl il"G for 

of PUF 
SYOCs: 

All PUF sampling llledia should be pre-cleaned, loaded 

washed Volune PUF sample cartridges and sealed in solvent 
the extraction lab prior to use. 

Chain·of·custody shall be maintained for all samples • 

into High 
cans by 

4.13.3.2 PUF Cleaning -- The Air Compl lance Unit has responsfbil ity for 
buying the PUF llledia and cutting the PUF plugs. PUF llledia should be .specified 
as ng,! containing any fire retardants. It should be stored in the dark to 
prevent photo·oxidation. It should be less than two years old, and sho:..ld be 

stored in a pesticide free environment. 

tare should be exercised in cutting the PUF. It should be thoroughly wet 
with tap water prior to cutting. A drill press and stainless steel PUF cutting 
die should · be used. The drill press area should be free 
polyethylene cutting block should be used to stop the die at the 
drill press stroke (do not use wood). Water should be sprayed on 
PUF is cut to help prevent snagging. After the plugs are cut, 

of oil and 
bottom of 

the die as 
they should 

a 
the 
the 

be 
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rinsed with tap 
water 

water 
should 

and followed 
be squeezed 

by a 
out. 

rinse with deionized water. Finally, 

the excess 

The rinsed PUF plugs should be placed In a polyethylene plastic bag and 

delivered to the Analytical Support Branch extraction laboratory for preparation 
of the PUF/XAD-2 cartridges. The extraction laboratory · will be given a mini nun 
of three weeks notice for cleaning and checking the PUF/XAD-2 cartridges. The 
cleaned PUF/XAD-2 cartridges should be wrapped in aluninun foil and packed in 
metal cans cushioned by cleaned polyurethane foam to prevent breakage during 
shipment. Prepared PUF/XAD-2 sample cartridges that are pre-packed in solvent 
washed metal cans will be obtained from the extraction laboratory· prior to 
sampling. The cans should be packed· Inside coolers which are lined with 

polyurethane foam for shipment. 

for 
4.13.3.3 

all High 

Sanple 

Volune PUF 
Collection 

sampling. 
The following 

Nylon gloves will be used when handling 

procedures will be followed 

all PUF cartridges and quartz 

particulate pre-filters. Assure that the red silicon upper and lower gaskets, 
cartridge located in the cartridge housing,· are. in place. Then remove the PUF 

from the shipping can, remove from the foil and insert the cartridge into the 
High Volune PUF Sampler's chamber. The pre-fll ter should be installed 
filter holder using caution not to over tighten the fittings. The foil 

in the 
should 

be sealed back In the shipping can. The can should be labeled with 
PUF 

site ID, 
operators name, and sample date, and placed in the High Volune sampler 
enclosure until the sample is collected. 

The High 
minutes. An 
timer should 

Volune 
initial 
be set 

PUF sampler should be turned on and allowed to run for 
flowrate should be recorded on the sample data sheet. 

to turn the sampler on and off at the desired times. 

two 
The 

The operator should collect the sample as soon as possible after the 
sampling period ends. The sllq)ler should be manually turned on and allowed to 
run for two minutes. A final flowrate should be recorded on the sample data 
sheet. The final flowrate should be at least 150 liters per minute. The PUF 
cartridge should be removed, and the quartz pre•fi l ter folded and placed in the 
.!$! of the PUF cartridge. The PUF cartridge and pre-fitter should be re-wrapped 
in the original aluninun foil and placed back in the shipping can. The can 
should be tightly sealed. .c~lete the sample data sheet and Chain-of-Custody 
Record and seal the shipping can with a sample custody seal. Finally, ' the 
shipping can containing the sample should be placed in a cooler containing frozen 
eutectic salt packs (at a nominal t~rature of - 4° C). When all samples are 
collected from all sites, the cooler should be sealed with sample custody tape 
for transport back to the ASB. 

4.13.3.4 Analytical Support 
at the Athens ASB laboratory, the 
in a refrigerator until aLDIIitted 

Branch 
samples 

to the 

-- Upon arrival of the metal 
ahall be atored In the metal 
chemist for extraction. 

4.13.4 Sanpling For Metals Using The Hfph Volume S!!!!pler 

container 
container 
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0 

4.13.4.1 
be strictly 

General 

adhered 

•• The following is a synopsis of procedures which should 

to for the sa~l ing of metals in air. · This SU'IIIIIIry is 

adapted from 40 CFR. PART 50, APPENDIX B • Reference Method For The Determination 

of suspended Particulate Matter In The Atmosphere CHigh Volune 
CFR. PART 50. APPENDIX G - Reference Method For The Determination 
Suspended Particulate Matter Collected From · Ambient Air. 

The followi~ proceclJres lUSt be followed in preparation 
S8111pler. saaples for Etals analyses with the High Yol..-e 

Method), and 
Of Lead 

for collecti~ 

40 
In 

• All filters 
Distribution 
State and 

used will 
Program, 

be supplied by the 
and of the same qual i ty 

EPA National 
as . supplied 

Filter 
to the 

the 
PART 

• 

• 

• 

4.13.3.4 

Prior to 
desiccated 
hunidity, 

A filter 

Local Agency Air Monitoring Stations. 

use, all filters. will be checked for pinholes, and 
at 15°c • 30°C, :t 3°C, and less than 50 percent relative 

:t 5 percent, for at least 24 hours. 

field will be taken to the field, but not exposed. 
Filter field 

blank 
blanks will be analyzed by the Analytical Support 

Branch CASB) 
The number 
of sarrples 

·to determine the background concentration 
of filter blanks will be determined based on 
collected, or one blank for each ten sarrples 

of metals. 
the nllltler 
collected. 

Chain·of·custody must be maintained for all sarrples • 

Sanple Collection Procedures Sarrples will be collected 
High Volune sarrpler 

8: 
as described, and operated in accordance with 

using 
40 CFR, 

50, APPENDIX 

• 

• 

• 

All flow calibration 
Rootsmeter. 

will be traceable 
will be corrected 

to a Primary 
to EPA Standard Standard 

T~rature and Pressure 

orifices 
·Flows 

czs0c and . 760 nm Hg>. 

Digital 
against 

manometers 
a U•Tube 

used 
water 

to determine 
manometer prior 

flow rates 
to use In 

will 
each 

be 
study. 

checked 

Air Compliance Unit personnel will remove a 2·inch strip of the 
will exposect filter from one end and discard it. 

be cut from the same end and transported to 
Two 1·inch 
the ASB for 

strips 
analysis. 

4.13.4.3 
be followed 

Integrated Sanple Collection 
to collect time integrated samples: 

The following procedures should 

• 

• 

Initial 
orifice 

After 

and 
and 

the 

final flow 
a digital 

sample has 
lengthwise ·and placed 
placed in an envel~ .. -

rates will be determined with a calibrated . 
manometer. 

been collected, 
in a filter holder. 
and the envelope 

the filter 
The filter 

sealed. 

will be 

holder 
folded 

is then 
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• A Chain·Of·Custody 
time of s~l ing, 
person taking the 

Record should 
the s~ling 

sa~le. 

be coq)leted 
interval, and 

Page 

which · contains 
the signature of 

the 
the 

After 
appropriate 
container. 

sa~le collection, all sa~le envelopes will 
will 

be 

be 

placed in an 

container. 
Filters will 

An EPA 
be cut 

chain·of·custody 
by the Analytical 

seal 
support Branch 

placed on the 
and transported 

to the ASB for analysis. 

4.13.5 Sanpl ing and ·Analysis of Mercury In Arrbient Air Using Arizona lnstrt.mente 

Mercury Dosimeter Tubes and the Model 511 Gold · Film Mercury Vapor 
Analyzer 

4.13.5.1 ~ -~ The following is ~ synopsis of procedures which should 
be strictly 
air. This 

adhered . to for the sa~l ing 
surmary is adapted from the 

and analysis of mercury (Hg) in arrbient 
Arizona Instrt.mentse CAZI), Model 511, 

Gold Film .Mercury Vapor Analyzer Manual. 

The following generic procedures should be adhered to at all times: 

• Chain-of-custody shall be · maintained for all s~les 

• A mininun of one trip blenlc shall be transported per one to ten 
sa~les collected. 

• All mercury dosimeter tubes shall be cleaned and analyzed each 
s~le day prior to use. 

4.13.5.2 Dosimeter Cleanuo Each dosimeter t&be should be connected to 
the AZJ• model 412 dosimeter controller and AZI• Gold Film Mercury : Analyzer as 
shown in Figure 1 of the AZI• model 511 Mercury Analyzer Operation Manual. The 
mercury analyzer analysis cycle should be started and i-.ediately afterward the 
dosimeter controller's START button should be depressed. This will cause the 
gold plated wire inside the dosimeter t&be to heat up and l fberate any elemental 
mercury that forms an amalgam on the gold plated wire inside the dosimeter. 
Continue this cycle U'ltfl less than 2 ng of Hg is detected from the dosimeter 
tube. Remove the clean dosimeter t&be from the dosimeter controller, tag It with 
the cleanup date and operators name, and connect the inlet and outlet dosimeter 
ports together with a clean · - 8·inch section of 3/1611 ID x 1/1611 wall Tygone 
tubing (this effectively caps the dosimeter tube). 

4.13.5.3, Sanple Collection .. Each s~ling ~ will be calibrated with 
a mass flow meter before and after each s~ling event. Connected the dosimeter 
to the battery .powered sampling ~ with Tygone tubing. Adjust the sampling 
pu!'p to obtain a flowrate of 50 cc/min. The sampling Interval should not extend 
beyond 8 hours. The following steps ahould be followed to collect each sample. 

• Disconnect 
connect 

one end of the Tygone tubing from the dosimeter tube and 
It to the battery powered sampling ~-
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the ~ 
tube 

Program 
dosimeter 
Record the 
and initial 

to run 
inlet 

the desired ·of hours. Position 
of 

start 

the 
flow. 
time, 

so 
tube 

that there is no obstruction 

dosimeter 
flowrate 

nl.llber, site · JD, sa"l'le date, 

on the SB"l'le data form. 

As soon as possible after the SB"l'l ing 

tubing from the sa"l'le ~ 
of dosimeter tube. Record 
Check the ending flowrate 
the SB"l'le data form. 

and comect 
the elapsed 

with a mass 

event, 
the 

time 
flow 

.:::S::!!anp!.!:!..!.l~e-~An~a~l..t.vs~i:..::s Before any mercury 
model 511 should be calibrated. The AZJ• 

disconnect the Tygone 
loose end to the inlet 
from the ~ display. 

meter and record it on 

analysis 
model 511 

of dosimeter . 
should only 

be used 
cleaned 
should 

the AZI• 
under 

and used 
be new. 

laboratory conditions. All glassware 
exclusively for mercury analysis. All 
The following calibration procedure 

should be 
tygon tubing 

is adapted 

scrupulously 
that is used 

from the AZI8 

model 511 operation manual: 

Calibration 

• 

• 

• 

• 

• 

Calibration of the AZI• model 511 is aCCO"l'lished by the reaction of 
a mercuric chloride standard solution with stamous chloride which 

liberates elemental mercury. The elemental mercury is sparged from 
an i"l'inger for analysis in the mercury analyzer. 

Before calibration, a film heat cycle should be initiated to clean 
the mercury analyzer sensor. 

Fresh working 100 ng/ml mercuric chloride standards should be 
prepared daily from a 1000 ug/ml stock solution. From the 100 ng/ml 
working standard, calibration standards of 10 ng/ml, 20 ng/ml, and 
40 ng/ml should be prepared. Use the procedure outlined· in the AZI• 
operation manual to introduce the stamous chloride solution into 
the i"l'inger containing the 40 ng/ml standard. IMMEDIATELY depress 
the SAMPLE START button on the . analyzer. Use· the. calibration 
potentiometer to adjust the analyzer to read 40. Analyze the 10, 
20, and 40 ng/ml standards to verify that · the calibration curve is 
linear. All analyzer readings should be within 2 ng of the actual 
values of the standards. Record the readings in the logbook. 

Once the 111ercury analyzer is calibrated, connect 
dosimeter. tube to the model 412 dosimeter controller. 
zero filter to the inlet of the dosimeter tube. 
press the~~mercury analyzer SAMPLE START button and 
controller START button. Record the analyzer reading 
logbook. Repeat this sequence three times and sun the 
value is the total ng of mercury that was captured on 
tube. 

an exposed 
Connect a 

SiiiiJltaneously 
the dosimeter 
(in ng) In the 
values. This 
the dosimeter. 

Divide 
votune 
mercury 

the sun of the mercury 
of air saq,led (in 

analyzer 
liters) 

. readings 
to give 

(in ng) by the 
the concentration 

total 
of 

present In uatM3. 
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and Dibenzofuran Sarrpl inq Uith High Volume PUF Sarrplers Using 

T0·9 

General 

adhered 

-- The following is a synopsis of procedures which should 
to for use of the High Volume ·Polyurethane Foam CPUF) 

sampling method for sampling for polychlorinated dibenzo·p·dioxins and 

dibenzofurans. 
METHODS FOR 

This S1.11'1'1111ry is adapted from Method T0·9 .of the COMPENDIUM OF 

THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT AIR. 

Since this method requires High-Resolution . Mass Spectrometry which ESD does 
all sample media preparation and analysis will have to be contracted. 

one months notice prior to sampling should be given to the Analytical 
not have, 
At -least 
Support Branch to obtain a contract laboratory program · (CLP) contract for any 
dioxin 
nl.llber 

and dibenzofuran analysis. It is important that the contract 
of details to assure accurate results: 

specify a 

• All of the PUF media and a representative nl.llber of each batch of 

• 

• 

quartz pre·fi l ters should be checked by the contract laboratory to 
assure that there is no contamination. Each PUF plug should be pre· 
spiked by the contract laboratory with · dioxin and dibenzofuran 
surrogates as a check of the accuracy of the method. 

Each set of PUF plugs · end quartz 
In 

media 
cleanup 

filters should be securely packed 
in sealed 
shipment. 
minimize 

containers and 
The sampling 

the time between 

coolers 
should 

end 

Chain·of·custody shall be maintained 

to prevent 
be shipped 

sampling. 

for all samples. 

damage during 
air freight to 

all 
4.13.6.2 

High Volume 
Semele Collection 
PUF sampling for 

•• The following procedure will be followed for 
dioxins and dibenzofurans. 

Nylon gloves will be used when handl fng all PUF cartridges and quartz 
particulate pre·fil ters. Assure that the red silIcon ~r and lower gaskets are 
in place . in 
shipping can. 
PUF sampler's 

the PUF cartridge housing. Remove the PUF cartridge from the 
Unwrap and insert the PUF cartridge into the High Volume (Hi·Vol) 

ched)er. Install ·the pre·filter In the filter holder using caution 
not to over tighten the fittings. The removed al~m~inun foil should be sealed in 
the shipping container. The container should be labeled with the site ID, the 
operators name, and the sample date, and placed in the Hi ·Vol PUF sampler 
enclosure "'til the sample is collected. The Hi·Vol PUF sampler should be turned 
on end allowed to r"' for two mir.Jtes. An Initial flowrete should be recorded 
on the sample 'date sheet. The timer should be set to turn the sampler on and off 
at the desired times. 

The operator · should collect the sample as soon as possible after the 
sampling· . period ends. The sampler should be merwJally turned on and allowed to 
run for two mir.Jtes and a final flowrete recorded on the sample date sheet. The 
final flowrete should be at least 150 liters/mir.Jte. The PUF cartridge should . 
be removed, and the quartz pre·fflter folded end placed In the ~ of the PUF 
cartridge. The PUF cartridge and pre·fll ter should be re-wrapped In the original 
el~m~inum foil and placed beck In the shipping container and the container should 

I 
·I 
I 
I 

' I 
I 
I 
I 
I 
I 
I .... 

I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

be tightly 
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sealed. 
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containing 
salt packs 
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C0"1'lete 
should 

the sa"1'le data and S8"1'le custody sheets. Each 
have a sa"1'le custody seal. Finally, the shipping 

the 
(at 

sites, 

S8"1'le should be placed in a cooler containing frozen 
a nominal t~rature of - 4° C). ~en all sa"1'les are 

the cooler should be sealed with s~le custody tape 
for shipment to the contract laboratory. 

4.13.6.3 ::C.=on:.:;t=.=.r-=a=c~t--=.L:::abo=r-=a~to=::.:ry._. Upon 
contract laboratory, the S8"1'les shall be 
refrigerator until sutmitted to the chemist 

arrival of the metal 
stored in the metal 

for extraction. 

container 
container 

at the 
.in a 
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4.14 CRITERIA POLLUTANT MONITORING . (REFERENCE MONITORS) 

4.14.1 Monitoring Ozone In Ambient Air 

4.14.1.1 General -- The· following is a synopsis of procedures which should 
be strictly adhered .. to for the monitoring of ozone in air. This sUTIII8ry is 
adapted from 40 CFR 50, APPENDIX 0 Measurement Principle and Calibration 
Procedure For ·The Measurement Of Ozone In The Atmosphere and the Quality 
Assurance Handbook for" Air Pollution Measurement Systems, Volune II. Section 2.7 
CEPA·600/4·77·027a). 

The followir11 lUSt be followed in ..,itorir11 for ozone in 
aabient air: 

• Calibration systems will meet 40 CFR, Part 50, Appendix D 
specifications for a Primary Standard Calibration Photometer. 

• Calibration systems will be verified .against the National Bureau of 
Standards (NBS) Standard Reference Photometer #10 before use. 

• Monitor enclosures will meet the specifications of monitor 
reference/equivalent designation for ten-perature control. 

• Probes must meet the requirements stated in 40 CFR, Part 58 for 

• 

• 

materials and s~le · residence time. 

flow calibrations 
will be corrected 

and 760 nm Hg). 

will 
to 

be 
EPA 

Chain·of-custody must be maintained 

traceable 
Standard 

to a Primary 
Temperature and 

at all times • 

Standard. 
Pressure 

4.14.1.2 Monitoring Procedure Measurements will be made 
PART 50, 

using the 
procedure as described, and operated in accordance with 40 CFR, APPENDIX 
0: 

• 

• 

• 

• 

• 

Monitors 
and at 

Monitors 
quality 
exists. 

will 
least 

will 

be calibrated at the 
quarterly during the 

be calibrated after 

beginning 
study. 

major 
assurance (QA) check shows an 

and end of each study, 

maintenance or when 
out-of-control condition 

A zero/span check will be conducted daily on all monitors • 

Precision 

Quality 
A will 
studies. 

checks 

assurance 
be conducted 

of all 111onitors will 

audits as specified 
quarterly, or at 

be conducted at least 

in 40 CFR, Part 58, 
least once for short 

weekly. 

Appendix 
duration 

a 
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· controllers. Flow rate look-up 

on a routine 

tables will be . verified using 

calibrated orifice basis, or at least annually. 

4. 14.2 .3 .!.1 n!.!.t!:.!e~gL!.r.!!.at!:.!ed:J:!.._.....::S~a~np~ll-le::.....~C::::.O:..:lll-le:.::c~t.:.;i oi:::..:n 
be followed to collect time integrated saqlles: 

• 

• 

Initial 
manometer 

and final flow rate will 

based on the manufacturer 1 s 

SBqlle is collected, 

The 

be 

following procedures should 

determined 
flow rate 

with 
look-up 

will be folded 

a digital 

table. 

lengthwise 

a 

After the 

and placed 
an envelope 

in a filter holder. 

the filter 
The filter 

sealed. 

holder is then placed in 

and the envelope 

• A Chain-of-Custody Record should be Caqlleted detailing the time of 

SBqll ing and the saqll ing interval, and the signature of the person 

taking the SBqlle. 

After the SBqlle are . collected, all saqlle envelopes 

appropriate container. An EPA chain-of-custody seal will 
will 

be 

be placed 
placed 

in an 
on the 

for final container 
weighing 

4.14.3 

and the container 
of fll ters. 

transported 

Sanpl ing Of Particulate Matter 

to the Athens, Georgia facility 

In Air As PM10 

4.14.3.1 ~ -- The following Is a synopsis of procedures which should 
PM10 in air. be strictly adhered to for the saqll ing of particulate matter as 

This SU1111ary fs adapted from 40 CFR 1 PART 50 1 · APPENDIX J • Reference Method For 
The Determination Of Particulate Matter as PM10 In The Atmosphere and the 
Quality Assurance Handbook for Air Pollution Measurement Systems, Volune II. 
Section 2.11 CEPA•600/4·77·027a>. 

The following procedures nust be followed in saqll ing for particulate 
matter as PM10: 

• 

• 

• 

• 

• 

All fitters 
Distribution 
State and 

used will 
Program, 

Local Agency 

be 
and 
~ir 

supplied 
of the same 
Monitoring 

by the 
quality 

Stations. 

Prior to use, all f ll ters will be checked 
at 15°c and less than desiccated 

hunldity t 5 percent, 
- 30°c t 3°C, 

for at least 24 hours. 

Initial and final 
AIr Caqlliance 
quality assurance 
be reweighed. 

<exposed> 
Unit. One 

check. 

filter weights 
of ten f ll ters 

For batches less 

will 
will 

than 

EPA 
as 

National 
suppl led 

Filter 
to the 

for pinholes, and 
50 percent relative 

be ·determined 
be reweighed 

ten, one filter 

by the 
as a 
will 

After sampling, fitters will be desiccated as described above • 

Chain•of·custody must be maintained for all Saqlles • 
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4.14.3.2 Sa~le Collection Saq>les will be collected using the High 

Volune 
APPENDIX 

saq>ler 
J: 

as described, and operated · in accordance with, 40 CFR, PART so, 

• 

• 

• 

4. 14.3.3 
be followed 

• 

• 

• 

All flow 
Standard 
Teq>erature 

cal I brat ion 
Rootsmeter. 

orifices 
Flows 

C25°C 

will 
will be 
and 760 

be traceable· 
corrected to 

to 
EPA 

a , Primary 
Standard 

and Pressure nm Hg). 

Digital 
against 

manometers used for flow rate detennination will be checked 
a U·Tube water manometer prior to use in each study. 

Volunetric flow controllers will be used 
will be detennined using the manufacturer's 
suppl led with the controllers (Section 
look-up tables will be verified using 
routine basis, or at least amually. 

Integrated Sai!'Dle Collection The 
to collect time integrated saq>les: 

Initial 
on the 

flow rate will 
manufacturer's 

be detennined with 
flow rate look-up 

on all PM10 saq>lers. 
flow rate look-up 

No. 4.14.2.2). Flow 
a calibrated orifice 

following 

a digital 
table. 

procedures 

manometer 

Final flow rate will be detennined with the same method • 

will be folded · 

Flows 
table 

rate 
on 

should 

based 

a 

After the 
and placed 
an envelope 

saq>le 
in a 

and 

is collected, 
filter holder. 
the envelope 

the 
The 

filter 
filter holder is then 

lengthwise 
placed in 

• A Chain·Of•Custody 
saq>l ing and the 
taking the saq>le. 

saq>le collection 

Record 
saq>l ing 

all 

sealed. 

should be ceq>leted 
interval , and the 

saq>le envelopes 

detailing 
signature 

the 
of the 

time of 
person 

After 
appropriate 
container 

container. An EPA chain-of-custody seal 
will 
will 

be placed 
be placed 

·facility 

in an 
on the 

for final 
weighing 

and the container 
of filters. 

transported to the Athens, Georgia 

I 
I 
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I 
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4.15 SATURATION MONITORING (NON-REFERENCE MONITORS) 

4.15.1 Pm10~s~a~t~u~r~at~i~o~n~ ..... ~M~o~n~it~o~r~in~9L-..... ~U~s~i~n~s ..... ~N~o~n~-R~e~f~e~r~en~c~e~ ..... ~P~o~r~ta~b~l~e~_.M~o~n~i~t~o~rs 

Introduction This docunent gives procedures · for use of the 4.15.1.1 
PM10 Saturation Monitors constructed by Lane Regional 

These .anitors 
Air Pollution Control 

Authority located in Springfield, Oregon. are not referenced by 

the U.S. EPA. 

4.15.1.2 General Description •• Each monitor is shipped with the following 

items: 

Description 

Sllq)ler Body 
. PM10 Head 

Filter Holders 
Rechargeable Battery Packs 

2 

2 
Battery Charger 
Sampler Hanger 
Storage · Boxes 

Procedures for siting 
inspection and preparation, 

2 

requirements, 
Sllq)ler preparation, 

monitor calibration, 
· and battery pack 

filter media 
preparation and 

changing are discussed in Appendix 0 of the manufacturers Operations Manual. 

4.15.1.3 Calibrations -- Calibrations will be performed before and after 
each study for each sllq)ler. Recalibration will be . performed before field use 
on units which require major maintenance. Detailed calibration procedures are 
given in Appendix 0 of the manufacturers Operation Manual. 

4.15.1.4 Sanpling Procedure This sampling technique 
regulations for PM10 sampling. with EPA's arrbient air 

been shown to represent 
monitoring 

effective and efficient means for the 

does not comply 
The method has 
collection of 

quality PM10 data. 

~le Preparation: 

• Filters will be kept in protective cassettes. Prior to use, all 
filters will be visually inspected for defects. 

• Each filter will have an ID I"U''ber assigned to it. 

• Each battery will be checked before load· out • 

s.ple Collection: 

• Record infol'lllltion on Data Sheets. 

• Install clean fll ter, and start system to check for leeks. 

• Set Initial flow to 5 L/•in, and stop system • 
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• Input timer program, and verify. 

• Input pulse factor into calculator, and start system. 

Sample Retrieval: 

• Start system, and record the ending flow rate. 

• Note the ending sempl ing 
Sheets. 

conditions, and record any problems on Data 

• Remove and replace sample filter following the double bag procedure. 

s~le Preservation: 

• Extreme care must be taken in removing 
of filter heads. 

exposed filters and reloading 

• 

• 

Filters will be returned to the original 
ID nuTber verified. 

Coq,lete 
container 

data sheets and store them and 
sealed with custody . tape. 

4.15.1.5 Sample Custody Chain·of·custody will 
the sa~l ing stu:fy. Chain·of·custody procedures 

of this manual. 

Carbon Monoxide Saturation Monitoring 

IESDVED 

sa~le cassettes, and the 

the filter samples in a 

be followed at all times 
can be fOUld in Section 
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5.0 FL~ MEASUREMENT 

5.1 INTROOUCTION 

Revision 
Date: 
Page 

No. 

2/1/91 
of 

0 

.The measurement of flow With surface water and wastewater Saqll ing is 

essential to almost all water pollution control activities. Activities such as 

water quality enforcement studies, NPDES permit Caqll iance monitoring, water 

quality .monitoring, nu\icipa.l 
and research rely on accurate 

operation and maintenance investigations, planning, 
flow measurement data. The iq:lOrtance of obtaining 

accurate 
enforcement 

flow data cannot 
investigations 

be overeqlhasized, particularly with respect to 
since these data will be used as evidence in 

enforcement case preparation. . . NPDES permits often limit the quantity (mass 

loading) of a particula~ pc)llutant that may be , discharged, and the · calculation 

of mass . loadings are also frequently necessary for water quality studies and 

other purposes. As much attention and care should be given to flow measurement 
in the design of a sa~l ing program as to the collection of sanples and their 
subsequent laboratory analysis. 

The basic objectives. o{ this· section are to: 

• outline standard practices. for Branch personnel . with respect to 
· wastewater flow measurements during water. enforcement and NPDES 

compliance monitoring activities and other studies where wastewater 
flow measurements are required; 

• outline standard practices for obtaining surface water flow during 
water quality surveys; 

• present acceptable, used flow measurement techniques; and 

• . present general and specific 
equipment 

quality assurance procedures ·for Branch 
flow measurement and techniques. 

A complete discussion of all available flow measurement • techniques and the 
theory 
common 
list 

behind them is beyond the scope of this manual. However, most of ·the 
techniques currently in use are covered 

of references is included at the end 

discussion of flow measurement techniques . may 

5.2 WASTEWATER FLOW MEASUREMENT 

5.2.1 ~· 

The USDI Water 
details on che~king 

guidance for making 
common wastewater 
Inspection Manual, 
for such measurements. 

5.2.2 Site Selection 

Measurement Manual (1) is 
the installation of primary 
wastewater flow measurements 

flow measurement 
May 1988 (2). 

systems 
This manual 

in general terms. A comprehensive 
of this section and a detailed 
be found in the references. 

the standard 
open chamel 

and a basic 
are given In 

shall be used 

Branch reference 
flow devices. 

description 

for 
B11sic 

of all 
the ~E~PA~~come~~l~ia~nc~e 
as Branch guidance 
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It is the field . investigator's responsibility to insure that the ·wastewater 
flow measurement system or technique· used. measures the total wastewater 
discharged (described by the NPDES permit, if applicable). All . recycled waters 
rrust be accounted for so that any · reported flows accurately reflect the volune 
of wastewaters discharged. The actual location of wastewater · flow measurement 
is not i~rtant < so long as . these criteria are met; and the location chosen is 
suitable for the technique or flow measurement system utilized ·to· actually 

measure flow. 

5.2.3 Flow Measurement Systems 

Flow may ·be measured on an instantaneous or a continuous basis. ·A typical 

continuous system consists of a primary flow device, a flow. sensor, . transmitting 

equipment, a recorder, and. possibly a totalizer. Instantaneous flow measurements 

can be obtained without using such a system. 

The heart of a typical continuous flow ·measurement . system is the primary 
flow device. This device is constructed to produce · predictable hydraulic re-
sponses 
Examples 

which are related to the ·.flow · rate of water or wastewater through it. 
of such devices inclUde weirs and flunes . which relate water depth Chead) 

to flow, Venturi end orifice type meters which relate differential · pressure to 
flow, and magnetic . flow meters ·which relate induced electric voltage to flow. 
Standard primary flow devices have undergone detailed testing end . experiments· 
tion, and their accuracy has been verified. 

A flow 
the primary 
Typically, 
differential 

sensor is required to measure the particular hydreul ic responses 1 of 
flow measurement device · end transmit them to the recording system. 

sensors include floats, pressure , transducers, capacitance probes, 
pressure cells, electromagnetic . cells, etc. 

The sensor 
cal,. or electronic 

signal is generally converted using 
which 

. mechanical, · electromecheni-
_systems into ··~its of flow ere recorded 

utilize 
the total 

directly on a 
chart or· transmitted 

·generally equipped 
into a data system. 

with a flow totalizer 
Systems ·which a recorder ere 

which displays flow on o real 
time basis. 

Studies that necessitate continuous · flow measurements require :·a i::~lete 

system. Instantaneous 
any portion of · such 
Section are available 

flow measurements . ·do not necessarily dictate the use of 
a system. Techniques which · are described later 'in this 
for measuring instantaneous flows with portable equipment. 

An important consideration during wastewater studies is that the investi.: 
gator 
taneous 
utilized 
portable 
facility 

may went to ·obtain continuous 
flow data ere being measured. 

for ~~eking . instentaneous 
field sensor and recorder 
being investigated does 

continuous flow record is ·desired, 
be installed. ESD investigators 
conduit flow meters available · for 
detail the installation·. of primary 

. treat this area quite adequately. 

·flow data at 
If en open 

measurements, 
is necessary. 

not utilize 

a facility where ·only . irtstan· 
channel primary flow devic~ is 

only the installation · of a 
If, on. the . other "hand, the 

a priniary flow device, end a 
a portable primary flow device will have to 

have both ope., channel equipment and closed 
field use. This chapter · does not cover ·in 

flow devices, but ·many of the references cited 

a· 
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Uastewater flow measurement 
flow measuring 

any system 

systems are generally very accurate. The total 

error inherent in a 
However, 
of the 

flow. 

system is the sun of each component part of 

the system. 
! 10 percent 
wastewater 

that cannot the wastewater flow measure 
unacceptable 

within 

actual flow is considered 

5.2.4 Use of Existing Flow Measurement svstems 

The . installation of systems to measure wastewater 

consuning task, particularly if a primary device is not 

Branch field personnel shall always use existing ·facility 

and flow measurement systems when the accuracy of these 

can be verified. The objective . of this section 

for use in measuring 

flows 
available. 

primary 
devices 

is to 

can be a time 
Therefore, 

flow devices 
and the system 

outline · · the 

responsibilities of Branch field personnel in verifying the accuracy . of existing 

primary flow devices and systems. 

system 
The· field 

(including 
investigator 

primary 
nust verify that any existing 

flow device) uti l heel to measure 
flow measurement 
wastewater flows 

conforms with recognized design and installation standards, and any deviation 

from standard conditions shall be thoroughly docunented. The accuracy· of the 

primary_ flow device should 
flow measurement. If there 
device or if the device has 
install a portable primary 

be checked by making an independent 
is 

been 
fiow 

no usable 
mislocated, 

device. 

or existing primary 
the investigator 

"calibration" or 
flow measuring 

shall attempt to 

If the discharger's flow measurement system is accurate within ! 10 percent 
of the actual flow, the investigator can use the installed system. The accuracy 
of flow sensors and recorders can be easily checked for open channel flow devices· 
by making an instantaneous · measurement utilizing the primary flow device and 
c~ring this against the recorder reading. The accuracy of the recorder time 
trace shall be· checked by actually marking times on the flow chart and comparing 
these to the correct time. It .is necessary to make an independent flow 
measurement when closed conduit systems IIUSt be checked, although ESD inspectors 
have a closed conduit system (Polysonics) available. If the existing equipment 
cannot be calibrated- in a timely manner, the investigator should install a 

. portable flow sensor and recorder for the duration of the investigation. The 
installation and use of such equipment is preferred over ·attempts to correct 
erroneous flow measurement systems. The investigator should note the action 
taken in the study or· inspection report and inform the discharger that the 
equipment should be calibrated. as soon as possible if flow is required for 
calculating mass loadings or is itself a permit . monitoring requirement. If non· 
standard primary flow ·devices are being used, data supporting the accuracy and 
precision of the methods being employed should be provided by the discharger. 

5.2.5 Specific Techniques 

This section outlines 
c0111110nl y used methods for 
that will be encountered 
techniques are presented 
cable to both open channel 
methods are grouped under 

and familiarizes the . field investigator 
wastewater flow measurements and the 

during field studies~ Volunetric 
at the beginning of this section, since 

and closed conduit flow situations. 
categories dealing with open channels 

with the most 
primary · devices 

·and dilution 
they are appl i • 

The remaining 
and closed con· 
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duits. The general method of checking individual primary flow devices is given, 

where . appl !cable. · Several estimation techniques are presented. However, it 

should be recognized that flow estimates do not satisfy NPDES permit monit~ring , 

requirements unless the permit specifically states that this is permissible. The 

following methods are included only to enable the field investigator to make 

accurate flow estimates when necessary. 

5. 2. 5. 1 .!V~o~l ume~~t:.:.r.l.i.!:.c __ ..!T.::e.:c:,::hni.!.i~g:r.::u~e~s Volumetric flow measurement . techniques 

are among the sin.,lest and most accurate methods for measuring flow. These 

techniques basically involve the measurement of volume and/or the measurement of 

time required to fill a container of known size. 

5. 2. 5. 1. 1 . Vessel Volumes · The measurement of vessel volumes to obtain 
flow data is· particularly applicable to batch· wastewater discharges. Accurate 
measurements of the vessel volumes and the frequency that they are dLI!ped are all 
that is required. An accurate tape to verify vessel dimensions and a stop watch 
are the only required field equipment. The .!!fQil Conpl lance Inspection Manual 
(2) is a useful reference · on the equations for calculating volumes of various 
containers. 

5.2.5.1.2 Sump Pumps This measurement is made by observing the SLJIP 

levels at which the p.JTpS cut on and off and calculating 
the nunber 

the volume contained 
between these levels. This volume, along with of pump cycles, will 
give _ a good estimate of the daily wastewater flow. The 
account for the quantIty of wastewater that flows into 
pu11ling cycle. 

inspector 
the SLJIP 

IIIJSt 
during 

also 
the 

5.2.5.1.3 Bucket and Stop Uatch -- The bucket and stop . watch technique is 
particularly useful for the measurement of small wastewater flows. It is accur· 
ate and easy to use. The only equi~t required to make this measurement is a 
calibrated container (bucket, . drun, tank, ·etc.) end a stop watch. . A mininun of 
10 seconds .to fill the container is reconmended. Three consecutive measurements 
should be made, end the results should be averaged. 

5.2.5.2 Dilution Methods -· Dilution methods for water . and wastewater flow 
other measurements 

quantifiable 
specialized 

are based 
property 

equipnent, 

on 
of an 
special 

the color, 
injected 

attention 

conductivity, 
tracer. The 

to detail by. 

fluorescence, 
dilution methods · 
the _Investigator;· 

or 
require 
and ere 

time consuning. However, these techniques offer the investigator: 

(2), 

• 

• 

• 

The 
end 

a method 
methods 

for making instantaneous flow measurements 
to- use; ere inappropriate or inpossfble _ 

a reference 
primary flow 
standard or 

a procedure 
systems. 

procedure of high accuracy 
devices and -flow 111easurement 

are f~rproperl y f~talled; and 

to check 
systems 

to verify the accuracy of closed conduit 

where other 

in·situ those 
that ere non· 

flow measuring 

Turner Designs nomograph (3), the NPDES Compliance Jns~etion Manual 
the Geological Survey publication (4) out! fne reeonmended reference 
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I 
I 
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dilution method utilizing Rhodamine ut dye is the , , preferred procedures. 
reference 
accuracy 

The 
procedure 

of flow 

to be utilized by Branch personnel , when verifying the 

measurement , systems. 

5.2.5.3 Open Channel Flow Measurements, The measurement· , of wastewater 

flow in open channels is the most frequently encountered situation in field 

investigations. An open chamel is defined as any open 'conduit, such as a 

channel or flume, or any closed conduit, such as a pipe, which is not flowing 

full. The most corrmonl y encountered methods and primary flow devices used in 

measuring open channel wastewater flows are described in this section. Several 

flow estimation techniques are also presented. 

The measurement accuracies quoted in this section apply only to the 

specific method , or to the primary flow device being discussed.· The total error 

in a continuous flow measurement system, which is the sun of the errors involved 
of each c~nent, is beyond the scope of this discussion. The reader is 

referred 
discussion. 

to the list of references at the end of this chapter' 

5.2.5.3.1 ~ A weir is basically defined as an overflow 
built according to specific design standards across an open chamel . 

for such 

structure 
to measure, 

a 

the flow of water. The , theory of flow measurements utilizing weirs involve the 
release of potential static energy to kinetic energy. Equations, can be derived 
for weirs of , , specific geometry which relate static head to water flow 
(discharge). Weirs are generally classified into two general categories; broad 
crested and sharp crested. 

Broad crested weirs take the Q=CL~/2. Values for 
coefficient C are given in hydraulic 

following 
handbooks 

form; 
(5, 6). Unless' such weirs 

the 
have 

for been independently calibrated, they are, usually not accurate enough 
wastewater floW measurements. 

Sharp crested weirs are , constructed in a wide variety of 
conmonl y encountered are: V·notch, rectangular, and Cipolletti 
weirs are constructed as outlined in the USDI Water Measurement 
are , considered standard primary flow devices. 

shapes; 
weirs. 

Manual 

the 
If 

(1), 

most 
such 
they 

All weirs should be inspected to determine if the weir installation and 
construction conform to ttie conditions given in the USDI Water Measurement Manual 
(1) and provide a 111iform influent flow distribution, and the weir is placed 
squarely across the chamel perpendicular to the direction of flow. Useful tools 
for checkina weir , construC:tion and installation include a carpenter's level, a 
framing square, a measuring tape, and a staff gage. Any problems observed ~ring 

the inspection or study should be noted in the field log book. 

A set of weir tables is necessary for calculating flows. , The USDI Water 
(7), and the !!£Q 

set of tables. 
Measurement Manual (1), the Stevens Water Resource 
:OP!=.:.n.:....--C::h.:..:II:.:.Me=.:..l _ _:,.F.:.;lOW::.._..M~e::..:II:,:S:.::U::..r:;:em~le:;.:.n~t----H~a:::,ndbo=::::OQk , (8) contain 

Data Book 
a c~lete 

. 5.2.5.3.2 
to those that 
throat should 

Flumes •• The conditions that nust be met in a flume 
occur at a weir or spillway crest since water passing 
not be i~ by downstream conditions (constrictions,· 

are similar 
through the 

bends in 
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channel, obstructions). There are several · of flunes, Palmer-Bowlus, 

Cutthroat, H, and Trapezoidal, but the most 

types 
widely used · is the Parshall fl~. 

The Parshall flune is considered a standard primary flow· device when 

and installed as outlined in the ~U~SD!:!.;I!-..;\I!!!a!.!t.se:!..r-...!M~eosa~sl:!:ur~eme~:un~t--..!:;M!.!!a:.:nu~a~l · (1). 

discussion of other types of flunes is given in references 9, · 10, 

constructed 

A c~lete 
11, and 12. 

All flunes should be inspected to determine if entrance conditions provide 
a uniform influent flow distribution, the flune dimensions conform to those given 
in the USDI \later Measurement Manual (1), the flune. converging throat section is 
level, and ·the throat section walls are vertical. Useful tools for . checking the 

· construction and installation of Parshall Cand other) · flunes include a 
carpenter's level, a framing square, and a measuring tape. The flune should be 
closely examined to determine if it is discharging freely. If there is any 
question about free discharge, the downstream head CHb) should be measured and 

. c~red to the head ·. at the proper location CHa) in the converging . s17ction. A 
staff gage is useful for making head measurements. Any problems observed during 
the inspection or study should be noted in the field log book. 

A set of flune tables is necessary for calculating flows. The USDI \later 

""Me:::.:a::.:s.,u:.:..r:::.:eme=.:.n..,.t __ ,.:.M..,a::.:nu=a=l (1), the Stevens \later Resources Data. Book (7), and the !!£Q · 
Ooen Channel Flow Measurement Handbook (8) contain a c~lete set· of· tables. The 

explanatory material acc~nying these · tables should be read and understood 
before . they are used. In many cases, tabulated flow values are given for 

measured heads that are not within the usable measurement range. 

5.2.5.3.3 Open Flow Nozzles flow nozzles such as parabolic or 
Kennison 
a flow 

·nozzle 

nozzles are factory calibrated 
Calibration 

Open 

and 
and 

are ordinarily supplied as part of 
measurement system. 
should be supplied by or obtained fran 

installation information for 
the 11111nufacturer.· The ·accuracy_ 

each 
of 

these 
flow 

devices· 
(10). 

is reported 
A framing 

volunetrlc 
volunes 

flow measurement 
are not excessive. 

to be often better than ! 5 percent of the indicated 
square is useful for checking the installation. A 

IIIIIY be used to check accu~acy of this device If flow 

5.2.5.3.4 Velocity-Area Method -- The basic principal of . this method is 
that the flow in a chamel (cubic feet/second) is equal to the average velocity 
(feet/second) times the cross sectional area (square feet) of the chamel. The 
velocity of the water or wastewater is determined with a current meter; the area · 
of the. chamel is either measured or calculat·ed using an approximation technique 
in conjunction with a aeries of velocity measurements. The USGS mid•section 
method and the stream gaging techniques described in the USGS publication, 
Discharge Measurements at Gaglns Stations (9) shall be the standard_ practice of 
the Branch. This technique shall· be used (where appropriate) as an indepe=-ient 

· flow measurement to verify_ the accuracy of existing flow measurement systems •. 

5.2.5.3.5 Slopr·Area Method · •• The slope-area method consists 
slope of the water surface, In a uniform 
sectional area of that reach, 
flow rate is estimated fran 

to estimate 
the Maming 

estimation. technique. 

5.2.6 Closed Conduit Flow Measur~ts ·· 

reach of ch~rinel, and the 
the flow rate of an open 

formula C5, 6). This 

of using · the 
average 

chamel. 
method 

cross· 
The 

· is an 

I 
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The accuracy of closed conduit 
necessary, by making · an independent 

flow measuring 
flow measurement, 

devices shall be checked when 

preferably using a dilution 

technique. 

5 .2.6. 1 Venturi Meter 

head 
flow. 
11, 

to velocity 
The typical 

12, and 13). 

head whereby 
accuracy 

The Venturi· 
a differential 

of a Venturi 

5.2.6.2 Orifice Meter The Orifice 
vice that measures flow by the . difference 

meter ~loys · a conversion of static 
is created that is proportional to 

meter is given at 1 to 2 percent (10, 

meter is a pressure differential 

in static head. Orifice meters 

de· 
require 

from 40 to 60 pipe diameters of straight pipe upstream of the installation. . They 
is can be quite accurate, i.e., within 0.5 percent, although their usable range 

limited (10). 

5.2.6.3 Flow Nozzle ·The basic of operation is .the same as 

that of the Venturi meter. The flow nozzle 
principle 

has an 
Venturi. 

entrance section and a throat; 

but lacks the diverging section of the Flow nozzle 

approach those of Venturi meters (10). 

5.2.6.4 
ates according 

and stream, 
accuracy of 

:.E.:.:l e:,.:c:..:t..:.r~oma=g:cne.:::.::t..:.i .::.c __ .....:F~l~o:::w_:;:,M:;;.,et:.:eo:...r • • The electromagnetic 
to Faraday's Law of Induction where the conductor 

the field is produced by a set of electromagnetic 
the device is within ! 1 percent of full scale (10). 

accuracies can 

flow meter 
is the 

coils. 

oper·. 
liquid 

The 

5.2.6.5 Other Closed Conduct Devices References for other closed con· 
· duit 

~ 

flow measurement methods such 
curves, and water meters can 

(2). 

5.3 SURFACE WATER FL~ MEASUREMENTS 

5.3.1 ~ 

as acoustic flow meters, trajectory methods, 
be fOin:l in the ~NP~D~E~S~~C~omp~l~i~a~n.::.ce:;;..._~l~n~spe~c~t..:.i~on 

Surface waters are considered to be open chamel for flow measurement 
purposes. All of the techniques utilized by Branch persomel to measure open 
channel flows have been discussed in the wastewater flow measurement portion of 
this section. Except for very small surface streams, the installation of primary 
flow devices is not practical. Most surface water flow measurements are made 
utilizing classical stream gaging techniques. These techniques involve the use 
of the velocity-area • open chamel technique which was 'discussed in the wastewater 
portion of this section. Branch personnel shall use the techniques outlined in 
the USGS publication Discharge Measurements at Gaging Stations (9) to: 

• select the flow measuring · site; 

• perform stream gaging; and 

• calculate flow. 

5.3.2 Techniques 
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Where possible Branch stream ·. studies shall be conducted utilizing . existing 
permanent . stream gaging stations operated by the USGS, the u. s. Artrrt COE, or 
other federal or state agencies. These permanent . gaging statior')s have estab-
lished water stage - discharge ·relationships that permit the flow to be obtained 
from water stage measurements. Staff .gage or recorder · readings· of water stage 
at these stations may be converted to flow by using the rating· curve for that 
gaging station. The rating curve is available from the oper~tor of the permanent 
gaging station. An ac:lc:litional benefit of utilizing these permanent gaging 
stations is that long-term flow records are generally · available. These long-term 
flow records are invaluable in planning water quality studies and assessing data 

trends. 

Uhere permanent 
have to be measured 
is to be used more 
should be developed 

gaging 
utilizing 

than 
for 

one 
that 

stations 
classical 

time during 
station. 

are not present, surface . water flow will 
stream gaging techniques. Jf · a station· 
a water .quality survey, a rating curve 

This _ may be done ·by making a series of 
independent flow measurements and .simultaneous tape down or staff gage 
measurements for that station (see Section . 7) at different water levels. · The 
rating curve is developed utilizing the same measurement section · each time; at 
least two, preferably three, flow measurement ~ tape downs should be made. The 
flow measurements used to develop the rating curve must bracket the'· lowest and 
higtlest· flows encountered during the study.. A tape-down rating ·curve is 
constructed by plotting the 'tape-down measurements verses flows on a· piece of 
semi -log graph paper. 

5.4 GENERAL OUALITY ASSURANCE PROCEDURES 

All Branch personnel shall use the techniques and procedures for making 
wastewater and surface water flow measurements outlIned in this section. The 
USDI Uater Measurement Manual (1), the USGS publication pischarge Measurements 
at Gaging Stations (9), the EPA NPDES C0110l lance Inspection· Manual ·(2) and a set 
of weir and flune tables shall be supplied to all Branch: field eq,loyees. How· 
.ever, the measurements of wastewater and water flows require considerable exper-
ience. Therefore, no Branch eq,loyee shall make flow measurements ll'ltil he/she . 
has at least six months of actual field experience - and has performed· these 
measurements l.nder the supervision of a sMior llleiiCer of the Branch staff. 

Uastewater flow shall be expressed in mill ion gallons per day (mgd) or the 
metric equivalMt crrrs lday); stream · . .flow shall . be expressed·. . in cubic feet per 
second (second feet) or the metric equivalMt ·· (,(5/sec). Time records ·associated 
with -flow measurements shall be kept In local time, shall be made in the 2400 
hour mit itary time format, and shall be recorded to the nearest five minutes. 

All 
docunented 
individual 

flow measurements conducted by Branch personnel shall 
in field records. All measurements shall 'be traceable 
IIBking the measurements and the equipment uti l fzed. 

be · thora~Qhl y 

both tu the . 

A log of all NintM&nce, cal I brat ion, and repair 
log shall· 

for each piece ·of flow 
be kept . in such a manner measuring equipment shall be established. The 

that all maintM&nce and cat ibratfons performed on the equipment are traceable 
to the 
equipment 

person performing them and to the 
US·EPA 

cal ibratfon 
property 

standard utfl hed. All 
shall be numbered, or · the or serial rtU!Der shall be 
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The equipment available to Branch personnel for the measurement of ·surface 

water or wastewater flows is categorized as follows: water . level/stage · hardware 

and recorders, velocity measuring equipnent and assenblies, and direct flow 

measurement equipnent and instrunentation. 

The 
of a water 

devices: 

continuous 
the linear 

programmable 
staff gages 

hardware available to Branch 
surface with time (the water 

Stevens Model F horizontal 

strip chart recorders, ISCO 

head mode, and I sco Model 

functions. Non-recording 

and tape-down systems (see 

personnel to determine 

stage) includes the 

drum recorders and · 

Model 1870 recording 

2870 recording flow 

equipnent available 

Section 7). 

the rise 

following 

and fall 

recording 

Stevens Model A-71 

flow meters used in 
meters ·that have 

includes vertical 

lnstrunents and equipnent available to make velocity cross-sectional area 

measurements include current meters and sounding (depth) equipment. The current 

meters available to Branch persomel are the· vertical-axis mounted Price AA and 
Price pygmy meters (including direct readout meters), and ENDECO solid 
memory current · meters. Sounding (determination of depth) is acc011pl ished 
Ratheon recording fathometers or with a standard top setting wading rod. 
measurements are made by Branch persomel using a Lee·Au galvanized steel 

line which is segmented into equal divisions of length by metal. beads. 

state 
using 

Width 
tag 

The equipment available for direct flow measurement includes the following 
primary devices available for installation by Branch personnel: V-notch weir 
plates and rectangular weir plates. The ·corresponding conversion of water level 

to flow rate can be acc011pl ished instantaneously from stage/staff gage readings 
corresponding to the primary flow device in use, or by instantaneous readings of 
the available recording flow meter .. systems. The continuous recording systems 
presently available are the ISCO Model 1870 and 2870 recording flow meters. 

The Polysonics 
flow in closed 
large amounts 
transducers, 
of the pipe. 

instructions. 

5.6 SPECIFIC 

Ultrasonic Flowmeter (Model UFM84P) is available 
pipes. The pipe nust be .flowing c011pletely full 

of air pockets. A coupling jelly is spread on 
and the transducers are IIIOU'Ited opposite each other 

The meter nust then be calibrated according to the 

EQUIPMENT QUALITY CONTROL PROCEDURES 

for measuring 
and not contain 

the face of two 
on the outside 
manufacturer's 

A log · book shall be kept of all equipnent 

measurements, 
procedures 

utilized 
flow 

for measuring water 
The flows, water stage/tape downs, velocity recordings, etc~ 

following maintenance and calibration shall be i~lemented. 

5.6.1 Stevens Model A-71 and Model F Stage Recorders 

See specific equipnent and quality control procedures in Section 7. 

5.6.2 ISCO Model 1870 and 2870 Recording Flow · Meters 
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The recording flow meter shall be thoroughly tested :amually to insure that 
the ec:c:urec:y, resolution, end precision ere within the technical specifications 
as established by. the manufacturer. This shall be ac:c:OIJl)l ished by operating the 
instr~.~~~ents in a controlled test environment for a period not less than 24 hours. 
The test environment shall consist of a controlled· atmospheric t~reture,· power 
source, end water level/head. Operation during the testing period shall be 

according to the manufac:turer•s instruction manual. The functions that .shall be 

tested include: ·flow meter total her ac:c:urac:y, flow recorder treeing accuracy, 

and chart speed accuracy. 

In addition to the above emual 
procedure . will be conducted on the flow 
a c:hec:k . on the following functions: flow 
heads as shown on the meter•s liquid 
indicator, ·bubble rete adjust response, 

testing 
meters 

meter 
level 

flow 

program, an 
end recorders 

abbreviated 
which will 

testing 
include 

end recorder response to changing 
indicator end the rec:order•s flow 
recorder ec:c:urec:y, full scale span 

sensitivity, saqlle signal initiation· response, zero adjust response, end chart 

speed response.· The flow meters and recorders shall be checked . through the 
abbreviated procedure whenever they ere scheduled for field use. 

The 
equipment 
case will 
external 
inspected 

following 
is returned 

be cleaned 

routine 
·from 

maintenance 
the field: 

procedures 
the exterior 

shall 
of the 

the front· 
and the 

apply 
meter 
panel 

bubble 

whenever ·the 
erld recorder 

5.6.3 

with soapy 
desiccant .cartridges 

and cleaned. 

water 
will 

(Appendix B), 

be reactivated, 

Vertical Staff Gases and Tape Down Systems 

des i cc:ant and 
line will be 

See specific: equipment and ·quality control pro,c:edures in Section 7. 

. 5.6.4 · Price AA and Price Pygmy Current Meters 

All meters shall be sent to the USGS ·for ··recal ibration once every five · 
years. All meters shall .be examined ·before and after · each discharge measurement. 
The examination shall include the meter cups or vanes, pivot and bearing, and 
shaft for damage, wear, or faulty aligrrnent. Meter balance and aligrrnent· shall 
be checked prior to each use in the field (9). Meters shall be cleaned and oiled 
daily when in use. Surfaces that shall be cle.aned and oiled on a yearly basis 
are the pivot bearing, pentagear teeth and ·shaft, cylindrical shaft 'bearing, and 
thrust bearing at the cap. 

5.6.5 Top Settins Yadins Rod 

This equipment shall be cleaned and examined 
include charge measurement. The examination shall 

lock set mechanism. 

5.6.6 Lee Au· Tag Line 

This equipment shall be inspected 
each discharge 111easurement. The accuracy 

for 
of 

damage 
the 

before and after· eaclo dis· 
a check on the sl idi~ rod and 

and cleaned 
tag line will 

before and after 
be checked i ni • 

tially and then once per year utilizing' the Inver · steel surveyors chain. The tag 
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l ine(s) 
conform 
discarded. 
a thorough 

shall be. accurate to 0.1 foot per 
to this.. accuracy specification 

Yearly maintenance shall include 
washing, and a finish oiling. 

100 feet. Any tag 
shall be repaired, 

an inspection for 

lines that 
recal ibrated, 

potential 

do not 
or 

breaks, 

5.6.7 V·Notch and Rectangular \leir Plates 

These plates shall be cleaned and examined before and after each field 

installation. Construction and condition of weir plates shall conform to 

recognized 
followed 

standards (2). The plates shall 
by a distilled water rinse. The weir 

be cleaned with a soapy wash water, 
plates will be inspected to insure 

that 

5.7 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

the upstream edge of the plate remains sharp. 
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6.0 FJELD ANALYTICAL PROCEDURES 

6.1· GENERAL 

Field . analytical equipment used by Branch · personnel should· be suitable for .. 

the analysis to be accOIIlll ished ·and properly calibrated. In addition to being 

accurate, field analyses rrust be conducted on a sa~le which is representative 

of the source from which it was collected. -Therefore, the type of sa~le and 

·location of the sa~ling site are critical. A detailed discussion of sa~le type 

and sa~le site. selection is given in Section 4 for the various media 

investigated by Branch personnel. 

The objectives of this section are to: 

• ._list the specific · field analytical techniques that shall be used by 

Branch personnel; 

• list the specific 
techniques for each 

quality control 
piece of field 

procedures 
analytical 

and calibration 
equipment used by 

• 

• 

Spec Hie 
dix D. 

6.2 SPECIFIC 

Branch personnel; 

list the source of all reagents 
analyses and/or calibrate field 

specify the training required 
listed field analyses. 

field analytical methodology 

ANALYTICAL TECHNIQUES 

and standards used to perform field 
analytical equipment; and 

of Branch personnel to perform the 

for each parameter is given In Appen· 

listed 
The specific 

below and the 
field analytical 
specific procedures 

techniques 
for each 

used by 

analytical 
Branch personnel are 

technique and field 
test are presented in Appendix o. 

Analytical 
Parameter 

Temperature 

pH 

Dissolved 
Oxygen (DO) 

Calibrated glass (mercury), 
dial (mechanical), or electro· 
metric thermometer 

Electrcmetrically using a 
glass electrode In corrbina· 
tion with a reference poten· 
tial or a corrbination electrode 

Modified Ylnkler or lllellbrane 
electrode 

Reference 

1 .. 

Eguicment 

Mercury filled glass·; 
mechanical dial type 
thermometer, or 
thermistor •~I th 
electronic r~adout 

Portable field · pH 

meter 

Standard DO kit with 
fresh sodium thfosul· 



Specific · 
Conductance 

Total 
Chlorine 
Residual 

Tracer· 
Fluorescence 

Salinity 

6.3 SPECIFIC 

~heatstone 

equivalent 
·to 25

0
C 

bridge type or 
meter corrected 

Baclc titration, iodometric · 
with starch or amperometric 

. end· point or DPD colorimetric 

Analysis of fluorescent 
using a fluorometer 

Electrodeless 
Conductivity 

Inductive 
Cell Salinometer 

QUALITY CONTROL. ·PROCEDURES 

2 

3 
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fate, or menbrane 
electrode and 
electronic readout 

Self-contained 
conductivity meter, 
~eatstone bridge 
type, or equivalent 
with automatic tern· 
perature compensation 
to 25

0
C or ••dial in11 

temperature 
ccq:~ensation 

J~dome~ric baclctitra· 
tion lcit with fresh 
reagents, or ampero· 

·metric titrator with 
fresh reagents, or 
DPD left with color 
standards 

Rhodamine ~T dye and 
Turrier fluorometer 

Beckman RS5·3 
Portable 
Sal i .iometer · and 
Hydrolab . Surveyor 
II Meter 

Quality assurance, procedures for field analysis, and field 
analytical and test instrunentation calibration are an essential part of these 
standard operating ·prOcedures. All field analytical procedures shall ·be. 
conducted in duplicate at least 10 percent of the time. A record . of these 
duplicate analyses shall be lcept in field logbooks. · A significant difference .. in 
the repl Ieete analyses (greater than specified in the following sections) , shall 
result in recal ibration of the instrunents used, re;examination of the analytical 
methodology being used, or · re·examination of th·e sampl fng . location. 

· All field analyses must be traceable to the specific individual 
performing the. analyses. Time records shall be lcept fn local time using the 
mi l i tary 2400 hour format and shall be recorded to the minute. This information 
·shall be entered into the field logbooks for all field analyses performed by 

Branch persomel. 

A specific calibration and/or standardization plan for all field 
analytical equipment Is presented in this subsection. Included in this plan are: 
cal I brat ion ·and maintenance intervals: listing of required cal fbr~tion standards 
and conditions requiring recalfbration. 
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6.3.1 Tenperature 

6.3.1.1 Initial Calibration -- All thermometers shaH be initially 

calibrated against a National Bureau of Stardards (NBS) certified thermometer or 

one traceable to NBS certification. 

6.3.1.2 Inspection ard Calibration Each glass mercury filled 

thermometer shall be . inspected before each field trip 

If 

to see that it is not 

cracked ard has no air space in the mercury colurn. a mechanical dial-type 

is used, it should not have a broken face cover or otherwise show thermometer 
damage. A cross-check with a calibrated NBS certified thermometer · shall be made 

semi -annually. Thermistors ard electronic 

in the same manner. Recording thermometers 

readout · 
shall 

units should be 
_be checked for 

at least 
calibrated 
recording 
checked 
observation 
thermistor 

accuracy before each use. The recorder .time ·scale accuracy shall be 

semi ·amually. -
shall be 

is used, the 
field use. Cross-checks 

6.3.1.3 

Before using - a. thermometer in · the field, a visual 

made to assure that it has not been damaged. If a 
instrunent shall be checked 
and duplicate field analyses 

against 
should 

a thermometer 
agree within 

Cali brat ion Records A logbook shall be maintained 

each thermometer number. and/or equipment 
irdividuals 

property 
making 

number recorded. 
with 

All 
dates calibration information including the calibrations ard 

of calibration shall be recorded. 

nearest 

6.3.2 

automatic 
corrbination 
test paper 
approximate 
damage the 

6.3.1.4 

6.3.2.1 
temperature 

electrodes 
wilt be 
pH values, 

instrunent. 

Reporting Units Report all temperature 

Egui~nt Only electronic (portable) pH 

cCJIIl)ensation (ATC) should be used. Temperature 
should be ~toyed in conjunction with the 

used only for determining pH ranges, for 
or for concentrated hazardous waste sarrples 

data to the 

meters with 
resistant, 

meters. pH 

determining 
which would 

6.3.2.2 Egui~nt Inspection and Calibration -- The pH meter shall 
be checked before each field trip for any mechanical or electrical failures, weak 
batteries, and cracked or fouled electrodes. The slope of the meter shall also 
be checked Initially with three fresh standard buffer solutions (e.g., 4, 7, and 
10). All pH recorders shall be checked for recording accuracy and time scale 
accuracy. While ·in the field, the meter shall be cal ibreted daily before use 
with two buffers bracketing the expected s~le pH. Thereafter, the meter shall 
be checked against two buffers when mving to a new s~le location. Fresh 
buffer solutions shall be used for each field trip. In case of en· .apparent pH 

violation, the electrode shall be checked with pH 7.0 buffer and recatibrated to 
the closest reference buffer. Then the s~le shall be retested. Duplicate 
tests should agree within 0.1 standard unit. 

6.3.2.3 ~R.l:lepo=r.lt.l.ling~-~Un!.!.l:.lt:.2s • • Report pH to the nearest 0.1 standard · · 
unit. 
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Dissolved Oxygen (DO) 

6.3.3.1 Equipment --~ Modified · Winkler_ kits and meni)rane electrode 

DO meters should be used. 

6.3.3.2 EmJipment lns~ction and Calibration DO meters shall 

be checked before each field trip by inspecting the meni)rane for air bubbles ·and 

holes. If the meni)rane is dry, it shall be replaced and soaked in water before 

calibrating. Calibration should be made against the 'modified Winkler test. 

new standardized sodium·· thiosulfate 

before each 
DO kits shall be refilled 

field trip. . Each solution 
· with 
shall be checked for clarity and volume. 

Before ·Using ·.the DO meter each day, duplicate deionized or known 
clean water saqlles shall be collected by siphoning water from a bucket into .two 
DO bottles. These duplicate saqlles shall be analyzed bY the modified Winkler 
test for DO content. The DO meter shall be calibrated against the DO content 
measured by the Winkler test by placing the DO probe in the bucket containing the 
water used for the Winkler test. 

While using the DO meter, the instrument shall be recalibrated at 
least twice per day or if · a change in water quality is noted. If the saqlle 
t~rature is s0c greater than the calibration t~rature, the meter shall also 
be recalibrated. 

Duplicate analyses should agree with ! 0.1 mg/1. 

6.3.3.3 
to the nearest 

Reporting Units Results for the DO test should be 
reported 0.1 mg/1. 

6.3.4 Specific Conductance 

6.3.4.1 Eaui~nt 

'-'heats tone bridge type or equivalent 

'6.3.4.2 . Inspection 
shall be each field 

A portable specific conductance 
should be used. 

and Cal fbration Each conductivity 
trip. Batteries shall be checked, 

meter, 

meter 
and 

conductivity 
standards 

checked 
cells 

CICCI). 

before 
shall be cleaned and checked against. known cOnductivity 

6.3.4.3 Field Cal fbration Before using in the f,ield, check 
instrument dally with known standards. Refer to the instri.lnent instructions for 
t~rature conductance calculations. Duplicate field analyses should agree 
within ! 10 percent. 

6.3.4.4 ReJ22rting Units Results should be expressed in 
micromhos/centimeter Cumhos/cm) corrected to 2s0c. Results should be reported 
to the· nearest ten units for readings under 1,000 umhos/cm and the nearest 100 
units for readings over 1,000 · umhos/cm. 
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6.3.5 Total Chlorine Resfdual 

6.3.5.1 
end point 
be used. 

Equipment -- The iodimetric 
end point 

back titraHon method with 

starch-iodide or a~rometric or a Hach DR 100 colorimetric 

CDPD) kit may 

6.3.5.2 lnsoection and Calibration -- Each titration kit or meter 

shall be checked before each field trip by inspecting the meter for battery 

strength and fresh reagents. The normality of the iodate should be checked with 

water blank. to establish a correction· factor for the titrant. This 

serve. to check the response of the a~rometric titrator. Duplicate 
a distilled 
will also 
chlorine residual analyses should agree within ! 0.01 mg/l. 

If the Hach DR 100 colorimeter CDPD) kit is used, the method rrust 

a 

agree with the requirements of Method 408E, "Standard Methods," 16th Edition, or 

Method 330.5 "Methods for Chemical Analysis of Water and Wastes," and calibration 

scales rwst be calibrated on site at a minirrun · of three points (blank. and two 

standards) that 'bracket the expected sarrple concentration. 

6.3.5.3 Ree2rting Units Results should be reported to the nearest 0.01 . mg/l 
residual chlorine •. 

6.3.6 Fluorescent Tracing 

6.3.6.1 Tracer Rhodamine WT dye is the 
Branch personnel. 

6.3.6.2 Fluorometer i.' filter fluorometer 
instrument used to determi rie intensity of emitted light 
in the sarrple. 

standard· tracer 

(fluorometer) 
or concentration 

used by 

is the 
of dye 

6.3.6.3 Fluorometer Calibration and Calibration Standards 
Before a fluorometer 
standard dye solutions. 
the stated concentration 

is used in the field, It shall be checked against a set 
All standard concentrations shall be made relative 
of the manufacturer's solution. 

of 
to 

All standard solutions shall be made with distilled water. 
Sufficient solution volumes shall be made to permit calibration checks. 
Calibration checks . shall be conducted whenever. the fluorometer · · has been turned 
off for an extended period of time. 

The fluorometer 
uses. 

and all associated equipment shall be thoroughly 
cleaned between 

6.3~6.4 Reporting Units . Turner Design fluorometer·- results shall 
be reported as ! 1 · percent cif full scale concentration. 

6.3.7 Salinity 

6.3. 7.1 Eguipnent A portable sal i nometer, electrical 
conductivity _type shall be .used. 
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Inspection and Cal ibratfon salinometer shall be 

checked before 
6.3.7.2 

every field trip. Batteries shall 

Each 
be checked and the cell 

inspected 
be checked 

to determine if it is 
resistor 

free of marine 
loop supplied · 

.growth and salt. ·.The meter · shall 

aga i ns_t the with the. meter. 

6.3.7.3 Reporting Units Results should be repOrted to the 

nearest 0.1 ' . 

part per · thousand of salinity. 

6.4 SEMI·ANNUAL MAINTENANCE 

All analytical and test fnstrunents and kits shall be inspected on 
a ·semiannual basis, whether used during the intervening period or not. The 
purpose of the semi·annual inspection is to maintain the equipment in. a ready-to~ 
use condition. This inspection shall consist of a general examination of the 
electrical system (including batteries) and a calibration against standards. Any 
expired reagents, broken glassware, . or parts shall be replaced. 

6.5 SOURCES 

instrunents 
Analytical 
purchased 
expiration 
and ·chemical 
All field 
concentration, 

the actual 

OF CHEMICALS AND STANDARDS 

All chemicals used. 
as reagents and standards 

in test 
shall 

kits and with field analytical 
be suppl fed and standardized . by the 

Support Branch (ASB), Certified pH buffer · solutions shall · be 
from chemical supply houses. 
dates attached to the containers. 

solutions shall be properly 
reagent containers shall be 

and date prepared. 

Tracer· fluorescence 
tracer as outlined 

standards 
in Appendix 

All reagents and solutions shall have 
All out·of·date reagents, buffers, 

disposed of at their expiration date •. 
identified with the chemical name, 

will 
0.9. 

be prepared for each study using 

6.6 TRAINING 

Each · metrber of the Branch involved in field 
an initial review of field analytical and test procedures 
the initial review, · subsequent reviews shall take place 
Quat i ty Assurance . Officer, in conjunction with persomel 
conduct the instruction. Any new · instrunentation adopted 
introduced to Branch persomel in a training . session . before· 
for routine use. 

6.7 REFERENCES 

1. for Establishing Test · Procedures 

studies shall undergo 
-and equipment. After 
annually. The Branch 

from the ASB, shall 
by the . Branch ·will be 
it will be authorized 

for the Analysis of "Guidelines 
Pollutants," .:..F.!::ede~r.:aJ..l--!lR~§:t.i!.l:s~t~er ,· Volune 49, No,' 209, 40 CFR . 136, 
October 26, 1984, and any subsequent revisions. 

2. "ilson, J. F., .:..F.:..:l uo~r.:::~~t..:..r.:.:i c!::-___ P~r~oc~ed!::!!u~r...5e~s--...!f~o:l.r_~Dzyes_-!.T~ra!lc:..!i.!.!nli.g :._ __ u~s~c2s 
Techniques .of "ater•Resources Investigations,. Book 3, Chapter A12, 
United States Department of Interior, Geological Survey, 1968. 
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I 3. Standard Methods for the Examination of Water and Wastewater, 
1985, 16th Edition. 

I 4. Methods for Chemical Analysis of Water and Wastes, EPA, 600/4·79· 
020, and all current revisions. 
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7.0 FJELD PHYSICAL MEASUREMENTS 

7.1 GENERAL 

Field measurements of topographic features, water levels, 

geophysical parameters, and physical dimensions are frequently 
time of 
required 

travel, 
during 

comprehensive water quality, groundwater, hazardous 
system, and related . field investigations conducted 
suc:h measurements obviously depends on the. 
investigation. 

All s~ling locations used during Branch 

depicted on . an accurate drawing or a topographic 
referenced in such a manner that· their location(s) 
Region IV library has a complete collection of 7.5 

. topographic maps and a map copier available. 

waste, 
by the 

purpose 

wastewater 
·Branch. 

of the 

treatment 
The scope of 

particular 

field investigations shall be 

or other standard map, or be 

are firmly established. The 
minute USGS (1:24,000 scale) 

Eac:h field measurement made by Branch personnel shall be traceable to the 
actual person making the . measurement and to the field equipment used to make that 
measurement. All equipment maintenance and calibration records shall be kept in 
log books and field records so that all suc:h procedures are traceable. All time 
records shall be kept in local time using the 2400 hour format, and time shall 
be recorded to the nearest minute. 

New 
described 
member at 
own. 

Branch employees 
in this section 
least once before 

shall 
under 
being 

perform each of the physical field measurements 
the supervision of a senior technical staff 
permitted . to make these . measurements on their 

The specific objectives of this section ere to:· 

• present the standard practices used by the Branch to make physical 
field measurements; 

• list the field equipment utilized to make such measurements: end 

• present specific: qual fty control procedures to insure that such mea· 
surements . ere accurate • 



I 
A. SURVEYING (HORIZONTAL CONTROL) 

7.2.1 General I 
Surveying is described as the art and science of determining · the area and 

configuration of portions of the earth 1s surface, and representing . them on maps. 
Generally, surveying can be divided . into two categories · or classes: horizontal 

I 
control surveying and vertical control surveying. Horizontal ·control surveying 
pertains to the measurement of· the relative ·difference in the horizontal location 
of two or more · . control points. Vertical control surveying involves the I 
measurement of ·the relative difference in vertical location, or elevation~ of two 
or more . control points and is treated separately in Section 7.3. This Section 
discusses the standard procedures and techniques used by. the Branch to survey, I 
or locate s~le points or site features horizontally. Basic surveying and field 
geology textbooks should be consulted for more detailed information on this topic 
(1, 2, 3). I 
7.2.2 Introduction I 

Several field methods may be used to horizontally locate sa~le points or 
various site features during hazardous waste site investigations and/or other I 
site 1nvestigations that may result in enforcement actions. Traverse methods 
used by the Branch utilize horizontal angle or direction CaziiiUthtbearing) 
measurements and calculated horizontal distances from a starting .point to a 
second point, and from the second to the third, and so forth to ttie last point. 

I 
The last point in a traverse is usually a return to the · starting point, thus 
making. a closed loop. During a traverse· for site control, sample points or site 
features may be l'ocated by ~toying various techniques at the traverse control I 
points, i.e;, by angle (aziiiUth or bearing) and distance measurements' from a 
control point, by angular intersection from two control. points, by perpendicular 
offset from a line between two control points, by angle from one control point I 
and distance from another control point, etc. (1); 

I 

I 

I 
I 
I 
I 
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Regardless of the method(s). used, surveying by the ·Branch · should l)e based· 
on established control . points. A network of horizontally (and vertically) 
located control data points has been established and is continually maintained 
by the National Oceanic and .AtmosPheric Aaninistration (NOAA) through its· 
National Ocean survey (formerly U. s. Coast and Geodetic Survey). The ·system ·of 
horizontal control points, . or Triangulation Stations, have established latitude 
and longitude positions and provide the basis for the ·coordinate grid syi;tems 

used by many States (1, 2>. 

~hen measuring 
between true north 

horizontal 
and magnetic 

.angles, 
north. 

corrpensation rrust be made 
This angle is called 

for 
·the 

the angle 
magnetic 

declination. Branch field surveying methods rrust be referenced to true north. 

The first step in this procedure is to determine from an isogonic map, the 

declination 
and field 

for the 
geology 

area 
textbooks 

of work.· Isogonic maps may be found in basic surveying 

referenced above. 

Sources 
data and 

of existing information 
locations 

on triangulation stations or 
state grid their exact may be obtained from local, 

or public departments 
of counties, 

or agencies. Typically, 
cities or towns may 

the engineering 
have data on file 

site being investigated. State or federal agencies 
useful data include: (1, 2, 3) 

• 
• 
• 
• 
.• 
• 
• 
• 
• 
• 

State 
State 

highway or transportation 
geodetic or · land surveying 

State natural or water resources 
State geological surveys 
NOAA/National Ocean Survey 
United States Geological Survey 
Corps of Engineers, Department 
Soil Conservation 
Tennessee Valley 
Bureau of Land 

Service 
Authority 

Management 

departments 
offices 
bureaus 

of the Army 

·that 
works 

is near· the 
which are good 

coordinate 
or federal 

departments 
particular 
sources of 

~hen the exact locations of sa~l ing points or other physical · features at 
a site are needed, Branch surveying methods rrust be based on existing control 
data. In all cases, the site property boundary survey, description, and any 
physical property corners or monunents rrust be located by a professional 
Registered Land Surveyor (RLS). Often times, before or when the surveyor is at 
a site, the registered surveyor can be requested to set control data points for 
Branch use. At a · mininun, the registered land surveyor will be asked to 
establish at least two control points upon which the elevation and Universal 
Transverse Mercator CUlM) coordinates are set. The data on control points shall 
be of at least thi rd·order accuracy. The control points will be permanent 
markers set at locations that . are "'likely to be disturbed by future site 
activities. 

If no existing control data exists in the she vicinity, an arbitrary point 
inay be estabUshed at a permanent location, e.g., set a nail or spike beneath the 
ground or set a nail· and cap in asphalt or foundation. However, the coordinates 
for that point (and, therefore all . other points) should . be determined at a later 



date. As. with. all Branch field . work, the location 
in the 

of all control data &Jsed and 

all field measurements shall be recorded field logbook as outlined . in 

Section 3.5. 

7.2.3 Equipment Available 

The following Branch equir;xnent is available for ·field use in conducting 

surveying in support of site investigations: 

• Topcon GTS·2, 
• , tripodCs) : 

total station theodolite/electronic 

• reflector prism(s) 

• range pole 

• steel tape 
• cloth tape 
• optical tape measure 

• Role tape 
• COI!l>8SS 

7.2.4 Specific Equipment Qual fty Control Procedures 

distance meter CEDH) 

All field surveying methods using Branch equi r;xnent shall be made only by . 
those Branch personnel who have been trained to use them. All Branch 
professional staff and field technicians rrust be trained and checked out in 
surveying procedures by qualified staff before using · this equi r;xnent. 

Each piece of field equ i r;xnen t (as appropriate) .shall be I'Uibered, and ·a log 
book shall be kept containing . all maintenance and calibrations · - made on· the 
equipment. The following specific lllliintenance and calibration · procedures shall 
be used for all surveying equipment: 

7.2.4.1 

7.2.4.2 
lowing 

• 

• 

• 

• 

Theodolite This equipment shall: 

be serviced and calibrated 
annually or sooner if damaged 

by a qualified 
or suspected 

private 
to be in 

service 
error: 

shop 

be checked 
textbooks 

out using 
and appropriate 

procedures 
users 

outlined 
manuals before 

in 
'use 

basic 
(1, 

be cleaned 
surveying 
and before 

and . maintained using procedures 
users manuals 

(1, 2, 3). 

outlined 
duririg textbooks and appropriate 

being returned to storage 

Steel and Cloth Measuring Taees. and Mechanical Role· Tape 
procedures shall be used for all measuring ·tapes: 

All measuring tapes and the mechanical Role· tape will be 
amually against an Inver steel surveyors chain 
theoclol i te/EDM both . of which are traceable to the National 
Standards (NBS). Those steel tapes that are ncit ·within 
per 100 feet or cloth tapes not within 0.02 foot per 100 
be discarded. The 

surveying 
2, 3>: and 

in basic 
field use 

, · The fol· 

calibrated 
or the· 

Bureau of 
0.01 foot 

feet shall 

I 
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7.2.4.2 
lowing 

7.2.4.3 
measure 
using 

7.2.4.4 

Steel and Cloth Measuring Tapes. and Mechanical Role-Tape The fol-

procedures shall be used for all · measuring tapes: 

• 

• 

All measuring tapes and the mechanical Rola-tape will be calibrated 

annually against an Invar steel surveyors chain or the 

theodol ite/EOM both of which are traceable to the National Bureau of 

Standards (NBS). Those steel tapes that are not ··within 0.01 foot 

per 100 feet or cloth tapes not within 0.02 foot per 100 feet shall 

be discarded. The shorter carpenter-type steel tapes (6-12 feet) 

shall also check within 0.01 foot or they will be discarded. 

All tapes shall be checked to see that they are not damaged · and are 

clean before and . after use. 

· :::O~pt~i~c~a:..l _--!.:Ta2.1pe=.......:;M~e~a~su==..:,r~e Each Branch ell1'loyee 
shall become proficient in its use by. measuring 

using 
known 

the optical 
distances 

· tape 
before 

this equipment in the field. 

• 

• 

• 

All corrpasses .shall: 

be checked . for proper . movement of the COII"pBSS meddle. If the 
COII1)8SS needle movement is sluggish, the glass cover can be removed 
by prying 8 knife point under the spring ·washer. The copper wire on 
the needle is then moved until the needle lies level (3); 

be checked for. proper aligrment ·of clinometer. level. The clinometer 
is checked by setting the clinometer to 0, and placing the COII"pBSS 

on a surface that has been ·leveled exactly with either a carpenters 
level or a water tube level. If the horizontal level bubble on the 
clinometer does not rest at the . center, the conpass is opened as 
described above and the· clinometer level vial is moved and rechecked 
as appropriate. If the level vial becomes broken, the conpass nust 
be sent to the manufacturer to be repaired (3); and 

be cleaned 
become wet, 

is interior 
soft paper. 
electrical 

after use 
the COII1)8SS 

dried using 
.They 

fields 
should 
(3). 

and before 
is opened 
a toothpick 

storage. If 
as previously 

·and a piece 

the conpass 
described 
of soft 

not .be used, exposed to or stored 

should 
and the 

cloth or 
in strong 



7.2.4.5 

7.2.5 

known 
State 
usually 

• 

• 

~Ra!!!nllql.liie'--_P~o~l..::e~s_..;a~nd~__::R..:::e.:.f.:..:l e.:c:..:t.:::o.:..r _ __,P..,r..,i'-"s=ms ·· ·- All of this equipment shall: 

be checked for 
the theodolfte/EDH 

·at 90" intervals. 
and 

be cleaned daily 

warpage and/or damage before use by sighting through 
while the poles/prisms are rotated. · in two planes 

The bullseye bubble will ·be ·reset as appropriate;· 

after use ·: and before being returned to storage. 

Procedures for Traversing 

~hen traverse methods are used, at least two stations or control points of 

horizontal location (expressed in terms of UTM coordinates and/or the local 

coordinate system> nu'st 'be in the site· vicinity. These · control points can 

be set for the specific site by a governmental agency or ·registered land 

surveyor. 

The total station theodolite, which measures horizontal angle's, vertical 
angles, and slope distances,' is set up · over an existing control point. The 
theodolite is attached to the plate of the tripod by a fastening screw and the 
bubble in the . bullseye level is centered, or brought level by · adjusting the 
three-screw leveling heads appropriately; Once the bullseye bubble is centered, 
the theodolite· is rotated 90 degrees at a time and the horizontal level· bubble 
is checked and brought level using the three-screw leveling heads. The 
instrument is ready for use when, after repeated rotations,· ·the bubble in the 
horizontal level remains exactly in the· center or middle of its hoUsing. 

The rodnan has either a range pole equipped with a 'reflector ·prism (single 
or triple) or a tripod with the reflector prism. The ,prism is used· to reflect 
the signal from the electronic . distance meter· in the total station theodolite. 
Uhi le . ·located over the point(s) whose location. is desired, the rodman holds the 
range pole vertically by. means . of centering the bullseye bubble,· or sets up the 
tripod and reflector prism similarly as stated above. The instrument . man ·sights 
through the telescope on the theodolite, · .l fnes up the horizontal and vertical 
cross·hairs on · the center of the prism . and records· the horizontal angle (Ah), 
vertical angle (Av), and the slope distance CDS) to the prism. The ·difference 
in location between the point where . the ·.theodolite is set up and the _point where 
the prism fs held is determined trigonanetrically. A ccnpass and measuring tape 
could also be used to reference field measurements to 11 map or vice versa. 

The following exa~les depict . some of the' field measurements that must be 
considered and accounted for, the calculations that must be performed, and the 
conversions that must be made when the Branch uses traverse methods to 
horizontally locate s~ling points or other site features. 

EXAMPLE 1: Figure 7.2.1. Horizontal Angle (map view). 

·I. 

I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 

I 
I 
1-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 

A 

c 

Figure 7.2., illustrates that while the instrLJnent is at point A 
point), one reads the backsight angle (azirruth or bearing) to point B, 
and measures the foresight angle (azirruth or bearing) to point c. The 
between the two angles is the interior angle included at the intersection 
AB and line AC, or the horizontal angle (Ah). 

The field notation for the measurement of the angle above 
represented as angle B·A·C. Typically, the first colum to the left in 
book is labeled: CBS . "i' . FS) or Station and the second colum is 
(see Exarrple 5 Field Notation). 

(a control 
then turns 
difference 

of line 

would be 
the field · 

labeled Ah 



EXAMPLE 2: Figure 7.2.2. Vertical Angle ·(side view). 

Dv 

A B 
Dh 

After the horizontal angle is determined, ·the vertical angle (AV) is 
measured, in Figure 7.2.2, from point c to point · B to determine the angle between 
the line of sight AC and the horizontal line AB. The vertical angle is the 
included angle between a line comecting two points of different elevations and 
a line horizontal to the earths gravity. 

To determine the height. of the point t, measure 
with the electronic distance meter .from A to c. Using the 
measure the vertical angle between line At and AB. The 
be obtained by the fornula: 

Dv o: (sin Av) Ds 

The horizontal distance CDh), which 
fornula: 

is the distance 
map, would be obtained by the 

Dh "' (cos Av) Ds 

the slope distance (DS) 
theodolite or transit, 

height of point c would 

used when 'drawing the 

If the vertical 
or other point where 

distance to be measured was to the top of ·a building, tree, 
si~~ply the measurement of the slope distance is i~~practical, 

by: measure the· horizontal 

The field notation 
labeled: Av and the forth 

distance and determine the height 

Dv "' (tan Av) Dh 

for the third colum from the left 
colum is labeled Ds/Dh (see Exaq>le 

in the field book 

5 Field Notation). 
is 
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I EXAMPLE 4: Coordinates. 

\lhen the local State rectangular grid coordinate points near a particular 

I 
site are obtained, Branch persomel should be able to convert rectangular 
coordinates to e2!!J: coordinates. This is iiJllOrtant since through this 
conversion, the azirruths and distances between each point can · be obtained and 

I 
then used as the starting control points for the site control traverse. Sil!flle 
prograrrmable or non·prograrrmable calculators are extremely useful in . providing 
precise results from the field . surveying measurements. The. 'following is an 
exal!flle of a conversion from recta'ngular to polar coordinates: 

I The instr~.~~~ent is set up at TP1, and given the rectangular coordinates: 

I 
Control Point North (y) East (X) 

TP1 7935.07 6178.78 

I MCT3 7851.75 6209.99 

The relative change in location between the north and east coordinates 

I (from TP1 to MC:T3), respectively, are: 

AN' = ·83.32, AE = 31.21 

I The negative synbol for AN indicates the relative movement from TP1 to HCT3 
downward (·) along the y axis. The positive syrrbol for AE indicates relative 
movement from TP1 to MCT3 to the right (+) along the X axis. Solving for the 

I forrrula (Pythagorean theorem): 

I The resulting distance between TP1 end MC:T3 is c = 88.971 • 

I change 
The ezirruth is obtained 

in north divided. by the change in east: 
of by first COI!fiUt i ng the inverse the tangent 

t~n· 1 (AN + AE) = ·69.4651" 

I This is the negative engle·, expressed in decimal degrees, and is measured 
from the (X) axis into the southeast quadrant. The azirruth frem TP1 to MC:T3 is 

I 
obtained, in this case, by changing the sign (· to +) end adding 9Q• and then 
converting to degrees, minutes, and seconds. The resulting azirruth from TP1 to 
MC:T3 is 159"271 5411 • 

I 
Note: The trigonometric fornule above always gives the angle me~sured 

from the (X) e~tis. \lhen using this· procedure, it is wise to make a ~;ketch 

showing the change in direction between the points relative to. north. 

I 
This will aid. In visually and mentally seeing which geometric .quadrant 
that the foresight angle falls in relation to the instrument~ 

I 
I 
.I 



EXAMPLE 5: Figure 7.2.4. Traverse Field Notation. 

The following is an exal!llle of the field notation for a traverse to 

horizontally locate s~l ing points. Figure 7.2.5 shows 

features, Saqll ing points, and traverse control points that 
some of 

should 
the ~ysical 

be sketched 

on the right hand side of the field log book. The coordinates 
then determined and usually entered in red ink after the 

for 
traverse 

each point are 
is finished. 

01/22/90 Project 90E·000 
Region IV Site Name 
City, · State 

•Set traverse points around property to locate I 
the 5 monitoring wells. that were recently 
installed. 
Given: TP1: N=7935.07, E=6178.78 

MCT2: N=8297~79, E=6598.14 
MCT3: N=7851.75, E=6209.99 

TP1 to MCT3 : ~N=-83.32 ~E=31.21 

c = 88.971 

tan' 1 ( ~N + ~E) = ·69.4651 
•. Azinuth TP1 to MCT3 = 159"27'5411 

CBS • T • FS) 
Station Ah Av . Ds I Dh Coordinates 

Set: Ah= 88.98 1 N=7935.07· 
HCT3·TP1· 159"2715411 90"45 12411 88.971 E=6178.78 

502.64 1 N=7643.63 
MCT3·TP1·A 125"2611811 89"44 10611 502.635 1 E•6588.30 

375.58• N=7724.22 
HCT3·TPHN5 124•09•1211 90"07121 11 375.581 E•6489.59 

Set: Ah= 
TP1•A· 305"26 11811 --------

470.94 1 N=7328.60 
TP1·A·B 228"00'5411 90"32 15411 470.94 1 E=6238.24. 

Set: Ah= 
A·B· 48"00 154" --------

113.681 N=7437.83 
A·B·MW2 343•55'21" 90"21 15411 113.681 E•6206.76 

762.46 1 N=7718.72 
A·B·C 300"46'2711 89"5915411 762.46 1 E,.5583.14 

Pg. of 2 
Landis Surveyor 
Ben Chmark • f 
Ueather: Clear: 

- ;= 

0·5 ~ N 

Remarks/Comments 

Notes: Instrument <T> is set up at TP1, 
back sight (SS) to MCT3 and set 
instrument to read'159"27 154". 

Set nail in ground for point A. 

-Locate MilS. 

Instrument at A, back sight to 
TP1 and set the reciprocal 
azimuth, i.e. add 180". 

Set nail for point B. 

Reciprocal azimuth as above. 

Locate MW2. 

Set point c. 

I. 
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EXAMPLE 5: Figure 7.2.4. Traverse Field Notation (continued). 



EXAMPLE 5: Figure 7 .2.4. Traverse Field Notation 

01/23/90 Project 90E·OOO 
Region IV Site Name 
City, State 

Station Ah Av Ds I Dh Coordinates 

Set: Ah= 
B·C· 120"4612711 ·-------

698.34 1 N=8394.28 
B·C·D 14"40 12411 89"49139" 698.34 1 E=5760.03 

132.961 N=7840.01 
B·C·M\11 24"11 121'' 90"21 11211 132.961 E=5637.62 

612.76 1 N=8265.45 
B·C·M\13 26"50 13611 89"44 14511 612.754 1 E=5859.83 

Set: Ah= 
c-o- 194"40 12411 --·-----

715.66 1 N=8666.95 
C·D·E 67"36 11511 90"03 14811 715.66 1 E=6421.71 

163.14 1 N=8265.20 
C·D·MII3 142"17151 11 89"45 1 0311 163.14 1 E=5859.80 

Set: Ah= 
D·E· 247"3611511 --------

409.08 1 N=8297.87· 
D·E·MCT2 154"2710911 90"04 13311 409.08 1 E•6598.13 

I 
I Set: Ah= 
I E·MCT2 334•27 10911 --------
I 
I 654.28' N=7643.68 
I E·MCT2·A 180•5t•42" 89°36 12411 654~265• £~~:6588.30 
I 
I 85.66' N=8268.50 
I E·MCT2·MW4 249°56 13911 88•32 14811 85.63 1 E=6517.69 

Set: Ah= 
MCT2·A· 360•51 14211 --------

------ N=7935.12 
MCT2·A·TP1 . 305•26 1 1811 ·------- (502.635 1 ) E=6178.78 

127.50 1 N=m4.29 
MCT2·A·MW5 309•13 13311 91•to•36" 127.47' E•6489.55 

(continued). 

Pg. 2 of 2 
Landis . Surveyor· - "F· 
Ben Chmark - f 
Weather: Clear; 0~5 IJl)h 

Remarks/Comments 

Reciprocal azi~th. 

N 

I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I Set point D. 

·I 
I 

Locate M\11. 

Locate Mll3. 

-

Reciprocal· azilll.lth. 

Set point E. 

Locate Mll3 (again, just in case).l 
I 
I 
I 
I 

Reciprocal aziiiLith. I 
I 
I 

Actual: N=C8297.79), E=C6598.14>.1 
I 
I 
I 
I 

Reciprocal azimuth. I. 
I 

Coordinates first c~ted to be:l 
NzC7643.63), E•C6588.30>. I 

I 
I 

Locate M\14. I 
I 
I 
I 
I 

Reciprocal azimuth. I . I 
Should have ended at: I 
N=C7935.07), E=C6178.78). I 

I 
I 

Locate MW5 (again, just in case).l 
I 

Closure: ~ Dh=4,716.015 . I 
N Dh=0.0466 1 I E Dh=0.00 11 

I 

I· 
I 
.I 
I _, 

J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
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Figure 7.2.3 • EXAMPLE 
MONITORING 

OF SITE HAP SHO\IING 

WELLS 

Figure available upon request. 

7.3 ELEVATION SURVEYS (VERTICAL CONTROL) 

7.3.1 Introduction 

TRAVERSE POINTS USED TO LOCATE 

The field of surveying that pertains to measuring the relative differences 
in elevation of two or more points is called "running levels" or "Leveling". The 
two most cocnnonly used methods are Differential Leveling and· Trigonometric 
Leveling. Differential leveling is the most precise and easiest method because 
it utilizes "level" measurements with siq>le addition and subtraction. 
Trigonometric leveling is slightly less· precise and more. difficult as it uses 
vertical angle and distance measurements contlined with the principles of 
trigonometry. Differences in elevation can also be determined from controlled 
altimeter measurements .. by the method called Barometric Leveling. However, the 
altitude (elevation> readings are not as precise as elevation measurements -
obtained from differential or trigonometric leveling since most altimeters permit 
readings to within about 5 feet of the actual elevation. . This subsection 
discusses the standard procedures and techniques used by the Branch to obtain 
differences in elevation and are described in more detail in basic surveying and 
field geology textbooks (1, 2, 3). 

Regardless of the methocl(s) used, elevation surveys by the Branch should 
be based on established control · points~ . A network of vertically located control 
data points has been established· and is ·continually maintained by the National 
Oceanic and Atmospheric Aaninistration (NOM> through its .National Ocean Survey 
(formerly U. s. Coast and Geodetic Survey). The system of vertical control 
points, or Benchmarks (B.Ms.), are referenced to a surface of fixed and precisely 
known elevation above mean sea level and is referred to as the datun or datun 
plane. The datun for vertical control (elevation) is called the National 
Geodetic Vertical Datun CNGVO), formerly known as the 1929 sea level datun, 
established by the u. s. Coast and Geodetic survey (1). 

. Sources of existing information 
be obtained from local, state or federal 
engineering or public works departments 

on benchmark 
departments 

of counties, 

data and their locations may 
or agencies. Typically, the 

cities or towns may have 
data on file that is near the particular 

good sources . 
site being ·investigated. State or 

federal agencies that are of useful data include: (1, . 2, 3) 

• State highway or transportation departments 
• State geodetic or land surveying offices 
• State natural or water resources bureaus 
• State geological surveys 
• NOAA/National Ocean Survey 
• United States Geological Survey 
• Corps, of Engineers, Department of the ·Army 
• Soil Conservation Service 
• Tennessee Valley Authority 
• Bureau of Land Management 



When the exact elevations . of sa~l ing locations or . other· physical features 

are needed, benchmarks of precisely known elevation should be used when leveling. 

At a mininun, during the course. of a site investigation, a registered land 

surveyor will be. asked to set at least two third-order accuracy vertical control 

points or benchmarks. The vertical control points shall have established 

Universal Transverse Mercator (UTM) coordinates (see · section 7.2.2) and the 

elevations shall be referenced to NGVD. 

If no benchmark is located in the site vicinity, an arbitrary · terrporary 
benchmark should be established · on a permanent location, e.g., bridge wingwall, 
foundation, corner post, or a nail or spike in a tree or telephone pole. 
However, the elevation of the terrporary benchmark (and, therefore ·: all other 
points) · should be determined at a later date. As with all Branch field work, the 
location of . all benchmarks used shall be shown on the site sketch map' . and all 
field ·measurements · shall be recorded in the field logbook ·as outlined in .Section 
3.5. 

7.3.2 Equipment Available 

The following Branch equij:ment is available 
investigations: 

for field use in conducting 
elevation surveys in support of site 

Differential Leveling 
• Lietz B2C, precision automatic level 
• tripod 

• telescoping level rod 

Trigonometric leveling 
• Topcon GTS-2, total station theodolite/electronic· distance 
• tripod(s) 

• reflector prism(s) 

• range pole 

• steel tape 

• COIJl)BSS 

Barometric leveling 
• Micro M-1, American Pauli System altimeter 

7.3 .3 .:::~See=c:.:.i.:.f.!.:i c.___.l:.Eau~iU:cme=n~t.__..;.·~a~u.2.a l~i~t~y-~C~on~tur;£o~l---!:P~roi:!!co.!:ed~ur!.:!e~s 

All 
those Branch 

field surveying methods using Branch equij:ment shall be 
persOIY\el who have 

staff and field . technicians 
procedures by qualified staff 

been 
nust 
before 

trained to use · them. All Branch 
be trained and checked out 

using this equ i j:lllent • 

meter (EDM) 

made only 
profe~sional 

in surveying 

by 

Each piece of field equipment (as appropriate) shall be l"'U''bered, and a log 
book. shall be kept containing all maintenance and . calibrations made .. on . the 
equipment. The following specific maintenance and cal fbration procedures shall 
be used for all surveying equipment: 
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7.3.3.1 

7.3.3.2 
shall: 

• 

7.3.3.3 

7.3.3.4 

• 

• 

• 

• 

• 

• 

• 

• 

Theodol He/EDM, Level . and Altimeter This equipment shall: 

be · serviced 

amually 

and calibrated 
or sooner if damaged 

by a qualified 
or suspected 

private 
to be in 

service 
error. 

shop 

be checked 
textbooks 

·be cleaned 

surveying 
and· before 

out using 
and appropriate 

and maintained 

procedures 
users 

using 

outlined in basic 

manuals before use (1 1 

procedures outlined 

textbooks 
being 

and appropriate users manuals during 

returned to storage (1 1 21 3). 

surveying 
21 3). 

in basic 
field use 

Level Rods, Range Poles, Reflector Prisms All of this equipment 

be checked . · for warpage "and/or 
the theodolite/EDM and lining 

damage before use by sighting through 

up the two ·vertical cross hairs on . the 
and the · rod(s). The. poles/prisms are rotated at 90" intervals 

bullseye bubble is reset as appropriate. 

be checked . for proper alignment - of the 
the EDH 

chain 

reflector prism by con-paring 

the measurement obtained with to the measurement obtained 

with en Inver :. steel surveyors (see -Section 7.2.4.2). 

be cleaned daily after use 
L'evel rods should. be stored 
to protect markings •. 

and before 
in carrying 

being 
tubes 

returned 
or a cloth 

Steel Tape The procedures found in Section 7.2.4.2 shall 

All carpasses shall: 

be checked for proper movement of the carpass needle. 
carpass needle movement is sluggish, the glass cover can 
by prying a knife point under the spring washer. The 
on the needle is then moved until the needle lies level 

to storage • 
slip cover 

apply. 

If the 
be removed 

copper wire 
(3). 

be checked for proper alignment of the clinometer level. ·The 
clinometer is. checked by setting the clinometer to 0 1 · and placing 
the carpass on 8 surface 
a carpenters level or 8 

txbble on the clinometer 
opened as described above 
rechecked 
carpass 

as 
nust 

appropriate. 
be sent 

that has been leveled exactly with either 
water ·tube level. If the horizontal level 
does not rest at the . center, the carpass is 

and the clinometer level vial is moved and 
If the level vial becomes broken, the 

to the ·manufacturer to be repaired (!). 

be cleaned after use and before storage. If the c~ss s.hould 
become wet, the conpass is opened as described above and the 
interior is · dried using a toothpick and a piece · of soft cloth or 
soft paper. They should not be used, exposed to or stored in 
strong electrical fields (3). 



7.3.4 Procedures for Differential Leveling 

more 
The level, 

than 250 feet 

or instrunent, is set up by the 'instrunent 
from .. the · benchmark and at a height · above 

next point(s). The level is attached · to the plate of the 

screw and the bubble in the bullseye · level is centered, 

man ·at a location not 
the benchmark and the 

tripod . by a fastening 
or brought level by 

adjusting the three-screw leveling heads accordingly. ·once the bullseye bubble 

is centered, the level is rotated 90 degrees at a time and 

bubble . is checked and brought level using the three-screw 

level is ·ready for use when,. after repeated rotations, 

horizontal level remains exactly in the center or middle 

the horizontal 
leveling heads. 

the - bubb.l e 

of its housing. 
in 

level 
.The 
the 

The rodnan then holds the rod as plurb (vertical) as possible on the '· 
benchmark so· the instrunent man can read where the horizontal cross-hair in the 
telescope . of the level intersects the graduations on the rod. The rodnan "rocks" 
the rod in two planes, when instructed by the instrl.lnent man,· to obtain a level 
reading. The rod is white with large red · nurbers which indicate the foot-marks 
and smaller black nurbers which indicate the tenths of feet and has black 
graduations the entire length which indicate hundredths of feet. 'The instrunent 
man sights through the telescope and takes the first rod reading. which · is called 
a backsight (denoted BS or + in the field log book). The backsight (+) reading 
added to the elevation of the . benchma-rk gives the height of the level, or 
instrunent, (denoted H.l. in the field log book). . Next the roanan holds the rod 
on a point (called a turning point and denoted · TP) of fixed but unknown elevation 
such as· a nail in the grOI.I'ld, spike in a tree or ··telephone pole, or the top of 
a fire hydrant. The instrunent man then takes his second rod reading which is 
called a foresight (denoted FS or • · in the field log book). If the • foresight (·) 
reading is subtracted from the H.l. the . result is the elevation of the point. 
That is, the difference. . between the first reading obtained from the benchmark and 
the second reading obtained from the point is the· difference in elevation between 
the point and the benchmark. Note that the· distance between each sighted reading 
shall not ordinarily exceed 250 feet with turning point backsight and foresight 
distances deviating no more than 50 feet from one another. 

The instrunent man then goes ahead of the · rodnan, sets the level up as 
stated before and takes a rod reading (backsight) · from the previous turning 
point. The roanan then moves ahead of the instrunent man for a new turning point 
rod reading (foresight) and so forth until the desired final point is . located 
vertically. Once the final point is located, the instrunent man breaks the set 
up of the level (i.e.,. changes the · H. I.) and releveis the level. The instrunent 
man and roanan then run levels from the last- or final point to the first point 
or benchmark. This is called making ·a closed circuit or closed level loop. 
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When practical, leveling should be conducted to form a closed circuit. 

That is, the level circuit or loop should close back in close agreement to a 

benchmark by within . 0.02 foot of the original reading or third order accuracy 

whichever is greater. If the level · circuit does not close within these limits 

Of · aCCUracy 1 

attained. 

then the level circuit IIIJSt be repeated .until ·· this accuracy is 
accuracy is defined by the foriiiJla: 0.05 foot X. (.fniSfber Third order 

of miles run), which means for a one·mile level. circuit, the closure should be 

within five hundredths of a foot. The following is an example of field notation 

for differential leveling: 

EXAMPLE 1: Figure 7.3.1. 

I 
I 
I 
I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

01/22/90 

Station/ 1 

_I· Point 

B.M. 5231 

TP01 

TP02 

M\101 

GS01 

... scs 

"eir 01 

TP02 

T.B.M.01 

B.M. 52311 

I 

Project 90 000 E· 
Region IV Site 
City, State 

I 
or BS I H. I. 

6.13 25.69 

2.10 19.58 

7.89 19.08 

6.26 20.78 

Field notation 

. Name 

. I . or FS I ELEV. 

19.560 

8.21 17.48 

8.39 11.19 

6.17 13.41 

8.88 10.70 

12.13 7.45 

10.30 9.28 

11.19 

4.56 14.52 

1.23 19.55 

for differential leveling. 

La nd" IS surveyor . 'f 
Ben. Chrnark • . f 
~eather:60 1 s overcast; 

Remarks 

5·10mph 

l 
I 
I 

Top of brass cap in concrete 

N~ I 
I 
I 

.I 
I 
I 
I 
I 

mon. 
. marked B.M. 523 El.=19.560 1 

Set nail in ground 

RR spike in tel e. pole NU corn. 
Athens St. and Georgia Ave. 

Top of casing for M\101 

Ground shot at M\101 

\later surface of cyprus swamp 

Invert of weir 01 south of plant 

(Break set up to run levels back> 

RR spike· in tel e. pole NU corner 
Athens St. and Georgia Ave. 

Set nail in 2411 oak for tenporary 
bench mark 01 

Checked to BM 523 (Off ·0.01 1 ) 

I 
I 
I 
I 
I 
I 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 



7.3.5 Procedures for Trigonometric. Leveling 

The 
benchmark 
theodolite 
bubble in 
three-screw 

total station ·theodolite, or instrunent, is usually 
and the. elevation of the instrunent CH.I.) ·nust be 
is attached . · to the plate ·of the tripod · by a. fastening . 

the . bullseye level is centered, or brought · level by 
leveling heads accordingly. Once the bullseye bubble 

the theodolite is rotated 90 degrees at a time and the horizontal 
is checked 
instrunent 
horizontal 

and brought level using the three-screw leveling 
is ready for use when, after repeated - rotations, the 
level remains exactly in the center or middle of its 

The roctnan has either. a range pole with a reflector 

set up above· a . 
obtained. The 
screw · and the 
adjusting the 

is centered, 
level bubble 

heads. The 
bubble · in the 

housing. 

prism (single 
or triple) or a tripod with the reflector 

equipped 
prism. The prism is used' to reflect 

the signal from the electronic distance meter in the . total station theodolite.· 
While located over the · point(s) whose elevation.· is desired, the rodnan holds the 
range pole level by means of centering the bullseye bubble, or sets up the tripod 
by means of centering the bullseye bubble with the three-screw leveling heads. 
The instrunent man sights through the telescope on the theodolite, lines up the 
horizontal and vertical cross·hairs on the center :of the prism and takes ', a 
reading. of both the · vertical angle . CAv) and the .. distance to the prism. The 
difference in elevation · between the theodolite and the prism is determined 
trigonometrically. A compass with · a clinometer and a measuring tape could also 
be used for field measurements or as a map reference. 

The following three ex~les graphically depict ·the distances that nust be 

considered and acceu'lted for when using the trigonometric leveling method to 
compute ·the yertical changes in elevation. The field notation for trigonometric 
leveling follows. 

I 
I 
I 
I 
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I 
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EXAMPLE 3: Figure 7.3.4.· Elevation of point desired is below the instrlinent. · 



EXAMPLE 2: Figure.~ 7.3.2. Elevation of . point desired -is above the ·- instrurient. 

Distance prism 
is above point 
(5.Z3') . 

Difference in 
elevation l!lought 

The elevation at point A in Figure 7.3~2 is 100.00 ft. The instrunent is 
set up 5.92 ft. above point A which makes the height of the instrunent (H. I.) 
105.92 ft. Given a slope distance (Ds) shot to the prism (distance_ AB) ·of 323.88 
ft. and a vertical angle CAY) of 5"30 1 , the difference in elevation at point B 
is c~ted using the trigonometric: formula: 

elevation difference = distance AB x sin(Av) 

The method described above only accounts for. the relative difference in 
elevation between the theodolite (H. I.) and the center of the prism. The -
distance that the prism is held above the point in question must be . subtracted-
from the resulting elevation of the prism to obtain .- the elevation of the point. 
Substituting , in the trigonometric formula: 

elevation difference = 323.88 ft. X sinC5"30 1 ) = 31.04 ft •. 

The elevation _ of point B is: 105.92 ft. + 31.04 ft. - 5.23 ft. ;. 131.73 ft. 
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Figure 7.3.3 Field notation 

01 22 90 P • 90E 000 I I reject -
Region IV Site 
City, State 

Station/ I 
Point +/Os H.l. 

Iii A 5.92 105.92 

0 ist.A-B 323.88 

V. LBAC 

Iii B 

for Exaq>le 

Name 

·/AV ELEV. 

100.00 

5"30 1 

5.23 131.73 

2. 

L nd" a IS s urveyor - "f· 
Ben Chmark ·- f 
lleather:60 1s overcast; 5-10q>h 

Remarks 

s, 
BC = AB X sin LBAC 

= 323.88 1 )( 0.0958 
= 31.04 1 

A c ,, 

8=105.92 1+ 31.04 1 - 5.23 1= 131.73 1 

I 
I 
I 

Nil I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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EXAMPLE 3: Figure 7 .3.4. 

:0: HJ. 
(10!5.92'} 

Elevation 

The elevation at point D in 

of point desired is below the. instrurient. 

F 

Figure 7 .3.4 . is 100.00 ft. The instrunent is 
set up 5.92 ft. above point D which makes the height of the instrunent (H. I.) 
105.92 ft. 
ft. and a 
is coqx~ted 

The 
subtracted 
the point. 

Given a slope distance (Os) shot to the prism (distance DE) of 323.88 
vertical angle (AV) of 5•3o•. the difference in elevation at point 

by substituting in the trigonometric formula: 

elevation difference = 323.88 ft. x sinC5•30 1 ) = 31.04 ft. 

distance that the prism is held above the point in 
to obtain 

question must 
from the resulting elevation of the prism the elevation 

E 

be 
of 

The elevation of point E is: 105.92 ·ft. • 31.04 ft. • 5.23 ft. = 69.65 ft. 



Figure 7.3.5. Field notation for Exa""le 3. 

01 22 90 I I j 90E 000 Pro ect -
Region IV Site Name 
City, State 

Station/ I 
Point +/Ds . H. J. ·/Av ELEV • 

ii) D 5.92 105.~2 100.00 

0 ist.D·E 323.88 

V. lEDF 5"30 1 

ii) E 5.23 69.65 

L nd" a IS s urveyor - 'f· 
Ben Chmarl: - ~ 
Weather:60 1s overcast; 5·10~ 

Remarks 

D F 

EF = DE )( sin LfDF 
= 323.88 1 )( 0.0958 
= 31.04 1 

E 
E=105.92'· . 31.04 1 - 5.23 1= 69.65 1 

NW 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EXAMPLE 4: Figure 7.3.6. 

When 
elevation 

the 
can 

sin a 

a 
= 

measurement 
be determined 

sin ~ 

b 

Spot .elevation 

of the slope 
·using the 

sin y 
or 

c 

differences using the taw of sines. 

distance is not possible, differences in 
taw of sines from trigonometry: 

a b .c 

= = 
sin a sin ~ sin y 

Siqlle spot. elevation differences can be determined by taking only a few 
measurements. The measurements can be obtained with .the total station theodolite 
or by using a c~ss (equipped with a clinometer) and a measuring tape. In the 
above exaqlte (Figure 7.3.6), the vertical angle. (Av) is measured at two 
locations and the horizontal distance (Dh> between those two measurements is also 
measured. Since the s1.111 of the interior angles of each triangle should equal 
180", all the other interior angles are calculated. Substituting the 
measurements into the law of sines and solving for x and y shown in Figure 



7.3.5.5: 

X 

= ---------
sin 15" sin 10.5" 

Note 
difference 

X 

X 

(sin 15") · '113.5 1 ' 

= ----------------
·sin .10.5" 

= 161.36 1 

that the method described 
in elevation between point 

y 

---------
sin 25.5" 

y 

y 

above only 
A and the point 

161.36 1 

= 
sin . 90~ 

(sin 25.5") 161.36 1 

= -------------------

= . 69.4 1 

accounts for the relative 
in question, point B. If 

an instrument, such as a c~ss or theodolite, is used at point . A, the H.l. at 
point A lllJst be added to the resulting elevation of the point in question. The 
field notation ·would· include the figure drawing, all field measurements, and all 
of the calculations. 
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7.3.6 Procedures for· Barometric Leveling 

An "aneroid barometer" or altimeter is an instrunent that measures 
variations fn atmospheric· pressure. Because the pressure of the earth's 
atmosphere varies with height above sea level, a barometer could be used to 
measure the approximate differences in . altitude or elevation. However, 
atmospheric pressure also varies with changes in temperature,· hU'IIidity and 
regional or local pressure changes caused by weather conditions. The appropriate 

·corrections for these changes in air colum temperature, hU'IIidity, and barometric 
pressure 111.1st be applied where maxinun accuracy is desired. HU'IIidity corrections 
are normally negligible, and the additional readings to CCJ~lllensate for hU'IIidity 
are of questionable value. However, temperature and barometric corrections to 
the altimeter readings are necessary to obtain favorable results. · A COIJl'lete 
discussion of the altimeter observation corrections as well as the theory and 
general procedures used in reading the American Paul in System altimeter may be 
found · in Precision Altimeter Survey Procedures A Conprehensive and 
Authoritative Treatise on Modern Altimeter Surveys, by Dr. Robert A. Hodgson. 
The procedures contained herein have been paraphrased from this manual with 
permission from the American Paul in System. 

There are two types of altimeters in corrrnon use for determining· differences 
in elevation. They are the American Paul in System altimeter and the Wallace . and 
Tiernan altimeter, The American Paulin System surveying altimeter, used by 
Branch personnel, offers excellent results when third order accuracy is not of 
prime iq:10rtance. The Branch altimeter is graduated in one·foot increments and 
has an operating range · of ·1,000 feet to +5,000 feet of altitude. The altimeter 
is useful when it is desirable to measure differences in elevation on mountainous 
or wooded terrain; where the use of cumbersome surveying equipment is 
prohibitive; or, · as a .supplemental tool used in conjunction with other surveying 
equipment. The altimeter could also be useful when site specific geologic 
mapping is necessary. A COIJl'SSS could be used as a field measurement to map 
reference. 

Although the altimeter is specially constructed for rugged field use, as 
with 
prevent 

all sensitive Branch equipment, 
damage to the internal parts 

procedures for the "single altimeter 

reasonable care should be exercised to 
of the instrunent. The following general 

method with temperature and barometric 
corrections" should be followed when reading the altimeter and when recording and 
computing traverse data: 

7.3.6.1 Reading the Altimeter 

Proced.lre at the Base Station (See Figure 

(1) 

(2) 

Allow approximately 10 minutes for 
ambient temperature, (Do not place 

when possible.) any time. Use shading 

Place 
point 

al tilneter 
where the 

on the base station 
elevation has been 

7.3.7.) 

the altimeter to adjust to . the 
altimeter in direct 

(typically 
previously 

a benchmark 
detenni ned). 

sunl igt.t at 

or other 



(3) 

(4) 

(5) 

(6) 

Level the altimeter by means of the bullseye bubble on· the "plastic 
window. 

Balance the altimeter by turning the large pointer knob at> the 
center of the face of the altimeter. By using the reflecting mirror 
and reading directly above the Balance Indicator 
parallax in reading can be avoided. 

Note: 
the 
own 

Always balance the instrument f~om the positive 
window. Malee sure that the Balance Indicator needle · 
image in the mirror. 

After the altimeter is balanced, the pointer may be 

needle, 

(+) side 
covers 

set· to 
desired elevation ·(elevation of the base station benchmark) 

the 

of 
its 

the 
by 

raising and turning the Reset Control knob. Wlile doing this, view 
the Pointer from directly ·above (a magnifying glass is provided) so 
that the sides of the knife edge are not visible when the pointer is 
directly above the engraved elevation mark. 

Record the elevation of the base ·station, t~rature (to the 
nearest degree), and the time of the reading. 
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(1) 

(2) 

(3) . 

.(5) 

at ~equent Stations 

Place altimeter at the next station point. 

Level 

Balance 
small 

Record 

the instrunent (bullseye bubble). 

the instrunent 
knob). 

elevation, time, 

using the large 

and· temperature. 

pointer COo not reset 

Note: . (This procedure is continued at each station. The traverse is 

considered . to be COillllete by returning to the base station or other · 

benchmark). 

7.3.6.2 Recording and Conput i ng Altimeter Data 

The American Paulin System altimeter is calibrated to measure true 
differences in· altitude when used at a t~rature of SO•F (assuning no change 
in barometric pressure). \lhen the average t~rature of two successive 
t~rature readings fall above or below SO"F, it is necessary to apply a 
t~rature · correction to adjust the recorded differences in elevation that are 
a result of t~rature change. The difference in altitude between two 
successive stations is recorded in the field book as positive when moving from 
a lower to a higher station (altitude) and negative when moving from a higher to 
a lower station (altitude). The t~rature correction takes the same sign as 
the difference in altitude when the average t~rature is above SO•f and witl 
take the sign opposite the sign of the difference in altitude when· .the .average 
t~rature falls below 50"F. 

T~rature corrections can be determined by referencing the tables or 
graph found in Dr. Hodgson's manual •. The following formula may also be used to 
c~te the percent adjustment due to t~rature change: 

X = n, + T2 - 100) )( 0.102 

Exarrple: The temperatures recorded at two successive stations are 40"F and 
the ·two 
we get: 

41"F, 
stations 

respectively. The uncorrected difference in al tftude - between 
is 31- feet. Sl.bstltutlng in the percentage adjustment formula 

X • (40 + 41 - 100) X 0.102 = -1.938X 

By nultiplylng the l.l'ltorrected difference in_ altitude by the percentage 
factor, we get the t~rature correction given in feet: 

-0.0194 x 31 ft. • -0.6 ft. (t~rature correction) 

. After the altimeter readings are corrected for t~rature, the change 
barometric pressure that occurred during the time of the traverse _ rust 
applied. for Branch purposes, it will be assiPI!d, that the rate of change 
barometric pressure is constant. The change in barometric pressure that occurs 

in 
be 
of 



during the time of the traverse is taken to be the difference between tne 

ten.,erature corrected reading of the last station (benchmark or other point of 

known elevation) and the actual elevation of that last station or benchmark. To I 
obtain the barometric correction CCB) for each reading, the change in barOmetric-

pressure is divided by the I"'U''ber of minutes in the traverse. The barometric 

change per inlnute Is obtained. By IILiltiplylng this factor · by the nurber of I 
minutes between each station, the amount of· barometric change for each station 

is obtained. I Certain considerations should be taken into ·account when using · the 
altimeter. A sudden change in weather conditions during the time of the traverse 
may affect the rete of change in the local barometric pressure which could lead 
to incorrect barometric corrections. ·A change in wind velocity -and turbulence I 
could also adversely ·affect the recording and, therefore, the barometric 
correction. Generally, good altimeter · traverse results can be obtained ·'during 
'the ear_ly morning or tate afternoon. Before starting the altimeter traverse, it I 
is a· good practice to check the altimeter , at two or more base-- stations or bench 
marks. This is ·done to insure that the altimeter is in good working_ order, to 
be certain the proper procedures are being used, and to provide a background 
check on the local barometric conditions. The following is an exa~Tple of field 

I 
notation for the above described single altimeter method traverse: 

EXAMPLE 5: Figure 7.3.8. -Field notation for the s'ingle altimeter method. I 
01/22/90 Project 90E·OOO Landis ·surveyor . "f I 

Region IV Site . Name Ben Chmark . ~ I I 
City, State Weather: Clear; 0·5 "Ph NW I 

I 
No. Remarks Time Reading T ("f) .a. in Av. l: of Tef!P. Cor. Adj. CB Elevation .. Reading Tel!p. X Total Reading c~. Actual 

I 
.. , BH·ESD·IV Athens 07:30 747 40" 747 

-+31 40.5" ·0.6 
•·2 Top of waterfall 07:37 718 41" ·0.6 m.4 +2.9 780 I 

+20 41.0" ·0.4 
•·3 Invert culvert 4 07:45 798 41" ·1.0 797.0 +6.3 803 

·93 41.5·· +1.6 
•·4 Base of falls 07:55 705 42" +0.6 705.6 +10.6 716 I 

+27 42.5" ·0.4 
•·1 BH·ESD·IV 08:05 732 43" +0.2 732.2 +14.8 747 

I 
•·1 BH·ESD·IV 08:15 .747 45" 747 I 

·-22 46" +0.2 
.~s Epps Bridge 08:24 725 47" +0.2 725.2 +2.2 727 

·5 48" +0.02 I 
•·6 Weir W~2 invert 08:30 720 . 49" +0.22 720.2 +3.6 724 

+45 so• 0 
•·4 BM·UGA·IV 08:37 765 51" +0.22 765.2 +5.3 770 768 

+21 -. 52" +0.09 
•·7 Athens airport 1 08:45 786 53" +0.31 786.3 +7.2 793 I 

·75 54• ·0.6 
•·8 Oconee R. il 441 08:56 711 ss• ·0.29 710.7 +9.8 721 

+24 ss.s• +0.3 
··9 BH·ESD·IV 09:05 735 56• +0.01 735.0 +12.0 747 I 

I 
I 
I 
I 
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7.4 AERIAL IMAGERY 

7.4.1 

Aerial is unique and ·distinct . from the other field measurement 

tools and 
imagery 

procedures 
supplement 

discussed in this manual. However, it is frequently an 

invaluable to field studies. It records a great deal of detail that 

can provide a guide for other field measurements as well as· historical documents-

tion of conditions at the time of· acquisition. 

Aerial imagery . is obtained and interpreted using state-of-the-art 
techniques to the extent justifiable for the intended use. Photographic 
interpretation is by · ·its nature, very subjective at times. \lhen · an 
interpretation is questionable, the opinions of several photographic analysts 
will be solicited. Environnental · interpretation, where natural features have 
been slightly modified by man, · is nuch more subjective than military 
interpretation, · where definite, · man-made features . are sought · out. Therefore, 
where environnental interpretations are not clear-cut, they should be used only 
as tentative findings to be further verified or modified by subsequent field 
investigations. 

7.4.2 litigation 

Several 
of collecting 

• 

• 

• 

The 
litigation, 

• 

... 
• 

limitations apply to photographic missions for the specific purpose 
evidence to be used in litigation. 

The military services camot be used for such purposes (4). 

lf a court injunction prohibiting trespassing is · in effect 
the overflight. 

against 
EPA, a search warrant nust be obtained for 

Even in 
litigation 
Counsel 

the absence of a court injunction, if the case is in 
or in the preparation for. likely litigation, the Regional 

nust be consul ted for his/her reconrnendation on the need for 
a search 

following, 
slbject 

·Imagery 
or anyone 

warrant. 

more general-purpose imagery, 
to the guidance of the Office of 

or overlays prepared from imagery 
elae, for other purposes: i.e., 

Inventorying, routine missions clearly 
litigation, etc.; 

Archival Imagery antedating . the litigation 

"Targets · of opportun lty," IUCh as a stack 
LnJSual discharge from an outfall, etc., 
while on a mission for another purpose or 

can also be used in 
the Regional Counsel: 

acquired by the military, 
for broad-area mapping or 
not comected with the 

in .. question; and 

putting up dense smoke, an 
which are photographed 

for general surveillance. 
(This is equivalent to stopping at the side of a road to photograph 
a suspected violation of any law.) 



7.4.3 

All requests for aerial imagery and other remote sensing services shall be 
coordinated through the Regional Remote Sensing · Coordinator as specified in the 
April 2, 1980, memorandun on this subject by the Deputy Regional . Aaninistrator 
(5). The coordinator shall make appropriate contacts with the Remote. Sensing 
Branch, Envirorwnental Monitoring and Support Laboratory, ·Las . Vegas, Nevada .CEMSL-
LV), with the Envirorvnental Photographic Interpretation Center (EPIC). in 
warrenton, Virginia, or with others as necessary; and the coordinator will 
arrange for direct follow-up contacts between the requestor and the group to 
provide the service if desired. All Enviropod · · activities will be under the 
aaninistrative direction of the Regional Remote Sensing Coordinator. However, 
to the extent practical, efforts will be made to involve the user of the imagery 

in the missions for acquiring it. 

Interpretation of photographs and other imagery within the Branch.· will be 
the responsibility of each individual program, although some limited assistance 
may be available from the Remote Sensing Coordinator. Requests for this service 
from groups outside the Region should be initiated as specified above. 

7.4.4 

In general, each program requesting remote sensing services 
pay, frem either national or regional funds, for necessary flight 

will 
time, 

have 
film 

to 
and 

processing costs~ and Interpretation and preparation expenses. Costs: can often 
be minimized by the Remote Sensing Coordinator by combining 
archival imagery, end bY using limited · ORD support · funds 
Remote Sensing Coordinator will arrange for cost estimates 

7.4.5 Enviropod Procedures 

missions, 
when available. 

as needed. 

locating 
The 

The· Envi ropod will be Installed and operated by persomel fami l ier with the 
detailed instructions prepared following the Enviropod · Installation and 
Operations Course at EPIC (6). Mission plaming will be done using appropriate 
nomograms supplied by EPIC or with the HP-97 Enviropod Program (7). All flight 
lines shall be logged on a data ·sheet. . After . exposure, film end log sheets 
should be promptly shipped to EPIC at Vlnt Hill Farms in lolarrenton, VA, for 
processing. I • 

7.4.6 Specific Quality Control Procedures for Aerial Imagery 

All film is processed using the manufacturer's recommendations for tem-
perature, ·time, end density of solutions. · :At the end of each Enviropod mission, 
approximately eight or ten frames will be expased' for trial development· f,r EPIC 
to determine whether edjustments · lUSt be made in processing rates or ten-peretures 
to obtain a clear i11111ge. . These will be noted: on . the log · sheet with· notes on 
lighting and weather conditions. Enviropod personnel at EPIC will be contacted 
before each mission (or 111onthly, · whichever fs less frequent) to· determine current 

· experi'ence and ·recommend f·stop settings for various cloud covers end atmospheric 
condItIons. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Section No. 7.5 
Revision No. 0 

Date: 2/1/91 
Page of 

7.5 BATHYMETRY 

7.5.1 Procedures. 

Recording fathometers are used to provide bathymetric 'traces of water 

depths. Because water depths are time dependent (especially in tidal areas), the 

date and time of all traces should be noted. Operation manuals provide operation 

and calibration procedures to be followed. In particular, .tide and draft 

adjustments provide datlJTI calibration in regard to the respective tidal 
end sensor probe depth. During the initial setup of each survey, the 

a~Jl'l i tude 
fathometer 

calibration should- be checked against · a_ field measurement of water depth made 
using - a graduated sounding line. All traces should be noted with transect 

description, chart speed, direction of travel, and pertinent reference points and 

then indexed to a site map. \lhen working in tidal areas, a water stage recorder 
levels (see Section 7.6) should be positioned to provide a histogram of water 

correlate with the bathymetric trace. 

7.5.2 Equipment Avai \able 

The following - Branch equipment is avai \able for bathymetric surveys: 

• recording fathometers; 

• water level -recorder and/or referenced gaging station(s); and 

• calibrated sounding line(s) • 

7.5.3 Specific Equipment Quality Control Procedures 

All equipment used for bathymetrk studies shall be numbered and a record 
shall .be kept of all maintenance and calibration procedures. The fo\ lowing 
procedures shall_ · be used to maintain and calibrate bathymetric measurement 
equipment. 

7.5.3.1 Recording Fathometers -- These fathometers shall: 

• Be calibrated and maintained according to the manufacturer's 
instructions before use. The chart speed should be checked against 
a reliable time source before the instrlJllent is sent to the field; 

• Be checked in the field against a field measurement of water depth 
uti\ izing a calibrated sounding line; _ and 

• Be cleaned daily · after use and prior to being stored. 

7.5 .3 .2 :;Sound=.~i ng~-..::.l :.:1 ne=s A\ l sounding 
be accurate 

lines will be calibrated against 
_a steel surveyors tape and shall :!:,3 percent. 

7.6 SURFACE VATER STAGE/TAPE DOUNS 

7.6.1 Procedures 

to 



Water level recorders prov.ide a time series record of water levels. Where 

possible, these · instri.JIIents should be referenced to National Geodetic Vertical 

Oatun CNGW). All water level tracings should be noted with beginning and . ending 

date and time, site location, stage scale, and time scale and initialed by the 

servicing Branch persomel. Standard USGS staff gages should be ~toyed at each 

water level recorder· site to provide a reference and check on the recorder trace. 

Water stage should be recorded to the nearest 0.01 foof where possible. 

Tape downs provide instantaneous water stage as referenced to a known ele-
vation. An engineering tape is fashioned with a plunb bob to measure . from a 
bridge deck or other reference point to the water surface. The· plunb bob pro-
vides weight for the tape . as well as providing a discernible contact with the 
water surface. All measurements should be to the. nearest 0.05 foot acc~nied 
by a date, time, and station location. The exact reference or point from which 
a tape down . is measured shall ·be permanently marked on the reference ewing wall 
or bridge rail by etching a reference with a chisel, etc.) and . a c~lete 

description of the reference shall be made in the field records. 

Both of these procedures (water stage and tape downs) are predicated upon 
accurate references to established measuring points. As 'mentioned above, the 
NGW is an established datun that prov.ides correlation of water surface record-
ings to engineering structures (bridge~ wing walls, sea wall caps, clarifier · cat 
walks, etc.). When recording water level dynamics in relation. to a particular 
flow device, the datun is established in relation · to the flow device reference 
point. Rectangular and V·notch weirs, for instance, are proportional to the 
water level referenced to the weir crest or, in the case of partially filled 
pipes, the flow rate is proportional to the depth of flow. Therefore, when 
~toying ·a water level recorder or tape down on primary flow devices the 
reference or datun is the weir crest or in the case of pipes, the invert ·(see 
Section 5, Flow Measurement). 

7.6.2 Equipment' Available 

The following Branch equi~nt Is avai table 
down measurements: 

• F Stevens Stage Recorder(s); · 

• A-71 Stevens Stage Recordercs>; 
• 

Model 
Model 
Model 
ISCO 
USGS 

1152 SSM ENDECO . Stage Recorder(s); . 

• 
• 
• 

Flow Meter(s) 
Staff Gage(s); 

and Recorder(s); 
and 

Weighted ·steel measuring tapes • 

7.6.3 seeclflc Eauipn!!!lt Qual fty Control Procedures 

A log book will 
down measurements. 

be kept · of all equi~t 

The following maintenance 
used 
and 

for surface 

for making 
calibration 

be used and recorded 
tape down measurements. 

fn the log book for all equi~nt .using 

water stage/tape 

water 'stage/ 
procedures 

for water stage 

tape 
shall 

and 

7 .6.3. 1 Stevens Model A-71 and Model · F Stage Recorders These stage 
recorders shall: 
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moving 

• 

• 

• 

7.6.3.2 

Be maintained 
each 

according 
unit shall yearly, 

adjusted 
recorders 
vertically. 
foot of the 

to read within 
shall be bench 

The· units 
lnvar steel 

Be checked in ·the 
field measurements, 
foot, and 

field 
the 

Be cleaned and maintained 

to the manufacturer's instructions. Once 
be operated, and the time scale shall be 

two percent of full scale. Once yearly, the 
checked by moving the recording mechanism 

must be accurate and record .to within 0.01 
surveyor's chain. 

by carparison with a staff gage. 
vertical accuracy shall check within 

before storage • 

During 
0.05 

ENDECO Model 1152 SSM Stage Recorder(s) 
parts and uses solid state memory. ln addition 

This 
to water 

instrument 
recorder 

also measures 
shall: 

and stores conductivity and temperature 

instrument 
level 

data. 

has no 
data, the 
The stage 

control 

shall: 

• 

• 

• 

• 

Be maintained 
in the field 
shall check 

according to ·manufacturer's 
by c~rison with a staff 

within 0.05 foot •. 

instructions and checked 
gage. The vertical accuracy 

Be within ! 0.55 m2/cm and ! 0.2°c of prepared conductivity standards 
and an NBS thermometer, respectively. 

Be cleaned and maintained before storage. 

7.6.3.3 ISCO 1870, · 2870 Flow Meter ·and Recorder(s) -- See specific - quality 
procedures for this equipment in Section 5, Flow Measurement. 

7.6.3.4 USGS Staff GageCs> . USGS staff . gages shall: 

• Be checked on receipt .frcrn the vendor. Any staff gage not accurate 
to within 0.01 foot when compared with the lnvar . steel surveyor's 
chain shall be · discarded. Gages will be appropriately marked . upon 
calibration. 

• Be checked for damage, warpage, legibility, etc., before use. Any 
damaged . or illegible staff gages shall be discarded • 

• Be cleaned after use before being stored • 

7.6.3.5 Weighted · Steel Measuri!:!!l Ta~s .. Weighted steel measuring tapes 

Be calibrated against the Inver steel surveyor's chain. The 
calibration shall be within 0.01 foot per 10 feet of length. 

• Be checked for damage before use; damaged tapes · shall be 
recalibrated or . discarded. 

• Be cleaned after use before being stored. 



'7.7 GROUND YATER LEVEL MEASUREMENT 

7. 7.1 General 

Section 

Revision 

Date: 

No. 7.7 

No. 0 

2/1/91 
Page or 2 . 

The measurement of ground water 

saqll ing. 

surface 
Specific 

level in wells is· frequently conducted in 

conjunction with ground water Data from such measurements are needed 

to determine 
flow direction 

presented in 

the "free" water and can be used to establish ground water 

and gradients. techniques used by Branch personnel are 

Appendix E. 

Total well depth measurements, along with ground water level measurements, 

are 

the 

necessary to determine the volune of water in a well casing· prior to purging 

well during ground water saqlling. 

All ground water level measurements, as well as total depth measurements, 

shall· be made in reference to an established reference point on the well casing. 

This reference point shall be docunented in field records. To be useful for 

establishing ground water gradient, the reference point · should be tied in with 

the NGW (National Geodetic Vertical. Datun) or a local datun. An arbitrary datun 

corrmon to all wells in a group may be used for an isolated group of wells, if 

necessary. 

- 7. 7. 2 .:::.Spe=.:c:..:i"-!f...:.i:::.c_....:G~r..::o~und::..::::. __ \l.::.a::=..t~e:..:.r _ _:::.Le:::.v:.:e:..:l.__.:;:M:::.ea~s::.:u::.:.r...:.i.:..:n:a.9 __ T.:.:e:.:c::.h:.:.;.n:..:.i:::~.au~e~s 

the depth to the free ground water surface can be acc~l ished Measuring 
by the following methods (8). Method· accuracies are noted below . for each of the 
specific methods described. 

7.7~2.1 Popper or Bell Sounder A bell· or cup-shaped weight that is 
hollow on the bottom is attached to a measuring tape and lowered into the well. 
A "popping" sOU'Id is made when the weight strikes the surface of the ' water. An 
accurate reading can be determined · by lifting and lowering· the . weight in short 

strokes, and reading the .tape · when the weight barely strikes the water. Measure· 

ments shall be recorded to the nearest 0.1 foot. 

7.7.2.2 \lefghted Tape This method is similar to the "bell sounder" 
·method, except that any suitable weight, , not necessarily one designed to create 
an audible pop, . can be used to suspend the tape. The weight should, ideally, be 
made of a relatively inert material and should be easily cleaned. Measurements 
shall be made and recorded to the nearest 0.1 foot. 

7.7.2.3 Chalked Taee Chalk rubbed on a weighted steel tape will dis· 
color or be ' removed \!hen in contact -with water. Distance to the water r.urface 
can be obtained by subtracting "the wet chalked length· from the total meo~sured 

length. The tape -should be withdrawn quickly from the well because water has 
tendency to rise up the chalk due to capillary action. Measurements shall be 
made and recorded to the nearest 0.01 foot. This method is not rec011111ended if 
sllq)les are to be collected for analyses of organic or inorganic contaminants. 

7.7.2.4 Electric \later Level Indicators 
attached 

water, 

•• This fnstrunent consists of a 
spool of dual conductor wire, a probe 
the probe comes In contact with the 

to the end, 
the circuit 

and an 
is closed 

indicator. When 
and a meter 
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I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
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light 
9-volt 
made 

and/or buzzer attached to. the spool will signal the contact. Penlight 
shall 

or 
be batteries 

and recorded 
are normally used for 

0.01 
a power 

foot. 
source. Measurements 

to the nearest 

. 7.7.2.5 Other Methods 
and recorders available on the 
pressure method, and electrical 
are primarily used for closed 

There 
market 

and 
systems 

are other types of water 
such as the sliding · float 

automatic recording ·methods. 
or permanent monitoring 

level indicators 
method, 

These 
air line 

methods 
wells. Acoustic 

level indicators are also water 
measured 
vary and 

return of an emitted 
should be evaluated 

available 
acoustical 

before 

which measure water 
impulse. Accuracies 

levels based on the 
for these methods 

providing measurements to within 0.1 
selection. 

foot shall not 
Any method 
be used. 

not capable of 

7.7.3. Total \lell Depth Measurement Techniques 

The bell sounder, weighted tape, or electric water level indicators de­
depth. This is 

is felt resting 
scribed in Section 7.7.2 can be used to determine the total well 
accC~Tpl ished by lowering the tape or cable until the weighted end 
on the bottom tape buoyancy and weight effects 

columns, it may be difficult to encountered 
determine 

in 
when 

of the well. 
deep wells 

the tape end 
with 
is 

Because 
long 

touching 

··of 
water 

the bottom of the well. Care must be 
taken in these situations 
measurements must be made 

7.7.4 Equipment Available 

to ensure accurate measurements. 
and recorded to the nearest 0.1 

All total well depth 
foot. · 

The following Branch equipment · is avai table for ground water level and 
total well depth measurements: 

• weighted steel measuring tapes, and 

• electric water level indicators. 

7.7.5 Specific Duality Control Procedures 

shall be calibrated 
the 
per 
to 

All devices used to measure 
Inver steel surveyor's chain. 
10 feet length. Before each 

ground water levels 
These devices shall 

use, these devices 
(if appropriate) 

be calibrated to 
against 

0.01 foot 

the 
damage. 
specified 

manufacturer's 
These devices 
In Appendix 

data shall maintenance 

7.8 TIME·OF·TRAVEL 

7.8.1 

Three principal 

instructions 
should be 

B.7.1 prior 
be recorded 

methods 

shall be prepared 
and checked 

according 
for obvious 

decontaminated according 
to use at the next well. 

in a log book. 

to 
All 

the procedures 
calibration and 

surface 
dye,. 

floats, measurements 
are 
of 

used 

cross 
to determine 
sectional 

travel 
velocity, 

time 
and 

in streams, 
tracers 

i.e., 
such as 

A very rough method for preliminary estimates of tlme·of·water travel con 



sists of dropping sticks or other buoyant - objects from bridges in the · stream 

reach under observation, and noting the time required for - them to float an 

estimated 10 feet or some other convenient distance. The velocity estimates are 

too inaccurate for use in interpretation 
useful in preliminary plaming of 

of data or final reporting, 
studies and in subsequent 

. but can. be 
more . precise 

measurements .of time-of-water-travel. 

Stream velocities at gaging stations, measured by the U. S. Geological 
Survey in developing rating curves, may be applied to the entire reach under 
observation to estimate time-of-water travel. This is somewhat more refined than 
the floating objects estimates, but can still be far from accurate. There rarely 
are more than one or two gaging stations in most stream reaches being studied. 
Stream channels generally are restricted at gaging stations and velocities there 
are generally higher than average velocities throughout the reach. Cross 
sectional velocities can also be determined at locations designated for a 

particular study. 

Tracer 
time-of-travel. 

dyes provide 
This is 

a direct and highly 
the preferred method 

accurate method 
if resources are 

of determining 
available. 

7.8.2 Procedures 

7.8.2.1 Floats -- Surface floats may · be followed downstream and timed for 
known distances to determine time-of-water-travel. This requires the use of 
considerable judgment, for floats tend to travel into quiet or eddy areas, . or to 
become stuck on tree limbs, the stream bank, or other obstacles. The floats must 
frequently be retrieved and returned to the stream · current. The principal 
judgment 
retrieval 

factors are how long the floats should be left in quiet areas before 
and where they should be placed in the current. 

Surface water velocity is greater 
be applied 

than 
to 
the 

the average for the entire stream, 
and a correction factor must 
velocity of about ·as percent of that of 

the surface velocity. 
surface velocity is 

An average 
a reasonable 

rule-of-thumb value. 

7.8.2.2 Cross 
velocities 
velocity 

at frequent 
in the stream 

Section Measurements -- The · measurement· of cross 
longitudinal intervals and the calculation 

constitutes a time consuning method of obtaining 

sectional 
of average 

time-of-
water-travel. 

The longitudinal 
with the characteristics 
be . adequate for streams 
every tenth of a mile 

at which cross sections should be measured 
stream channel. one cross section per mile 

reasonably Ll'li form channels. Cross sections 

intervals 
of the 
with 

may be desirable for streams with irregular channels. 

vary 
may 

at 

cross section measurement methods are described in detail in secti011. S. 

7.8.2.3 
involves following a tracer. 

The most 
Some 

salt, or radioisotopes may serve as 
most frequently used dye is Rhodamine 
as low as 0.01 ppb by a fluorometer. 

accurate 
conservative 

tracers; . 
WT that 

method of measuring time-of-travel 
industrial waste constituents, 

however, dye is most common. The 
can be detected in concentrations 

I 
-I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
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Prior to injection 
with the stream water. 
Addition of ·concentrated 

Into the stream, the concentrated dye should be .diluted 

This 
dye 

will help insure immediate maxirrun dispersion. 

without dilution may result in incomplete disper· 

sion, particularly in shallow Calibration should be developed 

for each study with particular 

streams. 
errphasis on accounting 

curves 
for natural background 

fluorescence. 

The dye should be distributed across the stream at the upstream point, as 
nearly instantaneously as possible. The ideal distribution produces · a narrow 
band of tracer in a uniform concentration across the stream. The band of tracer 
mixes with water ahead of and · behind it by diffusion, or longitudinal mixing, as 
it moves downstream to produce an increasingly wider band. The peale con· 
centration remains near, but somewhat downstream of, the center line. of the band 
and decreases as longitudinal mixing proceeds. The times·of·water·travel to 
downstream points are the differences between the time the dye was added to the 
stream and the times the centroid of the dye mass arrives at downstream points. 
The length of the dye cloud and the peale concentrations produces a measure of 
instream 

50 ppb 

dispersion. 

If Rhodamine ~ dye 
allow satisfactory 

is used as 
definition 

the 
of 

tracer, 
the dye 

peale concentrations 
concentration curve. 

from 1.0 to 

Most methods of calculating the dosage of dye needed at the upstream point 
involve estimates of one or more stream characteristics, such as flow, velocity, 
length of reach, volune in the reach, cross-sectional area, .average depth, and 
the roughness coefficient, 11n", of Manning's formula. The USGS has produced 
excellent publications regarding to time-of-travel techniques, i.e., "Measurement 

Procedures of Time·of·Travel and Dispersion by Dye Tracing" (9) and 11Fluorometric 
for Dye Tracing" (10). 

The stream should be sampled frequently as the dye arrives at the down· 
stream point to define the tracer concentration versus time curve with special 
emphasis on the peale. The frequency . may be varied 
every 10 to 15 minutes, depending on how wide the 
sampl i ng point. The dye 11111y be missed altogether 
required for It to travel downstream. Much time 

from 
band 

by 

once each minute to once 
of dye has become at the 
overestimating the time 

may be wasted, on the other 
hand, waiting for it to arrive If the time·of·travel is Lrderestimated. All 
Information that will contribute to the best possible preliminary estimate of the 
time required should be used. 

There are two primary methods by which the stream water can be sampled and 
analyzed for dye. A subnerslble pu11:1 can be used to pu11:1 dye continuously 
through a fluorometer or the stream samples can be grabbed (either by hand or ·by 

automatic sampler) at specified frequencies and then placed Into the fluorC'IIIeter 
individually. Uith the "flow-through" version, a strip · chart recorder c~cted 

to the fluorometer can be used to plot the tracer concentration versus time. 
Readings directly from the fluorometer scale. or conversion to dye concentration 
can be manually plotted against tfllll! when the grab sampling technique is used. 

A version of the grab sampling technique would be to use an automatic · water 
sampler which discharges . into · separate bottles. The sampler is pre·set to 
collect samples at certain Intervals; at the end of the sample collection time, 



the discrete samples shall be analyzed and the concentration determined for each. 

The concentrations are then plotted against time. 

For proper determination of travel time,-. sa~les should continue to be 

analyzed until" the stream background .concentration -fot towing- the peek is mea· 

sured. "ith a time versus concentration plot from background level to peak to 

background level, the centroid, and thus actual travel ·_time, can be determined. 

The "ater Supply Branch of the - "ater · Management Division 
-systems 

public 

should be con­

that 
water 

tacted · prior to conducting tracer 
tracer concentrations do not iiJ1)8rt 

studies in freshwater 
color to downstream 

to insure 
or private 

supplies. 

7.8.3 Eguipnent Available 

The following Branch equipnent is- available for - time-of-travel 

7.8.4 

travel 

• fluorometers, 

• tracer standards, 

• automatic saq>ters, 

• purps, 

• recorders, 

• flow meters, and 

• floats • 

Specific Equipment Quality 

All of 
studies 

Measurement), 

the quality 
has been 

or 6 {Field 

control 
discussed 

Analyses). 

7.9 DILUTION STUDIES 

7.9.1 - Procedures 

Control Procedures 

procedures 
in Section 

for equipnent 
4 csaq>lfng 

utilI zed 
Procedures), 

A great deal of the previous section (time·of·travel studies) 
this section and USGS publications provide references to techniques,_ 
utar "Measurement of Discharge by Dye-Dilution Methods" (11). 

studies: 

in time-of-
- 5 (Flow 

appt ies to 
In partie-

Dilution studies using tracer dyes evolve from . "mass -conservation" prin· 
ciples. That Is, a known mass of tracer is- introduced at an upstream . point, and 
after mixing with . the water to be traced, this mass should be accountable at 
downstream locations. Rhodamine WT provides an adequate tracer for .such 
Investigations. This dye Is slightly photoreactive and· reaction rates are 
available in the literature (generally K rate ·is· 0.034/day). Other ·tracers 
either introduced into an upstream point or in some instances occurring at the. 
upstream point are often used. The high degree of accuracy- and detection abi I ity 

-of fluorometera plus the aohbilfty properties of tracer- dyes make them the 
technique of choice. 

studies, the · In dilution 
to be traced -and then 111onitored 

tracer 
after 

dye is precisely 111etered 
~nixing via a fluorometer 

into the waters 
at downstream 
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stations. This series of events. requires highly controlled . metering rates and 

very accurate fluorcxnetric analyses. State·of·the·art fl uorcxneters make the 

dilution study program a valuable assessment tool. 

7.9.2 Equipment Available 

The following Branch field equipment is available for dilution studies: 

• fluorcxneter, 

• metering ~ . 
• tracer standards, and 

• ~-

7.9.3 Specific Equipment QuaUty Control Procedures 

See previous section. The metering ~ shall be · cal i brated before and 
during use. Field calibration data· shall be recorded in· the field records. 

The principal of superposition as developed by Kilpatrick and Yotsuk.ura of 
the USGS is a reliable method to determine dilution levels of wastewaters in the 
receiving estuary (12). A tracer dye is metered into the wastewater stream 
during a tidal cycle. Successive slack tide measurements of dye concentrations 
in the estuary at selective distances from . the outfall produce a series of 
concentration curves. By superposition, the acci.I!Ulative concentration at each 
station provides a determination of the ultimate concentrations or steady·state 
concentration of a continuous discharge. By si~le proportioning, with due 
regard to tracer photo decay, the dilution levels of the discharge can be 

produced for selective points in the estuary. 

Calculation Procedure: 

cw . = (Ct)(ekt)(~) 
Vt 

= Ultimate concentration of wastewater at point of interest 

Ct = Ultimate concentration of tracer (by superposition) at point 
of interest 

ekt • Photo decay of tracer 

k .. 0.034 tidal day 

t • tidal days to ultimate concentration 

Vw = Uastewater discharge per tidal · day 

Vt = Volune dye released in tidal day 



I 
For ex&q:)le: 

Assune: ct = 100 ppb I 
ekt = 1.2 (ultimate 

tidal days 

concentration. obtained 

I. 

in 5 

I 
Vw = 100,000 gal/tidal day 

Vt = 10 gal/for one tidal day I 
Then: cw = 1,000,000, ppb 

= 0. 10X wastewater I 
Investigations of .industrial · and nunicipal fecit ities for NPDES permit 

COII1)l lance require measurements · of discharge rates. Often encountered during 
these investigations are flow measuring devices · such as orifices and magnetic 

I 
meters which are inaccessible for measurements of flow by standard equations 
relating to ·hydraulic head and . structure size. The following provides a direct 
technique for measurement' of flow through the . above devices using dye tracers. I 

I 
I 
I 

Discharge rate thrOugh 
balance equation: 

any structure can be defined , by the following mass I 
MASS BALANCE EQUATION I 

I 
I 
I 

Where: I 
K pipe flow rate 

I 

I 
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The following is brief description of the methods available· and their 

applications. 

7.10.3.1 Metal Detection •• Metal 
by the 

detectors are used ·to detect changes in 

electrical conductivity caused presence of metallic materials, both 

ferrous and non·ferrous. Metal detectors: 
metallic 

light 

(1) are limited to shallow depths CO 

to 8 feet), (2) can detect large objectives such as buried druns and · 

metallic laden wastes, (3) are weight and economical, and (4) are 

insensitive to soil moisture and small metallic objects. 

7 .10.3.2 Magnetometry .. Magnetometers · are designed 
ately measure changes in -the earth's magnetic field. The 
magnetometer is ease of operation ·and reliability. 

The magnetometer's primary design function is detection 

as buried druns bodies of ore which alter 

to detect and accur· 
of the major feature 

of magnetic · objects 
the earth's magnetic such 

field. Magnetometers 
or large 
should not be calibrated or used in or around· buildings, 

near .powerlines, or directly on the ground. 

7. 10.3.3 Electromagnetic Induction (EM) A transmitter induced coil 
directs induced current loops into the ground, 

sensed or detected 
which produce secondary fields. 

fields are then by the receiver coil, and then These secondary 
a~l ified and stored on a strip chart recorder or magtape, if desired. 

EM 
subsurface 
layered 

instrunents 
conditions. 

soils. 

measure 
EM 

Measurements can be 

true 
units 

obtained 

soil 
also 

conductivity In uniform, homogeneous 
measure apparent soil conductivity· 

from depths to 60 meters . with 
instrunents. EM units .·are very 

pipes, 
effective for rapid 

type 
site reconnaissance 

these 
and 

detection of buried ,druns, and me tall i c conductors. EM's are 
limited by frozen ground, or wet or dry soils. 

7.10.3.4 Ground Penetrating · 

Ground penetrating radar 
pulses directly into the ground 
reflected back. to the receiver 
strip chert recorder. 

(GPR) 
from 
fran 

Radar (CPR) 

units radiate short· 
en antema · near · the 
subsurface structures 

duration 
surface. 

and 

The ·depth · of CPR penetration is site specific ranging 

electromagnetic 
· The pulses 

are plotted 

little 

riot 

are 
on a · 

as 3 
feet. in clay to as III.ICh as 100 feet in dry quartz sand. 

from· as 
Depths are further 

reduced if ground water electrical conductivity is high. CPR may be . useful in 
disturbances, but is defining bolniaries of buried trenches end other subsurface 

difficult to un in ailty or clay soils. 

7.10.3.5 Seismic Refraction Devices (SRD) . 

Field operation is acc~l ished by transmittin9 . sound waves. into the ground 
by means of a aound source (hanmer, drop weight, explosives, etc.). Reflected 
sound waves ere then detected by receivers or geophones which automatically 



translate 
form on a 

them into 
seismograph. 

electrical signals, 
Stratigraphic 

travel time of the sOLnd waves through 

7.10.3.6 ResistivitY 

which are recorded and ·displayed in graph 

profiles can then be determined based on 

the different earth strata. 

Resistivity is used to measure the electrical resistance of the soil, rock, 
and ground water. The resistivity method requires. that a electrical current be 

injected into the ground through a pair of surface electrodes. The resulting 
potential field (voltage) is measured at the surface by a second pair of. 
electrodes. The electrical current flows from the electrodes into the ground · 
through the moisture-filled pore spaces in the soils and rocks. Resistivity is 
controlled by the amount of pore water present in the sol l and rock strata. The 
resistivity method can be used to locate and map contaminant plunes, locate and 
define trenches, and determine natural geohydrologic conditions such as depth to 
ground water, and depth to bedrock. The resistivity method is limited in areas 

· where soils·. contain little or no moisture, since dry soils will ~ not perinit 
current to flow. Very hard or compacted soils or. frozen ground illpede the use 
of resistivity because the electrodes cannot be driven into the · ground. 
Resistivity surveys are costly and time consuning which make the resistivity 
method unfavorable for a short reconnaissance trip or a quick screening 
investigation. 

7.10.3.7 Very Low Frequency CVLF> Ground Conductivity 

The VLF instrunent uses the magnetic components ·of the electromagnetic 
field generated by already-existing radio transmitters that use the VLF band 
(Very Low Frequency, 15·30 kHz). Such transmitters are now operating fn a nunber 
of countries, and are used primarily for long-distance submarine CCIIIII.Jnication. 

Electrically conductive structures on the· . surface or ,underground, even when 
covered with thick overburden~ locally affect the direction and strength of the 
field generated by the transmitted radio signal~ A weak ·secondary :field is 
generated around the geological structure, which is most conrnonly a water-filled 

·fracture or ore bocfY. ·.This field is measured by the fnstrunent. Different VLF 
instrunents avai table vary in the degree of useful output produced by each 
instrunent• . Some merely quantify the secondary field measurement, c while others 
provide real·time current density profiles and ·structure interpretation of 
identified anomalies. 

7.10.3 Egui~nt Available 

The following Branch equipment is available for geophysIcal studies: 

• EM·31D Non-Contacting Terrain Conductivity Meter, 

• Unhllllll J J Portable Proton . Magnetometer Model G·846, 
• Pipe Seeker 5 Metal detector, end 

• ABEM Wadi . VLF Jnstrunent 

7.10.4 S~lfic Egulpnent Oual ity Control Procedures· 
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All geophysical instrunents . ·used by Hazardous Waste Section personnel or 

EPA contractors shall be calibrated in accordance with the manufacturers' 

specified calibration procedures, and shall only be calibrated by personnel that 

have been trained to do so. The calibration shall be checked periodically to 

insure accurate readings, especially on re-entering the study area after having 

left for a period of time. All calibration procedures and pertinent information 

shall be docunented in the field logbook as outlined in· Section · 3.5. 

Personnel using the geophysical . equipment shall be trained. in the use and 
maintenance of such equipment, and shall be able to interpret and present the 
gathered data in an easily understood manner in charts, graphs, maps, and formal 
reports. It is the responsibility of each Hazardous Waste Section project leader 
to insure that the persomel designated to use the geophysical equipment are 

qualified 
interpret 

in the calibration 
the data. 

and use of the equipment, and able to gather and 

Training on the calibration and use of geophysical equipment that is cur· 
rently available will be conducted by qualified Hazardous Waste Section personnel 
and will be given to all tia'zardous Waste Section personnel during in-house 
training sessions scheduled throughout the year. 

7. 10.4. 1 EM·31 Non-Contacting Terrain Conductivity Meter 

7.10.4.1.1 Assenbly and Calibration Procedure 

• Align and connect transmitter tube to control box. 

• 

• 

• 

• 

• 

• 

Check 
position 
position. 
If not, 

batteries by setting mode switch - to operate 
and range switch to +B position and then to ·B 

The needle should read in the battery mark. 
replace batteries •. 

Align and connect receiver tube to control box. 

Set range switch to 30 millimhos/meter 

Set mode switch to comp. position • 

Adjust meter to zero using coarse and fine comp. 
controls. 

Check phasing, set · mode switch to phase position. 

• Note meter reading. 

• 

• 

Rotate coarse control to original 
adjustments 

If there 
adjustment 

are needed. 

is . a difference 
is needed. 

position • No further 

in meter readings, an 



• 

• 

• 

• 

• 

• 

• 

• 

Note: 

Put coarse control . in original -position • 

Rotate 
·meter 

Rotate 
reading. 

phase potentiometer 
reading. 

coarse control one 

If meter reading does not 
Return coarse control to 

1/4 turn clockwise 

step clockwise and 

change, no further 
original position.· 

and note 

note meter 

adjustment 

If meter 
l.nt i l meter 
is rotated 

reading changes repeat 
the same 

above adjustments 
reading 

one step 
remains 
clockwise. 

when coarse control 

Meter should read between 
Cin Black Harle). 

75 • 85 percent of full scale 

Return coarse control to original position. 

EM·31 is ready for · operation! 

is 

When calibrating the EM·31 over ground with higher conductivity 
30 millimhos/meter, the range switch should be set 
appropriate range level. 

7.10.4.1.2. EM•31 O~rating Procedure . Measuring Soil Conductivit)! 

• Adjust the shoulder strap so that the instrunent rests 
comfortably on the hip. 

• Switch the mode switch to OPER position and· rotate range 
switch so that meter reads in upper 2/3 of the scale. 

• EM·31 can be operated contiruously while moving from one 
measuring station to the other or the EM·31 can be 
turned off while walking from station to station and 
then turned on when taking a reading. The latter saves 
battery life. 

• Dismantle EM·31 and clean before storage • 

7.10.4.1.3 EM·31 Operating Procedure • Buried Metal Detection 

• 

• 

• 

Set the mode switch to the COMP position • 

Set the range switch to 30 millimhostmeter. 

controls so that Adjust the COARSE 
a ~~eter deflection 
obtained. 

and FINE carpensation 
of about 20 percent of full scale ·is 
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at the 
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• Operate the EM·31 
the exact location 

• Dismantle - EM·31 

while continuously 
of the buried 

and clean before 

moving 
objects. 

storage. 

7. 10.4.2 Unimag II Portable Proton Magnetometer 

7.10.4.2.1 Calibration and Operating Procedure 

to determine 

Model G-846 

The Unimag II is c~letely self-contained and ready for field operation. ' 

s iqJle 

• 

• 

• 

• 

• 

• 

• 

procedures should be observed to obtain optinun ·results. 

Check the sensor for sensor fluid: Shake the instrunent 
gently and listen for a "sloshing" sound. If the fluid 

is not _present or cannot be heard, it will be necessary 

to fill the sensor. with strained kerosene or unleaded 

gasoline. This procedure is outlined in the operator's 
manual furnished with the instrunent. 

Checlc the battery: SiqJly depress the blaclc push bottom 
and observe the readout. If the readout flashes on/off 
during the display period, the battery is not fully 
charged. Refer to the operators manual for battery 
recharging instructions. 

Lift the Unimag lJ out 
the shoulder strap for 

of the carrying case and adjust 
a comfortable fit. 

Adjust the "t~r~ing·kilograms" knob to a position that 
correlates with the earth's magnetic field. The earth's 
field can be estimated by referring to the world· 
intensity map located in front of the operators manual. 

Depress the black button on top of the instrunent and 
release. The center digit on the readout will, briefly 
flash. This indicates that the cycle has started. It 
will take two seconds. for the display to il h111i nate and 
give the earth's magnetic field in garrmas. 

When operating, hold the Unimag Jl waist high. When 
depressing blaclc button for. reading, hold instrunent as 
still as possible. 

The instrunent should exhibit one count stability. If 
one c01r1t stability is not possible, a ferromagnetic 
object .. is present or a steep magnetic gradient ·is being 
encCU~tered. 

repeating 
the same 

Note: If 
~~agnetic 

Verify the . one CCU'It stability by 
the ~~easurement with the instrunent held in 

position. 

the earth's magnetic field is 40,000 g8111118s 
latitudes-equator area), the sensor should be 

See operator's manual for the correct procedure. 
rotation 

or· less 
rotated 

The 

(low 
90·~ 

sensor 



is not necessary in Region IV. . If problems arise with the instrunent, r"efer to 

the operator 1 s manual. 

• Do not operate the Unimag II in buildings, near high energy sources 

(powerlines, etc.), or directly on the . ground. Hold instrunent 

waist high. Do not wear magnetic objects such. as jewelry, keys, 

• 

7.10.4.3 

watches, 

Become 
before 

zippers, 

familiar 
attefll)t i ng 

Metal Detector 

pocket lcnives, belt buckles, etc·. 

with the instrunent and it•s operation 
a field survey. 

- The Tracer Metallic Pipe & Liner Locator 

This instrument is' a very 
to detect·· 

sensitive 
buried 

field 

piece 
objects. 
operation 

of equipment ··and has to be fine 
tuned (nulled> in order 
be read and understood ·before any 

7 .10.4.3.1 Operating Procedure 

• Test the battery voltage 
(refer to the instructions 

on the 
In 

The operators's 
is attefll)ted. 

transmitter and receiver 
the operators manual). 

Make sure that batteries are fully charged. 

• Assembly of the transmitter 
accomplished according· to 
operator's manual. 

to the receiver 
the instructions 

should· be 
in the 

• ·Null the instrument prior to use. ·"Null fng" should talc.e 

• 

• 

• 

7.10.4.4 

place in an area similar to the area of concern but 
where there are no buried metal objects. Refer· to the 
i nstruc:ti ons. 

Practical with the instrument over objects of lcnown size 
and depth.· 

For highest ·sensitivity, 
for an approximately 
instruments ·r..~lled. 

adjust 
half scale 

the sensitivity 
meter reading 

control 
with the· 

Store instrument in a secure, dry place when not in use. 

ABEM \oladi . VLF lnstriJIIent 

manual should 

see owners 11anual for 
routine 

detailed instructions. The 
for 

following Is a s~.m~~~~ry 
. of the basic steps for operation of the \oladi site reconnaissance for 

location of water-filled fractured geologic terrain: 

7 .10.4.4.1 Operatll"l!! Procedure 

• Turn instriJIIent on. 
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• 

• 

• 

• 

Select suitable transmitter. Face the direction. · of anticipated . 

profile and press STATION key. Wadi will display current radio 
frequency end signal strength indicator. Turn 360 degrees and 

observe the indicator. The length of · the bar should be longest (or 

more nearly so) when facing the direction of the profile. If not, 

and if. the nunerical value displayed with the bar is less than 10 or 

greater than 50, a · new transmitter must be selected. If a new 
transmitter is required, enter 0, 0, 0, and press the STATION key 
again. After about three minutes a frequency scan will appear •. 
After the scan is c~leted, select strongest signal with large· 
arrows on key pad and check for orientation of transmitter, as 

before. 

Select profile start 
and select 
separation 

starting 
distance. 

point and 
coordinate, 

specify 

profile 

grid. Press 
separation, 

' 
I 

COORDINATE key 
and measurement 

Conduct measurements along profile. Press MEASURE key. Wait for 
pr~t to press MEASURE lcey again. Observe inclinometer in lower· 
right portion of screen. A straight line is best, although I 

measurements can be obtained with the open·carrot synbol. If 
inclination of antenna is too great, instrument will not measure and' 
will 
Remain 

indicate 
steady 

I 
this condition. Re·orient antenna and try again. · . 
while Wadi conducts measurement. Hove to next . 

measurement point and conduct next measurement. 

For any additions profiles 
make turn as required at 
measurements along .successive 
date for proper interpretation. 

in the same 
end of 
profiles. 

To i_nterpret any anomaly identified on 
key once and, using small arrows, move 
anomaly. Press - INTERPRETATION key. 
interpretation will appear above anomaly. 
horizontal scales allow for estimates 
anomaly. 

grid, 
each 

Wadi 

using large 
profile to 

automa:ically 

arrows, 
continue 

stores 

profile, press MEASUREMENT 
cursor to top of selected 

After ·several seconds, 
Identical vertical and 

to be made of depth of : 
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·DRINKING WATER REGULATIONS 

AND HEALTH ADVISORIES 

by 

Office of Drinking Water 
U.S. Environmental Protection Agency 

Washington, D.C. 
202-382-7571 

SAFE DRINKING WATER HOTUNE 
1-800-426-4791 (Toll-Free) 

. 202-382-5533 (Washington. D.C.) 
Monday thru Friday. 8:30 AM to 4:30. PM EST 

November 1990 
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LEGEND 

Abbreviations column descriptions are: 

MCLG - Maximum Contaminant Level Goal. A non-enforceable concentration of a drinking 
water contaminant that is protective of adverse human health effects and allows an 
adequate margin of safety. 

MCL • Maximum Contaminant Lever. Maximum permissible rever of a contaminant in water 
which is delivered to any user of a public water system. 

RfD Reference Dose. An estimate of a daily exposure to the human population that is 
likely to be without appreciable risk. of deleterious effects over a lifetime. 

DWEL · • Drinking Water Equivalent level. A lifetime exposure concentration prot·~ctive of 
adverse, non-cancer health effects, that assumes all of the exposure to a 
contaminant is from a drinking water source. 

(*) The codes for the Status Reg and Status HA columns are as follows: 

E final 
D draft 
1 listed for regulation 
P proposed (Phase II and V draft proposals) 

Other codes found in the table include the following: 

NA • 
PS -
n-

** 

*** 

not applicable 
performance standard 0.5 NTU • 1.0 NTU 
treatment technique 

No more than 5% of the samples per month may be positive. For systems 
collecting .fewer than 40 samples/month, no more than 1 sample per month 
may be positive. 

guidance 

Large discrepancies between Ufetime and longer-term HA values may occur 
because of the Agency's conservative policies. especially with regard to 
carcinogenicity, relative source contribution,· and less than iifetime exposures in 
chronic toxicity testing. These factors can result in a cumulative UF (uncertainty 
factor) of 1 0 to 1 000 when calculating a Ufetime HA 
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I I I 
I . I I 
IStaluS MCLG MCL IStalusl 

. I Reg.• (pg/1) {pg/1) I HA*I pg/1 

I I I 
ORGANICS I I I 

I I I 
Acenaphthylene • 

I - • • I - I • - • 

AcifiUOffen I .. • • I F I 2000 2000 100 
Acrylamide I p zero lT I F I . 1500 300 20 
Acrylonitrile I l - - I .o I 20 20 1 

• • • -
Alachlor I p zero 2 I F I 100 100 -
Aldicarb I p 10 10* I F I • • • 

Aldicarb sulfone I p 40 40* I F I • • • 

Aldicarb sulfoxide I p 10 10* I F I • • • 

- • • • 
Ametryn I • • • I F I 9000 9000 900. 
Ammonium Sulfamate · I • • • I F I 20000 20000 20000 
Anthracene (PAH) ·· I L • • I • I • • • 

Atrazine I p 3 3 I F I 100 100 50 
B~gon I • - • I F I 40 40 40 
Bentazon I • • • • I F I 300 300 300 

(PAH) I p zero 0.2 1 • I • • • 
Benzene I F zero 5 I F I 200 200 .. 
Benzo(a)pyrene (PAH) I p · zero 0.2 I • I • • .. 

• • • .. 
(PAH) I p • • I • I • • .. 

Benzo(k}fluoranthene (PAH) I p zero 0.2 I • I • • -
ether I I F I 4000 4000 4000 .. • •• 

Bromacil I • • • I F I 5000 5000 3000 
- • • - .. 

• Under review. 

• 

I' anger-
I tam RfD DWEL 
I pg/1 pg/kg/datf pg/1 

I 
I 
I 
I • 60 - • 

I 400 13 400 • 

I 70 0.2 7 • 

I 4 0.1 4 • • • 

• 

I • 10 400 • 

I • 1.3 40 10 
I • 6.0 200 40 
I • 1.3 40 10 

• 

I 3000 9 300 60 
I 80000 250 8000 2000 
I • 300 • • 

I 200 5 200'. 3 
I 100 4 100 3 
I . 900 2.5 90 20 
I • • • • 

I • • • • 

I • • .. • 
• • • • 

I ... • • • 

I • • - -
I 13000 40 1000 300 
I 9000 130 5000 90 

• • - • 

• 

• 

• 

. -· . 
\ 

pg/1 I i 

al 104 JGioup 
I 

Risk 
I 
I 
I 

• I • 

100 I 82 
1 I 82 
7 I 81 

-
40 I 82 

• I 0 
• I 0 
- I 0 

• I 0 
• I 0 
• I 0 
• I c 
• I c 
• I 0 
• I 82 

100 I A 
• I 82* 
• 

• I 0 
• I 82 

• 

I - • 
• I c 
• • 

• 

.• . 
• 

•• .. 

• 

•• 

• 
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r • , • - . . . 
• • • 
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• 

I I I 10-kg Child 
• 

I I I 
I Status MCLG MCL I Status 1 Ten-day 

-:hemPC'als I Reg.• (ug/1) (I.IWI) I HA•I II! }II pg/1 

lromochloroacetonitrile I l - • I 0 I • • 

lromochroromethane I • • • I 0 I 50000 1000 
lromodichloromethane (THM) I L • • I 0 I 7000 7000 
lromoform (THM) · I L • • I 0 I 5000 2000 . 

P." lromomethane I - • - l F I 100 100 
·.• - lutyl benzyl phthalate (PAE) I p -zero 4 I I ~- • - -• • 

lutylate I • • - I F I 2000 2000 
lutylbenzene n- I • • • I 0 I • • 

lutylbenzene sec- I • • • I 0 I • • 

• IY!}!Iben~ene )ert- l • • • l 0 I • • 

:arbaryl. I • • • I F I 1000 1000 
:arbofuran I p 4C 40 I F I 50 50 
:arbon Tetrachloride I F zero 5 I F I 4000 200 
:arboxln I • • • I F I 1000 1000 
:nroral H)ldrate I L • I 0 I 7000 1000 
:hloramben I • • • I F I 3000 3000. 

:hlordane I p zero 2 I F I 60. 60 
:nrorodibromomethane (THM) I L • • I 0 I 7000 7000 
:ntoroethane I l • • I o I - • 

:ntoroform Cil:fM} I l - • I 0 I 4000 4000 
:nroromethane I l • • I 0 I 9000 400 

. :ntorophenol (2·) I l • • I 0 I so 50 
)-Chlorophenyl methyl • 

. sulfide/sulfone/sulfoxide I 0 • • I • I • • 
::nloropicrin I L • • I • I • • 

::htorothalonil l • • • I F I 200 200 
::nrorotoluene o- I L - • I F I ~000 2000 
::nrorotoluene p. I L • • I F I 'lOOO • • 2000 
:nlorpyrifos 

. . I • • • I 0 I 30 30 
::hrysene (PAH) I • zero 0.2 1 • I • • • 

1 • • • 

• 

• 

I 70-kg Adul 
I Longer-
I Rft) DWfl 

pg/1 I pg/1 ;1{)/kg/dltf pg/1 

I 
• I • • • 

1000 I 5000 13 500 
400 I 1300 20 600 

2000 I 6000 20 600 
100 I 500 1 50 

• I • 200 • 

1000 I 4000 50 2000 
• I • - • 

• I • • • 

• I • • • 

1000 I 1000 100 4000 
50 I 200 5 200 
70 I 300 0.7 30 

1000 I 4000 100 4000 
200 l 600 2 60 
200 I 500 15 500 

• I • 0.06 2 
2000 I 8000 20 800 

- I • - -
100 I 500 10 500 
400 I 1000 4 100 
50 I 200 5 200 

I • • • • • 

- I • • • 

200 I 500 15 500 
2000 I 7000 20 700 
2000 I 7000 20 700 

30 I 100 3 100 
• I • • -

• 

. . 

• 

90 
• 

• 

10 
• 

350 
• 

• 
• 

700 
40 

• 

700 
50 

100 
• 

20 
-
• 

3 
40 

• 

• 

• 

100 
100 
20 
-

• • • 

pg/1 

•• • 

• • 

I . 
IC1 

• 

al 104 101 
Cane. I 
Risk I 

• I 
- I 

. 30 1 e 
• I B 
• I 

- I 
• I 
• I 
• I 

• • I 
• I 
• I 

30 I 8 
• I 
• I 
• I 
3 I 8 
• I 
• I 
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• 

......... 
• • 

Cyanogen Chloride 
Cymene P-
2,4·0 
OCPA (Oacthal) 
Oalapon 
Oichtoroethytene (cis-1 .2·) 
Oichtoroethylene (trans-1,2·) 
Oichtorophenol (2,4·) 
Oiazinon 

Oibromoacetonltrite . 
Oibrornochtoropropane (DBCP) 
Oibromomethane 
Oibutyl phthalate (PAE) 

Oichtoroacetic acid 
OichtoroacetonltrRe 
Dichlorobenzene P-

Oichlorodiftuoroe 11ethane 
Oichloroethane (1,1·) 
Oichloroethane (1 .2·) -
Dichtoroethylene (1, 1·) 

Olchtoropropane (1,1·) 
Dichloropropane (1,2·) 

(1,3-) 
Dichtoropropane (2.2·) 

• 

• 

I L 
I . 
I P 
I . 
l p 

. I P 
I P 
I L 
I . 

• 

• 

• 

70 
• 

200 
70 

100 
• 

• 

• 

• 

· I · I 
· I 0 I 

70 I F I 
· I F I 

200 I F I 
70 I F I 

100 I F I 
· I D I 
· I F I 

pg/1 

• 

-
1000 

80000 
3000 
4000 

20000 
30 
20 

• 

Ten-day 
pg/1 

• 
• 

• 

304) 
80000 

3000 
1000 
2000 

30 
20 

~~-~~- . 
I tenn RID DWEL 

pg11 1 pg11 pglkwd8f pg11 

• 

• 

100 
5000 

300 
3500 
2000 

30 
5 

I . 
I . 
1 400 
1 20000 
I 900 
1 11000 
I 6000 
1 100 
I 20 

• • 

. -
10 400 

500 20000 
26 . 900 
10 400 
20 600 

3 100 
. 0.09 3 

• 
. • .. . 

• 

ll9fl ,cancer 
Uetitne a1 104 JGroup 

pg/1 I 

• 

• 

70 
4000 

200 . 

70 
100 
20 

0.6 

. I . 

. I . 
- I D 
· _ I 0 
· I D 
- I D 
· I D 
- I o 
· I E 

I L 
I P 
I L 

~--=~~---~~--~-----·~----~-------~-·--------~---------~---------~----------~-~-
. · I D I 2000 200U 2000 I 8000 20 800 20 • I C 

zero 0.2 I F 1 200 so • 1 - - - - 3 1 82 

I P . 

I L 
I L 
I L 
I F 

- . 
zero 

• 

• 

• 

• 
75 

I . . 
I L · 
1 F - zero 
I F · 7 

I . . 
1 P zero 
I L • 
I L · 

• 

-1·1 • • ·I · · - · ·I o 
4 I · I · · - I · 100 - · • I 0 
• 

-
• 

-
75 

I 0 I 
I D I 
I D I 
I F I 

-
50000 

1000 
10000 

• 

50000 
1000 

10000 

· I F I 40000 40000 
· I 0 I · · 
5 I F I 700 700 
7 I F I 2000 1000 

· I 0 I 
5 I F I 
· I 0 I 
- I D I 
• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

•• 

• 

500 
800 

10000 

I . 
1 2000 
1 3000 
1 40000 

9000 1 30000 
. I . 

700 1 - 2600 
1000 1 4000 

• 

• 

:- I 
. I 
. I 
. I 
• 

• 

• 

• 

• 

• 

• 

• 

. 5 
8 

100 

200 
• 
• 

9 

• 

• 

• 

• 

• 

-
'200 

300 
4000 

• 

-3 
6 

75 

5000 - 1000 
• • 

- . 
400 7 

• 

• • 

• • 

• • 

• • 

• • 

• 

. I . 
· I C 
· I C 
· I C 
• 

· I 0 
. I . 

40 1 82 
• I C 

. I . 
so 1 82 

. I . 
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• 

• 

• 

. . 

Chemicals 

Oichloropropene (1,3·) . 
Dieldrin 
Dlethyl phthalate (PAE) 
Oiethylhexyl phthalate (PAE 

Dimethrin 
Dimethyl methylphosphonate 
Dimethyl phthlate (PAE 
1,3-0initrobenzene 

Dinoseb 
Dioxane p­
Diphenamld 

· Diguat 
Disulfoton 
1,4-0ithlane 
Diuron 
Endothall 
Endrin 
EplchiOrohydrln 
Ethylbenzene · 
Ethylene dibromlde (EOB) 
Ethylene glycol 
ElU 
Fenamiphos 
Fluometuron 
Fluorene (PAH) 
Fluorotrichloromethane 

a 

• 

I 
I 

• 

I· I 10-kg Child 
I I 

IStalus MCLG MCL 1 Status 1 One-day 
I • (pg/1) (pg/1) I HA • I pg/1 pg/1 

I L • 
I L • 
1 P zero 
J P zero 

• 

I . 
I .. 
I P 
I . 

I . 
I P 
I . 
I . 
I p 
I . 
I . 
I . 
I P 
I p 
I P 
I P 
I P 
I . 
I L 
I • 
I . 
I P 
I . 

• 

---
zero 

• 

• 
• 

.. 7 
•• 

• 

20 
-. 
• 

• 

100 
? 

zero 
700 

zero 
• 

• -. 
• 

zero 
• 

• 

• 

· I F I 
· I F I 
4. I o I 
4 I o I 
• 

· I F I 
· I D I 
4 I · I 
· I D I 
• 

· I D I 
7 I F I 
· I F I 
- I . F I 

""20 I · I 
· I F I 
· I D I 
· I F I 

100 I F I 
2 I F I 

lT I F I 
700 IF I' 

0.051 F ·I 
.: I F I 
· I F I 
· I F I . 
· I F I 
0.2 I · I 
· I F I 
-

30 30 
0.5 0.5 
• 

• • 

10000 10000 
• • 

• • 

40 40 
- . 
• • 

300 300 
4000 400 
300 300 

• • 

10 10 
• • 

1000 1000 
eoo eoo· 
20 20 

. 100 100 
30000 3000 

8 8 
20000 6000 

300 300 
9 9 

2000 2000 
• • 

7000 7000 
• • 

. 

I ~gA"* 
llonger· . 
1 teern RrD DWEL 

pg/1 I pg/1 pg/kg/'*'f pg/1 

30 I 
0.5 1 

- I 
. I 

100 
2 
• 

-
10000 1 40000 

. I -

. I . 
40 1 140 

• • 

I 
I 

. I 

• 

10 

300 I 
• I 

• . 

3 I 
I 
I 
I 
I 

300 
200 

3 
70 

1000 
• 

6000 
100 

5 
2000 

• 

. 3000 
• 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-
40 
-

1000 
• 

9 
• 

900 
200 
10 
70 

3000 
• 

20000 
400 
20 

5000 
• 

10000 
• 

Rislc 
0.3 10 • 20 1 82 
0.05 2 • 0.2 1 82 

800 • · - · I 0 
20 - . 300 1 B~ 

300 . 10000 . 2000 
• 

• 

0.1 
• 

• 

1 
-

30 
2.2 

• • 

• -
5 1 
• -
• • 

40 7 
• • 

1000 . 200 
• 

• • • 

0.04 1 0.3. 
• • 

2 70 
20 700 
3 9 
2 70 

• 

10 
100 

2 
• 

100 3000 700 
- . --

2000 40000 7000 
0.03 1 -
0.25 9 2 

• 

13 400 90 
40 • - . 

300 . 10000 . 2000 
• • • 

• 

• 

• 

· I o 
. I . 
· I 0 
· I 0 
• •• 

- I . 
- I 0 

100 1 82 
· · I D 
• I D 
· I E 
. I • 
· I o 
· · I 0 
· I 0 

400 1 82 
· I 0 
0.041 82 
· I D 
6 I 8g 
• I 0 
• I D 
· I D 
· I 0 
• -

• 

• 

• • • 

• •• • 

• 

• 

• • • • 

I . 

.. 

• 

. .. 
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. ' . 

• • • 

' . • • 

. . 
• . 
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-
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• 

Fonofos 
Formaldehyde 
Gasoline 
Glyphosate 

• 

Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 

Hexane (n·) 
Hexazinone 
HMX 
Hypochlorite 

• 

lndeno(1,2,3,-c,d)pyrene (PAH) 
lsophorone 
Isopropyl methylphosphonate 
lsopropylbenzene 

Malathion 
Maleic hydmzlde 
MCPA 
Methomyl 

Methyl ethyl ketone 
Methyl parathion 
Methyl tert butyl ether 
Metolachlor 

I 
I 
I 
I Reg.* 

-1 • 
I . 
I . 
I P 

•• 

• 

• 

700 

I P 
I P 
I . 

zero 
·zero 

I P 
• 

I . 
I . 
I . 
I L 

I P 
I L 
I . . 
I • 

I • 
I . 
I . 
I . 

I . 
I . 
I L 
I L 

-
• 

• 

• 

• 

• 
• 

zero 
• 

• 

• 

• 
• 

-
• 

• 
• 

• 

• 

• 

• 

. I 
- . I 
- I 

700 I 

F I 
o I 
0 I 
F I 

0.2 I F I . 
1 I F I 
· I F I 

so I · I 
• 

· I F I 
· I F I 
· I F I 
· I · I 
• • 

0.2 I o I 
· I 0 I 
· I · I 
· I 0 I 

· I 0 I 
· I F I 
· I F I 
· I F I 

. I 

. I 

. I 

. I 
• 

F I 
F I 
D I 
F I 

20 20 
10000 5000 

• • 

20000 20000 

10 
50 

300 
. 

• 

• 

50 
300 

• 

10000 4000 
3000 3000 
5000 5000 

• • 

• • 

• • 

15000 15000 
• • 

• • 

200 200 
10000 10000 

100 100 
300 300 

80000 
300 

3000 
2000 

8000 
300 

3000 
2000 

• 

20 
5000 

• 

1000 

1 70 
1 20000 
I . 
1 1000 

0.1 1 
50 1 

0.1 
200 
400 100 1 

- I • 

4000 
3000 
5000 

• 

• 

• 

15000 
• 

• 

30 
200 

5000 
100 
300 

3000 
30 

500 
2000 

I 10000 
I 9000 
I 20000 
I • 

• 
I • 
1 15000 
I . 
I . 
I · 100 
1 ooo 
I 20000 
1 400 
I 300 

I 9000 
1 100 
I 2000 
I sooo 

2 
150 

• 

70 10 
5000 1000 

• 

Risk 

·­\ 

. I o 

• • 5(benzene) 
• 81-lnhal 
. I . 

100 4000 700 

0.013 ' 
0.8 

0.4 
30 
70 

200 
2 

'7 

• 

30 
50 

• 

• 

• • 

1000 
2000 

• 

• 

• • 

200 7000 
• • 

• • 

0.3 10 
20 800 

500 20000 
1.5 53 

25 900 

25 900 
0.25 9 
5 200 

150 5000 

• 

• 

• 

1 
• 

• 

200 
400 

• 

• 

• 

100 
• 

• 

0.2 
200 

4000 
11 

200 

. 200 
2 

40 
100 

· I 0 

0.4 1 82 
2 I 82 
. I c 
. I o 
• 

· I 0 
. I o 
· I 0 
• I • 
• • 

• 1 82 
· I C 
. I . 
. I . 
• I C 
· I 0 
· I 0 
· I E . 
· I 0 
• 

. I . D . 

.. I D 
· I 0 
. I c 
• 

• 

• 

• 
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' 
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• 

Monochloroacetlc 

Naphthalene 
Nitrocellulose (non-toxic) 
Nitroguanidine 
Nitrophenols p­
Oxamyl (Vydate) 
Ozona by-products 
Paraquat 
Pentachloroethane 
Pentachlorophenol 
Phenanthrene (PAH) . 
Phenol 
Picloram 

Prometon 
Pronamide 
Propachlor 
Propazlne 

Propylbenzene n­
Pyrene (PAH) 
ROX 
Simazine 

2,4,S.T 
2,3, 7,8-TCOD (Dioxin) 
Tebuthluron 
Terbacil 

Under review. 
• 

• 

I • 

I 
ISiab.B 
I Reg.• 

MCLG MCl. 
(#lg/1) (#lg/1) 

I L • 
I P 100 
I . . 
I . . 
I • . 
I· • • 
I P 200 
I L · 
I • . 
I • • 
1 P 200/zero 
1 P zer~ 
I . . . 
I P 500 

· I 0 I 
100 I . F I 

- r o 1 
· I F I 
• · I F I 
· I 0 I 

200 I F I 
· I · . I 
· I F I 
· I 0 I 

20010.1*1 F I 
0.2 I · I 
· I 0 I 

500 I F I 

• 

• • 

2000 2000 
. 500 500 

• • 

10000 10000 
800 800 
200 200 

• • 

100 100 
• • 

1000 300 
. -

6000 6000 
20000 20000 

• • 

I . 
I -
I . . 

• ·I Fl. 200 200 

. I . 
• 

I . 
I . P 
I . 
I P 

I L 
I P 
I . 
I . 

• 

- · I F I 800 800 
• ·IFI 500 500 
• · I . F I 1000 1000 
• 
• 

zero 
• 

1 

• 

• 

· I 0 I 
0.2 I · I 
· I F I 
1 I F I 

• . - I 
zero 5x10'mg/ll 

F I 
F I · 

. • I 

. . . I 
• • 

• • 

F . I 
F I 

• 

• 

100 
500 

800 
0.0011 
3000 
300 

• 

• 

100 
500 

800 
E-04 
3000 
300 

• 

2000 
400 

• 

10000 
800 
200 

• 

50 
• 

300 
• 

6000 
700 

• 

I . 
1 7000 
1 1000 
I . 
1 40000 
I 3000 
I 900 
I . 
1 200 
I . 
1 1000 
I . 
I 20000 
I 2000 

• 

200 1 500 
800 1 3000 
100 1 soo 
soo 1 2000 

• 

• 

100 
50 

800 
1E-05 

700 
. 300 

I . 
I . 
1 400 
1 200 

1 1000 
1 4E-05 
I 2000 
I 900 

• 

20 
4 
• 

100 
8 

25 
• 

4.5 
• 

30 

-
600 
70 

• 

• 

• 

700 
100 

-
4000 

300 
900 

• 

• 

1000 . 
-

20000 
2000 

-

• 

100 
20 

• 

700 
60 

200 
• 

30 
-
• 

• 

4000 
500 

• 

I 
I 

. I 

. -..,. 
\ 

• 

· I 0 
· I 0 
. I • 

- I 
. I 
. I 
. I 
. I 
. I 

0 
0 
E 
• 

E 
• 

30 1 82 · 
. I • 

· I 0 
· I · o 

15 500 100 · I 0 
. I c 75 3000 50 

13 500 90 · I 0 
. I c 20 700 10 

• 

30 
3 
2 

10 
1E-06 

70 
13 

• 

• 

100 
60 

350 
4E-05 
2000 

400 

• 
• 

2 
1 

• 

. I . 

. I o 
30 1 C 

. I c 

70 • I D 
- 2E-Os . I B2 

500 • I o 
90 • I E 
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Tetrachloroethane (1,1,1,2·) 
Tetrachloroethane (1,1,2,2·) 
Tetrachloroethylene 
Toluene 
Toxaphene 
2,4,5-TP . 
1,1,2-Trichloro-1,2,2· 

trifluoroethane 
Trichloroacetic acid 
Trichloroactonitrile 

Trichlorobenzene (1,3,5-) 
Trichloroethane (1,1,1·) 
Trichloroethane (1,1,2·) 
Trichloroethanol (2,2.2·) 
Trichloroethylene 
Trichlorophenol (2,4,6-) 
Trichloropropane (1,1,1·) 
Trichloropropane (1,2,3·) 
Trifluralin 
Trimethylbenzene (1.2.4-) 
Trimethylbenzene (1,3,5-) 
Trinitrogtycerol 
Trinitrotoluene 
Vinyl chloride 

Xylenes 
Zinc chloride 

.. Under 

I 
I 

· IStatus 
I Reg.• 

I L 
I L 
I P 
I P 
I p 
I P 

I . 
I L 
I L 

I . 
I t= 
I P 
I L 
I F 
I L 
I . 
I . 
I L 
I . 
I • 
I . 
I . 
I F 

• 

• 

• 

• 

1 1---~1~~~kg~c~~~·~~----~~--------~7~o~k~a~~~-U~--------~1 
I I 11911 I 

MCLG MCL IStalusl One-day RID OWEl. al 104 I 
(ugll) ~ I HA* I pg/1 pg/1 pg/1 pg/1 pg/kg/*t pg/1 pg/1 I 

• 

• 

zero 
2000 
zero 

50 

• 
• 

• 

• 

• 

200 
3 
• 

zero 
• 

• 

• 

• 

• 

• 

• 

zero 
• 

· I t= I 
· I 0 I 
5 I F I 

2000* I F I · 
5* I F I 

50 I F I 

• 

• 

• 

I · I 
I 0 I 
I 0 I 

F 

2000 
• 

2000 
20000 

500 
200 

• 

30000 
50 

• 

200 
5 

I F 
. I F 
I F 
I . 

I 600 
I 100000 
1 soo 

• 

5 
• 
• 

• 

• 

• 

• 

• 

• 

2 
• 

I F 
I o 
I 0 
I F 
I F 
I 0 
I o 
I F 
I F 
I F 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

• 

• 

• 

600 
80 

• 

• 

5 
20 

3000 
• 

• 

2000 
• 

2000 
3000 

40 
200 

• 

30000 
50 

600 
40000 

400 
• 

• 

• 

• 

600 
80 

• 

• 

5 
20 

3000 
• 

900 
• 

1000 
3000 

• 

70 

• 

30000 
• 

600 
40000 

400 
• 

• 

• 

• 

600 
80 

• 

• 

5 
20 
10 

• 

1 3000 
I 
I 
I 
I 

• 

5000 
10000 

• 

I 300 . 

I . 
1100000 
I . 

1 2000 
1100000 
I 1000 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

• 

• 
.. 

2000 
300 

• 

• 

5 
20 
50 

• 

• 

• 

30 
• 

10 
100 
100 

7.5 

• 

300 
• 

6 
35 

4 
• 

7 
• 

• 

6 
7.5 
• 

• 

• 

0.5 
• 

1000 
• 

500 
5 
3.5 

300 

• 

10000 
• 

200 
1000 

100 
• 

300 
• 

• 

200 
300 

-
• 

• . . 
20· 

• 

70 
• 

• 

1000 
• 

50 

• 

200 
• 

40 
200 

3 
• 

• 

• 

• 

40 
5 
• 

• 

5 
2 
• 

R ~I 
100 1 C 

. I . 
10 1 82 

. I o 
3 I 82 
. I o 

. I 

. I 

. I 
• 

. I 

. I 

. I 

. I 

• 

c 
• 

0 
o· 
c 

• 

300 I 82 
aoo 1 82 

. I • 

. I • 

· I C 
. I • 

. I 

. I 
• 

• 

· I C 
1.5 1 A 
• • 

I P 10000 10000 I F I 
I · · · I 0 I 

40000 40000. 40000 
• • • 

1100000 
I . 

2000 60000 ~1oooo;;;;;---":"_ -!-1 no 
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• 

• 
• • 

I I 
I I I I 
(Status MCLG MCL tStarus 1 teem I 
I (pg/1) (IJgll) I HA*I pg/1 pg/1 I 

. I 

I I I I 
I I I 
I . I I 

Aluminum I l . 
I 0 I I • • • • • 

Ammonia I L • • I 0 I • • • I 
Antimony I p 3 10/5 I 0 I 15 15 15 I 
ArseniC I p zero • I 0 I • • I 
Asbestos (fibersD > 1 OUml I p 7E+06 7E+06 I • I • • I 
Barium I p 5000 5000* I F I - • • I 
Beryllium I p zero 1 I 0 I 30000 30000 4000 I 
Boron I l • • I 0 I 4000 900 900 I 
Cadmium I p 5 5 I F I 40 40 5 I 
Chloramine I L • • I 0 I 1000 1000 1000 I 
Chlorate I L 0 • I ·o I 40 40 40 I 
Chlorine I l 0 0 I 0 I 3000 3000 400 I 
Chlorine dioxide I L • • I 0 . I 300 300 300 I 
Chlorite I L • - I 0 I 100 100 400 I • 

Copper I p 1300 1300 I - I - 0 0 I 
Cyanide I p. 200 200 I F I 200 200 200 I 
Fluoride I F 41000 4000 I 0 I 0 0 0 I 
Lead source) I ·p zero 5* I • I • • • I 

• • • 0 • 
Manganese I I 0 I I • 0 • • • • 

Mercury. I p . 2 2 I F I I • • • 
Molybdenum I l I 0 I 80 80 10 I • • 
Nickel I p 100 100 I F I 1000 1000 100 I • 

• 
• • • 

• Under review. 

• 

tetiR RfO DWEL 
pg/1 pg/kg/«»> pg/1 

I • 

I 
• • • • 

• • • 30000 
15 0.4 15 3 

• 1 • • 
• 

• • • • 

• 70 - 2000 
20000 5 2()(). • 

3000 90 3000 600 
20 0.5 20 5 

4000 10 400 300 
100 0.4 10 10 

2000 40 2000 1000 
1000 3 100 80 
400 1 40 30 

• 0 0 -
800 22 800 200 

• • 60 • 0 

• • 0 • 

• • • • 

140 • • • • 

2 0.3 10 2 
so 1 50 50 

600 20 600 100 
• • • 

. . 

. -~ 

• 

I 
pg/1 I Cancer 

• 104 1 
I 

Risk 

I 
I 
I 

• I • 

• I 0 
• I 0 

3 I A 
• I • 

• I 0 
o.a I 82 
• I 0 
• I 0 
• I 0 
• I 0 
0 I 0 
0 I 0 
• I • 
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- I 0 
0 I 0 
0 I • 
• I 82 
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• I • 

0 
• 

I • 

• I 0 
• I 0 
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_IStalus MCLG MCL !Status 1 Ten-day I 
I Reg.• C#Jg/1) C#Jg/1) I HA•I pg/1 pg/1 I pg/1 

Nitrite (as N) · I P- 1000 1000 I F I • 1000 • I • 

Nitrate + Nitrite I p 10000 10000 I • I • • - I • 

Selenium I p 50 ·so I - I • - • I -
Silver I L • - I 0 I 200 200 200 I 200 
Sodium I Is - - I 0 I • • • I -
Strontium I L - - I 0 I 25000 25000 25000 I 90000· 
Sulfate I PC00000/400000/ I - I - - - I -

500000 500000 . 
Thallium I p 0.5 2/1 I 0 I 7 7 7 I 20 
Vanadium I L - • I 0 I 80 80 30 I 100 

• 

• • 

• 

Beta particle· and photon 
activity (formerly 
man-made radionuclides) I F zero4 mrem I - I • • • I • 

Gross alpha panicle activity . I F zerot 5 pCIIL I • I • - • I • 
Radium I F zero 5 pCVL I I • • - • I -
Radon I T zero • I - I • - - I • 

• - • • • -
• 

' 

• 

' -

I 
. !Cancer 

OWEl ~ime 81 10 4 JGroup 
pg!kg!ds¥ llfJII pg/1 I 

1600 • - • I D 
• • • • I -• 
• - - - I -
5 200 100 - I D 
- 20000*** - • I -

2500 90000 17000 • I D 
- • - I -

0.07 2 0.4 • I • • 

3 100 '20 • I D 
• 

• 

• • • 4 mrem/yl A 
• • • • I A 
- - . - 21/28 pCI/II A 
- •• - 160 pCi/1 1 A 
• • • .. • 
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MICROBIOLOGY 

Status MCLG 

. Cryptosporidium L -

Giardia Iamblia F zero 

Legionella F• zero 
• 

Standard Plate Count F• NA 
. 

Total Coliforms (Current) F NA 
• 

Total Coliforms (after 12/31/90) F zero 

Turbidity (before 1/1/91) F NA 
• • 

Turbidity (after 12/31/90) F NA 

Viruses zero 

Key: PS, TI, F, defined as previously stated. 

MCL 

-
TT 

TT 

n 

varies 

•• 
• 

1 and 5 NTU 

PS 

n 

• 

' 

• • • 

•• • Final for systems using surface water; also being considered for regulation under groundwater disinfection rule . 
• 

• 

• 

Varies: MCL varies based on analytical method used, sample volume, and number of samples collected per month. · _. 
Also, two types_ of. MCLs = the monthly average and the "single sample" MCL. Both are based on coliform 
density. . 

' . 
'1 and 5 NTlr: These are two MCls for turbidity. The monthly average MCL is 1 · NTU; the two-day consecutive average MCL 

is 5 NTU. 
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November 1990 Page 10 
SMCLs 

• 

Aluminum 1 P 1 0.05 to 0.2 
Chloride 1 F 1 250 
Color 1 F ·I 15 color units 
Copper 1 . F 1 1 
Corrosivity 1 F 1 non-corrosive 
Dichlorobenzene -o 1 P 1 0.01 
Dichlorobenzene ·P 1 P 1 0.005 

• Ethylbenzene 1 P 1 0.03 
Fluoride 1 F 1 2 
Foaming Agents 1 F 1 0.5 

0 

Hexachlorocyclopentadiene 1 · . 1 0.008 . 
Iron I F I 0.3 
Manganese 1 F 1 0.05 
.:O=d=o:...r _. -----------.&..1 _ _.....:.F __ I3 threshold odor numbers 
Pentachlorophenol 1 P 1 0.03 
pH I F 1 6.5 • 8.5 

• Silver 1 P 1 0.09 
=S=u~=a=te~------------.&..I_.......:.F __ ~I---~2~5~0 _______ _ 
Toluene 1 P 1 0.04 

• 

Total Dissolved Solids (TO) 1 F 1 500 · 
Xylene 1 P 1 0.02 
Zinc 1 . F 1 5 

• 

* Status Codes: P - proposed, F - final 
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Reference 26 

GREENHORNE & O'MARA, INC. 4101 .LAKE BOONE TRAil, SUITE I 11, RALEIGH. NC 27607 PHONE 919-782-9066 rAX 919-782·9JIJ 

DATE:January 31, 1992 

GREENHORNE & O'HARA, INC. 

4101 Lake Boone Trail 
The Summit - Suite 111 

Raleigh, NC 27607 
Phone: (919) 782-9088 _ 

RECORD OF PHONE CONVERSATION 

TIME: 10:45am 

INCOMING/OUTGOING (circle one) PHONE NUMBER:-.l(~9=19::.L)....:7:...:3.:..3·-=3=22=1:.__ ____ _ 

G&O REP: Christopher Huff, Environmental Engineer I I 

TALKED WITH: North Carol.ina Environmental Management .Oivisionr Groundwater 
Section 

G&O JOB REFERENCE: General Information Concerning Wellhead Protection Areas 

Talked to a representative from the Groundwater Section about Wellhead 
Protection Areas in North Carolina. This person stated that North Carolina­
does not have a Wellhead. Protection Plan as of yet, but· are in the process 
of developing a program. The initial proposal for the program should be 
ready for submittal· to EPA in the spring, but no indication were given on 
how long this process will take or when the program would be implemented • 

G&O Representative Slg~ature and Date:-~ d.f/ 
ANNAPOliS, MD ATLANTA, GA AUROAA, CO 9AlliMOR£,MO CUll'tPER, VII OUlUlii,CII fXI'ORl, F'A FAIRF.O.X. VA fiUOtRICICSBURG, V ... CRHN8£Ll, MD 
lEESBURG, VA MANASSAS, VA MOORESTOWN, NJ ORLANDO, Fl ~L£1CH, NC ROCKVIllE, MD TAMP"- fl WAlDORF MD WEST PAlM Bt.t.CH, Fl 


