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1927 LAKE SlOE I=>AI=IKWAY 
5UITE614 
TUCKER GEOI=IGIA 30084 
404-938-7710 

September 17, 1990 

Mr. A.R. Hanke 
Waste Programs Branch 
Waste Management D1vision 
Environmental ProtectiOn Agency 
345 Courtland Street, N. E. 
Atlanta, Georg1a 30365 

Subject: Screening Site Inspection, Phase I 
E.R. Squibb ana Sons 
Kenly, Jonnston County, North Carolina 
EPA 10 No. NCD991278730 
iDD No. F4-9002-44 

Dear Mi. Hanke: 

c. 586-9-0-119 

Date: 
Site D1sposit•on: --------------------

EPA Project Manager:----------

FIT 4 conducted a Phase I Screening Site Inspection at E.R. Squ1bb and Sons m Kenly, Johnston County, 
North Carolina. This assessment included a rev1ew of EPA and state file material, completion of a 
target survey, and an offsite reconnaissance of the facility and surrounamg area. 

E.R. Squibb and Sons is located along Flowers Road off Interstate 95 about 0.5 mile southwest of 
Kenly, North Carolina. The facility is located in a sparseiy-populated an~a outs•de the c1ty lim•ts of 
Kenly. There are few commemal businesses with one located 0.25 mile south of the property lme. 
Access1bility to the fac1i1ty IS restncted by an 8-foot wire fence and a guarded entrance (Refs. 1, 2). 

E.R. SaUJbb and Sons began operations as a new facility in 1978. Pnor to 1978, the property was used 
for farming. The Squibb facility is a 97-acre property which rece1ves bulk shipments of unfinished 
penicillin, which it processes to such finished forms as tablets, capsules, and powders. Squibb 
generates halogenated and nonhalogenated solvent wastes at a rate of 125,000 lbs./yr. The waste 
matenals identified as hazardous result from two separate process operations. The first process 
involves the recovery of solvents, which are collected as a m1xture of spent methyl alcohol and spent 
methylene chloride, from tablet coating. The second process involves the recovery of solvents from 
the drying of penicillin cake which contams n-butyl alcohol (Refs. 3, 4). 

Beginning in 1978, Squibb and Sons stored halogenated and nonhalogenated waste solvents in tanks 
and drums on Site. These wastes are transported off site every 90 days by Seaboard Chem1cal 
Company (Ref. 3). Until January 18, 1982, Squibb stored butyl alcohol in an underground storage 
tank; however, file materials indicate that fuel oil is the only substance presently stored in 
underground tanks at the facility (Ref. 3). There is no documentation that addresses spills of any 
hazardous substance(s) on ·site. 
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Mr. A.R. Hanke 
Env1ronmental ProtectiOn Agency 
TOO No. F4-9002-44 
September 17. 1990- page two 

E.R. Squibb and Sons filed a Resource Conservation and Recovery Act (RCRA) Part A application. on 
November 13, 1980, for storage of hazardous waste (Ref. 1). The company Withdrew its application, 
thereby requiring waste removal within the 90-day storage period. The North Carolina Department 
of Human Resources. Solid and Hazardous Waste Management Branch. inspected Squibb and Sons on 
January 23, 1990. The purpose of this inspection was to ensure the faolity was in compliance with 
applicable 40 CFR, Parts 262, 265, and 268 Only minor v1olat1ons were noted (Ref. 6). As of March 
1990, the Squibb facility is classified as a large-quantity generator of hazardous waste (Refs. 5, 7). 
Prior to RCRA, Squibb and Sons was issued an air quality permit by the North Carolina Division of 
Environmental Management (Ref. 5). 

The E.R. Squibb and Sons facility is located in the fall zone of North Carolina near the city of Kenly. 
The fall zone is an area of transition between the folded and faulted metamorphic and igneous rocks 
of the Piedmont Physiographic Province to the north and the sedimentary assemblage of the Atlantic 
Coastal Plain to the south (Ref. 8, p. 5). The topography of the area represents a fa1rly flat platn with 
SO to 70 feet of fluvial incision along the streams (Ref. 9). The mean annual ramfall is 48 inches, wtth a 
mean net precipitation of 7 inches (Ref. 10, pp. 43. 63). 

A thin blanket of surficial sands covers most of the area and rangPS m thickness from 0 to 30 feet. The 
coarse-grained sands and gravels of the Cretaceous Tuscaloosa Formatton outcrop in the fall zone and 
may occur as a thin layer between the surficial sands and the crystalline basement rocks (Ref. 8, p. 23). 

In Kenly, the crystalline basement rocks are primarily slate. Grounc:twater in the study area 15 derived 
from the unconfmed water-table aqu1fer The groundwater resides 10 the surfic1al and Tuscaloosa 
sands, tf present, and in the secondary faults and fractures m the slate basement rocks (Ref. 8, 
pp. 23, 25). Mun1c1pal wells m Kenly are cased to the slate which occurs at a depth of 40 feet below 
land surface (bls) (Ref 8, p. 25). 

The water-table surface generally conforms to the topographiC gradient. although it is somewhat 
flatter (Ref. 11, p. 9) In the faCility area, groundwater flow should be northwesterly (Ref. 11, p. 9). 
Depth to the surficial water table is approximately 10 to 15 feet bls based on mean pool elevations of 
prox1mat surface water bodies (Ref. 9). Hydraulic conduCtivity for the surficial sands should be on the 
order of 1 0·1 em/sec (Ref. 12, p. 29). 

The Squ1bb facility receives water from the City of Kenly. The city of Kenly purchases drinking water 
from the Smithfield Public Utility Authority. Smithfield Public Utilit1es has a surface water intake 
along the Neuse River This is the only surface water mtake in Johnston County (Ref. 13). The c1ty of 
Kenly system connects w1th the Smithfield system at the intersection of Highways 2144 and 301 
(Refs. 2, 9). Residents not served by a municipal water system obtain water from private wells (Ref. 2). 
The nearest resident and private drinking water well are located about 2,800 feet north of the 
facility; the well is completed at a depth of 45 feet (Ref. 14). 

A house count from USGS topographic maps identifies 430 homes within a 3-mile radius using private 
wells. An additional 462 homes located between 3 and 4 miles from the facility also use private wells. 
A school and some churches are located within 1 mile of the facility, but they are on the municipal 
water system (Refs. 2, 9). Population is 1,372 within 1 mile of the facility and 4,960 wtthin 4 miles 
(Ref. 1 5). Kenly maintains their own water system that has approx1mately 1,000 customers. 
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Mr A R. Hanke 
Environmental Protection Agency 
TOO No. F4-9002-44 
September 17, 1990- page three 

Surface water dramage from the facility appears to travel overland southwest for about 1,200 Jeet. 
The runoff continues east along Interstate 95 for about 6,500 feet before entenng Little River. The 
Little River continues south for the remamder of the I S-mile m1grat1on pathway. Smithfield Publ1c 
Utd1ties is not affected by surface water drainage from this facility (Refs 9, 14). There are few 
wetlands located along the Little R1ver south of the facility (Ref. 9). There are no surface water 
intakes located along the IS-mile mrgrat1on pathway (Ref. 16). Recreational fishing does occur along 
the L1ttle Rrver (Ref. 17). 

"There are no cntrcal habitats within me vrCinrty of the study area (Ref. 18). However. several 
threatened or endangered spec1es are recognrzed"by the state throughout Johnston County (Ref. 19) 

Because of the oermeability of the confrning layer within the study area and the number of 
grounawarer !argets. ;tIS recommeraec that Phase II of the Screenrng Site Inspection be conducted 
at E.R. Squ1bb ana Sons on a hrgh-pnonty basrs. If you have any comments or quest1ons aoout thrs 
assessment, piease contact me at NUS Coroorat1on. 

Ver•,. truly yours, 

.\ I ," ' I, •• , .... 0• 

'· ·, i.' ' !•v "\.ooC... -"" 
~- )(,.._\ .. ··. 
Alvin L. Williams 
Project Manager 

ALW/gwn 

Enclosures 

cc: Robert Morris 

Approved: 

J 4 
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Refrence 2 

POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA PRELIMINARY ASSESSMENT 01 STATEW2SfTENUMBER 
NC 0991278730 

PART 1 ·SITE INFORMATION AND ASSESSMENT 

II. SITE NAME AND LOCATION 
01 SITENAMEIL_,. __ ., .. ,.~--ot .. tl 02 STREET. ROUTE NO •• OR SPECIFIC LOCATION IOE.NTIFIER 

E.R. Squibb and Sons Fl~s Road 
OJ CITY 04 STATErS ZIP COOE r6COUNTY r7~oe~ Kenly NC 27542 Johnston .cooe DIST 

51 2 
09 COOROINA 1 ES LATITUDE LONGITUDE. 

....35..0 _3.5_1 _il.2:~- I _7.]~ 08~ 27:_._ .. 
I 0 DIRECTIONS TO SITE (SI.,f"ffi~Wft ,..., .. , """"' 10«11 

The Squibb facility is situated on a 97 acre pro:perty on Fl~rs Road i.rmediately off 
I-95. This location is approxllra.tely 0. 5 miles SW of Kenly. 

Ill. RESPONSIBLE PARTIES 

01 OWNERr•-1 02 STREET '""'"IU. -.p. ,.,,.,,,.., 

E.R. Squibb and Sons P.O. Box 4000 
OJ CITY 04 STATE I OS ZIP CODE I 06 TELEPHONE NUMBER I Princeton NJ 08540 16091921-4000 
07 OPERATOR t••no•n_,~..,,,.,,,..,.o_'l 08 STREET ra.. ..... u.- ,.,......,,,.q 

E.R. Squibb and Sons P.O. Box 1000. 
09CITY IOSTATE r 1 ZIP CODE 112 TELEPHONE NUMBER I Kerily NC 27542 19191 284-5131 
13 TYPE OF OWNERSHIP ICioK• _, 

Jl{ A. PRIVATE 0 B. FEDERAL: 0 C. STATE DD.COUNTY Cl E. MUNICIPAL 
lAP•""' ttamtl 

0 F. OTHER: 0 G. UNKNOWN 
,~, 

1 • OWNER/OPERA TOR NOTIFICATION ON ALE tCiooc> .. 11101 ADotyl 

l(A.RCRA~ OATERECEIVED: 11 cl3 80 0 B. UNCONTROLLED WASTE SITErcEIICI.Jt to''' DATE RECEIVED: I I 0 C. NONE ii:-1:: A MOHTH DAY YEAR ..c:lHTH OAT YEAR 

IV. CHARACTERIZATION OF POTENTIAL HAZARD 

0 I ON SITE INSPECTION BY 1CMc0 .. ,_ _, 

DYES DATE I I 0 A. EPA 0 B. EPA CONTRACTOR OC:STATE OD.OTHERCONTRACTOR 

l!: NO MONTH DAY YEAR 0 E. LOCAL HEALTH OFFICIAL 0 F. OTHER: 
~~ 

CONTRACTOR NAME(SI: 

02 SITE STATUSICMcll-1 03 YEARS OF OPERATION 

l!( A. ACTlVE 0 B. INACTIVE 0 C. UNKNOWN 1926 I OUNKHOWN 
II~YEAOI EHOIOOG YEAR 

04 OESCRIPnON OF SUBSTANCES POSSIBLY PRESENT. KNOWN. OR ALLEGED. 
Facility receives bulk shipnents of unfinished penicillin, mich it processes to such 
finished fo:ons as tablets, capsules, and powders. Squibb is a new plant, situated on 
a 97 acre property, which prior to 1978, was used for fanning. Squibb generates 
haloaenated and non-halooenated sol verts at a rate of 1251000 llis}Yr_. Waste is stored 

05 OESCIUFnON OF POTENTIAL HAZARD TO ENVIRONMENT ANDIOR POPUI..A liON 

in tanks and drums and manifested off-site every 90 days, as required for large generat 
Facility.had a 4000 gallon underground storage tank for butyl alcohol: this unit remair. 
in place, b.lt was closed 1-18-82. Presently the only substance stored undergra.md is 
fuel oil ~m1ibh m;P!=: ri+v Wr'lt~=>r F~!=: no 1~1'11 _resiaents. the .._....,.,. ... ~st of \~nich is locat 

V. PRIORITY ASSESSMENT 

01 PRIORITYFORINSPECTIONrC~>oca-.•lliglt•-•-•Ht.--lt,.,.,z.w,,.,..,_..,_,..r~·Dooc,.,_eiHu.-c:--•-.,.-•1 

0 A. HIGH 0 B.MEOIUM \'(C. LOW OD.NONE ,.._.,_,.,_..,_,, , ___ ..,, 
, .. U«, .................... , 

,.. _______ 
VL INFORMATION AVAILABLE FROM 

01 CONTACT 02 OF /A,.ftC~- 03 TELEPHONE HUa.IBEF 

Bill Pharr I Plant Eng. Squil:b - Kenly I NC 9191284-5131 
04 PERSON RESPONSIBLE FOR ASSESSMENT 05 AGENCY 06 ORGANIZATION 07 TELEPHONE NUMBER 08 DATE 

Durwav/Crosbv INc DHRLDJE SHW M:1rnt. Br. I 9191 733-2178 ]2 t03•B5 
loiOH'TM OAT Y(AIIt 

EPAFORM2°70•12 ' 7"81 ' about 0.5 miles away. Bill Pharr, plant eng., and records at this office 
indicate that no reJ.reses have occurred mich wa.tld pose a threat to hman health or t 
environment. 



I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

·sEPA 01 STATE 102 SCTE N'.JU15fR PRELIMINARY ASSESSMENT OC D991278730 
PART 2 ·WASTE INFORMATION 

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS I 
01 PHYSICA.l STATES IC:Mt• .. ,..,..,,..,., 02 WASTE QUANTITY AT Stn C3 WASTE CHAC:.t.ClERISTICS tC_ .. , • .,_,, 

t41et..,.l oJ wufe ._,..,..,., 
)!;: A. TOXIC t:: A SOUO 0 E SLURRY -·1>0-1 :; E. SOLUBLE U I. MIGHL Y VOV. T1L.E 

::; B POWDER. FINES ){F.UOUIO TONS ::: B. CORROSIVE ::F. INFECTIOUS t: J. EXPLOSIVE 
:.. C RADIOACTIVE 0 G ftAJ,.U,IASLE !:l K. REACTIVE C C SLUDGE .! G GAS l: 0. PERSISTENT :_: H IGNITABLE !:: L. INCOMPAT181.£ CUBICYAAOS 

::, loA. NOT APPLICABLE 
:..: 0 OTHER !Jnknawn IS&e,~l NO OFORUMS 

Ill. WASTE TYPE 

I 
I 

CATEGORY SUBSTANCE N.t.ME 01 GROSS AMOUiff tn UNIT OF MEASURE 03COJ,4MENTS 

SLU SLUDGE I Accordinq to RCRA Part A, 
OLW OILY WASTE facility generates spent haloq:nc t€ I 
SOL SOLVENTS 

' 125J.O.OO lbs/vr ~nn nnn-h.::~ 1 nnPnr~t-Pn _so 1 "Pnt- v::= =+-
PSO PESTICIDES which it stores in tanks or d.:.:s 
occ OTHER ORGANIC CHEMICALS prior to being manifested off-:i I e 
IOC INORGANIC CHEMICALS tor treatment/disposal. 
ACO ACIDS 

BAS BASES I 
MES HEAVY METALS 

IV. HAZARDOUS SUBSTANCES tS.o ""',._,,.,, .... ,,,.._.,,..,..,CAs N.-.-., 
01 C.t.TEGORY 02 SUBSTANCE NAME 03 CAS NUMBER OA STOR.t.::OEIOISPOSAL METHOD 05 CONCENTRATION 061.1!:.AS~~ 

CONCENTFV--co-. I 
F002 spent haloo. solvents --- ~ i_n dnJrr~c: 

FOOS S}Jent non-halog. solvent --- stored in drums 
F003 s~t haloq. solvents ---- stored in tanks I 

(n.:=~rt-i ,...,,, ;::tr f-VT'-.t3C:: t:'::.,...; 1 ; ...... • .,.. .. , ; .,..," ., .. 1 n ~- ,..,.... '"'~ 

include isobutanol-· F002 waste to Seaboarc Chemical I 
and methylene chloride) Co. in Jamesto,..-rn NC every_ 90 

days. In the past, Sc uibb has rnan:i fested 
waste to caroctlem m I rurham, NC. I 
waste nas aJ..so .teen sr 1.ppec1 to the ::;qul.Dr:. 

I facility in Bnmswick NJ. 

I 
I V. FEEDSTOCKS tS.•.._ ... c.&s-r 

CATEGORY 01 FEEDSTOCK N.t.ME O:lCASNUI.IBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUo.ACCJ\ 

FOS N/A FOS 

FOS FOS I 
FOS FOS 

FOS FDS 

VI. SOURCES OF INFORMATION .c ... -",.,,._ ..... ,.,...,,, .. ,.,,.._,...,, .... ,,_.. 1 I 
1. Files at the NC Solid and Hazardous Waste Mgmt. Branch, Raleigh, NC. 

I 2. Bill Pharr, plant eng. at Squibb, in Kenly, NC, ~rsonal camunication, 12-3-85. 

. 

I 
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... Refe"U{nce 2 (@ 
E. R. Squibb & Sons, Inc. SQUlBB 

Flowers Road 
P.O. Box 1000 

Kenly, North Carolina 27542 
919·284-5131 

March 30, 1982 

Mr. William Paige 
Division of Health Services 
Post Office Box 2091 
Raleigh, North Carolina 27602 

Dear Mr. Paige: 

Because of production requirements at the Kenly, North Carolina plant, 
we are discontinuing the Pencillin drying operation that produces Butyl 
alcohol (F003). The 4,000 gallon stainless steel underground tank will 
not be used for storage of Butyl alcohol. 

The alcohol in this tank has been pumped into a tanker and transported 
to our New Brunswick, New Jersey plant for reuse, which is the normal 
procedure. 

Since this alcohol is miscible with water, we propose to dilute the 
remaining (approximately 1 to 2 gallons) with 200-300 gallons of water, 
then sewer the dilution. 'The tank will then be water rinsed and again 
sewered. 

At present' we do not have a use for this tank, however, it will be filled 
approximately half full with water. This will prevent it from floating 
above ground if the water table rises during heavy rains. 

Our Closure Plan is attached for your review. 

Sincerely, 

B. R. Pharr 
Plant Engineer 

BHP/ln 

Attachment 

cc: Mr. 0. w. Strickland 

. . . 
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GENERAL 

CLOSURE PLAN 

EPA Facility I. D. NCT380010652 
Date March 30, 1982 
Page 1 of 4 

RCRA Closure Plan and Cost Estimate 
for E. R. Squibb & Sons Facility 
Kenly, North Carolina 

EPA requires that the Owner/Operator of any site, granted "interim status" 

to treat, store or dispose of designated hazardous ~astes, develop a plan 

identifying the steps anticipated as necessary to discontinue hazardous waste 

management activities at any point during, or at the end of the facility's 

intended life (40 CFR 265.110 - 265.115). The performance standard for these 

Closure Plans seeks to, 

a) minimize the need for further maintenance of the site, once closed, and 

b) control or eliminate, to the extent necessary to protect human health 

and the environment, post closure escape of remaining hazardous wastes 

and their residues. 

The costs of implimenting the Closure Plan are to be estimated and, periodically 

updated. 

The follo~ing plan, developed for the E. R. Squibb & Sons, Inc. facility at 

Kenly, North Carolina, identifies the expected activities and the anticipated 

costs for closure of this site. 

BACKGROUND 

E. R. Squibb & Sons, Inc. owns and operates a pharmaceutical manufacturing 

facility at Kenly, North Carolina. The principal activity at this site involves 

the.processing of unfinished bulk penicillin into such finished product forms as 

tablets, capsules, and po~ders for suspension. Some of these activities generate 

wastes which qualify as hazardous under EPA rules at 40 CFR 261. 

In August 1980, in accordance with Section 3010 of the Resource Conservation 

and Recovery Act (RCRA) Amendments of 1976, Squibb notified EPA that activities 

at this site generate EPA-designated hazardous wastes. EPA assigned identification 

number NCT380010652 to the site. 
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Dat March 30, 1982 
Page 2 of 4 

RCRA Closure Plan and Cost Estimate 
for E. R. Squibb & Sons Facility 
Kenly, North Carolina 

In November, 1980, Squibb filed an application with the EPA for the site 

to continue to STORE hazardous waste in accordance with the. Agency's "Interim 

Status" provisions. .-
As a hazardous waste management facility at which "storage" is authorized, 

the site may keep hazardous wastes, in containers (e.g. drums) or in tanks, 

for periods of time exceeding 90 days. The conditions for closure at a storage 

facility require that the owner/operator 

a) estimate the maximum amount of hazardous wastes on site at any time, and 

b) describe the steps needed for closure; in this case, to remove stored 

wastes and their containers to other active and authorized treatment, 

storage, or disposal ("TSD") facilities, and to adequately clean 

contaminated equipment (e.g. tanks, piping, pumps) 

SUMMARY OF FACILITY CONDITIONS 

At the Kenly site, the waste materials identified as hazardous are liquids. 

They result from two separate process operations: solvents recovered from tablet 

coating are collected in drums; solvent recovered from drying wet process inter

mediate is collected in a single buried tank. 

Both materials are sent off site for reclamation/reuse. 

MAXIMUM ANTICIPATED INVENTORIES 

1) Spent solvents from tablet coating are collected as a mixture of spent 

methyl alcohol (waste code F003) and spent methylene chloride (waste code 

F002) in approximately equal amounts. Information on each of these 

materials is attached. The solvents are collected in 55-gal drums. These 

drums, when full, are stored until a maximum of twelve are accumulated at 

which time a solvent reprocessor removes them. 

. . . 
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.. 
Date March 30, 1982 
Page_ 3 of 4 

RCRA Closure Plan and Cost Estimate 
for E. R. Squibb & Sons Facility 
Kenly, North Carolina 

2) Spent n-butyl alcohol (waste code F003) is recover.ed from the drying 

of penicillin cake, sent to Kenly from Squibb's New Brunswick, New 

Jersey, facility. It is collected in a single, ~underground. stainless 

steel tank, having a maximum capacity of 4,000 gallons. Collected solvent 

is returned to New Brunswick for reuse. 

REMOVAL OF INVENTORIES AT CLOSURE 

The cessation of either, or both, spent solvent producing activities at the 

Kenly site would require the removal of final accumulated inventories. The site 

understands that the facilities currently receiving and reusing both waste streams 

can, and will, continue to do so. 

DECONTAHINATION OF STORAGE FACILITIES 

The removal of contained solvents, in drums, will leave no storaGe facilities 

requiring· cleaning. 

The removal of solvent from tanks to tank trucks by pumping would be expected 

to result in a quantity remaining-in the tank which can not be pumped out. This 

quantity is estimated to be about five gallons. The removal of this beel is to 

be ac~omplished by rirising:the-fariK and the accompanying pumps and p~ing with 

about 200-300 gallons of·water·and then sewering the rinse; rinsing~ to be 

repeated a second time ..... No ~additional treatment ·of the rinse water ::ii.5 necessary 
. .. . - -· 

since n-butyl alcohol is readily stabilized by secondary wastewater tt7eatment 

plant organisms (i.e. the Kenly sewerage facility). 

Squibb anticipates that these activities will be accomplished within the 

180-day period after gen~r-~,~~ng ~he last scheduled volume of spent solvent. 

This facility is an active manufacturing site and, as such, no estimates for. 

when spent solvent generating.activities might cease can reasonably be made. ---. . .. .. . .. 

. . . 
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ESTIMATED COSTS FOR CLOSURE 

Datt March 30, 1982 
Page 4 of 4 

a) Drummed spent solvents are removed by a reprocessor. at no cost, normally; 

a transportation fee of about $200 may be applied if too few drums of 

spent solvent are present at the time of a scheduled pick-up. 

b) The shipment of spent solvent from Kenly to New Brunswick incurs only a 

transportation fee of approximately $1,300 per load. 

c) Manpower and supervision costs not exceeding $1,000 are expected to 

complete closure, as described. 

CERTIFICATION OF CLOSURE 

When all designated hazardous wastes have been removed from the site and all 

contaminated equipment has be~n cleaned, Squibb will engage the services of an 

independent registered professional engineer to review the plan, to inspect the 

decomissioned facilities and, together with a Squibb representative, to certify 

that closure was completed as planned. 

ANNUAL REVIEW/ADJUSTMENT OF CLOSURE PLAN AND COSTS 

In accordance with 40 CFR 265.142, the elements and the costs of the existing 

closure plan are to be reviewed annually and adjusted, as necessary, to keep them 

current. This review is to commence on, or about, May 1, each year. 

. . . 
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INTERIM STATUS INSPECTION 

1. Facility Information 

E. R. Squibb & Sons, Inc. 
P. 0. Box 1000 
Kenly, NC 27542 (Johnston County) 
EPA I.O. #NC0991278730 {old 1.0. #NCT380010652) 

2. Facility Contact 

Billy H. Pharr - Plant Engineer 

3. Survey Participant 

Reference 4 

Larry D. Perry, N.C. Solid & Hazardous Waste Management Branch 

d Date of Inspection 

January 28, 1982 

5. Applicable Regulations 

40 CFR Parts 262 and 265, Fr May 19, 1980 and amendments 

6. Purpose of Survey 

RCRA compliance inspection was conducted at the above facility by the 

... 

N. C. Solid and Hazardous Waste Management Branch. The scope of the 
inspectio~ wat comprehensive including a record review and site survey. 
Regulatory requirements covered those contained in 40 CFR 262 and 265 
under generator standards, general facility standards, storage facilities, 
tanks and containers. 

7. Facility Description 

The Squibb facility is situated on a 97-acre site located on Flowers Road 
immediately off I-95 South of Kenly, N.C. The facility receives penicillin 
in bulk and processes it to such finished product forms as tablets, 
capsules and powders. 

Prior to RCRA, Squibb had only one existing environmental permit, this being 
an air quality permit issued by the N. C. Division of Environmental Management. 

The Part A application filed by Squibb listed the company as a generator of 
halogenated solvent - butyl alcohol (F003). Some isobutanol {F005) is 
generated also. 

. . . 
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8. 

9. 

The butyl alcohol was stored in a 4,000 gallon underground tank on the site 
until last week (week of January 18, 1982). Prior to that time all butyl 
alcohol was stored in the tank and periodically shipped to another Squibb 
facility in New Brunswick, N.J. for reprocessing. As of the January 18, 
1982 week, there will be no more butyl alcohol generated at the Kenly site. 
The tank has been emptied and will be cleaned out and left in the ground. 
A closure plan for this tank close-out is to be sent to William Paige for 
approval prior to clean-out. This letter will be submitted immediately pr 
prior to February 12, 1982. 

The methylene chloride is stored in 55-gallon steel drums within the Squibb 
manufacturing.building. This material will continue to be generated. The 
isobutanol that.is generated is mixed with the methylene chloride for storage. 
Periodically the methylene chloride - isobutanol is picked up by Carochem 
of Durham (NCT380011031) and transported to that facility for reprocessing. 

No hazardous waste is released from the plant. All liquid waste leaving 
the site is treated by aeration on the site prior to release to the Kenly 
Wastewater Treatment Plant which has an NPDES permit. Squibb disposes of 
a volume of defective penicillin products (all solid material·- no liquids} 
in the Johnston County Landfill of which they have a letter of consent from 
our office. · ·~: 

The site was in overall good shape except for a few deficiencies. The manifest 
system was in good order. Such things as contingency plan was only in need 
of updating, closure plan was excellent just needed to be made site specific, 
etc •. 

Documentation of Site Deficiencies/Recommendations 

Sg_uibb .~a.s. d_e.f~.£!ent in the areas cited below: 

1. {265.14(c)) -Danger signs needed at entrance to storage·areas. 
2. (265.16) - Personnel.training needed~docum~ntation. . 
3. (265.5) - Contingency Plan needed -·site has a plan~but needs organization. 
4. (265.110-112)- Closure· Plan needs to be made site specific to Kenly. 
5. Ta~k close-out plan n~eds to be submitted immediately. 

Compliance Schedule 
. .. . : .... ~-

A compliance date of April 1, 1982 was agreed to by inspector and Squibb 
management for deficiency corrections. Another inspection will be mad~ on 
this date or soon.after for correction compliance • 

. 
A tank closure plan::.will be sutxnitted prior to February 12, 1982 to William 
Paige for approval. 
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~QRT!I CAROL IN:\ DEPARTI1E~ OF HlN-\~ RESOURCES - 'Jift 2 5 1990 ~ 
50L 1 D .o\~1) HAZARDOUS \''ASTE H-\~AGE.\f::~'T BRA.~Crl 

P.O. BOX 2091 RALEIGH, ~o~ru C.-\ROLI~-\ 27602-2091 HAZARDOUS WASTE SECTION 
306 N. \\'!L~i!NGTON STREET 

Ir-\SPECflO~ A~':J EVALU.l.TIOS RE?CRT 

I El'i\ til: I!_ J1_ (_ i) ~ '11 ~ 1 g 7J C) FACILITY K~\8 :.....:E=-...;';,.,:~__;_;,•~~......_.~L.,_;~~---
~!>IlR!~l)I..;:J_(.J(1C• sr-~..;a -v,._ CITY:_...J,;:l=..,[=~-------
j\E\·:: ~PDATE: DATE OF INIT!AL EV~U.GlON:__.L_ ?..3' 7o STAFF ID:~.,? -· 
R~S!l()N';; IBI.E ~~El\ICY: 5 S = STATE E = E?.~ X = OVERSITE 0 = OTrlER 
-------------------------------------------------------------------------------
TYPE !1F 1:\',\L'JA.TIO~ 1= CO~~PLP.~'C:E E'.'AL. I~S!' .'(CE!) 7= PART B C~L- IN 
COVE!<J:Il t·.y TIHS _....__ 2= SA.~L!NG I~SPECT!CN 8= WIT!-J'WR:\WAL CA~L:'. 
!\::I'O,n: 1:\"fB. 0:\= 3= RECQRD REVIE'•\' 9= CLOSED FACILITY 

4= CO~W ,(:;,}1 E'v';\L, (C.fE) 10= GE~'::RAL 
5= CO~TL!A~CE SCiiED. (FO:.Lo:..; UP) 11= CASE DEVELO~T 
6= CITIZEN COY.PLt\1~1' 12= 0 & r-1 INSPECf!ON 

80z ISFOIU"~\L HEETING . 
n.\TE oF tVhLU,\TION covE!k"l) nY nns P..SPORT:_L _g]_ ___j__Q ' 
-------------------------------------------------------------------------------

KEY 

Xs Xs Xs Xsl xs I XS lXSI XS 
z o z o z o z o I z o I z o I z q,.-1--·- z o 
R* B"' I I J1tBftl I c B I I ' ... 1--·i:' I 

X = VIoLATIONS o = l\1() VIOLfi.T to~ Z: = PEt-~'DING / ~':'1 ' 2
• t'ti ·.\.

1 B = VIOL. & SPECIALTY; S • SAME VlOL.ISPEC • .J 
SPEC1 ht.Tl ES I = NO insurance only; C = CA SCHED. VIOL.:· 
- R :a 3008(h)-like release; 1t = CLASS I only~· 

--------------------------------------------------------------------~----1~~5--

E~i!~ORC!-.~U:!\'T A.criONS:(A.~E.~ OF VIOL.IRLSE.=G\•:, CP, FR, PB, CS, MA., OT, LB, or AA } 
1 CLr\~S 1 AREA OF I TYPE I DATE ActioN I C&1PLIANCE o.~TFS I PENi\LTY 1 RESf~-1/ 
\ I VIOL. \ CODE I TAKEN I SCHED. I .v:TUi\L I A.SSES~.:COLL.~~- ·AG./] 

I I I I I I I t ~r.. ··f 
COUI:S FOR TYPES 
OF ENFORCe-lENT 
,\CriO~S: 

cm~.\!:~Ts; 

03 =i~ARNING LEITER/NOV 
04 =:\D~UN. CO~WLAUIT 
05 =FIW..L AD~tiN. ORDER 
10 = I ~FO!t'~-\L 

11 = FILED CIVIL AcriON 
12 = FILED CRIMIM.a.L AcriON 
13 = C 1 VI L REFERRAJ. TO AG 
90 = HEARING 
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CURVE AND REDUCTION TABLES 
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CURVE AND REDUCTION TABLES 

CtTRVE FORMULAS 

50 
1. Radius R= Bin lJ/2 

2. D('J:Tt"C or CurTe: D=IOO }.- A.l~c. sin D/2= w 
r ••- T _ Tfor I ~, .. .,ve + ,~ :J. Tan~nt : T,....lt tar• ·~ • ~. z. -o-·- "'· 

• I 
4. J..en,;th or CurYe: 1,,..,. 1001) 

5. I..onR (~nnrol r •. C,':: 21t :'in !o-il. 
6. !\fidllt.· OnJir.s.te: ~'"" n (1·-t'OII !·i I) 

7. E.~tl•rnal J·:=-+.-
1
-R. 1\l~. Jo:::T t.o\n ~I. 

filii .... 

J!XPLANATION AJm U::P! OF TABU.~ 

Clftn l' J. ~to ~+-10.7, r ••:;• !(f •...S D •G"::IY find: 

• T f« ,., ... "'"" . . Slatlona- r.c. -r•1.-·r. 1 .. _ .. i.,·-·· -·4- ( Frnrn ,,,,..., v and \I 

T-~~+.I11••111S:17•3fet!1Z S&a.. r. C.•R3+40.7-(3+M32l•7Vf72.:ill. 
II" 

P. T. •l'. C.+ l. and L •100 ~ •100 ·: .. ~13 • G~7.38 The~IOft. I' T. ""(79+7' 3'11 
+<8+97.3!1) ooMtm.7G. 

Olfaeta-Tennnt '>lfMb nry fepD<Orirne~y) ofi_.r, '"''' \) and ..,,~ ,,._ 
-.tua~ .,, thf' di.ttan('e. J.'r-m• Tat•~,. 1 Jl Turr-""• 0dfl4>1 !.,, 100 lf!rt - • llj':J fr-c t IJa•tan~ 

( 11 r.1)' •80-Ft• PC •17.GL. Jl~rf •'"Y,f't -~MY. ·rix; ... 41;! U \I"''· ,.1utu• ulanv 

.ii•ta., .. ,.., •h•idPd hy t'l('f' the- raJ11U rqvaf~ 'annrr,limat,.ly) tf.e •h·te"t'P t,.,,n '""ll"nt 
&o rt,:f\'1' ·:hu.s t2i t~2)1 .... (1 )('11-1 '.l."•t- 4.(? rt 

O.l!tt"tloiUI-()e~~doo ..,..,. - 'i ll lor 100 I& •. It l> ror .'Ill 't. fie. For .. X .. II • 
l.>efteetin ... lnaiP (iftJtnnut,r,tl • .:t li'X )'U F.,.. !"\fa. HO •f ~r-w," .. ,..,.,,.ft l~ft,.r\14.-n ~1 • .t!... 
•.3 X:Z1 tl2 Klt.S • $3,1!1)•, Also f.'rfiM:Ll<>n .-\nat• ~.til lew l.lt.lro, Tobloo Ill X J1t •I II• 

X:l7.G2-S3.8e'. F«Sta.IAI O.IJ.ctioa Aacleoo53!1'S'+ 11•;o- ·••&.811'. 

~-F.,... Tabt.. V r.,, I" c-. ••l.h -.!nlu,Jo, or u• 20'. F.•Utl.fl 

·n,-~(('ll"f, '"""• "lit'..,,.. •• f-~ • 4..:-o" ~ ~~t"'l'rt•f"J'-'•' h•Jt • 'J"al,a-, \'l r7.J7! -f· :Lt; •7 II; 
b.,• 
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~ 
North Carolina Department of Human Resources 

Division of Health Services 
P.O. Box 2091 • Raleigh, North Carolina 27602·2091 

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

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

December 19, 1985 

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

Re: E.R. Squibb and Sons/NC 0991278730 
Flowers Rd. 
Kenly, Johnston County, NC 

Dear Ms. Bland: 

State Health Director 

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

Squibb is a new facility which commenced operation in 1978. The 
facility receives bulk shipments of unfinished penicillin, which it processes 
to such finished forms as tablets, capsules, and powders. Squibb generates 
halogenated and non-halogenated solvents at·a rate of 125,000 lbs./yr. This 
waste is stored in tanks and drums and manifested off-site every 90 days, as 
required for large generators. At present this waste is being handled by 
Seaboard Chemical Company of Jamestown, NC; in the past, Squibb is known to 
have directed their wastes to both, Carochem in Durham, NC, and the Squibb 
facility in Brunswick, NJ. 

Until January 18, 1982, Squibb stored butyl alcohol in a 4000 gallon 
underground storage tank. Presently, fuel oil is the only substance stored in 
underground storage tanks at the site. 

Squibb generates wastewater at a rate of 5,000 to 15,000 GPO. The 
company aerates this wastewater in a concrete tank, prior to discharging it to 
the city sewer. 
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Page 2 

According to Bill Pharr, plant manager at Squibb, the plant uses water 
supplied by the city of Smithfield. He believes that local residents also 
depend on city water, and reports that he knows of no nearby wells. The 
nearest home, he says, is located about 0.5 miles from the facility. 

No on-site disposal, spills, or releases have occurred at Squibb, 
according to Mr. Pharr. Based on the available data, it appears that this 
site poses no threat to human health or environment. Priority assigned is Low. 

References are: 

1. Files at the NC Solid and Hazardous Waste Mgmt. Branch, Raleigh, 
NC. 

2. Bill Pharr, Plant Engineer at Squibb, in Kenly, NC, personal 
communications, 12-3-85. 

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. 

DMD/lw/0234b 

Sincerely, 

'h. ~~t,_ 'b'--~1 
D. Mark Durway, Geologist 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 
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Reference 11 

~ainfall Frequency Atlas of the United States, Technical Paper 
No. 40, US Department of Commerce, US Goverru:1ent Printing 
Office, Washington, DC, 1963. 
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NORTH CAROLINA 

DEPARTMENT OF WATER RESOURCES 

DIVISION OF GROUND WATER 

""'' Ill. ...... t:lli., 

GROUND-WATER BULLETIN NUMBER 2 

GEOLOGY AND GROUND WATER 

IN THE 

GOLDSBORO AREA, NORTH CAROLINA 

By 
RICHARD D. PUSEY 

I'II[I'AIICI CO~liiATIVfLY aT ~[ GEOI.OGIC.&L SUIIV[Y 

UICITED STAT[$ D[P.&IITW[NT 0' TH[ IICT[ItiOit 
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RALEIGH 
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try and the practice of irrigation have reaulted in increased de· 
manda for water. 

C I j :r:ate 

The U. S. Weather Bureau ma1nta1ns 6 stations in the Goldsboro 
area. The average yearly temperature 1n the area is 62°r. The av• 
erage monthly temperature• recorded at Goldsboro !or the 60·year 
period 1897-1956 are given 1n figure 2. The temperature• recorded 
at 5 other stationa.in the area approximate those at Goldsboro and 
cover a period of 60 years from 1897 to .1957. 

Precipitation grapha (fig. 2) show the long•term (60·year/ 
monthly precipitation averages for Goldsboro and Smithfield. The 
graphs show ~hat the average monthly pre~ipitation durin~ the 
period of the records is quite simil~r at both stations, even 
though the high and low averages va~ somewhat. The aurage annual 
precipitation is approximately 48 inchea -at both stationa. The pre• 
cipitation is highest in July and lowest in December or January. 

Physiography ana Drainage 

The area investigated lies in two major phys1ographic pro· 
v1nces. The northern half of Johnston County is in the Piedmont 
province, whereaa the remainder of the area is in the Coastal Pla1n 
province .. Local reiief in the Piedmont province in the area ranges 
!rom lesa than 50 ·feet to as much as 200 feet and the elevation 
ranges from 150 to 400 feet above sea level. Relief in the Coastal 
Plain section of the area ranges from less than 20 feet to 100 feet 
and the elevation ranges !rom 70 to about 150 feet above sea level. 
The relief is greatest where the larger atreama have cut down 
through poet-Miocene terraces and exposed underly1ng formation& of 
Cretaceoua age, aa in southern Wayne County and parta of Sampson 
County. 

The area is drained by streams flowing aoutheastward. Tributary 
stream valleys have a parallel alignment except where topograph1c 
influence of terraces affect their coursea. In aoutkern Wayne 
County, Eocene sediment& depoaited in ancient atream valleys are 
more resistant to eros~on than surrounding Cretaceoua sediments and 
have influenced the drainage pattern by cauaing a deflection of the 
stream channels away from the more reaistent aedimenta. The etreams 
in the Piedmont province generally are inciaed in narrow valleys 
about 150 feet deep, whereaa in the Coastal Plain province the 
iarger streama tend to meander and the atrea• valleya are wider and 
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~1 ~y~nl~e gneo~$ aha norno.enoe gnel$S occur 1oca~~y ~n ~ne m~ca 

gneiss. 

In the southern part of the county the Tuscaloosa formation 
crops out along the fall line as a feather edge that extends 1n an 
east•west direction. Tne !orm~tlon ci•?s toward the southeast and. 
:oeally attai~s a thickness of about 150 feet where lt overl1es 
depress1ons in the cryst~:l1ne oasement rock. Unconformably OYer
lying the Tuscaloosa formation are seci1ments oi the Black Cree« 
formation. This formation, generally lesa than 40 feet thick, 1s 
composed oi black micaceous clav containing lignltited wood frag· 
ments. Locally, marcasite and pyrite occur as concretion~ or as a 
replacement of the wood. 

A thin blanket of surficial sand, probably of post-Miocene age 
mantles the Cretaceous sediments throughout much of the county and 
the crystalline rocka alonr the fall zone. Thefe surficial deposits 
do not attain a' thickness of more than 30 feet and are absent in 

some areas • 

Ground water.·· Except for public supply of Smithfield, all 
public and domestic water supplies in Johnston County are obtalned 
from wells. ~ost domestlc wells are dug or bored, whereas municipal 
wells are drilled. 

In the Piedmont, dug and bored wells ~enerally less than 40 
feet deep obtain water from weathered crystalline rock or surficial 
sand. These wells y!eld 2 to 15 gpm. Dri~led wells obtain water 
from granite, mica gneiss, schist, and slate. The wells in the 
granite are less than 80 feet deep, and their aYerage yield is-les~ 
than 20 gpm. Wella in the mica gneiss average about 125 feet in 
depth and haYe aYerage yields of 20 to 25 gpm. Wells in the sch1st 
and slate are comparable in depth to wells in the mica gneiss, and 
their aYerage y1eid i~ 30 to 35 gpm. 

Water from the granlte, mica gneiss, and schist 1s suitable for 
most uses. Water from the slate is generally high in iron content 
and may be corrosiYe. 

In the Coastal Plain, domestic wells obtain water from the 
Tuscaloosa and ulack Creek for•ations and surficial sands. These 
domestic wells range in depth from 10 to 175 feet and in yield fro• 
10 to 90 gpm. The quality of the water from the Coastal Plain de· 
posits in the county ia Yariable but generally suitable for moat 
uses except that objectionable quantities of iron occur in so•e 
places. 

23 

-··"P.'"' :~:~- .,...,.._ 
~ ..... 

t 



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

.. 

~ .. 
• • I 
~ 
• • • • 

0 £ the T~scaioosa. wh1cn 1s overla1n by sur£ic1al sand. The static 
water level was 40 feet below the land suriace 1n ootn •ei•s ·~en 
t~ey were ~r1~led 1n !9:7. The deeper well y1elds 60 ~pm, wnereas 
the shallow well y1eids 40 gpm. 7he water from ootn *~••s lS ·~rv 

soit. ~.1g:: 1n 1r::1n content. and corros1ve to metals. 

Storage is provided by an elevated tank wn1ch has a capac1~' ~. 

::v.OGO ~~~:ens and feeas a1rectly lr.to t~e water ~aln. There are 
360 serv1ce connectlons 1n four uaks ana total ~sage avera~es 

50.000 g?D· The water system has a capacity of 75.000 gpd1 

Kenly has 3 •ells, : are 100 feet deep, and the other 1s 200 
feet deep. ihe weils are casea to slate, wh1ch 1s reached at a 
depth of about 40 feet. The total yield of these wells 1s 360 gpa. 
The water 1s s~~ewhat high in iron content cut is not treated. 
There are no industrial users. There 1s an elevated tank hav1ng a 
capacity oi 100,000 gallons. There are 400 service connections 1n 
Kenly and the total usage averages 100,000 gpd. 

i':n~ ~evel 

i'ine Level has one well 200 ieet aeep, wh1ch was f1n1snea In 
slate and y1elcis !00 gpm. Storage iac1l1ties Include a sett••~~ 

tank hav1ng a capacity of 55,000 ga•lons and an elevated storage 
tank hav1ng a capac~ty of 75,000 gallons. There are 205 service 
connectlons 1n Pine. Level and the total usage averages 20,000 to 
30,000 gpd. 

pr1nr;;ctgn 

Princeton has two dr1lled wells 237 and 145 feet deep, casea :o 
58 and SO feet, respecuvely. The wells were dnlled Into slate and 
have yields o: 80 and 70 ~pm respectively at a crawdown of 20 !eet. 
The water IS sll!htly h1gn 1n 1ron content and IS moderately hard. 
Storage is prov1aeci by an elevated tank hav1ng a capacitY of 75.::J 
gallons. There are 325 service connections 1n Prlnceton and the 
total usage averages 40,000 gpd. 

Selma has four mun1c1pal wells hav1ng an avera~e depth oi 2~J 
feet. The wells ?enetrate slate ana are cased to depths of 21 to 
117 feet. Each of the wells y1elds 300 ~pm, and they are usee onr 

:s 
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3~B, 388,398. 

46 

3718 

87 

7308 

5768 

318,338, 
2058,2583 

13 

3548 

365C,376C, 
359C,377C 

541, 424, 
546 
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-2-
SOIL CORRELATION OF 

JOHNSTON COUNTY, NORTH CAROLINA 

Field mapping 
unit name 

Altav1sta fine 
1 oam, 0 to 2 
slopes 

sandy 
percent 

Appl ing-Harl boro 
complex, 1 'to 6 
percent sl Qpes 

Augusta sandy loam, 0 
to 2 percent slopes 

Autryville sand, 0 to 
2 percent slopes 

Bibb sandy loam, 
frequently flooded 

Blanton sand, 0 to ~
percent slopes 

Bonneau sand, 0 to 3 
percent slopes 

Cecil loam, 1 to 6 
percent slopes 

Cecil loam, 6 to 10 
percent slopes 

Chewacl a loam, 
frequently flooded 

Cowarts loamy sand, 2 
to 8 percent slopes 

Cowarts loamy sand, 6 
to 10 percent slopes 

Dogue fine sandy 
1 oam,-·o· to 2 percent 
slopes .. -

u 1-
cation 
srabol 
· aA 

Approved map 
· unit name 

Altavista fine sandy 
loam, 0 to 2 percent 
slopes, occasionally flooded 

AmB Appling-Marlboro 
complex, 1 to 6 
percent slopes 

AsA Augusta sandy loam, 0 
to 2 percent slopes, 
occasi~nally flooded 

AuA Autryville sand, 0 to 
• 2 percent slopes 

Bb Bibb sandy loam, 
frequently flooded 

·BnA Blanton sand, 0 to 3 
percent slopes 

BoA Bonneau san~. 0 to 3 
percent slopes 

CeB Cecil loam, 2 to 6 
percent slopes 

CeC Cecil loam, 6 to 10 
percent slopes 

Ch Chewacla·loam, 
frequently flooded 

CoB Cowarts loamy sand, 2 
to 6 percent slopes 

CoC Cowarts loamy sand, 6 
to 10 percent slopes 

DoA .. Dogue fine sandy 
loam, 0 to 2 percent 
slopes 
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JOHNSTON COUNTY, NORTH CAROLINA --Continued 

I Pu 11-
Field Field mapping cation Approved map 
s~bols unit name sympol unit name 

I 3F\,359A Faceville sandy loam, FaA Faceville sandy loam, 
0 to 2 percent 0 to 2 percent 
slopes slopes 

I . 
1768,3598 Faceville sandy loam, FaB Faceville sandy loam, 

2 to 6 percent 2 to 6 percent 

I 
slopes · slopes 

392A Fuquay sand, 0 to 3 FuA Fuquay sand, 0 to 3 

sSSB 
percent slopes percerJ,t :5l opes 

I 0000 Gilead sandy loam, 2 GeB Gilead sandy loam, 2 
to 8 percent slopes ·to 8 percent slopes 

I 558C,558D Gilead ·sandy loam, 8 GeD Gilead sandy loam, 8 
to 15 percent slopes to 15 percent slopes 

..... 

I 410 Goldsboro sandy loam, GoA Goldsboro sandy loam, 
0 to 2 percent 0 to 2 percent 
slopes slopes 

I 829,847 . Grantham silt. loam Gr Grantham silt loam 

788 Lakeland sand, 0 to 6 LaB Lakeland sand, 0 to 6 

I ·percent slopes percent slopes 
• 

88 Leaf s i1 t 1 oam Le Leaf silt loam 

I 417 Lynchburg sandy loam Ly Lynchburg sandy loam· 

377A Marlboro sandy loam, MaA Harlboro sandy loam, 

I 0 to 2 percent 0 to 2 percent 
slopes slopes 

I 
3778 Marlboro sandy loam, Ma8 Marlboro sandy loam, 

2 to 8 percent 2 to 8 percent 
slopes slopes 

I 308,378 Marl bore-Cecil Mc·a Marl boro-Cec i1 
complex, 2 to 8 complex, 2 to 8 
percerrt slopes percent slopes 

I 
.. 

427 Nahunta silt loam Na Nahunta silt 1 oam 

I 
I 
I 
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JOHNSTON COUNTY, NORTH CAROLINA 

Field 
symbols 
378B 

212B· 

. 

Field mapping 
unit name 

Nankin fine sandy 
loam, 2 to 6 percent 
slopes 

Nason silt loam, 2 to 8 
.percent slopes 

212C,205C Nason silt loam, 8 to 15 
percent slopes 

212D,212E Nason silt loam, 15 to 25 
percent slopes : 

365A 

365B 

300 

324D1, 
324C 

324El 

836 

830,881 

800 

135E,l35D 
138D,61El 

90 

Norfolk loamy sand, 0 
to 2 percent slopes 

Norfolk loamy sand, 2 
to 6 percent slopes 

Norfolk-Urban land 
complex, 0 to 3 
percent slopes 

Pacolet loam, 
10 to 15 percent 
slopes 

Pacolet loam, 
15 to 25 percent 
slopes 

Pantego loam 

Rains sandy loam 

Rains-Urban land complex, 
0 to 2 percent slopes 

Rion sandy loam, 
15 to 40 percent 
slopes 

Roanoke loam .. . . 
352A,540A State sandy loam, .0 
540B,351A to 3 percent slopes 

79,330 Tarboro loamy sand 

-4-

Publi
cation 
symbol 

NkB 

NnB 

NnD 

NnE 

No A 

NoB 

-~. 

.. NuA 

PaD 

PaE 

Pn 

Ra 

RbA 

Approved map 
unit name 

Nankin fine sandy 
loam, 2 to 6 percent 
·slopes 

Nason silt loam, 2 to 
8 percent slopes 

Nason silt loam, 8 to 
15 percent slopes 

Nason silt loam, 15 to 
25 p~;c~nt slopes 

Norfolk loamy sand, 0 
to 2 percent slopes 

Norfolk loamy sand, 2 
to 6 percent slopes 

Norfolk-Urban land 
complex, 0 to 3 
percent slopes 

Pacolet loam, 10 to 
15 percent slopes 

Pacolet loam, 15 to 
25 percent slopes 

Pantego loam 
occasionally flooded 

Rains sandy loam 

Rains-Urban land complex, 
0 to 2 percent slopes 

RnF . . ·-Rion· sandy loam, 15 to 
40 percent slopes 

Ro' 

StA 

Ta 

Roanoke loam, occasionally 
flooded 

State sandy loam, 0 to 
3 percent slopes 
occasionally flooded 

Tarboro loamy sand, 
rarely flooded 
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-5-
-JOHNSTON COUNTY, NORTH CAROLINA 

Pu i-
Field Field mapping cation Approved map 
s~bol s unit name symbol unit name 
8 To1snot loam Tn Toisnot loam 

814 T~motley sandy loam To Tomotley sandy loam, 
rarely flooded 

5?.5~ Uchee coarse sand, 2 -UcB Uchee loamy coarse sand, 2 
to 6 percent slopes to 6 percent slopes 

515C,370C Uchee loamy sand, 6 UcC Uchee loamy coarse sand, 6 
3700 to 12 percent ·slopes to 12 percent slopes 

_,. :· 
6 Udorthents, loamy Ud .!/ Udorthents, loamy 

1368,578 Vance coarse sandy VaB Vance coarse sandy 
loam, 2 to a p~rcent 1 oam, 2 to 8 percent 
slopes · slopes 

393A,394A Varina.loamy sand, 0 VrA Varina loamy sand, 0 
to 2 percent slopes to 2 percent slopes 

3938,3948 Varina loamr sand, 2 VrB Varina loamy sand, 2 
to 6 percent slopes to 6 pe~cent slopes 

3708 Wagram loamy sand, 0 WaB Wagram loamy sand, 0 
to 6 percent slopes to 6 percent slopes 

89 Wahee loam Wh Wahee loam, 
occasionally flooded 

368 Wedowee sandy WoB Wedowee sandy loam, i 
loam, 2 to 8 percent . to 8 p_ercent slopes 
slopes 

135C,36C, Wedowee sandy 1 oam, 8 WoO Wedowee sandy loam, 8 
138C to 15 percent slopes to 15 percent slopes 

43 Wehadkee loam, Wt Wehadkee loam, 
frequently flooded frequently flooded 

44 Wehadkee-Chastain Ww Wehadkee-Chastain 
as soc fatfon, association, 
frequentlY flooded frequently flooded .. . . 

1/ Each delineated area.is identified by the symbol Ud and further 
identified with one of four labels on the map. These labels are Borrow 
Pit or BP, landfill or LF, Cut and Fill or C&F, and ~irfield. 
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HLRA(S)I 133A, 153A, 153B COLDSBORO SF.RIF.S 
REV. WLB,BJW, 2·88 
AQUIC PALEUDULTS, FINF.·LOAHY, SILICF.OUS, TH£RMIC 

THF COLDSBORO Sf.RIFS CONSISTS OF Nf.ARLY LEVf:L TO CENTLY SLOPINC, HODERATflY rFLL DRAINED SOILS ON COASTAL PLAIN UPLAI()S. 
Ill A RF.PRESFNTATIVE PROFII.F., THE SIJ!FACE LAYER IS tRAYISH BROWN lOAHY SAtll ABOUT 8 INCHES THICK. THE SUBSURFACF IAYf"R IS 
PALE I!ROWII LOI'In· Z~ND 4 INCHFS THICK. THE SUBSOIL EXTFNDS TO 76 INOlf.S. IT IS BROWNISH YELLOW SIJIOY tOAH IN Tl!E IFPER 
I'ART; YELLOWISH BROWN, PALE BROWN AN> CRAY SANDY CLAY LOAH IN THE HIDOLE PART; AN> CRAY SANDY LOAH AN> SAHDY CLAY LOAH 
IN Tl!E LOWF.R PART. SI.OPES RANCE FROH 0 TO 8 PERCFNT. 
I £STIHAJW SOil PRII'£R11tS IT~ I 
tofPtRI 1 RACtiPERU:NI uf HAnl!tAL LESS ILJOOID IPLAS- 1 
I I 111.11 USDA TEXTURE I liiiFIED I AASHTO I 3 INI THAN 3" PASS INC SIEVF NO. I LIMIT IT I CITY I 
I I I I I(PCT)I ' I I~ I 4~ I ~00 I IINDFJt I 
I 0-ISisl, Fsl ISA, SA-St, St IX-2, X--, X-& I 0 195-100 95- 00 Sb= 00 1 --5 I 25 IAP·1' 1 
I 0·151LS, LFS ISH IA•2 I 0 195·100 95•100 50•95 13·30 I 20 I NP I 
115·451SCL, SL ISH·S~1 SC, Cl·Hl, CLIA-2, A-4, A-6 I 0 198·100 95•100 60•100 25·55 I 16·37 I 4·18 I 
I45·65ISCL, Cl, SC ISC, OL, Cl·HL, CH IA-4, A-6, A•7•6 I 0 195·100 90·100 65•95 36·70 I 25•55 I 6·32 I 
I65·761VAR I I I I I I I 
I I I I I I I I I 
loH'IR/tL\V IHOisr BOlli PFAAlX- I XVAIL\Slt I sOil I SAliAili I SfliiNii!- ltilbSIONiiiil) IORGAHici toRROSiviN 1 
I (IN. )I (PCT)I DENSITY I IIIli TV I WATER CAPACITYIREACTIONI (ltflOS/CM) I Sllf.LL lfACTDRSIFROO.tHAnER I I 
I I I ICIOOA I !IN/HRA I (IN11Nf I !PHI I IPOTENTIALITTIICROCJ>I (PCTI I ~~ ~~~Tf.l 
I 0-151 5-1511.40-1. 0 1.0-&. I 0.08-0. 2 13. -&.0 I I LOW 1.201 S I - I .S-2 l~f£ I 
I 0·151 2•8 11.55·1.75 I 6.0•20.0 I 0.06-D.11 13.6•5.5 I I LOW 1.171 S I • I .S-2 I 
115·45118•3011.30·1.50 I 0.6·2.0 I 0.11·0.15 13.6·5.5 I I LOW 1.241 I I I 
145·65120·3411.30·1.40 I 0.6·2.0 I 0.11•0.15 13.6•5.5 I I LOW 1.241 
165-761 I I I I I I I I 
I I I I I I I I I I 
I FlOOoiNC I Rial iXrER fABlt. I tFAf.Nttn PAR I IIEDROCR /sOBSibFNt£ IRVbiPOtfm•u 
I I bFPlR I KIND IRONTHS ibtPfRIRARDII£Ssib£PIH IRARllNESSIIRit.ITOTALJCRPI FI<OST I 
1 moyFNev tJURAfiOR 1RMms 1 tFT! 1 1 11 1111 1 1 1 IN! 1 1 ON! 1 UN! 1 1 ACTION , 
I RORE 12.0-3.DIXPPARF:NIIDEC-APRI - I I 60 I I - I I B I 1 

SANITARY FACILITIES (B) 
I I SF.V£R£-i£TNESS 
ISrPTIC TANK I 

AI!SORf'll ON I 
FIFLDS I 

I . 

SEWACE 
LA COON 
ARFAS 

S,.HITARY 
LANDFILL 
(TRENCH) 

SANITARY 
lANDFill 

(AREA) 

I sF.VER£-iF.TAF.SS 

SEVERE -WEtA£SS 

SEVF.R£ -iF. tRESS 

CONSTRUCTION MATERIAL (B) 
II FXIk·iElAESS 
II 
II ROADFILL 
II 
II 
II IRPROBXBL£-EXttSS FIN£5 
II 
II SAIIl 
II 
II 
II IAPROBXBL£-EXctOSS FIRES 
II 
II CRAVEL 
II 
II 
II FXIk-100 eLXYEY 
II 
II TOPSOIL 
II 
II 

DAILY 
COVFR FOR 

LANOFILL 

II _____________ ~~~~W~A~TER~~~~C~~~~~(B~)--------------------
11 0-3\: RDDERXff.-SEEPXCf. 
II POND 3•8\1 HODERATE•SEEPACE,SLOPE 

- -----..!----------------11 llfSERVOIR II AREA 
BUILDINC SITE DEVELOPHENT (D) II 

,---------r~s~F.W~RF~-~~~O~A~ESS~~~~~~~~------~I~I--------~~HXIRX~~T~E~-p"JwpnJNC~,i~£~1~NESS~-----------------
I SHALLOW II DIBANICHOOS 
EXCAVATIONS II DIKES AND 

OWFLI.INCS 
WITHOUT 

BASEMENTS 

DWFLLINCS 
Will! 

BASFHFNTS I 
I 

RooERA1£-wt.1AESS 

SEv£R£-i£1A£SS 

I 0·4\: HOOERX1t-Nf.IAtSS 
SHAll I lt•ll\1 HOOERATE•WETNESS,SLOPE 

C0191F.RCIAL I 
BUILDINCS I 

I 
I HODERAft·i£TRtSS 

LOCAL I 
ROADS AND I 

STREETS I 
I 

£AliAS, I SLJOlt 
LANDSCAPINC I 

I AND C.OLF I 
I FAIRWAYS I 
I I 

RECIOAAC tmF.RPRNXTIOIIS 

II LEVEES 
II 
II 
II EXCAVATED 
II PONDS 
IIAOUIFER FED 
II 
II 
II 
II DRAINAa. 
II 
II 
II 
II 
II IRRICATION 
II 
II 
II 
II TERRACES 
II AND 
II DIVERSIONS 
II 
II 
II CRASS£D 
II WATERWAYS 
II 
II 

Sl,FSl: RObERXT£-SCOW R£Fill,b££P TO iXftR 
LS 1LFS1 l'oODERATE•Sl.DW REflll,CUTBANKS CAVE, 

DEEP TO IATDC · 

0·3\: FXvORXSL£ 
3*'1 SLOPE 

0·3\ Sl,FSl: if.fAt.SS 
0•3\ LS,LFS1 WETNESS,FAST INTAKE 
3*' SL,FSLI SLOPE,WETNF..SS 
3+\ LS,LFS: Sl.DPE,IIUNESS,FAST INTAKE 

iiEIRESS 

FXvORABI F. 
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COLDSBORO SERIES 

I AObF~f£-WEtA£SS 
I I 
I CA~:P AkEAS I 
I I 
I I 
I I RODf.RAt£-WFIA£SS 
I I 
IPICNIC AR£ASI 
I I 
I I 

RECRF.ATIONAl DFVELOPMENT 
11 
II 
IIPL.AYCROUNDS 
II 
II 
11 
II PATHS 
II AND 
II TRAILS 
II 

(B) 
0-2\: HOD£RAf£-i£1A£SS 
2·6\z HODERATE·SLOPE,WETNFSS 
6·10\: SEVERE-SlOPE 

SCi CRt 

I OfTERHININC I BII.ITY I I.IIIT I I I I I I 

NCOO/tl 

I FHASE I I (185) I (lBS) I (BU) I (BU) I (BU) I ILBS) I (AIJM) 
I JRIRRIIRR.IRIRR IRR. IRIRH IIRR. IRIRR IIRR. IRIRR IRR. RIRR IIRR. IRIRR liRR. IRIRR liRR. 
~~o-~2~,--------------~,~2W~I~~,~t~o~o~~-r.,3mo~oo~~~~,2ns~~~,~,~2r-~~~60~-r~~~3n6~o~o~~-nli~l~.sr+,~~ 
12·6\ I 2E I I 700 12900 115 I 38 60 JHOO Ill.!> I 
16·8\ I 3E I I 550 12600 ~0 I 28 50 8000 110.5 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 I I I I I I I 
I I I I I' I I I 

~-----------------~~~~~--~~--~----~'~nm~~~~~-n~•----~--~--~--~--~----'~--~'----woootxND SOITXBitiiY ttl 
1 CLASS- IORbl RANACEMEHt PRilBCEAS I POTFN'TIXI PRIJOUCTIVITT 
I LETfRHINJNC ISYHJEROS 1AIFOOIP.IS££01.1w1RDIRIPLXN'T I CORRON fREF3 ISIT£1PROOJ TREES TO PUJIT 
I PHASF. I !IIAlARDII.IIIIT IHORT'YIHAZARDICOHPETI IINDXICIASJ 
!A~c~r--~~~-------;l-9~xnl~srnJ~arr~r~srcnrarr~nsTL~IGH~t~lsic;IGHT~~,~~ornRr.~rc~o~ancorrcTLV~P~IRmf~.----;li9~0~I,9~nnT.GMOc~o~cncv~PniN~F-------
! I II ONCUAF P1NE 173 I 6 I 

I ISI.ASH PINE l!llt 12 I 
I JSWEfTCIJ4 I I 
I ISOUTHFRN RED OAK I I 
I !WHITE OAK I I 
I !WATER OAK I I 
I I YfllOW POPLAR 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 
1--------------~--------------v1 ni1~~~~~~mn1~1r-nrr----------~~------------~-1 

,--------~t~LAS~s~-----~,----------NPO~YF~=~{Wnrf'~ft~·~~~m~n{~~~t5~~n{Uf~A~tl~ft~!~O~!------,~~PO~t~FNtwnrx~c~n~RAma~ll~xt~Fo~A.~'I 
1 CflFAAINING ICAAIR &ICRXSS &I wilD IRARbli/0 ICDHIFfRISAAObS JiF.Il»lbiSRXUOWIOPF.NLD liiiOOOID lwntAAOIRARctlbl 
I PHASE I SfED ILFCIJ4F I HERB. I TIIEES IPI.ANTS I I PlANTS I WATER IWILDI F IWIIDLF IWILIJLF IWiLDI F I 
~~o-~z~,---~~~-------r,~co~oomr-TI70Xb~r-r,?c~oo~or-lr+cmmmm~,rM~~o~r---~-TI~Prnoo~R~ri~~~Rr-rr?c~oo~o~l~co~o~o~lrR~t~R~r~~-~ 
! 2-6't I COOD I COCO I COOD I COOD I COOD I ! POOR IV. POOR I COOO I (;()00 IV. POOR I I 
16-B\ I FAIR I COOD I COOO I COCO I COOD I IV. POORlY. POORI COCO I COOU I POOR 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 
1------------------~~~1 ~n-nr1 ~~rn1 ~~m1~~nn'~~~~~Tm~1 rn~~~~~~·~~~1r----~'------~1 -------1 

1 pbf£RTIXL HXtlyt;~t t~UAir:El~~~b;~;\gz ~R$Rfl~~fE~:~;)b£1FimiR:NC PRASE 

IXR£RICAN HOLLY CliP I I I I 
llllUfBFRRY VAC(;J I I 
IFLOWfRINC DOCWOOO COFU I I 
ICf<EENBfciEK SKIW I I 
IPfRSJII40N DIVIS I I 
IHEDBAY PUC I I 
!SOUTHERN BAYBERRY HYCE I I 
IINKBFRRY ILCl I I 
!HONEYSUCKLE LONIC I I 
IPOISON IVY TORA2 I I 
I5U1114ERSWFfT CLEntRA Cl.Al3 I I 
I I I 
I I I 
I I I 
I I I 
I POT£1/l I At PROOOtf I ON ! lBS ./Xt. oRY if )z 
I FAVORABlE YFJUtS 
I NORMAL YEARS 
I UNFAVORABLE YFARS 

A FSTIHATF.S OF ENCINFERINC PROPFRTIES BASF.D ON 2 PF.DONS FR(Jt DUPLIN Atll WILSON COUNTIES, NC. 
D RATINCS BASED ON NSH, PART 603, 7·83. 
C WOODLAND RATJNCS BASED ON NATIONAl FORF.STRY HANUAL, SEP. 1980. 
D WllLllfE I!ATINCS eASFD ON SOILS HEHORAIIDII1·7~, JAN. 1972. 
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NC0037 

tn.RA(S): 133A, 153A, l49A 
REV. HS,I\Jil, 4·88 

SOIL INTERPRETATIONS RECORD 

TYPIC KANDIUDULTS, FINE•LOAtiV, SILICEOUS, IHERMlC 

NORFOLK SF.RIES 

T~F. NORFOLK SERIES CONSISTS OF WELL DRAINED NEARLY LEVEL TO ~OPING SOILS ON UPLANDS IN llrE COASTAL PLAIN. IN A 
Rf.PRESF.NTATIVE PROFILE, THE SURFACE LAYER IS GRAYISH IIROWN LOAMY SAND ABOut 9 INCitES THICK. ll!F. SUBSURFACE LAYER lS 
LIGHT YELLOWISH BROliN LOAMY SAND, 5 INCitES llllCK. THE SUBSOIL EXTENDS TO A DEPlll OF 82 INCitES. IT IS YELLOWlSII BROWN 
SANDY LOAM IN ll!E UPPER PARI, YELLOWlSII BROWN SANDY CLAY LOAM IN lliE HIDDLF. PAJcr AND MOTTLED BROIINJSJI YELLOW, STRONG 
JIROIIN, YELLOWISII RED SANDY CLAY LOAM IN THE LOWER PART. SLOPES ARE 0 TO 10 PERCENT. 
• ESfDIXttb solt PROPERtiEs (XJ I 
iDEI'l'RI I I IFRActlrtkctHI or RXtERIXL Ltss ILlOOlb lrUs- 1 
!(lN. )I USDA TEltl'IJRE I UNinED I AASH'IO I 3 INI TIIAtl 3" PASSING SIEVE NO. LIHIT ITICITYI 
! I I I I(PCT)! 4 I io I 4o I 206 !INDEX I 
1 6-14!sL, tsL lsR, sR-sc, sc IX-2 I o 195-loo 95-166 56-91 15-33 1 25 INP-14 1 
! 0·11tiLS, LFS ISH IA-2 I 0 195•100 92·100 50•95 13·30 I 20 I NP I 
!l4·38!SL, SCL, CL ISC, SH•SC, CL, CL·HLIA•2 0 A·4, A•6 I 0 195·100 91•100 7D-96 30·63 I 20·38 I lt·15 I 
!38·701SCL, CL, SC ISC, SH•SC, CL, CL•HLIA·It, A-6, A-7·6 I 0 I 100 98•100 65·98 36·72 I 20•52 I 4·23 I 
!70·991VAr. I I I I I I 
! I I I I ! I ! 
IDEPfR!cLXV !HOlst 80LKI rtRREX- I XvXIWL! I soiL I sXLINttv I sRklNit- !tkostORIWlND loRGXNicl c6AA6s1Vltv 
! (lN.) I(PCT) I DENSITY I BILITY !WATER CAPACITYIR!AcrtONI(IHIOS/0!)1 SWELL IFACI'ORS!EROD.IHATTER I 
I I I (G/0!3) I (lN/IIR) I (IN/IN) I (PI!) I IPO'l'ENTIAL!"lrr"rtGROUPI (PCT) 1-s"'tE_E .. L--.I"'eOR""'CRtit--1 
! 6-141 5-1811.45-1.65 I 2.o-6.6 I . 6.10::6.1S IJ.6-6.o I I LOW 1.2ol S I - I .5-2 IROO£RXlti RICH 1 
I 0·11tl 2·8 11.55·1.70 I 6.0·20 I 0.06•0.11 13.6·6.0 I I LOW 1.171 5 I • I .5·2 I 
!llt-38118·3511.30·1.65 I 0.6·2.0 I 0.1D-0.18 13.6·5.5 I I LOW !.2ft! I I I 
!38·70120·1t3!1.20·1.65 I 0.6·2.0 I 0.12•0.18 !3.6•5.5 I I LOW 1.21t! 
170·q91 I I I I I I 

I I I I I I I 
fLOODING RICH wXttk tABlE I cEREN'i'ED PAN I HEDROCK lsu851DENCE IHVD!Pdl'£R'I'LI 

DEP'fil I RIND IRORtiiS ID£P'tHIIIXRDR£SsiDEPlil IIIXRDN£SsilN1t.ltoMtGRPI ntOST I 
oURltt6R IRONllls 1 CFI> r ' HIN> 1 1 CIN> 1 HIN> Hnn 1 , AcnoN 1 

14.6-6.oiXPrXR!NIIJXN-RXRI - I I 66 I ! - ! I 8 I I 

• 
SANITARY FACILITIES (B) CONSTRtx:nON HAl'ERIAL (B) 

I klDERXIt-wrntss,PtRCs slbltf 
! SEPTIC TANK I 

II 
II 

! GOOD 
I 

' ABSORPTION I 
FIELDS I 

SEWACE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCII) 

SANITARY 
LANDnLL 

(AREA) 

DAILY 
COVER FOR 

LANDFILL 

o-7't: AOo£WE-s£tPXCt,WE'IN2Ss 
7+': SEVERE-SLOPE 

stvtRt-wtmtss 

o-8'40: SLiM 
8·10'4: HODERAT!·SLOPE 

8·10'4: FAIR-SLOPE 

II ROADnLL 
II 
II 
II 
II 
!I SAND 
II 
II 
II 
II 
II GRAVEL 
II 
II 
II 
II 
II TOPSOIL 
II 
II 

I 
I 
I 
I 1RPRo8XBL!-txCtss FiNEs 
I 
I 

1RPRoBXBL!-txe2Ss FiNEs 

FAIR-roo CLXYtt 

11, ----------~~~~W;ATER~~HAN~A~CD~~~~(B~)~--------------
11- o-3\: HODERXlt-sEEPACE 
II POND 3·8': HODERAX!·SE!PACE,SLOP! 

, ----.....!.----------------11 RESERVOIR 8~: SEVERE-SLOPE 
- II AREA 

! SIIALLOW 
'EXCAVATIONS 

DWELLINGS 
WITHOut 

BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

BUILDING SITE DEVELOP!!Drt (B) 
o-8\: Fi5otmt-WE'IN£ss 
8•10'4: HODERAXE•WETNESS,SLOPE 

o-8\: SLiClti 
8•10'4: MODERATE-SLOP! 

o-B\1 RODERXft-WE'l'Ntss 
8•10'41 HODERATE•WETNESS,SLOP! 

II 
!I 
IIEHBANICHEIITS 
II DliCES AND 
II LEVEES 
II 
II 
II EXCAVATED 
II PONDS 
!!AQUIFER FED 
II 
II 
II 
II DRAINACE 
II 
II 

o-4\: sLlClii I I 

stvtRt·PIPiNe 

AObtitXI!-bttP to wXtEK,SUJW ittFttL 

DEEP to WXttk 

St!ALL 4·8"4.: HODERATE•SLOPE II 
9-J\ sL,FSL: FXVORXBL£ 
3+' SL,FSL: SLOP! 

COMMERCIAL 8+': SEVERE-SLOPE II IRRIGATION 0•3"4. LS,LFSI FAST INTAKE 
I BUILDINGS II 3+' LS,LFSt SLOP!,FAST INTAKE 

'----------~~~~~~------------------------------~~~·------------+,~..,~~~-------------------------------o-8\: sLtCIIt I I O-B\1 FXVORXBL! 
LOCAL 

ROADS AND 
sruns 

LAtiNS, 
!LANDSCAPING 
I AND COLF 

FAIRWAYS 

8·10'41 MODERATE-SLOPE I I TERRACES 8~1 SLOPE 

o-B\: sLtCilt 
8•10'4t HODERATE·SLOPE 

ittclONXt lN'I£RPRtfHI6Ns 

II AND 
I I DIVERSIONS I 

·11 I 
II I 0•11"\1 rAYORABU 
II GRASSED I 8~: SLOPE 
II WATERWAYS I 
II I 
II I 
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NORFOUC SERIES NC0037 

I 
I 

CAI'IP AREAS I 
I 
I I 
I 

!PICNIC AREAS! 
I 

o-8"<.: sLtGII'.f 
8·1~: HODERATE·SLOPE 

o-8\: SLtGIIt 
8·1~: HODERATE•SLOPE 

RECREATIONAL DEVELOPMENT 
!! 
II 
!!PLAYGROUNDS 
II 
II 
II 
II 
I! 

(B) 
1 o-2\: sLtCRT 
I 2·6'11.: HODERATE·SLOPE 
! 6+'11.: SEVERE-SLOPE 

SLtCIIf 
PAniS 

AND 
TRAILS II I 

II I 
cAPABlltfY AND YIELDS PER ACRE OF CROPS XND PASTURE IHtGR LEVEL HXNAeb1EN'tl 

I tAPA· I CO'HOR I toBACCo I CORN I sOYBEANs ! t1tEAt ! PEXNltfs 
I BILlTY I LlNT I I I ! . 

PAStuRE cuss
DETERMINING 

PHASE ! ! (LBS) ! (LBS) I (BU) I (BU) I CBU) I (LBS) ! (AUH) 
! INIRRilRR.IRtAA !IRA. INtRA itRR. INtRA •tAA. IRtRR itRR. IRtAA ilRR. IRtRR !IRR. INIRR !IRR. 
,~o-~2~\~ ............................ ;~~~~~~~~~,~oo~I~~;,,J~ooomr;l~~~~~~~or+~~rl~4~o~l~~;,~6o~;r~~~i4o~oomr;I~~+,nro~.~s~!~~ 
!2·6'11. I 2E I I 650 I 12900 I 100 I 35 I I 55 !3700 I 110.0 
!6·1~ I 3E I I 600 I 12700 I 90 I 30 I I 50 3300 9.5 I 
I I I I I I I I I I I 

!AlL 

cuss
Dr.tr.RMINING 

PHASE 

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

IXXlbURD SOttXlitLlfY lei 
IoRDI HXNAGb1EN't PRoBL£RS ! PdttN'tiAL PRObOCitvtfY 
!SYMIEROS'RIEQUIP.ISEEDL.IIJTRDTIIIPLXNt I c0ft10R fREEs lsiiE!PRODI TREES TO PLANT 
! IIIAZARDILlHIT !HORT'YIHAZARD!Cot1PETI llNDXICLASI 
! BAisl.teRTisttClrr!sttGIITisLielrriRODER.IL08LOLLY PINE !84 ! 8 !to8tllLlY PIHE 

I I I !LONGLEAF PINE !77 ! 7 I 
I I I !SLASH PINE ! 78 110 
I I !SOtmiERN RED OAK 
I I I W\IITE OAK 

• I I I YnLOil POPLAR 
I IBLACKCUH 
I !HICKORY 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

tcLXss-btTERHlN'e PHXSEI sPEciES lllfl SPECIES lllfl SPECIEs lllfl SPECIES !lift 
==~~~~~~~~~~~=---------~T-----~~~~-----r~----~~~~----~~~----~~~--------~1 

I 
I 
I 
I 

I I I I 
Q'ILbLtFE &\Btlli SOlTXIIllili lbl 

I 
I 
I 

cLAss- I PottNftAL FOR HABITAt ELEREHfS I POftRttAL AS HABITAT FOR: I 
DETERMINING teRXtR &!cRXss &I UILD lltARbwo lcoRtrtRisRRUlls IWttURoiSHXtLOUioPtRLD lwoonLD IIIETtXNoiRXRetLDt 

o PHASE SEED !LEGUME I HERB. I TREES !PLANTS I !PLANTS I WATER IWJLDLF IWlLDLF IWJLDLF !WJLDLF 
i~o-~6~,----~~~-------------r~coo~br-Ti~COO~~b~lr?coo~b~TI~!~X09mo~lr?coo~n~TI .... ~~!~RO~RF-njyr.~poo~Rni~COO~~or-rl~coo~b~;lwv~.,P~oo~Rri~~~ 
!6·1~ FAIR I GOOD ! GOOD I GOOD I GOOD I !V. POORIV. POOR! GOOD I GOOD IV. POOR! 

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 
PartNf IAL NXtlVE PlANt eCI'!ROHtfY I RXNCtLXNb OR roR!Sf ONbtRS'tOkY VEGEtMoR I 

1 I PUNt PERt£NfXC£ ctlRI'OSittON lORY W£tGHfl i!Y tass bEftRRiNtNC PHASE 
I CCH10N PLANT NAIIE I SYMBOL 
I I (NLSPN) 
!~»tt~R~i~CX~R~R~oLnt~vr-........................ -;!ritnto~P~~r-.................... T-.................... r-.................... T-.................... T--................ .... 
I FLOWERING DC>C\alOD ! COFL2 
!PERSIHHON I DIVI5 
IBLUERIDCE BLUEBERRY I VAVA 
CREENBRIER I SHtLA2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

POfENflAL PR6DOcttoR (Us./Ac. bRY Wfla 
FAVORABLE YEARS 
NORMAL YEARS 
UNFAVORABLE YEARS 

A ESTIMATES OF ENGINCE!RING PROPERTIES BASED ON 2 PEDONS FRat ROBEESO!f AND WAYNE COUNTIES, ADDinONAL UNIFIED ENTitiES 
A FOR LINESIIo AilE SH, HL AND Hll. 
B RATINGS BASED ON NSH, 7/83. 
C WOODLAND RATINGS BASED ON NATIONAL FORESTRY MANUAL, SEPT. 1980 
D WILDLIFE RAttiNCS BASED ON SOILS HttK>RANDUM·74, JAN 1972. 
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VA0031 S 0 I L I N T E R P R E T A T I 0 N S R E C 0 R D 

HLRA(S)s 133A, 136, 153A, 1538, 153C 
REV. DDR,HHC, 2·88 
TYPIC HAPLUOULTS, FINE·LOAMY, MIXED, THERMIC 

STATE SERIES 

SOILS OF THE STATE SERIES ARE VERY DEEP AND WELL DRAINED. THEY ARE ON TERRACES AIID FORMED IN STRATIFIED FlUVIAL 
5fDIHENTS. TYPICALLY, T~f.SE SOILS HAVE A DARK BROWN SILT LOAH SURFACE LAYER 10 INCHES THICK. THE Sl~OIL FROH 10 TO 15 
IIICHES IS BROWN LOA~!, FROH 15 TO 35 INCHES IS STI!ONC BROWN LOAH, AND FllOH 35 TO '5 IIICHES IS BROWII LOAH. THE SUBSTRATII1 
FROH "5 TO 60 INCHES IS YELLOWISH BROWN, PALE BROWtl, AND BROWtl FINE SANDY LOAM. SLOPES RANCE FROH 0 TO 6 PERCENT. 

1 E'STIRXfED Sblt PROPERTIES ~~~ I 
IDEI'ttil ACTIPERCENT OF IIAflRIAL LESS IL1001b IPLA5- I 
1(111.)1 USDA TEXTURE UNIFIED I AASHTO I 3 INI THAH 3" PASSINC SIEVE NO. I LIMIT ITICITYI 
I I . .--- I I I(PCT)I 4 I 10 I 4g I ~0~ I IJNDEX I 
I 0·101FSL, St ISH, Rt, tt-Rt, SR-StiA-2, A=4 I 0 195-100 95-100 45· 5 2 • 5 1 2B IHP-7 I 
I 0·10ISIL, l ISH, SC, Hl, CL IA·It, A~6 I 0 195-100 95·100 65•95 lt5•!1.5 I 28 INP-15 I 
I 0·101LS, LFS ISH, SH·SC IA-2, A-1 I 0 195-100 95-100 lt5•75 15-3(1 I 18 INP-6 I 
l10·,51l, Cl, SCL ICL, SC IA•It, A·6 I 0 195•100 95•100 75-100 35•80 I 21t·lt0 I 8•22 I 
I45·60ISR·S-FSL ISH, SH·SC, SP-SH IA-1, A-2, A-3, A-It I 0 185•100 60-100 lt0-90 5·50 I 25 INP-7 I 
I I I I I I I I I 
IDEPTRitLXV lt~ISt SOLkl PERHEA· I AVAILABLE I solt· I sAtiRI1V I sRRINk- I£AOSioRiwiNb ibRCXRitl cOAAoSIVITY I 
l(IN.)I(PCT)I DENSITY I BILITY !WATER CAPACITYIREACTIONI(MHHOS/CII)I SWELL IFACTORSIEROD.IHATTER I I 
1 1 1 (c/CH3> , , IN/HRA , !IN"Nl , !PH> 1 IPOTENTIALIT"TTicROlJ'I (I'CT) 1 M~5k :coec~m 
I 1!'·101 5·1511.25-Uo I o.6-6. I o.Oa-o. 5 13. -5.5 I I tOw 1.281 5 I 3 I 2 IR fE I I 
I 0·10110·1811.20-1.35 I 0.6-2.0 I 0.12•0.17 13.6·5.5 I I LOW 1.281 5 I 3 I 2 I 
I 0·101 2·8 11.35·1.1t5 I 2.0·6.0 I 0.06-D.09 13.6·5.5 I I LOW 1.281 5 I 2 I 1 I 
110·1t5118·3,11.35•1.50 I 0.6-2.0 I 0.11t•0.19 13.6·5.5 I I LOW 1.281 
145·601 2·1511.35·1.50 I 2.0 I 0.02-D.10 13.6·6.5 I I LOW 1.171 
I ! I I I I I I I I 
1 FLOODING I RICSI wXTE'R TXBLE I CEHERTE'o PAR I &bROcK ISOOSIO£AtE' IHVbiPotE'Iif'Lt 
I \ I DEPTH I RIND IROiffils lbfPTRIIIXRDNEssibEPtR IRAAbNE'sslifllf .ITotXLICRPI FROST I 
I fREQUENCY I DURA!!@ ~~f~ I '"1 I I I(INI I I (IN) I 1(111) I(INl I I ACTION I 
INOR'E·OCO:SloRXL BATE'F DEl:·JONI4.o-6.oiAI'PARERTib£t-JONI • I I 6o I I - I I B I I 

SANITARY FACILITIES '~ 
I I NONEs HDDfRXTE-wETAESS,PE s[dity 11 
ISEPTIC TANK I RAREs HOOERATE·FLOODINC,WETNESS,PERCS SLOWLY!! 
I ABSORPTION OCCASs SEVERE·FLOC'DINC II ROADFILL 
I FIELDS II 
I II 
I RofiE,RAREa s£VERE-SEEPXtE II 
I SEWACE OCCAS: SEVERE-SEEPACE,FLOODINC II 

LACOON II 
AREAS II 

AoNE',RARE: SEYERE·SEEPAtE,i£1A£ss 
OCCAS 1 SEVERE•FLOOD INC ,SEEP ACE ,WETNESS 

II 
II 
II 

SA Ill 

SANITARY 
lAtiDFILL 
(TRENCH) 

II CRAVEL 

SANITARY 
LANDFILL 

(AREA) 

NONE, RooERXTE -wEYNtss 
RARE: HODERATE•FLOODINC,WETNESS 
OCCAS: SEVERE•FLOODINC 

II 
II 
II 
II 
II TOPSOil 
II 
II 

1 FXIA-too clAYEY, tRIA lAYER II 

CONSTRUCTION MATERIAL (B) 
coob 

PROBABLE 

I RPROBX8tE- too SANDY 

FAIR-too eOOEV 

DAILY 
COVER FOR 

LANDFILL 

I 11---------~~~~~~A~T~ER~H~ANA~CEH~E~NT~~~~B~)-----------
1 It SEYERE·SEEPXCE 
I II POND 

-
______ :.,.1 --------------------------------" RESERVOIR 

II AREA 
BUILDINC SITE DEVELOPMENT !BI II 

1 SEYERE·tOTBXHkS txvt II I ROb£AAYE-IRIA lXYER,PIPIAG 
I SHALLOW IIEMBANKHfNTS I 
lfXCAVATIONS II DIKES AND I 
I II LEVEES 

~~------~-m~~~~-------------------~·~·--------~~~~~mn~~-----------------Noti£: Sll em II SEVERE -eutBXRkS txvt 
I DWELLINCS RARE,OCCASs SEVERE•FLOODINC II EXCAVATED 
I WITHOUT II POIIlS 
I BASEMENTS IIAOUIFER FED 

II 

DWELLINCS 
WITH 

BASEMENTS 

SHALL 
COMMERCIAL 
nUILDINCS 

NONEa Rob£AAI£-WETNESS 
RARE,OCCASa SEVERE•FLOODINC 

o-4\ Non£, smm 
lt•6\ NONE: HODERATE·SLOPE 
RARE ,OCCASa SEVERE•FLOOOINC 

NbAEs Rob£RAI£-Low sfR£NtfR 
LOCAL I RARE: HOOERATE·LOW STRENCTII,FLOOOINC 

ROADS AND I OCCASs SEVERE•nOODIIIC 
STREETS I 

I 
I LAWNS, I NOHE,RXRE: StiGIIT 
ILANOSCAPINC I OCCAS1 HODERATE•FLOODINC 
I AIID COLF I 
I FAIRWAYS I 
I I 

REGIONAL iNt£RPR£tAtiORs 

II 
II 
II DRAINAGE 
II 
II 
II 
II 
II IRRICATIOtl 
II 
II 
II 
II TERRACES 
II AND 
II DIVERSIONS 
II 
II 
II 
II 
II 
II 

CRASSED 
WATERWAYS I 

I 
I 

bEEP to WAfER 

o-3\ siL,t,tSt,St: soiL 6Loi1Nt 
3•\ SIL,L,FSL,SLI SOIL BLOWINC,SlOPE 
0·3\ LS,LFS: FAST INTAKE,SOIL BLOWINC 
3•\ LS,LFS: FAST INTAkE,SOIL BLOWINC,SLOPE 

soil StowiRC 

FXVoRXStE 



I 
... 

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

STATE SERIES 

I NONE: sLICRT 
I RARE,OCCAS: SEVERE·flOOOINC 

CAHP AREAS I 
I 
I 
I SLICRT 

I I 
IPICIIIC AREASI 
I I 
I I 

'IA0031 

II I o-2\ RoR£,RARE: sLICHT 
II I 0•1\ OCCAS: HOOERATE·fLOODINC 
IIPLAYCROUNDS I 2·6\ NONE,RARE: •toOERATE·SLOPE 
II I 2·6\ OCCAS: HOOERATE·SLOPE,fLOODINC 
II I 
II I sLICRT 
II PATHS I 
II AND I 
II TRAILS I 
II I 

,---,.tnu:orcss'---...::;C:.::.AP.:!!AB:riL:;..l}n;:r.l;:::Nfi:.._rr1 E::!:L"gijmiR~r£R:!,..;A::.yf:::.::R£isip~;,N;iT@~g:....:PS:,.::/::.;~inio:ilii~r+~g~R;£1-I~~~Jmi~i:TAb~~:'-'V£i"f..:..:RAii~m~TF'£R~Tt-l-,.cii~~~hr-.--r--,ymnrrt-
l DETERMINING I BILITY I I I I I ILECUHE HAY fESCUE 
I PHASE I I (BU) I (LBSJ I (LBSJ I (BUI I IBUI I ITONSJ I IAUHl 
I INIRRIIRR.INIRR ifRR. INIRR JIRR. INIRR JIRR. INIRR I RR. INIRR IRR. INIRR IRR. INIRR IRR. 
,~o-~2~\~oo~urt,,R"X~Rr~------~~~,r=~~~~~3~o~~~~~3~3o~orT~~~~3~o~oo~l~~rl~4~5~1~~+1~6~o~~~,,~s~.lr+~~~a~.s~~~ 
10·6\ OCCAS I 2W 110 13300 12700 I I 35 I I • I 4.6 8.5 
12·6\ NONE,RARE I 7E 120 13000 12700 I I 40 I I 60 I 5.1 8.0 
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 I I I I 
I I I I I I I I I 
I I I I I I I I I 
1----------------~~~~--~--~--~~~~nm~~·nw~~·r-~1--~'~--~·--~~--~·--~----~--~---w~~g~~ SOITXsiLITY Pb¥~ CLASS- lORDI RARAGERENTS NTIAL PRODUCTIVITT I 

DETERHININC ISYHIEROS 1NIEOOIP.Is££DL.IwiRbfHIPLANf I crnfloR TREfS lsifEIPRODI TREES TO PLANT 
I PHASE !llAZAROILIIIIT IHORT'YIHAZARDICOHPETI IINOXICLASI 
JTXnccr---~~--------;-~gxnl~sTtTIICRT~ils~t,l~arrmnl~srcniCH~tnlsrrcTI~CHnt~l~sr~~~Rtnlrrc~asmc~orccny~pnJRnr~--~~~e~s~Pig~ITt~osmc~ort.tnv~PntR~r--------

lsouTHERN REO OAK 185 5 !BLACK WALNUT 
!YELLOW POPLAR 1100 8 !YELLOW POPLAP. 
IVIRCINIA PINE 185 9 I 

·JHICKORY I I 
IAHERICAN BEECH I I 
!WHITE OAK 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 

:~c~U~S~s~-b~£~f~tAA~I~R~'c~PAA~S~£rl~~~s~p£~c~I=E~s-----TIA~T,I ____ ~~~~---;~r---~sp~£~c~IE~s:..__ ____ riA~T~I----~s~P=£c~l~£~s-----TI~RT: 

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

ccxss
DETER•mn NC 

I POT£~Hjf'~I?.Jm!Nl&MHTY !£! I POTtRTIAt As AA81TXT FbA: 1 

I rHASE 
IGRAIN LICRAss Ll wltb IHARbwb lcoRiftRisARUBS lw£TCXRbiSAAtt6wloPtRCD IWOODLD lw£TIARDIRXRCELDI 
I SEED ILECUHE I HFRB. I TREES IPIANTS I IPIANTS I WATER IWILilLf IWILOLf IWILDLF IWILOLf I 

ISIC,L,tst,st 
ll S ,LFS 

I GOOD I bOOb I GOOD I GOOD I GOOD I I POOR IV. POORI GOOD I GOOD IV. POORI 1 
I POOR I fAIR I COCO I COCO I COCO I I POOR IV. POORI fAIR I COCO IV. POORI 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 I I I, I 

I C0!4HON PLANT .NAHE I SYMBOL 
I I !NLSPN) I I I I 
,~so~o~R~wo~oo~------------------TI~o~x~x~A~-r----------~~----------~~r----------i,-----------,r----------
'""ERICAN HOLLY I ILOP I I I 
!BLUEBERRY I VACCI I 
I FLOWER ltiC OOCWOOO I COFL2 
ICREENBRIER I SHILA2 
!SASSAfRAS I SMLS 

WAXHYRTLE I HYCE 
I 
I 
I 
I 
I 
I 
I 
I 

POftRTIAC PROODCTIOH !l8s./Ac. DRY WT)a 
FAVORABLE YEARS 
NORMAL YEARS 
UNFAVORABLE YEARS 

A ESTIMATES Of ENCINEERINC PROPERTIES BASED ON 1 PEDON fROH VIRGINIA AND 1 PEDON fROH NORTH CAROLINA. 
B RATINGS BASED ON NSH, PART till. 
C YIELDS BASED ON AREA 3 TECHNICAL COI+IITTEE RECOUHENDATION, 1977. 
D RATINCS BASED ON NATIONAL FORESTRY HANUAL, SEPT 1980. 
E RATINGS BASED ON SOILS HEHO 74 JAN 1972. 
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NOTI: AU LAIIIGUAGI SHOULD II FACNAL AND OIJlcnVI 

lltcOid on front co•., of the LD9boot: TOO No, Soli Name, 
S.tt Louuon, "Ditn Man-ver. 

All entrin are made usi119 ink. Draw 1 "n9lt loftl throu911 
lffort. lnottllll'd dltt COtrtctiont. 

Statement of Work l'lan. \tudy l'lan, and Safety l'la~ 
diKUStoon w distnbuuon to field t11m wotlltum members 
119ftlturn. 

llecord wulh9t conchtoonsand ~ftlrllllllonlormatoon. 

Sop 1nc1 dill ttch pafe. ''Oitct Mlftl91f is to rt•i- and 
II lin off Oft IICh IOfiiiOoll dilly. 

Document all celibfation and pre-operational checks of 
tqtlipment. "owicle senal number~ of equopment uMd OCIIIte. 

l'ro'lidt relerenct to Samplino Field Sheett lor dttaoltd 
11111pli119 onformatlon. 

Deterlbe wmpllnolocations iUJ11iJ and document ••! 
ChlnQII ,,_ JI'Oitct piWW"'I doeumtnu. 

''O'tlde 1 sill thtch with 11mplt locatoont and photo 
. IOCillOCII. ' . 

Maintain photo 109 br cornpltti"9 the llam,... ontormatton 
at the end of tht lovbooll. 

11 no Iilli r.-ntati" It 011 hlncl to kctpt the rtc~pt lor 
umpiM, an lfttry to that etlect mun be placed on the 
lovboOJt. 

lltcOid J.D. numbtra of COC and rtctipt lor wmplt lorms 
UMCI. Aho rtcorcl numbtra of dntr~ documenn. 

Complete SMO Information on the 'PICI ptO¥tdtd. 
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WATER USE SURVEY 
Reference 15 , --; 

Chtck wattr sourct(s) us~ by rts•dtnt 

1. DRILLED WELL DEPTH WATER LEVEL 

2. DUG WELL c/ DEPTH l(SW WATER LEVEL ee:f.~.-JuN 

3. SPRING ARTESIAN GRAVITY 

4. SURFACE WATER 

5. PUBLIC SUPPLY 

6. OTHER 

Cht<k water us.(s) and SP«ify water sourct of each 

DRINKING v NUMBER OF USERS ~- SOURCE 

HOUSEHOLD '-""' NUMBER OF USERS SOURCE 

IRRIGATION ---ACRES CROP _____ souRa ________ _ 

OTHER 
--------------------------------------------------

ANY PROBLEMS WITH WATER? 
----~~-------------------------------

HOW LONG HAVE SOURCES BEEN IN USE? d vw-/t'\fff~ 
----~----;~~--------------------

ANY MONITORING WELLS ON PROPERrt?--J.M~tJ~--------------------

PREPAREDlY AL·· ~ DATE 3- I 3 - 2 0 1 coMMENn __________________________________________ ___ 

I 
I 
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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 bv Town 
Total Popuhition by Cou~ty 
Total Population by Town 

Reference 17 

Please iind 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 
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NOTE: The population counts set forth herein are subject to 
possible correction for undercount or overcount. The United S:ates 
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 f,,r undercount or overcount. The United States 
Department C\f Commerce is considering whether to correct these counts 
and will pul::!:;h 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 count" 
and will publish corrected counts. if any. not later than July 15. 1991. 
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70,709 66,506 J,lll lOS Ill 106 liS ,. 15,322 J,IU 2CI 
S4,022 SI,Oil 2,695 10 82 lS 201 SO,IU 2,615 156 

5,904 4,311 t.at 21 9 5 24 4,315 1,411 2~ 

Calcrwell County 

C•~n County. 

II yUrl lncl OVII'", 

II yean ancl ov•r ... 

21, ll) 

4,469 3,354 t.OII 14 9 4 II 3,344 1,081 19 
52,556 4l,U5 4,Jas 269 293 164 4SO 47,111 ~.369 5J9 
40,141 l7,305 2,916 204 225 9t 291 37,1l2 2.9~7 ~·~~ 
20.&93 12,155 8,436 25 20 56 Ill 12,0U 1,409 ~~ 
15.714 !1,376 6,326 " 19 34 " 1.3~1 6,)07 40 

111,412 106,3JO 10,619 232 130 291 921 105,715 10,649 I .041 
90,127 12,057 7,171 IU 521 199 Ul 11,515 7,1SO UJ 
38,751 29,423 8,145 125 69 297 564 21,1!14 1,71~ 207 
30,073 33,306 6,418 81 49 212 412 23,137 6,315 131 
20,170 19,313 361 40S 42 49 131 ti,HJ lSI ~•I 
IS.59!1 14,150 210 320 n 26 71 t4,1U 2U 3S2 
1),506 1.349 s.ou ,. 29 11 115 1,314 5,041 56 
1.1110 6,411 3,431 II 23 10 '0 6,4U 3.~11 41 
1,1ss 7.061 .. " · 1 1 •o 1,021 ~• ~~ 
5,S40 5,465 32 34 4 s . 21 5,439 32 ,. 

14,114 66,362 11,141 114 394 103' 37& 65,152 11,701 us 
U,t40 51.410 12,041 91 256 12 2U · 51,335 12,011 321 
u.sn 22,1n •s.tet t.JJo u e& 2u 22,111 •s.u2 •.•.:1 
3S,881i 25,030 9,924 936 42 54 lSI 24,812 ll,lli 9i9 
11.113 51,&60 21,116 319 765 752 I,Uf 57,79& 20,940 r.~Si 
51,570 44,115 14,142 224 511 '" 1,172 42,511 14,045 l&S 

274,561 170,0611 17,416 4,425 5,764 6,107 13.291 165,057 16.21& 1.995 
tt7,712 127,233 sa,n2 2.ou 4.231 •.•n 8,&20. 124,001 58,050 1.11• 
13,736 12,051 1,545 GG 51 n 110 11,1165 1.5~2 11'1 
10,242 9,02G 1,117 41 J9 13 U 1,119 I,IIS l!t 
22,U6 21,165 Ill 37 11 53 199 21,526 107 .f II~ 
17,657 16,956 574 32 53 42 142 IG,I62 570 13 

125,671 IIJ,29G 12,314 395 .. 77 195 607 112,937 U,77S llli] 
8&,351 11,041 8,511 211 297 126 ~09 es.1os e.5n 5t·l 
21,151 2S,II4 2,412 16 5) 44 121 25,115 2.H] U2 
21,333 11,401 I,UI" 49 31 25 U 19,35S 1,117 79 
29,19S 2s.n1 13,259 t04 ., 651 t,ol5 2s,ns. 11.200 us 
29,441 19,126 9,031 " 35 413 713 19,621 9,003 9J 

111,135 109.116 61,554 425 3,7)) U7 2,054 101,727 G7.liS l,6U 
140,425 81,355 41,7U 316 2.~9~ 468 1,558 11,H6 41.621 2 .• v0 
56,551 2C,665 31,6&1 73 61 91 2SS 24,511 l1.56S 157 
40,539 19,245 21,123 5& C4 11 Ill 19,111 21,066 Ill 

7r.S.UM 1'16,91M I>G,I07 551 1,662 &45 2,102 195,560 55,151 J.251 
II yuoor~ ntiCJ UYUr 205,410 156,59G ~&.155 409 1,214 396 1,456 155,709 CG,691 I,GU 

. .. ............ ..... 36,414 n.2u 12,143 74 n u6 210 n.111 t2.11t '" 
11 years ancl ov•r... 21,S7l 11.279 1,0!17 50 47 104 205 11,212 t,061 93 

1~110 lhO l>(lJlUIIIoon counts nl fortn nereln ar• SutiJOCI IO PDSIIDio corr~c:llo11 lor unoc:rcounl or ovorcounl. tno U.S. Oc:partmc:nt ol COINM.Irce II coniiOolrlng .. nalnc:r 10 corrtocl u~s• counu ana 
wtll .... nlt'tt c:t)rtc•:u.••J t·o.mtta, '' A''"· uot ••tar 'h•n July I!., 1!1~1 

Cartorot County 

Cauwoa Count., 

''"''"""' County. 

l 

Crovan County 

Cl•y County ..... 

Clh•lano County 

Col~.of!CIUI County 

Crhtn Coun1y. 

Cvocor lana County 

Core County 

Dav•crson County. 

D•• .. C:O..IIIy. 

Duol•n County 

Durn.,,. County 

I O<J«C<>"<Ce Counl y 

t ranlt I en Count·, 

II yeors ancl ov•r ••. 

II v•ars ancl over ... 

II y .. rs ancl ov•r ... ............. -........ . 
II yaors ancl o••r ... 

. .................... . 
11 y•ars ancl o.er ... .................... 
II y••rs 1nc1 over ... 

tl years ancl ov•r ... 

11 y•ars ancl ov•r ... 

····················· 11 y•ars ancl ov•r .. , 

II yurs lncl OVII' ... 

II yUrl ancl over ... 

II r•ars ancl over ... ........... 
II yuors ••Ill ov•r, •. 

11 v••rs ancl ov•r ... 

II years tncl over ... 

······················ tl years ancl over ••• 

II years ancl over ••. ................. 
11 ~oort aNJ ov•r ... 

2~.Sli 

49,192 

10,311 

5,11.3 

~. ·~· 

J2.291 

.,. )(,7 

21,5\il 

5]. )t.~ 

16,315 

2t,r.H 

t~.9SI 



- - - - - - - - - - - - - - - - - - -
l•ul~ S :(1.: Ot h.:u an.:l ltrspanrc Orrgrn: 1990 
CUvtJrfrlo(:nt •I Un 11 S 

•• •••• • •• • •••••• • • •• · • • •• • ···········Race······················· • •• • · • · · • • • • ••• •••• • ·····Not of rrosr:anrc orrgrn· · · '· · • • 
I &rw. lna.an, &sr1o1 ai"ICI I H1Span1cl I 
I hlriiiO, Pacrf•c ou,.rl orrgln loft Ou.erl 
I Ioiii . 1111111 Ohclr ancJ Aleut lsl•ncJor racnl any racell ~hilt llllc• ••coil ........................................................................................................................................................................ 

• ..,, ~ '"ans Caunt t ..................... IO.~H 6,919 
tl 1·ears 1nc1 over ... 1,115 5.•13 

30.110 70.HO 
II years anc1 over, •. 22,7&1 16.024 

r·o 11 Count r. 107,814 10.642 
II rurs 1nc1 over ..•. 11,120 56.670 

14,416 13.27& 
'" yc:'''" erd ovor •.. II .G2l 10,128 

106,54& 99.0H 
10.1211 1!>.~4!1 

u ou.,ooliJ C~~unt r H,$11 30,816 
32,145 23,615 

105,119 31.986 
72.1103 '29t518 

~oo.l~on County 
1 I years ana over .•.•. 

11 ytors and over.,. 
u.ou n.1n 

11 years and over ••• 65,632 57,694 
Rowan COunty ........ . 110,605 111,151 

11 yeara and over ••• 14,4011 11,303 
Rut~rfora County .. $6,111 50,133 

II years and over ... 43,031 38,451 
~-"''"on County. 4J,UJ 30,273 

11 years and over ••• 34,152 U,2H 
~CO llano Counl y. JJ,l54 19,075 

II yurs and over ... 23,123 14,353 
~unty County .. 51,165 45,269 

II years al"d over ... 39,064 34.184 
StOLes County. 31,723 34,911 

II yUrt al"d OYir ... 28,UI 26.415 
",104 51,313 

II years al"d over. , . u.sn 45,241 
Swaon County 11,2U 1,950 

t1 ytarl al"d O~<er ... 1,413 6,336 
25,520 24,12t 

11 year a ana o~ter ... 19,141 18,993 
'rrretl Coun1 y 3,155 2.2117 

11 years ana orer ... 2.1n t,141 
un•on Cauru, 14,211 70,023 

II yo ora ana over, •• &1,201 57,04t 
v.u't:u Cou•" y .................. 31,112 21.141 

21,411 16,411 
423,310 3H,OII 

11 yurs ana !'••r ••.. 

11 ytors ana over ••. 325,565 253,422 
urron Counly. ll,2U li,SU 

11 rear a ana over ... 11.1tl 5.ll2 
"'"'"'"'liOn Counly oJ,tn 1.ss6 

11 reara an:~ over •.• 10, I II 5,165 
UIAu(I.A Ca...nty ······················· li,IU 35,130 

11 yura al"d over ••• 30,530 29,122 
wavno County ... ....................... 104,56& 69, 112 

11,281 53,020 
59,313 56,231. 1111~11 County ... 

11 years &1111 over ... 

45,423 43,143 
li6,06t 40,62J llolson co.nty. 

11 rears ana ov•r· •. 

41,133 1t,111 
30,411 21,114 UOio rn CUunty 

11 rurs ana ove!'· .. 

II reors a1111 over ... 23,641 22,46t 
, .. , •. u, COunt t. t5,419 t$,221 

tl years and over •.. 11,185 11,127 
&uoraoen town. ...................... 2,100 2.2t. 

11 reara •na over ... 2,01$ l.lll 
&nclS1111e town ~.21t 1,185 

11 rears and over ... 3,2SO 1,111 
251 251 

II reors ana over •. 213 213 
14,!131 12,102 

I I yC!or I ana O~lt, 11,$21 9,G6l 
'1~•4n(h,lr M I I 1 ~ tO'"'' 662 $13 

II years ana over .. ~96 444 ,,, ...... •: ...... 5U ~qq 
111 ,,,.,,._ .. ,.., uvur 4lfl lll 

. . . . . . . • . . . 1,07& 913 
II years ana over.. . 100 136 

),126 
2,3$1 
1,106 
6,171 

lS,UI 
24,141 

1,053 
744 

6,361 
4,563 

17. ~69 
1,512 

26,115 
16,110 
11,5U 
12.520 
11,111 
12,431 
6,514 
4,392 

15,U6 
10,695 
12,116 
1,192 
5,912 
l,976 
2,069 
1,524 
2, JIO 
1,916 

196 
Ill 

I,IU 
800 

t,5U 
1,03~ 

13,ol27 
8,621 

17,512 
11.156 
18,051 
63,9Jl 
8,147 
&,151 
6,l66 
~. 201 

1U 
611 

3J,1tl 
2l,OU 
2.124 
2,029 

24,19& 
16,612 

1,295 
969 
151 
119 
~00 
211 

2,141 
1,432 

II 
16 

lftl 
l.f"l 

"~ 167 
tl 
IG 

453 
325 
502 
3Jl 

•10,511 
26,162 

149 
tU 
262 
Ill 
95 
61 

1176 
sn 

2.~30 
1.591 

155 
9) 
52 
n 
66 
50 

3,015 
1,901 

19 
5l 

4 
4 

19~ 
212 

" 55 
t. 141 

911 
161 
$42 

13 
I 

59 
51 

265 
201 
n 
55 
10 
u 
22 
21 
21 
IJ 
11 
ll ,. 
24 

2,633 2• 
t,7H 21 

n • 
~g 

M ' 51 I 
82 
63 

20 
15 
1$ 
u 

709 
520 

25 
15 

358 
2~1 
195 
101 
239 
169 
190 
121 
HI 
314 
98 
G9 
15 
53 
ll 
61 

219 
141 
19 
~, 

u 
65 
31 
20 
99 
l& 
5 , 

251 
ICG 
60 
4. ... , 

5.901 

•• 9 
35 
2l 

152 
tl2 
1)9 
su 
100 
61 

111 
Ill 
26 
22 
It 
a 

25 
ll 
24 
IS 

170 
80 

" 2 
I 
I 

• 
3 ,,. .. 

•H 
319 
45 
20 

326 
235 
lli 
103 
158 , .. 
2U 
113 
215 ; 
Ill 
11 
52 

llf I 

241 • 
•o 
26 

120 
u 

106 
55 

311 
251 

1& 
12 
32 
26 

7 
4 

210 
154 
tO$ 
64 

1,911 
1,311 

~~ 
34 
21 
13 
4) 
31 

591 
315· 
IU 
121 
295 
tiS 
2&1 
115. 

9 
~ 
3 
l 
2 
2 
2 

tO 
I 
5 
3 

21 
2l 

2•1 
~~s 
9l1 
GIS 
liS 
15 

134 
SOl 
29) 
205 
104 
HS 
620 
)at 
6$t· 
us 
342 • 
231 
121 
460 
ltl 
201 
309 
214 
25~ 
150 
602 
391 . 
11 • .. 

154 
112 
It 
I 

675. 
4131 
211 
Ill 

5.395 

u~:. 
62 
6S 

·" 241 
Ill 

1,351 
It;) 
3~1· 
212. 
5Jl 
341 
311 
241 

•9 
31. 
19 
14 
21 
14 
2 

&li 
52 , 
I 

&,1$9 
$,461 

70,115 
t5.tl4 
10,211 
56,36$ 
tl,20t 
10,213 
91,659 
1~.201 
lO,Ull 
23,556 
31,150 
21,421 
U,&Ol 
52·'" 
81,521 
11,013 
41,196 
31,295 
30,011i 
23,105 
ll,llil 
14,241 
45,102 
)4,551 
)4 ,111 
26,395 
51,160 
45,091 
2,UO 
6,321 
2~.004 
11,912 
2,2U 
1,144 
u.n~ 
St,l60 
21,011 
11,311 

321.001 
25t,211 

6,51t 
5,351 
1,5lt 
5,149 

35.125 
2t,SU 
u.ut 
52,111 
SI,OU 
43,00) 
40.~&1 
3t,U5 
21,755 
22,316 
15.111 
11,103 
2,244 
1,159 
2. 17~ 
1,111 

255 
212 

12,051 
l,li3) 

565 
~39 
49!1 
311 
Ill 

I 135 

3.4)1 
2. 354 
t.ca, 
6.461 

35.112 
2~.015 
1.·~51 

lU 
6.35.3 
4.5H 

12 .l~· 
1.539 

26, 125 
I&,IH 
11,492 
12.•19 
ll,lt9 
12,319 
6.JU. 
4,112 

15.6)0 
10,662 
12,011 
7.125 
5,95• 
3,963 
2.cn 
1,520 
2,165 
r,tu 

Ill 
us 

1,185 
l91i 

t,5J2 
t.Oll 

1),351 
1.590 

. 17.475 
ll.lll 
11.565 
Gl. 511 

9,111 
6,8J4 
6,)51 
4,'199 

lGit 
U5 

33,6U 
2),021 

2,111 
2.016 

H.IU 
16,642 
1.2U 

969 
15t 
119 
39~ 
221 

2.1ll 
••• 30 

2.6210 
1.128 

n 
•9 
la 
$1 
n 
6l 

39 
)I ..... ..... •u 

Cl5 
Jl 
31 

bCJ 
~:· 
ti!il 
JJ~ 

.. ~.5~ 
2t.2:J 

lH 
))) 
lU 
5J2 
192 
IJ) 
!U4 
625 

2.4SI 
1.&41 
~~ 
2Jii 
Ill 
10 

111 
1)1 

],069 
1,91l 

Ill 
121 

'I 
l 

S54 
311 
127 
u 

9. ~~~ 
6.111. 

711 
55: 
sc 
)I 

2U 
112 

I.Cf •. 
121 
169 
127 

"'' ... .... 

rU 
108 

' 
6 , 

'""·~ ·•'Kl ...... '' 

12. SJ~ 

~UH•:i 

I.Hl 

JJ.634 

11.211 

39,\I~S 

3~.657 

•&.264 

25.220 

l'i,lll 

12 ,lSi 

21,101 

15,160 

1,907 

1\. ,., 

tll.U6 .. ,,., 
S.U4 

1~.511 

Jt.•n 

24.!160 

:t.tlil 

ll.92i 

t. !094 

1,219 

I.IU 

t)) 

lo.S42 

lkttoJ. ""' IJOI)I.IIatoOtt ~ounu sot rorth ~~eretn are lutiJOCI 10 pontole currccllon 
•''' J'U::tlrsn corrc.:w<~ counrs, r/ 'nr, not later INn July t~. 1991. 

lur unaorco.mt ur ovurcounl Tho U S. Ocp•r toooer11 ol Connerce Is cons rotrrng whother to corrttcl tr>csa ca...nrs •na 

.. 



- - - - - - - - - - - - -· - --·· 
hoi~ 5 &uo Dt hco ar.;J llosr>Antc Ortgon: 1990 
C.Ovt,Jt'l'fi ..... ,U.' Urt Ill 

,,._ "' (t'&.·.:lo ctu• 

lh.r'JioSt.:nt..:r (It f t. 1 t 1 

l!OihOI 1o .. n 

111:11111;11(. .. (Ill' 

UolllltOrl! lorcsl town 

61SCo.l lc:wn .... 

BliCk Creek loon. 

u laoaroor-o 1 o.,,. 

ttiCJ.,HlC) Aoc~ 10wr1 

UocJ<Jr C 1 I y COl' 

l!otlong \pro"'l u~u colr 

~~·••no \prongs lown 

l1oonv 1 11 Q I Owl\ 

dl>l u: 10 .. 1\ 

"'""''a c • '' 

UrO<J:Ntt COP 

l!rGC•foro to .. n 

Urun'i.,ICk town 

H • .,rSu'KJIC.n C:llr 

t~urn,.vtl tu tc."n 

l!uiNr COP 

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

11 y.:ars •ncJ ovor ••. 

ta roars ancl o•er ••• 

IK '~'""'" '"d ovur .•. 

u y~:ars ana ovo~r ••• 

II years ana over ... 

18 years ana over ... 

18 year1 ana over ••• 

18 years ana over •••. 

II years ana over ••• 

11 vo~rs ana over ... 

18 rurs and over ••• 

11 yoars ana over ••. 

18 ytarl and over ... 
. ················· II ytlrl and over ..• 

18 yoars ancl over ... 

11 vears ana over ... 

1 a years and over ... 

18 years ana over, •• 

11 years It'd ovor,.. 

18 years ana over. 1• 

18 ytars ana over ••• 

II ytU • IIICI over .. , 

11 years and over. , . 

11 years and over ... 

11 ytlrl ancl over ... 

11 yo1r1 an<l over .. 

11 ro•rt and over. 

1a vears ancl over· •.. 

II ro•rs ana over ... 

II yOir I lncl OvOI' •.• 

·····································Alee······································ 
t '••· l•ld••n. •s••n 11..0 1 
1 hk itttO, Pacof lc 01nerl 
I Toul llhote 8hck ana lle<.ol lslandar ractll 

2.110 1.871 
7,016 1,4U 
1,411 1,4'3 

'·''' 1.0~2 
~.691 4,10~ 
3,492 ),011 
1 .a42 ao7 
1,311 c, 
3.186 3. 163 
2,314 2,310 

133 755 
136 620 

I ,327 1,3H 
1,033 4 .Ot2 
t,4u eoa 
1,024 625 

615 574 
461 HO 

5,418 4,909 
4,346 3,966 
l,UI 1,525 
1,357 1.209 
1,257 1.244 
1,046 1.036 
1,373 1,219 
1.010 I.OJI 
1,650 1,600 

,1.211 1.247 
2.445 2.086 
2.015 I.HI 

221 1 II 
161 155 
531 171 
396 us 

3,893 1,566 
2.129 1.223 

12,915 12,169 
11,916 11,291 

I,OO!J 952 
751 ll~ 
371 34. 
261 2H 

5,311 ~.551 
4,411 3,133 

4$3 433 
36& 350 
en au 
113 66J 

3,246 1.311 
2.117 969 

451 .. , 
360 355 
302 106 
201 84 

'·us 1.0&4 
U2 114 

2 ,OIS 1. 903 
1,195 1,145 

3U 241 
211 IU 

1.107 I. 140 
1.415 921 

39.481 31.1.152 
31.011 H,4U 

1,482 I,U& 
1,209 1,113 
4,679 2.10·1 
3,777 7.768 
'·~'" 7.3~1) 

197 
~u 

7 
4 

510 
405 

1,032 
G95 

10 
4 

116 
115 

5~9 
315 

31 
26 

440 
3H 
2n 
145 

9 
9 

24 
u 
31 
19 

340 
155 

14 
9 

339 
236 

2.02 I 
1,300 

602 
555 

51 
40 
21 
H 

U!J 
511 

16 
13 
76 
so ... , 

1,190 
4 
4 

195 
124 

4 
2 

132 
107 
116 
95 

6~0 
471 

1.909 
6.7(;0 

33 
u 

1,949 
1,4U 

n 

6 
] 
] 

3 
9 
7 

' 1 
a 
4 

12 
9 
6 
6 
3 
3 

, 1 

IS 
67 
47 
H 
17 

1 
1 

10 
8 
3 
3 

9 
9 
I 
I 

6. 
~· 7 
s 
6 
] 

6 
li 

J8 
~6 

• 3 
3 
I 

a 

' 10 
1 
4 
4 

8 
l 

3 
1 

I 
I 

56 
21 

I 
I 
3 

a 
s 

' 5 
6 
li 

71 
55 

100 
91 

5 
5 

61 
. 51 

I 

24 
II 

12 

• 3) ,. 
I 

• 7 

ll 
II 
5 
s 
II 
s , 

127 
14 
3 
I 
6 
4 
) 

I 

44 
21 

2 
I 
7 
7 

,, 
14 

19 

" 

10 
10 

IS 
a 

51 
31 

9 

• ·I 
111 "'''" "'"' uvur 1,9'17 1.19~ '/0 

I 
) 

' ' 7 
1 
1 • . . .. .. . .. • 1,210 1.202 

11 rears anc1 over... 1,142 1, ll!J 

.......... Nol of 
IHSPinocl 

Ol'lgln loll 
any race)l vno" 

45 1,151 
1!J 1,451 
11 1,451 
10 I,Oil 
19 4,091 
9 3,067 
I 107 
I 522 

13 3, lSI 
10 2,311 
• 152 
4 &11 

1,)24 
1,032 

126 106 
u 625 
3 573 

440 
28 4,895 
21 3,155 
10 I,Sil 
• 1,205 
8 1,2J5 
) 1,03) 

54 1,212 
33 1,02t 
10 1,517 
' 1',244 

12 2 ,on 
12 l,llJ 

1 210 
155 
171 
•~5 

311 1,471 
lei 1,161 
16 12,102 
78 11,2l9 

952 
112 

1 lU 
I 244 

41 ol,525 
44 3,101 
• 42t 
4 34& 
3 194 
3 &SO 

., 1,353 

29 '" U& 
355 

2 101 
2 14 
& I,OU 
4 • ., 

21 I,UO 
24 1,734 

241 
IU 

24 1.1)0 
,. 114 

,,. 29.116 
151 24,2S7 

10 ,,.,, 
l 1,176 

21 2,691 
12 2,261 
5 2,350 
5 1.115 
• I, 191 
4 1,135 

- ----
lhSPIIliC orogon· .... · .. 

1 
o ..... ,. 

Bhe> 'ICwSI 

142 
~~~ 

J 
~ 

~1>9 
40S 

1,0)1 
614 

10 
4 

173 
liS 

S49 
315 
l1 
2i 

439 
3U 
292 
U6 

9 
9 

H 
n 
22 
17 

339 
2\4 
~~ 
9 

JJ9 
2J6 

1 .9o2 
1.265 

601 
SSJ 
Sl 
40 
26 
23 

NS 
SOJ ,, 

13 
J6 
so 

l,UI 
1,119 

4 

• 194 
122 

• 2 
Ill 
IJ6 
116 
'IS 

lol9 
•n 

a.elli 
&.:sl 

l3 
23 

•.ua 
1,491 

71 
u 
I 
3 

.r 

·~ 4 
I J 
I) 
I) 

" l 
12 
9 

3 
I 

l , , 
56 
2J 

2 , 
• 
I 

1l 
J •• u 

12 
12 

] 
l 

11 
IS 

1~3 
l:i) 
126 
liS • 6 

1) 
sa 
~ 

l 

~i 
23 

1 
I 

n 
Sl 
lS 
)I 

I 
1 

IJ 
II 

3~2 
~!.'1 

l 
3 

II 
1l 
l 

' 

Pa!JO S 

IICN\ t"'J 

""'·''' 

• .ah.J 

14l 

1,)10 

~Sl 

C.~J 

su 
25~ 

2,519 

Ut 

lSI 

2. 3i2 

'· 15J 

2CS 

Ill 

619 

.. , ..... 
1 I ";" 

U/ 

1,2H 

fur uncturcount or uvurc:ount. I;;H~ lr1C1 IIOI>uiAI tOll counl\ SOl IOrlh l'tltrotn 11'1 SIAijOCI 10 llOUtOhl c;urrt.:CI IDtl 
.. 111 f)ub1 ·~" r.crr"'c"·\'J cuuntos. '' ""Y· not Jato,. tnan Jutr IS, 1991. 

11 eonsuMr1ng whtthor thO U.S. Dct>arltt•cnl of CotHOrce 10 corrvc1 lhiiStt CDutlll ana 

.. 



- - - - -
T•ole $ l?.t Dt R•Cil ar'CJ HISPitiiC Orlg1n: 1990 
CowGrm(lnUI Unll5 

- - - - - - - - - - - - -
•••••• •••••••••••• • •• ·•• ••• ··········Race······································ ··········Not or H•sramc orog•n· •· · · •• • 
I &11. I nolan, AS un ano I tllsplniCI I 
1 (Sktlll<l, PectfiC Oll>orl orrg1n loll Oll>o!rl "'"''""J 
I lOIII Wnlle Olack ana Aleut lslenaor racost ~ny recell vnue bl•c• ••cut unou ...................................................................................................................................................................................................................... 

71 u 
56 54 

27,347 21.~95 ~ ... nc:oro cott. 
18 years ana over ... 

11 years ana over ... 21,269 17,161 
CuNIOt tovn 292 109 

II years ena over .. , 201 .. 
Cun•"-!11., ~urttw)t to .. n 1,349 1,302 

IN v~~rs and ovor ••• 1,007 975 
Cllf .. IY\.'t Clf't $,4t5 4,806 

111 rurs •od over ••• 4,214 3,783 
7S9 506 

11 years al'4 over ... 562 400 
CooleO<IofO town 1111 92 I 

18 yeers ena over ... 717 ' 111 
Cor,.,.,lows tOvn. 2,SU 2.020 

11 years al'4 over• .. 1.932 1,$41 
Cowl: C II y I own 491 264 

II years ana over ... 311 219 
2,371 2.2U 

II ye1r1 al'4 over ... 1,102 1,135 
I, SOC I ,048 
l,lli 83• 

C r ~oo-oor c tty 
11 yoars ana over ... 

361 19~ 
Ill yUit. 11.:1 OYOI'.,, 253 148 

t:r ""~~· en•• ··········· 2,015 1,981 
II vu•rs ana o.er ... I,SH 1,559 

Crcunore town .. 211 2U 
11 vt•rs ena over ... 18« 112 

4,029 2.129 
3,120 3.534 
3,012 2,J6l OalhS town 

11 veers ana over .... 

11 years ana o.er ... 2,2U I.U~ 
Oar-our, 1 Cwn. 119 101 

11 veers ana over ... II I& 
D.tr~••I .. C'JU tu.n 4,045 2,334 

I H year 1 ana ovor ..• 2,511 ,_qu 
10 • 

II years ana over ••. I 7 
ll~nton tovn 1,292 I, 292 

11 years ana over ••• 919 919 
0 111 tDoro tovn. IS U 

II year., and over ... II 711 
Oot01ns ~191111 IOwn I,IU IS& 

11 yurs and over ... 130 119 
C;oson rovn 1,115 1,122 

II yurs al'4 over ... 162 904 
OortC"'S IOwn 140 ,, 

11 vurs ana over ... 119 4U 
451 257 

II yurs a I'd over ••• 325 197 
Ort•ll town. 1,746 t.UG 

11 years al'4 over ... 1,311 1,331 
Ouol rn town. 245 235 

Ill 117 
1,23& 4,7U IJul'\11 Ctlt 

11 years ana over .•..• 

6,1&5 3,1JG 
131,611 70,640 """''"·'"' c •• ' 

11 vuors ana ovor.- •. 

106,511 58.115 ............. 230 201 
18 years ana over ... 169 155 

fatt lrCaOoa IC·" •u 12 
11 year a ana ever ••. 290 6 

1119 604 
11 yurs ana over ... 4U 454 

lUI flat ~cc• COP 3,2 II 3.096 
II voars ana ovor .. , 2.414 2.404 

302 282 
18 yVAtl ana Over. 231 221 

t,H2 1,01~ 
I" IV•tl'' ..... IIYUr qn "Of 

t.toal Woe.• ''"Jno~•• (01• . ............ 4,151 3,132 
11 yoars ana ovor... 3,012 2,840 

,.,.. rr.., ~1a110n co-..nts 111 lor Ill ,.,.rtln ere luDJOCI 10 I>OUible corr"ct ton 
•'"'"'olrsncc.rr~cteocounn, tlanv. not later lhln..July 15,1991. 
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2 

S.G23 
2,930 

IU 
120 
II 
II 

532 
347 
252 
162 , 
22 

525 
362 

. 233 
162 
u 
5I 

425 
323 
I til 
105 
20 
10 
1 
2 

206 
199 
625 
414 

• ' G39 
~n 

977 
706 

411 
39 

215 
ISS 
194 
129 
47 
29 
J 

' 3,435 ,, ,., 
62,441 
45,001 

u 
•• 455 

113 
14 
I 

59 
44 

' 2 
110 

"~ 321 
111 

ror undorcount 

u 
52 

5 

• 9 
8 

IS 

' 9 
5 

I 
6 

' 2 

3 , 
30 
24 
13 

.. 9 

16 
!II 

2 
2 • 4 
I 
I 
I 
I 

I 
a 
2 
2 

61 ,. 
234 
2d 

35 

•• ll • n ,, 
16 
54 

or ovtrcount. 

ISO 
113 

2l 
9 

101 
u 

26 
11 

12 
9 

11 
tO 

sa 
57 

4 
4 
3 
3 

so 
46 

2 
I 

13 
6 

I 
I 
9 
5 

II 
II 
I~ 
7 

16 
13 

11 
13 

3 
I 
I 

I 
I 
2 

' G 
3 
2 

1 
7 

2 
I 

25 
II 

21 ' 
ll 

516 
399 

19 
13 

ISO 
10~ 

2 
I 

19 
55 

I 
I 
3 
I 

It 
12 

10 • I 

9 
5 

15 
10 
2 
I 

21 
21 
15 
9 

41 
34 

5 
3 ,. 

11 

I 
I 

12 

' 
n 
ss 

'·"0. 
1,2U . 

" 54 
21,371 
11,012 

109 
II 

1,300 
175 

4,131 
3,H5 

506 
400 
921 
HJ 

2,007 
1,537 , .. 

2111 
2,275 
1,729 
1,041 

836 
192 
UJ 

1,171 
1,552 JPf 

2U •r< 
Ill 

3,709 
3,514 
2,358 .. .,. 

101 .. 
3,302 
2.945 

I 
1 

1,292 
919 
n 
71 

lSi 
119 

I ,Ill 
903 
U3 
4U 
257 
191 

I,UI 
1.33& 

us 
117 ._,., 

3,111 
U,JU 
51.110 

201 
155 

12 

' 5 600 
2 452 

51 3,CG5 
34 2,312 
,. 217 
4 22~ 

5 15 1,010 
5 II 101 
5 36 3,714 
3 24 2,128 

tno U.S. Ocpartn~nl or C011n10rce IS cons leltr lng vl'letner 

, 
2 

5.6~( 
3,!120 

Ul 
120 ,, 
II 

521 
3U 
252 
161 
)2 
22 

525 
362 
221 
162 
61 
51 

us 
323 
160 
101 
20 
10 
7 
2 

2011 
1!19 
&U 
Jl~ 

• 7 
623 
~~~· 

91<1 
704 

.. , 
J9 ,,, 

155 
193 
138 
41 
2& 
9 
1 

3 ,4-'i 
2,221 

&2.1U 
"4.UJ 

" .. 
455 ,., 

13 
I 

59 
44 
1 
2 

110 
1711 
319 
169 

II 
I) 

110 
11 

•5 
1 

30 
2·J 
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·~ 2~ ,, 

li 

" IS 
12 , 
3 

n .• 
55 
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I 
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!I 
4 
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I 

:2 .. 
2 
J 

•.:.a 
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l.llS 
2 .lSI 

I 

I 
I 

u 
H 
12 , 
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)I 
19 ,, 

32 

"·' ... .., 
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2. 2J I 

2J2 

1,019 
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·-~' 
6U 

ug 
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1,27) 

so 
I, 322 
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1.571 ,,. 

I.IIJ 

to correct u>ese counts 1na 

-
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hcl~ S &~ tit Race arod H•s~:an•c Or~gtn: 1990 
Co• """'•mil I Un11S 

• ••••• • • • • •• ••••••• • • • • • • • •• •• ·······Race·· • • • ••• •• ••··••••• • • • • • • • •• • •• • • • • · •• • ··········Hot of Hupan•e or •o•n· • • • • · · • 
1 ••· lrodlan, Allan arod 1 Hllpanlel 1 

,, . ···~ 1 h••'""· Paetftc Otnerl orlgtn (oft Ollliirl '""'''no 
• 1 Total vn11e Bhck and &lout )Islander rac~st ant race)l '"''" . bhc• r.clt\1 . vnu• .................... -................................ , ................... ~ .................... -...... ,. ...................................................... ~ ............ ~ ................................. . 

tnunu•n •o~n .................. :.. 445 · 261 · · 112 ·· • : • ~ : I ·t '"l ?'~ Ill , · ; 2110 
~ I! ,oars It'd over ... , 337 218 116 l ' I 216' ll!t ,. 

lour 01>1 IO,n.... .. . .. ................... 1,)08' I,IU tl) ) 6 12 22 1,109 ll) ~ 
18 ye1rs It'd over... . 982 8S1 114 3 4 8 14 lSI 1 u l 

. ' ' • . . . . . . • . . • . . . • • 334 ,. 2 4 321 2 
18 yuars ard ovor.,.· 308 306 2 4 302 2 

I "•""' I.,, lttwn '.an '.us 'Ia t4 19 1 32 2.111 .. 'I~ 12 1.611 
1" yunr" 11nd uvur •• , 2,161 2,255 '14 13 IG 3 24 2.235 H 21 

tr~tnii~llrUOft town t,&ts t35 &lt 2 6 • 1 ns 671 a 
18 vo•rs aroc~ ovor ... 1,255 163 .• 485 I S I I 113 ~&S 6 

t ,,,,,,, .,,., •1 to tn.n .. ooo••·•o••• 661 621 12 2 I 24 21 IU 12 ~ 
t I yoart •rd over.,:- . 504 ~ti9 to 2 ' n u •n to , 

1,110 lit !116 3 2 5 lll tiS J 
1,300. ~618 618 2 I 4 Ill Ill 2 
4,552. 3,42S t,OU ll II 3~ 100 3,UI 1,01) n 

1 rcroOnl to .. n . 
11 years and over ••• 

ns 
'1,!151 

3,44!1 '· 2,640 lU II I 25 10 2,511 162 2' 
3,357 ),194 144 , s II IS ),ItO I •. 14~ • ca ... vtll tovn 

11 ye1rs and over.;.· 
l,l\t ,. 

I I 
I I C.rlana 10•"'· 

ii · ;t6~i ·~,;.;·;,;;;;H. 
0 0 ii · ;e;;i · ~:..4 · o;e;~.~~-

2,543 r.:. 2,422 101 1 s 11 14 2,420 . • 101 • 
741 •10 304 4 I ll 421 : 1' 307 ~ 
sn . -. 2~1 201 2 s • 3U ~ 1 2'l7 :~~ 2 

302 

I' 

(· 
1.,. 
r:, •, i 

·'j ,,. 
·' 

:faii!SVllll IOvn 

CtD~on lnvn 

Glan alp,,.j' to~n 

Glon Alvan COP 

Go I asc.oro e ,.., 

Cotaucn lovn 

Grer.a,. City. 

Cr~n1111 tall' IC.wn 

Cra~nsc;cro c 11 t 

Graonvollo Cllr 

Crttton to.n 

Grover town 

"·'II ••non COP 

tLtf 1f ,It t••wll 

IL••t.t110r\ 10•" 

11 years trod over .. • 

11 years •nell over. •. 

18 ve•rs ard over ... 

11 yllrl 1nc1 ower.~. 

II yCIItS ·•nc:J Ovtr, h 

II rears trod ·over.,, 
............... :i. 

11 1aars •roc~ over,,. 
... ooo•········ •• 

11 years It'd over.1·. 

18 ,ears •roc~ over·". 

• a rears a roc~ ower .•• 

18 years 1nc1 over! •• ................ 
II , ... , lnd over; .. 

II yllrl It'd' over11, 

18 yllrl It'd over,,. 

11 , .. ,, ard over ... 
o················ 11 roars ard over .•• ................ 

II , .. rs It'd ower ••. 

18 yeus ard ower ••• 

11 v11rs 1nc1 over· ... 

18 ye1rs It'd over ... 

til tl..''"' And ovor 

til t-.: .. r-. 11rd uvvr 

14,!1U •. 12,161 2.&32 3!1 t~ 3:l Ill 12,102 ~.:, J.GU :~! 
II,IU !1,241 1,122 3~ 5I ll 11 1,201, 1,110 • 

1,051 30 1.024 2 I I 30 : 1.011 • 
11& 2t lil4 2 I 6 2t. ·• &lt 2 

1,003 108 192 3 I 101 192 2 
150 632 114 2 I U2 ' 114 3 

54,132 · •o.so1 t2.&11 102 2u •n 2114 40,345 n.su s2~ 
40,811 )1,695 1,184 15 241 10. 205 31,St2 I. lSI 333 

301.. 231 66 2 2 2. 221 " 2 • 
235' 189 45 I I I 11!1 45 I 
532 763 21& 53 I., 2U 2t& 51 
310 212 124 34 I.;. 211 17-1 3~ 

3,441 2, 795 626 tO !I ' IIi . 2,111"' lilt·• ,: 1!1 
2,St1 7,111 ~06 • s 10 2,111, • 403~'' ,, 

SU 544 I II 'F I J I !iU.' ~ I . II 
445 439 I ' • • • I ;~ 411 • I 'I • ' 

2,515 2,025 SCI Ill •J 1 3 Ill , 2,010, 551·' 21 

2.o;~ '·'~~ 4~~ " 5 1 ·~~- 1,5:~·· 4~~:' '~ .. 
55 47 !I 41 • 9 

40,10!1. 20,490 19.314 1)0 529 236 S9t 20,115· 19,241 
30,361 , . 16,li03 11, U5 102 3GO ISG 409 . 15,.05 13,101 

299 · 211 26 I I I :. 211 • 26 
230 710 II I I 210 · , II 

1,0110 . · tt2 • 95 2 2 en n 
an · 712 · 10 1 1 112 · ·• 10 

10,421' 1,151 1,613 30 40 24 , 11 1 1,111 ', I,&U 
1,211 1,154. 1,114 24 2l ll "· ,, 1.101: I, IIi) 

34. 34. • rl 34 •. 
27 21 • ; . . 211 

2,2u 2,141 u " 2 12 ~ 1 n 1 ' 3,141:: 
2,524 2,431 14 4 , 12 14 2,429;,' 
1,141 1,501 117 • 3. 11 I 1,5011. 
1,213 1,109 U 3 12 3 1,101 I 

512 21 ... 4 .~ 27. 
3lS 23 310 2 , 2)1. 

113,S21 111,731 li2.305 152 2.632 .94 1,765 11&.225 ' 
144,212 95,552 4S.955 63S 1,104 U1 ~ 1,212 14,101' 
44,t12 21,167 15,331 lOS S24 l)i 3JI 21,654 
35,115 25,001 10,511 16. 394 Ill 305 24,1l!i· 
2,213 1,491 186 3 t 4 II 1,417 
1,134 1,214 liOII 2 S 3 !I 1,210 

4CI 120 · 14!1 5 )IS 
3St 25 7 102 2 255 
516 498 IS I 2 3 415 
391 311 I I 2 1 2U 

&,106 4,102 1,242 24 161 Ill 201 ....... 
3.9U 3.042 711 19 123 84 158 2,184 

171 "I lOS I 221 
Jbl l'lli 91 I 115 
544 110 2H 201 

... ,.. 
Ill ... 
416 
lC!I 

U,Dil 
•s. Jov 
l!i,ltJ 
10,501 

Ill 
CQ1 
l~'i 
102 

IS 

• 1,211 
102 
105 
91 

6U 
4SI 

I 
I 

I· ,. 
:o 
IS 

~ l.~u 
2.~~-

"': 
H~ 

I 2 

" 
3 
l 

'"' 140 
I 
I 

Ul •'"• 

21-1 

.. .,.~ ,. 
141 

21 ., 

ill 

70S 

) ....... 

Ul 

, .l·joi 

I ]I 

11 '"'"' ana owor... ~03 245 158 244 
ttutu fnaJ POINt•• ton t:ounts \ut fortn t\Oraln 11r1 SUOJOCI to r>OSSID1e correct to•• fur· utdurcouut or uvurl'OUt\l. lltU u S. Ul.'IMrf"'"''" ol COfWMC!rCa ft consuKtl"tnQ' whOthor to corr-.~• """'''"'' l-u"nts ,11 '<2 
.ell t'uOlt'l!U corrtcu.oa C:Ounls. 1f •'ut. not lator than .July 15, 1991. 
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f~Oit! S 1QO b1 RICO AnQ ltiSI)IniC Orlgrn: IUO h~ II 
C.u.~rr...,nu I Unou 

••••• • •••• • ••• ••• • •• • • • • •• • ••• • • • •• • ·R•c•··· • • •• ••• • ••••• • • •• •• • • •• • • • • • • • • • • • • ••••••••• ·Not or Htsp•nrc or1grn• ••• •• · • 
I '"· lrdlan, Astan 1r'ICS I Hosp•ntCI I 
I h••..o. P•Ctloc OIIIOrl or•o•n loll OtNrl IOOUII"'J 

I Tout Wllllt Ohck anel liNt lstanour recast ent rectlt wn11e Ohck UtUI unou 
•• 0 ••••••••••••• 0 ••••• 0. 0 •••••••••• 0 ....................................................................................... 0 ............................................................. 0 ..... 0 ................ 

J~~~.on-•110 ctt, ....... ··········· 10,013 20.101 I,OOJ 
··~ 

qo2 UJ 1,511 11,591 J.US <,a ..... o 
11 years ano onr ••• 21,2ll 14,954 s. no 91 sn . ., Ill u,su !r.CIJ ""' ~~..as C lly COP .................... 4.2Jt 1.~se 

,., I 16 12 lS 3,UI JJJ ,, I,IIJ) 
11 ro••• •no ovar ... 2.2•5 2.61i5 550 • 12 I IS 2,552 ~H ,, 

.Jlt.1.0I ec.n ,~.r. ................... 2,600 2,221 204 I 64 4 21 2,310 20~ n '-"~' 18 yoars eno ov•r ... 1,165 '· 765 153 I 45 I II 1,155 151 ~ .. 
......... , •• '•!' ... ., .. '" 3ll 71!1 ,, 

"' a:-
I" f'U•U •, Ht•l UV\11 , 4U JU t!JI 213 IU 

·I" I l«:t"()t\ lUw" .................. t.lOO 1,2&3 22 s • 2 4 1,251 ' 22 13 ,, 
Ill yUI•r• and ovar •.. I,C."I •.on 22 2 G I l 1,055 22 • J(JIJU.,.,, 1 to "'•" ················ 1,54t 1,11& 222 I 10 10 1,21& ti 2U I no· 
11 yoars a no over ... 1,114 1,010 159 I • 4 1,010 15i I 

•• ,..pOliS c ,, t 21,696 24,149 5,342 ,. Jl u 111 24,0U, 5,3U 
,. 

'"' ''· Jll ................. ~. 
18 years and over ••• 22,923 ~-,~~ l.SIS 2G ., C:G ,, .. 11,223 •.• 2.~01 H 

~ell ora town .. 204 lOS .. ;-:, '"' 
I 101 . ..................... 

11 years ano over ... ... ll Jl , :; ll 
aen.tnsv tile town .. ····················"· 856 532 311 2 5 I 532 '·: 311 2 321 

II years anel over ... 11& 4$4 2SS 2 s I 4$. I; 251 2 
•on It town. . ................. ,. 1.1~1 U2 601 II ~ I 2 Ill (:II ,, 717 

11 yur~ and over ... 1,127 llt 315 • ~ I 2 ~ 131 lU, 12 
~urNrsvtiiQ lOon ' ............... 10,13&' 10,071 606 20 63 1& . 151 1,916 U& ,. n 5,;ag 

11 vuArs and over. l,l&i 1,132 432 1·1 •• 43 I n 1,115 .,. .. SJ " • til Uuv rl llrll• tu •• , ........ ,,. 4.2ll 4,153 21 II ll 22 51 4,1,. ~: ·.: 
., 4,101 . ., 

II yuars ,.,., over ... 3,352 1.211 ,, 10 II 19 31 1,2U 21 
•or.gc•tv ··················.-:•· 4,059 1,998 25 • 24 • 20 3,113 .; 25 )I t.sn .. 

11 vo•rs and ove,. •.. 3,046 3,001 II ' .. 3 " 2,111,, ••• , . 
~~~~ ~~•••n Crlr ................... 1.1n 6,111 1.191 11 Ill ' ~2 l,ltl. '·liS~· I)J '·"' 11 ytlrl and orer ... 6,590 'S,la& 1,107 12 10 5 21 5,315 1,106 ., 
( or.gstown town ·········· ········ 1156 IS 941 3 IS :. tll 215 . , 

11 voars and over •.• , .. 13 611 2 I 13·. 529 
IC '''\I Cit'' Ctl t ··············· 25,2U 10.~12 ·~.515 34 104 10 120 c 10,411 I l~.nt ,,. t·j,U6 ' 11 you 1 a no over ... 11,151 e.JG4 9,112 21 G9 II 19 1,742 ,,.,. .. 
lllflfCIII tovn ... ·············· 221 171 Sl Ill . .. , I \I 

II Yllfl ano Ovtr ... Ill 134 •s 134 ~5 
ICtll_. ttawtt. lOton. ·················· I,U2 I,IIS 2 3 II ' 30 t,ltl 2 u 2,1CS 

11 vurs ano over ... 1.so• 1,411 2 I 6 4 "' t,UI 2 I 1 
cnrii'IIWtle town ...................... 1,114 I,C92 110 12 10 21 , 1,111 '" 

,, .. liS 
11 years ano ewer ... 1,351 1,226 101 • 10 21 • 1,21J lOS • ~ .... Uoacn town ...................... '" 511 I I 2 T 115 . 2. Ul 
18 yurs ano over ... 522 $20 I I 1.• Ill 2 

La Cra"9CI town .. ...................... 2.105 1,111 1.594 I 1 5 14 t,tn 1.5$0. ,. 1,210 
1 a years and over ... 2.0~1 952 1,015 I ' 5 ·lo tSO I,OU ' ll~ 1 .lunA luSU COP ························· 2,482 2,445 16 10 10 I I· 2,431 II 20 1,6ol2 
II years and o,.er ... 2,051 2,021 II I • ,. • • 2,024 II ,, 

la•e lure town ...... ...... ···················· Ut Ul 17 3 • 4' "' 11 l 1.1!1!1 
II years ano aver ... 521 lOll 14 3 4 lOS I~ 3 

llkt vaccaruw town ... ......................... 15' 762 1&4 21 I' 712 IU 2l . ., 
II. years and over ••• ,, 610 ttl I I 110 Ill • Land II lOw~ ....................... 2,323 2.261 ,. 3 ' u· 2.251 s~ • 1,055 
11 reara ancl ovtr ... 1,110 1,121 41 3 2 II t,ltl 41 5 

lint I"'J I own ..................... 111 171 . ' "' " II ytara and over ... 142 142 .! IU 
laSkOr town ······················· Ill m I . Ill I ,. 

II yUrt lnd O,.tr ... 112 Itt I Itt I ~·;· .{ I .oil ,_,,. 1 o•n •, • • • • • • o • • o o o o •- rio o o o 113 '" IS 2 2 . '" 15 71' 
II YC:Ar S and OVCir. 140 ,,. 1 1 "2 Ill 1 ~' j uvrot Par~ town .. ................. 1,122 1,312 I :1 5 I :1 1,301 I .. I 121 .. ,,.,. 
II years ano o•er ... 1,145 1,131 I 2 , I I 1,131 I ' '"" ,.,;, 

hurtrovro Clly .................... 11,543 s.n1 s.ut S04 •a 2S ·ll 5,101 5.21d s~• ~.,, 

II vnrs ano over ... 1,416 •.745 :1,211 330 l1 ll 54 4,721 2.212 ,.., 
Uvndale town .............. sn ... ... 10 3 ... Ill I C. n~ 

11 r•••• ano over.,. 4GI 311 .. ' 
, 313 16 ' Ug<)tl I IOvn ····················· 101 u ,. u 39 , 

II years ano over ... 11 50 27 co )7 
lolano town. ..................... 1,101 1,611 116 2 I ' '·'" 110 .. I!,U 

18 voars •no over ••. l,lOS 1,111 120 l I 5 1,111 115 • lt.:••Jtt' City 14,192 11. eu 2.240 26 ~0 22 15 11,119 2.232 u ,_,,. 
lit ,.,,.,.,., "'•I nvur IO,RU ,,411 I,SIG 11 2ft 6 35 !1,395 1,$12 ., 

.............. , ..,, ... ,., •• h: tuwn "'"" 2SI S21 l ' 2 255 SJI 3 lH 
II yUrl arlO avor. SIS 191 315 2 I 1112 315 2 

lllw ·~y rllo cor- .. ................... 2,206 3,085 i6 , 20 2 21 3,0U . 96 ,, l,lJI 
II years and over ••• 2,394 2,303 15 2 u I II 2.U2 15 I 

Nolo T- POI)ulaiiOII CO\IIIIS SOl forti> l"lereln are suiiJOCI IO !>OSIIIIIO corrOCtlon for unc!ei'COUtll or ovorcounl. Tho U.S. Oepartooonl or CorwMrct II COtll tcwr •no "'"''nor to corrucl 11\C!se counts ana 
wtll ltvUIISil cu•rech!O counts. ol any, not lallr thin .July IS, 1991. 



- - - - - - - - - - - - - - - - - - -.--
hulc ~ ~!~-) Dt llaca •nd ltosr.•n•C Orogon: 
'",,,,,,,'\l'nt•' un1t1 

1990 PA!)O tJ 

• • • • • • • · • • • • • • • • • • • • · · • • · • • • • • • · • • • · · Roto· • • · · • • · • · • • • • • • • • • • • • • • • • • • • • · · · · · • · • ····~·····1101 of 11rsp•n•t orogon···· ·· ·• 
I .... lrlllr•n. ••Mn ••><I I lfl•i!>tnotl I 
I lskiiiOO, 11otoi1C OlhOrl oroo•n loll Oln.Jrl '"N'•no I Iolii \nu ta Black ar>G &11!'11 fsltr>e~or races I any racell 11n11e Bhc• ra~oll ""''' ........ ........................................................................................................... . ............................................................ 

~~'dl ··~·' tu.•• .. ·············· 1),6SI 1l,G01 ~lil )1 Ill 12 121 12,1t5 •62 II) !,, Jl•:t 

.A.otnn IO~~~tn 
11 yons and over ••• !1,655 9,222 111 29 Jt • 92 I,UO ]15 

·~· • .................. 2,ll1 en I ,162 151 1 1 5 121 '·"' 17~ ... .. years tnd over ••.. 1,592 6~0 147 9t 5 I I S40 UJ II)~ 

u.,,o~" town .. ·············· 2,UI 2.231 222 , 12 I II 2.224 221 15 1.: ;,1 
II wears and over ••• 2,01' 1,151 147 2 9 • 1.151 .... " .... , ..... h: ........ 192 450 4JCi I I ~ • ~41 ~l5 2 lU 
IK ru•r~ and ovur ••. ,,. )41i 2U I I ) ~ )U •• 211 , 

U-.;UoU'CJ C: I I y .......... .... •.754 l,l5' IS2 1 H IS •I ),122 lSI , J,viJ 
II rear a and over ... ),S6& 2,8JJ 565 4 u ' 27 2,151 6U .. 

"-1~rc ro~n. ... ················ 310 98 211 I 2 11 211 IU 
1 a rears ana over ... 231 16 161 I 2 JS 161 

,.,cru to~n. • • 0 •••••••••••• 0. !~. •n 396 21 395 21 IU 
11 vurs ana over.:. 3H 'li: 16 )II 16 

lolrO<IItourg town ... ······················· Ill lS 55' 75 52 
11 years ana over ... 91 «I .. • .. , ... , •• 

·i NrOOIUt• ICNII .. 0 ••••••••••••••• ; •• ~ ~. no SH IU I 21 21 'I 511. ... , )15 

I 11 reart ana over .... 5•5 40• 122 I II 22 '" 122 2 
,. 'llers Cru~ COP .. ....................... 1,111 1,180 I , 2 ' 2 1,171 I '1 7)'1 ,' ·>.· ·,, 

11 years and over ••• 1,341 I,Hl I 2 ' I 2 1;3«2 I '· , ... .•. . ' Nollon IOwn .................. 115 10!1 14 2 101;. u , Ill ··.; it. 
11 rears ana over ... 152 10 10 , 10 10 ' tll1nr'4!\0II 8aac11 town ·················· '" 26« 2 2 262 2 ,, 
11 rears ancr over ••• 21!1 2J1 2 2 2)5 2 

Mont 11111 l01111n. ···················· 11,567 11,212 24& •G 58 5 n II,IU 2~6 ,,, ~.c.n 
11 years ana over,.. 1,514 ··'" 112 3& J& ~ so 1,2tl. 112 11 

llx•svllle to"n .. ) 0 39!1 2,676 101 12 9 I 10 2,56!1 . 6!11 ,. 1,51• .. . ..................... 
18 years ana over ... 2.1i•l 2,13S 490 l 5 I • 2,1)1 Ul ., 

N.,nroe Clly ... . .................... 15,127 9,397 6,411 5S 95 97 215 9,311 •. ua ISJ 6,3~7 
11 ye~rs and over, •• 11,605 7,Ul 1,9!« 42 59 1J '" 7,372 l.9JI 101 

.. ·'"'t.ltll town. . .. ................. 693 64t 2t 2 12 I I 649 29 u 51' 
II ruars ana over ... 635 ~91 2t 2 12 I I Stl 2t IJ 

"-'IC.'tJIOOrO Clly ••. ~~~~i. ~;...;· ~~;~::: 294 228 Ci& 221 ;;s ,. IU 
221 Ill •s Ill JS 

I 11:crcsv •! le 1o.n. . ..................... t,lll 7,081 2, llt 25 J4 21 n l,OU 2.Ul u ],101 
11 years ana ovtr ... 7,011 5,527 I, 431 1l 33 II l3 '1,501 1,42'1 I n 

lol-,rlv ••n hi II COP .. ................. I,U6 1,595 95 I 15 30 27 1,511 n ,, l(i2 
11 years ana over •.•. 1,3U 1,25« 10 I II 26 )0 1,250 70 12 

""'"""d~ c "' au .. n ················· ,,o•• ~.an l,OU 35 52 16 " 4,150 l,OGI ,. , . '"' II yt~rs ana over;,:. «,&n ),931 6!13 ,. 39 10 31 3,111 &!10 S9 
11,1rg.,n1c.n cu·, ... ··················· 15,015 12.520 2. ,,, 21 201 11 51 12,«10 2,315 .I Jl2 •• 551 

11 vura ana over·.:· 12,132 10,301 1,685 I! IIJ 10 «5 10,210 1,683 IH 
ll;,rr II¥ oliO IO.n .. ...................... 1,022. uo m 4 2 12 uo 176 I , ~~, 

II yurs •na over .... an 668 141 2 2 ~ " 651.; 141 .. 2 
· !l.:rven to .. n .. ....................... 590 110 401 2· s n• .10'1-' I 2S5 

11 ytars ana ov!r ... ... 151 258 2. s 150 255. I 
ll;>wnuon 110rro0 COP ....................... I,IU 1,872 II 4 5 6• 17 I,IU II 9 IGI 

II years and over ... 1,«56 I,HJ 5 2 3 3 ' 1,440 5 5 
""'-n1arn Voe.r COP .... .................... 3,611 3,511 U6 ' 3) I II 3,501 U6 JJ I, )II 

II years and over ••• 2,55S 2.440 91 '1 It I 10 2,431 91 ,. 
-..:Jt...nt ''ry Cllf ... ························· 7,156 6,469 lill 9 II 211 10 I,US 630 21 3.•11 

11 y11r1 ancl over ... ,,, .. 5,211 423 l 10 18 I u 5,211 415 ,, 
~"'"' Gollltd IO•n ii ~~i;i·i;.c,·c,~i~::: 1,3ll 754 5JJ 5 • I !I 751 515 5 !123 

1,001 524 . JJJ 5 2 U2 ,, 
~ 

McNrU l"tlly Clly .......... 7,710· 7,001 G•~ II 37 ) ll ... ,. ,., ~\ 1.h~ 
11 voars and over ••. !1,161 s.us . 4·11 14 21 ) 2S !1,4U ·~I ~G .. 

M:JUflt 01 lVI IOwn ii. ;~~~i. ~.-..;. ~;i~:::. 4,512 , ,1511 2,40!1 s 10 I II 2,151 2.)91 ~ IS 1,551 
3,4U 1,712 1."2 5 t .. 15, 1.1n '·'~' u ... ~'" P1~a\ant town 

i a· ~i~ri · ~,".d C,;i~: : : t,OH Ul 102 4 121 ·~) ~ HI 
lOS 121 J1 2 U7 U' J 

~UIDOrry COP · · · · · · ; i · ;i~; i · i,".d · o~i;: : : 2,)31 2,316 22 II 2,305 22 I q" 
1,110 1.801 • • 1,7U •• 

M~rlno~ooro town ... ················· 2,510 1,594 !II« 59 ' 14 1.581 9U " ill 
II roars and over .•• 2,111 1,376 GU 4 54 4 II 1,1U Gil ~ .. 

M-.rPnt tovn .................. 1,575 1,455 " 
., 14 4 IG 1,442 II Jlo l•j] 

11 rears and over ... 1,231 1,140 Sl 11 12 3 II 1,132 ,, 2t 
.,,, llo Crovo COP. ........ ··········· 4,275 4,155 100 3 11 I) 4,143 99 20 1,121 

~~ "'"" 11nr1 nvor. 3,32S 3,210 l9 ) ll 13 ),211 Jl 1& , ... , .. , ....... ........ 1,1)11 1,'1'/3 41 14 l 10 1,76S 41 u ], Ill 
Ill to•rs and ovor •. 1,5H 1,411 ~2 • ) 10 1,47« 42 • N•~nv • llo IOvn .. ........................ 3,611 2,044 1,561 • 2 2 n 2,0«0 1,554 It 1,3)] 
II vnrs and ovtr ... 2,HS 1,589 \,147 ' 2 ' " 1,51'1 I,IU I 

llOIC! '"" POPUhloon co.onlS 101 fortn ~re1n ere IVDJtcl 10 postlale corrccrron lor undortount or overcount. tr..' U.S. De par Ionon I of Connorce IS Conttllllrlng lrNI~r 10 correct lhtsl co..rn11 ana 

"'" •••ul •~n rorrcctc<t co.onts, ,, any, ro1 later 11\an July 15, 1991. 
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I•L-111 5 :9~ Dr llac., M>l III$I>Or1ot: Orlgon: 1990 Pae,.J I !I 
C..1-.""""'t\.:fllll Un1t1 

·····································Naco···· ........................ •••··••••• •• ••••••• ·NOt Of II ISP•IIIC or til"'· · ... 
I .... 1nao1n, ASlin and I IIIIPiniCI I 
I l:;lll•..r». he or oc OlllCir I 0r1111n loll o .. ..,,. ..... ,.,'W'J 
I I IIIII IIIH Ill lilac\ ln&.l Al~l hhii<JI:r ••.:au any rao.;GII """· Ulan '"C.'""'' ....... , ............................................................................................................................................................................................ 

r:u4 ICf\011 :norl•"' tt;·•· 
. \' .... 

l,l60 I. lSI J , 1.)~9 ' .•... , 
II yO.,I ana over .... 1,101 1.100 " 

, I • .,. 
F<~r., U•el town .................... 1,211 I .132 u l 1.121 u !.~' 

I I yoarl ana Ovllr •••. 951 891 66 , 811 66 
Ptf'\Ch1411 lOw" ... ~ .......... .... 1,5U 121 lU 6 121 1!~ !a: 

1ft wv•r~ •nd ovor.1• I, 101 567 542 , 
"' 5~0 

11 u~~Uwtllu tn.n 2,110 2 ·' 12 115 12 15 IIi 67 2,7U 112 ,. I,H5 
'" "t:"'" lllld uvc.:r ••• ·::. 2,413 2.299 112 • 1·1 10 ~· 2,257 , :I 

•· ""-'' cr._..._.,. CUI• ... ........... 1,999 &,lU I 2,0)1 s·t 21l 266 !134 I,IU .. 1,9U JU J,S(,I 
11 rears ana over ••• 

'· 192 
4,480 1,214 u 2C6 118 ,, 4,)50 I ,257 2~3 

F IU• ttt'' ,.,." .... ..... ....... 5H 408 135 I I 2 2 101 135 2 :.a .. 
1 a years •nd over ... 392 311 19 I I lll 1t 2 

o·otl\oo•o tovn ············ .... 1,435 1.001 412 l G 10 " us 41( 1) '" 18 years and over,. 1,148 '"' 319 l 3 1 II Ill 311 ' rluunt Carocn co~ ................... 2,221 1,92~ 290 12 I 3 II 1,114 290 ., Ill 
11 years and over .. , 1,694 I,UI 203 9 I 3 9 1,4l2 203 I~ 

~lusant Htll COP ..................... I, 114 I. lOS I 23 1,091 502 
II years 1na over .. , 913 QOI s II us 

Pl,...,..ln IOvl\. ····················· 4,321 1,161 2,4)1 22 • 22 1,141 2,4)$ n 1,2n 
II yurt ana over., • 3,010 1,49) 1,530 ., .. 12 1,486 I, 521 14 

t=oh ten town •. ...... ,. ............. 662 363 297 , 3U 211 2 no 
11 years and over •• , 463 265 197 I 265 Ill I 

l'oJILvollc o:oly ... ·············· 1,514 I.H9 9) I 6 1,414 n I &SO 
11 ,urs and over ... 1,141 1,086 59 I I 1,08& 59 I 

I'OIIOCk'>V t I lot IOvn ················· 299 2l9 58 2 2 239 sa Ul 
11 yurs 1na over: •. , 240 19!1 41 I I 195 ., H 

fw.l U 8 COP .. ····················· 2,857 2,0H 659 15 76 60 IU 1,984 
~ . 642 81 412 

11 years and over •.•• 2,042 1.451 4o4 15 54 so .. 1,425 456 u 
for hr T en1 COP. .. ·················· 3,112 3.381 420 21 25 19 3& ),365 H6 5S I. JloJ 

18 years and O'ller ... 2.832 2,495 292 16 16 13 21 2.413 269 31 
I'OvQI hv t lloJ IOvl\ ..................... 103 53 50 S3 50 J9 

11 roars •nd over,,. 10 12 ll 42 38 
t•r Utc;OtOn IUt~n .. ................... 1,111 826 3·11 .. , I . ... ; 348 ' 531 

11 years ana over ••• aoo 652 245 2 I 1 G46 H5 I' 2 
~roncev1ll~ lovn ... ................. I ,5!12 51 1,601 2 Sl '· I.SU 

\~ 
(5. 

11 years anc:r over.,. 1,101 37 1,061 I 37, I,Cil. 
r·roc1crvo I I~ ro.m "' 95 51 8 • I .i n S2 

, I • lG #>•••··············· 18 years and ovor •• : Ill ... ,. 5 I • "···! 18 • """'4'" on CCinlor CDP. . ..................... 2,Ul 2.311 lU ,.. 100 u 1)0 2,2U . )~~ us So~!!> 
11 yurt ana over ... l,i51 1.608 liS 11 l2 ~s 11 1,584. 212 u 

RJ.tlorcs City ......... ........... 3,•61 1.9H 1,)55 109 24 1 31 I,US ., I .3•6 I);) l.llO 
11 yean ana over ... 2,505 1,570 156 6l ll 3 I& I,SU, lSI l5 

RlleoQn Ctly. ··········· . .......... 207,151 142,162 57 ,)54 su 5,127 1.021 2.1•0 142,231 .• Sl,OIO. s. , •• ·n,6n 
11 yurt ana over ... 117,131 119,590 42,512 493 3.110 132 2,226 .... , ... , 42.255 ~.);1 

~a .. uvr tOvn .•.. ······················· I, Ill I, 120 41 2 II • II 1,111 ' . oil :: II sso 
II years and over .. , All 81S 31 I 6 6 ' 115 31 1 

RII'IOI8tllln City ··········· ........... 2,512 2 .so• 12 20 s I II 2,491 10 a I .11G 
11 yurt ana ovtr1,, I,UI 1,897 ., .. 3 I 13 1,111 u 11 

hi\IO town . ......................... I,UO I,SH 110 12 • 3 II 1,521 10 2G Ul 
11 rears ana over ... 1,253 1,1&9 u 6 6 3 • I,IU u 12 

AatN\111 town •. . ......................... 101 S3 II 42 S3 II •2 ~1 
11 years ano over.,. 11 . 45 ' 21 u ' H 

Aoo on 1ovn. ················· 210 H2 " 2 I 241 li 2 114 
11 years anG over, •. 225 19S 29 I I 194 21 I 

a."-.-41 !.e•r u•l"ll lttwn ),lll I,SSl 1,9105 "'1 I) I •• I 1,543 1,964 HI I,S.II 
II ,u .. -. •rc.r ovur •.. 2,126 1.215 1,2105 "'" • I " 1,271 I ,liS Ill 

~tloholle co1y ··················· 12,113 7,353 ~.145 IS •o ,, H· 7,325 •.1H .f u S.llit 
II ytars ano over ••• I,IS4 5.912 3.412 14 24 12 44 S,lll .. ),)9$ )1 

11~nnor1 town ... ....... 211 I Ill 9J 14 Ill 'I) 17 
11 yoatt ano over ••• Ut .. u 51 14 69 ~· AIIOOftiSS to"n ................... ,,. Ul I 1." 635 I 2!.oJ 
11 years and over ••• 41) U2 I •• 411 . I 

Rocnt tolo IO•n ...................... 535 156 51 , Ill 4$1 . 51 l) ,, 
II years and over, •• lJS l21 31 I t 321 36 1-' 

Q •en lands town. ..................... t91 761 223 - I I ' II lSO 223 2 Ut 
18 ye~rs ana over ... l21 561 151 I I 5 S64 151 I 

A oc:n 5<1Uoro lovn ···················· 1,051 517 4&5 1 s • 12 511 457 12 ~n 
Ill roor 1 11>c:1 over .• U2 490 lS2 • 2 2 I ' 4110 )45 I 

tlt,l!l ,.,.,.,., ,,, .... ,,~0~ '· ,., 103 ' 13 I n 2,2U 103 IS 1,113 
ttt ,.,,..,~ ... .., u-.ur '. 01.2 1.981 65 ' I 5 17 l,tll u II 

u •vur wu •• u em• ),192 2,986 191 •I 3 I 13 2,US 817 7 1,7U 
IK )I:"'" ••>c:r ovur ... 2,814 2, lll 549 ~ 3 I • 2,311 541 l 

~)1.: h-.! IXIIJtJIIt' IOU t:C"-'"'" 'CJt lorlll heru1n aro IWICCI 10 P<lSSiblo corrccllon fur uodc:rcounl or nvc:rcuun I • Tloo U S. OCI>~r hocnl ol Co-.rcu 11 conslelc!rtn.) l<hlllllur 10 corrocr II'C~U COUIII\ Mod 
voll JtruUI 1:00..11 c:urrt..•ct.,.-u rn''"'~· ,, 

""'· '"'' l•tor 11~1n .July IS, 1991. 
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hcle 5 10, by llaco 'nd tuspanrc Or •oln: 
t.:•Gr•·,.anul Un •II 

1990 

, •• •••••••••••• •••••••••••••• •••• ••••••••··Not of "ISparuc OrtQ1n• • • • • ••• •• •••••• • •• • •••••• • • · • .. • · ••••• .... ··Race···· • 1 Hupantcl • 
1 A• INJ1an, Ulan and On~o~rl tc.rt 11'9 

I hkl.o, PactiiC 01110r1 or~grn Cor: vn" Uhc~ ra.:ou un111 
: total VI1110 IIUck lnd Aloul lslandOr raco!' •• ~~!.~~~~! .......... ! ................................. _. ...... . • .......................................................................................................... • ll S,2U :. 1t . ~~ La9 

......................... ' S 4U ' S,3U ' 11 ' H II 6 21 4,032 . C.1 11 
SllAI)AIO COP ''''"""'""'' .:I&$ 4,054 61 22 16 S UJ 2 Ill. 11 rears and over •• • 

2
u 

242 
2 

3 112 

1 

• ..... ~n IJ\:V 11' IU.tl 

SNIIOite IO•n ... 

Snarpswrg IOwn. 

.................. 196 195 I I 2,6115 15 5 
11 yurs and ovar... 2 ,ll4 2 ,691 1!i 1 ~ ; 

5 2

,
011 

50 2 
1 a·;~~;;·~;.;· 0,~;::: 2.1~1 2,090 l,l~: ; 

3 
II l1 2.&41 •.;o: :; ................. ;:m u~~ '·"' , 3 1 19 '·~~~ •• ~~ 

IR •""'~ •rvt ovur... II'/ Ill 4 14 4 

11 ro~r~·~;,a·.;,~o~::: u 94 4 10 1,9n 62 
2,049 1,979 61 6 l,l45 4l 
1,799 l,l.S 50 141 li 

163 147 IIi 1 It 12 
Ill 119 12 151 102 
260 157 103 122 I& 
201 122 16 1 5 110 42 
1165 . 914 42 5 2 1 5 HI U 
191·' 152 21 l 2 l 14 121 ., 510 

1,525 .. 941 514 ~ 2 1 Ul 262 

11 yoors •..a ovor ... 

11 rears ancJ ovor ... 

11 yUrt and over ••• 

• 
' .. 
2 

t,CU 

122 

62J 

1,011 702 l64 15 " ~ 1.221 6.21\ 
14,&U 8,36& 6,234 20 34 tO 41 I' 1,150 4,011 So> 

H ., 
.. 

11,050 &,917 4,020 IS ,. • 3,050 Ill 
3, us 3,056 Ill 6 : s ' 2,405 u 
2,514 2.410 94 • 101 ... ' 3.222 ~ 1,275 
4 ,eo1 2.192 '· 2n 12 1 

11 u2 ~ 2 .us en . , 
2,130 2,HO 195 ll 5 1 24 1,296 
I,:JU 24 1,297 II I 1 21 195 

933 l9 196 1 I IO :U ),ll5 215 
4,011 2.102 Jl!i 

21 :! s 25 2,121 '.· '" 
2,1112 2.H9 121 20 3 3 ISl 2~0 

410 16l 240 2 , 121 162 
293 129 162 102 • 1 • 21 
124 102 21 11 . 11 
r.H n n 5 52 &.n• sa 

1,461 6,164 519 JG ~J 5 42 4,145 217 
5,44& ~.911 2ta 21 • 95 152 4,&17. 2.641 
1,540 4,130 2,554 II 50 &1 10& 3,161 1,112 
s.n1 2.101 t,tu ' 35 

22 n 1,112. nt 
2,021 1.82& 159 9 •: u H l,ltS 121 

::m ··:~
4 m : · : ~: m m 

1,042 501 521 4~ 18 1 &0 5,111 3.121 
9,129 5.90& 2,155 IO 2 lS 4,14& 2.0U 
1,011 4,912 2,070 3l 2 , 5 1,432 . & 
1,441 1,4]5 6 , , 5 1,151 5 
I,IU 1.154 5 2 ~ 1 20 4,970 .; ~ll 
5,411 .. ~.911 411 13 lo 1 12 2.112 • 120 

~:m 2·m · m • ~ . ~~ . m m 
191 521 416 2 12 I,JU lilt 

2,361 1,142 &II 4 : 3 1'' 1,211 415 
t,ll. 1.~04 •15 I I I 3 : I,Oif IU 
1,955 I,OU 161 2 

1 
2 Ill 591 

1,412 Ill 591 I I 1 311 1,32) 
1,540 311 1,324 2 3 1 241 111 
1,os1 2n 191 2 2 

12 15 
1,,,. •2 

1,151 1,191 U 4 I 12 U 1,511 31 
1,514 1,519 l9 4 45 u 

.. 45 43 ]4 21 
&5 34 31 • ' 2' 2,452 .,, 

11 yUrt and over ••• 

\eh.•r Cet, tow" 
11 years ana over ••• 

So lv~r C II t COP ................... 
11 years ana over .. ; 

S 1lvor l no COP. 

s orroson v 1 llaoo 
II years and over ... 

11 yearl and over .•• 
\t,.S IO•n. ...................... 

11 ytar1 and over ... 
Sr11 tn Creek CC;> ..... . . .................... . 

11 ytarl ana over .. . 
sowun11ota to .. n. 

\naaas lorry COP ...................... 
tl ••us and ovor ••• 

sno. ttl It town ....................... 
II yurt and over ... 

~~1norn Pone' lown. 
II ytart and over ••• 

SoutN!rn Snor~s lown ........ ii';i~;;·~;.,.;·~;i~::: 

ScMn Cu1cn1a COP ......... ii';i~;i·~;.,.;·~;i;.::: 
S01.11n hendtrlon COP. ....................... 

11 y .. rl ancJ over .... 
So..trport ell~ •. 

So..tn Rosl!lllry COP ........................ 
II yurt and over ... 

SU..III II" loon COP 

~.,..,,. town. 
II yoars ancJ over ... 

11 1ear1 and over ... 

11 years ancJ over ... 
Speno:01r ICvn. 

II years and over ... 3,211 2.•n ns 12 
1 

12 2.ou .,. 
2,411 2,039 425 I 4 135 

US 13S 12 ~poncer Mountaon tovn . .. ........ ""(,"~" 92 12 .• ~ lol 3,075 

.. ~~.~~~:~.~~ .. ~~.::: 4,040 3.012 134 -., :~ 12 2.450 
• nd over 3, "I 2,451 Ul 5 s 1 574 1 Y~~~~.~ ....... ::· 1,221 m m 4 

5 
5 m 

SPINJale IOvn. !121 . 
U2 
Sll 
lU \I'' '"'l IOOPU 

10
"" lA wo1 rs and ovor 910 Sll 394 4 11~ lilt 557 ) .AU 

, 
1 
"'" 

0 
" 1,~)4 l.R~4 ~.·~;~ ~~ 1-ll IIIII 321 ),0!.1 .,.,.,., "" 111 ,,..,.,.,.,., • .,, 4,'11o1 7,11•~• 1 5 II 1,195 '· '" 2 ,)ft't 
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n 
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~ 
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2.0Jl 
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t,SOJ 
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1,011 
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l,ol52 

2,131 

I, lloi 

591 

liS 
.. 

t.ll~ ., 
1,12!» 

,I. 
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1,\)10 .,,,, .... ., ''""' 1,,., ),010 1.001 3 I ) 1 1,540 

ui r~:•r!i and Uvt:r... 1,549 1,544 2 or ovc,orL'OUIII. lhll u.s. lloparl..,.nl of CQIInOOrCt IS consulorrng vtottnor N<.llll 1111) l'OIIIIht 1on coun11 101 Iorin hllroln art IUIIIVC:I 10 J>OUIOIO corrL-cllon lor undOrcounl 
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11 years and over... 2,100. 1,152 194 eli 41 ''· 3 1 1' n Jfl 1,1IO,·n· 1'10 ft.. 4~ 
tl/' 1on town ................... I,UO 1.2~1 406 '.j,f 2 ·~.; l <I t !IS 1,261 ·.1 ~"" ;.;j ol '•!·~ ••• 

11 yuars ana over... 1.•&0 1,171 211 ·c.· 1 I ~· I l•l I,IU 211 ,,, I 
.. . .. .. .. .. .. .. • .. .. 234 19& 31i ~- 2 5 , . '" ,~ lo 2 
18 years and over... Ill 153 ' 2) I I •' 152 1:' 23 I 

.. . .. . • .. . 3,9U 1.120 30 ' 28 10 5I 1,114 10 H 
'" yvM~ "'"' nvur .. 3,080 3.'H2 21 S 14 21 U 2,915 21 tl 

V•llul 11111 COI1 .. ... ........... 1,102 l,loiS li I II 4 11 ,. 1,130 6 21 
II yelrS and Over .. , 1,423 I, 391 li 6 12 2 2S l,lU · 6 It . . .. 0 ........ 0..... . 94& 136 204 4 2 5 131 2.:l.f ' .. 
18 yurt and over... 652 543 10~ l 2 4 ; : 541 104 • 1 .... 0 ..... 0........ 29g 157 142 • ISl l.fl 

var.cMr COP ...... 
18 years and over... 240 , 122 Ill 122 Ill 

............ 0 .... ....... 1,119 886 271 18 1 10 Ill 269 
18 years and over •• , 896 Ul 201 II 2 8 GU . 202 

VatNIIIO•n I Own. . . . . . . . . • • . , , .• , . , •. , • , • , , , , , , • 404 403 I I ' ' 402 • o 

II 
12 

I 
I ., 

VIII IOwn. 
18 years ana over... ~24 323 1 • •£ I : • 322 . 
• 0 •••• 0. 0 ••••• 0..... &70 561 ... 13 3 su ••. 
ld oUrl and Over .. , 411 431 Sl I 3 •') 421 • · 

IIICO I Own •.. .. .. .. • .. • • ... .. • .. 320 253 61 2 . • 251 
II years and Ovtr .. , 232 111 49 2 Ill • o • 
.•..•.••.. , ••. , , , • . 231 II 4& · · · 3 2 I '• Ill 

II y11•r1 and ovtr... IU • · 143 34 1 • 3 2 I !' 142 
. . .. .................. 3,64S... 1.926 1,691 12 8 10 1,111 

11 years and over... 2.1ii& 1,580 1,100 10 5 I 1,514 ... 
..................... 480 284 110 '' n 2U·11 
II years and over... 3GS 211 13& II I ''; 201 ~ · 

..................... S,l&l 4,331 1,360 I SO 12 U t 4,11S 1 
18 years and over... 4,266 3,260 9S7 I 34 1 21 ' 2,U2 
'""'""""""" 1,200 1,112 71 4 11 

1 
II I 1,107,. 

11 years and over... 174 901 56 I I ' 10 · · 907 1 • 
......... ............ 2,131 2,134 116 10 4 5 It·.: 2,121 

UOC\OOrO l~ro 

IIIQrlll I Own .•. 

k•~t I oreSI IO"n 

loahariCwn town. 

ullacu town. 
tlyeatsanc:tover... 2,117 1,668 507 & 4 2 II· 1,&60·. 

........................... 1,088· Ul 251 2 1 3 10' 115 
11 years aRC! over... IU 67& 205 2 ~ I 4 ' 174 . 
.. .. • .. .. • .. .. .. • .. U3 Ill ~ 4 4 112 .. 

18 years and over... 461 410 1 4 4 4SG 
i. .. liltiiWIUrU IU•tt .. .. .. . .. . .. .. .. • .. Ill IJI ,, I I . Ill 

II ~lllrl and Over... 153 140 12 , I • ~ 140 
.. .................... 11l80 1,365 I 4 • S 4 15·i 1,3SS 

II years and over... 16& 95S I 4 4 . 2 1•1 141·: 
......... :.:.;.;,,;;.. 141 sn :141i • • ~ 1 . s•; 1 • sn. 

II years pnd ov~r.... llS 503 256 I S' 1 1 l SOl • 
.......... ,. """". 2,151' 1,281 I,SIO ' 14 I 12 21 1 41 I 1,282 i 
II years ancs ovt~... 2,070; 1 ,on 170 9 . 10 II ' n ' 1,063 ' 

.. . .. . .. .. .. . .. .. . .. .. .. a.on 4,ass 4,1SI s · 21 ,. :· u ~ 4,131 
11 ,run and over... 1,1:14 · 3,11S 2,707 5 11 U; 41 ' 1,114 • 

vunonQton Park tO""· .. . .. .. .. • .. .. .. .. .. .. .. 401 ~~~ 4 1 211 
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301 301 I 4 2 5 211 

o~ll'!lllon lawn .. 3,103 3,5SI 101 U 21 4 2J 3,UI 
2.&17 2.sn n 11 n 2 11 2.•11 
3,3Jl 3,207 14& 10 I t I 1,20S V~IC:CIW COP. 

11 years and over ... 

2,Sit 2,4SS II I I 2 I 2,454 
1,312 101 lJI 4 I II 100 velaon lo .. n .... 

II years and over ... 

I,OSI 521 521 ~ I 12 521 
2,122 2,411 315 2 I 3 10 2,411 
2,050 1,131 Ill 2 I 3 . 1 1,115 
'·"" 1,10·1 10 5 !I 1,102 

IIOOOol I I IC:wn. . . 

V•••,t .......... , .... II vaars and over ... 
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I nlr()O.IC •·•on 

ln•t '' 1 tl:telll c~ttr llllu'Q ol Pullltc U11 114•111 rtd•str•ctlnt,llllll. 
Cunuct CuttOII.Gr 5trvtCU UOt•lU•41001 lor tnlor .. IIOII on lnt lvllhDIIIIY of 
lo~oln •·~. IN popu1111on counll Itt fortn nertln ere lubJOCI to ponlula 
correct•on for unoercount or ovtrcount. Tnt u.s. Depart .. nl of c~rct 11 
co,s•otrtno .. Ntntr to correct lntlt e~11 ana vlll·publhn corrocttll coun11, 
'' Any, ,not lator thin .luly IS, 11~1·· ·:·:. ~· ·'• 
I• I 9.1 I I I l't"'J;..,. 

1•'0 ~lOCI lvO of IIHI Ptogr111 II 10 -1 'lnt ·r~lr-11 Of p.A,IAC U11 94• 
111 In•• '""• unACIOII 1n liltS, r...,tru. 1110 Census•Bureau 10 PtO,IIIO 
'"'"''"'"'"'"! uat• '" • !)009ropn•c for .. t·roct.rtatOII oy Slllt I)Overneonts · 
II .. , ......... ,., ............. ," yu•r fnllovlnrl '""""• n • ., lily.,.,, '· '""''· 
11.., Lull•u~ lluro,.ou ..,., '"''"" IU lhU GuwUNIUf' NIIJ· IIIII, 1111/l~l•luru ul Uou:ll. , ' 
SllriO 1110 llOP\!111 ton IIAII II VIII noaa 10 rtOrav dlllrtCII lor IU 511111 
l~o~•sleturu. ., ' · • ::·,, 

To _,.·,,a I ego I.·· r~•to1111n1, II'IU Census llur11u eSittlltsl'led • voluntary 
prcgr111 10 tllo" StiltS 10 rtettvt 0111 for voting dlllrlcll '"·D·, 
aloct ton proctrcll, c\ly ~oardsl tn ldCIItlon to 111naarcs census oe6gr•Pn•c 
1roas sucn u count 11s, Ctllll, census ttiCII, 1nc1 bloells. Tnese lilts 
can~a•n oat~ lor vo11~· CIIStrtcts fOI'' ti!Ott count Ill for. vntcn 1.Sitll · ' 
Oo.IIIII'Od VOII"9 IIISII;tCI,oounlllt'-tts·tt~ l'ltl Of CIIISul bloc•s.on can~S 
,..PI, 1n accoro•rce "''" ltte O:.lotllfltS of lhll p~ogu .... , , . ' . 
&rei CIISSifiCIIIOnS 

1"1WIUII INIU~ lUI li~So<& H&!IVf IAfl 

~~~'u ~ .. , '"" v•IIA'J" 51111SI ICII· &rv• 

. .. 

~lllka NIIIVt VIllages (&NY'S) CaniiiiUII lrttltl, Dlnlll, cllns, 
or~ps, vtlloues. c~ntlltt, or •ssoctatlont In 1111ka 1~11 are 
rc:cogruroo pursuant to 1110 atnu HUtve Claittl Slltl-nt let 1.11 19n, 
P1.0l IC U11 112•20), Bocauu ANY'S 110 not hlvl ltgllly Clelll)niiOO • 
DOun3trttl, tnt Census Bureau hiS tstatiiiiiiOd IIUka Nltlvt vllllge 
IIAIII\ICII aran I&NYSl't) for'lllllltiCII purPCISU. for lhe 1990 
can'"'• 11'11 Clnlllt llurt•u cocperatacs wllll oil let• It or the I'IOr.,ror it 
COrPCI,.IIon wllnln 81Cft Plr!'CIP111"9'&1Ukl Nltlve 119101111 
CorPGratton I&NRCI, as well 11 otner knov11119tlt111 offlcltls, to 
CHIIIIOIII ()O.In!llrlll INit ei'COIIIP*II tnt llltlld trll anoc lltd wllll 
••en INY. ANY51'S ere locataa vttntn·~c!a·and cso not crots INRC' 
eounoarles. &NvS&•s lbr thl 111110 census replace the &NV' I thAI the 
Ccnsu1 Burllu rocogntzed lor tlltl 1110 census. 

hen lNYS& II. llllll"ttl a fOIIr•cstglt eeniui COdt rangl"9 I rOll &001 
tnrougn till. Eacn &NVSI allo 11 autgnld 1 flve·dlglt fiPS cDCit. Bath 
I I'll census •na fiPS ·cOcl.t, ,,.. llllontd In llpt\lllet lei I orotr ol 
&NVS&•s.. ,. . ~. . •· .,, .. • ·"'·•r r.- , ...... " 

'· ' I • : ! • \ .,,, f •,,,: J•• • I ' 

&mer•c•n lno••n Rtstrvllldn tnd Trust Land · 
f • I • 1 I 

&mer ICIII 1na11n Reservat ltlfi••Ftotrtl &roer•lcan Ina tan tlllrvlllons 1r1 trill 
"lift tiOUnDitJit tiiiDIIII'Itd Dr lriiiJo llltutt 1 ana/or eoteul I vi or COUrt 
orotr, ano recogntzld t1r lhl totrtl Govtrnnont 11 territory In vnlch 
&roortcan lnattn lrlotl nn1 Jurlllllcllon. State rtltrvtllonl art llnas 1'101111 
'" """ Dy Stall gavtrMtnts ror thl ust ana tltntfll of 1 ghen trtu.t •. 
IN renrv111on1 1na lntlr DDundlrltt vert ICMnllflld lor lht 1190 
~""'"' tty 11'0 llur .. u ol 1na11n atlllrt CBia), Oct~artiiOhl of lntar~or 
trur luwrol ro•llrvattOtlll, lncJ '"" gavar,_.,u tlar Sl1l11 
rtaurviiiO"I'· lhU ""--·or IM~rtcln Indian , ••• , •• ,.on. rtC09nlzld tit 
Sill a o-:Jvtrno .. nt-. out not Ot IN ftotral Covtr!Wtnl, 1re lullovvd by 
·n 11111 • arau "''"I>OIId al rtllroll lion la"'lt '"' 1 ue 
actulltllaruo JOint 'f •no/or art Clllllld Dr 1110 rn1rv11 tans, u 
10.,.1\IJfiOO lit IN.U I, lri Cllltll 0 JOint lrt11,• 1na1r1 lrUAIVd 
as aot•arll• &ooorltln· I "'I lin rt1trv11 lclnl lor c•n•us l'lltPCIIOS. 

ru~~o.ut '"\UrvoiiO<•t ... , cron Stilt OCiunlllrlll, "'"" huvr•t ••-• s'"'u 
rnorvat tons ••t crou countr, countr lublltviiiDII, 1M place 
oounoartiS. for .rtllrvltiDIII lhlt croll St111 DDundlrtn, only tilt 
parl•on ol '"' rtstrvlllont In t given State are thOvn In tnt dlla 
flt~CU lor INI Still; '"' enl trt resernt 1on1 are ahOun In dill 
l•rl"'-'t:l\ In• lhU U"IIOCI 511tas. 

t.tt.ll &•-.:r••·'"' l•••• .. n ru~urv•ltUII 111 ~~~~'""'-'"'a four•t.JtUII &:t:n~u~ &:uuu 
r•••JII'I\I rro• 0001 t~rougn •919. Tllll~t cen..,s CodCII art llllll'llld In 
Alfll\jltJOI teal ar110r of lroortcan lnaltn rttarnt tons Nt IOn\lldO, ••cept 
'""' JOint •ran 1ppt1r at tnt 1nc1 of thO cOOt ""90· E•cn ''"'"c•n 
I noun rosarvlllon also •• •n•gnld • I lvo·algtt fiPS cadi; bactun tnt 
liP\ COOO\ aru AIIIOntCI 1n tlphllliiiCII lti}Jtncl of llltrlcan Jna.-n 

0' rl"'lr• It•'" fff'~ '"fttf.-. ,, r1tff('ff'l1t Itt IIIH'h 

-

-. 

- - - - - - -• •• q ....... , ••. ,' ... ;,:r-
1 o '(: I" t" I 

••. ,. t' 
Stilt lor rnurvu ions In 11t0rt INn 0111 Stilt. 

trust tana·•Trull lands are prOI)trly IUOCIIIId wlln a plrl •cuhr : ... r~:en 
Ina ton rtsarval ton or lrtbt, Nld In lrull by tnt ftOOral Cuv•rrrwnt tr .. u 
laMs ... y tie 11011.1 •n trust tlllllr lor • lrttll ltrltlll trwu IA"'II or 
far an lndl"'~'' -.cJar or 1 trttlt ltMtvt~•l lruU IIMI. lr"'' 
lanas recognlred lor tilt 11180 ctnws COIIIIrlll all trlbll trust I••·•• 
ana lnhii)IIOd IMi¥1~11 lrull laMI IOCitld OUittot Of I rtlltvllton 
IJUUnoary. as vlln ou"'r liiiQrlcon l(ldllft lrfll, ttult 11nas ••r DO 
loc•tu<l "' rouru 111111 ona S1111 Otity IN truu hnol '" 1 CJ••~·• \lllll 
1ra SIIDVn 1n lhV llata pr~ts lor tNI "'": ail truu 111..:11 
usoc1111d with 1 resarv11tan or trltlt art snoun In CUll prOIJuCI'> '"' 
tho Unllod Slall:s. TNI CCnJul 11ur11u I lrll report all Olta lor tr ,.,.t 
truSI llntls lor 11111 1910 con111s. ·• • 

~ # • 

lru~l ,,,.,~ .. ru' "~ll•ll'oXl •'luur·d•ll•t. c:umu• eaou •"~~ • I ovu ~ .. j,, til·~ 
CDCIO, II'IU •INI<I II I hilt far lhO rfltrVat lbf\ lllth llhiCh lntr ~roJ 
ISSOCIIIId•·Trult llndl nQJ aiiOCIIttd Vt1h'l ttltrvatton lrt prt~V"I~J 
by lrtbAt 1111-.1, IIIIOri!IOI'IO'{. al~t't'CIIl\f'looi!IIO lint rosor-IUOIII 

' . ' ·4,·• ...... ~ ••..• ~ ~····· ,, 
Trttlll OlltQI\IIId Stat'tst tcil' tria· (TDSAJ' .,,. ·~I' · I 

• . ,, . . ~ • • ' . :jt; , ' • • .. 

trtoal dellgntttcs '"' •si iU1 ·•reii 'Uou•tJ era·areas, otl tNittci 
.. 

outiiCit Oklai'IDtla or ftOtrally· ,ana S••tt·rteognllld lrtl)tl llllncNt a 11...:1 
Dl~l! or associiiOCI trust li/.ils, ·to pr01tlcli ttatiUicll trill lor wntcn IN 
c~··•••s Buraau uoulatlis 0111 •. tosa•• 'repraUIIt'erus•gonor~llr cant•u ""' 
tnt &IIICir•c•n 1na11n popultlltlll'over wntcn·ltdtr•lly•recogn•u~ tr•bh """ 
)urtscstctton ana areu In vnfcn'Stall triDh•prM,CII·tltneftts.tno "'•''~' 
to IMtr _,.. ltte ,..,.., ol tosa•• 'otllna•tld Dr Sllle•rac:ognueo ,, •...:!• 
11r0 IOIIovlld tiY "lSIIIO), • IN Ctnsul Burt..a IIIII not rtCD9"1JO TDU;1 · 
bclurQ IIIII 1990 (;C/II>US. . ' ' 1 ' 1• • 

heft lOS& IS IUignGII II lour•IIJ!III ClnWI C- rlft!l1"9 lr011 11001 
tllrOUII'I 15111. tne census cuoos art tlllllf\ld In llpNI)tltcal or01r ol 
IOSI'I NIIOnwldt. IICII TDS& aha II llllgnld I llvt•CIJ!III fiPS COOl tn 
•lpllooot•c•l oroor wllnln SUit,. 

lrttlal Jurtsdicl lon Sill lSI leal &rea IT .lSI I 

lrtbal JUtlldiCI IDn II II lSI ICII artll ITJSI"II are lrlll, 
oat inutoll ay faoerally•racogntzld lritltl In Oltlal\olll v11nou1 • 
reservation, for wntcn thl Census llurtall latll.lltttl 0111. T.tS&'I 
represent '""'generally Ctllltllnl"9 lnt IMrlcan Ina tan population 
over vnlcn one or .ora trlbll gover!WtnU Nvt Jurlldtctlon: el tr.o•l 
o111c1111 dtl tnaatld adJacent T.ISI's so that tlltr lrcluaa SDtlt 
ct.oPIICIIt ttrr llory, 1111 overlap artl II ell led a • JOint use 
1r11,• trhlch 11 trilled as 1 1illiratil T.ISI for census purposes. 

• • •. ;_ •• ll•. ' • 

T.ISI's rephet IN ~Historic Areas or Oklai!OU Ctacludl"9 urtlln•recs 
artnl• SI'IOUn tn 1910 censu1 0111 proeliCII. Tnt Historic areu of , 
Oklai'Ou cOIIPrlsell lhl terrllorr localld vllntn reservations INit NO 
legelly nt•tl111110d OOUndlrltl frDII 1800 to 1101: tntlt rutrvtllons 
ver1 dtnohtcs Olrlng the 2• to J·yur per'tocs prtctatng tnt statti'C)C.CI 
of Okiii'IDtll In 1901. fnt HISIOi'lc Artll ot·OUIIIOU (tocluotng .,. 
urDIIIItld artasJ vtrl lotntllltll Dilly fat' lhl 1110 census. 

hen 1.151 '' '"'~~'*~ a fDIIr•IIIOit census cadi ta"911'111 1r011 5001 
tllrougn SUI. ,,. canws c01111 are ullgnecs tn tlphlotttCal or01r or 
l.tSI'I, tocapl INI.JOIIII ereal lpptlr It lnt Ina of tilt CDCit rlngt 
hen T.ISl also 11 antgnaa • rtve•dl!llt fiPS COlli In llpNI)tl •cal oraor 
"''"'" OkllhOIIOI, ' .. • • . . . , 

COUIITY 

TIICI Pl'o,...ry pOll I !Cal DIVIIIonl Ol 11011 $taltl ar• llriiiOO 4 
•cauntlal. • In lOUIIIIN, tntlt divlllont trt •nown as 
•parnhn.• In tlasu, wntcn h11 no coulllltt;· tittt c!ounty 
o<"' tvllents oro 1110 orll"nUIK.I •oorougns• lnd I he •consul 
araas• 11111 '"" ""'I QUa too lor ~'''Ill teal purfiCIIO• ll't lhll Su•o err 
Alena aru .. ., Cunlul llvrvau In lour Sill.,. tlllryl••'lll, M"•'~" 1, 
Hu"llll, 1111\1 YlrQJniiJ, tftclrl ltll 0111 or -· Clll .. INI are 
lnllllpentMnl or tny CD\11\Ir organlut ton ana ""'' con111 tult pr , .. ,, 
di,tstons or tnalr 51alls. Tntsa cllln •re ki'IOUn n •tnotpenoont 
c•llu• •na aro lrulld 11 "'-'!valent to c~1111 lor statllttc•l 
llU'PDIOI. 11\111 l>•rt of Yell DilliON HIII-I Par• 1n l&onllnl II trOll vel 
... A l:lkrnly "''"""'""'. Tna OlltriCI Of CaluaC)II Nil no pr~roary 
dtv•••uotll, ;uiiJ IIICI vnllro arva 11 cansu»rord ~lvalvnt 10 a coullly fur 
Sill lSI ICII purpoSQI. 

hen county ana countr eq..~tv111nt 11 autgnao 1 lnttt·dlglt fiPS CDCit 
lhll IS unt"-'Q vllnln SUit. Tllllt eodel art ISIIIJIICid In llpftltleiiCII 
orcMr or counly or COUIIIY lq..Jtwalent vllntn Still, eacept lor tilt 
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No.I• II'QIIn<J St•tts, tlow YOrk, lnd Vlsconstn, lnd ltoe DOroughS In flew 
vor• aro rocO<)ntua as •unor. e11111 di11IIIOI'IS for census purJ>O•us: tno 
t>Orav,p•~ •n ala••• aro county t:QUtvalents. 

Stlln are till J)ruury g<lvl!r,_nttl dtvtllons of tile Untteo Stltas. 
"" Dtstroct of Colunola 11 troolea 11 a llalllltCal ecr.HviiOnt ul a 
Suta lor c;ensus purposes. 

01 fii•IIIDtiS Of SUB.'l Cl CH&R&CHRISTICS 

"OtoUI &flllN Cll~q&CftNI~TICS 

''·' 
TN> u~•• en •1111 \IOta dltflvOCI fr011 ans.,ors to C'Jitlltonnaot~l ttc• S, 

.nu.n wh "~•c:11 nf "" J!Orsons. T110 ago clantltcatton '' ouca 011 11'10 
11</11 CJI Inc f)l,.orSOII Ill COt191tlc:c:l \'IUS U Ol lt•rtl I, 1990. tiiCI aoo 
rO\tlOn\o '" ••·•llsttoct Sa vas I'IOr•ally usc:d to rllflrOsOnl a .,orson's /1!)0. 
h>w11•1:r, .. to.Jn tno A!Jtl rospottSO vas unacceplaDie or unavllhlll", a 
!>llrS.:n·' /1!)11 w•' o.!riVC!CI frOII an IICCoPUDit ylllr Of lltrlh tOSf>OIISO tn 
CJJnl con ~D. 

-

0111 on a·~ are usaa 10 c:tt1tr11tne ttoe al)llltcaoll • ty ol olnor qul:\1 tons 
lor I llOtSOn ana tO Cfllllly Olllfr CNriCIDrtll ICI In census 
uoululons. age aata are rtteoad 10 lnttrprtt 11011 social ana tcononuc 
c~r•ctoroSIICI usoa co plan ana o••~•no MAny prograMS lnll poltclas. 

ul~t1 11IIC OWICIII 

h.u O.tiA or' ~•,••ush/llniP•"•c or1Q1n woro OOrtvoCI frOIW •nsvc:rs 10 
cr.-utl•o"',."' ue~ 1 • .. ntcn vu •s•tes of all persons. Persons of 
HISPAniC Ori!Jtn are lhOSI 111'10 Clllllfltc:l lhMSIIvU In ont of ll'oe 
IPOCIIIC HoSplntC Origin CUtgatl,\ IISitCS 01'1 tile 
~OIIIOnr.a It I' •'llt•ICin,' 'PuttiU iiiCin, • Or 
•c...can•··u viii n tnose 11h0 lndiCIItCS thlt lllfy "'" of 
'Oinor SpantSh/Hupanlc' origin. Persons of 'Other 
SJ)anlsn/HISPanoc• orlqln lrt lhDII \11'1011 oroe~tns art fr011 Spa on, lhO 
Span•sn•spoa~•"9 countrttl of Central or Soutn america, or lhO 
0011onocan Ro~l oc. or IIIey •r• pertOI'II of Hispanic orogtn ldenl lfrl"ff 
lnooolllvOI genorally as Spanun. Spanllh•&Nrlcan, unpantc, Hupano, 
L-1 u>O, ana 10 on. vr 111• 1ft tiSPOnlll to I toe 'Oitoer 
Spanlsn/HtsPantc• category vtrl CodtO only lor st~le data. 

0~•11•n can b.) voaw~ u tile II'IC:titry, naiiONih., grOUP, llnooge, or 
country of llorln ol tne porson'or tne•parson'l partnll or ances1or1 
Dtfore lnotr arttval •n tne llnltta Stitfl, Ptrtonl of HISpaniC ort!lon 
.... ,. Ill ol any tact. •' • ; · · 

Sonoe IIDuiiiiOnS art lhDIIn Df UW HllpehiC or lgln of I toe nousenolc:llr. 
In all CllltS "toere hOulthOids, f .. ll 111; Of' occuPied h0ull"9 unlll lrl 
c111111 teo oy HISpanic ortgln, ltoe Hispanic origin of ttoe nousenolaor 
•• 1110<1. 

0·•tl"9 c:lttiCI tnttrllllwS CCinO.IeltCS lly ~rllora, If I Pti'IOI\ COUICI 
not PrOIII<II I 11"911 0r1111n I'IIPOIISe, he or lhe 1111 llktd IO IIIICI, 
oasaa on stlf·lountlflcatlon, lhl grOUP vhlcn 11111 aescrloao nts or ner 
ottgon or oescent. If 1 parson could not provlc:te • 11"911 grouP, thO 
or1111n of tnt porsor~•s IIOitoer 1111 ustCS. II 1 11"911 grOUP coulc:t not Ill 
prov•llo'!a lor thl person'S IIIOttoer, ltoe first origin repOrleCI lly ltoe 
tJUrson .,.,. uaDd. 

II an, I'IOu\V,.,I<I -.r 111110 10 rllpOnCI 10 ltoe St•••ulh/llosponoc 
ottgon quu11on, a ·ruponse 1111 antgnees bY ll'le C~111r accorc:tt"9 to 
tno reportea tnlrtll of otntl' l'tOulti'IOICI _,. lly ull"9 spec If lc ruh•s 
Of preceotnct Of hOUSII'IOICI rtllt IOMI\Ip, In tile PI'OCIIII"9 Of II.Pie 
~OIIIocYIItttl, reiPOI'IItl tn Oilier ~Utonl on lhe ~IIIOIVIIIrt, lueh 
as ancestry ano place of Dlrln, vtre used 10 assign an or•e~•n lltfore 
an, relorcnct ~~~ .. Cit to ltoe origin reported bY oltoef' nousanolc:t 
-oars· II an ortgln "" 1101 enllriG for any l'tOuSihOic:t lllll1lltllr, an 
ort111n vas •n•'J'ICICS fr011 II'IOitoer l'tOullhOid accordlnu 10 thO raco ol lhO 
noustnuiCMr. 

Tll\1 ICICII) lj.tl" 1111 llt'IIIIIIIC Otl!llll Arll IJOIIIII'IIJiy COIIflllriiiJIU vtlh tl•t•u 
,,,. 11•1 l'lltO o;u"""" lk,..uvc:r, lllllru 11r11 ••- lltlloronr.ul 111 1110 f-1 
ul ""' lltwoullc: ur 'II'" lf.JIIIIIun 1111111eon I I'll two ttnsustl. tor 1990, 11111 
voro 'OO\Cont• wU atlotod fr011 I toe 1110 110rdl"9. Jn ac:ICII I ton, 
11111 IUtiO '11.11 tCan•&llollr.' UIOCI tn 1110 1111 Sh0rlen80 lurttoer IO 
'lluocan·&,.,• 10 r.Jo).o(O •urepOrtl"'l lof '&Nrlcan•J In 
1nos c••ooory ootvclta '" ll'le 1110 census. finally, 1no 1990 ~esllon 
•llr.-wo!l 111011 ..,,,., rot>OriG<I 11 'Oitoer \panuh/lllspon•c• co wrtto 

·'" ••• , ... ,' ......... ftfl10tll 

-

-. 

- - - - - -·-
II urcpor 1 or., "' lhO 'lloatc•n· a mer. • ca ttgary or I hi 191\1 census 

11011 on Spant~nltiiSt>•ntC. Ort!Jtn ,.., .tllecl IN COIItPitiDtllly Of IUO 
ana 1990 CIIIISu\ Clau tcor pgrsons of HtSpontc orlgcn lor ceru1n ar~as 
ol thO country. an G·wl Jllort ol 1no 1110 census lllhll on 
Spanun/tllspAn•c ur I!Jtn tnllocuua I nil tnore wn •tSroporl '"!! '" ,....., 
Mu••can or1111n c•tooory lly Vnttl and Bloc~ persons tn cvrtaon ar1:a~ 
Tnt stuav rnulls sttO.,ta tvh111rce 1~1 lhl •llriPQrt •nu occurreo ,., i,.., 
South loaclucl•nu leus), IM -•nonl lt•cluc1•"9 lto.l N11" ror~ Cur 
areal, oncl a fu" \Illes tn tne Moc:t.ltll Rtllton. 1110, rnulll DIIIO on 
IVIII11lll O.tla Su~est INI IN I ... ICI ol po111Dit •lstiiWrl 11\9 Of 
llaa Icon or tntn In 11111 1110 census vas severe on 11'1010 port 10"' or , • .., 
aDOvu·..onc tOIIVII ro:g•on• """" IN Ht1~n1C ortgon poputu oon vii\ 
generally spar~a. l~wover, naltonol 1110 census c:tata on tnt ~·•can 
Oti!JIII flC~0\111•1 11111 ltr 101111 IIIStl•noC 0rt111n Plli>UIII lOti II IN n.\1 IONI I 
l~vul .. u ,..,, -.ur ""'''" •flue: led lly tho report 1"9 prOIII""' (lor a o.or~o 
oolllled c:ltscun1on ol thl evaluation or 1111 1980 census 
~ontSn/ll•ll'""'c nr~o1n ''""'· 100 IN 1110 census Suppl-nc•rr 
Report~.) 

tt>O 1990 .,.., 1960 consus IL11a 011 1no IIIIPintc popu1111on aro not 
lltrotc:lly c~•o~r•olu 111tn 11110 Spantsro utlgtn oata Dllo::;ouse of a ~r 
ol laclors: Ill overall l.prov-niS In ltoe 11110 an..l 1990 censuses. f:t 
llollor covoraiJil ol lhO fiCPUhl ton, 1:11 ,..,rovea ct-1011 ton o.!\I!J"'· ano 
1~1 an ellecll~a IAIDI tC rtlllcons CIIIPIID" by ttoe Ctnsu\ Uuruau "''" 
lhll 1111111nca ol n111on11 ana COIWiullt ' ' llhntC e~rouPI. 

S~c•l ot c:ouui!JaS '" CMIU oon CIOIIO" betvoon I no tiiO ana 1910 co"~"•c• 
onclua.:o lho t•ll•:w•••llll ol tno ca1egary 'NO, not Sponosn/llupanoc• 
A!l tho f ''"' •:nu.:uurv tn ,,., ""oat tOt\. C 1ha corrasPQndu1CJ c•U:CJf•r 1 
lf~IU~trllll IM•I 111 IIIU 1910 CJJOSI ton. I aho, lno 1!170 CAIL'!JUry 
•cunlr•l or Suulll aoour•con• vas c:IOIIIOO bOCIUst In 1110 10010 
roSPOnOCnls ~•stnlerprtlta thO caltQOrr: furtner.art, Ina oas•~coons 
"llaalcan·A.arlcan• ana 'Cnlcano• "Ire aoaad to lhe 
SpaniSh/Hispantc ortgtn QUillllon In 1110. In 1111 1170 census, tr• 
•t•C~tton on Spanosh Ort!Jin vas askeo of only a S·percont UIIPit of .,.,. 
populal oon. 

UCI 

It"' oata on raco .. ere a.rtveo lrooo ans .. era to ~nltonNtrt 11'" ~. 
vhlcn ns askoa or all porsor~s. ''"' toncOPI of race 11 ueaa Dr IN 
Census Our .. u refloc:ll ltll••oonllf ICIIIOit; It aoe1 not oonuta an1 
clear•cut SCIIniiiiC c:tellnltlon Of IIIOioglcal ltock. Tile Gill lor rtCI 
rtPreunt ••lf·claUtflcallon tit 11101111 aCCOI"CCI"'I 10 1111 race""'" 
.. nlcn ,,.., .all ctoselr ICIIIIt Uy, furt~tot...ate, 1~ I' reco(lnueo•tn.t 
the catooorlos of u .. raco 11111 1nc1~ DOtn rac1a ·ana nat •anal or 'II'" 
or soclo•cullural OrOUPI. 

Durl"!! dtrecl lntorllltvi COIWCitCS lly .,._;alors, 11 a person cO...Ia 
nol provlc:to a Sl"!!lt rtsPOI'ISe lo ttoe race ~Ilion, ne or sill 1111 u•eo 
10 select, biSICI on stll•lc:tenl If ICIIIon, tile QI'OUP llh!Cn btl I CIISCrt080 
rus or hlr racial lestnttty. Jf.a person could not pro111c:te a S•"91t race 
response, thO raco of ttoe .Other 1111 ustes. lr a ll"!!le race ,.sponse 
coula not oo r>ruvtlllld far tno peraon•a .altoer, 1111 '"" rac:o re~IOI'Icrn 
lit 11'11 porson 1111 UIIKio In Ill Cllll ~~ OCCUPIIKI IIOVSIIIV un111, 
nousenulas, or faotlllll are claulfltCS bt r11ce, 1toe race of 1111 
nousanolo.~r vos usac:t. 

the racial clnStflcllton ulld bY tile tensua llureau generally aonoro11 
IO tile 11Uiotl1ntl In Feotrat Slat Ill leal Directive NO. 1!1, tUuea Dr 
tile Of I let of MINIJOf'Otll tnCI IUOQel, vnlc:ft Pf'OIIIOII atanaoros on ocnruc 
anc:l rtCIII Cllt(JOriiS for IIIIISIICal riPOI'II"'I 10 Ill Ult:CI by all 
IL«Jral IIJIIIICIOI ThO racial ClleQOtiC\. Ultd In IN 1990 Cllft ... l 0.11~ 
pr-.cll aru prov load 1111011. · ' 

Vhttt••JnciUIJOI JICitiOill vto lndiCIItCS IIIOir race aa •vnttll' or tOPUt'IW 
tntrln sucn as Canac:tlln, GtriUn, Italian; ltlllntll, Hoar hstorl"'llr, 
AriD, or Pol ISh. 

lllaCk••1ncl~s persons llhO tncllcaltCS tnelr race as 'lllack or HQllro• or 
roPOrlod entrln aucn 11 &frlcan a.or•can, Afro•llllllttcan, lllaCk r .. ortn 
Rican, .1-tcan, Nlgt~lan, 11111 lncllan, or tta1t •an. 

&IOilrtCII\ lnlllan, lslu.a, or &leut••IIIC:IUCStS pttSOIII llhO CIAIItflea 
l"""'sohrus •s ~uc:h tn 0t10 of thO ~poe: If tc race cattgarlos toonuf 111<1 oolow 

&1111rocan lncltan••lncluc:tes persont llfiO lncllcaled 11111r 
race 11 'AIIIrlcan Jnalan,• entereo ll'le·- of an lncltan lttut, 
or reported sUCI'I en1r111 11 Canadian lncllan, frtndi•&IIOttcan lnclcan, 
or Spantsn·anorlcan lnc:tlan. 
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NUS CORPORATION AND SUBSIDIARIES 

CONTROL NO. DATE: 3127!90 

DISTRIBUTION: File Under Union Camp Smithfield Saw 

BElWEEN: Don Baker 
Habitat Conservation Manager 

DISCUSSION: 

OF: Wildlife Resources 
Commission-NC 

·..:. 
__ ,___ Reference 18 

TELECON NOTE 

TIME; 1300 

PHONE: (919) 733-6406 
733-7638 

1 asked Mr. Baker to identify what type of recreational activity occurs along the Neuse River. Little River and 
Middle Creek 1n Johnston County North Carolina. He replied saying that there is heavy recreational fresh water 
fishing that occurs along all three areas. He also stated that there is duck hunting in some areas along the Neuse 
River. 

I 

I. 
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ENDANGERED.AND THREATENED SPECIES 

U.S. FISH AND WILDLIFE SERVICE 

REGION 4 - ATLANTA 
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Federally Listed Species by ·state 

NORTH CAROLINA 

CE•Endangered; T•Threatened; CH.Critfcal Habitat determined) 

Marmals 

Bat, gray (My(~i s yrtsescens) - E 
Bat, Indiana rot s soda11s) - E 
Bat, Virginia 61g-eared 

(Plecotus townsendft vtrgtntanus) - E 
C~ugar. eastern (Felis conco1or cougar) - E 
Manatee, West Indian (Trfchechus manatus) - E 
Shrew, Dismal Swamp southeastern 

(Sorex 1ongirostr1s f1sher1) - T 

Squirrel, Carolina northern flying 
(Glaucomys sabrfnus coloratus) - E 

Whale, f1nback (Balaenoptera physalus) - E 
Whale, humpback {Megaptera novaeangliae) - E 
Whale, right (Balaena g1ac1a11s) - E 
Whale, se1 (Ba1 aenoptera bOrealis) - E 
Whale, sperm (Physeter catodon) - E 

Birds 

Eijle, bald (Haltaeetus leucocephalus) - E 
~a con, American peregrine 

(Falco iereyrinus anatUI) - E 
F al c;on , _rct_s: peregri M 

(Falco peregrfnus tundrfus) - T 
Plover, piping (Charadrfus -.lodus) - T 
Stork, wood. (Mycterta -ricana) - E 
WarblJr, Bachiian 1 svera~fvora bachnlanif) - E 
Warbler, kirtland's 

(Oendrotca ktrtlandft) - E 

Woodpecker, tvory-btlled 
ccaa~;itlus~rtneiSaltsl - e Voodee r. re :cacia_id 

· (Pic~ es (• ndrocopos) borealis) - E 

General Distribution 

Extreme Southwest 
West 

Avery County 
Enttre state 
Coastal waters 

Dismal Swamp; Camden, Gates 
Pasquotank· and Perquimans 
Counties 

Western mountains 
(Yancy County) 

Coastal waters 
Coastal waters 
Coastal waters 
Coastal waters 
Coastal waters 

Entt re state 

Western mountains 

Entt re State 
Coast 
Coast 
East 

Northwest, Central, 
Southeast 

Southeast 

East 

... 
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NORTH CAROLINA (Cont'd) 

Reptiles 

Alligator, American 
(Alligator •fssfsst¥ftensfs) - T CS/A)* 

Turtle, Rawp's (Atlan c) ridley 
Cleptdochelys k~tt) - E 

Turtle, green (Ch~nfa mydas) - T 
Turtle, hawksbfll 

CEretmochelys imbricata) - E 
Turtle, leatherback 

(Oermochelys coriacea) - E 
Turtle, loggerhead (Caretta caretta) - T 

Fishes 

Chub, spotfin (Hybopsis monacha) - T,CH 

Shiner, Cape Fear (Notropis 
mekistocholas - E,CH 

S11verside, WaccaMaw 
(Menfdfa extensa) - T 

Sturgeon, shortnose 
(Acipenser brevirostrUI) - E 

Mollusks 

Mussel, Tar River spiny 
CE111ptfo (Canthyria) stetnstansana) - E 

Snai 1, noonday 
(Mesodon clartf nantahala) - T 

Plants 

Hudsonta montana 
(mountain golden heather) - T,CH 

Isotrta medeolotdes 
(small Whorled pogonia) - E 

State ~ists 12/87 

Coastal plain 

Coastal waters 
Coastal waters 

Coastal waters 

Coastal waters 
Coastal waters 

Little Tennessee River, 
Swain and Macon Counties 

Randolph, Moore, 1.ee, and 
Chatha~~ Counties 

L aJce WICCIIIIIW and Upper 
Wacca~~aw R., Colllftbus County 

Coastal rivers 

Tar River, Edgecombe County; 
Sandy Creek, Franklin County; 
Swfft Creek, Nash County 

Swat n County 

Burke and McDowell Counties 

Macon and Henderson 
Counties 

*Alligators are bfologfcally neither endangered nor threatened. For law 
enforcement purposes they are classified as •Threatened due to Similarity of 
Appearance.• Alligator hunting ts regulated 1n accordance with State law. 
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NORTH CAROLINA (Cont'd) 

Liatris heller1 CHeller•s blazing 
star} - T 

lindera melissifolia (pondberry) - E 
Lys1machia asperu1aefolia 

(rough-leaved loosestr1fe) - E 

Oxynlis can~y1 (Canby's dropwort) 
Sa' taria asciculata 

bunched arrowhead) - E · 
Sarracenia oreophila 

(green pitcher plant) - E 
Solidago s~ithamaea 

(Blue Ri ge goldenrod) - T 

• E 
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State ~ists 12/87 

Ashe, Avery, Caldwell, 
Burke Counties 
Bladen County 

Carteret, Scotland, 
Cumberland/Bladen, 
Brunswick, Pender, and 
Hoke Counties 
Scotland County 

Henderson County 

Clay County 

Avery and Mitchell Counties 

. .. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

... REGION IV 

ENV!P.ON"4ENTAL SERVICES DIVISION 
ATHENS. GEORGIA 3061 3 

TO WOK· IT KAY CONCEM 

lncloaed 11· one copy of the lateat reviaion (February 1, 1991) of the US IPA, 
lesion lV, lnvironzaantal Servicll DiTbion, lnTiromaental Co11pl1ance Branch 
Standard Operatin& Procac!uraa and Quality Auuranca Manual (SOPQAK). Thla SOPQAK 
vat prepared exolu.ively for u.e by the lnvlronzaental Compliance Branch. Any 
part .of thh SOPQAK uy be reproduced for UJI by your orsanlzation. However any 
direct reproductiona, in whole or in part, ahould ba referenced at follova: 

Enylronmental Compliance Branch Standlrd Opotatlna Procedure• and Qualitx 
AJiuranet Kfoual, US·BPA, Reston IV, !SD, Athena, GA, February 1, 1991 
(and 1ub1equent reviaion.). 

If you have received a copy on dbk, plea11 be advi11d that ·it h in VordPerfecte 
5.1 format. You will nott~e that the follovin& fi~Ur•• are not on the diak: 

Ftsure 1. 8 .1 
FlJUre 1.1.2 
Fisur• 3.2.1 
FlJUXe 3.3.1 
Ftsur• 3.3.2 
Fisure 7.2.5 

Environmental Compliance Branch Ttme Accountins 
Payroll D1atribut1on T1Detbeet 
Sampl~ Tas 
Chaln·Of·Cu.tody Recore! 
CUJtody Seal 
Example of Site Map Sbowin& Traver•• Point• Uted To 
Locate Konltorlna Walla 

Should you have any coD~Hnta or aug81tlont concernin& the SOPQAM, pleaae contact 
either Michael 1. Carter (404·546·31~7) or Bill !okay (404·546·3300). 

Sincerely youra, 

;(.~ ~111:1~ 
Environmental Compliance Branch 

1'! .. •.. 
\'1 
,., .. 

·'· 
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FORE \lORD 

This manual contains the standard operating and field quality assurance 
procedures used by Envirormental C~l iance 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 efll'loyee is expected to read and be familiar with each section 
of the manual. This manual will serve as a source-book for training new 
efll'loyees as well as a reference for current employees. The manual is meant to 
be a dynamic document. It will be periodically reviewed and updated. Uhen 
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 :this manual 
(SOPQAM) are to be incorporated by reference into all study plans issued by 
Branch persoMel. Any deviation from this SOP or specific quality assurance 
procedures as outlined in this manual must be thoroughly docunented and cleared 
(if possible) with the appropriate Unit Chief and/or Section Chief. Any devia· 
tion from this SOPQAM shall also be docunented in all study plans and reports 
resulting from that project. 
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I 
DISCLAIMER 

I This SOPQAH has been prepared for use by the Envirorvnental Compliance 

I 
Branch, Envirorcnental Services Division, Region IV, United States Environmental 

Protection Agency. Mention of trade names or conrnercial products does not con-

stitute endorsement or reconmendation for use. 
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1.0 STANDARD OPERATING POLJCJES AND PROCEDURES 

1.1 JNTROOUCTJON 

This section presents the standard operating policies and procedures 

Enviroi'Y!lental Ccxrpl iance Branch (ECB) as well as a description of 

activities. The basic objectives of this section are to present: 

the Branch functional statement and organization; 

• how requests for field investigations 
received, processed, and irrplemented; 

and technical assistance 

0 

of the 

Branch 

are 

• the basic 
personnel 

flow of project activities, including the assignment of 

• 

• 

• 

• 

• 

to projects, preparation of study plans, report prepare· 

tion, and peer review; 

basic rules for en;>l oyee conduct and legal requirements for entry 
procedures during field investigations; : 

Branch procedures for handling 

purchase 
basic aaninistrative. functions such 

as travel, overtime, requisitions, and typing requests; 

Branch procedures for obtaining analytical support; 

the Branch quality assurance plan; and 

the Branch basic safety program. 



1.2 BRANCH ORGANIZATION 

Revision 
Date: 
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I 
I 

1.2.1 General I 
The Branch is organized into two sections: the Hazardous \laste Section and 

the Air and \later c~liance · Section. The Hazardous \laste Section is composed 
of the RCRA Unit and the Superfund Unit. The Air and \later C~l i ance Section I 
is composed of the \later C~l i ance Unit and the Air C~l i ance 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. 
I 

1.2.1.1 Environmental Compliance 
coordinating, executing, and evaluating 

Branch Responsible for planning, 

investigations of toxic and hazardous I 
substances; pesticides; waste, air and wastewater management problems; water 

treatment facilities; UIC facilities 
related envi ror~nental studies within the Region. Provides technical assistance 

and groundwater related problems; and I 
and multimedia overview to other federal agencies, states, local ag:ncies, the 
private sector, and EPA contractors in lllJrlicipal and industrial operations, field 
·investigative procedures, and toxic and hazardous wastes investigations. 
Maintains expertise in air monitoring methodology. Develops and presents direct 

I 
training courses. Reviews and comnents on remedial investigations/feasibility 
study work plans, remedial investigation reports, RCRA facility investigations, 
Record of Decision docunents, NPDES permits, UIC permits, State/local agency I 
QA/SOP Plans, and federally licensed construction projects and provides requested 
field investigatory support of these programs. I 

1.2.1.2 Hazardous "'aste Section 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 safllll ing and non•s&fllll ing facility inspections (pre· and post•permi t I 
issuance), solid waste d~s and landfills, and Superfund remedial and pre· 
remedial investigations such as at abandoned hazardous waste sites and related 
multimedia enviror~nental and technical assistance studies. Responds to requests I 
for assistance with oil and hazardous material spill investigations, and related 
multimedia enviror~nental and technical assistance studies. "'hen required, 
provides support and technical assistance for TSCA and FIFRA inspections and 
investigations. I 

In conjunction 
Sample Control Center 

with the Analytical Support Branch, manages 
(RSCC) for the national Contract Laboratory 

the Regional 
Program (CLP) I 

and provides logistical support and scheduling for all Superfund related field 
investigations conducted 
view (field end doc~.~~~ent 

In conjunction with the 

by the Section and program contractors. Provides over· 
related) and quality assurance of Superfund contractors 
\leste Management Division. I 

Provides technical assistance, training, and multimedia and routine over· 
view to other federal agencies, state agencies, local agencies, and ·EPA I 
contractors in conducting multimedia hazardous waste inspections, toxic waste 
monitoring, and RCRA inspections. 

I 
I 
I 
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Provides related input to permitting, enforcement, and other associated 

regional programs. 

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 · feci l ity and/or 
site related investigations in support of civil and/or criminal enforcement 
actions; overview of the state RCRA field program activities i.ncluding 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 documents; development of 
standard operating procedures and inspection protocols for RCRA field activities;. 
as well as technical assistance end 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 receiv~ by Section personnel. IJhen 
required, provides the primary Section support for TSCA and FJFRA inspections and 
investigations. : 

1.2.1.2.2 Superfund Unit The Superfund Unit has the primary responsi· 
bility for all Hazardous uaste Section Superfund activities including the conduct 
of abandoned hazardous waste site inspections end investigations, both sempl ing 
and geophysical; field investigations, technical assistance, and testimony in 
support of Superfund civil end criminal enforcement actions; responds to requests 
from the \laste Management Division for assistance in monitoring oi I and hazardous 
materiel spill situations, as well as assistance in investigating potential 
inmediete removal Superfund sites; end operation of the Section's portion of the 
RSCC. In conjunction with the uaste Management Division, schedules all Superfund 
investigations in the Region conducted by Section end EPA contractor personnel; 
conducts on· site field quality assurance overview of contractor field 
investigations end overviews contract related investigation documents (study 
plans, Rl/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, and contractors; and provides technical support for 
Superfund investigations and 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 and Uater Conpliance Section 
coordinating, and executing investigations of IIU'Iicipel 
treatment facilities, and investigations in support 
drinking water programs. Provides technical assistance 
local agencies, and other federal agencies in IIUlicipel 
operations, and air monitoring studies. Develops and 
courses; reviews and ccmnents on NPDES permits, 
construction permits; and provides expert testimony. 

and 
1.2.1.3.1 

conducting 
Uater Compliance Unit 

assessments and investigations 
Responsible 

including 

Responsible for 
and industrial 
of the Regional 

and overview 
and industrial 
presents direct 
and federally 

planning, 
wast-.water 

UIC and 
to states, 
wastewater 

training 
I icensed 

for planning, directing, 
data interpretation and 



investigative 
facilities. 

reports related to rrunicipal and industrial 
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wastewater treatment 

Responsible for studies relating to facility operations, including their 

impact upon receiving 
taminants in the aquatic 

waters as well 
environment 

as the persistence and fate of their 
and ground water. Provides related 

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 rrunicipal 

operations in order to correct operational problems at existing facilities. 

Conducts in-depth diagnostic 
to provide technical details for 
support of the \later Management 

evaluations 
enforcement 

Division. 

of wastewater treatment. 
actions, consent decrees, 

facilities 
etc., 

Monitors and overviews NPDES delegated states as well as conducts indepen-

in 

dent 
etc. 
cipal 

studies of rrunicipal and industrial facilities ·including CSis, : CEis, PAls, 
Reviews and suggests corrections for self-monitoring techniques at rruni-
and industrial facilities and provides input to enforcement act ions. 

Provides 
other federal 
techniques, 

technical 
agencies 

operational 

assistance, training, and overview to state, local, and 

field 
support 
program 

At the request 
investigations 

of the UIC, 
including 

concerning rrunicipal and industrial facility investigative 
control techniques, and data interpretation. 

of the \later Management Division, responsible for conducting 
of water treatment facilities and field investigations in 

Drinking \later, UST and the Regional ground water monitoring 
associated water quality investigations. 

Air Compliance Unit Responsible for conducting state and 
local 

1.2.1.3.2 
agency Performance 

conducting 
(SLAMS), 

approvals; 
Monitoring 
Performance 

Audits; Quality Assurance Plan (QA/SOP) reviews and 
National Air Monitoring (NAMS), State and Local Air 

and Special Purpose Monitoring (SPM), and National 
Audit Program (NPAP) participation including the distribution of 

particulate filters; conducting data validations; tracking and sut:rnitting 
Precision 
agency 

· and Accuracy (PARS) data sut:rnittals; conducting an annual state/local 
training workshop; and conducting special studies. 

Responsible for maintaining the Region's expertise 
methodology, which includes conducting, planning, and 
studies. Provides technical assistance to federal, state, 

in air toxics 
arranging 
and local 

monitoring 
air toxics 
agencies 

air monitoring and analytical methods for both toxics and criteria 
on 

air 
pollutants. 

Conducts air 
and performs air 
response requests 
site clean-up and 
overviews contractor 

monitoring 
sa~ling 

in support of CERCLA and RCRA site 
for 

\laste 
specific . pollutants 

from the 
remedial 

air 
action 

monitoring 

Management Division. 
plans for air toxics 

activities. 

in response 
Reviews 

monitoring 

ranking studies, 
to emergency 

hazardous waste 
activities and 
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Maintains an air monitoring laboratory equipped with sophisticated 
air monitoring instrumentation, air toxics screening instrumentation, 
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 
by arranging, planning 

to the Air, 
and conducting 

Pesticides and 
regional studies; 

agency worlcplans; and conducting National Ambient Air 

Toxics Management 
reviewing state 
System (NAAS) 

air toxics 
acquisition 

to produce 
for use by 

Division 
and local 

Audits. 

Verifies that state/local Hi·Vol orifices meet regulatory 
systems. 

specifications 
and certifies ozone photometers and calibration 

1.2.2 Line of Authority 

The purpose of this section 
Branch 
respective 

and in each Section, in 
is 
the 

to establish the 
event of the 

line 
absence 

of authority, 
of the. 

in 
Branch 

the 
or 

Section Chiefs. 

Branch: 

John Marlar 
Hi lee Carter 
Bill Bolcey 
Steve Hall 
Ron Barrow 
Herb Barden 
Bill Cosgrove 

Hazardous ~aste Section: 

Bill Bolcey 
Steve Hall 
Bill Cosgrove 
Rod Davis 
Bruce Ferguson 
Dan Thoman 
Charles Till 
Don Hunter 
Jim Cray 
Fred Sloan 
Sharon Matthews 
Pat Boyle 
John Trudell 
Roger Carl ton 
John Vail 
Terry Thomas 
Laura Childs 



Air and Water C~l i ance 

Hike Carter 
Ron Barrow 
Herb Barden 
Danny France 
Joe C~ton 

Louis 
Jerry 
Hike 

Salguero 
Burger 

Bowden 
Chuck Padgett 
Tim Slagle 
Jeff Lovell 
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1.3 PROJECT ACTIVITY FLO\I 

The Branch receives requests for field 
of sources 
(including 

investigations and technical 

assistance activities from a variety including federal, state, and 

local agencies; EPA Headquarters NEIC 1s Office of Criminal 

Investigations), EPA regional operating divisions 
Division); 

(primarily 

u.s. 
the Water 

Management Division and the Waste Management Department of 

Justice; as well as the private sector. 

requests 
shall 

for non-routine field studies or technical assistance 
be directed to the Director, Environmental Services Division 

All 
activities 
with a copy to the appropriate Section Chief. Any request that is forwarded in 

any other manner 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 will notify the Section Chief 

and/or the Branch Chief. All such requests shall be followed up by a memo or 
letter from the requestor. Non-supervisory Branch personnel are not to commit 
the Branch or the Division to field studies without the approv!l of the 
Division Director and Branch Chief (or appropriate Section Chief in his/her 
absence). 
expeditiously, 
letter from 
assistance 
plen) shall 

All emergency requests for field studies shall be handled 
but all such requests shall be followed up by a written memo or 

the requestor. All requests for routine field studies or technical 
activities (i.e., those activities committed to in the annual work 

be directed to the eppropriete Section Chief who will essign the 
activity to the eppropriate Unit. 

The receipt of en investigation or technicel essistence request shall be 
acknowledged as soon as possible. This is normally the responsibility of the 
Division Director, the Brench Chief, or the appropriete Section Chief. If 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 trecking system. The Unit Chief, in consultation with 
the· Section Chief, shall select a tentative study date end assign a project 
leader or field investigator as eppropriete. 

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 nutually 
agreed upon during this session. The project leader or field investigator will 
then contact the requestor and obtain necessary background information to 
fornulate 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. When the project leader has collected all of the 
relevant material, he/she shall prepare a study plan and, if eppropriate, 
discuss the resource requirement of the project with his/her Unit Chief. When 
required, additional staff from other Units will be assigned by the Section 
:nief or Branch Chief. In studies involving more then one Brench, eppropriate 
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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peer review 

After 
gator shall 

Draft 

Section 

policy. 

the study 
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plans and final study plans shall prepared as study 

1.5 and shall 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 inves· 

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). If sa~les 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 conments 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 shall be pr~tly 

transmitted 

After 
vestigator 

outlined In 
appropriate 
entered by 
c~terized 

(Section 2). 

the final report 
shall collect all 

Section 3, place 
Section Secretary 

the appropriate 
project log. 

has been transmitted, the 
relevant material including 

it in the project file, 

project 

the 

for filing. COIJ1)letion of 
and 

the 
into Section Chief or Unit Chief 

leader/field in· 
report, etc., as 

submit it to the 
project shall be 

the appropriate 
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1.4 PROJECT LEADER RESPONSIBILITIES 

The project leader has overall responsibility for seeing that field opera· 

tions are 
Specifically, 

• 

• 

• 

• 

• 

• 

• 

• 

carried 
these 

out expeditiously 
res pons i bi lit i es 

study plan preparation 

and that the 
include: 

and coordination; 

project objectives are met. 

logistical arrangements including the submission of travel and 
purchase order requests; 

overall technical supervision of assigned project personnel during 
field operations and assurance that standard field operating 
procedures are followed (any deviations shall be docunented in the 
field log book as well as in the final report); 

overall responsibility for project field safety; 

overall responsibility for making study plan modifications in the 
field as required; 

certifying and keeping accurate records .of all overtime, 
compensatory tfme, and hazardous duty time earned by project 
personnel in the field; 

project data interpretation and final report preparation; and 

coordinating any necessary project follow-up activities such as 
attending show· cause hearings, presenting testimony, etc. 
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1.5 STUDY PLANS 

Study plans shell be prepared end 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 shell be issued at least 10 worlcing days in advance of the 
study for routine inspections end investigations and at agreed upon time .frames 
(agreed upon with the requestor) for more complex studies. The only exceptions 

are those investigations end inspections that ere conducted in response to 
emergency episodes end 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 compliance 
performance 

sampling (CSI) I 

case develoJ:Xllent investigation evaluations (COlE), 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 number and types 
(if appropriate) samples to be collected (if appropriate), analyses required 

a statement 
study plans 
study plans 
appropriate 
plans should 

that 
shell 
shall 

the procedures 
be prepared 

outlined in this SOPOAM will be follow~d. These 
as 

be distributed 
one 
to 

state regulatory 
be prepared for 

agency 
routine 

or two page memorandums. These standard 
appropriate Regional steff as well as the 
(if appropriate). \/here required, safety 
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 end statement of the problem to be 

Objectives 
accomplish 

Scope 

a statement as to 
and how the information 

a definition of the limits 

whet the investigation 
is to be used. 

of the study. 

Time Schedule a statement 
results 

the final 

outlining when the study 
conducted, analytical will be available, 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 ~loyed • A 
statement that the 
be included. The 
shall be justified. 

techniques 
use of any 

Analytical 
collected, 

Requirements 
required analyses, 

the s~les. 

in this SOPOAM will be ~loyed 

techniques not included in this 

a complete l !sting of all 
and which laboratory(s) 

samples 
will 

shall 
SOPQAH 

to be 

analyze 
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• Logistics a ccxrplete listing of the manpower requirements and 
specific functions of all project personnel, special equipment and 
vehicles to be used, use of mobile laboratories, how samples are to 
be transported to the laboratory, etc. 

• Safety Plan where required, a safety contingency plan will be in· 
eluded (Appendix K). 

Draft study plans for the non-routine investigations shall be prepared and 
reviewed in accordance with the 
of the draft study plan should 
Analytical Support Branch staff. 

Regional peer 
be sent to all 

If significant 

review pol icy. Information 
relevant program staff and 

changes are made to the 
study plan, it shall be rewritten and reviewed 

copies 
to the 
draft 

the again in accordance with 
Regional Peer Review Pol icy. 
transmitted to appropriate Regional, 
appropriate state regulatory agency 

A final study 
OCI, 

staff 
and/or 
utilizing 

plan will be prepared 
Headquarters staff as well 

a transmi tta I memorandum. 

: 

and 
as 
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1.6 STUDY REPORTS 

Almost all investigations, inspections,. and field studies 

Revision 

Date: 

Page 

No. 

2!1/91 
cif 1 

conducted by 

Branch personnel will result in the issuance of a technical report. The project 

the report. leader/field investigator is responsible for the preparation of 

Routine inspection reports such as CSI's, COlE •s, PAl's, etc., shall 

include the c~letion of any appropriate standard forms 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 memorandum. 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 technical reports. 
necessary. as a guide and modified as 

Introduction should 
requested the study, when 
study, the objectives of 

ments. 

Study Area 

Study Findings 
any relevant 

Recornnendations 
findings. 

a description 

a brief 

conclusions. 

any 

include a 
the study 

the study, 

statement of the 
was conducted, who 

and any necessary 

of the area studied. 

sl.llln8ry of study findings, 

recornnendations resulting 

The following 

Generally, 

p~oblem, who 
conducted the 

acknowledge· 

results, and 

from Study 

Study Methodology field and analytical methods ~loyed during 

the study. 

Appendices 
study. 

a listing of all relevant data collected during the 

As a general rule, reports prepared for enforcement purposes, or reports 
prepared in anticipation of possible enforcement actions, should contain only 
factual information. These reports shall not contain conclusions, recornnenda· 
tions, or personal opinions. Conclusions, reccmnendations, and personal opinions 
for these investigations may be included In a separate memorandum with the 
concurrence of the Branch or appropriate Section Chief. ~en this is done, the 
transmittal memorandum should be sta~ "Confidential This document is 
prepared 
discovery." 

In anticipation of enforcement litigation. It is not subject to 

peer 
The 

review 
draft study 

policy. 
reports, 

report shall 
Although the 
the Regional ment related 

of all draft enforcement related 
criminal 
appropriate 

investigative 
Regional 

reports. 
or Headquarters 

be reviewed in accordance with the Regional 
Regional peer review policy excludes enforce• 
Duality Assurance Officer shall be sent a copy 

reports for peer review with the exception of 
The final report shall be distributed to 

persomel utilizing a transmittal memo. 
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1.7 EMPLOYEE CONDUCT 

1.7.1 General 

EPA en;>loyees are required to perform their duties in a professional and 
responsible manner, refraining from any use of official position for private 
gain. Branch en;>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 Responsibilities and Conduct (1) and shall adhere 
to the Code of Ethics for Government Service. The following paragraphs review 
some topics in the regulations especially applicable to the work of Branch 

en;>loyees. 

E~loyees shall avoid conflicts of interest through outside en;>loyment or 
other private interests. A conflict of interest may exist whenever an EPA 
en;>loyee 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 conf lif:t damages 
the integrity of the Agency and its en;>loyees in the eyes of the ·public. All 
employees 
conflicts 

must, therefore, 
of interest when 

avoid situations which 
dealing with others 

are, or give 
in or outside 

the 
the 

appearance 
government. 

of, 

Good public 
priately for the 

relations 
activity 

and common sense 
in which they are 

dictate 
engaged. 

that 

is important that cooperation be obtained end 
when working with the public. This can best 

~loyees 

good working 
be 8CCOI!l)l i shed 

dress appro· 

relations 
by using 

It 
established 
diplomacy, 
(including 
and should 
products. 
use only. 

tact, end persuasion. E~loyees should not speak of any person 
other regulatory agency or fecil ity personnel) 
use discretion when asked to give a professional 

All information acquired during en ~loyee•s 

An ~loyee 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 

in a derogatory 
opinion on 

duties is for 

gift, gratuity, 

manner, 
specific 
official 

enter· 
value from 
relationship 

by such 
by EPA. 

any person, 
with EPA; 

~loyee•s 

1.7.2.1 
enforcement 

Authority Various federal environmental statutes grant EPA 
personnel authority to enter and inspect facilities. The authority 

granted tn each statute is similar to that stated below in Section 308 of the 
Clean Water Act: 

"(a)(B) the Administrator or his authorized 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 
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(ii) may at reasonable times have access to and copy any records, inspect 

any moni taring equipment or 
or 

method required. and sample any 

effluents which the owner operator of such source is required to 

sample. II 

For the specific requirements on conducting inspections and collecting data 
Section 

of the 
Control 

·pursuant to a particular Act, see: Section 308 of the Clean ~ater Act; 
9 of the Federal Insecticide, Fungicide, and Rodenticide Act; Section 3007 
Resource Conservation and Recovery Act; Section 8 of the Toxic Substances 
Act; Section 1445 of the Safe Drinking ~ater Act; Section 104 of the 

Comprehensive Environmental .Response, Compensation, and Liability Act 

(Superfund); and Titles I, Ill, and IV of the Clean Air Act. 

Unreasonable Search and Seizure •• EPA authority under the various 1.7.2.2 
Acts is 
Amendnent 

subject to the "unreasonable search and seizure" provisions of the Fourth 
to the Constitution. The prohibition is not against all searches and 

seizures, 
required, 
foregoing 
or trickery. 

but only those which 
has not been given. 
of right to privacy 

are unreasonable or to which valid consent, if 
Consent, in this context, means the intentional 

which is not the result of either fear, :ignorance, 

To con;>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 errployee shall introduce 
courteous manner 
plant official 

to a responsible 
may be the owner, 

charge for the facility, including 
Identification credentials 

If only a guard is present 
present her/his credentials 
superior on the phone. If 
responsible official he/she 

shall 

at 
and 
the 
is 

guard to call him/her directly. 

herself/himself in 
plant official. 
operator, officer, 

the plant environmental 
always be shown. 

a dignified, 
A responsible 

or agent 
engineer. 

in 

the entrance, the errployee shall 
suggest that the guard call his 
inspector knows the name of the 

to see, he/she shall request the 

If the COII'pany provides a general sign·in sheet, it is acceptable to 
sign it. Branch errpl oyees :.Sh:.::a~l~l-~no~t.=........:.S.:..oi s:a.:.n.:....~a......:r~e:.!l~e:,as~e.__~o.:..f _!..11!.!1· a~b:.!i.!.l.:..i t~y 
(waiver) when entering 

.!!!!· 

If entry is 
the facility 

• 

refused, the 
representative, 

obtain name 
the facility, 

a feci l ity under the authority of Federal 

errployee 
but 

shall 
will 

not contest 
inmediately 

and position 
and record 

of individual 
the date and 

the 
do the 

denying 
time; 

issue with 
following: 

entry to 

• cite the appropriate EPA-administered legislation, ask 



• 

After leaving 

if he/she 
presence, 
for denial 

leave the 

the facility, 

heard and 
and record 

of entry; 

understood 
the answer 

and 

premises inmediately. 

the employee shall, at 

the 
and 
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reason for 
any reasons 

your 
given 

the earliest possible 

time, inform their 
the 

inmediate supervisor and the Office of Regional Counsel, by 

telephone of events which took place and seek guidance on how to proceed. 

1.7.3 Requesting Information 

The various laws and statutes under which EPA operates address the pro· 
tection of trade secrets and confidential information. As a general pol icy, 
Branch staff should not accept confidential information unless it is necessary 
for carrying out Agency functions under a particular Act. As a matter of Branch 
policy, request for confidential information can only be signed by a responsible 
party in one of the operating Divisions or by an attorney in the Office of 
Regional Counsel. : 

In COI!l>liance with EPA regulations, an EPA request 
pursuant to statutory author! ty, will contain a statement 

for company 
allowing 

·information, 
the facilIty 

to designate all or part of the information requested by the Agency as 
confidential by marking it according to: Code of Federal Regulations, 

In addition 
Title 40, 
to citing Part 2, Section 203.41; or Federal Register, 41 FR 36902. 

the appropriate regulations, the request for confidential Information will state 
that: 

(1) The business may, if it desires, assert a business confidentiality 
claim covering part 

[the 
or all of the information in the manner 

information described by applicable regulation], end that 
only to covered by such e claim will be disclosed by EPA 

end by means of the procedures, set forth in [the 
the extent, 
applicable 

regulations]; end that 

(2) If no such claim eccomp3nies 
EPA, it may be made available 
notice to the business. 

If the collection of confidential 
responsibility of the Branch, personnel 
priete operating Division steff end the 
general, when such information is needed 
state that this information will be 

Regional Counsel. 

the information 
to the public 

when it 
by EPA 

is received by 
without further 

information is required to carry out the 
should consult cerefull y with the appro· 
Office of Regional Counsel attorneys. In 

by Branch persomel, the request should 
transmitted directly to the Office of 

In general, • Branch personnel shall not accept confidential information when 
Branch 

logbook 
inspec· 

infor· 
Region 

conducting e plant evaluation, inspection, or reconnaissance. IJh·en 
personnel must collect or observe confidential information, e separate 
shell be maintained. When confidential information is entered into en 
tor•s logbook, the entire logbook end each page containing confidential 
mation shall be marked "CONFIDENTIALITY CLAIM." Upon return to the EPA 
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IV I ESD 
cabinet 
disposition 

facility, all such 
and the Office of 

of the material. 

1. 7.4 Disclosure of Official 

information shall 
Regional Counsel 

Information 
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be maintained in a locked filing 
shall be notified for ultimate 

It is EPA pol icy to make information about EPA and its work available, 
freely and equally, to all individuals, groups, and organizations. This policy, 
however, does not extend to confidential information or to investigatory infor· 
mat ion and evidence relating to the suspicion of a violation of federal environ· 
mental laws. 

Any Branch employee who receives a request, written or oral, for inspection 
or disclosure of EPA investigatory records, whether made under judicial discovery 
procedures or the Freedom of Information Act, shall immediately advise the 
Division's Freedom of Information (FOI) Act Coordinator andtor the Regional FOI 
Coordinator of the request. such records shall not be released without the 
specific concurrence of the Regional FOI coordinator. RCRA, Superfund, and TSCA 
program offices will make all third party distribution of data and i~vestigative 

reports. 
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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 
compensatory time earned and taken by each employee. Branch employees shall 
obtain approval from their respective Unit, Section, or Branch Chief before 
taking amual leave. A leave request form CSF-71) must be completed when more 
than 40 hours of amual leave is taken or whenever any leave is taken and the 
employee anticipates being unavailable 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 employee is too sick to report for duty, the employee shall notify the 
respective Section Secretary by telephone as soon as possible. The appropriate 
Section Secretary, as well as the employee's inrnediate 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 Th~;~rsday 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 employee's time must be charged to 
appropriate specific account nU!bers. This is accomplished by having each Branch 
employee utilize the form shown in Figure 1.8.1 to account for all· work hours. 
This form shall be filled out by each Branch employee to the nearest whole hour. 
For the Activity Code in Figure 1.8.1, each employee shall use the most relevant 
Activity Code from Table 1.8.1. The form shall be submitted to the appropriate 
Section Timekeeper no 
pay period. All leave, 
must be turned in to 

later than close of business on the first Monday of each 
compensatory time, and overtime, whether earned or taken, 

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 

efl'4'loyee with 
on any Superfund 

Distribution 

either a fixed Superfund 
activity during a pay 

Timesheet (figure 1.8.2). 

account 
period 

This 

nlmlber or any efl'4'l oyee 
shall also complete the 
form shall be filled out 

to the nearest hour for regular hours worked and to the nearest quarter hour for 
overtime. The report shall be signed and dated by each efl'4'loyee prior to turning 
it in to their Section Timekeeper on the first day of each 
Timekeeper gives the supervisor the form to review, sign, and 
the second day of each pay period, the Supervisor returns the 

pay period. The 
date. By noon on 

form to the Section 
Timekeeper. 

All requests for compensatory time and overtime must be subnitted in ad· 
vance of projects and approved before it can be earned. Overtime/compensatory 
time requests should be subnitted to the appropriate Section Secretary 
bottom of the Request for Travel Order Form CF igure 1.8.3). These 
should be subnltted at least two weeks in advance of projects, and 
initialed by the etrployee•s ilrrnediate supervisor. The appropriate 
Secretary shall complete the Request for Authorization of Overtime IJork 
2560·7) for approval by the Division Director. 

on the 
requests 
shall be 

Section 
CEPA Form 
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All overtime and compensatory time earned shall be submitted to the 

appropriate Section Timekeeper utilizing the form shown in Figure 1.8.4. This 

form should be signed by the project leader/field investigator, initialed by the 

appropriate Unit Chief, and signed by the appropriate Section Chief. \/hen field 

operations are conducted during the second week of the pay period, the project 

leader or field investigator shall call the appropriate Section Time keeper by 

0900 on Thursday and report any overtime and compensatory time earned by project 

persoMel. 

Blanket authorization for hazardous duty pay is approved on an annual basis 

for Hazardous \laste Section personnel. The Overtime/Compensatory Time/ Hazardous 

Duty Pay Approval Form (Figure 1.8.4) rust be completed for all approved 

persoMel earning hazardous duty pay. The form shall be completed upon return 

from the field investigation for approval by the Chief, Hazardous \laste Section. 

Officer, The justification for hazardous duty pay shall be signed by the Project 
the Section Safety Officer, and the Chief of the Hazardous 

1.8.2 Purchase Requisitions 

All purchase 
Request/Requisition). 

requests shall 

Chief to the Section 
written justification 
as to why the purchase 
be so nMed below 

This form 
Chief. All 
on a separate 
is necessary 

the written 

be submitted 
shall be routed 

on EPA Form 
through 

purchase 
sheet of 

(if the 

requests 
paper 

request 
justification). 

shall 
attached 
is for 

This 

Uaste Section. 

: 

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 Requests 

All travel 
(figure 1.8.3), 
be submitted to 
advance of the 

requests 
initialed 

shall 
by the 

the appropriate 
scheduled travel. 

1.8.4 \lord Processing Procedures 

be made on the Request 
immediate supervisor, 

Section Secretary at 

for 
and 

least 

Travel Orders Form 
shall 

in 
Cif possible) 

10 working days 

To 
finalized 

minimize 
through 

risks of 
the clerical 

rul tiple 
staff. 

copies, all 
The clerical 

distribution 

reports 
staff will 

and memos will 
be responsible 

be 
for 

proper formatting, editing, and final of each doc~.~~~ent. Once a 
doc~.~~~ent has been sut:rni tted for 

the 
finalization, 
"official 

no further editing should occur to 
the doc~.~~~ent unless it is on working copy" which has been submitted 
to the clerical staff. 

1.8.5 Report and Correspondence Distribution 

After report distribution memos end correspondence have been signed, these 
items will be returned to the appropriate Section Secretary or Clerk-Typist for 
distribution. 
such Items. 
authority) 
Chief, end 

In general, other Branch enployees !!ill !!2! make distribution of 
Memos or correspondence for the Division Director (or higher level 

nust be initialed by the originator, the Unit Chief, the Section 
the Branch Chief prior to submittal to the Division Director's 



Secretary. 
the Division 

The appropriate Section Secretary will carry 
Director•s signature directly to the Division· 

1.8.6 Vehicle Use and Check•Out 

Section "No. 1.8 
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all correspondence for 
·Director•s Secretary. 

The keys for Branch sedans are kept in the Air and Uater Compliance Section 
Secretary•s office In a locked box, and the keys for Branch field vehicles are 
kept in the Hazardous Uaste Section Secretaries•s office in a locked box. All 
vehicles shall be checked out by Branch persoMel utilizing the check-out sheet 
located in the appropriate Section Secretery•s office. Any needed repairs shall 
be noted on the check-out sheet along with the ending vehicle mileage at the 
conclusion of e trip when the keys ere returned. The gas tank for ell 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) 

field personnel 
to specify the 

shall 
field 

use the current field 
needed for 

equipment 
specific 

: 
load·out form 

field studies. 
All requested 
code for which 
mi ttal to the 

information (including 
equipment 
account 

charged) 
nunber, project nc.nber, end activity 

prior to sub· 
submitted to the 
the equipment is 

the investigation is 
warehouse steff. The 

warehouse staff at least five working 
needed (except in en emergency). 

1.8.8 CERCLA/RCRA Site Map Requests 

Requests for hardcopy production 

load· out 
days 

shall be completed 
form should be 

prior to the time 

of site maps and other graphic 
be produced by the Hazardous waste Section AutoCAD/Happing workstation 
completed using the form shown in Figure 1.8.6 or equivalent. Requests 
CERCLA/RCRA work as well as requests by non· HilS Section personnel 
approval by the HWS Chief. 

1.8.9 Requests for Analytical Data SUIIMry Tables 

The Hazardous Waste Section has developed computer programs that 
tables surmarizing ESD/ASB and CLP laboratory analytical data results. 

output to 
should be 

for non· 
require 

produce 
Since 

these programs require direct access to the ESD/ASB computer databases and 
appropriate accounts and access rights on the laboratory•s computer, requests 
should be made to the HilS using the form shown in Figure 1.8.7 or equivalent. 
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I Names __________________________________________________________ __ 

I Oates 
of Travel __________________________________________________ __ 

I Site 
Name(s) __________________________________________________ __ 

Site Location(s) ____________________________________________________ _ 

I site Account 
N~r(s) ________________________________________ __ 

I 
Purpose of Trip~-----------------------------------------------

****************************************************************************** 

I LODGING 

Ci ty/County _________________________ Hotel _______________ _ 

I Cost _________________________________ .Actual Expenses ________________ _ 

****************************************************************************** 
DO YOU NEED FLIGHT RESERVATIONS? Yes No 

I 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 FOR OVERTIHE/COHP TIHE 

I No. of Hrs ______________________________________________________ __ 

I Submitted 
By: __________________ _ 

I Approved By: ________________ .unit Chief 

________________________ s.ection Chief 

I 
I 
I 



Revision No. 0 

Date: 2/1/91 I 
Page 7 of 20 

FIGURE · 1.8.4 I 
OVERTIME/COMPENSATORY TIME/HAZARDOUS DUTY PAY APPROVAL FORM 

USE ONE FORM FOR EACH PROJECT I 
PROJECT NAME: _________ ,PROJECT NUMBER: _________ _ 

I 
ACCOUNT NUMBER. _________ PROGRAM ELEMENT: _________ _ 

NAME DATE OVERTIME COHP TIME HD PAY I 
I 
I 

; 

I 
PROJECT LEADER: _______ _ APPROVAL/DATE I 
CHIEF, H\JS _________ _ APPROVAL/DATE __________ _ 

I 
HAZARDOUS DUTY PAY JUSTIFICATION I 

I 
SAFETY OFFICER: ________ ,APPROVAL/DATE _________ _ I 
CHIEF, H\JS: _________ ._APPROVAL/DATE. _________ _ 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 

FIGURE 
HAZARDOUS 

LOAD 

1.8.5 
WASTE SECTION 

OUT SHEET 

Section 
Revision 
Date: 
Page 8 

No. 1.8 
No. 0 

Z/1/91 
of 20 

Project Leader _______ .EXT ·---- Activity Code __ _ Loadout Date 

Study(s) ST ·---- Project No. 
Account No(s) _______ .RCRA? 

SOIL/SEDIMENTf.WASTE 

s. s. Shovels 

Hand Augers 411 . heads 
_Extensions 
_Pins (jar) 
_Handles 

{q s.s. seoons 
_(S) 

{q Glass Pans 
_(S) 

Scooes 
_scoop Brackets 
_Conduit Pipe 

Cq S.S. Ponar Dredge 
_(S) 

_3/8': Rope (ft) 

Miscellaneous 
_Glass Tube 
_Bacon BCC!b 
_Col iwasa Tubes 
_s.s. Push Head (ea) 
_Shelby Tube/pushhead(ea) 

illfR 
_well Sounder # ___ _ 

_2" Teflone 
_Bailer Rope 

Bailers 
(spool) 

_Phase Detector tl __ _ 

_Graduated Cylinder 

~ 
_surgical (latex) (Box) 
_Neoprene 
_Butyl 

Rubber (Box) 
Rubber (ea) 

_PVC 
_cotton 
_silver 

WEll 
_Lil' 
_Auger 
_Auger 

(ea) 
Work (ea) 
Shields 

INSTAllATION 
Beavere 

Points 
Flights 

2" Sand Points 
2" Well Casings 

CERCLA? Vehicles(s) 

Peristaltic PumpCs)# 
_Silastic Tubing (coil) 
_Teflon® Tubing C25'roll) 
_vacuum 
_H. Flex 

Fultzfl -
# 

Inserts 
Cables 

P~(s)# 

# 

(jar) 
(set) 

Extra Fultz Heads (S/L) -
- Power pack 
_24v Cables (set> 
_ Charging Units (ea) 
_24v Generator 

Goulds Pump # 
Extension Cord -
110v Generator -

- Hose (ft) 
_3/8" Rope (ft) 
_Tripod 

Geo Guard # 
Geo Guard Control Box -

- Geo Guard C~ressor 

Well 
_3011 

Wizard # ___ _ 

Controller 
_3111 Controller 
_Air Connector 
_12v Connector 

BATTERIES 
_12 volt 

(elect.) 
(gas) 

SURVEYING EQUIPMENT 
_Transit # _____ _ 

_Level '------
_Rod # ______ _ 

_Altimeter 
Steel Tape (ea) 

Tape _Fiberglass 
Targets 

Cea) 
Tape (ea) 

Cea) 
(ea) _Aerial 

_Flagging 
_Cloth 
_Tacks 
_Wood 
_sledge 
_Hamner 
_orange 
_PliJI'b 

Stakes 
Hamner 
(ea) 
Vests 

(ea) 
(ea) 

Bob 

I. I. 

_Topcon# ___ _ 

_Prisms 
_Prism Tripods 
_Thermometer 
_Barometer 
_Field Book 

GEOPHYSICAL 
_Magnetometer 
_Metal Det. 
_EH·31# ___ _ 

#_ 

(l),(S)# 

_EM·34 # ___ _ 

_wadi 
: 

LIQUID CONTAINERS 

Liquid 
_1Gal.(EXt/Pest) 
_1L Poly Met/Cyanide 
_40·ml VOAs·3tsample 

__ chlorinated 
__ Non-Chlorinated 

_sooml Glass( Phenol> 

Soil/Sed/Sludge 
_8oz 
_2oz 

Ext/Pest/Cyan 

~ 

Miscellaneous 
_1 Gal Plastic 

4oz white-cap jars 
_SOO·ml Polyeth. 
_1/2 Gal Plastic 
_1 L. W/H Clr. Glass 

Concentrated ~aste 

_8oz Glass (jar) 

REAGENTS 

_HND:3 (500ml) 
NaOH (bottle) 

-H2so C500ml > 
- 4 
_Thiosulfate 
_Zinc 
_ICCL 
_Ascorbic 

Acetate 

Acid 



FIELD ANALYSES 

;__PH Paper 
_pH 
_pH 
_pH 

Meter (old) __ 
Meter (new) __ 
Buffer (set) 

Storemore jars 
_Cond. Meter# __ _ 
_D.o. Meter# __ _ 

# ______ _ 
fl. _____ _ 

ICE CHESTS (L,S, 6pck) 

_Plastic Crates (L,S) 

Plastic Bags 
_Large 
_Mediun 
_Small 
-~hirl·PaJcse 

!ill 
_Fiber (ea) 
_Duct (ea) 
_Electrical (ea) 
_Masking Cea) 

SAMPLE SHIPPING 
_vennicul ite (Bag) 
_oust Masks (Box> 

Sarrple Cans w/ Clips 
_Gallon (ea) 
_Quart (ea) 

Shipping Boxes£ 
Stll::rofoam Inserts , - Quart (ea) 

_4 Quart Cea) 

- , Gallon (ea) 

Special Requests 

Released Bll::: 
Released To: 

FIGURE , .8.5 (CON'T> 

SAFETY EQUIPMENT 

XL L M s 
_Tyvelc 
_Green 
_Yellow 

One Piece Suit 
Splash Suit (ea) 

_Disposable Booties (pr) 
_Tent (ea) 

Cooler 
Cea) 

(ea) 

(ea) 

Vests 
Tools (set) 

(set) 

_Drink 
_Chair(s) 
_Tables 
_cooling 
_Brass 
_Rangers 
_Extra 
_Ultra 
_cascade 
_Boundary 
_Boundary 
_Boundary 
_Eye ~ash 

Air Tanks (ea) 
Twin Canist.(set) 

System 
Tape·Excl 
Tape·Supp 

Zone 
Zone 

Tape·Cont Zone 
system 

_cooling Vest & Batteries 

SAFETY MONITORING 

_Air Monitoring Box# __ 
_OVAfi. _______ _ 

_Tip II # ___ #_ 

FIELD CLEANING 
-~ash Tubs (ea) 
_P~ Sprayer (ea) 
_Distilled Water (gal) 
_Organic Free Water (gal) 
_Mill i •Q Water System 
_Isopropanol (gal) 
_Liquinox Cbott) 
_Graduated Buelcet (ea) 
_Brushes (ea) 
_Aluninun Foil (box) 
_Garbage Bags Cea) 
_oil Wipes cea) 
_saw Horses (pr) 
_Plastic Sheets (box) 

pate: Returned To: 
pate: Returned To: 

Section No. 1.8 
Revision No. 0 

Date: ~1/91 

Page 9 of 20 

PROJECT LEADER 

_Tags (bundle) 
_custody Seals (box> 
_custody Sheets 
_sample Receipt 

Travel Orders -
Hotel RSVP -

_Topo/Quad/Photo 
Hand Radios -

- Hand Rad. Charger 
_safety 
_camera 
_Film 
_Instruction 
_Noteboolc(s) 

Bag(S) 

Manuals 

_Traffic Reports 
_Air BillCs> 
_Hazardous : Manifest 

MISCELLANEOUS 
_Extension 
_Trailer 
_Trailer 

Cord 
(large) 
(small> 

_Trailer 
_Bungi 

(H) Hearse) 
Cord (ea) 

_Gas 
_Boat 
_Life 

Can (ea) 

Vest(s) 
_oarcs> Cea) 
_waders (pr) 

(ea) 

_Flashlight (ea) 
_Machete Cea) 
_Whizz Witch 
_Junper Cables (set) 
_safety Harness Cea) 
_Fluorescent Paint 
_12v Floodlights 
_Tool Box (ea) 
_Paper Towels (pies) 
_Garden Hose 
_Gator Aid (pies) 
#CHECK PAGE' ONE' 
_ • _Reagents 
_•_Lit' Beavere 
_•_24v Generator 
_•_11Dv Generator 
_•_PUMPS 

pate; 
pate; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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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 DRAUING TO USE AS TEMPLATE: ______________ _ 

(IF APPLICABLE) 

HAZARDOUS 

(REQUIRED 

UASTE SECTION CHIEF SIGNATURE: ______________ _ 

FOR ALL NON·CERCLA/RCRA OR NON·HUS REQUESTS) 

COMMENTS: 

\ 

COMPLETED BY: _______ _ DATE: ____ _ 



FIRST end LAST 

FIGURE 
DATA TABLE .• DEFINITION 

INITIALS: - -

1.8.7 
ENTRY 

(c~ter 

Revision No. 0 
Date: 2/1/91 

SHEET Page 11 'of 20 

will assign the DB NAME 

PROJECT NUMBER: based on info at left, \/RITE IT) 00\/N!) 

TABLE 10: (1 or 2 char): DB NAME = 

YOUR LAST NAME: DATE TO RUN: I '-M M D D y 

INCLUDE NONDETECTABLES (Y or N)? ("Y"es will give ell ''U" values) 

SORT COMPOUNDS ALPHABET! CALLY? (Y or N)? <"N"o is the 
****************************************************************************** 
* ANALYSES 

ALL 
TO PULL (Answer Y or N): 

VOAORG EXTORG PEST/PCB METALS 
****************************************************************************** 

* (You may enter up to 5 titles, up to 40 characters each) 

TABLE TITLE #1: TABLE 

default) 

SPECIFIED (CN) 

EXAMPLE: 

TABLE TITLE #2: ANALYTICAL DATA SUMMARY 
TABLE TITLE #13: 
TABLE TITLE #4: 

TABLE TITLE #5: 

TOXIC \/ASTE, INC BOZO'S 
FUME CITY, NE\/ JERSEY 

JANUARY, 1988 
****************************************************************************** 

SAMP 
SAD #1: __ 
SAD #2: __ 

(optional) 
STATION: __ _ 
(8 char) 
DESCRIP: __ _ 
(8 char) 
DESCRIP:_ 
(8 char) 

SAHP 9 
SAO #1: __ 
SAD #2: __ 

(optional) 
STATION: __ _ 
(8 char) 
DESCRJP: __ _ 
(8 char) 
DESCRIP: __ _ 
(8 char) 

SAMP 2 

SAMP 10 

SAMP 3 SAMP 4 SAMP 5 SAMP 6 SAMP 7 SAMP 8 

SAHP 11 SAHP 12 SAHP 13 SAHP 14 SAHP 15 SAMP 16 

y 

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



1-

I 
I 

Program 

~ 

I 010 
012 
013 

I 014 
015 
016 

I 
017 
018 
020 
021 

I 023 

I 
051 
052 
053 
054 

I 055 
056 
057 

I 058 

100 

I 101 
102 
103 

I 104 
106 
107 

I 
108 
109 
110 
111 

I 112 
113 
120 

I 
121 
122 
123 
124 

I 125 
126 
127 

I 
128 
133 

I 
I 

IAt:ILt: 1.0. I 

ACTIVITIES CODES 

RESOURCE.. TRACKING SYSTEM 
GENERAL (USE APPROPRIATE 

Activity 

General Administrative 
Administrative - Personnel, 
Timekeeping 

Attended 
Training 

Training 
Safety 
Training 
Property 
Procurement 
Clerical 

Plan Development 
Inventory 

Equipment Maintenance 
Vehicle Maintenance 
Equipment Repair 

Leave 
Annual 
Sick 
Holiday 
Administrative 
Hazardous ~eather 

Jury 
LUOP 
C~nsatory Time (Taken) 

Management/Supervision 
General 
Review of National Guidance 
~ork Plan Development/Review 
Regional 
Regional 

Program 
Program 

Literature Review 

Reviews 
Planning 

Workload Hodel Review/Input 
End of Year Review (Personnel> 

ACCOUNT) 

Performance, 

Mid·Year/End·Of-Year Review (Personnel) 
SPHS/STAR Report/Preparation 
Study/Project Plan Review 
Peer Review Reports 
Report Preparation 
Office/lab Cleanup/Hove 
Employee Physical 

Revision No.O 
2/1/90 Date: 

Page 12 "of 20 

Travel, Etc. 

Attendance at Conference, Seminars, Conventions, Etc. 
Staff Meetings 
Health and Safety Meetings 
FOI Requests 
Comnlttee Meetings 
Program Meetings 
General Meetings 
Congressional Response/Inquiry 



AIR MONITORING 

Program 
Element 

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 

272 
273 

IAbL.t: 1.().1 \I.UNIINUCLI) 

Revision No. 0 

(A2304P009) Date: 2/1/91 
Page 13 "of 20 

Activity 

Technical Assistance 
Develop 
TA to 

State/Local 
EPA Program 

TA to State/Local 

Agency Capabilities 
Personnel 
Agency Personnel 

TA to HQ Personnel 
TA to Other Federal Agency Personnel 
On-site 
General 
Assistance 

TA 
TA 

to State/Local 
to State/Local 

Conducted 
Analysis 

Agencies 
Agencies 

- Acid Rain 
- Air Toxics Assistance 

Training 
Trends 
CA/SOP Plan Reviews including Branch SOPQAM Revisions 

Evaluations 
Project/Study Plan 
State/Local Agency 

Review and Preparation 
Lab Evaluations 

Site Evaluations 
NAMS (New Sites) 
NAMS (Existing Sites) 
SLAMS (New Sites) 
SLAMS (Existing Sites> 
NAMS Documentation 
SLAMS Documentation 
CAMS Audit 
EMSL Audit 
NAAS System Audits 
Pre-audit Preparation 
Audit Report Preparation 
Performance Audits 

Precision & Accuracy and Data Submittals/Retrievals 
P&A Reports 
P&A Evaluations 
SAROAD Retrieval/System Support 

Air Toxics Monitoring/Special 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 
PM10 Saturation Monitoring 

: 

Network Design/Redesign Special Enforcement Activity 
ozone 
Criminal 
CO Network 

Network Redesign 
Investigations 

Redesign 
TSP, so2, & Pb Network Redesign 

271 

272 Civil Investigations 
273 Admin. Enf. Actions 

.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 



I TABLE 1.8.1 (CONTINUED) Section No. 1.8 
Revision No.O 

WATER QUALITY ENFORCEMENT (AFE04P000) Date: 2'/1!91 

I 
Page 14 of 20 

Program Program 

~ Activity Element Activity 

I Technical' Assistance State Overview 

202 TA to EPA Program Personnel 250 General 

203 TA to State Agency Personnel 

I 204 TA to HO Personnel S~cial Enf. Activities 

205 TA to Federal Agency Personnel 409 Show Cause Hearings 
207 On· site TA 402 Consent Decree 

I 211 Training Conducted 403 AO 
551 QA/SOPQAH Activities/Updates 404 Attorney Consultation 
101 Review of National Guidance 372 Criminal Investigations 

I 
373 Civil Investigations 

lns~ctions 

301 PAl . Major Municipal Pretreatment lns~ctions 

302 PAl . Hi nor Municipal 360 Pretreatment Compl Insp. 

I 303 PAl - Major Industrial 361 Pretreatment Checlc: 
304 PAl Minor Industrial 362 Pretreatment Audit 
305 PAl - Federal Facility ; 

I 
306 CSI - Major Municipal Underground Injection 
307 CSI - Hi nor Municipal 368 UIC 
308 CSI - Major Industrial 
309 CSI - Minor Industrial S~cial \later Quality 

I 310 CSI - Toxics ~ 
311 CSI - Federal Facility 347 \later Qual Monitoring 
312 CEI - Major Municipal 348 Toxicity Studies 

I 313 CEI - Minor Municipal 363 Support Permit 
314 CEI - Major Industrial Activities 
315 CEI Minor Industrial 364 NPDES Enforcement 
316 CEI - Federal Facilities 

I 318 Rl - Major Municipal \letlandslOceans 
319 Rl - Minor Municipal 338 Field Investigation 
320 Rl - Major Industrial 

I 321 Rl - Minor Industrial Miscellaneous 
322 Rl - Federal Facilities 279 EIS Review 
323 LSI Major Municipal 

I 
324 LSI . Minor Municipal 
325 LSI - Major Industrial 
326 LSI - Minor Industrial 
327 LSI - Federal Facilities 

I 328 DE - Major Municipal 
329 DE . Minor Municipal 
330 DE - Major Industrial 

I 
331 DE - Minor Industrial 
336 DE - Federal Facilities 
400 DE (M\IPP) 
401 DE (Tech Transfer) 

I 341 Biomonitoring 
337 Toxicity Study 

357 Toxic Sludge 

I 
I 
I 



IAbLt. 1.0.1 \O..U"I 1 .. UCVJ 

~ATER QUALITY MONITORING (A5304P009) 

Program 
Element 

101 
105 
211 
280 
551 

103 
280 

2D1 
207 
210 

202 
203 
250 
274 
282 

366 

204 

366 

366 

103 
207 
251 

Activity 

Technical 
Review 
Review 
Training 

Assistance 
of National Guidance 
of ~ater Monitoring 

Conducted 
Review of Annual ~orlcplans 

CA/SOPQAM Review/Update 

Program 
Regional 
State 

Evaluation 
Program Review 

Program Review 

Strategy 

Technical Assistance to States 
Developing State Capabilities 
General TA 
Multimedia Geographical Area Assessments 

Uater Quality Technical Assessments 
Review of Regional Documents 
Review of State Prepared Documents/Reports 
Emerging Problems 
Success Stories/PR 
Trend Analysis 

Technical Assistance 
Field Investigations 
Other Assistance 

Technical Assistance 
Field Investigations 

Special Monitoring 
Field Investigations 

to HC 

to Region 

for States 

Estuarine/Marine Program 
Program Review 
Technical Assistance 
OVerview of Uorlc Plans and Uorlc Products 

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 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

HAZARDOUS 

Program 
Element 

1D1 
211 
551 

207 

201 
280 
281 
203 
211 

1D4 
211 
202 
211 
205 

TABLE .• 1.8.1 (CONTINUED) 

~ASTE MANAGEMENT CA8004P009) 

Activity 

Technical Assistance 

Review of Program 
Training Conducted 

Guidance 

QA Activities Including 

(Not Enforcement 

SOPQAH Revisions 

Technical Review of Uaste Analysis Plans 

State Program Reviews, Training. Technical 
Review of State Grant Package 

of State Program Plan 
or End·of·Year Program Reviews 

Related) 

Assistance 

Review 
Hid·Year 
Technical 
Training 

Assistance for State 
Presented to State or 

or Local Agencies 
Local Agencies 

Program Planning, Training, Technical· Assistance 
Program Planning 
Training Presented to EPA Program Personnel 
Technical Assistance for EPA Program Personnel 
Training Presented to Other Federal Agency Personnel 

Section 'No. 1.8 
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 

407 
408 
403 

280 

TABLE 1 ~8.1 (CONTINUED) 

IJASTE ENFORCEMENT CAGD04P009) 

Activity 

Technical 
Review 
Training 

Assistance 
of National 

Conducted 
Enforcement 

QA Activities Including SOPQAM 
to Program 
to State 

Technical Assistance 
Technical 
On-Site 

Assistance 
Technical 

State/Contractor 
Assistance 

Field Overview 
Docunent Review 

Investigations and Inspections 

Guidance 

Revision 
Staff 

Personnel 

C~rehensive 

C~rehensive 

C~rehensive 

Case Development 
Case Development 
Case Development 

Groundwater 
Groundwater 
Groundwater 

Monitoring 
Monitoring 
Monitoring 

Field Support 
Field Investigative 

Investigations/Evaluations 
Investigations/Evaluations 
Investigations/Evaluations 

Support for Civil 

Section 
Revision 
Date: 

·No. 1.8 
No. 0 

2/1/91 
Page 17 of 20 

- Civil/Criminal/Admin. 

Evaluations 
Evaluations 
Evaluations 

- TSO - Major 
- Federal Fac. 
- State. Facility 

- TSD - Major 
- Federal Facility 
- State Facility 

Enforcement Actions 
Field lnvestigati.ve Support for Criminal Enforcement Actions 
Field Investigative Support for Administrative Enforcement Actions 

Litigation Suooort 
Litigation Support for Civil Enforcement Actions 
Litigation Support for Criminal Enforcement Actions 
Litigation support for Administrative Enforcement Actions 

State Program Oversight/Technical Assistance 
State Program Review 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
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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 
Revision No. 0 

SUBSTANCE SPILL AND SITE RESPONSE (TFA04P700) Date: 2/1/91 
Page 18 of 20 

Activity 

Technical Assistance 
Review of National Guidance (Not Enforcement Related) 

Training Conducted 
QA Activities Including SOPQAM Revisions 

Samole 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 Activity 
Review of EPA Enforcement Lead RI/FS PRP Contractor Docunent 
Review of EPA Enforcement Lead RI/FS PRP Contractor Field Activity 
Review of State or State Contractor Prepared RI/FS Docllllents 
On·Site Overview of State or State Contractor RI/FS Field Activity 
Review of State Enf. Lead PRP Contractor Prepared RI/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 Activity 
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 Persomel 
Training Presented 



HAZARDOUS 

Program 
Element 

101 
211 
551 

373 
3n 
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 
OA Activities Including SOPQAM 

Field Investigations in Suooort 
Field Investigations in Support 
Field Investigations in Support 
Field Investigations in Support 
Field Investigations in Support 

Litigation Suooort or Technical 
Litigation 
Support 
Litigation 
Litigation 
Litigation 

for 
or Technical Support 

EPA Superfund Cost 
or Technical Support 
or Technical 
or Technical 

Support 
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 Adm Enforcement Actions 
of State 

Assistance 
for EPA 

Recovery 
for EPA 
for EPA 
for State 

Enforcement Actions 

for Enf. Actions 
Civil Enf. Act ions 
Program 
Criminal Enf. Actions 
Adm. En f.. Actions 

Enf. Actions 

Review of EPA Enf. Lead Contractor Prepared RI/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 RI/FS Field Act. 
On·Site OV of EPA Enforcement Contractor Field Activity 
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DREDGE 

Program 
Element 

2D7 
206 
413 
366 

279 

AND 

TABLE 1.8.1 (CONTINUED) 

FILL (AGH04P009) 

Activity 

Program Assistance 
Desk-Top 
On-Site 

Environmental Assessment 
Technical Advice 

Expert ~itness/Consultant 

Field Investigation 
EIS Review 

for Litigation/Settlement 

Section ·No. 1.8 
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-...... - .. ---- .. --- .... - ..... - .. --- .. ----------------------------------------------------
DRINKING 

Program 
Element 

366 

202 
203 
204 

UNDERGROUND 

Program 

~ 

101 
202 
203 
366 

~ATER CA7004P009) 

Activity 

Field Investigation 
Technical Assistance 
Technical 
Technical 

Assistance 
Assistance 

to EPA Personnel 
to State Agency 
to HO 

STORAGE TANKS (A4E05GOSL) 

Activity 

Review of National 
Technical Assistance 
Technical Assistance 
Field Investigation 

Guidance 
to EPA Personnel 
to State Personnel 

: 

PersoMel 
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1.9 BRANCH PROCEDURES FOR OBTAINING ANALYTICAL SUPPORT 

1.9.1 General 

Analytical support for Branch field investigations · is available from 

m.rmer of sources including in-house analytical support from the Analytical 

support Branch CASB), 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 CASB). All requests for in-house (ASB) analytical 

support, or for contract laboratory support other than from the National Contract 

Laboratory Program (CLP), are handled directly by the ASB. Requests for CLP 

support (Superfund) are normal! y directed to the Regional Sample Control Center 

CRSCC ·i.e., Chief, Hazardous ~aste Section). 

In either case, the ASB Sample Custodian assigns project 
support 

support 

nUTbers for all 

projects are received. Requests for analytical should be sub· 

advance as possible to insure that the can be obtained 

capacities of the analytical laboratories 
mitted 
and the 
The ASB 

as they 
as far in 

analytical 
will not accept samples without a project nUTber, except 

are not exceeded. 
in an emergency. 

The Sample custodian requires the following information to assign a project 
nUTber: 

• project name/facll ity name; 
• location of project/facility (city and state>; 
• type of study, activit,-, and program element; 
• date of study and sample shipping dates; 
• nUTber of samples by media; 
• analyses required by media and analysis type; and 
• the analytical turn-around time required. 

Branch 
unless 

personnel should not routinely 
required. 

request quick turn· around for analy· 
ses it is absolutely 

Blind spike and blank samples 
for other purposes are obtained from 

for 
the 

inclusion 
ASB (see 

with CLP sample shipments 
Section 4.6). 

1 .9.3 

supports 
support 

Definitions 

1 .9.3. 1 National 
the Superfl.nd 

by contactIng 

Contract Laboratory 
Program. 
either 

The program 
the Regional 

Hazardous ~aste Section) or the 

Program CCLP) The CLP generally 
can be used for regional laboratory 

Sample Control Center (RSCC, Chief, 
Project Officer CTPO, Chief, Organic 

or 

Chemistry Section). All aspects 
Technical 

of the CLP Including the proper completion of 
CLP forms and shipping procedures are given in the Users Guide to the Contract 

~L~abo=r~a:.::t~o.:..rv'-_....:;.P:.,:ro~gcr.!!a:::.:m (2). 

I 
I 
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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 lis ted on the 

Target Compound List CTCL) and the Target Analyte · List (TAL). 

1.9.3.3 Target Compound List and Target Analvte List The list of 

organic (TCL) and inorganic (TAL) parameters normal! y analyzed for by both the 

ASB and the CLP. These compoundstanalytes are included in the Users Guide to the 

.:::.Co:::::n~t..:.r..:::a~c..:.t _ __,:L..,a..,bo:.::..:..r.:::.at.:.:o::.:r_.y'----'P'-'r""o"'g"-r=am ( 2) • 

1.9.3.4 Special Analytical Services (SAS) Analyses that can be con· 
to be re· 

have to 
ducted by the 

quested through 

be developed 

1.9.3.5 

CLP other than those 

the ASB as soon as 

for the CLP. 

Detection Limits 

included 

possible 

in the 

since 

TCL/TAL. These need 
protocols for analyses 

The optimum detection limits 
in water and soi !/sediments by both the 

for 
ASB 

for 

organic 
and the 

organic 1.9.1 and 1.9.2. Optimum detection limits 

and 
CLP 

and 
inorganic 

are listed 
inorganic 

etc., can 
standardized 

constituents 

in Tables 
compounds for other media, i.e., concentrated 

on request. The 

waste, 

detection 

aquatic : organisms, 

be obtained from the ASB limits for other 

analytical procedures are contained in the Analytical Support 

.:::.B~ra~n~c~h~.-~O~pe~r~at~i~o~n~_..:::a~n=d-.:::.Ou~a~l~i'-'tLy-~C~o~n~tr~o~l~--.:M~a~n~u~al (3). 

1.9.3.6 Regional Semple 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 \laste Section. The information required to obtain analytical 
support is the same as outlined in Section 1.9.2. Normally, ·analytical support 
for saiJllles to be collected by EPA contractors is coordinated with the RSCC for 
Superfund projects through the Environmental Services Assistance Team CESAT), 
Sample Control Coordinator located in the \laste Management Division (\10), 

Support for Environmental Services Division Superfund activities is coordinated 

by the Hazardous \laste Sect ion'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 is 
and RCRA 

1.9.4 Distribution 

also responsible for 
activities conducted 

of Analytical Data 

obtaining 
by Branch 

of Superfund SaiJlll ing act ivi • 
needed regional CLP support for 

sample containers for Branch 
personnel. 

1.9.4.1 
analysis wilt 
RCRA projects 

ASB Laboratory Reports Normally, two copies of the results of 

nunicipal end 
is completed. 
data requestor 
unused portion 

1.9.4.2 
analyses for 

be sent to the Chief, Hazardous \laste Section for all Superfund and 
end to the Chief, Air end \later Compliance Section for all 

industrial investigations. Analytical data will be reported as it 
\lhen all project data have been submitted, the ASB will notify the 
that the analyses are complete and request that disposal of the 
of SIIIJllles be approved. 

:::C.:.:l P.__ ... L..,a..,bo~r::,at:..:o::..:.r..~y __ ..:;R:.::e""po::::.r'-'t=...s Normally, 
Branch projects wilt be distributed 

two copies 
as outlined 

of the results of 
in Section 1.9.4.1. 



- -

ConeMtratlon 
D~scrlptlon 

Low Uat~r 

Low Soil/Sediment 

Hedlun Uat~r 

Medium Soil/Sediment 

Low Uat~r 

Low Soil/Sediment 

MediUII Vat~r 

MediUII Soll/Sedhn~nt 

Low Uat~r 

Soil/Sediment 

Hedium Uater 
Medium Soil/Sediment 

1 • Detection limits 

!!!!!!= Sol 1/Sedlment 
is the she of sa~le 

medium level method 
(1) the quantitation 
positive aspect is 

OPT I HUH 

TABLE 1.9.1 
DETECTION LIHITS 

ORGANIC COHPOUNDS 
UATER AND SOIL/SEDIHENT SAHPLES 

(BASED ON CLEAN SAHPLES) 

R~ported As 

NA 
Dry Uelght 

NA 
Dry Uelght 

NA 
Dry U~lght 

NA 
Dry V~lgflt 

NA 
Dry Ueight 

ill 
D~tection Limits 

Purgeables 

5·20 ug/1 
10·20 ug/kg 

5·21 ug/1 
10,000·50,000 ug/kg 

Extractables 

10·20 ug/l 
2,000·4,000 ug/kg 

10·20 ug/l 
10,000·20,000 ug/kg 

Pestlcld~s (PCB 1 s) 

0.05·5.0 ug/l (1.0·3.0 
50·5,000 ug/l (500·1500 

ug/l) 
ug/kg) 

NA 0.05·5.0 ug/l (1.0·3.0 ug/l> 
Dry Ueight 50·25,000 ug/kg (2500·7500 ug/kg) 

may increase because of varying sa~le size and/or 

Extracting Hethods, Hedium level Versus low level: 
used for extraction. The low level method uses 30 

uses 2·3 gm (wet weight) of sa~le. The 
.. 

negative 
limit is higher and (2) the smaller sa~le size is 

the nuch si~ler and faster sa~le extraction time. 

Section No. 1.9 
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ill 
Detection limits 

Purgeables 

10 ug/1 
10 ug/kg 

10 ug/l 
1200 ug/kg 

Extractables 

10·50 ug/kg 
1,700·3,000 ug/kg 

10·50 ug/l 
10,000·50,000 ug/kg 

Pesticides (PC8 1s) 

0.05·5.0 ug/l (1.0·2.0 ug/l) 
1.7·110 ug/l (33·67 ug/kg) 

0.05·5.0 ug/l (1.0·2.0 ug/1) 
1.7·170 ug/1 (33·67 ug/kg) 

interferences requiring dilutions 

The primary difference in the methods 
gm (wet weight) of sa~le, whereas the 

aspects of the medium level method are 
less representative of the sample. The 

It takes less than an hour to extract a medium level sa~le and four hours to prepare a low level sample while the difference in quanti tat ion limit is only a factor of five (1000 ug/kg for low level extractable organics and 5000 Ug/kg for medium level). This is very significant with the increasing work load and also considering the lack of information on whether this factor of five Increase in quantitation limit is necessary. 

- - - - - - - - - - - - - - --- -
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I 
I 

Silver 
Arsenic I 
BariLJll 
BerylliLJll 
CadmiLJll I 
Cobalt 
ChromiLJll 
Copper 
Ho l ybdenLJll 

I 
Nickel 
Lead 
Antimony I 
SeleniLJll 
Tin 
StrontiLJll I 
TelluriLJll 
Titaniun 
Thall iun 
Vanadiun I 
Yttriun 
Zinc 
Mercury I 
A l LJl1 i nLJll 

I 
Manganese 
CalciLJll 
HagnesiLJll 
Iron 
SodiLJll 
PotassiLJll I 

I 
!!Qlli 

I 
I 
I 
I 

TABLE 1.9.2 
OPTIMUM DETECTION LIMITS 

INORGANIC CONSTITUENTS 
WATER AND SOIL/SEDIMENT SAMPLES 

~ Soil COry Weighq 

(Ug/l) (mg/kg) 

~ ill ~ ill 

10 10 1 5 

30 10 3 5 

20 200 2 100 
10 5 1 2.5 

10 5 1 2.5 
20 so 2 25 

10 10 1 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 10 

0.2 0.2 0.05 0.05 
100 200 10 100 

25 15 2.5 7.5 
1000 5000 100 2500 

100 5000 10 2500 
100 100 10 50 

1000 5000 100 2500 
5000 2500 

Indicates that the constituent is not analyzed for. 

: 

• r&l<SI 
1 9 

fe 44 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 
Assurance Plan. lolhere appropriate, each section within this SOPQAM 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 lolaste 
Section. The Quality Assurance Coordinator is responsible for: seeing that the 
specific quality control procedures as outlined in this SOPQAM are followed, and 
for tracking and recording the results of specific quality control CQC) programs 
(such as that outlined in Section 4 • Sampling Procedures). The Branch Quality 
Assurance Coordinator is responsible for the field analysis QC program, 
periodically checking the equipnent logbooks, and notifying the appropriate 
Section Chiefs, Unit Chiefs, and Branch Chief of any observed problems. 

Branch 
receive 

and Section 
adequate 

Chiefs are responsible for seeing that Branch 

in order to provide the require? quality 
The 

personnel 
control 
Chiefs 

for Branch operations. 
training 

In addition, the Section Chiefs and/or Unit 
may periodically observe the professional and paraprofess.ional ~loyees, 

in their respective 
Standard 

sections, 
Operating 

under actual field operating conditions to insure 
being that the Procedures, as outlined in this manual, are 

followed. 

1.10.2 Corrective Actions 

Corrective actions will be taken any time when deemed necessary. 
of field 

Problems 
with field quality control may result from contamination blanks or 
contamination of field equipnent and supplies either from the vendor, during the 
cleaning/loadout process, f 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 

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 

with the CAO. 

by the 
• Review 

Section 
review 

Branch shall be 

Review Clearance Form has been signed by the Division 
from reviewers shall be considered by the project 

Director. 
leader. 

and Clearance 
secretary shall 
after the Peer 

All co.Tments 
If the 

Chief 
be made 

docunent 
shall receives a nonconcurrence, the Branch . and appropriate 

immediately notified. Appropriate changes/corrections 
entire docunent shall be resubnitted for peer review. 

Section 
shall 

be 
and the 
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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_ 
Athens, 

Protection 
Environmental Research Laboratory, Georgi a, 1990 

This manual 
at the EPA 

covers 
facilities 

safety practices 
in Athens, 

and 
Georgia. 

rules governing 
Included in 

activities 
its 

contents are 
and marvnade 
laboratories, 
wastes. 

accident reporting 
safety emergencies, 

and special 

procedures, 
guidelines 
for storage 

procedures 
for offices 

of equipment 

for natural 
and 

rules and 

Field Health and Safety Manual, US EPA, Region IV, 1990 (5). 

This manual 
performed 

covers 
in Region 

safety 
IV. 

involved in all field activities 
It includes regional policy regarding 

training 
protection. 

requirements, medical monitoring, and . personal 

29 CFR, Part 1910, Hazardous Uaste Operations and Emergency 
Response; Final Rule, March 1989 (6). 

This is the title for the Department of Labor, 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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1. 

2. 

3. 

4. 

5. 

6. 

REFERENCES 

Revision 
Date: 
Page 

Ethics In A Nutshell ••• Ethical Conduct for EPA Employees ••• in 
EPA, Office of Inspector General, Uashington, D.C., March 1988 
CFR, Part 3, Chapter 1, Subchapter A, pp. 71·95, July 1, 1989). 

No. 
2/1/91 
of· 1 

0 

Brief, 
(or 

us-
40 

EPA Users Guide to the Contract Laboratory Program, Us·EPA, Office of 
1988. Emergency and Remedial Response, Uashington, D. C. 20460,. December 

Analytical 
IV, US·EPA, 

Safety and 
Environmental 

Field Health 

Support Branch Operation and Qual fty Control Manual, 
ESD, September 199D (and subsequent revisions). 

Health Manual, United 
Research Laboratory, 

States Environmental 
Athens, Georgia, 

Protection 
199D. 

Region 

Agency, 

and Safety Manual, United States Environmental Protection 
Agency, Region IV, 1990. 

29 CFR, Part 1910, Hazardous Uaste O~rations and Emergency Response; 
Final Rule, March 1989. 
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I Facility/Site Name 

I 
Address 

Project No. EPA ID No. 

I Facility Contact Phone No. 

Overview Personnel Date 

I State/Contractor Project Leader 

I 
Affiliation Phone No.( 

Address 

I 
Sampling 

Personnel _____________________________________________________________________ ___ 

I 
I 

Other Personnel & Affiliation, _________________________________________________________ __ 

I Type of study? _________________________________________ _ 

I Study plan i ssued? ______________________ Date issued? __________________________________ _ 

Study plan reviewed by ESD? Yes___ No ___ _ Acceptable? Yes. ____ _ No ____ _ 

I \las study plan followed? Yes ____ _ No ___ _ 

I 
C~nts __________________________________________________________________________________ _ 

\las a safety for the study? plan prepared Yes _____ _ No ___ _ 

I \las the safety plan adequate? Yes _____ _ No ___ _ 

C~nts ________________________________________________________________________________ ___ 

I \las the safety plan followed? Yes ______ _ No. ____ _ 

c~nts. _______________________________________________________________________________ __ 

I Additional Conments 
or lnfoMMtion. ___________________________________________________ _ 

I 
I 
I 
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Checklist sections completed for this 
2 Ground 

overview: 1 _____ 2 _____ 3 _____ 4 _____ 5 _____ 6 __ __ 

KEY: 1 General Procedures; IJater Sampling; 3 Soil, Sediment Sampling 
4 surface \later Sampling; 5 \Jaste Sampling; 6 Monitoring Yell Installation 

SECTION GENERAL PROCEDURES - SAFETY, RECORDS, OA/OC, CUSTODY, ETC. 

1) Type samples collected? 

2) \I ere sampling locations properly selected? Yes ______ __ 
No~------

Conments 

3) \I ere sampling locations adequately documented in a bound field log book 
using indelible ink? Yes ______ __ No. ____ _ 

Conments 

4) \Jere 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 

Comnents 

7) \las sarrpling equipment properly wrapped and protected from possible 
contamination prior to sample collection? Yes No 

Comnents 

8) \las sarrpling equipment constructed of TeflonS, glass, or stainless steel? 

9) \Jere sarrples collected in proper order? (least suspected contamination 
to most contaminated?) Yes No. ____ _ 

Comnents ________________ ~-------------------------------------------------------

10) \Jere clean disposable latex or vinyl gloves worn during sarrpling? 
Yes No. ___ _ 

Comnents. ______________________________________ _ 

11) \Jere gloves changed for each sarrple station? Yes ____ _ No ______ _ 

Comnents _______________________________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 12) \Jas any equipment field cleaned? Yes. ___ _ No. ___ _ 

I 
13) of equipment cleaned? ............................................................................................................................................ ..... Type 

14) field cleaning used? No. ____ _ procedures Yes ___ _ \.I ere proper 

I Comments ................................................................................................................................................................................................... _ 

15) \.I ere equipment rinse blanks collected after field cleaning? 

I 
Yes No 

COITI!Ients 

I 16) \.I ere proper sal!llle containers used for samples? Yes No 

Comments 

I 17) \.I ere split sal!llles offered to the facility owner or his representative? 
Yes No 

I Comments ............................................................................................................................................................................................... _... 

18) \.las a receipt for sal!llles form given to facility representative? 

I Yes ..................... No. ___ __ 

19) \Jere any duplicate sal!llles collected? Yes ___ _ No ___ _ 

I Comments ............................................................................................................................................................................................... ..... 

I 
20) \Jere sal!llles field preserved? properly Yes. ___ _ No. ___ _ 

COITI!Ients .............................................................................................................................................................................................. __ 

I 21) \Jere preservative blanks utilized? Yes. ___ _ No ___ _ 

COITI!Ients._.. ......................................................................................................................................................................................... ... 

I 22) Were field and/or trip blanks utilized? Yes .................... No. ___ _ 

COITI!Ients._.. ......................................................................................................................................................................................... _ 

I 23) Were sarrples adequately identified with labels or tags? Yes No 

I 
COITI!Ients 

24) Were sarrples sealed with custody seals after collection? Yes No ___ 

I COITI!Ients 

25) \lhat security measures were taken to Insure custody of the sarrples after 

I 
collection? 

I 
I 



26) 

27) 

28) 

29) 

30) 

31) 

REGION IV ESD FIELD OVERVIE\.1 

~ere chain-of-custody and receipt for samples 

Conments 

CHECKLIST 

forms 
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properly completed? 
Yes ___ _ No. ___ _ 

Uere any samples shipped to a laboratory? Yes No 

If yes to No. 27, were samples properly packed? Yes No 

Conments 

If shipped to a CLP lab, were Traffic Report Forms properly completed? 
Yes No 

Conments _____________________________________________________________ ___ 

Uhat 
prior 

safety monitoring 
to and during 

Uas safety 
recorded 

monitoring 
in a bound 

equipment, protection, and procedures were used 
sampling? ____________________________________________________ _ 

equipment 
field log 

properly 
book? 

calibrated 

: 

and calibrations 
Yes No. ______ __ 

Conments ____________________________________________________________________________ ___ 

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



I 
I SECTION 

I 
1) 

I 2) 

I 3) 

I 4) 

I 
5) 

I 
I 6) 

7) 

I 
8) 

I 9) 

I 10) 

11) 

I 
I 12) 

I 
13) 

14) 

I 
15) 

I 16) 

I 
I 

t:IIMIDII 

REGION IV ESD FIELD OVERVIE\.1 CHECKLIST Revision No. 0 

2 SAMPLING - GROUND \.lATER \JElLS 

Date: 2/1/91 

Page 5 of "17 

Type of wells sampled? (monitoring, potable, industrial, etc.>---------

\Jere wells locked and protected? Yes ___ _ No. ___ _ 

Comments ______________________________________________________ _ 

\Jere identification marks and measurement points affixed to the wells? 
Yes No. ___ __ 

Comments ____________________________________________________ ___ 

\.lhat were the sizes and construction materials of the well casings? 

\Jere the boreholes sealed with a concrete pad to prevent surfac~ 

infiltration? Yes No 

Comments 

\.las there a dedicated punp in the well? Yes No 

\.las clean plastic sheeting placed around the wells to prevent 
contamination of sampling equipment and containers? Yes No 

\.I ere total depths and depths to water determined before purging? 
Yes No 

\.lhat device was used to determine 
depths? ______________________________ ___ 

\.I ere measurements made to the nearest 0.01 ft? Yes No. _____ _ 

\.las the measuring device properly cleaned between wells? 
Yes No. ___ _ 

Comments 

\.las the standing water volune in each well determined? 
Yes No ___ _ 

How was the volune determined? 

\las a sufficient volune purged prior to SBI!llling? Yes No ___ _ 

Comments 

How many volunes? 

How was the purged volune measured? 
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8) I./ere total depths and depths to water determined before purging? 
Yes No ___ _ I 

9) I./hat device was used to determine depths? I 
10) I./ere measurements made to the nearest 0.01 ft? Yes No ___ _ 

11) I./as the measuring device properly cleaned between wells? I 
Yes No. ___ _ 

Corrments I 
12) Was the standing water volume in each well determined? 

Yes ___ _ No. ___ _ I 
13) How was the volune determined? 

14) \las a sufficient volune purged prior to sampling? Yes ___ _ No. ___ _ I 
: 

Corrments 

15) How many volunes? 
I 

16) How was the purged volune measured? I 
17) \/hat was the method of purging? I 
18) Were pH, conductivity, and temperature measurements talc en and recorded 

at least once during each well volune purged? Yes No I 
Corrments I 

19) I./ere pH, conductivity, and temperature readings stable prior to 
sarrpl ing? Yes No 

Corrments I 
20) How many wells were sarrpled? Upgradient? Downgradient? I 
21) How were the sarrples collected? Bailer p~ Other 

Comnents I 
22) If ~ was used, what type? 

23) If a ~ was used, was it properly cleaned before and/or between wells? I 
Yes No 

Comments .I 
I 
I 
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I 24) What were the cleaning 
procedures? ________________________________________________ __ 

I 25) Did bailers have Teflon® coated wire leaders to prevent rope from 

coming into contact with water? Yes No 

I 26) Were bailers open or closed top? 

I 
27) \.las a clean bailer and new rope used at each well? Yes No 

Comments 

I 28) \./ere samples properly transferred from the sampling device to the sample 

containers? (i.e., purge able sample first - not aerated, etc.) 
Yes No 

I Comments 

I 
29) \.las pH of preserved samples checked to insure proper preservation? 

Yes No 

Comments 

I 30) \./ere samples iced immediately after collection? Yes No 

I 
31) For what analyses were the samples collected? 

I 32) If samples were split, what were the sample/station nl.nbers for these? 

I 
Other comments 

I 
or observations-----------------------------------------------------

I 
I 
I 
I 
I 
I 



SECTION 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

1D) 

11) 

12) 

13) 

14) 

15) 

16) 
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(Non-containerized) 

Type of samples collected? ______________________________________________________________________________________________________________ _____ 

General description of samples? _______________________________________________________________ _ 

How many samples were collected? _____________________________ _ 

\Jere background and/or control samples collected? Yes. ____ _ 
N 0·-------------

C~nts ________________________________________ ___ 

\Jere representative samples collected? Yes ___ ____ No. ___ _ 

C~nts•--------------------------------------

\Jere grab or composite samples collected? ____________________ ~-----------

\Jere composite samples areal or vertical? __________________________ _ 

How many al iquots were taken for the composite sample? _____________ _ 

\Jhat procedures and equipment were used to collect s amp l es ? _____________________________ _ 

Were saq:~les thoroughly mixed prior to putting them into the saq:~le 

containers? Yes No 

C~nts 

Were s.aq:~les properly placed into saq:~le containers? Yes No 

COII'IIIents 

Were saq:~les iced inmediately after collect ion? Yes No 

for what analyses were the sa~~ptes collected? 

If s~~~~ples were split, what were the sa~~ple/station nunbers for tht!se? 

Was a drilling rig, back hoe, etc., 

Were the drilling . 
to the ESD SOP, 

rig(s), 
Appendix 

backhoe(&), 
B, prior 

used to collect soil sa~~ples? 

etc., 
to arriving 

properly 
on site? 

cleaned according 
Yes. __________ _ No. __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 18) 

I 
I 

19) 

I 20) 

I 
21) 

I 
I 22) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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\Jhat was the condition of the drilling and sampling equipment when it 

arrived on site?·---------------------------------------------------------------------

\.las a decontamination 
not cross-contaminate 

area located 
clean and/or 

where 
drying 

the cleaning 
equipment? 

activities would 
Yes. ______ __ No. _____ __ 

C~nts---------------------------------------------------------------------------

\.las clean equipment properly wrapped and stored in a clean area? 
Yes No. _____ __ 

c~nts. _________________________________________________________________________________________ ~---------------------------

\las the dr i ll i ng rig(s) properly cleaned between well borings? 

Yes·-----~ 
No. ______ _ 

C~nts ____________________________________________________________________________ ____ 

\./ere 
with 

the cleaning 
the ESD SOP? 

and decontami net ion procedures conducted in accordance 
Yes. _________ __ No. _____ __ 

C~nts ___________________________________________________________________________ __ 

Other comments or observations ____________________________________________________ _ 



SECTION 

1) 

2) 

3) 

4) 

5) 

6) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

CAMibil 
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4 SAMPLING - SURFACE \.lATER (Pond, Stream, River, Leachate, Etc.) 

Type of samples collected? 

General description of samples? 

How many samples were collected? 

\Jere background end/or control samples collected? Yes. ___ _ No. ___ _ 

C~nts·--------------------------------------------------------------------------------------------------------------------------------------

\Jere grab or composite samples collected? ________________________________________________ _ 

How many aliquots were taken for the composite sample?------------

lolhat procedures and equipment were used to collect the samples? 

\Jere samples collected directly into sample containers? Yes. _________ _ No. __ _ 

C~nts----------------------------------------

Did the sampler wade in the stream to collect the samples? Yes___ No ____ ____ 

C~nts---------------------------------------

\Jere the samples collected upstream from the sampler? Yes ____________ _ No ___ _ 

c~nts---------------------------------------

Did the sampler insure that roiled sediments were not collected along 
with the water samples? Yes ____________ ____ No _________ _ 

C~nts---------------------------------------

Were representative samples collected? Yes _________ _ No. _________ _ 

C~nts·----------------------------------------------------------------------------------------------------------------------

\las the pH of preserved samples checked to insure proper preservation? 
Yes No. _________ _ 

c~nts---------------------------------------

Were samples iced irrmediately after collection? Yes _________ _ No ___ _ 

For what analyses were the samples collected?-------------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 16) If samples were split, what were the sample/station nunbers for these? 

I 
I Other conments or observations _________________________ _ 

I 
I 
I 

: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1) 

2) 

3) 

4) 

5) 

6) 

8) 

9) 
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5 OTHER SAMPLING - DRUMS, TANKS, BARRELS. ETC. <Containerized> 

Type of samples collected? (Oil, sludge, waste?>·---------------------------------------------------------

Description of containers or sources sampled? ________________________________________________________________ _ 

How many samples were collected?-------------------------------------------------------------------------------------

IJhat type of equipment was used to collect the s amp l es ? ________________________________________ ___ 

IJhat procedures were used to collect the s amp l e s ? ____________________________________________________ _ 

: 

For what analyses were the samples collected? _________________________________________________________ __ 

If samples were split, what were the sample/station ni.JTlbers for these? 

\Jere eny special sefety measures 

\lhat level 
sa111Jles? 

of sefety protection 

taken during collection of the safi1Jles? 

was required for . collection of the 

Other comments or observet ions·--------------------------------------------------------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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SECTION 6 MONITORING YELL INSTALLATION 

1> Were the wells installed in the proper locations in accordance with the 

2) 

3) 

4) 

study plan and/or project operations plan (POP)? Yes, ___ _ No. ___ _ 

C~nts _____________________________________________________________________ __ 

Were the wells installed starting 
proceeding to the most contaminated 

in the least 
area? 

contaminated area and 
Yes. ___ _ No, ______ _ 

C~nts•------------------------------------------------

Were 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 pellets, fi'tter pack 
control analyses? Yes___ No ___ _ 

Comments ___________________________________________ _ 

Eguipnent Decontamination 

5) 

6) 

7> 

8) 

9) 

Were the drilling 
to the ESD SOP, 

rig(s), 
Appendix 

backhoe(s), etc., properly c 1 eaned according 

No~----B, prior to arriving on site? Yes ____ _ 

Comments ________ ----------------------------------------

What was the condition of the dri 11 ing and sampling equipment when it 

arrived on site?----------------------------------------

Was a decontamination area located where the cleaning activities would 
not cross· contaminate clean and/or drying equipment? Yes No 

Comments 

IJas clean equipment properly wrapped and stored in a clean area? 
Yes No 

Comments 

IJas the drilling rig(s) properly cleaned between well borings? 
Yes No 

Comments 



10) Were 
with 

t.I\O.LD• I 
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the ESD SOP? 

and decontamination 
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procedures conducted in accordance 
Yes. ___ _ No. ___ _ 

C~nts:------------------------------------------

Drilling 

11) What type of drilling method(s) was used to install the wells? 

12) Was this drilling method(s) the same as proposed in the study plan and/ 

or POP? Yes No 

Conments 

13) Were soil samples collected for logging and analyses as the wells were 
installed? Yes No 

14) If yes to 13, at what intervals and by what method? 

15) If air rotary was used: 
Was an in· line orgal"!ic air filter employed? Yes No 
\las a cyclone velocity dissipater used? Yes No 

Conments 

16) What diameter borehole(s) were installed? 

17) Were surface outer casings used? Yes No 

18) If yes to 17, what size and to what depth? 

19) \Jere the wells double cased? Yes. ___ ___ No. _____ _ 

20) If yes to 19, explain procedure··---------------------------

\Jell Installation 

21) 

22) 

23) 

lolhat type of well casing(s) and screen(s) were used?·-------------

lolhat diameter were the well casing(s)? _________ screen(s)?.._-------

Was there e miniiiUII two Inch aMulus 
end borehole wall or inside augers)? 

around the casing (between 
Yes. _____ _ 

casing 

No·----

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Conments 

I./hat was the length of the well screen(s)? 

I./hat was the slot size of the well screen(s)? 

\.las the well screen(s) comnercially manufactured? Yes No 

If yes, by whom? 

\.las the bottom of the well screen(s) plugged or capped? Yes No 

Conments 

I./ere sand and/or gravel (filter> packs installed? Yes ___ _ No ___ _ 

Conments. ___________________________________________________________ ___ 

Specify type of materials 
grain size (20/30, 20/40, 

in 28 
etc.)], 

\.las a sieve analysis conducted 
filter pack grain size? 

Conments 

Were the wells installed to the 

Conments 

Were well screens placed at the 

Conments 

Were the fll ter packs placed a 
screens? 

Conments 

\.las the tremie tube method used 

Conments 

[(play sand, Ottawa sand, etc.) and 
if known. ___________________________ ___ 

to determine well screen slot size and 
Yes No 

proper depths? Yes No 

proper intervals? Yes No 

mini nun of two feet above the well 
Yes No 

to place the filter paclts? Yes ___ .. o ___ 

Were seals placed above the filter packs? Yes No 

If yes to 35, whet material was used for the seals? 

\.las the vertical thickness of the seals a mininun of two feet? 
Yes No 



38) 

39) 

40) 

41) 

42) 

43> 

44) 

45) 

46) 

47) 

48) 

49) 

50) 
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C~nts __________________________________________________________________________ __ 

If bentonite pellets 
were they allowed 

were used 
to hydrate 

for the 
a minimum 

seals 
of 8 

above 
hours? 

the filter packs, 
Yes _____ __ No ___ _ 

Cooments _________________________________________________________________________ __ 

Did contractor/driller 
rec~nded hydration 

have documentation 
time? 

from manufacturer . stating 
Yes. _____ __ No ___ _ 

C~nts. __________________________________________________________________ __ 

Was the tremie tube method used to place the bentonite pellets? 
Yes. _____ __ No. ____ _ 

C~nts ________________________________________________ _ 

Was the annulus grouted from the seal to within two feet of the ground 
surface, or below the frost line? Yes No ___ _ 

C~nts. _________ ~------------------------------------

Was the tremie tube method used to place the grout in the annulus? 
Yes No. ___ __ 

If no to 42, what method was used? _________________________ _ 

What type of grout was used to seal the annulus (neat cement, cement/ 
bentonite, cement/sand, etc.)? 

What grout mix ratio was used? (should be stated in the POP) ________ __ 

What 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 nud balance? Yes No 

Was the grout allowed to set a minirrun of 24 hours before the surface 
pad was installed? Yes No 

Conments 

Was a concrete surface pad installed with an outer protective casing and 
locking cap? Yes No 

Conments 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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How far below the ground surface did the 

what 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 

Comments 

were the wells properly developed? 

Comments 

Describe method of development. 

Give a general 
installation 

evaluation · 
of the wells. 

of the activities 
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concrete pad extend? 

pads? 

of 2.5 feet above the ground 
Yes No 

outer protective casings 

holes? Yes No 

Yes No 

: 

observed during the 
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How far below the ground surface did the 

\olhat were the dimensions of the concrete 

Did the well casings extend to a minimum 
surface? 

Comnents 

How far above the ground surface did the 
extend? 

Did the outer protective casings have weep 

Conments 

\Jere the wells properly developed? 

Comnents 

Describe method of development. 

Give a general 
installation 

evaluation 
of the wells. 

of the activities 
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concrete pad extend? I 
pads? 

of 2.5 feet above the ground I 
Yes No 

I 
outer protective casings 

I 
holes? Yes No I 

Yes No I 
: 

I 
I 

observed during the 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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3.0 SAMPLE 

3.1 INTRODUCTION 

The objectives 
procedures for sample 
maintenance of field 

CONTROL, FIELD RECORDS, AND DOCUMENT 

of this section 
identification, 

ere to present 
sample 

the 
control 

records, and docunent control. 

Branch 
end 
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CONTROL 

standard operating 
chain-of-custody, 

A sample is defined as physical evidence collected from a facility, site, 

or the envirorvnent. For the purposes of this section, the term 11phys i cal 
evidence" also includes photographs, records, or any other tangible article 

collected from the envirorment, facility, or site. 

All sample identification, field records, end chain-of-custody records 
shall be recorded in waterproof, non-erasable ink. If errors ere made in any of 
these docunents, Branch persomel will make corrections by simply crossing a 
single line through the error and entering the correct information. All correc-
tions shall be initialed end dated by the investigator. If possible, all 
corrections should be made by the individual making the error. 

If information 
stick-on utilizing 

is entered 
labels, these 

onto sample tags, logbooks, or sample containers 
labels should not be capable of removal later 

without leaving obvious indications of the att~t. 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 General 

The method of sarrple identification utilized depends on the type of sample 
collected. Sarrples collected for in·si tu 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 sarrpl ing team. Examples of 
such in·situ field measurements and analyses include pH, terrperature, and 
conductivity. 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 
sample is actually collected. 

3.2.2 

yses, 
tached 
sarrples, 
sarrple. 
after 

Sanple Identification 

Sarrples, other than those 
are identified by using 

collected 
a standard 

to the sarrple container. In some 
the sarrple tag may have to be 

The sarrple tags are sequentially 
they are C0111Jleted and attached to 

for in-situ 
sarrple tag 

field 
(Figure 

measurements or anal· 
3.2.1) which is at· 

particularly with biological 
with or wrapped around the 

cases, 
included 

nutbered and are accountable doclJllents 
or other physical evidence. The 

following information shall be included 
a sarrple 
on the sarrple tag: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ESD project I"'I..IDe r ; 

field identification station n...rber; 

date and time of sarrple collection; 

designation of the sarrple as a grab or c~site; 

type of sample (water, wastewater, 
and a very brief description of 

leachate, 
the s~ling 

soil, sediment, etc.) 

the signature(s) 
team 
project 
sample 

leader (a 

directly 

leader 
and to 

related 

location; 

of the s~ler(s) or of the designated sarrpl ing 
team leader , is a field investigator- assigned by the 
to be present during the collection of a specific 

be responsible and knowledgeable of all activities 
to the collection of that sample). 

whether the sample is preserved or ~reserved; 

the general 
tag); and 

any relevant 
odor, color, 

types of analyses to be conducted (checked on front of 

comnents 
or known 

(such as readily 
toxic properties). 

detectable or identifiable 

Samples or other J)hysical evidence collected by Branch personnel during 
tag." criminal investigations are to be Identified by using the "criminal 

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 

Revision No. 0 
Date: 2/1/91 
Page 3 af 4 

This 

that 
tag. 

tag is 

it has 

identical to the standard sarrple tag shown in 

a red border around the front and a red background 

Figure 3.2.1, 

on the back 

except 

of the 

The field sarrple station ni.Jlt>er is assigned by the· project leader or field 
investigator. This ni.Jlt>er is ordinarily an alpha·n~.~~~eric code, designed for a 
particular inspection or investigation. For exarrple, if a sarrple is collected 
from a monitoring well installed during a site screening investigation conducted 
at the Abercroni:lie Widget Corrpany, the alpha•ni.JIIeric sarrple ni.Jlt>er code could be 
A\1·001\1. A surface sci l sarrple from this feci l ity might be identified as A\1· 
002S. Each separate monitoring location should have a different n~.~~~erical 

designation. Frequently, water and sediment sarrples are collected from the same 
sarrpl ing station and could have the same n~.~~~erical designation. For exarrple, 
water and sediment sarrples collected from the same location in the Oconee River 
at Station 001 would be identified as OR-001\1 and OR·001S, respectively. The 
project leader or field investigator shall exercise due caution to insure that 
sal!l>le station ni.Jlt>ers are not duplicated during studies. The exact description 
of all sarrpl ing stations associated with field identification or sarrple station 
ni.Jlt>ers shall be doc~.~~~ented in the bound field logbooks. 

If a sarrple 
party representative, 
attached to each 
sal!l>le. Also, all 

is split with 
sarrple tags 

of the sarrple 
tags for blank 

a facility, 
or labels 
containers 
or duplicate 

"duplicate," respectively. This requirement 
blank sarrples which are to be sut:rnitted for 

state regulatory agency, 
with identical information 

by the party receiving 
sarrples will be marked 

does not apply to "blind" 
laboratory quality control 

: 

or other 
should be 

the split 
"blank" 

spiked 
purposes. 

or 
or 

"B l i nd" spi Iced or blank samples shall not be identified as such, but will be 
s ut:rn i tt ed as outlined in Section 4.6.9. This identifying .information shall also 
be recorded in the bound field logbooks end on the Chain-Of-Custody Record as 
outlined in Section 4.4. 

3.2.3 Photograph Identification 

All photographs taken by Branch personnel shall be identified on the back 
of the print with the following information: 

• en accurate 
name of the 

description 
facility 

of what the photograph 
or site and the location. 

shows, including the 

• date, time end the location that the .photograph was taken; 

• the orientation of the photograph (I.e., looking northeast, etc.); 

• the a i gnature 

If the photograph 
be entered on the back 
camera 
bound 
film 

Is used, a aerial 
field logbook along 
shell be developed 

of the photographer. 

was taken with a Polaroid camera, the information shall 
of each photograph as soon as it is taken. If e 35 nm 

type record of each frame exposed shall be kept in the 
with the Information required for each photograph. The 
with the negatives supplied U'ICUt. The field in· 

vest I gator 
serialized 

shell then 
photographic 

enter the required Information on the prints, using the 
record from the bound field logbook, to identify each 
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photograph. 
the bound 
cabinet. 

For 
field 

criminal 
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 samples, shall be identified by utilizing a 
sample tag or recording the necessary information on the evidence. \Jhen samples 

are collected from vessels or containers which can be moved (barrels for 
example), the field investigator shall mark the vessel or container with the 
field identification or sample station number for future identification, if 
necessary. The vessel or container shall be marked by utilizing a sharp 
instrunent or spray paint. The vessel or container need not be marked if it 
already has a unique marking or serial number; however, these numbers shall be 
recorded on the sample 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, 
from facility owned 

it is necessary to obtain recorder and/or instr~nt 

analytical equipment, flow recorders, etc., during 
charts 

field 
investigations and 
write the following 

inspections. Field investigators should marl: the charts 
information on these charts while they are still in 

and 
the 

instrunent 

• 

• 

• 

or recorder (along with the field investigators initials): 

if possible, starting and ending time(s) and date(s) 

if possible, the field investigator shall take 
measurement of the media being measured 
instantaneous measurement shall be entered 
location 
and time 

on the chart. The field investigator 

by the 
at 

shall 
his/her of the measurement and then enter 

a description 
information 
device, chart 

of 
required 

units, 

the location 
to interpret 

factors, etc. 

being 
the 

monitored 
date such 

for the chart; 

an instantaneous 
recorder. The 

the appropriate 
enter the date 

initials; 

and any 
as type of 

other 
flow 

After the chart has been removed, the field investigator shall indicate on 
the the 

date 
chart who the chart Cor copy of the chart) was received 

initials. 
from and enter 

and time, as well as the investigator•s 

Documents such as technical reports, laboratory reports, etc., should be 
marked with the field 
and from whom they were 
docunents, except in 
waste she investigations, 

investigator•& 
received. 

signature, the date, the I"'U!b!r of pages, 
Branch personnel shall not accept confid~ntial 

special circunstances such as process audits, ha::ardous 
etc. 

I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Revision No. 0 

Date: 2/1/91 
Page 5 of 4 

I 
II FIGURE 3.2.1 

SAMPLE TAG 

I 
I 
·I 
I 
I 
I 
I 

FRONT 

I 
I 
I 
I 
I 
I 
I BACK 

I 
I 



Revision No. 0 

3.3 CHAIN·OF·CUSTOOY PROCEDURES 

3.3.1 General 

possession of saq3les or other physical evidence 

Date: 2/1/91 
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shall be traceable The 
from the 
proceedings. 
Division 
personnel. 

time they are obtained until they are introduced as evidence in legal 

This section covers only that portion of the Envirorrnental Services 

chain-of-custody procedures that are the responsibility of Branch 

3.3.2 :S~amp~l~e----~C~u~s~t~ody:L 

3.3.3 

A saq3le 

• 

• 

• 

• 

or other physical evidence is in custody if: 

it is in the field investigator's 
possession; or 

it is 
after 

in the 
being 

field investigator's 
in his/her physical 

or the transferee's 

or the 
possession; 

transferee's 
or 

actual 

view, 

it was 
physical 

in the field investigator's or the transferee's 
possession and then he/she secured it to prevent 

tampering; or 

it is placed in a designated secure area. 

Chain-of-Custody Record 

The 
of 

field 
all 

Chain-of-Custody Record (Figure 3.3. 1) is used to record the 
custody samples or other physical evidence collected and maintained by 
Branch personnel. This form shall not be used to docunent the collection of 
split or duplicate samples where there Is a legal requirement to provide 
receipt for samples (see Section 3.4). The Chain-Of-Custody Record also 
as a sample logging mechanism for the Analytical Support Branch 
custodian. 

The following Information nust be suppl led in the 
3.3.1) in detail to complete the field Chain-Of-Custody 

indicated 
Record. 

• The ESO project nurber. 

• 

• 

The project name • 

All sllq)lers and 
designated signature 

/or Sllq)ling 
block. 

team leader nust 

(ASB) 

spaces 

sign 

serves 
sa""le 

(figure 

in the 

• The Sllq)ling station nurber, date, and time of sample collection, 
grab or composite sllq)le desIgnation, and a brief description of the 
type of slq)le and the Sllq)ling location lUSt be included on each 

a 

line (each line shall contain only those sllq)les collected It a 
specific location). 

I 
I 

I 
I 
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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 

• 

• 

• 

The sarrpling team leader's name should be 

left margin of the Chain·Of·Custody Record 

more than one sarrpling team are included 
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recorded in the right or 
when sarrples collected by 

on the same form. The 

sarrpl ing team leader is an individual designated by the project 

leader to 
collection 

The total 
indicated 
containers 
indicated 
irrpossible 
container 
the Record. 

be responsible for all activities related to the 

of sarrples by a specific team of sarrpl ing personnel. 

nll!ber of sarrple containers rrust be listed in the 
space for each sarrple. The total nll!ber of individual 

rrust also be listed for each type of analysis under the 
media or miscellaneous col~.~~ns. Note that it is 
to have more than one media type per sarrple. The type of 

and required analyses should be circled as indicated on 

The tag 
supplied 

nll!bers 
in the 

for each 
indicated 

sarrple 
col urn. 

and any needed remarks are to be 

• The field investigator and subsequent transferee(S) rrust docllllent 

• 

the transfer of the sarrples listed on the Record in the spaces 
provided at the bottom of the Record. One of the samplers 
documented under the sarrpler(s) section rrust be the person that 
originally relinquished the sarrples or evidence or a designated 
field sarrple custodian who receives secured sarrples from sarrpl ing 
te8111S and maintains these sarrples under secure conditions. Both the 
person relinquishing the sarrples and the person receiving them rrust 
sign the form; the date and time that this occurred rrust be 
documented in the proper space on the Record. Usually, the last 
person receiving the sarrples or evidence should be a laboratory 
sarrple custodian or other evidence clerk. 

The remarks colurn at the bottom of the 
airbill nll!bers or registered or certified 

Record 
mail 

is used 
serial 

to record 
nll!bers. 

The thain·Of·tustocly Record is a serialized document. once the Record is 
c~leted, it becomes an accountable doc~~~~ent and rrust be maintained in the 
project file. The suitability of any other form for chain·of·custocly should be 
evaluated based upon its Inclusion of ell of the above information in a legible 
format. 

3.3.4 

• 

• 

Field Custody Procedures 

To silr~l ify 
litigation 

the thain·Of·tustody 

s~le 

problems,, 
or physical 

liS 

evidence 
few people 

during 

Record and 
as possible 

eliminate 
should 

potential 
handl~ the 

the investigation or inspection. 

The field 
custody 
properly 

investigator is responsible for the proper 
3.3.2) 

handling and 
are of the a~les 

end for11111lly 
collected (Section 

transferred to another 
until they 

person or facility. 



• 

• 

• 

• 

• 

• 

• 

• 
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Sa""le tags (Figure 3.2.1) shall be c~leted for each sa""le, 
3.3.2. 

using 

waterproof, non-erasable ink as specified in Section 

All sa""les shall be sealed inmediately upon collection utilizing 
the EPA custody seal (EPA 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 sa""les must be documented in bound field logbooks. 

A Chain·Of·Custody Record will be c~leted for all sa""les or 
physical evidence collected as specified in section 3.3.3. A 
separate Chain·Of·Custody Record will be utilized for each final 
destination 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 an EPA custody seal placed on the envelope such that it 
camot 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 fact shall be noted on the Chain·Of·Custody Record 
and 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 
custody 
breaking 

be placed 
seal should 

the seal. 

in Zip·Loee type bags or envelopes and an EPA 
be affixed so that they cannot be opened without 

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 
lnvestlgator•s signature, as well as the date and time of sealing. 

In general, Branch personnel shall not accept s~les from other 
sources unless the &III!Ple collection procedures used are known to be 
acceptable, can be docllllented, and the sarrple chaln·of·custody can 
be established. If such sarrples are accepted by Branch persomel, a 
standard sample tag containing all relevant Information and the 
Chafn•Of•Custody Record, shall be c~leted for each set of S6""les. 

EPA custody seals can be used to maintain 
procedures 

custody on other 
outlined 

items 
pre· when necessary by using 

vlously In this section. 
similar as those 

I 

I 
I 
I 
I 
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I 
I 
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Transfer of Custody and Sh i pnent 

• 

• 

• 

• 

• 

All physical evidence or sarrple sets shall be acc~anied by a 
Chain·Of·Custody Record. When transferring the possession of 
sarrples, the individual recelVmg the sarrples shall sign, date, and 
note the time that he/she received the sarrples on the Chain-Of· 
custody Record. This Chain-Of-custody Record doc~.~~~ents transfer of 
custody of sarrples from the field investigator to another person, to 
the ASB, other laboratories, or other organizational elements. 

shall Sarrples 
delivered 
analyses. 
strapping 
placed on 
the seals. 
investigator. 

be properly packaged for shipment (Appendix C) and 
or shipped to the ASB or other designated laboratory for 
Shipping containers 

EPA custody 

shall be secured by using nylon 

tape 
the 

and seals. The custody seals shall be 
container so that it cannot be opened without breaking 
The seal shall be signed and dated by the field 

When sarrples 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 Sarrples 
Form will be used for RCRA, TSCA, and CERCLA sarrples as required by 
the appropriate regulations (Section 3.4). 

All sarrples shall be accorrpanied 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 sarrples are shipped. 
One copy of the. Record will be retained by the field investigator or 
project leader. The original Record will be transmitted to the 
field investigator or project leader after sarrples are accepted by 
the laboratory. This copy will become a part of the project file. 

If sent by mall, the package shall be registered with return receipt 
requested. If sent by cannon carrier, a Governnent Bill of Lading 
(GBL) or Air Bill should be used. Receipts from post offices, 
copies of GBL's, and Air Bills shall be retained as part of the 
docunentation of the chain·of·custocly. The Air Bill nl.llber, GBL 
ru!t>er, or registered mail serial rult>er shall be recorded in the 
remarks section of the Chain·Df·Custocly 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 Section 104 of the C~rehensive Environmental Response, C~nsation, and 

Liability Act (CERCLA or Superfund) of 1980 require that a ''.receipt" for all 

facility sarrples 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 Samples Form 

The Receipt For Samples Form (Figure 3.4.1) is to be used by Branch 
personnel 
TSCA. 
rejected 
following 
Form. 

• 

• 

• 

• 

• 

to satisfy the receipt for samples provisions of RCRA, CERCLA, and 
The form also docunents that split sarrples were offered and accepted or 

by the owner/operator of the facility or site being investigated. The 
information must be supplied and entered on the Receipt For Sarrples 

The ESO 
location 

project 
of the 

nl.llber, 
facility 

project name, name of facility or site, and 
the or site 

locations. 
must be entered . at the top of 

form in the indicated 

The sarrpler(s) must sign the form in the indicated location • 

The facility/site owner/operator's acceptance or rejection of split 
samples must be checked In the appropriate place In the Split 
Samples 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 facility or site must be docunented 
In the sample record portion of the form. The sarrple station 
nureer, date and time of sample collection, composite or grab sarrple 
designation, whether or not split samples were collected (yes or no 
should be entered under the split sample colurn), the tag nl.llbers of 
samples collected which will be removed from the site, a brief 
description of each sampl In; location, and the total nlllber of 
sample containers for each sample must be given. If EPA sample tags 
are used for split samples, these tag nuJt)ers should be recorded 
under the remarks colurn. 

The bottom portion of the form Is used to cloeunent the receipt of 
spll t samples by the owner/operator of the facfll ty or site. One of 
the samplers lUSt be requested to sign 

(date 
and c~lete the information 

In the "transferred by'' section and time must be entered). 
The owner/ operator of the site lUSt sign 
of the form (the owner/operator must give 
nureer and give the date and time he/she 
owner/operator refuses to sign the form, 

the "received 
his title, 

signed the 
the sampler(s) 

by" section 
and telephone 

form). If the 
should note 
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The 
The Receipt 
after it 

this fact in the owner/operator's 
entry. 

copy of the form is to be given to 
for Samples Form is serialized 

is completed. The original copy 
project files. 

signature 

the facility 
and becomes 
of this form 
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or site owner/operator. 
an accountable docunent 

must be maintained in 
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3.5 FIELD RECORDS 

Branch personnel shall 
of field records. The standard 
those obtained from the General 
numbers 7530·00·274·5494 and 
bound 
without 

surveyors 
tearing 

logbooks 
them out. 

are 

Revision No. 0 
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Page 12 of 

use only bound field logbooks for the maintenance 
field logbooks utilized by Branch personnel are 
Services Adninistration · federal supply schedule 

7530·00·222·3525. Other bound logbooks such as 
acceptable so long as pages cannot be removed 

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!l1lle collection and handling as well as visual 
observations shall be documented in the field logbooks. All sa!l1lle • 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 SOPCAH. All calculations, results, 
and calibration data for field sa!l1ll ing, field analytical, and field physical 
measurement equipment shall also be recorded In the field logbooks. All field 
analyses and measurements 111.1st be traceable to the specific piece of field 
equipment utilized and to the field Investigator collecting the sa!l1lle, making 
the measurement, or analyses. 

All entries in field logbooks shall be dated, shall be legible, 
contain accurate and inclusive documentation of an individual's project 

and shall 
act ivi • 

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 l ogboolcs become 
accountable documents and 111.1st be maintained as part of project files. 
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3.6 DISPOSAL OF SAMPLES OR OTHER PHYSICAL EVIDENCE 

Disposal of sa~les or other physical evidence obtained during Branch in-
vestigations is conducted on a case-by-case basis. Before any sa~les analyzed 
by the ASB are disposed, ASB personnel shall contact 'the Branch field inves-
tigator or Branch or Section Chief, in writing, requesting permission to dispose 
of the sa~les. The sa~les will not be disposed until the Branch field 
investigator or Branch or Section Chief c~letes the appropriate portions of the 
ASB memo, signs and returns the memo to the ASB, specifically g1v1ng them 
permission to dispose of the sa~les. Branch personnel should check with the EPA 
Program Office requesting the inspection or investigation before granting 
permission to dispose of sa~les or other physical evidence. The following 
general guidance is offered for the disposal of sa~les or other physical 
evidence: 

• 

• 

• 

After 
Branch field 
and maintained 

No sarrples, 
a criminal 

physical evidence, or any other docunent 
investigation shall be disposed without 

sion from EPA's Office of Criminal Investigation, 
Regional Counsel, or· the Department of Justice. 

Quality assurance 
cal results are 
disposal of these 

Sarrples associated 
disposed. 

sa~les 

reported. 
sa~les. 

with 

are routinely 
ASB does 

routine Branch 

disposed 
not advise 

inspections 

associated with 
written permis-

the Office of 

: 

after the 
the Branch 

may be 

analyti· 
on the 

routinely 

sarrples are disposed, the ASB shall send the sarrple tags to the 
investigator. These sa~le tags are accountable and !lUSt be placed 

in the project files. 
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3.7 DOCUMENT CONTROL 

The term document control, as it applies to Branch inspections and inves-

tigations, refers to the maintenance of inspection and investigation project 

files. All project files shall be maintained by ·the appropriate Section 

Secretary. All documents as outlined below shall be kept in project files. 

Branch persomel may keep their own files, however, all official and original 

documents relating to Branch inspections and investigations shall be placed in 

the official 
project file: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

project files. The following documents shall be placed in 

a copy of the study plan; 

original Chain-Of-Custody Records and bound field logbooks; 

a copy of the Receipt For Sa111Jle Forms; 

all records obtained during the investigation; 

a CO"lJl ete 
analytical 

copy of the analytical 
data; 

data and memoranduns transmitting 

tags from sa111Jles that have been disposed of by the ASB; 

the 

all official correspondence 
relating to the investigation 

received 
including 

by or 
records 

issued by the 
of telephone 

Branch 
calls; 

one copy 
review 

of the draft 
clearance forms 

report 
shall 

one copy of the final report 

(without review 
be included>; 

and transmittal 

any other 
inspection 
inspection. 

relevant documents related to the 
related or follow-up activities 

comments; however, peer 

memorandum(s); and 

original 
to the 

investigation/ 
investigation/ 

Under no circumstances are any personal observations or irrelevant 
leader 

project 

infer
or field 

to insure 
mation to be filed In the official project files. The project 
investigator shall review the file at the conclusion of the 
that It is C0111Jlete. 
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4.1 I NTROOUCTI ON 

This section 
Branch personnel 
tative saqlles. 
ducted with the 
unless specifically 

4.0 SAMPLING PROCEDURES 
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discusses the standard practices and procedures utilized by 

during field operations to ensure the collection of represen-
All sa~ling activities conducted by Branch personnel are con-
expectation that they will be used for enforcement purposes, 

stated to the contrary in advance of the field investigation. 
Therefore, 
collection 

the use of proper saqll ing procedures cannot be over enphasized. The 
of representative samples depends upon: 

• 

• 

• 

• 

The 

• 

• 

• 

• 

ensuring that the sample taken is representative of the material or 
mediun ·being sampled; 

using 
control 

proper sampling, sample handling, preservation, and quality 

properly 
collection 
Custody 

maintaining 

objectives 

techniques; 

identifying the collected 
in permanent field records 

Records); and 

Saqlle chain-of·custody • 

samples 
(field 

of this section are to present: 

and 
log 

general 
operations 

considerations 
conducted 

that rrust be incorporated 
by the Branch; 

Branch sampling site selection and collection 
individual mediun; 

Branch sampling quality assurance procedures; and 

: 

documenting their 
books, Chain-Of· 

in all Saqll ing 

procedures for an 

equipment 
sampling 

calibration 
equipment. 

and maintenance requirements for Branch 
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4.2 GENERAL CONSIDERATIONS 

following factors and procedures shall be considered and i~lemented The 
in planning 
procedures 
individual 

and conducting all Branch sarnpl ing operations. All these factors and 

111.1st be considered· in view of specific objectives and scope of each 

field investigation. 

4.2.1 Selection of Representative Sampling Sites 

Representative sarrpl ing sites are dependent on the type of investigation 

undertaken and are discussed under type of sa~le procedures for each mediun 

later in this section. 

4.2.2 Selection and Pro(!!lr PreP!! ration of Sampling Egyi~nt 

The type of sanpl ing equipment to be used is dictated by the investigation 

and is discussed for each mediun later in this section. Appendix 8 describes the 

standard equipment cleaning procedures. : 

4.2.3 Sa!!!;!li!:!S Egyi~nt Construction Material 

The material that sa~l ing equipment 
analytical results. Materials used IIIJSt 

is constructed 
not contaminate 

of can affect 
the sa~le being 

sa~le 

col-
lected and 111.1st be readily cleaned so that sanples are not cross-contaminated. 
The standard materials for sanpting equipment used to collect sanples for trace 
organic compounds or metals analyses in order 
Teflon&, glass, stainless steel, and 

are, 
steel. 

4.2.4 Selection of Parameters to be Measured 

of decreasing desirability; 

Parameters to be measured are usually dictated by the purpose of an inves· 
tigation and should be based on required monitoring conditions (NPDES or RCRA 
permits for exanple) or on the field investigator's or requestor's knowledge 
the problem being investigated. 

4.2.5 Required Senole Volunes 

The volune of sanple obtained should be sufficient 
analyses with an additional BI!ICU1t collected to provide 

to perform all 
for quality 

required 
control 

of 

needs, split s~~~rples, or repeat examinations. \lhen using 
individual al iquots of a c~site sanple should be at least 

a peristaltic 
100 mill it hers 

~. 

in 
order to minimize s~~~rple sol ids bias. 

Although the votune of s~~~rple required by contract laboratories depends on 
the analyses to be performed, the BI!ICU1t of s~~~rple required for a corrplete water 
or wastewater analysis is nonnatty two gallons (7.6 titers) for each laboratory 
receiving a s~~~rple. The BI!ICU1t of soil/sediment required for a corrplete analysis 
is approximately 16 OU'lees. However, the laboratory receiving the s~~~rple should 
be consulted for any specific votune requirements. 
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The volunes 
sites or samples 
absolute minimum. 

of 
from 

samples 
sources 

collected 
which are 

from waste sources 
known to be toxic 
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at hazardous 
should be kept 

waste 
to an 

Sample volunes 
the Environmental 

to be collected 
Services Division 

The 

by Branch 
(ESD), 

personnel 
Analytical 

for routine 
Support 

analyses by 

Branch CASB) 

laboratory are in Appendix A. sample volune 
the volune of the standard container less ullage 

required 
(empty 

shipment sample mixing by laboratory personnel and safe 
laboratory. Branch 
every sample container 
for purgeable organic 
which containers 

personnel shall allow a minimum of 
for this purpose. 
analyses CVOA) or 

must be completely 

The only exception 
dissolved 

filled. 
gases 

for .each analysis is 
space) required for 

of samples to the 
ten percent ullage in 

is samples collected 
such as sulfides for 

4.2.6 Selection and Proper Preparation of Sanple Containers 

The type of SBITple container 
used by 

preparation 

is dictated by 
are 

are 

the analyses required. 
Standard 
Special 

containers 
container 

Branch personnel 
requirements 

presented in ~ppendix A. 
in Appendix a: 

4.2.7 Sanple Preservation 

for some analyses must be preserved in order to maintain their 
integrity. Preservatives required for routine analyses of samples collected by 
Branch personnel are given in Appendix A. All chemical preservatives used by 
Branch personnel will be supplied by the ASB. All samples requiring preservation 
should be preserved inrnediately upon collection in the field. Samples that 
should not be preserved in the field are: 

• 

• 

• 

• 

All 
eating on 
requiring 

S~les collected within a hazardous waste site that are known or 
thought to be highly contaminated with toxic 
drum, closed container, spillage, or other 

be preserved hazardous waste sites are not to 
These samples 11111y be preserved by placing the 
fee, if necessary. 

S~les that have 
generate potentially 
the procedures given 

extremely low or 
dangerous gases 
in Appendix A. 

high 
if 

pH 

they 

S~les 

preserved 
Appendix 

for metals analyses which are shipped 
of the with nitric acid 

c. 

S~les for purgeable 
by air shall not be 

organic 
preserved 

in excess 

c~s analyses 

the IIIIICU\t spec If I eel in Appendix 
with hydrochloric 

c. 

s~les preserved shall be clearly 
the s~le tag is preserved. 

materials. Barrel, 
source samples from 

with 
s~le 

any chemical. 
container on 

or s~les that may 
were preserved using 

by air 
IIIIICU\t 

shall not 
specified 

are shipped 

be 

in 

which 
acid in excess of 

identified 
If s~les 

preservation were 

with 
that 

not 

chemicals 
the sample 
preserved, field records shall indicate 

by indi· 
normally 

why. 



Sanple Holding Times 

The elapsed time between sal!l>le 
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collection • and initiation of laboratory 

..t,ses must be within a prescribed time frame for each individual analysis to 

~ ,erformed. Saq>le holding times for all routine sal!l>les collected by Branch 

,....,nel are shown in Appendix A. 

Seecial Precautions for Trace Contaminant Sanpl ing 

Some contaminants can be detected 
~ion range. Extreme care must be 

in the parts per billion and/or parts 
taken to prevent 

be taken 

cross-contamination 
per 

of 

-..e samples. The following precautions shall when trace contaminants 

.e of concern: 

• 

• 

• 

• 

• 

• 

• 

A clean 
different 
immediately 

pair of new, disposable 
location is sampled 
prior to sal!l>l ing. 

gloves 
and 

will 
gloves 

be worn 
should 

: 

each 
be 

time 
donned 

a 

Sal!l>le containers for source sal!l>les or Sal!l>les suspected of 
containing high concentrations of contaminants shall be placed in 
separate plastic bags immediately after collecting, preserving, 
tagging, etc. 

If possible, arrbient S811l>les and source sal!l>les should be collected 
by different field teams. If different field teams cannot be used, 
all arrbient S811l>les shall be collected first and placed in separate 
ice chests or shipping containers. Sal!l>les of waste or highly 
contaminated S811l>les shall never be placed in the same ice chest as 
environnental S811l>les. It is good practice to enclose waste or 
highly contaminated S811l>les in a plastic bag before placing them in 
ice chests. Ice chests or shipping containers for source saq>les or 
S811l>les suspected to contain high concentrations of contaminants 
shall be lined with new, clean, plastic bags. 

If possible, 
fill out 
5811l>les. 

one 
tags, 

lllei!Der 
etc., 

of the 
while 

field team should 
the other lllei!Ders 

Yhen S811l>l ing surface waters, the water saq:~le 

lected before the sediment sal!l>le is collected. 

telce 

collect 

should 

all the 
all 

always 

notes, 
of the 

be col· 

S811l>le collection activities 
contaminated 

should proceed progressively from the 
suspected least 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 B> for collecting S811l>les for trace metals or organic 
c~s analyses. Teflone or glass is preferred for collecting 
•BIIl>les where trace metals are of concern. Equipment constructed of 
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plastic 
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or PVC 
c~unds 

shall !!2.! 
analyses. 
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sa!ll>les for 

2 

trace 

4.2.10 sanple Handling and Mixing 

After 
should use 
are placed 

collection, all sa!ll>le handling should be minimized. Branch personnel 
to ensure that samples are not contaminated. If sa!ll>les extreme 

in an 
care 

ice chest, personnel should ensure that mel ted ice cannot cause 

sa!ll>le containers to become sut:rnerged, as this may result in sa!ll>le cross-

contamination. Plastic 
(e.g., 

bags, such as Zip-Locke bags, should be used when small 

sample containers VOA's or bacterial sa!ll>les) are placed in ice chests to 

prevent cross-contamination. 

Once a sample has been collected, it may have to be split into separate 
containers for different analyses. The best way to split liquid samples is to 
continually stir the sample contents with a clean pipette or precleaned TeflonS 
rod and allow the contents to be alternately siphoned into respective sample 
containers using TeflonS or PVC (Tygon& type) tubing. Teflon& nust be used when 
analyses for organic c~uncls or trace metals are to be conducted. Any device 
used for stirring, or tubing used for siphoning, nust be cleaned in the same 
manner as other equipment (Appendix B). However, samples collected for 
purgeables organic CCX!l'OundS analyses may not be split using this procedure. 

A true split of soil, sediment, or sludge samples is almost impossible to 
accomplish 
difficult 

trder 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 corrmon method of mixing is referred to as quartering. The 
soil in the sample 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 rcx.nd bowls are used for 
sample mixing, adequate mixing is achieved by stirring the material in a circular 
fashion and occasionally turning the material over. Soil and sediment samples 
collected for purgeable organic compcx.nds analyses should !!2.! be mixed. The 2-
ounce (60-ml) sample container should be filled completely; no head space should 
remain in the sample containers. 

4.2.11 Purgeable Organic Sanpling CVOA) 

Water samples 
stored In 40-ml septum 
to prevent conumlnatlon 
in the caps (Teflon8 
prior to the beglmlng 

to be analyzed for purgeable organic 
vials with screw cap and Teflon8·siticone 

compcx.nds 
disk 

of the sample by the cap. The disks should 
in the side to be in contact with the sample) 

of the sampling program. 

should be 
in t:1e cap 
be ,>laced 

laboratory 

The vials (40-al) 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 s~~~rple should be 

poured down the side ·of the vial to minimize turbulence. 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 samples in order to prevent the loss of the preservative. When collecting 

water samples for purgeable organic compounds, triplicate samples should always 

be collected from each location. Three 40-ml vials containing four drops of 

concentrated HCl should be filled the with sample. 

4.2.12 Sanple Identification 

field 
tags. 

All samples 
records, 

will be fully docunented, as 
on the field sample Chain-Of-Custody 

outlined in 
Record, 

Section 
and on 

3, 
the 

in the 
sample 

4.2.13 Procedures for Identifying Potentially Hazardous Sanples 

Any sample 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 Auxil iarv Data 

All auxiliary data such as flow measurements, photographs 
sites, meteorological conditions, and other observations shall be 

the field records when the auxll iary data are collected. Auxiliary 
to a particular sampling location should be collected as close 

of sampling 
entered onto 

data relative 
to the sample 

collection time as possible. Specific types of auxll iary data to collect for 
each mediun s~led 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 minute. 

4.2.16 Transporting and Shipping of Sanples 

S~les 11ay be hand delivered to the laboratory using government owned (or 
rented) vehicles or they may be shipped by cornnon carrier. All Branch persomel 
nust be aware that certain a~les are hazardous IIBterials and, as such, are 
regulated by the u. S. Departlllent of Transportation Ln:fer 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/ICAO · requirements and should be used for shipment of 
dangerous goods via air cargo. Shipment of a~les by EPA employees is also 
governed by EPA Order No. 1000.18 ( 1). The standard Branch procedure for 
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I 
shipping environmental sarrples is in Appendix c. All Branch errployees shall meet 

I 
the intent of the Transportation Safety Act of 1974 when shipping sarrples by 
c0111110n carrier. 

4.2.17 Sanple Chain-of-Custody 

I Branch errployees shall maintain sample chain-of-custody .during all field 
investigations for all sarrples collected. The standard sarrple chain-of-custody 

I 
procedures used by Branch errployees are given in Section 3.3. 

I 
I 
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4.3 DEFINITIONS 

4.3.1 Grab Sample 
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An individual s~le collected from a single location at a specific time 
or. period of time generally not exceeding 15 minutes. Grab se~les ere 
associated with surface water, groundwater, wastewater, waste, contaminated 
surfaces, soil, and sediment sa~l ing. Grab se~les ere typically used to 
characterize the media at a particular instant in time. See Appendix A for 
additional guidance concerning parameters requiring a grab sa~le end for 
monitoring that indicates that grab sa~les must be collected. 

4.3.2 Composite Samples 

A sa~le collected over time that typically consists of a series of 
discrete sa~les which are corrbined or "corrposlted". Four types of corrposite 
sa~les are listed below: 

• Time Composite (TC): A se~le COI!l>rised of a , varying : m.rrber of 
discrete s~les collected at equal time Intervals during the 
corrpositing period. The TC sa~le is typically used to sa~le 

wastewater or streams. 

• Flow Proegrtioned COIJI)Os I te (FPC): A sa~le collected proportional 
to the flow rate during the corrpos It I ng period by either a time· 
varying/constant volune (TVCV) or time-constant/varying volune 
(TCVV) method. The TVCV method is typically used with automatic 
s~lers that are paced by a flow meter. The TCW method is a 
marual method that individually proportions a series of discretely 
collected s~les. The FPC is typically used when sampling 
wastewater. 

• .·Areal COIJI)Osite: A s~le collected from individual grab sa~les 

collected on an areal or cross-sectional basis. Areal corrposites 
shall be made ~ of equal volunes of grab s~les. Each grab s~le 

shall be collected in an identical manner. Ex~les include 
sediment corrposites from quarter· point ·~ling of streams and soil 
s~les from grid points. 

• Vertical COIJI)OS lte: A s~le collected from individual grab s~les 

collected from 11 vertical cross section. Vertical corrposites shall 
be lllade ~ of equal volunes of grab s~les. Each grab s~le shall 
be collected in an identical 11111nner. Ex~les include v-.rtical 
profiles of soil/sediment col urns, lakes and estuaries. 

4.3.3 Qual fty Control S!!!!J?les 

The 111jority of ECB field studies require the collection of additional 
s~les for various quality control purposes. These include the bolation of 
site effects (control saaples), define backgroc.n:l conditions (backgroc.n:l s~le), 

evaluate field/laboratory llethodology (spikes and blanks, trip blanks, dupl Ieete 
s~les), or to assess saapl ing equipment (s~ler blanks and equipment rinse 
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In addition, it may be necessary 
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Miscellaneous serrpl ing definitions ere listed below: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Sanple Al iauot: 
entire serrple. 

Split Sanple: 
containers from 
container. 

A portion of e' sarrple that is representative 

A sarrple which 
e single 

has 
serrple 

been portioned 
container 

into two 
or sarrple 

of the 

or more 
mixing 

Duplicate Sanple: Two or more serrples collected simultaneously into 
separate containers 

Control Sanple: 
source or site to 
particular ambient 

from the same source under 

A sarrple 
isolate 

medium 

collected upstream 
the effects of the 
being sarrpled. 

identical conditions. 

or upgredient 
source J or site 

from a 
on the 

:::.B~ac::.!k~gL.:.r~ound=:.....--=S~a:.:lnp~l~e: A serrple collected from en area, water body, or 
site similar to the one being studied, but located in an area known 
or thought to be free from pollutants of concern. 

Biased Sanple: A SIIIJ1:)le which is known to be non· representative of 
the entire site being studied. An exarrple is sarrples collected 
during Superfund Site Screening Investigations that are 
Intentionally biased towards suspected areas of contamination. 

Trle Blanks: Trip blanks ere prepared prior to the serrpling event 
In the actual &IIIJ1:lle container end are kept with the investigative 
sarrples throughout the SIIIJ1:)ling event. They are then packaged for 
shipment with the other samples and sent for analysis. At no time 
after their preparation are the sample containers to be opened 
before they reach the laboratory. ESD utilizes volatile organic 
trip blanks to determine if samples were contaminated during storage 
and transportation back to the laboratory. If serrples are to be 
shipped, trip blanks are to be provided per shipment but not per 
cooler. 

Egulment Blanks: Equipnent field blanks are defined as sanples 
which are 
collection 
be used 
equlpnent 
operation.) 

obtained by rw-nlng organic· free water over/through SIIIJ1:)le 
equlpnent after It has been cleaned. These samples will 

to determine If cleaning procedures were edequate. CThe 
could have been cleaned in the field or prior to the field 

Pre and Post Preservative Blanks: To determine If the preservative 
used during field operations were contaminated, pre and post 
preservative blanks are prepared. On small studies, usually only a 
post preservative aample will be prepared. These samples are 
prepared by putting analyte·free/organlc·free water In the container 
and then preserving the aample 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 s~le containers at pre· I 
designated locations. This is done to determine if any contaminants 
present in the area may have an affect on the sample integrity. 
Field blanks should be collected in dusty envirorments and/or from I 
areas where volatile organic contamination is present in the 
atmosphere and originating from a source other than the source being 
s~led. I 
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I 
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As defined in Data Quality Objectives for Remedial ·Response Activities 

(29), "Data Quality Objectives . (DQO's) 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. DQO's were originally developed to 
guide the analytical program of Superfund C29), but the concept also has 
application for other field sa~l ing efforts. Data collected in the field 
include s~les and site information. The methods by which sa~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~l ing equipment is 
cleaned will also affect the DQO level of the data. The various DQO levels are 
nuroered I through V, with I 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 worlc. 

: 

4.4.1 DQO Level 

Sa~l ing equipment· and sa~le containers must 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 ex~le of DQO Level I field worlc. However, this technique is not 
appropriate for c~s that are not volatile or produce low instrument 
response. Data produced frcm such s~les may not be used for other than the 
stated purpose. 

4.4.2 DQO Level IJ 

Field methods, decontamination procedures, and sa~l ing equipment 
construction materials for DQO Level II analyses are as specified elsewhere in 
this document. The construction materials for sa~l ing equipment may vary if 
rinse blanlcs analyzed using the field analytical procedures show that the 
substituted equipnent does not contribute detectable analytes, and the materials 
would not reasonably be expected to contribute detectable analytes. For ex~le, 

it may be acceptable to use PVC s~l ing equipment to c:ollec:t s~les that are 
only being analyzed for 111etals, or to use equipnent made of chrome plated 
material for s~les being analyzed only for organic: c:~s. Field cleaning 
procedures for s~ltng equipnent used to collect s~les that will be analyzed 
at this DQO level 1111y consist of: 

• 

• 

Soap and potable water wash with brush (steam may also be used), 
followed by potable water rinse. 

Vater rinse. The qual lty of the water is determined 
contaminants of concern and the mini1111n quantitation limits 
analytical ~~ethods used. For ex~le, ff an atcmic absorption 
&.nit Is being used to analyze water s~les for lead only, 

by the 
of the 

(AA) 

and the 



should 
of all 

4.3.3 

A 

m1n1mum quantitation 
ug/l lead (one-half 

·limit is 
the minimum 

20 Ug/l, water 
quantitation 

decontamination water. 

minimum of five percent of Sllq)les collected for 

be split for DQO Level IV analysis. These samples 

samples subnitted to the field laboratory. 

DQO Level III 

Field methods, decontamination procedures, and 
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containing 
limit) may 

DQO Level 

up to 
be used 

II analyses 

must be reeresentative 

sampling equipment 

10 
as 

construction materials for DQO Level II I analyses are as specified elsewhere in 

this doc1.111ent. Some modifications of these specifications are 
certain limited instances, as specified below. 

If DQO Level III analytical services are being used in support 
or excavation operations, the cleaning procedures for the down-hole 
excavation equipment only may be 
omission of steps 3, 4, and s. All 
specified· in that appendix apply. 

\lhen wells ·are constructed 
to the contaminants being analyzed, 
II I · or lower for those incQ111)11t ible 
procedures are used. 

cleaned as specified in Appendix 
other cleaning and decontamination 

using materials that are not 
data collected from those 

inert 
wells 

Level analytes, even if DQO 

allowable in 

of drilling 
drilling or 

E~9, with the 
procedures 

with respect 
are DQO Level 

IV analytical 

A minimum of one equipment rinse blank per week for each week sampling 
equipment is field cleaned is required to be analyzed. If s~les are preserved, 
a preservative blank must be collected and analyzed in the field at the begiming 
and end of the study. A blank of the rinse water must be collected and analyzed 
prior to begimlng the study and at the end of each week s~l ing equipment is 
field cleaned. 

should 
of all 

4.4.4 

A minimum 
be split 
s~les 

DQO Level 

of five percent of s~les collected for 
for DQO Level IV analysis. These s~les 

slbnitted to the field laboratory. 

IV 

DQO 

must 
Level III analysis 

be representative 

Field ~~ethods and equipment decontamination procedures described in this 
docunent are considered to be level IV lllethods. These are the standard methods 
to be used on all studies requiring oao Level IV quality data. Any devilltions 
from these 111ethods lUSt be docunented in the field logbook or the approved study 
plan. The s~ler lUSt be aware that such deviations in the field wotk may 
reduce the DQO level of the data, with a slbsequent 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 pao Level v 
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discussed in detail. The project 
procedures may require specialized 
be specified in the approved study 
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leader 
field 
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nust be aware that special analytical 
procedures and equipment. These nust 

prior to beginning the study • 
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4.5 INVESTIGATION DERIVED \IASTE 

4.5.1 General 

Many field investigations conducted by the Branch generate 
waste 

waste 
(ID\1) 

materials. 

These waste materials are known as investigation derived (30). Some 

of these waste materials may be hazardous wastes which nust be properly 
of these hazardous 

disposed 

in accordance with EPA regulations. Most, but not all, wastes 

will be associated with investigations of hazardous waste sites. 

4.5.1.1 Tvoes of JD\1 Materials which may become ID\1 requiring proper 

treatment, storage and disposal are: 

• 

• 

• 

• 

• 

• 

Personnel 
coveralls, 

protective 
gloves, 

equipnent (PPE) • 
booties, respirator 

This 
canisters, 

Disposable equipnent (DE). This includes 

includes 
splash 

ground 

disposable 
suits, etc. 

ment covers, aluninun foil, conduit pipe, 
tubing, broken or unused Sllll'ple containers, 

plastic 
col iwasa 

sllll'ple 

and equip
Teflone sllll'pleq;, 

contai'ner boxes, 

tape, etc. 

Soil cuttings from drilling or hand auguring • 

Drilling nud or water used for water rotary drilling. 

GrOU'ldwater obtained through well developnent or well purging. 

Cleaning fluids such as spent solvent and washwater. 

4.5.1.2 Management of Non-Hazardous JD\1 Disposal of non-hazardous ID\1 
from hazardous waste sites should be edclressed in the study plan. Non-hazardous 
ID\1 such as PPE and DE may be double-bagged and brought baclc to the Branch 
warehouse for disposal in the warehouse trash containers. To reduce volume for 
transportation baclc to the warehouse, it 11111y be necessary to compact the waste 
into a reusable container, such as a 55-gallon drun. If the waste is from an 
active facility, permission should be sought from the operator of the facil lty 
to place the non-hazardous PPE and DE ID\1 into the facilities ~ters. If 
necessary, these materials IIBY be placed into nunicipal ~ters, with the 
permission of the owner. These IIBterials IIBY also be talcen to a permitted 
landfill local to the aite. On larger studies, waste hauling services may be 
obtained and a ~ter located at the study site. They may also be buried on 
site near the contamination source, with the burial location noted in thP field 
logbook. 

water, 
approved 
facility 
sought 
feasible 

Disposal . of non-hazardous ID\1 such as drill cuttings, purge or developnent 
decontamination fluids, drilling IIUds, etc., should be specified in the 

study plan. These 11111terials lUSt not be placed into dunpsters. If the 
at which the study is being conclJcted is active, permission should be 

to place the liquid JD\1 into the facilities treatment system. It may be 
to spread 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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water, 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 ID\1 -- Disposal of hazardous or suspected 
hazardous JD\1 nust be specified in the approved study plan. Hazardous JD\1 rrust 
be disposed as specified in USEPA regulations. If appropriate, these wastes may 
be placed back in an active fecil ity waste treatment system. These wastes may 
also be disposed of in the . source area from which· they _originated, if doing so 
does not endanger hunan health and the environment. 

If on·site disposal is not feasible, and if the wastes are suspected to be 
hazardous, appropriate tests rrust be conducted to make that ·determination. If 
they are determined to be hazardous wastes, they rrust be properly contained and 
labeled. They ·may be stored on the site for a maxirrun of 90 days before they 
rrust be manifested and shipped to a permitted treatment or disposal facility. 
Generation of hazardous JD\1 rrust 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 minirrun to 
conserve 
should 
purged 

Branch resources. Most of the routine studies conducted by the Branch 
not produce any 10\1 that are hazardous, with the possible exception of 
groundwater. Many of the above PPE and DE wastes can be deposited in 

rrunicipal d~ters if care is taken to lceep 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 volume of spent 
solvent waste produced during equipment decontamination can be reduced or 
eliminated by applying only the minirrun IIIIICU'It of solvent necessary. 
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This subsection provides guidelines for establishing quality control pro-

cedures for Branch s8111)l ing activities. Specific guidelines for sarrple site 

selection, 
standard 

selection of S81J1ll ing equipment, types of sarrples . to be collected, 
S8111)le collection procedures, specific maintenance and calibration 

procedures for sarrpl ing equipment, and other considerations are presented for 

each mediun later in this Section. Specific requirements for all sarrpl ing 

activities 
operating 

are presented in Section 4.2. Strict adherence to all of .the standard 
procedures outt ined in this chapter form the basis for the Branch 

sarrpl ing quality assurance program. 

4.6.2 Experience 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 sarrpl ing sites 9n their own 
initiative. This . field experience shall be gained by on· the· job training using 
the "buddy" system. Each new Branch field errployee shall accorrpany 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 Reaui rements 

All s8111)le collection activities shall be traceable 
to the person collecting the s~le and to the specific 
ment (where appropriate) used to collect that s8111)le. 

through field 
piece of sarrpl ing 

All maintenance 

records 
equip

and 
calibration records for s~l ing equipment <where appropriate) shall be kept so 
that they are similarly traceable. 

4.6.4 Measurement of Relative Sarrpl ins Precision 

The following duplicate s~ling procedures shall be used during the col· 
lection of Branch s~les as a relative measure of the precision of the sarrple 
collection process. Duplicate grab and/or c~site s~les shall be collected 
during all 11111jor investigations and studies (IIIOre than 20 s~les) conducted by 

the Branch. No 1110re than ten percent . of all sarrples shall be collected in 
duplicate. These s~les shall be collected at the same time, using the same 
procedures, the same equipment, and In the same types of containers· as the 
required s~les. They shall also be preserved in the same 11111nner and subnitted 
for the same analyses as the required s~les. The collection of duplicate 
c~site s~les shall require the installation of duplicate automatic s~ler 

setups if automatic sanplers are used for s~le collection. 

These data will be examined by the project leader to determine If any 
problems are evident with specific types of llledia s~les or with the procedures 
used by specific Branch persomel. The project leader will advise the Branch 
Quality Assurance Officer who will in tum advise the Branch and appropriate 
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can be 

will be 

monitored by utilI zing field blank s~les. For routine studies these blank 
that 

field 
sa~les will be prepared by ASB personnel.. Branch personnel shall request 
these sa~les 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 s~les 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 sa~les 

may be made in the field. The following field blank sa~les are required: 

• 

• 

The following 

• 

• 

\later Sanple VOA Trip Blank A water sarrple VOA trip -blank is 
required for every study where water sa~les are collected for VOA 
analysis. Two sealed preserved (or unpreserved if appropr:iate) 40· 
ml VOA vials will be transported to the field. These field blanks 
will be handled and treated by Branch personnel in the same manner 
as the water s~les collected for purgeable organic CCJ111X1LndS 
analysis on that particular study. These s~les will be clearly 
identified on s~le tags and Chain·Of•Custody Records as trip 
blanks. 

Soil Sa!!J?le VOA Trip Blank A soil s~le VOA trip blank is 
required for every study where soil s~les ere collected for 
purgeable organic c~s analysis. One 2·oz. soil VOA vial will 
be transported to the field. This field blank will be handled and 
treated by Branch persomel in the same marner as the soil s~les 
collected for purgeable organic c~s analysis on that 
particular study. These s~les will be clearly identified on 
s~le tags and Chain·Of·Custody Records as trip blanks. 

blanks are prepared in the field: 

Inorganic Senple Prenrvative Blanks Metals and general 
inorganics s~le containers filled with blank water will be trans· 
ported to the field and preserved and submitted for the same 
analyses as . the other Inorganic s~les collected. These s~les 

will be clearly Identified as preservatives blanks on s~le tags 
and In the Chaln·Of·Custody Record(s). At least one preservative 
blank for each type of preserved s~le should be collected at the 
end of routine field Investigations. A mininun of one preservrtive 
blank should be prepared at the begiming and end of all 11111jor 
Branch field Investigations (20 s8!!ples or 110re). 

::::.AU~tr.::OINI=t~lu.C:--.=.S!I!I?:::a:.~.l~er:.-__.B""lu:a::.:n=lcs The procedure for collecting 
s8!!pler blanks is given In Section 4.5.4. In general, 

aut011111tlc 
cleaning 

procedures outlined In Appendix B should be adequate to insure 
of the s~le Integrity. However, It Is the standard practice 
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Branch to submit automatic sampler blanks for analyses when 

automatic samplers are used to collect samples for organic c~unds 

analyses. Automatic sampler blanks for other standard analyses 

shall be submitted at least once per quarter. 

The ASB will advise 
blanks are 

the Branch 
unacceptably or preservative 

ance Officer will irrmediately 
The results 
appropriate 

initiate 
of this 
Section 

of the problem. 
the Branch and 
initiated. 

4.6.6 Measurement of Sanple Container. 
Integrity 

Quality Assurance Officer when trip blanks 
contaminated. The Branch Quality Assur· 
an investigation to determine the cause 

investigation will be pr~tly rePorted to 
Chief so that corrective action can be 

Sample Equipment. and Cleaning Procedure 

Specific qual fty control procedures are outlined in Appendix B. 

4.6.7 Measurement of Field Generated Organic-Free lolater 

: 
On larger studies, organic·free water may be prepared in the field. lolhen 

this is done, a system blank should be collected prior to use and at the end of 
the study. If the study lasts more than one week, at least one sample per week 
shall be collected. Blank samples should be analyzed for all analytes of 
interest. ' 

4.6.8 Special Quality Control Procedures for lolater Samples for Extractable, 
Pesticide. or Herbicide Orpanic Compounds Analyses 

Branch persomel shall slbnit ~I Ieete water s~les for extractable, 
pesticide, and/or herbicide organic c~s analyses from at least one sampl fng 
location per project and laboratory used. This s~le should be collected from 
a location expected to be relatively free from contamination, since this s~le 

will be used ·for laboratory quality control purposes. The ~~ icate s~le 

should be clearly identified as 11Dupl icate S~le for Matrix Spike" on the s~le 

tag, Chain·Of·Custody Record, In the field logbook, and on the Contract 
Laboratory Program (CLP) Traffic Report Form Cff apprepriate). This procedure 
shall be followed for all · Branch projects where water s~les are collected .for 
the Indicated organic c~ analyses, whether the s~les are slbnitted to 
the ASB or the EPA CLP. 

4.6.9 Seeefal Qualfty Control Procedures for EPA Contract Laboratories 

Special quality control procedures are uSed when s~les are slbni tted to 
the EPA CLP. A series of blank and spliced s~les are provided by ASB persomel 
that are to be slbnltted along with the regular s~les to each contract 
tory utilized. These a~les will be provided by the ASB along with the 
sary CLP Traffic Report Fonas for each blank and aplke s~le. These 
ahall be albnltted to the rnpectfve contract laboratories on a bl fnd 

labor a· 
neces· 
s~les 

basis. 
Fictitious station rui;,ers will be used on the Traffic Report Fonns; the contract 
laboratories are !!2! to know which s~les are splices and blanks. These s~les 

are Identified as spites 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 SSII'ples are to be obtained from the ASB utilizing the 
In Section 4.4.5. 

The ASB TPO (See Section 1.9.3.1) 
that Branch persomel collect split sarrples 
for analysis by both the ASB and contract 
to be submitted to the ASB using established 
involved shall not be notified In any way 

may request, 
(or duplicate 
laboratories. 
.procedures. 

that sarrples 

on a case-by-case basis, 
sarrples if appropriate) 

The split sarrples are 
The contract laboratory 

were i.e., there 
should be no Indication on Chain-of-Custody 
submitted to the contract laboratories that 

Records 
these 

or CLP 
sarrples 

split, 
Traffic Report Forms 

split with the were 
ASB. 

4.6.10 Special Quality Assurance Procedures for Dioxin (2.3.7.8-TCOD or Other 
Isomers) 

All sarrples collected for dioxin (2,3,7,8-TCDD or isomers) analyses are 
analyzed by other EPA laboratories or through contract laboratories. The ASB 
does !12! conduct In-house analyses for dioxin. The ASB maintains a package that 
outlines all current quality control procedures to be used by Branch persomel 
when collecting BSII'ples for dioxin (2,3,7,8-TCDD or other isomers) analyses. The 
ASB lllJSt be consulted before any such sarrples are collected. 
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The variety of conditions at different saq>ling locations require that 
-iderable judgment be made regarding the methodologies and procedures for 
·allection of representative s~~q>les of wastewater. Each saq>l ing point warrants 
llb!ntion conmensurate with its coq>lexity. There are, however., basic rules and 
pa:autions generally applIcable to s~~q>le collection. The procedures used by 

·• Branch are generally those outlined in the NPDES COIIDl iance Inspection Manual 
trJ. Additional guidance is given in the agency•s handbook, Monitoring 
lllllllstrial "astewater (3). Some iq>ertant considerations for obtaining a 
..-esentative wastewater s~~q>le include: 

• The s~~q>le should be collected where the wastewater is well mixed. 
Therefore, the s~~q>le should be collected near the center of the 
flow channel, where the turbulence is at a maximum and the 
possibility of solids settling is minimized. Skimming the water 
surface or dragging the channel bottom should be avoid~; however, 
allowances should be made for fluctuations in water • depth due to 
flow variations. 

• In s~~q>ling from wide conduits, cross-sectional saq>ling should be 
considered. Rhodamine UT dye (See section 7.8.2.3 for procedures) 
may be used as an aid in determining the most representative 
s~ling point(s); and 

• If menue l compos it i ng is ~loyed, the individual saq>le bottles 
must be thoroughly mixed before pouring the individual al iquots into 
the composite container. 

U.2 Site Selection 

\lhere applicable, wastewater saq>les should be collected at the location 
.-cified in the NPOES pennit Cif the source has such a permit). Jn some in· 
~es the saq>ling location specified in the permit, or the location chosen by 

-.r permittee, MY not be acceptable for ·the collection of a representative 
.atewater saq>le. In such instances, the project leader or field investigator 
il not limited by penalt specifications from collecting a saq>le at a more 
~esentatlve location. When a confl let exists between the permittee and the 
~latory agency regarding the most representative . saq>ling location, both sites 
tt.uld be saq>led, and the reason for the conflict should be noted in the inspec· 
~ or study report and field notes. Reconmendatlons and reasons for a change 
• saq>l ing location should be given to the appropriate permitting authority. 

4.7.2.1 Jnfluent .. Influent wastewaters are preferably seq> led at points 
~ highly turbulent flow In order to ensure good lllixing; however, In lllllny in· 
~es the IIOSt desirable location Is not accessible. Preferable influent 
-tewater seq> ling points Include: (1) the !4'flOW siphon following a comminutor 
Cia absence of grit chii!Cer); (2) the !4'flOW distribution box following ~ing ..., liB in plant wet well; (3) aerated grit chii!Cer; (4) flune throat; or (5) ~ 
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4.7.2.2 Effluent Effluent sall1lles should be collected at the 
at the 

site 

specified in the permit, or if no site is specified in · the permit, most 
to representative site downstream from all entering wastewater streams prior 

permittee 
the most 

discharge into the receiving waters. If a conflict exists between the 

and inspector 
representative 

regarding the source being sa!l1lled or the location of 

site, follow the procedure outlined in Section 4.7.2. 

4.7.2.3 Pond and lagoon Sanpling Generally, composite effluent 
wastewater samples should be collected from ponds and lagoons. Even if the ponds 
or lagoons have long retention times, composite Sa!l1ll 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 sall1lle may ·be taken as representative of the waste stream. 

4.7.3 SanpHng Techniques - General 

: 
Sa!l1ll ing and flow measuring 

treatment 
before 

are mutually dependent for a c011plete 
evaluation 
wastewater 

of a wastewater 
flow variability 

plant. The investigator 
a Sa!l1ll ing program can be 

must 
initiated. 

know the 

The choice of a flow proportional or time composite sampling scheme depends 
on the variability of the wastewater flow or concentration, equipment 
availability, and S11!11ll ing location. If an investigator knows or suspects that 
there Is significant variability in the wastewater flow or if the investigator 
knows nothing about the facility, a flow proportional sample should 
Otherwise a time composite B8111lle would be acceptable. 

Prior to sampling, 
and recorder) 

flow measuring 
be examined 

system 
(methods 

(primary 
described total her, 

If the flow measuring 

the 
should 

system is unacceptable, the investigator 
install 
system 

flow measurement instrumentation (Section 
is acceptable, ·samples can be collected by 

5). If the 
the appropriate 

be collected. 

flow device, 
in Section 5). 

may have to 
flow measuring 

method. 

Time composite samples 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 S8111ller. 

Flow proportional S8111lles can be collected automatically with an automatic 
S8111ller and a COI!pBtible pacing flow ~~easuring device, semi-automatically with 
a flow chart and ari automatic S8111ller capable of collecting discrete S8111llr.s, or 
manually. Refer to Appendix E for procedures describing the first method and to 
the NPDES C011plienee Inspection Menual (2) for deteils on the latter two me:hods. 

4.7.4 Use of Automatic Senplers 

4.7.4.1 General -- Automatic S8111llers IIBY be used when several points are 
to be S8111lled at frequent Intervals or when a contii"MJJUS S8111lle is required. 
Automatic samplers used by the Branch IIJSt llleet the following requirements: 
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S~ltng equipment 
contamination which 
cleaning procedures). 

II'USt 
could 

be properly cleaned to avoid 
result from prior use (see Appendix 

cross· 
B for 

No plastic 
the water 
be i~cted 

or metal parts of the sa~ler shall 
or wastewater stream 

by these materials 
when parameters 
(See Section 

come in contact 
to be analyzed 

4.7.6). 

with 
could 

The automatic Sllqller II'USt 
period. 

be able 
This 

to provide adequate 
can be acc~lished 

refrigeration 
during the s~l ing 
by using ice. 

The automatic s~ler IIIJSt be able 
for all parameter analyses (see 
volumes). 

to collect 
Appendix 

in the field 

a large enough 
A for required 

sa~le 

s~le 

A mininun 
activated 

of 100 mls should be collected each time the sa~ler is 
if a peristaltic pump is used. 

The automatic 
the s~ler 

Sllq)ler 
should be 

the pumping 

should provide a lift 
that 

of at least • 20 feet and 
be a adjustable 

head. 
so the volume is not 

function of 

•, 
P~ing velocity II'USt be adequate to transport solids 
sol ids to settle. 

The intake line leading to the pump II'USt be purged 
sllq)le Is collected. 

The mini nun inside diameter of the intake line should 

An adequate power source should be available to operate 
for 48 hours at a 30-minute Sllq)l ing interval. 

Facility electrical outlets lillY be used if available • 

Facility' automatic &llq)lers 
if they 111eets SOP criteria. 

IIIBY be used for conventional 

and not allow 

before each 

be 1/4 inch. 

the sllq)ler 

parameters 

Specific operating instructions, capabilities, capacities, and other 
pertinent Information for automatic B&q)lers presently used by the Branch are 
Included In the respective operating 1111nuals and are not presented here. 

4.7.4.2 ~Z!II:IIIeni Jnsiallatlon 

4.7.4.2.1 s;onvent I one l S~liDS Automatic s~lers NY be used to 
collect tllle CC!q)OSfte or flow proportl one l Bllq)les. In the flow proportional 
mode, the s~lers are activated by a compatible flow Jneter. Flow proportional 
s~les , can also be collected using a discrete s~ler and a flow recorder and 
1111nually CCiq)OSitlng the Individual alI quota In flow proportional BIIICU'ItS (2). 
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All new tubing CDow8 Corning Medical Grade 

in the 

Silastic, or equal, 
sample train) will 

in the pull) 

and 
each 

either 

SB111'ler 

Teflon& or Tygon&, or equal, be used for 

installation. 

Installation procedures include cutting the proper length of tubing, 

positIoning it In the wastewater stream, and sall1'ler programming. 

a time CCX!lX'Site sall1'le, the sall1'ler should be programmed to collect 

200 
For 

mls at 30·minute intervals or 100 mls at 15-minute intervals into a 

refrigerated 3·gallon glass jug. For a S·gallon CCX!lX'Siting container, the 

volume should be increased 

For a flow proportional the sall1'ler 
interval, 

should be programmed to collect 

a minimum of 100 
based on the flow 

mls for 
of the 

each 
waste 

with the interval predetermined 

stream. 

At the end of each 24-hour S8111'l ing period,· the contents of the glass com-

positing container with the sample should be stirred 
there are no visible sol ids) into the respective 

immediate preservation, If requi reel. 

and siphoned (poured 
containers, followed 

if 
by 

4.7.4.3 Automatic Sarrpler Security .. EPA owned 
be in the custody of the permittee as long as it is on 

equipment is assumed 
their property. 

to 
This 

ass~tion should be made known to permittees whenever equipment is left 
unattended. A lock or seal may be placed on the sampler 
However, this does not prevent tarr.,ering with the sall1'le 

to detect 
collection 

ta~ring. 

tubing. Jf 
necessary, seals may be placed on the SB111'l ing pole and tubing line to further 
reduce ta~ring possibilities. 

4.7.4.4 Automatic Sampler Maintenance, Calibration. and Quality Control 
To insure proper operation of automatic S8111'lers, and thus the collection of re· 
presentative S8111'les, the procedures outlined in this section shall be used to 
maintain and cal fbrate Branch automatic s~lers. 

The following maintenance and calibration procedures shall be used; any 
di fferenees from those prescribed procedures will be docunented •. 

Prior to each 
personnel. warehouse 

through 
necessary; 
any item 

three cycles 
checking 

if necessary. 

field trip, the S8111'ler operation will be checked 
automatic) 

replacing 
Thil includes operation (forward, reverse, 

of purge·pump·purge; checking desiccant and 
12·vol t batteries to be used with the S8111'ler; and repairing 

During each field trip, prior to Initiating sampling, the purge·pump·~rge 

by 

ff 

cycle shall be checked at least once. The constant pumping volune using a 
graduated cyl fncler or other cal fbrated container will be checked at least twice, 
and the flow pacer that· activates the s~ler shall be checked to be sure it 
operates properly. 

dents, 
placed 

Upon retum from 
etc., and repaired, 
If appropriate. 

a field trip, 
If necessary. 

The operation 

the sampler shall be examined for holes, 
The desIccant wf ll be checked and re· 

(forward, reverse, automatic, etc.) will 
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be checked 
will then 

end eny 
be cleaned 

required repairs will be made and doct.rnented. The sefl1)ler 

es outlined in Appendix B. 

The 
the 

automatic 
lll.lltiplexer, 

sampler's pufl1)ing rate at lll.ll tiple heads, the timing mechen· 
manufac· 

functions 
isms, 
turer•s 
appears 

or the flow 
end doct.rnented 

i Jl1)roper l y. 

pacer will be ·checked against the 

specifications whenever one or more of these 

to be operating 

Automatic SBJI1)ler blanks lllJSt 
SBJI1)les 

be collected for organic compounds and 

metals analyses· when collecting for trace organic compounds analyses as 

described in section 4.7.6.1. 

4.7.5 Manual Sanplfng 

sampling is normally 
in-situ field analyses. 

used for grab 
also 

safl1)les 
be used 

end/or for 
in lieu of 

Manual 
inmediate 
automatic 
especially 

equipment over extended 
However, 
periods 

evaluate 

collecting 
it can 

of time for composite SBJI1)l ing, 
when it is necessary to unusual waste stream conditions. 

The 
container 
eliminates 
collection 
collecting 

best method to manually collect 
which will be used to transport 

a SBJI1)le is to 
the safl1)le to 

use 
the 

the actual 
laboratory. 

sample 
This 

the possibility of contaminating the . safl1)le with en intermediate 
container. The actual sample 
samples for of l end grease end 

container 
bacterial 

must always be used for 
analyses. 

A separate collection container can be used to collect the sample, from 
which the safl1)le can be redistributed to other containers. If this is done, 
however, 
(Appendix 

the container used to collect the sample lUSt be properly cleaned 
B) and must be lll8de of a material that meets the requirements of the 

et each 
SBJI1)l ing 

parameter(s) 
sempling 

being investigated. Also, e separate container will be used 
station. This will prevent cross contamination between 

station. 

If the water or wastewater stream cannot be physically reached by the sam· 
pl ing personnel or It Is not safe to reach for the s&JI1)le, an intermediate 
collection container •Y be used. The SBJI1)le is collected by lowering 
cleaned TeflonB, plastic, glass, or stainless steel collection vessel 
collection vessel used depends on the parameter being Investigated) 
materiel to be SBJI1)led. The collection vessel IIBY be lowered by hand 
to e pole or rope and then lowered into the stream. 

In some 
to withdraw 

cases 
a s&JI1)le 

is i~rative that 

it IIBY be best 
from the water 

all c~ts 

to use a J:IUIP, 
or wastewater 
of the J:1U1P 

el ther power or hand 
stream. If a J:1U1P 

that come · in contact 

e properly 
(type of 
into the 

or attached 

operated, 
Is used, it 

w!th the 
liquid are properly cleaned (Appendix B) to Insure the integrity of the &BJI1)le. 

SBJI1)les are •n.aally collected by tipping the collection container In the 
water or wastewater stre• so the IIIOUth of the container faces upstream. The 
container should ·be rinsed with this procedure at least twice before the s&JI1)le 
is collected (exceptions to this rinsing procedure exist if preservatives are 
present in the s~l ing container and for certain analyses such as oil and grease 
and bacteria). 
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4.7.6 Special Sanple Collection Procedures 

4.7.6.1 Trace Organic Compounds 

metals 
care 

detection limits are usually in 
IILISt be exercised to insure sBI!ple 

All 
for trace 
in Appendix 

containers, ccxrposite bottles, 
organic ccxrpounds and · metals 

B. 

and Metals 
the parts 

integrity. 

tubing, 
analyses 
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Trace organic ccxrpounds and 
per 

etc., 
should 

billion range, so extreme 

used in saqlle collection 
be prepared as described 

\lhen possible, the SBI!ple should be collected directly into the appropriate 
saqlle container. If the material to be saqlled camot 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 Teflone vacuum container attachment which converts a saqlle con· 
tainer into a vacuum container. The device which is used should be cleaned as 

described in Appendix B. 

Personnel handling the saqlle should always wear a new pair of disposable 

surgical gloves with each set of SBI!ples collected and change as often as needed. 

This is necessary to prevent 
4.2.10 ln:ler 

cross-contamination. A more detailed discussion is 
given in Section special precautions for trace contaminant sampling. 

When an automatic S!!!!J)ler ;s used for collecting samples for trace organic 
CCJII'4)0unds and metals analyses, the installation procedures include cutting the 
proper length of new Teflone tubing, water rinsing of the entire collection 
system with a mininun of two gallons of Milli-08 water, and blank collection for 
organics and metals. In the Milli·oe water rinse, approximately one·half gallon 
is initially ~ into the CCJII'4)0Site sampler container and discarded. An 
additional one and one·half gallons are then ~ into the CCJII'4)0site sampler 
container for distribution into the appropriate blank container. Nitric acid 
rrust be added to the metals blank container. Finally the collection tlbing 
should then be positioned in the wastewater stream and sampler progr811111ing 
initiated. 

4. 7 .6.2 Bacterial •• Samples for bacterial analysis will always be col-
lected directly into the prepared glass or plastic sample bottle. The sample 
bottle should be kept UlOpened until 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 until the neck points 
slightly '"'*a rd. The IIIOUth should be directed toward the current (4, 5). Appen· 
dix A presents preservation procedJres and holding times. 

When the sample bottle ~t 

because of safety or i..,racticallty 
rrust be taken to avoid contamination. 

4.7.6.3 
In wastewater 

Jmlsclble 
as a aurface 

Lfaulds/Oil 
fll11, an 

be lowered Into 
(lllllnhole, slippery 

and Grease •• Oil 

the waste 
effluent 

stream, either 
area, etc.), care 

and grease lillY be present 
en.llslon, a solution, or as a conblnatlon of 
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these forms~ Since ft is very difficult to collect 
oil and grease analysis, the inspector llllSt carefully 
the smrpl ing point. The most desirable sa""l ing · 
greatest mixing. Quiescent areas should be avoided. 
grease will occur on smrpling equipment, the collection 

a representative smrple 
evaluate the location 

location is the point 
Because losses of oil 

of a c~site sa""le 

for 
of 
of 

and 
is 

i""ractical. Individual portions collected at prescribed 
analyzed separately to obtain the average concentrations 

4.7.6.4 Purgeable Organic COI!DOunds Analyses CVOA) 
yzed for purgeable organic c~unds should be collected 

time intervals 
over an extended 

must 

period. 
be 

Sa""les 
in 40·ml 

to be anal· 
septun vials 

with screw caps with a Teflone lined silicone disk 
contamination of the smrple by the cap. The disks should 

in the cap 
be placed 

laboratory 

to prevent 
in the caps 

(Teflone side to be in contact with the smrple) in the prior to the 
beginning of the smrpl ing program. 

always 
water 
40-ml 
sarrple. 
(HCl) 

Wheri sampling for purgeable organic c~s, triplicate sarrples 
be collected fran each location. The investigator should determine 

to be sampled contains chlorine. If the water contains no chlorine, 

should 
if the 
three 

vials containing four drops of concentrated HCl should be filled with the 
The samples may be held up to 14 days before analysis. When preservation 

is not feasible, sa""les can be held up to 7 days before analysis for 
purgeable aranatic hydrocarbons and 14 days for purgeable hydrocarbons c~unds. 

If the water contains chlorine, the following sampling and preservation 
procedure should be followed: 

8·0U'ICe VOA sarrpling container with 8 drops of a 25% ascorbic acid 
and the water sarrple. Cap and mix thoroughly but gently by 

Fill an 
solution 
swirling to eliminate residual chlorine. Transfer the sample to three 40· 
ml VOA 

vial 
vials containing four drops of concentrated HCl *. Label each 40·ml 

with "P" (preserved/ascorbic acid). 

* The ascorbic acid and acid 
order and in two separate 

preservatives 
steps. 

must be added in this 

The purgeable organics vials (40·ml) should be c~letely filled to prevent 
volatil izatlon, and extreme caution should be exercised when filling a vial to 
avoid any turbulence which could also produce volatfl ization. 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 ~nenilcus." The cap is then applied and sane 
overflow is lost, but air apace in the bottle is eliminated. After capping, turn 
the bottle over and tap it to check for bubbles; if any are present, repe"t the 
procedure using a new 40•111 vial. 

to any 
sarrpling 
holding 

Sarrpling containers 
field activities. 

activities by the 
ti~~es, and a~le 

with preservatives 
This will reduce 

investigation 
volunes are 

team. 
listed 

should be prelabeled (i.e., P) prior 
the chances of confusion during 
Sarrple preservation, containers, 

in Appendix A. 

4.7.7 Soeeial Process Control S!!!!ples and Tests 
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Special process control sai!1)les collected and field tests performed on 
these sai!1)les are given in Appendix H. 

4.7.8 Auxiliary Data Collection 

~hile conducting wastewat~r Sai!1)l ing, the following 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 sai!1)les 
and instantaneous 

collected continuous flows with 
C0i!1)0Site SBi!1)les 
5); 

Diagrams 
systems 

and/or written 
(if available); 

descriptions 

Photographs of pertinent wastewater 
flow measuring devices, treatr_nent 
specified in section 3.2.3); 

flows with grab sai!1)les (Section 

of the wastewater treatment 

associated 
units, etc. 

equipment, such 
(keep "photolog 

as 
as 

Process control information on the wastewater treatment process (if 
applicable); and 

COi!1)letion 
investigations. 

of applicable forms required during specific 

All observations, measurements, 
logbooks or attached thereto 

diagrams, etc., 
(where applicable 

will be entered in bo\M"Id 
as specified in Section 
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4.8 SURFACE \lATER AND SEDIMENT 

4.8.1 

SAMPLING 
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Selection of a surface water sampling location · for water quality studies 

is based on many factors, including: study objective, water use, point source 

discharges, nonpoint source discharges, tributaries, 
depth, 

changes in stream 

characteristics, types of stream bed, stream turbulence, presence of 

structures (weirs, dams, etc.), accessibility, persomel avai table, etc. \lhen 

sampling in estuarine systems, tidal effects lll.ISt be considered in selecting 

sampling 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. 

the objective of a water quality study is to determine patterns 

provide data for mathematical modeling purposes, conduct issimi lative 

studies, 
then 

etc., 
several 

where more than a single sampling location is to 
factors become interrelated and need to be considered 

of 

be 

If 
pollution, 
capacity 
investigated, 
in sampling location selection. An excellent guide to conducting surface water 
stream 
(6). 

4.8.2 

studies 

Sanple 

is F. \1. Kittrells, "A Practical Guide to \later Quality Studies" 

Site Selection 

Before any sempl ing is conducted, an initial reconnaissance should be made 
to locate suitable sempl ing locations. Bridges and piers are normally good 
choices as sites since they provide ready access and permit water sampling 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. \Jading for water samples in 
lakes, ponds, and slow-moving rivers and streams lll.ISt be done with caution since 
bottom deposits are easily disturbed, thereby resulting in Increased sediment in 
the overlying water colum. On the other hand, wadeable areas may be best for 
sediment sB~~"pling. In slow-moving or deep water, a boat Is usually required for 
sampling. 

access 
boats 

Sempl ing station locations 
If the stream is navigable 

frequently provide the only 

\Jading to collect samples 

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 will be chosen for only 
has to carry a considerable 
Instruments, and water . samples. 

small streams. A field investigator usually very 
amount 

\Jhen 
of sampling equipment, field analytical 
It also is necessary to wear rubber boots 

to walk the streanbed or to wade out to the ~~ain current, the physi"cal effort 
involved often •kes this 11ethod too difficult to be practical. 
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Fresh water environnents are conmonly separated into two types: (1) 

rivers, 
waterways 

streams, 
differ 

and creeks: and C2> lakes, ponds, ·and irrpounanents. Since these 
considerably in general characteristics, site selection must be 

adapted to each. Estuarine environnents are a special · case end ere discussed 

separately. 

4.8.2.1 Rivers. Streams, end Creeks -- Jn the selection of a surface water 
sarrpl 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 sarrpl 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 inmediately 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 Ccross·chamel) mixing occurs in con-
strictions in the channel, but because of velocity increases, the stream bottom 
may be scoured, and therefore, a constriction is a poor sediment sarrple location. 
Jn the absence of turbulent areas, the selection of a site that is clear of imne-
diate point sources, such as tributaries and industrial and municipal : effluents, 
is preferred for the collection of water sarrples. 

Typical ·· sediment depositional areas are located inside · of river bends, 
downstream of islands, and downstream of obstructions in the water. Sites that 
are located lnmediat~ly upstream or downstream from the confluence of two streams 
or rivers should generally be avoided since flows from two tributaries may not 
inmediately mix, and at times due to possible backflow can upset the normal flow 
patterns. 

When several 
be strategically 

stations 
located: 

along a stream reach are to be s~led, they should 

• 

• 

• 

They shall be spaced at Intervals based on time•of•water-travel, not 
distance. For ex~le, ·~ling stations may be located about one-
half day time·of•water·travel for the first three days downstream of 
a waste source (the first six stations) and then approximately one 
day through the 

If the 
·~ling 
purposes. 

study is 
stations 

remaining 

to be 
should 

distance. 

cDq)Sred to a 
be used, If 

previous 
possible, 

study, 
for 

the same 
cDq)Srison 

A station should be located whenever a Nrked physical change occurs 
In the stream chamel. Exlq)le: A stream reach between two 
adjacent stations should not include both a long rapids section of 
swift shallow water with a rocky bottom, and a long section of deep, 

slow•a:wlng water with a IIUdcty bottom. Stations at each end of the 
coneined reach would yield data on certain rates of change, such as 
reaeratlon, that would be an U"'reallstic average of two widely 
different rates. Much 1110re would be learned of the actual natural 
characteristics of the stream by inserting a third s~ling 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 iq>ourdnents should be bracketed. When times of water travel 

through them are long, stations should be established within the iq>ourdnents. 

Some 
significant 
be located 

stream structures, such as dams, permit overflow .that acc~l ishes 

reaeration of oxygen deficient water. In such cases, stations ·should 

short distances upstream and downstream from the structures to measure 

the rapid, artificial increase in dissolved oxygen (DO), which is not 

representative of natural reaeration. 

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 chaMel 

: 
characteristics. The use of three stations is especially iq>ortant 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 quality 
in the subreach. 

If 
streams 
downstream 

there Is 
on arrbient 

from the 

Interest in the effects of certain discharges 
water qual tty, sites should be located both 
tributaries or discharges. 

Unless a stream is extremely turbulent, it is nearly iq>ossible 

or tributary 
upstream and 

to measure 
the effect of a waste discharge or tributary irrmediately downstream of the 
source. Inflow frequently "hugs" the stream bank with very 
(cross·chaMel) mixing for some distance. This is a major 
estuarine environnents. S111113les 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 

little · horizontal 
consideration in 
miss the wastes 
source. Sal!llles 

wastes would the 
river as a whole. 

Tributaries should be SS"llled as near the mouth as is feasible. This may 
of be· a bridge some distance upstream from the mouth. Frequently, the mouths 

tributaries may be entered from the main stream for sllft1)l i ng by boat. Care 
may flow· should be exercised to avoid collecting water from the main stream 

bottom 
that 

into the mouth of the tributary on either the aurface or beca~r.~e of 
differences In densIty result lng from te~~perature, dissolved salts, or turbidity. 

Actual 1111113 l t ng locatIons will vary wl th the s t ze of the water body and the 
81110U\t of turbulence 
than 20 feet wide, 
In such cases, a 
channel is adequate 

In the stream or river. Generally, with small streams less 
a llq)ling site can be fOird where the water Is well mixed. 

single grab Sllft1)le taken at mid·depth at the center of the 
to represent the entire cross-section. A sediment &llft1)le can 
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also be collected at the center of the chamel. For slightly larger streams, at 
least one vertical COII'pOSite should be taken from mid-stream, with sarrples taken 
just below the surface, at mid-depth, and just above the bottom. Of course, DO, 
pH, t~rature, conductivity, etc. should be measured on each aliquot of the 
vertical composite. For large rivers, several locations across the channel width 
should be sampled. Vertical c01rp0sites across the channel width should be 
located in a mamer that is roughly proportional to flow, i.e., they should be 
closer together toward mid-channel, where most of the flow travels, than toward 
the banks, where the proportion of total flow is smaller. The rurber of vertical 
composites required and the number of depths sampled for each are usually 
determined in the field by the sampling crew. This determination is based on a 
reasonable balance between the following two considerations. 

1. The larger the rurber of subsamples, the more nearly the composite 

sample will represent the water body. 

2. Taking subsarrples is time·consuming and 'expensive, and increases the 
chance of contamination. : 

In most circumstances, a number of sediment samples _should be collected 
along a cross•section of a river or stream in order to adequately characterize 
the bed materiel. A common procedure is to sample at quarter points along the 
cross• section of the site selected. Yhen the sampling technique or equipment 
requires that the samples be, extruded or transferred at the site, they can be 
conbined into a single composite sample. However, samples of dissimilar 
composition should not be conbined but should be stored for separate analysis in 
the laboratory. To insure representative samples, . the preferred method is diver 
deployed coring tubes. 

4.8.2.2 Lakes. Ponds. and lrrpounctnents -- Lakes, ponds, and impcxninents 
have a nueh greater tendency to stratify than rivers and streams. The relative 
lack of mixing requires that more samples be obtained. occasionally, 
turbidity difference may occur vertically where a highly turbid 
lake, and each layer of the stratified water column needs to 

an extreme 
river enters 
be considered. 

a 

Since the stratification is caused by water ten.,erature differences, the cooler, 
heavier river water is beneath the wanner lake water. A ten.,erature profile of 
the water column as well as visual observation of lake samples can detect the 
different layers and they can be sampled ' separately. 

The 
with 

number of water sampl lng sites on a lake, pond, or i~t will 
the purpose of the investigation as well as the size and shape of the very 

basin. 
deepest 

In ponds and SMll lmpounchents, a single vertical composite at the 
point •Y be sufficient. Similarly, the 111easurement of DO, pH, 

ten.,erature, 
naturally-formed 

etc., Is to be conducted on each vertical composite al lquot. In 
ponds, the deepest point ill usually near the center; In 

l~nts, the deepest point is usually near the dam. 

lakes and larger lmpounchents, several In 
compost ted 
taken along 

vertical 
sampling 

subsamples 
locations to fonn a single sample. These vertical 

a transect or grid. Again, the number of 
depths at which subsamples are taken are usually 

vertical 
at the 

subsamples 
discretion 

should be 
are often 

and the 
of the 

I 
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sa~l ing crew. In some cases, 
and hypolinnetic 

subsa~les 

it may 
zones, 

collected 

be of interest 
but normally 
at various 

to form separate 
shall 

c~sites 

consist of epilinnetic a c~site 
depths. 

of 

several 

tected 
quately 

vertical 

In lakes with irregular shape and with several bays 

from the wind, additional separate c~site sa~les 

represent water quality. Similarly, additional 

and coves that 
may be needed 

sa~les . should 

where discharges, tributaries, land use characteristics, and other such 

are pro· 
to ade· 

be taken 
factors 

are suspected of influencing water quality. 

selected 
larly 

\lhen collecting sediment sa~les in lakes, pond, and reservoirs, the site 
should be approximately at the center of water mass. This is particu-

true for reservoirs that are formed by the impoundnent of rivers or 
streams. 
headwaters 

Generally, the coarser grained sediments are deposited near the 
of the reservoir, and the bed sediments near the center of the water 

mass will be corrposed of fine-grained materials. The shape, inflow pattern, 
bathymetry, and circulation rrust be considered when selecting sediment sa~l ing 
sites in lakes or reservoirs. : 

4.8.2.3 Estuarine IJaters -- 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 (7, 8, 9, and 10): 

• 

• 

• 

Mixed estuary Characterized by an absence of vertical halocl ine 
(gradual or no marked increase in salinity in the water colum) and 
a gradual increase in salinity seaward. Typically this type of 
estuary 
shallow 

is · foood 

depths. 

Salt wedge estuary 

in major freshwater sheetflow 

Characterized by a sharp 
salinity and chamel ized freshwater inflow into 
these estuaries, the vertical mixing forces 

areas, featuring 

vertical 
a deep 

cannot 

increase 
estuary. 

override 
density differential between fresh and saline waters. In effect, 

in 
In 

the 
a 

with salt wedge tapering Inland 1110ves horizontally, back 
the tidal phase. 

Oceanic 
strength 

estuary Characterized by 

oceanic waters. 
with the preponderance of 
near, or at, the vegetated 

Seasonally, 
the fresh 
shore line. 

salinities 
freshwater 

saline water 

and forth, 

approaching full 
inflow 

mixing 
is small 

occurring 

A reconnaissance investigation should be conducted for each estuarine study 
prior knowledge of the estuarine type is available. The reconnaissunce 
focus ~ the freshwater and oceanic water dynamics with respect to the 

objective. In this regard, National Oceanic Atmospheric Adninistration 

unless 
should 
study 
tide tables and USGS freshwater surface water flow records provide perspective 
to the 
are: 
These 
whether 

estuary dynamics. The basic in-situ 111easurement tools for reconnaissance 
a boat, recording fathcmeter, sal incmeter, and dissolved oxygen meter. 

instrunents coupled with the study objective or pollution source location, 
it is a point or nonpoint source problem, provide the focus for setting 



Revision No. 0 

Date: 2/1/91 
Page 6 of 11 

San;lling locations. More often than not, preplanned sa~~pl ing locations in 

estuarine areas are changed during the actual study period. Because of the 

dynamics of estuaries, initial sa~~pl ing often reveals -that the study objective 

could be better served by relocating, adding, or deleting sa~~pl ing locations. 

Sa~~pl ing in estuarine areas is normally based 
(11). 

upon the tidal phases, with 

samples collected on successive slack tides 

All estuarine sa~~plfng 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 sa~~pl ing devices are used, 

but in general, the Van Dorn Cor similar type) horizontal sa~~pler is e~~ployed. 

Sa~~ples ere normally collected at mid-depth in areas where the depths are 

less than 10 feet, unless the salinity profile indicates the presence of a halo-

cline (salinity stratification). In that case, sa~~ples are collected from each 

stratun. Depending upon the study -objective, when depths are greater than 10 

feet, water SB~Tples may be collected at the one-foot depth, mid-depth,. and one-

foot from the bottom. 

In general, estuarine investigations are two phased, with study investiga-
tions conducted during wet end dry periods. Depending upon the freshwater inflow 
sources, estuarine water quality dynamics cannot normally be determined by a 
single season study. 

For a c~lete 
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 c~rison 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 i11p0rtant as 
ere stations below, end should be chosen with equal cere 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 LnStable materiel is changing. 
The time of travel between the· stations should be sufficient to permit accurate 
measurement of the change in the constituent Ulder consideration. 

4.8.3 Sanpllng Eaufenent 

4.8.3. 1 ~ 
a sS~Tple are acceptable 
to be violated 
being SS~Tpled. 

and which 

and Techniques 

Any equipment 
as long as they 

provide a s~le 

or s~ling 

do not cause 
which is 

techniques 
· the Integrity 
representative 

used to collect 
of the s~le 

of the stream 

4.8.3.2 \later S!I!!J)llns Egul~t(!echnlques The physical 
equipment 

location of 
the investigator when collecting a •~le •Y dictate the 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, only from a small boat, 
a pier, etc., ·or by wading in the stre1111. Wading, however, my cause bottom de· 
posits to rise and bias the s~le. Wading Is acceptable if the stream has a 
noticeable current Cis not iqxlUnded), and the saqJles are collected directly 
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into 
the 
etc., 

the bottle white pointed upstream. 
from more 

equipment 

If the stream is too 
depth 

deep to wade or if 
or from a bridge, sample IIIJS t be collected than one water 

supplemental Saqll ing IIIJSt be used. 

Teflone bailers may be used for surface water saqll ing, if the data 
requirements do not necessitate a saqlle from a strictly discrete interval of the 
water cotum. A closed top bailer with a bottom check-valve is sufficient for 
many studies. As the bailer is lowered through the water colum, 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 currents are found, or where a discrete saqlle at a specific depth is 

required. 

If discrete saqlles are desired at a specific depth, and the parameters to 
be measured do not require a Teflone coated saqlter, a· standard Kenmerer or. Van 
Dorn sampler may be used. The Kenmerer sampler is a brass cylinder with rubber 
stoppers that leave the ends of the sampler open while being towered in a 
vertical position to allow free passage of water through the cylinder.. The Van 
Dorn sampler is plastic end is lowered in a horizontal position. lri each case, 
a messenger is sent down a rope when the seqller is at the designated depth, to 
cause the stoppers to close the cylinder, which is then raised. ~ater is removed 
through a valve to fill respective sample bottles. ~ith a rubber tube attached 
to the valve, DO sample bottles can be properly filled by allowing an overflow. 
~i th IIIJl tiple depth samples, care should be taken not to stir up the bottom 
sediment end thus bias the sample. 

analyzed 
sample 
follow 

sample 

A plastic bucket 
do not preclude 

water 
standard 

4.8.3.3 

prior to 
cleaning 

Sediment 
from a streanbed, 

Eckman, Poner), coring, 
·method used, precautions 

representative of the 
paragraphs. 

can be used to collect 
it. However, the bucket 

samples 
should 

All collection of the sample. · 

if the parameters 
be rinsed twice 
·field equipment 

to be 
with the 

should 
procedures. 

Senpling Equipment/Techniques 
a variety 

end scooping 
shell be 

streanbed. 

of methods can 
CBMH·60> ere 

taken 
These 

to insure 
methods 

To collect a sediment 
be used. 
available. 
that the 

ere discussed 

Dredging (Peterson, 
Regardless of the 

sample collected is 
in the following 

4.8.3.3.1 
used when the 
is high. The 

Dredging For routine 
in very 

lowered 
lighter 

analyses, the Peterson dredge can be 
bottom is rocky, deep water, 

very slowly 
1111teriels 

or when the stream velocity 
dredge should be as it approaches bottom, be· 

cause it can displace end miss if allowed to drop freely. · 

The Eckman dredge has only limited usefulness. It performs well 
bottom material is ~n.~Sually soft, as when covered with organic sludge or 
IIUd. It is U'ISUhable, however, for sandy, rocky, and hard bottoms end 
light for use fn streams . with high velocities. It should not be used 
bridge 110re than e few feet above the water, because the spring mechanism 
activates the a~ler can be damaged by the messenger if dropped from too 
a height. 

where 
light 

is too 
from a 

which 
great 



in size 
screen 

The Ponar dredge 
and weight. 
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is a modification of the Peterson dredge and is similar 
It has been modified by the ·addition of side plates and 

on the top of the sample c~rtment. The . screen over the sample 

permits water to pass through the sampler as it descends thus 

a 

c~rtment 

reducing 
the same 
effective 

the "shock wave.•• The Po.nar dredge is easily operated by one person in 

fashion as the Peterson dredge. The Ponar dredge is one of the most 

samplers for genera\ 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 
11shock wave" created by descent is minimal, thus the fines of the sedjment-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 Teflone can be purchased, thus reducing possible sample contamination; and the 
sal!llles 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 sa~le size is obtained often necessitating repetitive sampling 
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 
sal!lll ing sediments for trace organic c~s or metals analyses. 

In shallow, wadeable waters, the direct use of a core liner or tube manu-
factured of Teflon8 or glass is recomnended for the collection of sediment sam-
ples. Their use can also be extended to deep waters when SCUBA ·equipment is 
avai table. Teflon8 is preferred to avoid glass breakage and possible sample 
loss. Stainless steel push tlbes are also acceptable and provide a better cut-
ting edge and higher strength than Teflone. The use of the glass or Teflon8 tube 
by ftsel f el fminates any possible 111etal contamination from core barrels, cutting 
heads, and retainers. The tlbe should be approximately 12 inches if only recent-
ly deposited sediments (8 inches or less) are to be sampled. Longer tlbes should 
be used when the depth of the substrate exceeds eight inches. Soft or semi-
consolidated aedhnents auch as IIU:I and clays have a greater adherence to the 
Inside of the tlbe and thus can be sampled with larger diameter tlbes. Because 
coarse or ~.neonsol ida ted sediments such as sands and gravel tend to fall out of 
the tlbe, a small diameter is required for them. A tlbe about two inches In die· 
meter is usually the best size. The wall thickness of the tlbe should ba about 
1/3 inch for either Teflon8 or glass. The Inside wall may be filed down at the 
bottom of the tlbe to feel l ftate entry of the l fner Into the st.bstrate. 

caution ahould be exercfaed not to diaturb the area to be sampled when the 
sample Is obtained by wading In shallow water. The core tlbe is pushed Into the 
substrate until only four Inches · or less of the tlbe Is above ·the sediment-water 
Interface. When aampl lng hard or coarse substrates, a gentle rotation of the 
tube while h Is pushed will facflftate greater penetration and cut down on core 
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ccxrpaction. The tube is then capped 

held in place by a rubber stopper or 
with 
cork. 

a Teflone · plug or a sheet 
the tube After · capping, 

of·. the sediment 

of Teflone 
is slowly 

the sa~le 

surface, 
extracted, the negative pressure 

in the tube. Before pulling the 

and adherence 
bottom part of the core ·above 

keeping 
the water 

it too is capped. 

For 
"Sa~l ing 
ment and 

a detailed 
Protocols 

Fish" (12). 

description 
for Analysis 

of several types 
of Toxic Pollutants 

of coring 
in Ani>ient 

devices, 
Water, 

refer to 
Bed Sedi-

4.8.3.3.3 Scooping -- If the water is wadeable, the · easiest way to collect 

a sediment sa~le 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~tished by wading into the stream, and while facing upstream 
current), scooping the sa~le along the stream bottom in the upstream 
If 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 

: 

If the stream has a significant flow and is too deep to wade, a BMH-60 sam· 
pler may be used. It is not particularly efficient in rrud or other soft sub-
strates because its weight will cause penetration to deeper sediments, which are 
not desired when sa~llng for priority pollutants. lt is also difficult to 
release· secured sa~les in an undisturbed fashion that would readily permit 
subsa~l ing. The BMH·60 may be used for priority pollutant saqll ing provided 
that caution is exercised by only taking subsa~les that have not been In contact 
with the metal walls of the sa~ler. 

4.8.3.3.4 Mixing Regardless of the method of collection, sediment 
sa~les collected for chemical analysis should be thoroughly mixed (except for 
purgeable organic cornpcx.nds analysis> before being placed in the appropriate 
sa~le containers, as specified in Section 4.2.10. 

4.8.4 Special Sa"Ple Collection Techniques 

4.8.4.1 Trace Organic CO!!J?OundS and Metals Since trace organic 
in anbient 

or fish. 
to ensure 

c~unds and metals are usually found in extremely low concentrations 
waters, the possibility of contamination is greater than with sediment 
Precautions rrust be taken with sampling equipment and preservatives 
that contamination does not occur. 

Oi rect dipping of the sample containers is the preferred method of 
collecting surface water sample for trace levels pollutants analyses. If samples 
are to be spltt for enforcement or qual hy control purposes, and dupl Ieete 
samples will not suffice, a sufficient volume for ell sample containers should 
be collected In e large glass c~itlng container end then, with mixing, be 
alternately siphoned or poured into the respective sample bottles. This 
technique is not ·to be used for samples collected for purgeable organic cornpcx.nds 
analysis. 



Many contaminants are partitioned more strongly to 

thus, if these contaminants have been deposited recently 
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sediments than water; 

and are not quickly 

degraded or des orbed, they are evident in the sediment .analysis. Ideally, only 

Teflone, stainless steel, or glass should be used in sediment sarrpling for trace 

level contaminant analyses. The method using glass or Teflone coring tubes, was 

discussed previously, is the preferred technique. 

In many situations when the water is deep, divers are not available, or the 

only sarrpl ing location is from a bridge, a dredge may be used. In these cases, 

a high grade stainless steel Ponar dredge (properly clea~ed, Appendix 8) shall 

be used to collect the sediment SB~Tples. Direct scooping of the streanbed 

sediment as described earl fer is acceptable. 

4.8.4.2 Bacterial Sarrples for bacteriological 
collected in bottles properly sterilized and protected 
The preferable method is to scoop up the water with the 
the surface. This method usually is used when sarrpl ing 
bottle is open, both bottle end stopper IIIJSt 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 must be 
against contamination. 
open bottle just below 

by boat. &Jhi le the 
against 
after 

The 

con~aminatfon. 

filling to leave 
bottle should be 

&Jhen sB~Tpl ing from a bridge, the sterilized sample 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 

dirt or other material from the bridge that will fall be taken not to dislodge 
into the open bottle. The mouth ·of the bottle may be faced upstream by swinging 
the bottle downstream lnier the bridge and drapplng It quickly but without 
excessive sleek in the rope. The bottle is then pulled upstream and out of the 
water. 

Special equipment for collecting sterile samples at various depths is 
available. The JZ sampler, for example, Includes a metal frame to hold the 
Sa~Jllle bottle, two sterile glass tubes connected by a rubber tube and inserted 
through the sterile bottle stepper, and a messenger. One of the glass tubes is 
bent so that the ~r portion · is horizontal. This portion is positioned next 
to a rope. The llleSsenger breaks the tube, which allows the bottle to fill. The 
bottle, glass tube and !Uiber tube lUSt be properly sterilized before use. 
Additional guidance for collecting samples for bacterial analyses is given in 
References 4 and 5. 

4.8.5 Auxlt iary pate Collection 

field log book will be used to record daily activities, describe 
sampling locations and techniques, list photographs taken, etc., as specified in 
Section 3.5. Viaual observations 
invaluable in interpreting 
observations, including weather 
during the investigation ahould 

are particularly significant and may 
water quality study results. These 

and stream conditions (including tide 
also be recorded in field records. 

prove 
visual 
stage) 
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4.8.6 Specific sarrol ing Egu.ienent Quality Assurance Procedures 

All 
Appendix 
spec ted 
necessary 

water and sediment 
B after field use 

and tested before 
shall be made and 

dix 
During field 

B and all such 
studies, 
cleaning 

sarrpl ing 
and before 

equipment shall be cleaned 
equipment 

study. 

as outlined in 
being stored. 

being issued for each 
recorded. 

This 
field 

this equipment shall be cleaned 
procedures shall be documented 

as outlined 
in field 

shall be in
Any repairs 

in Appen
records. 



4.9 GROUND WATER SAMPLING 

4.9.1 General 

Ground-water s~l fng may be required for a variety of 
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reasons, such as 

examining potable or industrial water supplies, checking for and/or tracking 

contaminant plume movement in the vicinity of a land disposal or spill site, RCRA 

c~l iance monitoring, or exammmg a site where historical information is 
minimal or non-existent but where it is thought grot.rld water contamination could 

have occurred. 

ari ly 
water 

needed 
have 
well. 

Ground water 
or permanently 
is present, 

is usually 
installed. 

as in a pit 

sampled 
However, 

or a dug 

through an in-place well, 
it can also be sampled 

or drilled hole. 

either 
anywhere 

temper
ground 

Occasionally, a well will not be in the ideal location to obtain the sample 
(for ex~le, to track a contaminant plume). In that case, a well will 

to be installed, and it may be either a temporary or permanently . installed 
An experienced and knowledgeable person will need to locate "the well and 

supervise 
representative 

its installation so that the s~les ultimately collected will be 
of the ground water. 

The procedures covered in this section are those used by the Branch. Addi· 
tional guidance is given in the "RCRA Grot.rld Water Monitoring Technical Enforce-
ment Guidance Document" CTEGD) (13); the ground water s~ling procedures used 
by Branch persomel will meet or exceed the requirements of this document. 

4.9.2 

shall 

Site Selection 

The relationship 
be considered 

• 

and 
of the following 

evaluated when 

of ground-water 

factors 
selecting 

flow, the direction 
of the aquifer (if applicable); 

• type of stratigraphy; 

• presence of perched water tables; 

• types of aolla; 

• depth to bedrock; 

• type of vegetation; 

• aurface drainage patterns; 

• type of topography; 

• general land use; 

to potential pollution sources 
ground-water Sllq)ling sites: 

depth to grCUld water, th i clcness 
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• and surface features such as rock outcrops, seeps, 

rivers, and wet areas (14). 
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springs, streams, 

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 
minute quadrangle maps can be acquired fran the State Geological survey or fran 
the USGS, and soils maps fran the USDA·SCS (Soil Conservatio~ Service). A visual 
inspection of the area may be sufficient to ·evaluate and determine the surface 
conditions and their relationship to the subsurface conditions (14). In some 
cases, surface conditions and subsurface conditions cannot be correlated by site 
inspection or recomaissance. lolhen this occurs, a more detailed study, possibly 
involving test drilling, will have to be conducted. 

It is extremely irrportant to sample the unconfined or surficial aquifer 
downgradient of potential pollution sources or spills to determine • if it (the 
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 
whether or not the deep aquifer should be sampled and a more detailed study is 
required. To adequately assess subsurface conditions, a minimum of three wells 
is required; one in the ~radient portion of the area of interest, one in the 
middle portion, and one in the downgradient portion. Jn some cases, a more 
complex system of wells 11111y be needed to define the subsurface conditions, 
especially in establishing the depth to the shallow grou-d·water aquifer and the 
direction of grou-d-water 1110vement. Site conditions and the scope of the project 
will determine the total nuli)er of wells required. Existing wells should be used 
when possible. lolhere permanent well installation is necessary, the wells should 
be installed according to the procedures in Appendix E. 

4.9.3 Purging Eaul~nt and Techniques 

4.9.3.1 ~ •• Wells shall be purged before taking samples in order 
to clear the well of stagnant water which Is not representative of aquifer 
conditions. The method of purging is to purp the well until three to five times 
the volume of standing water In ·the well has been removed and until the s;>ecific 
conductance, temperature, and pH of the grou-d water stabilizes. Normal:y, a 
contllnatlon of the two 111ethods is etl'f)loyed (I.e., specific conductance, t~ra· 

ture, and pH are 111easured at intervals and three to five volumes are purged). 
If a well is purped dry, this constitutes an adequate purge and the well can be 
sampled following recovery (15, 17). However, If possible, 1110nltoring wells 
should not be purped dry. Jf the well is purped dry, water that has been trapped 
in the sandpack •Y be saq,led. In addition, as water re-enters the well it may 
cascade down the well screen and strip volatile contaminants. 
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4.9.3.2 
in· place 

equipment; 

Eauicment Available Monitoring 
in·place 
.turbine, 

well purging is acconpl ished by 

using 

EPA 

plumbing/pumps or when pumps are not available, by using 

either a peristaltic, bladder, centrifugal, or other 

appropriate 
used for 
iq:»roperly. 

pll'll), 

purging; 
depending on well depth. A Teflon8, ·closed top bailer may be 

however, bailing may stir up 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 Techniaues (Uells Uithout Plumbing or In Place Pumps) 

shall 
4.9.3.3.1 ~ 
be determined (if 

•• For 
possible) 

permanently 
before 

installed 
purging. 

wells, 
This can 

the depth of water 
be acconplished 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 Ground·Uater 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 saq:»les for trace organic 
COqlOunds or metals analyses are collected. 

4.9.3.3.2 Using Pumps to Purge suction lift or centrifugal ~ 
are used, only the intake line is placed colum. To minimize 
contamination, the line placed Into the 

Uhen 
Into 

water 
suction 

when 

the water 
is either 

lift ~. 
centrifugal 

standard cleaned (see 
Appendix B> Teflone, in the case of the 
stainless steel pipe attached to a hose, 

Uhen 
plJ1l) Itself 

submersible 
is lowered 

in Appendix 

~ 

into 
(bladder, 

the water 
turbine, 

col urn. 
displacement, 

The puq:» 
specified B. 

4.9.3.3.3 Using Bailers 
top Teflone bailers with Teflone 
of the water col urn, allowed 
discarded. 

to Purse 
leaders 

to fill, 

•• Standard cleaned 
and new nylon rope 

and removed and 

or standard cleaned 
~ are used. 

etc.) 
must 

are used, 
be cleaned 

the 
liS 

(Appendix 
are lowered 

then. the 

B) closed· 
Into top 

water is 

4.9.3.3.4 Field Care of Purging Eauicment •• Regardless of which method 
surface is used for purging, new plastic sheeting ahall be placed on the grOW!d 

around the ·well casing to prevent contamination of the ~. hoses, ropes, etc., 
in the event they need to be placed on the grOW!d cllrfng the purging or they 
accidentally come Into contact with the grOW!d aurface. It Is preferable that 
hoses used In purging that come Into contact with the grOW!d water be kept on a 
spool, both cllrfng transporting and cllrfng field use, to further mh\fmize 
contamination from the . vehicle or grOW!d surface. 

4.9.3.3;5 Purqlns Entf re \later Col urn The puq:»/hose asset!Oly or bafler 
used in purging ahould be lowered into the top of the standing water colum and 
not deep Into the col urn. This Is done ao · that the purging will "pull" water 
from the fonnation Into the acreened area of the well and up through the casing 
so that the entire static volume can be removed. If the puq:» Is placed deep Into 
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samples collected 

the water above the pump 
may not be representative 
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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 If the recovery rate of 

the well is faster than the pump rate, the pump may be left hanging at the 

initial level until an adequate volune has been purged. If the pump rate exceeds 

the recovery rate of the well, the pump will have to be lowered, as needed, to 

accomnodate the drawdown. 

After 
the pump 

the pump is removed from the 
as outlined 

well, all wetted portions of the hose 

and shall be cleaned in Appendix B. 

Careful consideration shall be given to using pumps to purge wells which 
are excessively contaminated with oily compounds, because it may be difficult to 
adequately decontaminate severely contaminated pumps under field conditions. 
\./hen these type wells are encountered, alternative purging methods, such ~s 

bailers, should be considered. 
: 

4.9.3.4 Purging Techniques - \lells \lith In Place Plu!bing 

4.9.3.4.1 ~ -- In-place plu!bing 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 grotrd water. 

The volume to be purged depends on several factors: whether the pumps are 
running continuously or intennittently; 
be collected; and the presence of any 

how close to the source the sample can 
storage/pressure tanks between the sampling 

point and the ~· If storage/pressure tanks are present, an adequate volune 
must be purg~ to totally exchange the volume of water in the tank. 

4.9.3.4.2 Continuously Ruming PUlpS -- If the ~ r&.nS continuously, and 
the 
than 

sample can be collected prior to a storage/pressure tank, no purge, other 
opening a valve end allowing ft to flush for a few minutes, is necessary. 

4.9.5.4.3 
it is necessary 
tanks that ere 
run continuously 

4.9.4 Se"Plfng 

Jntennfttently Running PUlpS -- Jf the pump r&.nS intermittently, 
to detennine the volume to be purged, including storage/pressure 

located prior to the sampling 
until the required volume 

Eauienent end Techniaues 

location. 
has been 

The pump should then 
purged. 

be 

4.9.4.1 
closed· top 

EC!Uipnent Available Sampling equipnent used by the Branch in· 
eludes Tefl~ bell era 

Other ~ltorlng equipnent 
cetors, pH !Deters, theMIIOIIIeters, 

4.9.4.2 S!!IIJ)tins Technims 

end the peristel tic pump/vacuun jug 

used during sampling Includes 
end conductivity bridges (aee 

water 
Sections 

essenbly. 

level indi· 
6 end 7). 

\lells \lith In Place Plu!bing Samples 
should be collected following purging from a valve or cold water tap as near to 



as possible. Samples should be· collected directly 
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the appropriate the well 
containers 
Potable 

(see Standard Sample Containers, Appendix A). 

into 
Also, refer to the 

\later Supply discussion in Section 4.10. 

4.9.4.3 Sanpl ing Techniques -- \lells \lithout 
ing, samples should be collected using a peristaltic 
if possible, or with a closed top Teflone bailer. 

Plunbing Following purg-

~/VaCUI.III jug 
The ~ . used 

procedure, 
for purging 

generally should not be used for sampling. \lhen the peristaltic ~ is used, 
samples for purgeable organic c~unc:ls analyses should be collected using a 
baHer or by allowing the Teflon8 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 \later Supply discussion, 
Section 4.10, for additional information. 

bail tng, new plastic sheeting 
to provide a clean working area. 

via a TeflQI"'It coated stainless 

should 
The 

be placed 
nylon rope 

steel wire. 

\lhen 
each well 
the bailer 
attached to the bailer semi-permanently and is decontaminated 
bailer is cleaned. 

4.9.5 Special Sanple Collection Procedures 

on the 
should 
This 

ground around 
be attached to 

coated wire is 
for reuse as the 

4.9.5.1 Trace Organic Conpounds 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 
rrust be cleaned in accordance with the cleaning procedures described in Appendix 
B. P~ shall not be used for SBII'f)ling, ~less 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 TeflQI"'It tubing and a TeflQI"'It 
insert can be used to collect samples without the SBII'f)le coming Into contact with 
the ~· This is accompl !shed by placing the TeflQI"'It. insert into the opening 
of a standard cleaned 4-llter glass container. The TeflQI"'It tubing comects the 
container to the ~ and SBII'f)le source. The ~ creates a vac1.11.111 In the 
container, thereby drawing the SBII'f)le into the container without coming into 
contact with the ~ tubing. SBII'f)les for purgeable organic cCiq)OI.I'Ids analyses 
shall be collected with well bailers. The procedures given In the General 
Considerations, Special Precautions for Trace Conteminant SBII'f)l ing (Section 
4.2.9) shall be followed. 

4.9.5.2 Filtering .As a standard Branch poltcy, grOU1d-water SBII'f)les 
will not be fll tered. However, if SBII'f)les are fll tered, then both fil tertd and 
non·fil tered samples will be slbnltted 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 ~~~etals 

analyses IIIUSt be collected, an additional ~fll tered IBII'f)le will also be 
collected for 11et1ls analyses. Samples for organic c~ •nalyses shall not 
be f ll tered. 
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4.9.5.3 ~Ba~c~t;.::,e.:..ri:.:a:.:l_.....:S:.::a""np::.:...l i~n""g -- Uhenever wells (normally potable wells) are 
sarrpled for bacteriological parameters, care nust be taken to ensure the steri l· 
ity of all sarrpl ing equiJ:~~~ent and all other equiJ:~~~ent entering the well. Further 
information regarding bacteriological sarrpl ing is available in Sarrpl ins for 
Organic Chemicals and Microorganisms in the Subsurface (19) as well as References 

4 and 5. Additional information on bacterial sarrpl ing is also included in 
end section 4.10 (Potable \later Supplies), Section 4.7 C\/astewater Sarrpling), 

Section 4.8 (Surface \later Sarrpl ing). 

4.9.6 Specific Sarrpl ing Equipment Quality Assurance Techniques 

All equiJ:~~~ent used to collect ground-water sarrples shall be cleaned as out· 

lined 
elusion 
8), or 

in Appendix 8 end repaired, if necessary, before being stored at the con· 

of field studies. Cleaning procedures conducted in the field (Appendix 

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, end ground 

wells should be made to determine the general 
end 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. 

C re.ferenced to 

surface eleva· 
direction of 

determine well 
end thermal 

of flow (14). 
will generally 

Water 
stabilized, 
The ground 
engineering 

table measurements shall not be taken 
well installation 

until the water table has 
preferably 24 hours 
surface elevation 

after 
at the wells should 

for permanent 
be determined 

wells (20). 

by standard 
survey practices as outlined in Section 7. 

In addition to water level measurements, the ~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. 

Ten-perature, 
is sarrpled. 

specific conductance, end pH shall be measured each time a 
well Stabil hat ion 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 sarrpl ing shall 
be considered the 111easurement of record for the well. If these parameters were 
not evaluated. ciJring purging, they shall be obtained prior to Sllfl9l ing. 
Methodology for obtaining these data ere given in Section 6. 

4.9.7.1 Well P!.l!l?ing Rate • Bucket/Stop 
of a ~ can be determined by collecting the 
bucket of known volune end timing how long it 
~ing rate should be in gallons per 111inute. 
with purrps with a constant ~ rete, such 

Watch 
flow 

takes 
This 

Method 
of water 

to fill 
method 

The ~ing 

from the ~ 
the 

shall 
bucket. 
be used 

rate 
in a 

The 
only 

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 used 
the pump rate 

pump rates are 

of Water in Wells 

should be known. To 

::.ec:tlon ... .,. 
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with battery powered pumps. 
decreases so that pumping rate 

erroneously high. 

In order to purge wells, the 

0 

As the 
calcu· 

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: 

v = 0.041 ~h 

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 grOtnf·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 nust be reported 
to the state on prescribed forms. These forms are available to the public, so 
a study of wells installed in the area of interest may provide background infor-
mation as to the stbsurface 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 c~ty governnents 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. Army Corps of Engineers, the 
Bureau of Reclamation, U. s. Forest Service, Science and Education Aaninlstra· 
tion, and the U. s. Public Heel th Service have water programs which may provide 
data. Other sources Include the Bureau of Mines, colleges, U"'iVersftfes, 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, end Geological Society of 
America (14, 21). 
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4.10 SAMPLING OF POTABLE WATER 

4.10.1 

SUPPLIES 

.-:.ta .. -.. 1U11 """• 
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When 
serrples 

sarrpl ing 
are 

only 

potable water supplies, utmost care IIUSt be taken to insure 

that 
port ant 
a public 
results 
sample 
results 

representative of the water supply being serrpled. This is im· 

not from a technical and public health perspective, but also from 

relations standpoint. Poor sarrpl ing techniques may result in incorrect 

(either not detecting a corrpouncl which is present or by contaminating the 

and falsely Indicating a corrpouncl which is not present). If incorrect 

are disclosed to the public, it may be impossible to change public opin· 

ion when correct results are reported. 

4.10.2 Senpling Site Selection/Senpling Techniques 

Even though the same cere end techniques used in wastewater, 

etc., sarrpl ing (including thorough documentation of location, 

ere used by Branch personnel in potable water supply sarrpl ing, 

additional special procedures which shell be used. 

date, 
there 

grouncl·water, 
time, etc.) 
are certain 

: 

When water samples are collected from wells, either ~ mechanical or hand 
pumping, the wells must be purged before the sample is collected (see Section 4.9 
for ground·water serrpl ing methods). This procedure Insures that water 
representative of the formation is sampled, not the standing water in the well 
casing, pipes, or holding tank. As 11 rule of thumb, .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 temperature should be measured U'ltil constant values 
are obtained. This procedure insures that any contaminants that might have 
entered the area of the tap from external sources have been removed (19). 

Potable water samples shall be representative of the water quality within 
a given segment of the distribution network. Taps selected for sarrple collection 
should be supplied with water from a service pipe connected directly to a water 
main in the segment of Interest and should not be separated from the segment of 
interest by 11 storage tank.· The sampling tap IIUSt be protected from exterior 
contamination associated with being too close to the sinlc bottom or to the 
ground. Contaminated water or soil from the faucet exterior may enter the bottle 
during the collecting procedure since it is difficult to place a bottle U'lder a 
low tap without . grazing the neclc interior against the outside faucet surface. 
Leaking taps that allow water to flow out from around the stem of the valve 
handle and down the outside of the faucet, or taps in which water tends to rU'I 
up on the outside of the lip, are to be avoided as sampling locations. Al!rator, 
strainer, and hose attachments on the tap lUSt be removed before sampling. These 
devices can harbor a bacterial population if they are not cleaned routinely or 
replaced when wom or cracked. Whenever a steady stream of water cannot be 
obtained from taps, after such devices are removed, a 110re sui table tap shall be 
sought. Taps where the water flow is not steady should be avoided because 
terrporary fluctuation In l fne prescure lillY cause sheets of microbial growth that 
are lodged in some pipe section or faucet connection to break loose. The cold 
water tap should be opened for two or three minutes or for sufficient time to 
permit clearing the service line; 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 sa""les can be 

Occasionally, s~les are collected to determine the contribution of 

transmission pipes, water coolers. water heaters, etc., to the quality of water 

in private residences, offices, etc. The purpose of these investigations may be 

to determine if metals, e.g., lead, are being dissolved into the water supply. 

In these cases, it may be necessary to insure that the water source has not been 

used for a specific time interval, e.g., over a weekend or a three· or four-day 

holiday period. S~le collection may consist of collecting a sa""le of the 

initial 
sarrple 

flush, 
after 

collecting 
the system 

a sa""le after 
being investigated 

several 
has 

minutes, and 
been c~letely 

collecting 
purged. 

another 

Regardless of the type of sa""le bottle being used, the bottle cap should 
not be placed on the ground 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 Teflon8 liner in certain bottle caps. Avoid 
contaminating the sa""le bottle with fingers or penni tting the fauce.t to touch 
the inside of the bottle. When sa""l ing 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 sa""l ing. 

When s~ling 

the raw water 
at a water treatment plant, s~les should be collected both 

from supply and after chlorination. 

lripl Ieete s~les will always be collected for purgeable organic ccxrpounds 
analyses and duplicate s~les for bacterial analyses. Single s~les may be 

collected for extractable organic c~s. metals, phenol, cyanide, end 
conventional parameter analyses. The procedures given In Section 4.2.11 (Special 

end in Section 4.7.6.4 (Purgeable Precautions for Trace Contamination S~l fng) 
Organic Ccxrpounds S~le Collection) shall always be followed when potable water 
supplies are s~led. 

Branch peraonnel shall always obtain the neme(s) of the resident or water 
supply owner/operator and the reaident•s exact mail fng eddress, as well as the 
resident's home end work telephone ru!Oers. The Information Is required so that 
the residents or water supply owner/operators can be Informed of the results of 
the s~l ing provr.n. 

4.10.3 Sampling Equfpment/Speefffc S!!!plfng Equipment Qual fty Assurance 
Techniques 

S~l fng equipment and specific equipment 'qual fty assurance techniques ere 
contained In Section 4.8 · (Surface Water S~l fng) and Section 4.9 (GrOU'ldwater 
S~llng). 
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I 
4.11 SOIL SAMPLING 

I 4.11.1 

soil sarrpl ing at hazardous waste sites will typically be approached in a 
totally different manner than sarrpl ing of other media. Sarrpl ing locations and 
rationale for other media are usually easily defined. For exarrple, ground water I 
sarrples may be collected at existing monitoring wells: surface water and sediment 
sarrples are usually collected from well defined surface drainage patterns at 
easily rationalized locations with respect to the suspect~ problem: and waste 
sources, such as druns, tanks, and piles, are easily identified sarrpl ing targets. 

I 
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 I 
sarrpling. The sarrpler may, in fact, be faced with investigating a virtually 

I invisible contaminant distribution pattern, both in the surficial material, as 
well as in the subsurface region. 

: 

I 
4.11.2 Sanpling Location/Site Selection 

Areas selected for soil sarrpl ing shall be strategically located in order 
to collect a representative fraction of the soils with the mininun nurber of 
sarrples. Although It is not always feasible to conduct a site reconnaissance 
prior to an investigation, a site reconnaissance can eliminate many uncertainties I 
with respect to site characteristics and result in more complete and successful 

I 
soil sarrpl 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 I 
(type and thickness of soil overburden) and water table conditions are extremely 

I important in developing Sllll'pl ing plans. 

In addition to what is normally considered soil, i.e., in situ weathered 

I 
rock overburden, soil sllll'ples 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 
sarrpl ing locations in these types of depositional areas is a useful screening 
tool, providing en indication of the presence of contemi nants from the larger 
area contributing the sediment. I 

I 
Initial investigations at alst sites will consist of "screening-type" 

studies. Sllll'pling for these investigations will generally be confined to 01 small 
OUICer of surface or shallow subsurface IBq)les. Typically, lllll'ples would be 
collected from depositional areas within and arOU1d the periphery of the site, 
as well as from obviously contaminated areas. Based on the results of the 
initial site-screening studies, 1110re detailed studies, involving considerably I 
1110re samples and with a greater ~asis on subsurface sllll'plfng, are usually 

I 
required to fully characterize soil contamination at a site~ 

I 
I 
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Study plans or work plans for soil sa~l ing investigations lllJSt be 

carefully 
requires 
as the 

conceived with respect to the study ·objectives. This, in turn, 
as well a careful consideration of the types of sa~les to be collected, 

sa~l ing methods to be ~toyed. These areas are discussed below. 

4.11.3 Basic Considerations for Soil Sanpl ing 

Three basic considerations, with respect to s~le type, should be 
evaluated when developing a soil sa~l ing plan and establishing investigation 
objectives. Should the s~les be random, biased, or grJd·based? "ill they be 
collected from the surface or subsurface? "ill a particular sa~le be a grab 
sa~le or a conposite s~le? Uhen 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 sa~les. A discussion of these considerations 
is found in the following sections. 

4.11.3.1 
is a strong 
depositional 
collected 

Random, Biased and Grid·Based Sanpling Generally, 
or there indication of contamination, such as staining, 

for 
areas 
small 

site investigations, 
suspected area of 
i.e., locations 
judgement. 

which provide excellent screening s~les, 

investigations with limited areal extent, such 
lllJSt be randomly selected from several areas 

contamination. Random in this sense is synonymous 
are often subjectively selected based purely 

unless there 
pre distinct 

soH sa~les 
as screening 

within the 
with casual, 
on personal 

If any areas show evidence of contamination, such as staining or vegetative 
stress, ~ s~les should be collected from 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 s~les may be collected from the 
deposits . in these features to characterize the imnediate areas. Background and 
control sa~les are also biased, since they are collected in locations dictated 
by expected clean conditions or by anticipated f~ct from adjacent off·sfte 
areas. 

Uhen soH s~l ing investigations involve large areas, measured in acres 
for ex~le, a systematic approach aust be taken, not necessarily to the 
exclusion of other approaches, to characterize the presence and distribution of 
contaminants. In these situations, a prid·based soH s~llng program is 
~loyed. There is no sinsle grid she that is appropriate for all sites: 
however, in 1110st cases, the smaller the site, the smaller the grid size. Conmon 
grid sizes are developed on SO•foot and 100•foot centers, although other sizes 
may be appropriate in given situations. It may be appropriate and accepta~le to 
integrate several different grid sizes in a single investigation. 

Uhen the site is extre~~ely large, over several acres for ex~le, it 11111y 
be i~ssible to consider a~ling every grid · and it will be necessary to statis· 
tically select a sub·set of the total ru!D!r of grids in order to reduce the 
nurber of s~les collac:ted for the atudy. On the other hand, it 11111y sometimes 
be . appropriate to a~le every grid and use relatively inexpensive and quick 
screening·level analytical tac:hnlques to define the areas which aust be s~led 

and analyzed for a higher level of data quality. Because the screening level 
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during the same investigation. 

located using a site survey 
the sa~le locations for 
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second phase s~l ing can sometimes be 

In all cases, however, the grid centers 
and semi-permanently . marked to facilitate 

subsequent s~l ing. 

4.11.3.2 
investigations, 
may c~rise 

Surface and/or Subsurface Soil Sarrples In most initial 

particularly site screening-type studies, surface soil sa~les 

the great 
the possible 

Subsurface 

majority of soil sa~les collected. These are collected 

to look for 
materials. 
investigations, 

duri~g subsequent 
but 

presence 
soil 

it may c~rise 

phases of the 

and distribution of contaminants in surficial 
sa~l ing may be limited during initial 

the major portion of the soil sa~l ing effort 
investigation where the vertical extent of 

contamination 
objective. 

in identified areas of surface contamination is the major 

4.11.3.3 Grab versus CO!!J)Osite Sarrples \lhen a sa~le is needed to 
identify and quantify c~unds at a specific location or interval, a grab sarrcle 
is collected. Grab s~les are limited in areal extent (for surface . sa~les) or 
vertical extent (for subsurface sa~les). The sa~le should be c~·rised of no 
more than the m1n1nun amount of soil necessary to make up the volume of sa~le 

dictated by the required s~le containers. CO!!J)Osite sarrples are a mixture of 
a given nU!ber of subs~les and are collected to characterize the average c~-

sition of a given surface area or vertical interval. Areal CO!!J)Osites are 
c~rised of subs~les collected from the surface within the selected area. The 
nU!ber of subsa~les forming a c~site should remain consistent within the 
context of the study, i.e., a nU!ber and pattern for collection of subsa~les 

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 
composite s~le, c~rised of vertically discrete S811'ples collected over the 
selected interval may be collected. As with the areal c~sites, the nU!ber of 
subsa~les is dependent on the objectives of the study. \lith the low analytical 
detection limits available today, c~siting can . usually be used to determine 
the . presence or absence of c~s in the area or interval s~led. 

There are two potential problems associated with c~siting for which the 
sa~ler nust be aware. Even though modern analytical detection limits allow for 
qualitative screening in many cases using compositing techniques, the risk still 
remains that low concentrations, present in individual c~site al iquots, may 
be diluted to the extent that the total c~site concentration is below the 
mini nun quantification li11it. Also, if. the subs811'ples are predominantly moist 
and clayey, tt will be very difficult to produce a homogenous mixture. The 
resulting S811'ple, as represented by the portion selected by the analytical 
chemist, may not be representative, either qualitatively or quantitatively, of 
an average of ell of the &ubs811'ples. 

4.11.4 Sarrpl ing Methodology 

This discussion of soil S811'pl i ng 
used (required/needed) to collect the 
handled and processed after retrieval. 

lllet hodo logy 
1811'ple, 
Selection 

reflects 
as well as 

of equi prnent 

both the equipment 
how the S811'ple is 

is usually based 
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on the depth of saq>les, but it is also controlled, to a certain extent, by the 

characteristics of the material. Siq>le, manual ·techniques and equipment, such 

as hand 
saq>ling. 
powered 
resistance 
lection 
shallow 
described 
Section 
compounds 

augers, are usually selected for surface or ·Shallow, subsurface soil 
As the depth of the saq>l ing interval becomes greater, some type of 

saq>l ing equipment is usually needed to overcome torque induced by soil 
and depth. The following is an overview of the various saq>le col· 

methods eq>loyed over three general depth classifications: surface, 
subsurface, and deep subsurface. Any of the deep collection methods 

may be used to collect saq>les from the shallower intervals. See 
4.2.10 for special saq>l ing considerations for purgeable organic 

analyses. 

4.11.4.1 Manual CHand Operated) Collection Techniques and Equipment 
These methods are used primarily to collect surface and shallow subsurface soil 
saq>les. 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 gratn1 surface to 
a site-specific depth at which saq>le collection using manual, • i.e., hand· 
powered, methods becomes iq>ractical. 

4.11.4.2 surface Soils Surface soils may be collected with a wide 
variety 
diggers, 
saq>les. 
may also 

of equipment. Spoons, shovels, hand•augers, push tubes, and post·hole 
made of the appropriate material, may be used to collect surface soil 

As discussed in the section on powered equipment, surface soil saq>les 
be collected in conjl.n:tion with the use of heavy equipment. 

Surface saq>les are removed from the grCKnf and 
mixing, as appropriate (Section 4.2.10), occurs prior 

Section 4.11.5 contains specific procedures containers. 
purgeable 
encountered 

organic c~s analyses. If a thick, 
at the surface, it should be removed before 

placed in 
to filling 

for handling 

pans, where 
of sarrple 

seq>les for 
matted 

the seq>le 
root zone is 
is collected. 

4.11.4.3 Subsurface Softs · Hand·augering is the most conmon manual 
method used to collect subsurface seq>les. Typically, 4·inch auger-buckets with 
cutting heads are pushed and twisted into the grCKnf 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 
saq>led. In sands, augering is usually easily accomplished, 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 cannot practically be advanced 
to lower depths, and further saq>les, if required, lUSt be collected using some 
type of pushed or driven device. Hand•augering IIBY also become dlfficvlt in 
tight clays or cemented sands. At depths approaching 20 feet, torquing of hand· 
auger extensions becomes so severe that in resistant 1111terials, powered methods 
must be used if deeper saq>les are required. Some powered methods, discussed 
later, are not acceptable for actual saq>le collection, but are used solely to 
gain easier access to the required saq>le depth, where hand-augers or push tubes 
are generally used to collect the saq>le. 

When a vertical 
is used to advance the 

&aq>ling 
auger 

interval 
hole to the 

has been 

first 
established, 

desired saq>lfng 
one auger-bucket 

depth. If the 
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se~le at this location is to be a vertical CCJII1)0Site of all intervals, the same 
bucket may be used to advance the hole, as well collect subsequent sa~les in the 
same hole. However, if discrete grab s~les ere to be collected to characterize 
each depth, a new bucket IIUSt be placed on the end · of the auger extension 
inmediately prior to collecting the next sa~le. .The top several inches of soil 
should be removed from the bucket to minimize the chances of cross-contamination 
of the sa~le from fall-in of material from the upper portions of the hole. 
section 4.11.5 contains additional sa~le handling procedures. 

Another hand-operated piece of soil s~l ing equipnent c~nly used to collect 
shallow subsurface soil sa~les is the Shelby or "push tube". This is si~ly 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 
sampling device is particularly useful if a relatively undisturbed sample is 
required. The sampling device is removed from the push-head, then the sample is 
extruded from the tube into the pan with a spoon or special extruder. Even 
though the push·heed is equipped with a check valve to help retain sa~les, the 
Shelby tube . will generally not retain loose and watery soils, parti.cularly if 
collected at lower depths. 

4.11.4.3.1 Powered Sanpling Devices Powered s~ling devices and 
sampling aids may be used to acquire samples from any depth but they 
generally limited to depths of 20 feet or less. Among the common types 

are 
of 

soil powered equipnent used to collect or aid in the collection of subsurface 
samples are Little Beavere·type two-man power augers; split·spoon s~lers driven 
with a drill rig drive-weight assenbly or hydraulically pushed using drill rig 
hydraulics; continuous split·spoon sllll'plers; specialized hydraulic cone 
penetrometer rigs; and bllck·hoes. The use of each of these is described below. 

4.11.4.3.2 Power Augers power augers of the Little Beavere 
variety, are commonly used to aid 

Two· man 
in the collection of subsurface soil samples 

at depths 
technically 

where hand augering 

typical lower 
the required 
collect the 

a sampling aid and 
depth range for 

sampling depth, 
sample. 

is 
not 

impractical. 
a Sllll'p l i ng 

this equipment. 
at which point 

This type · of equipnent is 
device, and 20 to 25 feet is the 

It is used to advance a hole to 
a hand . auger is usually used to 

4.11.4.3.3 ::;D:..ri:.:l~t_ .. R::,.i:.;9~.::S •• Drill ·rigs offer the capability 
purposes, 

only by the 

of collecting 
soil samples from greater depths. For all practical the depth of 
investigation achievable by this method is controlled depth of soil 
overlying bedrock, which IIIIIY be in excess of 100 feet. 

When used in conj~.nc:tion with drilling, spl it·spoon sllll'plers are ~uall y 
driven either inside a hollow•stem auger or inside an open borehole after rotary 
drilling equipment has been temporarily removed. The spoon is driven with a 140· 
pound h1111111er through a distance of up to 24 inches and removed. If geotechnical 
data are also required, the rurber of blows with the hanmer for each six·inch 
interval is also recorded. 

Conti I'UlUS splft·spoon samplers .. Y be used to obtain five-foot long, 
cont i I'UlUS Sllll'ples approxi11111tely 3 to 5 inches fn diameter. These devices are 



Sect ton Ho. 4.11 

Revision No. 0 

Date: 2/1/91 
Page 15 of 7 

inside a five-foot section of hollow-stem auger and advanced with the located 
auger 
into 

during drilling. As the auger advances, the central core of soil moves 

the sarrpler and is retained until retrieval. 

4.11.4.3.4 cone Penetrometer Rigs -- A recent innovation 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 sarrpl ing 
push. Upon arrival at the desired· depth, the tip can be remotely released and 
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 
sarrples, therefore, can be collected without drilling, as has historically been 
required, by sirrply 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 sarrpling personnel and very 
little contaminated residue is produced as a result of equipnent cleaning. 

4.11.4.3.5 Back-Hoes -- Back·hoes are often utilized in shallow : subsurface 
soil 
hoe 

sarrpling 
bucket 

programs. Sarrples . may either be collected directly from the back· 
or they may be collected from the trench wall If proper safety 

protocols 
specific 
adjacent 
surface 
to remove 

are followed. Trenches offer the ability to collect · sarrples from very 
intervals and allow visual correlation with vertically and horizontally 
material. Prior to collecting sarrples from trench walls, the wall 

must be dressed with a stainless steel shovel, spatula, knife, or spoon 
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 B.8.3 of this manual, sarrples 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 Slllll)les for Purgeable Organic Conpound CVOA) 
Analyses These aarrples should be collected in a mamer that minimizes 
disturbance of . the aarrple. For exarrple, when sarrpling with a hand auger, the VOA 
sarrple may be collected directly from the auger bucket or lamediately after an 
auger bucket Is enptied into the pan. The sarrple should be placed in the appro· 
priate container with no head-space, If possible, as Is the practice with water 
sarrples. Sarrples for VOA analysis are not mixed (Section 4.2.10). 

4.11.5.2 pressing Soil Surfaces Any time a vertical or near vertical 
surface, 
sarrpling, 

such as Is achieved when shovels or back·hoes are used for subsurface 
Is sarrpled, the surface should be dressed to remove smeared soil. This 

· is necessary to minimize the effects of cross•contamfnation due to smearing of 
lllllterial from other levels. 

4.11.5.3 ~S!III):::z:.:.le..._--:;M:.:.I::.xi:.:.naa· •• It Is extremely important that soil sarrples be 
mixed as thoroughly as possible to ensure that the sarrple Is representative of 
the Interval aarrpled. Soil sarrples should be mixed as specified in Section 
4 .2. 10. 
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Soil Sarrpl ing • The 
All soil sa~l ing 
be constructed of 

be made of Pyrexe, 
or galvanized plated 

or coated equipment be 
In no case 

used for soil sa~ling operations. Similarly, no painted 

or plastic 
soil sa~l ing 
be used for 

equipment 
equipment 

collecting 

shall be used. All paint and primer ITUS t . be removed from 
by sandblasting or other means before such equipment can 

soil sa~les. 

4.11.5.5 Specific Sanpl ing Eauienent Quality Assurance Techniques 
Drilling rigs and other major equipment used to collect 

equipment can be traced through 
soil sa~les shall be 

identified so that this field records. A log 
book shall be estebl ished for this equipment so that all cleaning, maintenance 
and repair procedures can be traced to the person performing these procedures and 
to the specific repairs made. Sa~lfng spoons, hand augers, Shelby tubes, and 
other minor disposable type equipment are ex~ted from 
identification requirement. 

• 

• 

All equipment 
outlined in 
stored at the 

used 
Appendix 

to collect soil sa~les shall 
B and repaired, if necessary, 

conclusion of field studies. 

Any cleaning conducted in the field (Appendix 8) 

should be thoroughly documented in field records. 

this equipment 

: 

be cleaned as 
before being 

or field repairs 

4. 11.5.6 Auxit iery Data Collection • In addition to information pertaining 
to en area or specific site/location that may be available in EPA files from 
previous investigations (i.e., site screenings, water quality, well monitoring 
studies, etc.), information and data may be obtained from various city, county, 
state, and other federal agencies. 

sa~les should be accurately tagged and labeled with all pertinent site 
information at the time of ·~ling. ··see Section 3 for s~le label fng and field 
recording procedures. The latitude and longitude shall be obtained for each site 
for future STOREY data entry. 
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4.12 \IASTE SAMPLING 

4.12.1 

\laste SBJI1)ling as discussed section includes the collection ·of 

sludge sarrples from IIIJnicipal and wastewater treatment facilities; 

sarrples of liquid waste and sludge 

in this 
industrial 
from pits, 
as druns, 

ponds, and lagoons; waste sarrples 

from open or closed containers such tank trucks, and storage tanks: and 

sarrples of waste piles and landfills. 

Generally, the collection of sludge SBJI1)les from III;J"icipal and industrial 
wastewater treatment plants is a low risk operation. However, the collection of 
liquid waste and sludge s8JI1)les from open containers and liquid waste from pits, 
ponds, or lagoons and solid waste from waste piles may involve SBJI1)l ing 
operations that are inherently dangerous to the personnel involved. Sarrpl 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 
potential\ y hazardous sarrpl ing operations. Additional safety puidance is 
included in the draft EPA Safety Manual for Hazardous \laste Site Investigations 
(23). Branch specific safety protocols for these types of operations are 
included in Appendix K. 

4.12.1.1 Specific Quality Control 

Sarrpling equipment contaminated 
specified in Appendix B, Section B.1.5 

Procedures 

during 
before 

waste 
being 

for Sanpl ing 

SBJI1)l ing 
returned 

ll'lJSt 
from 

Equipment 

be cleaned 
the field. 

as 

Contaminated disposable equipment and s~~~rpl ing 
discarded ll'l.ISt be properly disposed of as specified 

equipment that is 
in the she-specific 

to be 
field 

sarrpl ing plan (Section 4.5). 

All equipment used to collect waste s~~~rples shall be cleaned as outlined 
in Appendix B and repaired, if necessary, before being stored at the conclusion 
of a field study. In some instances, special decontamination procedures in 
excess of the cleaning procedures outlined in Appendix B will be necessary. 
These procedures will be developed on a case-by-case basis according to the 
specific material encountered (26). 

All air IIIOI'Ii toring and field analytical 
being issued for field studies, as specified 

equipment 
in Section 

shall 
6.0, 

be tested 
and AppendiX 

before 
G. 

Any cleaning procedures conducted in the field deviating from those 
specified in Appendix B, and all field repairs, shall be thoroUghly clocwented 
in the field logbooks. 

4.12.1.2 Co\ \ection of Auxi \ iary Information and 
of auxiliary 
SBJI1)les. 

infoMIIBtfon 
Any field 

and data is particularly fqx~rtant 

analyses, Including those conducted 

pat a 
when 

with 

-- The collection 
collecting waste 

safety equipment 
such as photoionizers, explosion 111eters or approxi11111te analyses such as those 

as outlined obtained with Ph Indicator paper shall be recorded in field logbooks, 
In Section 3.5. Sketches of s~~~rpl in; .locations, valving arrangements of tank 
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trucks and storage tanks, markings on druns, tanks, etc., should 
useful 

be thoroughly 

for recording doc~.~~~ented in the logbooks. Photographs are particularly 

this information end they should be used extensively during waste sampling 

operations. A field log of the photographs taken should be maintained as 

outlined in Section 3.2.3. 

4. 12.2 Collection of Municipal Wastewater, Industrial Wastewater. and Municipal 

Water Treatment Plant Sludge Samples 

Sampling Equipment equipment available for the collec· 
tion 

4. 12.2.1 
of sludge samples includes: 

Branch 
sample containers; stainless steel spoons and 

shovels; 
conduit 

stainless steel 
pipe; stainless 

ponar 
steel 

dredges; stainless steel scoops attached to a 
push tubes; and Peterson end Eckman dredges. 

4.12.2.2 Sampling Technique -- If the sampling technique involves multiple 
aliquots or if the final sample will consist of al iquots from several locations, 
all al iquots should be placed into e Pyrexe dish, or another suitable container, 
and mixed thoroughly before containerization, as specified in Section 4.2.10. 
The sani>le is containerized ·as specified in Appendix A. 

: 

If the sludge layer is shallow or if only the surface 
container. 

is to be sampled, 
samples can be collected directly into the sample 

If depth samples ere required, the methods described in Section 4. 12.3.4.2 
may be used. 

Regardless of the method used, special cere must be taken when collecting 
sludge 
out of 

sample to m1n1m1ze the loss of fine materiels by the excess water flowing 
the sampling device, thus biasing the sample. 

4.12.2.3 Sampling Locations Sampling locations must be 
selected to 
being sampled. 

insure that the samples 
The following ere 

are truly 
suggested 

representative 
locations for 

of the 
different 

carefully 
material 
sampling 

conditions. 

samples 
three 
in the 

4.12.2.3.1 ~M~un~~~·c~i~pe~l ........ ~S~lud~g~e~~B~e~i~nqa_ .... ~D~re~wn~ .... ~t~o~~a~D~r0y~i~ng~----~B~ed~ 
from the pipe flowing to the bed or at the discharge into the 

or more sample al iquots during the draw period to insure that 
sludge concentrations end consistency ere acceu1ted for. 

4.12.2.3.2 Sludsr From an Anaerobic Digester -- It is difficult 
that the contents of these units are well mixed. Samples can be 

Collect 
bed. Take 
variations 

to insure 
taken from 

sample ports in the recirculation lines if so equipped. Otherwise, semplPs can 
be taken from "thief holes" in the floating top of the digester. 

these 
while 
depth 

4. 12.2.3.3 Sludor From an Aerobic Dlaester 
units because of the clear view of the contents. 
the contents are being mixed and from between 
of the digester. 

It fs IIIJCh 
Samples 

1!3 and 

easier 
should 

2!3 of 

to semple 
be taken 

the total 

4.12.2.3.4 Sludge From a Quiescent Holdina Basin <Yater or Wastewater) 
One semple cannot be collected which will be representative of the total contents 
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of the basin since the material is generally stratified. Near bottom S~l~Jl)les can 
be collected from the upper, relatively clear liquid layer as one would collect 
any water saq>le. Generally, a minirrun of 3 to 5 ·grab sludge saq>les should be 

collected from the basin. These grab saq>les should be as representative of the 
sludge contents as possible. Saq>les should be collected near the inlet and 
discharge structures as well as from the open pond area. Saq>les may be analyzed 
individually or cOq>Osited into a single seq>le. Sludge seq>les should be 
collected from the basin from a boat or a platform. Sediment . saq>ling devices 

are required to collect these saq>les. 

4.12.2.3.5 Sludge From Drying Beds After sludge is partially dried end 

cracked, 
similar 
bed end 
collected 

saq>les 
device. 

can be 
Saq>les 

collected with a stainless steel spoon, shovel, or 

4.7.6.1. 

COq>OSited 
to the 

should be collected 
to insure a representative 

full depth of sludge on the 

from 

bed. 

three 
saq>le. 

4.12.2.4 Special Precautions for Trace Contaminant 

or four locations in the 
The S~l~Jl)le should be 

Sanpl ing •• See Section 

4.12.2.5 Sludge Samples Collected for Purgeable Organic CO!!pOundS Analyses 
See Section 4. 7 .6.4. 

4.12.3 Pits. Ponds, end Lagoons 

4.12.3.1 ~ •• For the purposes of this 
tank (lined 

concentrated 
not · include 

subsection, pits, ponds, and 
lagoons 
or is 
chemical 

refer 
suspected 

to any basin, pit, or open 
of containing lr!known 

wastes. This discussion does 

which contains 
solid, or sludge 

end industrial 
treatment ponds or natural or man·made surface water 

or lrll ined) 
liquid, 
IIU'Iicipal 
i~ts (discussed in 

Section 4.8.2). 

Senpl ins Locations •• Sampling locations within pits, ponds, end 
lagoons 
entire 
liquid 

4.12.3.2 
should 

pit, 
phases, 

yield samples which ere representative of that section, or of the 
pond, or lagoon being sampled. All phases (floating solids, ell 

end sludge) in the pit, pond, or lagoon should be sampled. The 
only exception situations where representative samples cannot be safely 
collected or 

is 
where the investigative teem is ett~ting to determine worst case 

conditions. 

Because of the inherent danger with sampling 
waste, 
from 

sampling personnel should never att~t to 
a boat. All sampling should be accClq)lished 

or lagoons or from piers. · Any exception IIJSt 
Branch encl/or Section Chief. 

kriown or lrlknown 
sample pits, ponds, 
from the banks of 

be approved by the 

concentrated 
or lagoons 

pits, ponds, 
epprOf)riete 

4.12.3.3 $11111)1 ina Equipnent The following Branch equipnent is available 
for field use In collecting liquid waste s~les from pits, ponds, ancl lagoons: 
sampling containers: s~ling containers affixed to a piece of conduit pipe, 
stainless steel scoop affixed to a piece of conduit pipe with a scoop bracket, 
stainless steel spoon affixed to a conduit pipe, peristaltic pump ancl vacuum jug 

arrangement, ancl Bacon•BOIIO s~lers. For sludge sampling of pits, ponds, ancl 
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scoops attached to 

4.12.3.4.1 Liquid \laste Sarrpl ing If the sarrpl ing technique utilized 

requires multiple aliquots, or if the final sarrple will consist _ of al iquots from 

several different locations In the pit, pond, or lagoon, all al iqtiots should be 

placed into a Pyrex• dish or a large glass sarrple container, or. other suitable 

compositing container, and mixed thoroughly before containerization (Section 

4.2.10). 

The presence of individual liquid phases. can be determined by using a 
peristaltic puqJ. The Teflone tubing attached to the puqJ is strapped to a piece 
of conduit pipe and slowly lowered to the bottom of the unit to be sarrpled. The 
puqJ discharge (and the intake tubing) is examined to determine if phases are 
present. If phases are present, the top liquid phase can be sarrpled by direct 
dipping with the sarrple container, or dipping with the saqJle container attached 
to the conduit pipe • either directly or by way of a fishing pole -type arrange· 
ment, or dipping the saqJle with a stainless steel scoop attached ·directly to 
conduit pipe with a scoop bracket. Alternatively, all liquid phases can be 
sarrpled with a peristaltic puqJ/vacuun jug arrangement with the Teflone tubing 
attached to a conduit pipe and held at the desired depth or with the Bacon·BOII'b 
sarrpler opened at the desired depth. The Bacon·BOII'b sarrpler can be operated 
directly from the banks of pits, ponds, and lagoons; from piers; or operated by 

way of a fishing pole type arrangement using a piece of conduit pipe. 

Floating sol ids can be sarrpled directly or with a stainless steel scoop or 
spoon attached to a piece of conduit pipe. 

4.12.3.4.2 Sludge Sarrpl ing If the s~ling technique involves multiple 
aliquots, or if the final sarrple will consist ·of aliquots from several different 
locations in the pit, pond, or lagoon, all aliquots should be placed into a 
Pyrex• dish or other suitable container and mixed thoroughly before containeri· 
zation, as specified in Section 4.2.10. The sarrple is containerized as specified 
in ·Appendix A. 

Sludge sarrples may be collected by pushing a stainless steel push tube into 
the sludge and errptying the tube contents into a Pyrexe dish or other suitable 
container. "Errptying" may include shaking to remove sludge or extrusion of thick 
or gurmy 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 sarrple volune. 

Sludge 
An advantage 
sufficient 

S8qJles can also be collected with a 
Is that cne operation 

stainless steel 

One 

attaching 
bracket, 

of this technique 
S8qJle volune for most S8qJling efforts. 

of 
a 

and 

the easiest 
stainless 

inserting 

llethoc:Js 
steel scoop 

the scoop 

of 
to 

Into 

collecting a 
a piece of 
the sludge. 

of the dredge 

sludge 
conduit 

The 

S8qJle 
pipe 

scoop 

ponar 
usually 

ciredge. 
yields 

consists of 
with a scoop 

bracket has a 
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the angle 

4.12.4.1 General Sanpl ing of Closed containers (druns, storage tanks, 
etc.) should be conducted only when absolutely ·necessary. Whenever container 
sarrpl ing is necessary, the first priority should be the collection· of saqlles 
from open containers since they generally present less hazard to the saqll ing · 
personnel than closed containers (i.e., volatile organic ccnponents have already 
evaporated, extreme acute toxicity would probably be evident from dead animals 
or vegetation arot.Wld the site, etc.). Closed containers nust 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 sanpl ing, the sanpl ing of druns or other 
containers containing either unknown materials or known hazardous materials shall 
be considered a hazardous duty assigrment. Additional information regarding 
container seq>ling is available in the draft EPA Safety Manual for Hazardous 
~aste Site Inspections (24). : 

Safety procedures for container sanpl ing will be in accordance with the 
Region IV Field Health and Safety Manual (23) and Appendix · · N. 

A problem which often arises in container s~~~~pl ing is stratification and/or 
phase separation of the container contents. When this condition occurs, or is 
suspected, care nust be taken to insure that the saq>le collected is representa· 
tive of the container contents. If only one layer or phase is saq>led, this 
should be noted and taken into accOUlt when interpreting analytical results. For 
exaq>le, if a large tank is being saq>led for PCB 1s and the onlY valve or access 
port avai I able for saq>l ing is at the bottom of the tank, it should be noted that 
the concentration of PCB 1s might be biased on the high side, since PCB 1s are 
heavy and tend to settle near the bottom of containers. 

If stratification is not present, sllq)les may be canposited by depth · (i.e., 
collected throughout the entire depth of the container or at several different 
depths) to provide a representative saq>le. Uhen a dr~m~ or cylindrical container 
is standing vertically, depth canpositing provides a good quantitative estimate 
of the containers contents. In other cases where such containers are tipped, 
horizontal, defonned, etc., and stratification is not present, vertical 
canpositing will provide a representative sllq)le at least on a qual ftative basis. 
(Note: a quantitatively representative sllq)le could be collected, but would 
require sophisticated sllq)ling 111ethodology involving IULtllayer S8111)ling and 
vol~m~e measurements; this Is not recomneuded Lnless Initial screening irriicates 
it is absolutely necessary). Sllq)les •Y not be canposited across containers. 

4. 12.4.2 S!!!pltng Equfpnent The following Branch ~ipment is available 
for use in collecting waste s8111)les fran open and closed containers: a CC!q)lete 
set of spark• resistant Cberyll i~m~·brass) tools including barrel bLilg wrenches, 
adjustable wrenches, etc.; a remote barrel opening device; colfwasa Sllq)lers for 
dr~m~ saq>ling; glass tubes for dr~m~ sBq)ling; glass profile tubes for container 
saq>ling; Bacon·BOI!b s~lers for container sBq)lfng; and peristaltic ~ and 
vaci.UII bottle arrangements for lf"-'id waste S8111)lfng fran containers. 
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4. 12.4. 3 :!s~anp=l~i!!n:a.g __ ...:.T.:::ec::,:h.:.:.n:.:.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. Such a device involves 
pressure 

the use of a remotely operated pneumatic 

wrench along with a brass fitted bung socket C25). 

The most c0111110nly used Branch Sllfl1'l ing device for 55-gallon druns is the 
col iwasa safll)ler. The coliwasa safll)ler is a single use glass Sllfl1'ler, consisting 
of an outer glass tube with ~ end tapered, and a separate imer glass tube with 
a small bulb on one end. In use, the outer tube is slowly lowered into the drun, 
tapered end first. This nust be done slowly for two reasons. One, the drun may 
contain solid . material which might break the tube and injure the safll)ler. 
Second, slowly towering the tube allows the liquid phases in the drun to stay in 

The 
may be 

equil ibriun with the col iwasa safll)ler, ensuring a representative safll)le. 
inner glass tube is inserted (bulb end first) into the outer tube. This 
done very slowly after the outer tube is fully inserted into the drun, or the 

inner tube may be inserted prior to irrmersing the outer tube. In the latter 
case, the bulb tip of the outer tube nust be pulled back several inche:; from the 
tapered end of the outer tube. After both imer and outer tubes are inserted. 
into the drun to be safll)led, the imer tube bulb end is pressed gently against 

the tapered end of the outer tube, forming a seal. Both tubes are withdrawn from 
By the drun and the ends of the tubes are held over the safll)le container. 

manipulating the imer tube, the Sllfl1'ler can control the rate of flow of the 
sa~led liquid into the s~le container. 

Sa~les 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. 
stopper to 
container. · 
procedure is 
volune shall 

The open end is then sealed either with the thunb or 
hold the s~le in the tube while removing the tube 
The s~le is 
repeated ll"'ti l 
be held to the 

then placed in the appropriate 
an adequate IIIIIOU"'t of sanple 
absolute miniiiUII required for 

container, 
is collected. 

analysis. 

of glass 
diameter 

as far 
a rubber 
from the 

and the 

· S811lJle 

An optional method Involves the .use of a piercer valve which 
into the drun or barrel by use of a remotely operated hydraulic 

is inserted 
jack · (24); 

however, this method should be used only as a last resort (24). The sanple is 
collected directly from the valve. Several valves may be required at different 
depths on the drun or barrel if stratification has occurred. 

Other s~l fng procedures including the use of automatic sanplers, pumps, 
siphons, multiple valves and ports, etc., IIBY be used depending on the specific 
container 
established 
determination 
appropriate 
of available 

involved. These procedures should not be used ll"'less it. can be 
that their use will not constitute a fire or explosion hazard. This 

shalt be lllllde only after field reconnaissance, collection of 
field data (explosion .-eter, photoionizer, etc.), and consideration 

file fnfor1111tion on the site. 

Tank trucks and storage tanks containing liquid wastes present a ll"'ique 
problem. Sanples •Y be collected frcm access ports on top of these tanks or 
trucks using the techniques outlined above. Tank trucks are often compartment• 
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al ized, and the investigator should insure that all c~rtments of the tank 
truck are sa~led. Sa~ling from discharge valves usual!" found on tank trucks 
is not reconmended due to potential stratification of th.. tank contents and the 
possibility of sticking or broken valves causing a release. However, if the 
investigator IIUSt s~le from a tank truck discharge valve, the valving 
arrangement of the particular tank truck being sa~led IIUSt be clearly understood 
to insure that the contents of the c~rtments of interest are sa~led. The 
same precautions apply to s~l ing from storage tank valves. Jn either case, the 
investigator IIUSt realize that s~les obtained .from valves (particularly those 
at or near the bottom of tank trucks and storage tanks) may not yield represent· 
ative sa~les. S~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 
feci 1 ity, or a containment plan is in. place should the valve stick or break. 

4.12.5 \laste Piles and Landfills 

4.12.5.1 General •• waste 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 c;hallenge to 
the sa~ler in the selection of an appropriate s~l fng location and· technique. 
Sa~ling at landfills is generally considered a routine operation. However, the 
sa~l ing personnel IIUSt be aware that, in the pest, landfills were not selective 
in the types of waste materials accepted. Therefore, s~l ing at landfills known 
or suspected to contain hazardous wastes could Involve s~l fng operations that 
are inherently dangerous to the personnel Involved. 

4.12.5.2 Sanplfng Locations .. S~l ing locations 
will yield a Sllft1:lle which is representative of the waste 

should 
pile 

be selected 
or landfill 

which 
being 

investigated. The only exception fs situations in which representative s~les 

cannot be collected safely or where the investigative team fs att~tfng to 
determine worst case conditions. 

4.12.5.2.1 \laste Piles A representative s&q)le from a small waste pile 
can often be obtained by collecting a single S&q)le. The collection of 
representative S&q)le from large waste piles presents problems with both the 
nuTtier and locations of S&q)les. For a S&q)le to be truly representative, a 
statistical approach should · be used in selecting both the I'Uibers of S&q)les and 
the location where they are to be collected. A discussion of statistical methods 
which can be utfl ized fs given fn the Test Methods for Evaluating Solid \laste 
(S\1·846) Issued by the EPA Office of Solid Waste and E111ergency Response C28). 

4.12.5.2.2 Landfills Representative S&q)les from landfills are often 
difficult to obtain because of the heterogenous nature of the wastes deposited. 
Geophysical instrunents •Y occasionally be useful in locating burled druns and 
tanks, but the signal Is often lost In the background noise of waste "errous 
11111terlals. As with &Bq)les fran waste piles, for a S&q)le to be truly 
representative, a statistical approach should be used In selecting both the 
nurber of s&q)les and the location where they are to be collected. A discussion 
of statistical 111ethods which can be utilized is given in the Test Methods for 
Evaluating Solid \laste (SW·846) Issued by the EPA Office of Solid Waste and 
Emergency Response (28). The S8111pler should be aware that landfills often 
generate leachate at one or 110re locations downgradlent of the fill material. 
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materials deposited in 

4.12.5.3 Sanpl ing Equipment -- The following Branch equipment is available 

for 
steel 
steel 
steel 

field use in collecting sarq:Jles from waste piles and landfills: stainless 
stainless 
stainless 

hand augers, stainless steel push tubes, stainless steel shovels, 
scoops, stainless steel slag harrmer/slag pan, drill rig, and 

spoons. 

4.12.5.4 Sanpl inq Techniques All sarq:Jles collected should be placed 

a 

into a Pyrexe dish and mixed thoroughly before containerizati_on, as specified in 
Section 4 .2.10. Sarq:Jles for volatile organic compounds analyses may not be 
composited end must not be mixed. Stainless steel shovels, spoons, or scoops 
should be used to clear away surface materials before samples ere collected. 
Near surface serq:Jles can then be collected with a clean stainless steel spoon. 
Depth samples 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. \/hen the desired depth 
is reached with a hand auger, a clean auger head should be used for. collecting 
the sarq:Jle. An alternate method for collecting depth samples is to dig to the 
desired depth with a stainless steel shovel or scoop and collecting the sarq:Jle 
with a stainless steel spoon. 

Sometimes the waste material is too hard to mix in a Pyrexe dish or the 
sarq:Jle material retrieved is too large to contain in the sample container (for 
exarq:Jle slag wastes). This refractory material may be sampled by crushing 
representative portions of the waste material with the stainless steel slag pan 
and harrmer. Once crushed, the material may be thoroughly mixed and containerized 
for analysis. Mixing is done as specified in Section 4.2.10 and the sarq:Jle is 
containerized as specified in Appendix A. Any remaining waste materiels rust be 
properly disposed of, in accordance with the waste handling procedures for that 
process. 

4.12.6 Contaminated Surfaces Sanpl inq 

4.12.6.1 ~ Sarq:Jl ing may be required to determine whether 
various surfaces are contaminated, or to evaluate the effectiveness 

or not 
of 

decontamination procedures. The procedures outlined below are intended for non-
absorbent surfaces e.g., metal, concrete, glass, plastic, etc. These types of 
surfaces may be sarq:Jled using wipes or swabs that are purchased commercially. 
The wipe or swab material must be COrq:Jatible with the solvent used and the 
analyses to be performed, and should not come apart In use. The wipes are 
saturated with either ~~ethylene chloride, hexane, or deionized water deJ:'ending 
upon the parameters to be analyzed. S~ling personnel should be aware uf this 
and take the proper precautions against skin contact and inhalation of these 
solvents as outlined In Appendix N. For routine scheduled wipe s~l ing, ASB 
requests two weeks notice to prepare the wipes. ASB must be notified as to what 
analyses ere required. ECB should provide sufficient precleaned 8-oz s~lfng 

jars to ASB for storage of the prepared wipes. Vipe s~les should not be 
collected for volatile organic c~s analysis. 
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Sanpling Locations contaminated by hazardous :,; · ; ·: ·~ 

may 
4.12.6.2 

include walls, ceilings, floors, 
Sarrpl ing 

Surfaces 
exposed 

locations 
beams, 
will 

imer 
often 

walls of t·. 

equipment, furniture, etc. be dictated 
sarrpled 

generally 

1::-: 

shoulo 
the 

surface to be sarrpled. If possible, however, the surface 

horizontal and facing up. Surfaces in this position are 

likely to become contaminated by spills, splashing, settling dust, etc. 

4.12.6.3 
specially 
sarrple 
sarrple 

prepared 
are kept 
jars. 

Sanpl ing Eauir:ment 
wipes in sarrple jars. 

in separate containers. 

Branch sarrpling equipment consists 
A. sufficient nurber of wipes for 
These containers are precleaned 

eac'· 
B·c~ 

Sanpl ing Techniaues The sarrple jar containing the prepared 

wipes 
4.12.6.4 
is opened and a prepared wipe is removed. Yipes 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 
sarrpled is wiped with firm strokes using only one side of the wipe. The wipe is 
then returned to the sarrple jar from which it was taken. This process is 
repeated until the area is visibly free of contamination or no mor, wipes are 
left in the jar. Care should be taken to keep the sarrple jar tightly sealed to 
prevent 
the used 
should 

evaporation of the solvent. Sarrplers nust also take care to not touch 
side of the 

not be removed. 
wipe, to prevent loss of the contaminants. UnUsed wipes 

All wipes in the jar will analyzed by the laboratory. 

If surface 
area that is to 
a terrplate made 
size, generally 

contamination is to be quantified (e.g., ug/crrf) the 
be wiped nust be measured. This can often be accomplished 
of decontaminated alunirun foil with an opening of the 
10 em by 10 em. 

surface 
using 

desired 

4.12.7 Contaminated Ooc~ts Sll!l1? li ng 

4.12.7.1 ~ Contaminated docunents that require sarrpling are 
usually 
materials. 

business records that are suspected to be contaminated with hazardous 
If business records ere to be sarrpled . (files, file folders, 

correspondence, 
are destroyed 

receipts, etc.), care lUSt be taken that no evidentiary materials 
in the sarrpl ing process. 

4.12.7.2 Sli!IJ? l i ng Locations 
unlabeled file folders, 
not present In sufficient 
removing material from 

S!!!!pl ina 

etc., should 
quantity, 

the ln.ISed 

Eguipnent 

Blank letterhead, ln.ISed 
receive first consideration. If 

it lilY be necessary to collect the 
portions of the doc~ts. 

end a pair of 4.12.7.3 
decontaminated 
not be painted 

as specifIed 
or constructed 

in Appendix 
A Pyrexe 

a. The 
pan 

handles of the scissors 
of plastic. 

receipts, 
these are 
sarrple by 

s-:lssors 
should 

4. 12.7.4 S!!!!plfna Techniques .. The •teriel selected for sarrpling should 
be as representative .s possible. Once the aarrple Nteriel has been removed, it 
nust be reduced In size end mixed prior to containerization. This can be 
accomplished by cutting the paper Into Slllllll pieces with a pair of scissors end 
mixing the pieces In a glass pan. The shredded lllterial is then placed into a 
precleened 8·oz glass jar. 
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Cartridges Using 

4.13.1.1 -- The following is a synopsis of procedures which should 

be strictly adhered to for the handling and field use of dinitrophenylhydrazine 

(DNPH) cartridges for formaldehyde saiTpling. This is from METHOD T0·11 of the 

COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT 

AIR. 

The following generic: procedures should be adhered to at all times. 

• Polyethylene or Nylon gloves nust be worn whenever handling any of 

the DNPH 
preparation 
preparation 

preparation 

cartridges (in the extraction laboratory, during 

for shipment, during field set·up, in field during 

for return shipment, and in the laboratory during 

for analysis and during analysis). 

• Coated DNPH cartridge which have been prepared for longer than 

days shall not be used. 

• 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·c:ustody shall be maintained for all SBITples • 

• A mininun of one .:.t.:..rl,_.·e:....~b:.:la:::..n~lc shall be transported per one to ten 
samples collected. 

4.13. 1.2 Elctrac:tion Laboratory .. Upon c:arpletion of preparation of the 
DNPH cartridges, both ends shall be plUgged with polypropylene Luere male plugs 
and each DNPH cartridge placed in a borosil Ieete glass c:ul ture tube with 
polypropylene screw caps (tightened). A serial rurtler, expiration date and a lot 
I"U!Der label will be placed on each glass culture tube. The batches of culture 
tubes shall be placed in sealed fric:tion•top 11etal containers which contain 1·2 
inches of granular activated charcoal (or a pouch filled with a similar 1111101.nt 
of charcoal) for storage in the refrigerator in the· Air Laboratory. The culture 
tubes should be enclosed in two Zip·Loclce bags to prevent contamination from 
charcoal dust. 

4.13.1.3 Air Conpliance Unit .. The Air Carpllance Unit will notify and 
keep the Extraction Unit infonned as to the anticipated rurtler of prepared DNPH 
cartridges needed for field use. On routine studies, the Air Carpi lance Unit 
will notify the Extraction Unit of needs at least two weeks in advance of needed 
pick·up date. Only the rurtler of DNPH cartridges needed for a 111Bxinun of 60 days 
(including trip blanks and extra DNPH cartridges for breakage) will be requested. 
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On the date of shipment or when loading out for a study, the Air 
the ONPH 

in 
for 

C~liance Unit wi II remove the sealed cans (which 

cartridges sealed 
the Air Laboratory. 
a particular study, 
to another, smaller, 

in glass cui ture tubes) from the 
If only a small nl.llber of tubes 

the correct nl.llber of tubes wi II 
solvent-washed shipping can. 

contain 
refrigerator 

are needed 
be transferred 

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 I istfng the I'IUiber 
of ONPH cartridges in the container. The met!ll 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 sllq)l ing date, the metal container(&) will be removed from 
the refrigerator or cooler for transport to the field. At each 
saq>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 armient t~rature (before removing 
the ONPH 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 ONPH cartridge which 
will be inmediately placed on the Sllq)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 cui ture tube will be left in 
the saq>ler enclosure at the site. The same procedure will be 
adhered to at each saq>l ing location. A trip blank Cin a sealed 
culture tube) will be placed in a saq>ler enclosure at one on the 
sites for the duration of a sllq)ling event. 

The Sllq)ler wf II be 1111nua ll y turned on and allowed to rll"' for two minutes. 
An initial flowrate should be recorded on the sllq)le data sheet. The timer 
should be set to turn the &llq)ler on and off at the desired times. 

• The operator should collect the Sllq)le as soon as possible after the 
Sllq)l fng period ends. The Sllq)ler should 1111nually be turned on and 
allowed to rll"' for two minutes and a final flowrate and elapSed time 
from the elapsed time · ~~eter should be recorded on the sllq)le data 
sheet. The exposed DNPH cartridge will then be removed from the 
Bllq)l fng train (wearing clean polyethylene · or nylon gloves). The 
two Luere end caps · wf ll 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 tightened and 
placed back into the 111etal container. The same procedure is to be 
followed at each &llq)l ing site. 

• At the end of the day · on which the sllq)les are collected, the sealed 
~~etal can (which contains the exposed DNPH cartridges) ahall be 
either placed In a refrigerator for storage overnight or placed in 
a cooler. ·The cooler will be used to transport the Bllq)les to the 
EPA, Region IV, Analytical Support Branch In Athens, GA. The 
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shall be kept to a minirrun 

4.13.1.4 Analytical Support Branch -- Upon arrival· of the metal container 
at the Athens laboratory, the sarrples shall be stored in the metal container in 
a refrigerator until submitted to the chemist for extraction. 

4.13.2 Volatile Organic Compounds (VOC) Sa!!pl ing lolith SUMMA& . Electropol ished 

Stainless Steel Canisters Using Method T0-14 

4.13.2.1 ~ -- The following is a synopsis of procedures which should 
be strictly adhered to for the cleanup and use of SLIJIII88 canisters in sampling 
air for Volatile Organic Corrpounds (VOC). This surmary is adapted from Method 
T0-14 of the COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC 
COMPOUNDS IN AMBIENT AIR. 

The following procedlres -..st be followed in the preparation and use of 
SI.JIIIIalt canisters for sa~pl ing voc. 

• 

• 

• 

• 

• 

4~13.2.2 

be followed 

• 

lli new SLIJIII88 canisters ~ be individually checked for 
contamination by the ESD laboratory before use. One of each batch 
of 10 surmae canisters that are subsequently cleaned rrust be 
analyzed to check for contamination. 

All Sllq)ler tubing, fittings, 
solvent washed in hexane and 

and 
heated 

with 
train 

wetted parts of valves rrust be 
to >100° C. 

then be asserrbled and flushed nitrogen for 
prior to use in the Sllq)le or in . the 
apparatus. 

These parts 
at least 
canister 

should 
8 hours 
cleanup 

Each canister's valve 
Any 

and fitting will be 
will 

inspected for damage 
before cleaning. damaged valve be replaced with a 
previously 
valve, the 
is free of 

cleaned (see procedure above) valve. 
analyzed 

After replacing any 
canister will be cleaned and to verify that it 
contamination. 

If any canister 
rrust be cleaned 

is used to s~~~~ple a high 
and analyzed to verify it 

concentration 
is free of 

source, 
contamination 

it 

it can be used again. 

Chain·of·custody rrust be maintained for all s~~~~ples • 

.:?.SUM~M:::A:::•_ .. c!::.!a~n!.!i.a.st~e:.l.r_.....!c:.!l.li::e.!!!a!"M?~ •• The following cleanup procedure will 
for the preparation of all 511!111118 canisters: 

The canisters should 
h1111i dlf i ed nf trogen 1 

initially be pressurized 
evacuated to 1 atm. 

to 
This 

>2 atm 
filling 

with 
and 

evacuation 
resfdulil 
hllllidiffed 
contaminants 
canister. 

aequence 
contaminants. 

then 
ahall be repeated five tl111es to dilute any 

The addition of the water from the 
nitrogen IIBY also displace some of the 1110re reactIve 

that could ad!ere to active sites on the wall of the 
After the fifth evacuation to 1 atm, the vacuun ~ will 
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be valved on and left on for a mininun of 3 hours or 1.11til 

nurtler 
recorded 

a VaClAIII 

of the 

in the 

valve 

then be 

and the 

of <150 millitorr is reached. 

canister, the date and the final 

canister cleanup logbook. After 

should be capped with a Swagelolce 

affixed to the canister denoting 

name of the person who performed 

The identification 

vaclAIII will be 

cleaning, 

plug. 

the 

the 

date 

cleaning. 

the canister's 

A label will 

was cleaned 

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 
impurities). 

4.13.2.3 samle Collection -- Two types of voc SIII!Ples can be collected 

with surma• canisters. The canister can be opened and allowed to fill rapidly 

to obtain a grab SIII!Ple or filled slowly by using a flow controller to collect 

a time integrated s~le. \lith either type of saqlle, the following general 

procedures 

• 

• 

• 

should be followed: 

An EPA, 
summae 

pre-numbered Saqlle tag should be tied to the handle of the 

canister 

A Chain·Of·Custody 
saqlling, 

Saqlle. 
s~ling 

prior to SIII!Pl ing. 

Record should 

interval, and 

After the Saqlle has been collected, 
EPA tag capped, the pre-numbered 

: 

be COqlleted detailing time of 

signed by the person taking the 

the surmae canister 
should be COqlleted, 

should 
and 

be 
the 

canister should be placed in a shipping container with a copy of the 
tape. Chain-Of-Custody Record and sealed with EPA Sllqlle custody 

4.13.2.4 Grab Saii'Dle Collection •• Before a grab saq,le for VOC analysis 
is collected 
a pre·cleaned 

in a surmae canister, the canister inlet valve should be fitted with 
(Section 4.13.2.2) stainless steel particulate filter. At the 

saqlle collection location, the main valve should be opened and the canister 
allowed to fill. After about one minute (when no audible s01.1'1d of rushing gas 
can be heard), close and cap the main valve of the surmae canister. 

4.13.2.5 Time Integrated S!!!!ple Collection This Sllqlle collection 
method 
controller 

method, 
SBqlle. 

involves the use of a flow controller or a Saqller containing a flow 
to slowly 111eter the flow of air entering a surmae canister. \lith this 

a Saqlle Is collected over a longer period of thne than with a grab 
If a constant flowrate was 11111intained, the resulting Saqlle will have 

a voc content that is the average of the VOC concentrations for the saqll ing 
interval 

Saqlles: 

Ca tf111e integrated saqlle). 

The following procedures 

• All Sllqller systems 
or after any •Jor 
air or nltrogen1 to 
nl trogen flow should 

should be followed to collect time integrated 

should 
repair. 

be checked for contamination prior to use 

the Inlet 
be vented 

This Is acconpl ished by ~~eterfng zero 
of the sBqller. 
with a Swagelolce 

Excess zero air or 
tee from the Saqller 
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then be filled 

• Initial flowretes will be determined with · a mass flow meter. The 

initial flowrate and initial vacuun Cat least 
should be recorded on the S&fl1lle data sheet. Adjust 
that at the end of the safl1ll"ing interval the ending 

canister is approximately 0.9 atm. 

29 inches of Hg) 

the flowrete so 
pressure of the 

• Final 
Final 

flowrates should also be determined with a mass flow meter. 

flowrete 
data sheets. 
of Hg. The 

end final vecuun should be recorded on 
The ·final vacuun should be between 5 inches 

final flowrate should be at least sec/min. 

the Safl1lle 
end 1 inch 

that 
After 

each has 
safl1lle collection, 

en EPA pre·I'IU!bered 
all canisters 

tag with ell 

should be double checked 
information filled out. 

to verify 
Place the 

· canister in a shipping container and seal the container with EPA S&fl1lle custody 

tape. 

. 
4.13.3 Semi ·Volatile Organic Conpounds CSVOC) Sarrpl ing Uith High Volune PUF 

Sarrplers Using Methods T0·4 & T0·13 

4.13.3.1 ~ -· The following is a synopsis of procedures which should 
be strictly adhered to for use of the High Volune Polyurethane Foam CPUF) 
Safl1lling method for sampling semi·volatile organic corrpounds CSVOC) including 
pesticides end polychlorinated biphenyls. This s1.1111111ry is adapted from Method 
T0·4 (pesticides and PCBs) and T0·13 (polynuclear aromatic corrpounds) of the 
COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT 

!!E.:. 

Edie 

buying 

as .!:!2.! 
prevent 
stored 

The 
and 

followi~ 

usi~ the 
procecb-es -...st be followed 
High Vol111e PUF 11ethod · for 

in preperaticn of PUF 
Alllpling for SVOCs: 

• 

• 

All PUF Sllq)ling 
Volune PUF allq)le 

lab the extraction 

media should 
cartridges and 
prior to use. 

be pre•cleaned, loaded into High 
aealed in aolvent washed cans by 

Chain·of·custody shell be maintained for ell Sllq)les • 

4. 13.3.2 PUF Cleaning .. The Air Compliance Unit has responsibility for 
the PUF media and cutting the PUF plugs. PUF media should be specified 
containing any fire retardants. It ahould be stored in the dark to 
photo-oxidation. It should be leas then two years old, end sho:..ld be 

in e pesticide free environment. 

Care ahould be exercised in cutting the PUF. It should be thoroughly wet 
with tap water prior to cutting. A drill pres• · end stainless steel PUF cutting 
die should be used. The drill pre11 area ahould be free of of l and a 
polyethylene cutting block should be used to atop the die at the bottom of the 
drill press stroke (do not use wood). Water should be sprayed on the die as the 
PUF is cut to help prevent anagglng. After the plugs are cut, they should be 
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rinsed with tap 
water 

water 
should 

and followed 
be squeezed 

by a rinse 
out. 

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 mininun 
of three weeks notice for cleaning and checking the PUF/XAD·2 cartridges. The 
cleaned PUF/XAD-2 cartridges should be wrapped in aluninum fo.i l and packed in 
metal cans cushioned by cleaned polyurethane foam to prevent breakage during 
shipment. Prepared PUF/XAD-2 sal!1'le cartridges that are pre-packed in solvent 
washed metal cans will be obtained from the extraction laboratory prior to 
sal!1'l ing. The cans should . be packed inside coolers which are lined with 

polyurethane foam for shipment. 

for 
4.13.3.3 

all High 
Sanple 

Volume PUF Sa1!1'ling. 
•• 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 low~r gaskets, 
located in the cartridge housing, are in place. Then remove the PUF cartridge 
from the shipping can, remove from the foil and insert the cartridge into the 
High Volume PUF S~ler•s charrber. The pre·filter should be installed in the 
filter holder using caution not to over tighten the fittings. The foil should 
be sealed back in the shipping can. The can should be labeled with site 10, 
operators 
enclosure 

name, 
until 

and s~le date, and placed 
the s~le is collected. 

in the High Volume PUF sa~ler 

The High Volume 
minutes. An initial 
timer should be set 

PUF s~ler should be turned on and allowed to rU'\ for two 
The flowrate should be recorded on the s~le data sheet. 

to turn the s~ler on and off at the desired times. 

The operator should collect the Sllq)le as soon as possible after the 
sa~l ing period ends. The s~ler should be manually turned on and allowed to 
run for two minutes. A final flowrate should be recorded on the s~le data 
sheet. The final flowrate should be at least 150 liters per minute. The PUF 
cartridge should be removed, and the quartz pre·fH ter folded and placed in the 
12e of the PUF cartridge. The. PUF cartridge and pre·fil ter should be re-wrapped 
in the original alunirun foil and . placed baclc In the shipping can. The can 
should be tightly sealed. C0111'lete the s~le data sheet and Chain·Of·Custody 
Record and sea\ the shipping can with a s~le custody sea\. Finally, the 
shipping can containing the s~le should be placed In a cooler containing frozen 
eutectic salt packs Cat a nominal t~rature of - 4° C). When all s~les are 
collected from all sites, the cooler should be sealed with Sllq)le custody tape 
for transport back to the ASB. 

4.13.3.4 Analytical Support Branch 
at the Athens ASB laboratory, the s~les 

In a refrigerator U'\tll submitted to the 

•• Upon arrival 
shall be stored 

of the 111etal 
t n the 111eta l 

ch1111ist for extraction. 

4.13.4 S!l!!pllna For Metals Usina The Hfph Volune S!!!!pler 

container 
container 
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-· The following is a synopsis 
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of procedures which should 

in air. This surmary is 
Method For The Determination 

(High Volume Method), and 40 

CFR. PART so. APPENDIX G • Reference Method For The Determination Of lead In 
Suspended Particulate Matter Collected From Ambient Air. 

The following proceciJres DJSt for collecting 
s~les for .etals analyses with the 

be followed 
High Vol~ 

in preparation 

SBIIpler. 

the 
PART 

• 

• 

• 

• 

4.13.3.4 

All filters 
Distribution 
State and 

Prior to 
desiccated 
humidity, 

used will be supplied by the 
Program, and of the same quality 

local Agency Air Monitoring Stations. 

use, all filters will be checked 
at 1S0c • 30°c, :t 3°c, and less than 

:1: 5 percent, for at least 24 hours. 

EPA National 
as supplied 

Filter 

to the 

for pinholes, and 

50 percent relative 

A filter field blank will 
will 

be taken to the 
be analyzed by 

field, but ~ot exposed. 
Filter field blanks the Analytical 
Branch (ASB) . to determine the background concentration 
The nurber of filter blanks will be determined based on 
of sa~les collected, or ·one blank for each ten sa~les 

Chain·of·custody must be maintained for all sarrples. 

Support 
of metals. 
the nurber 
collected. 

Sanple Collection Procedures Sarrples will be collected 
High Volume sarrpler 

B: 
as described, and operated in accordance with 

using 
40 CFR, 

50, APPENDIX 

• 

• 

• 

All flow calibration 
Rootsmeter. 

will be traceable 
will be corrected 

to e Primary 
to EPA Standard Standard 

T~'rature and Pressure 

orifices 
Flows 

c2s0c end 760 nm Hg). 

used to determine flow rates wfll checked Digital 
against 

manometers 
e U•Tube water manometer prior to use in each 

be 
study. 

Air C~lience Unit persomel will remove e 2·inch strip of the 
exposed . f i l ter fran one end end discard it. Two 1·inch strips will 
be cut from the same end end transported to the ASB for analysis. 

4.13.4.3 .~.ln:.:.t~t9::.:c..ra2.t~ed~--::?.S:IIII'D~l~e-...:C~o~l~le~c::.lt>.!i~on The following procedures should 
be followed to collect time integrated a~les: 

• 

• 

Inftlel 
orifice 

end 
end 

final flow 
e digital 

After the s~le has 
lengthwise end placed 
placed in en envelope 

rates will be determined wfth e cal I lira ted 
11111nometer. 

been collected, the ffl ter will be folded 
in e filter holder. The filter holder is then 
end the envelope sealed. 



• A Chain-Of-Custody 
time of sllf11)l tng, 
person taking the 

Record should 

the sa~l ing 
sa~le. 

be c~leted 

interval, and 
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which contains 
the signature of 

0 

the 
the 

After 
appropriate 
container. 

sarr.,le collection, all sarr.,le envelopes will be placed in an 

container. An EPA chain-of-custody seal will be placed on the 

Filters will be cut by the AnalytIcal Support Branch. and transported 

to the ASB for analysis. 

4.13.5 Senpl ins end Anelvsis of Mercury In Arrbient Air Using Arizona lnstrllllente 

Mercury Dosimeter Tubes end the Model 511 Gold Film Mercury Vapor 

Analyzer 

4.13.5.1 General •• The following Is a synopsis of procedures which should 
be . strictly 
air. This 

adhered to for the sarr.,l ing 
summary Is adapted from the 

end analysis of mercury (Hg) in arrbient 

Arizona Instruments• 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 

A mininun of one trip blri shall 
samples collected. 

All mercury 
s~~~Tple clay 

dosimeter tubes 
prior to use. 

shall 

for all sarr.,les 

be transported per one to ten 

be cleaned and analyzed each 

4.13.5.2 Dosimeter Cleanup Each dosimeter tube should be connected to 
the AZI• 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 end i-.edietely afterward the 
dosimeter controller•s START button should be depressed. This will cause the 
gold plated wire Inside the dosimeter tube to heat up end liberate any elemental 
mercury that forms an amalgam on the gold plated wire Inside the dosimeter. 
Continue this cycle U"'til less than 2 ng of Hg Is detected from the dosimeter 
tube. Remove the clean dosimeter tube from the dosimeter controller, tag It with 
the cleanup date end operators name, and connect the Inlet end outlet dosimeter 
ports together with a· clean - 8·inch section of 3116" ID x 1/1611 wall Tygone 
tubing Cthis effectively caps the dosimeter tube), 

4.13.5.3 S!l!!l?le Collection •• Each S~~~Tpltng ~ will be calibrated with 
before and after each saq,llng event. Connected the dosimeter 

powered saq,llng ~ with Tygonl' tubing. Adjust the saq,llng 

a mass flow meter 
to the battery 
~ to obtain a flowrate of 50 cc/111fn. The · saq,llng Interval should not extend 
beyond 8 hours. The following steps should be followed to collect each saq,le. 

• Disconnect one end of the Tygonl' tubing from the dosimeter tube and 
connect It to the battery powered saq,llng ~· 
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Program the ~ 
tube dosimeter 

Record the 
and initial 

to run the desired nurber of hours. 
inlet so that there is no obstruction 

Position 
of 

start 

the 
flow. 
time, 

As soon as 
tubing from 
of dosimeter 
Check the 
the sarrple 

dosimeter 
flowrate 

tube nurber, site· 10, sarrple date, 
on the sarrple data form. 

possible after the sarrpl ing 
the sarrple ~ and comect 

tube. Record the elapsed 
ending flowrate with a mass 

data form. 

event, 
the 

time 
flow 

discomect 
loose end 
from the 

meter and 

Sarrple Analysis Before any mercury analysis 
model 511 should be calibrated. The AZI8 model 511 

the Tygon8 
to the inlet 
~ display. 

record it on 

of dosimeter 
should only 

be used 
cleaned 
should 

the AZI8 
under 

and used 
be new. 

laboratory conditions. All glassware should be 

exclusively for mercury analysis. All tygon tubing 
The following calibration procedure is adapted 

scrupulously 
that is used 

from the AZI8 
model 511 operation manual: 

Calibration 

• 

• 

• 

• 

• 

: 

Calibration 
a mercuric 
liberates 

of the AZI8 model 511 is accorrplished by the reaction of 
chloride standard solution with stannous chloride which 

elemental mercury. The elemental mercury is sparged from 
an irrpinger 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 stannous chloride solution into 
the irrpinger containing the 40 ng/ml standard. Ut1EDIATELY 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 cal fbration curve is 
linear. All analyzer readings should be within 2 ng of the actual 
values of the .standards. Record the readings fn the logbook. 

Once the ~~~ercury analyzer fs calibrated, cornect 
dosimeter 
zero filter 
press the 
controller 
logbook. 

tube to the model 412 dosimeter controller. 
to the inlet of the dosimeter tube. 

~~~ercury analyzer SAMPLE START button and 
START button. Record the analyzer reading 

Repeat this sequence three times and sun the 
value 
tube. 

i& the total ng of ~~~ercury that was captured on 

an exposed 
cornect a 

Simultaneously 
the dosimeter 
(in ng) in the 
values. This 
the dosimeter 

Divide 
volune 
111ercury 

the sun of the mercury 
of al r allq)led (In 

analyzer 
l hera) 

readings 
to give 

(in ng) by the 
the concentration 

total 
of 

present in ug/,.1. 
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and Dfbenzofuran Sanplfng Uith High Volume PUF Sanplers Using 

T0-9 

General -- The following is a synopsis of procedures which should 
to for use of the High Volume ·Polyurethane Foam CPUF) 

Saflil\ ing 
dibenzofurans. 
METHODS FOR 

adhered 
method for sampling for polychlorinated dibenzo-p·dioxins 

This surmary Is adapted from Method T0-9 of the COMPENDIUM 
and 

OF 

THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT AIR. 

Since this method requires High-Resolution Mass Spectrometry which ESD does 
not have, all saflille media preparation and analysis will have to be contracted. 
At least one months notice prior to sampl fng should be given to the Analytical 
Support Branch to obtain a contract laboratory program CCLP) contract for 

specify 
any 

dioxin and dibenzofuran analysis. It is important that the contract a 
·number of details to assure accurate results: 

• All of the PUF media and a representative number of each batch of 

all 

.. 

• 

quartz 
assure 
spiked 

pre-filters 
that there 
by the 

surrogates as a 

Each set of PUF 

should be checked by the contract laboratory to 
is no contamination. Each PUF plug sh~uld be pre· 

contract laboratory with dioxin and dibenzofuran 
check of the accuracy of the method. 

plugs and quartz should be securely packed 
in sealed containers and in 

filters 
coolers 
should 

to prevent damage during 
shipment. 
minimize the 

Chain-of-custody 

The saflill I ng media 
time between cleanup 

shall be maintained 

and 
be shipped 

Slll!lllfng. 

for all Slll!llles • 

air freight to 

4.13.6.2 
High Volume 

Semele Collection 
PUF s~l i ng for 

•• The following procedure 
dioxins and dibenzofurans. 

will be followed for 

Nylon gloves wf ll be used when hand\ fng all PUF cartridges and quartz 
particulate pre•ffl ters. Assure that the red sf\ icon upper and lower gaskets are 
in place in the PUF cartridge housing. Remove the PUF cartridge from the 
shipping can. UnWrap and insert the PUF cartridge Into the High Volume (Hi-Vol) 
PUF Sllq)ler•s charrber. Install the pre-filter In the filter holder using caution 
not to over tighten the fittings. The removed aluminum foil should be sealed in 
the shipping container. The container should be labeled with the site 10, the 
operators name, and the Slll!llle date, and placed In the Hf·Vol PUF Slll!lller 
enclosure until the s&q)le Is collected. The Hf·Vol PUF Slll!lller should be turned 
on and allowed to run for two minutes. An Initial flowrate should be recorded 
on the Slll!llle data sheet. The timer should be set to tum the Slll!lller on and off 
at the desired times. 

The operator should collect the S&q)\e as soon as possible after the 
Blflilling period ends. The Slll!lller should be manually turned on and allowed to 
run for two 11inutes and a final flowrate recorded on the Blll!llle data sheet. The 
final flowrate should be at least 150 l iters/mfnute. The PUF cartridge should 
be removed, and the quartz pre·ffl ter folded and ;.laced In the ,!!!! of the PUF 
cartridge. The PUF cartridge and pre·fil ter should be re-wrapped In the original 
aluminum fof l and placed back In the shipping container and the container should 
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Corrplete the sa~le data and sa~le custody sheets. Each 

should have a sa~le custody seal. Finally, the shipping 
the 

Cat 
s~le should be placed in a cooler containing frozen 

a nominal terrperature of - 4° C). \/hen all sa~les are 
sites, 

contract 
the cooler should be sealed with sa~le custody tape 

laboratory. 

4.13.6.3 :::C~on~t..:,r.:::a.::.ct~_.::.La~bo:::::.:.r.:::a~to~r-Ly -- Upon arrival· 

stored 
for 

of the metal 
in the metal 

extraction. 

container 
·container 

at the 
in a contract laboratory, the s~les shall be 

refrigerator until submitted to the chemist 

: 
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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 surmary is 
adapted from 40 CFR 50, APPENDIX D Measurement Principle and 
Procedure For The Measurement Of Ozone In The Atmosphere and 

Calibration 
the Quality 

Assurance Handbook for Air Pollution Measurement Systems, Volune II. Section 2.7 
(EPA-600/4· n-027a). . 

The following proced.lres lUSt be followed in ..-.itoring for Ozone 

aabient air: 

• Cal I brat ion 
specifications 

• Calibration 
Standards 

systems will meet 40 CFR, Part 50, Appendix 
Photometer. for a Primary Standard Calibration 

systems will be verified against the National Bureau 
(NBS) Standard Reference Photometer #10 before use. : 

• Monitor enclosures will meet the specifications of monitor 
reference/equivalent designation for t~rature control. 

in 

D 

of 

• Probes must meet the requirements stated in 40 CFR, Part 58 for 

• 

• 

materials and s~le residence time. 

flow 
will 

end 

eel fbretions 
be corrected 

760 nm Hg). 

will 
to 

be 
EPA 

Chein~of·custody must be maintained 

traceable 
Standard 

to e Primary 
Temperature end 

at all times • 

Standard. 
Pressure 

4.14.1.2 Monitoring Procedure Measurements will be made using the 
procedure as described, and operated In accordance with 40 CFR, PART 50, APPENDIX 
D: 

• 

• 

• 

• 

• 

Monitors will be calibrated at the begiming and -end of each study, 
and at least quarterly during the study. 

Monitors will be 
quality assurance 
exists. 

A zero/span check 

Precision 

Quality 
A will 
studies. 

checks 

assurance 
be conducted 

eel fbrated after 
(QA) check shows 

will be conducted 

of all 110nl tors will 

audits as specified 
quarterly, or at 

major maintenance or when 
an out-of-control condition 

daily on all monitors • 

be conducted at least weekly • 

In 40 CFR, 
least once 

Part 58, 
for short 

Appendix 
duration 

a 
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tables will be verified using a 

basis, or at least annually. 

The following procedures should 

be followed to collect time integrated sarrples: 

• 

• 

• 

Initial 

manometer 

and final 

based on 

flow rate will 

the manufacturer 1 s 

be determined 

flow rate 

with 

look-up 

After the sarrple is collected, the filter 

The filter 

sealed. 

will be folded 

and placed in a filter holder. holder is then 

an envelope and the envelope 

a digital 

table. 

lengthwise 

placed in 

A Chain-Of-Custody Record should be corrpleted detailing the time of 
sarrpli ng and the sarrpli ng interval, and the signature of the person 

taking the sarrple. 

After the sarrple are collected, all sarrple envelopes will be placed in an 

appropriate container. An EPA chain·of·custody seal will be placed on the 

container 
weighing 

4.14.3 

and the container 
of filters. 

transported 

Sanpling Of Particulate Matter 

to the Athens, Georgia facility" for final 

In Air As PM10 

4.14.3.1 General -- The following is a synopsis of procedures which should 

be strictly adhered to for the sarrpl ing of particulate matter as PM10 in air. 
This surmary i& adapted from 40 CFR 1 PART 50, APPENDIX J - Reference Method For 
The Determination Of Particulate Matter as PM10 In The Atmosi!Jere and the 

Cuallt~ Assurance Handbook for Air Pollution Measurement sx:stems, Volune ll, 
Section 2.11 ~EPA·600l4·77·027al. 

The following procedures IIIJst be followed in sarrpl ing for particulate 
matter as PM10: 

• 

• 

• 

• 

• 

All filters 
Distribution 
Stete end 

Prior to 

used will 
Progrem, 

Local Agency 

use, ell 
at 15°C 

be 
end 

~ir 

desiccated 
hllllldi ty :t 5 percent, 

filters 
- 30°c 

for 

Initial end final (exposed) 
Air Compliance Unit. One 

supplied 
of the same 
Monitoring 

by the 
quality 

Stations. 

will be checked 
:t 3°c, end 
at least 

less then 
24 hours. 

filter weights 
of ten filters 

quality assurance check. For batches less 

will 
will 

then 
be reweighed. 

EPA National 
BS supplied 

Filter 
to the 

for pinholes, and 
50 percent relative 

be determined 
be reweighed 

ten, one filter 

by the 
BS 8 

will 

After sampling, filters will be desiccated as described above • 

Chaln·of·custody lUSt be 11111intelned for all samples • 
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4.14.3.2 Sample Collection Sllll'ples · will be collected using the High 

Volune 
APPENDIX 

sarrpler 
J: 

as described, and operated in accordance with, 40 CFR, PART so, 

• 

• 

• 

4.14.3.3 
be followed 

• 

• 

• 

• 

All flow calibration 
Standard Rootsmeter. 
T~rature and Pressure 

orifices 
Flows 

c2s0c 

will 
will be 

and 760 

be ·traceable 
corrected 

nm Hg). 
to 

to 
EPA 

a Primary 
Standard 

Digital 
against 

manometers used for flow rate determination will be checked 
a U·Tube water manometer prior to use in each study. 

Volunetric flow controllers will be used on all PM10 Sllll'plers. Flows 
will be determined using the manufacturer's flow rate look-up table 
supplied with the controllers (Section No. 4.14.2.2). Flow rate 
look-up tables will be verified using a calibrated orifice on 
routine basis, or at least annually. 

Integrated Sarmle Collection The following procedures should 
to collect time integrated Sllll'ples: : 

Initial flow rate will be determined with a digital manometer based 
on the manufacturer's flow rate look-up table. 

Final flow rate will be determined with the same method • 

a 

After the 
and placed 
an envelope 

sample is collected, 
in a filter holder. 

and the envelope 

the filter 
The filter 

sealed. 

will be folded 
holder is then 

lengthwise 
placed in 

A Chaln·Of•Custody 
sampling 
taking 

and the 
the sample. 

collection 

Record 
SBqJling 

should be c~leted 

Interval, and the 

all sample envelopes 
container. An EPA chain·of·custody seal 

detailing 
signature 

will 
will 

the 
of the 

time of 
person 

After 
appropriate 
container 
weighing 

and the container transported to the Athens, Georgia 

be placed 
be placed 
facil fty 

In an 
on the 

for final 
of filters. 
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4.15 SATURATION MONITORING (NON-REFERENCE MONITORS) 

4.15. 1 fm10 Saturation Monitoring Using Non-Reference Portable 

4.15.1.1 
PH10 Saturation 

Introduction This docll!lent gives procedures 

Monitors constructed by Lane Regional Air 

Authority located in Springfield, Oregon. These .anitors are 

the U.S. EPA. 

4.15.1.2 

items: 

General Description 

Description 

Sanpler Body 

PM10 Head 
Filter Holders 

Rechargeable Battery 

Battery 
Sanpler 
Storage 

Charger 
Hanger 

Boxes 

-- Each monitor 

Packs 

1 

1 
2 

2 

1 
2 

is shipped 
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Monitors 

for use of the 

Pollution Control 

not referenced by 

with the following 

: 

Procedures for siting requirements, monitor calibration, filter media 

inspection and preparation, sanpler preparation, and battery pack preparation and 

changing are discussed in Appendix 0 of the manufacturers Operations Manual. 

4.15.1.3 Calibrations •• Calibrations 
Recal ibration each study for each sanpler. 

on units which require major maintenance. 
given in Appendix 0 of the manufacturers 

will be performed 
will be performed 

Detailed 
Operation 

calibration 
Manuel. 

4.15.1.4 Senpling Procedure This Sllft1ll ing technique 
with EPA's arrbient air monitoring regulations for PM10 sanpl ing. 

before and after 

before field use 
procedures are 

does not conply 
The method has 

been shown to represent effective and efficient means for the collection of 
quality PM10 data. 

SMple 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 rulber assigned to it. 

• Each battery will be checked before load-out • 

SMple Collection: 

• Record fnfonnation on Data Sheets. 

• Instill clean filter, and start system to c:hed: 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. 

Sllq)le Retrieval: 

• Start system, and record the ending flow rate. 

• Note the ending sa"" ling conditions, and record any problems on Data 
Sheets. 

• Remove and replace sa""le filter following the double bag procedure. 

Sllq)le Preservation: 

• Extreme care nust be taken in removing exposed filters and reloading 
of filter heads. 

• Filters will be returned to the original sa""le cassette~, and the 
ID number verified. 

• Corrplete data sheets and store them and the filter s~les in a 
container sealed with. custody tape. 

4.15.1.5 Sanple custodv Chain·of·custody will be fol towed at all times 
the sa""ling study. Chain·of·custody procedures can be fcxnd in Section 

of this manual. 

Carbon Monoxide Saturation Monitoring 

RESBYED 
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5.1 INTRODUCTION 

The measurement of flow with surface water and wastewater sarrpl ing is 
essential to almost all water pollution control activities. Activities such as 
water. quality enforcement studies, NPDES permit c~l iance monitoring, water 
quality monitoring, lllJilicipal 
and research rely on accurate 

operation and maintenance investigations, planning, 
flow measurement data. The irrportance of obtaining 

accurate flow data cannot be overemphasized, particularly with respect to 
enforcement 
enforcement 
loading) of 

investigations 
case preparation. 

since these data will be used as evidence in 
NPDES permits often limit the quantity (mass 

a particular pollutant 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 sarrpl ing program as to the collection of sarrples and their 
subsequent laboratory analysis. 

theory 
common 
list 

The basic objectives of this section are to: 

• 

• 

• 

• 

outline standard practices for 
wastewater flow measurements 
c~liance monitoring activities 
flow measurements are required; 

Branch personnel With 
during water 

and other 
enforcement 

studies .where 

: 

respect to 
and NPDES 

wastewater 

outline 
water 

standard practices for obtaining surface water flow during 
quality surveys; 

present acceptable, commonly 

present general 
flow measurement 

and specific 
equipment 

used flow measurement techniques; and 

quality assurance 
and techniques. 

procedures for Branch 

A corrplete discussion of all available flow measurement 
manual. 

techniques and the 
behind them is beyond the scope of this However, most of the 
techniques currently in use are covered in terms. A c~rehensive 

of references is included at the end of section and a detailed 
discussion of flow measurement techniques may be 

general 
this 
fOl.lld in the references. 

5.2 WASTEWATER FLOW MEASUREMENT 

5 .2.1 

The USOI Water Measurement Manual (1) is the standard Branch reference for 
details on checking the installation of primary open chamel flow devices. llasic 
guidance for making wastewater flow measurements and a basic description of all 
common wastewater flow measurement systems ere given in the EPA C!!!!!l iance 
Jns~ction Manual, May 1988 (2). This manual shall be used as Branch guidance 
for such measurements. 

5.2.2 Site Selection 
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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 

0 

discharged (described by the NPDES permit, if applicable). All recycled waters 
must be accounted for so that any reported flows accurately reflect the volune 
of wastewaters discharged. The actual location of wastewater flow measurement 
is not iii1JOrtant 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 
Exarrples 

which are related to the flow rate of water or wastewater .through it. 
of such devices include weirs and flunes which relate water depth (head) 

to flow, Venturi and 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 and . experiments· 
tion, and their accuracy has been verified. 

A flow sensor is required to measure the particular hydraulic responses of 
the primary flow measurement device and transmf t them to the recording system. 
Typically, sensors include floats, pressure transducers, capacitance probes, 
differential· pressure cells, electromagnetic cells, etc. 

The sensor signal Is generally converted using mechanical, electromechani· 
cal, or electronic systems Into &A"~ its of flow which are recorded directly on a 
chart or transmitted into a data system. Systems which utilize a recorder are 
generally equipped with a flow totalizer which displays the total flow on II real 
time basis. 

Studies that necessitate continuous flow measurements require a corrplete 
system. Instantaneous 
any portion of such 

flow measurements do not necessarily dictate the use of 
a system. Techniques which are described later in this 

Section are available for measuring instantaneous flows with portable equipment. 

An illp)rtant consideration during wastewater studies is that the investi· 
gator 
taneous 
util fzed 
portable 
facility 

may want to obtain continuous 
flow data are being 111easured. 

for 1111kfng Instantaneous 
field aensor and recorder 
being Investigated does 

continuous flow record Is desired, 
be installed. ESD Investigators 
conduit flow 111eters available for 
detail the Installation of primary 
treat this area quite adequately. 

flow data at a facility where only instan· 
If an open 

111easurements, 
is necessary. 

not utll ize 

channel pri1111ry flow device is 
only the installation of a 

Jf, on the other hand, the 
a primary flow device, and a 

a portable 
have both 

primary flow device witt have to 
ope., channel equipment and closed 

field use. This chapter does not cover in 
flow devices, but 1111ny of the references cited 
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error 
the 

Wastewater flow 
in a inherent 

system. However, 
of the 

flow. 

measurement 
flow measuring 

any system 

systems are 
system is 

that cannot 

very accurate. The total generally 
the sun of each component part of 

measure the wastewater 
for use 

flow within 
in measuring ~ 10 percent 

wastewater 

actual flow is considered 

5.2.4 Use of Existing Flow Measurement systems 

unacceptable 

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 

flows 
available. 

primary 
devices 

can be a time 
Therefore, 

flow devices 
and the system 

can be verified. The objective of this section is to outline the 

responsibilities of Branch field personnel in verifying the accuracy of existing 

primary flow devices and systems. 

system 
conforms 

The field 
(including 

investigator 
primary 

with recognized 

rust verify that any existing 
flow device) utilized to measure 

design and installation standards, 

flow measurement 
wastewater flows 

and any_ deviation 
from standard conditions shall be thoroughly docunented. The accuracy of the 
primary flow device should 
flow . measurement. If there 
device 

install 
or if the 

a portable 
device has 

primary 

be checked by making an independent 
is 

been 
flow 

no usable 
mislocated, 

device. 

or existing primary 
the investigator 

"calibration" or 
flow measuring 

shall att~t 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 
comparing this against the recorder reading. The accuracy of the recorder time 
trace shall be checked by actually marking times on the flow chart and c~ring 

these to the correct time. It is necessary to make an independent flow 
measurement when closed conduit systems rwst 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 equij:lllent 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 
equij:rnent should be calibrated as soon as possible ff flow is required for 
calculating 11111ss loadings or is itself a permit monitoring requirement. lf 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 S~ciffc · Techniques 

This section outlines 
c0111110nl y used methods for 
that will be encountered 
techniques are presented 
cable to both open channel 
methods are grouped U"'der 

and familiarizes the field Investigator 
wastewater flow measurements and the 

during field studies. Volunetric 
at the begiming of this section, since 

and closed conduit flow situations. 
categories deal fng with open channels 

with the most 
primary 

and 
they 

The 

devices 
dilution 

are appl i· 
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 monitoring 

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~lume~~t~r~ic~--~T~e~ch~n~i~g~u~es Volumetric flow measurement techniques 

are among the simplest 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 d~ are all 
that is required. An accurate tape to verify vessel dimensions and a stop watch 
are the only required field equipment. The NPDES Conpl lance Inspection Manual 
C2> is a useful reference on the equations for calculating volumes of various 
containers. : 

5.2.5.1.2 Surp PU!pS This measurement is made 
calculating 

the nulber 

by observing the SU!lJ 

levels at which the ~ cut on end off end the volume contained 
between these levels. This volume, along with of pump cycles, will 
give a good estimate of the daily wastewater flow. 

flows 
The 

into 
inspector must also 

account for the quantity of wastewater that the SU!lJ during the 
pu!i>ing cycle. 

5.2.5.1.3 Bucket end Stop \latch -- The bucket end stop watch technique is 
particularly 
ate and easy 
calibrated 

useful for the measurement of small wastewater flows. It is eccur· 
to use. The only equipment required to make this measurement is a 

container (bucket, drun, tank, etc.) and a stop watch. A miniiiUII of 
10 seconds 
should be 

measurements 
quantifiable 
specialized 

to fill the container is recOIIIIlended. Three consecutive measurements 
made, and the results should be averaged. 

Dilution 
ere based 
property 

equipment, 

Methods 
on 

of an 
special 

•• of lution methods for 
the color, conductivity, 

injected 
attention 

tracer. The 
to detail by 

water end wastewater 
fluorescence, or 

di lutfon methods 
the Investigator, 

flow 
other 

require 
end ere 

time consuning. However, these techniques offer the investigator: 

(2), 

• 

• 

• 

The 
end 

a method for making Instantaneous flow 
methods are ·Inappropriate or i~ssible 

a reference procedure of high accuracy 
pri•ry flow devices and flow ~asurement 

measurements 
to use; 

to check 
systems 

standard or are f~roper\y Installed; and 

a procedure 
aystems. 

to verify the accuracy of closed conduit 

where other 

fn·situ those 
that ere non· 

flow measuring 

Turner Designs nomograph (3), the NPOES Conpl fence Jnsoectlon Manuel 
the Geological survey publication (4) outl fne recanmended reference 

I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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The dilution method utilizing Rhodamine UT dye Is the preferred procedures. 
reference 

accuracy 

procedure 

of flow 

to be utilized by · Branch persomel when verifying the 

measurement systems. 

5.2.5.3 Ooen Channel Flow Measurements The measurement of wastewater 

flow in open channels is frequently encountered situation in field 

investigations. An open 

the most 

channel 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 commonly encountered methods and primary flow devices used in 

measuring open chamel wastewater flows are described in this section. Several 

flow estimation techniques are also presented. 

The measurement accuracies quoted in this section apPly only 

The total 

to the 

specific 

involved 

method or to 

in a continuous 

the primary flow device being discussed. 

flow measurement system, which is the 

error 

sum of the errors 

of each 
referred 
discussion. 

CCIITpOnent, 

to the 

is 
list 

beyond the scope of this discussion. The reader is 

of references at the end of this chapter for such 

: 
5.2.5.3.1 ~ A weir is basically defined as an overflow structure 

built according to specific design standards across an open chamel to ·measure 

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 following 
coefficient c are given in hydraulic handbooks 
been independently calibrated, they are 
wastewater flow measurements. 

form; 
(5, 

usually 

Q=CLH312. Values for 
6). Unless such weirs 

not accurate enough 

the 
have 

for 

Sharp crested weirs are constructed in a wide variety of shapes; the most 

If such 
(1), they 

commonly encountered are: V·notch, rectangular, and Cipolletti weirs. 

weirs are constructed as outlined fn the "'U,.SD:ol..__.W::.:a::.:t..,e ... r_..:.M.:.::e""a""s:::.ur:..:eme=.:.:n.:.t __ ... M::::a.:..:nu..,a=l 
are considered standard primary flow devices. 

All weirs should be· Inspected to determine if the weir installation and 
construction conform to the conditions given· In the USDI Water Measurement Manual 
(1) and provide a uniform influent flow distribution, and the weir is placed 
squarely across the channel perpendicular to the direction of flow. Useful tools 
for checking weir construction and installation Include e carpenter's level, a 
framing square, e measuring tape, and e staff gage. Any problems observed o;furing 
the inspection or study should be noted in the field log book. 

A set 
Measurement 

of weir 
Manual 

fs necessary 
Stevens Water 

for calculating flows. The USDI Water 
Resource Data Book 

~n Channel Flow 

tables 
(1), the 

Measurement Handbook (8) contain e carplete 
(7), end the illQ 

set of tables. 

5.2.5.3.2 
to those that 
throat should 

Flumes •• The .conditions 
occur at e weir or spillway 
not be flq)eded by downstream 

that IIIJSt be met in a flume ere similar 
crest since water passing through the 

conditions (constrictions, bends In 

a 



chaMel, 
Cutthroat, 
The Parshal t 

obstructions). There are 
but 

several 
the' most H, and Trapezoidal, 

flume is considered a standard 

and installed as outlined in the USD I \later 

discussion of other types of flumes is given 

types 
widely 

primary 

of 
used 

flow 

flumes, 
is the 

device 
Measurement Manual 

in references 9, 

::.ectlon 

Revision 
Date: 

No. 
2/1!91 

0 

Page 6 of 6 

Palmer·Bowtus, 
Parshall ftune. 

when constructed 
(1). A c~lete 
10, 11, and 12. 

All flumes should be Inspected to determine if entrance conditions provide 
a uniform influent flow distribution, the flume dimensions conform to those given 
in the USDI \later Measurement Manual (1), the flume converging throat section is 
level, and the throat section walls are vertical. Useful toots for checking the 
construction and installation of Parshall (and oth~r) ftunes include a 
carpenter's level, a framing square, and a measuring tape. The ftune should be 
closely examined to determine if it is discharging freely. If there is any 
question about free discharge, the downstream head (Hb) should be measured and 
c~red to the head at the proper location (Ha) in the converging section. A 
staff gage is useful for making tiead measurements. Any problems observed during 
the inspection or study should be noted in the field log book. 

A set of flume tables is necessary for calculating flows. The. USDI \later 
:..:M~ea::.:s::.:u.,r..:eme=n'-"t,__~M""a;.:;nu:::a=l (1), the Stevens \later Resources Data Book (7), and the .!!£Q 
Open 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 
measured heads that are not within the usable measurement 

values 
range. 

are given for 

5.2.5.3.3 Open Flow Nozzles Open 

and 
and 

from 

flow nozzles such as parabolic or 
Kennison 
a flow 
nozzle 

nozzles 
measurement 
should be 

calibrated 
Calibration 

are factory 
system. 

supplied by or obtained 
to be often better 

are ordinarily supplied as part of 
installation information for each 
the manufacturer. The accuracy of 
than ! .5 percent of the indicated these 

flow 
devices 

(10). A 

is reported 
framing square Is useful for checking the installation. A 

volumetric 
volumes 

flow measurement IIIIIY be used to check accuracy of thIs devl ce if flow 
are not excessive. 

5.2.5.3.4 Velocity-Area Method The baste 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 calculated using an approximation technique 
in conjunction with a series of velocity measurements. The USGS mid-section 
method and the stream gaging techniques described In the USGS publ icatton, 
Discharge Measurements at Gaging Stations (9) · shall be the standard practice of 
the Branch. This technique shalt be used (where appropriate) as an lndepe!'ldent 
flow measurement to verify the accuracy of existing flow measurement systems. 

5.2.5.3.5 .:S.:.;l!!P!:=-.·..,Ar-...,e'""a:....-.:..:Me.,_t..,h:.::od:: •• The slope·ar-ea method 
slope of the water- sur-face, In a U'llform reach of chamet, 
sectional area of that reach, to estimate the flow rate of 
flow rate is estimated from the Maming formula (5, 6). 
estimation technique~ 

5.2.6 Closed Conduit Flow Measur-ements 

consists 
and the 

an open 

This 

of using the 
aver-age cross· 

chamel. The 
method is an 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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The 
necessary, 
technique. 

accuracy of closed conduit 
by making an independent 

flow measuring 
flow measurement, 

devices shall be checked when 

preferably using a dilution 

5.2.6.1 Venturi Meter 

head to velocity head whereby 

flow. The typical accuracy 

11, 12, and 13). 

-- The Venturi 
a differential 

of a Venturi 

5.2.6.2 Orifice Meter -- The Orifice 
vice that measures flow by the difference 

meter eflllloys · a conversion of static 

is created that is proportional to 

meter is given at to 2 percent C10, 

meter is a pressure differential 

in static head. Orifice meters 

from 40 to 60 pipe diameters of straight pipe upstream of the installation. 

de

require 
They 

is can be quite accurate, i.e., within 0.5 percent, although their usable range 

limited C10). 

5.2.6.3 Flow Nozzle 
that of the Venturi meter. The 

section 
meters 

The basic 
flow nozzle 

of the 
(10). 

principle 
has an 

Venturi. 

of operation 
entrance section 

is the same as 
and a throat, 

but lacks the diverging Flow nozzle accuracies can 

approach those of Venturi 

5.2.6.4 
ates according 
stream, and 
accuracy of 

Electromagnetic Flow Meter -- The electromagnetic flow meter 
to Faraday's Law of Induction where the conductor is the 

the field is produced by a set of electromagnetic coi Is. 
the device is within ! 1 percent of full scale (10). 

oper-
1 iquid 

The 

5.2.6.5 Other Closed Conduct Devices References for other closed con· 
duit 

~ 

flow measurement methods such 
curves, end water meters cen 

(2). 

5.3 SURFACE WATER FLOW MEASUREMENTS 

5.3.1 ~ 

as ecoustic 
be fOI.rld 

flow meters, trajectory methods, 

in the !!.NP!:!D!.!E..=S~....!:C~O!!p~lwi.!!e!.!nc~e~-....!.J!.!ns:!.lee~c:.!:t..!.i o!:!!.!n 

Surface weters are considered to be open channel for flow measurement 
purposes. All of the techniques utilized by Branch personnel to measure open 
channel flows have been discussed in the wastewater flow measurement portion of 
this section. Except for very small surface streams, the installetion 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 channel technique which was discussed in the wastewater 
port ion of this section. Branch personnel shall use the techniques outlined in 
the USGS publication pischarge 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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\./he re possible Branch stream be conducted utili zing 

permanent stream gaging 

state 

stations 

agencies. 

studies 

operated 

These 

shall 

by the USGS, the u. s. Army 

existing 

COE, or 

other federal or 

water stage l ished 

from water stage 

stations at these 

- discharge 

measurements. 

permanent gaging 

relationships that permit 

Staff gage or recorder 

stations 

the flow 

readings 

may be converted to flow by using the rating 

The rating curve is available from the of 

have estab-

be obta ined to 

of water stage 

that curve for 

the permanent gaging 

gaging 

stations 

station. 

station. 

is that 

An additional benefit of utilizing 

operat or 

these permanent gaging 

long-term flow records are generally available. These long -term 

flow records are invaluable in planning water quality studies and assessing data 

trends . 

\./here permanent are not present, surface water flow will 

have to be measured 

is to be used more 

gaging 

utili zing 

than one 

stations 

classical 

time during 

stream gaging techniques . If a station 

a water quality survey, a rating curve 

should be 

independent 

measurements 

for that developed 

flow measurements 

for that station 

station. 

and 

(see 

This may be done by male i ng 

sirrultaneous 

Section 7) at 

tape 

different 

down or 

water 

a series of 

staff 

levels. 

gage 

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 rrust bracket the lowest and 

highest flows encountered during the study. A tape-down rating curve i s 

constructed by plotting the tape-down measurements verses fl ows on a piece of 

semi-log graph paper. 

5.4 GENERAL QUAL! TY ASSURANCE PROCEDURES 

All 

wastewater 

USDJ \.later 

at Gaging 

Branch 

and 

personnel 

surface 

Measurement 

Stations 

water 

Manual 

shall use the techniques and 

flow measurements outlined 

( 1), the USGS publication 

procedures 

in this 

Discharge 

for 

section . 

making 

The 

Measurements 

of weir and f l~Be 

(9). 

tables 

the EPA 

shall 

~N!:.PD!!.E!o:S~---!C~onp~~l2i..!!a~n~c.!:.e __ -'l!..!n.!:s~pe~c~t.!i~o!.!n __ 2M::!.!a:!.!n.!!u~a!.!.l (2) and a set 

be supplied to all Branch field ~loyees. How-

ever, the measurements of wastewater and water 

sha l l 

flows require considerable exper

he/she 

these 

ience. Therefore, no Branch ~loyee make flow measurements until 

has at least six months of actual field experience has performed 

measurements under the supervision of a senior metrber 

and 

of the Branch staff. 

\./astewater flow shall be expressed in mill ion gallons per day (mgd) or the 

met r ic 

second 

wi th 

hour 

equivalent 

(second feet) 

cn?tday>; 

or the 

shall 

stream flow shall 

metric 

be 

equivalent 

be expressed 

cn?tsec). Time 

in cubic 

records 

feet per 

associated 

f low measurements kept in local time, shall be made in the 2400 

military time format, and shall be recorded to the nearest five minutes. 

flow measurements conducted by Branch personnel shall be thoroughly All 

doc ~Dented 

ind i vidual 

in field records. All measurements shall be traceable both to the 

A 

measuring 

tha t all 

to the 

equ i pment 

malting the measurements and the equipment utilized. 

log of all Nintenance, calibration, and repair 

equipment shall be established. • The log shall 

maintenance and calibrations performed on the 

person performing them and to the calibration 

shall be nurbered, or the US-EPA property or 

for each 

be kept 

equipment 

standard 

serial 

piece of flow 

in such a manner 

are traceable 

utilized. 

nurber shall 

All 

be 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 

I 

I 
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used to facilitate identification. 

5.5 EQUIPMENT AVAILABLE 

The equipnent 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 equipment and assemblies, and direct flow 
measurement equipment and instrunentation. 

The 
of a water 
devices: 
continuous 
the linear 
progranmable 

hardware available to Branch personnel to determine the rise and fall 

surface with time (the water stage) includes t.he following recording 

Stevens Model F horizontal drun recorders and Stevens Hodel A-71 

strip chart recorders, ISCO Model 1870 recording flow meters used in 

head mode, and ISCO Hodel 2870 recording flow meters that have 

functions. Non-recording equipment available includes vertical 

staff gages and tape·down systems (see Section 7). 

Jnstrunents and equipment available to make velocity cross-sectional area 
measurements include current meters and sounding (depth) equipment. .Jhe current 
meters available to Branch personnel 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) h acc~l ished 
Ratheon recording fathometers or with a standard top setting wading rod. 
measurements are made by Branch personnel 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 persomel: V·notch weir 
plates and rectangular weir plates. The corresponding conversion of water level 
to flow rate can be acc~l fshed instantaneously from stage/staff gage readings 
corresponding to the primary flow device in use, or by instantaneous readings of 
the avai table 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 ~ts 

transducers, 
of the · pipe. 
instructions. 

5.6 SPECIFIC 

Ultrasonic Flowmeter (Model UFM84P) is available 
pipes. The pipe IIUSt be flowing c~tetety fut I 

of air pockets. A coupling jelly Is spread on 
and the transducers are IIIOUI'lted opposite · · each other 

The meter IIUSt then be calibrated according to the 

EQUIPMENT QUALITY CONTROL PROCEDURES 

for measuring 
and not contain 

the face of two 
on the outSide 
11111nufacturer•s 

A log book shall be kept of all equipnent 
measurements, 

procedures 

utilized 
flow 

for measuring water 
The flows, water stage/tape downs, velocf ty recordings, etc. 

following 11111intenance and cal !brat ion shall be fq>lemented. 

5.6.1 Stevens Model A•71 and Model F Stage Recorders 

See specific equlpnent 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 annual! y to insure that 

the accuracy, 

as established 

resolution, and precision are within the technical specifications 

by the manufacturer. This shall be accOfll>l i shed by operating the 

i ns tn.rnents in a controlled test environment for a period not less than 24 hours. 

Th e test environment shall consist 

source , and water level/head. 

according to the manufacturer's 

of a controlled 

Operation 

instruction 

during 

manual. 

atmospheric 

the testing 

ten-perature, 

period 

The functions that 

power 

shall be 

shall be 

tested include: flow meter totalizer accuracy, flow recorder tracing accuracy , 

and chart speed accuracy . 

In 

procedure 

a check 

addition to the above annual testing program, an abbreviated testi ng 

include will 

on the 

be conducted on the 

following functions: 

flow 

flow 

meters 

meter 

and recorders 

and recorder 

which will 

response to changing 

heads as shown on the meter's liquid level indicator and the recorder's flow 

i ndicator, bubble rate adjust response, flow recorder accuracy, full scale span 

sensitivity, sample signal initiation response, 

recorders 

zero adjust response, and cha r t 

speed response. The flow meters and shall be checked through the 

abbreviated procedure whenever they are scheduled for field use . 

The 

equipment 

cas e will 

external 

inspected 

following routine maintenance procedures shall 

of the 

apply 

meter 

whenever the 

5.6.3 

5.6.4 

years. 

The 

is returned 

be cleaned 

from the field: the exterior 

with soapy water (Appendix 8), 

desiccant cartridges will be reactivated, 

and cleaned. 

Vertical Staff Gages and Tape Down Systems 

See specific equipment and quality control 

Price AA and Price Pygmy Current Meters 

the front 

and the 

procedures 

and recorder 

panel desiccant and 

bubble line will be 

in Section 7. 

All meters shall 

shall 

shall 

be sent to the USGS for reca l i brat ion once every five 

Al l meters be examined 

examination include the 

before 

meter 

and after each discharge measurement . 

cups or vanes, pivot and bearing, and 

shaft for 

be checked 

damage, 

prior 

wear, 

to each 

or 

use 

faulty 

in the 

that 

alignment. 

field (9). 

Meter balance and alignment shall 

Meters shall be cleaned and oiled 
daily when in Surfaces shall be cleaned and oiled on a yearly 

are the pivot 

bearing 

use. 

bearing, 

at the 

pentagear 

cap. 

teeth and shaft, cylindrical shaft bearing, 

basis 

and 
thrust 

5.6.5 

charge 

lock 

5.6.6 

each 

t ially 

Top Setting Wading Rod 

This equipment shall be cleaned and 

measurement. 

set mechani am. 
The examination shall 

Lee Au Tag Line 

This equipment shall be inspected for 

discharge ~asurement. The accuracy 

and then once per year utilizing the 

examined 
include 

of 
damage 

the 

before 

11 checlc 
and 

on the 

and cleaned 
tag line will 

Inver steel surveyors 

after eaclo dis· 

sliding rod and 

before and 
be checked 

chain. 

after 

ini • 
The tag 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
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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 

100 feet. Any tag 
shall be repaired, 

an inspection for 

lines that 
recalibrated, 

potential 

do not 
or 

breaks, 

washing, and a finish oiling. 

5.6.7 V·Notch 

These 
installation. 

and Rectangular Ueir Plates 

plates shall be cleaned and 
Construction and condition 

examined before and after each field 
of weir plates shall conform to 

recognized 
followed 

standards 
by a distilled 

(2). 

water 
The plates shall be cleaned with a soapy 

rinse. The weir plates will be inspected 
wash 

to 
water, 
insure 

that the upstream edge of the plate remains sharp. 

5.7 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
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6.0 FIELD ANALYTICAL PROCEDURES 

6.1 GENERAL 

Field analytical equipment used by Branch personnel should be suitable for 

the analysis to be acc~l ished and properly calibrated. In addition to being 

accurate, field analyses lllJSt be conducted 
of the source from which it was collected. 
location of the s~ling site are critical. 
and sarrple site selection is given 
investigated by Branch persomel. 

in 

on a sarrple 
Therefore, 

A detailed 

Section 4 

which is representative 
the type of sarrple 

discussion of sarrple 

for the various 

and 
type 

media 

The objectives of this section are to: 

• 

• 

• 

• 

Specific 
dix D. 

6.2 SPECIFIC 

list the specific field analytical techniques that shall be used by 

Branch persomel; 

list the specific 
for each 

quality control _procedures 
analytical 

and calibration 
techniques piece of field equipment. used by 

Branch personnel; 

list the source 
analyses and/or 

of all reagents 
calibrate field 

specify 
listed 

the 
field 

training 
analyses. 

required 

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· 

The specific field analytical techniques 
for each 

used by 

analytical 
Branch personnel are 

listed below and the specific procedures 
D. test are presented in Appendix 

Analytical 
Parameter 

T~rature 

pH 

Dissolved 
Oxygen (DO) 

·calibrated glass 
dial (mechanical>, 
111etric thermometer 

(mercury), 
or electro· 

Electrometrically using a 
glass electrode in combine· 
tion with a reference poten· 
tiel or a combination electrode 

Modified Winkler or ~rene 
electrode 

Reference 

technique and field 

Eauienent 

Mercury filled glass, 
mechanical dial type 
thermometer, or 
thermistor t!ith 
electronic r~adout 

Portable 
llleter 

field pH 

Standard DO kit with 
fresh sodium thiosul· 



Specific 
Conductance 

Total 
Chlorine 
Residual 

Tracer· 
Fluorescence 

Salinity 

6.3 SPECIFIC 

\lheatstone 
equivalent 
to 25

0
C 

bridge type or 
meter corrected 

Back titration, iodometric 
with starch or amperometric 
end· point or DPD colorimetric 

Analysis of fluorescent dyes 
using e fluorometer 

Inductive Electrodeless 
Conductivity Cell Salinometer 

QUALITY CONTROL PROCEDURES 

2 

3 
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fate, or menbrane 
electrode and 
electronic readout 

Self-contained 
conductivity meter, 
\lheatstone bridge 
type, or equivalent 
with automatic tem· 
perature compensation 

to 25
0

C or "dial in" 
temperature 

c~nsation 

Iodometric backtitra· 
tion kit with fresh 
reagents, or ampero· 
metric titrator with 
fresh ~eagents, or 
DPD kit with color 
standards 

Rhodamine \IT dye and 
Turner fluorometer 

Beckman 
Portable 
Salinometer 
Hydro lab 
II Meter 

RS5·3 

end 
Surveyor 

Quality assurance · procedures for field analysis, and field 
analytical end test instrunentetlon calibration are an essential part of these 
standard operating procedures. All field analytical procedures shell be 
conducted in duplicate at least 10 percent of the time. A record of these 
duplicate analyses shall be kept In field logbooks. A significant difference in 
the replicate analyses (greater than specified in the following sections) shall 
result in recalibration of the instrunents used, re-examination of the analytical 
methodology being used, or re-examination of the sampling location. 

All field analyses nust be traceable to the specific indi'lidual 
performing the analyses. Time records shall be kept in local time usir.g the 
military 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 
analytical equipment· is presented in this subsection. Included in this 
calibration and ·lllllintenance intervals; listing of required cal I brat ion 
and conditions requiring recalibration. 

all field 
plan are: 
standards 

I 
I 
I 
I 
I 
I 
I 
I 
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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 

:.ect 1 un 

Revision No. 0 
Date:- 2/1/91 
Page 3 of 4 

6.3.1 Terrperature 

6.3.1.1 Initial Calibration -- All thenmometers shall be initially 

calibrated against a National Bureau of Standards (NBS) certified thenmometer or 

one traceable to NBS certification. 

6.3.1.2 Inspection and Calibration Each glass mercury filled 

thermometer shall be inspected before each field to see. that it is not 

cracked and has no air space in the mercury coll.lll"'. 

trip 
If a mechanical dial-type 

is used, it should not have a broken face cover or thermometer 
damage. A cross-check with a calibrated NBS certified thenmometer 

otherwise 
shall 

units 

show 

be made 
be at least 

calibrated 

semi-annually. Thermistors and electronic readout 
shall 

should 

in the same mamer. Recording thermometers be checked for 

accuracy before each use. The recorder time scale accuracy shall be recording 
checked semi-amually. Before using a thenmometer in the field, a visual 

observation 
thermistor 
field use. 

shall be made to assure that it has not been damaged. If a 

is used, the instrument shall be checked 
Cross·checks and duplicate field analyses 

against 
should 

a thenmometer 
agree within 

6.3. 1. 3 .::C~a!..l i:.:b:::.r.:::a~t.!.!i o~n.:..._ __ R~e~c~o:::.r~d~s A logbook shall be maintained 
each thermometer number and/or equipment property number recorded. 

with 
All 

dates calibration individuals making the calibrations and 
of calibration 

information 
shall 

including 
be recorded. 

nearest 

6.3.2 

automatic 
cOII'bination 
test paper 
approximate 
damage the 

be checked 
batteries, 
be checked 
10). All 

6.3.1.4 

6.3.2.1 
temperature 

electrodes 
will be 
pH values, 

instrument. 

Reporting Units Report all temperature 

Equipment Only electronic (portable) pH 

c01rpensation (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 Equipment Inspection and Calibration -- The pH meter shall 
before each field trip for any mechanical or electrical failures, weak 
end cracked or fouled electrodes. The slope of the meter shall also 
initially with three fresh standard buffer solutions (e.g., 4, 7, and 

pH recorders shall be checked for recording accuracy end time scale 
accuracy. While in the field, the meter shall be calibrated daily before use 
with two buffers bracketing the expected san.,le pH. Thereafter, the meter shall 
be checked against two buffers when moving to a new san.,le location. Fresh 
buffer solutions shell be used for each field trip. In case of en apparent pH 

violation, the electrode shell be checked with pH 7.0 buffer end recelibrated to 
the closest reference buffer. Then the san.,le shall be retested. Duplicate 
tests should agree within 0.1 standard unit. 

6.3.2.3 ~::.R:::Jepo=r~t.:.:i ng~-~Un:.:.;l~t~s -- Report pH to the nearest 0.1 standard 
unit. 
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6 .3.3 Dissolved Oxygen (DO) 

DO meters 

be checked 

holes. I f 

calibrating. 

before each 

clean water 

DO bottles . 

6.3.3. 1 
should be 

Egui!X!lent 

used. 

6.3.3.2 
before each 

the rnerrbrane 

Calibration 

Equipment 

field trip 

is dry, 

should 

it 

Modi tied llinkler kits and rnerrbrane electrode 

Inspection and Calibration 

by inspecting the 

shall be replaced 

be made against 

rnerrbrane for 

and soaked 

the modified 

DO meters shall 

air bubbles and 

in water before 

llinkler test. 

DO kits shall be ref i ll ed with 

shall 

new standardized sodiun 

clarity 

thiosulfate 

and vol1.1ne . field trip. 

using 

shall 

Each solut i on be checked fo r 

the DO meter each day , duplicate deionized or known 

be collected by siphoning water from a bucket into t wo 

duplicate salll'les shall be analyzed by the modified llinkler 
test for DO 

Before 

salll'les 

These 

content. 

the 

The DO meter shall be calibrated against the DO content 
measured by llinkler test by placing the DO probe in the bucket containing t he 
water used for the llinlder test. 

llh i l e us i ng the DO meter, the instr~.~nent shall be recalibrated at 
least twice per day or if a change in water quality is noted . 

the 

If the salll'l 'e 
temperature is 5°c greater than the calibration t~rature, meter shall also 
be recal ibrated. 

Duplicate analyses should agree with !. 0., mg/l . 

6.3.3.3 Reporting Units Results for the DO test should be 
reported to the nearest 0., mg/l . 

6.3.4 Specific Conductance 

6.3.4.1 Egui r:xnent A portable conductance meter, 
llheatstone bridge type or equivalent should be 

specific 

used. 

6.3.4.2 Inspection and Calibration Each conductivity 
shall be 

conductivity 

standards 

checked 

cells 

(KCl ). 

before 

shall 

each field 

be cleaned 

trip. 

and 

Batteries shall be checked, 

meter 

and 
checked against known conductivity 

6.3.4.3 Field Calibration 

instra.n~ent da i ly with known atandards. 

t~rature conductance calculations . 

within !. 10 percent . 

6.3.4.4 
micromhos/centimeter 

Reporting Units 

(umhos/cm) corrected 

us i ng i n the field, Before 

Refer to the 

Duplicate 
ins t r1611ent instructions 

check 

for 

agree 

t o 

field analyses should 

Results should 

25°c. Results 

be 

should 

expressed in 

be reported 
to the nearest ten units for readings U"lder 1,000 umhos/cm and the nearest 100 
units for readings over 1, 000 umhos/cm . 

I 
I I 
I 
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6.3.5 Total 

starch-iodide 
(OPO) kit may 

Chlorine 

6.3.5.1 
end point 
be used. 

Residual 

Equipment •• The 
or a~rometric 

iodimetric 
end point 

back 
or a 

,>t:&,..~ &UII ....... 
Revision No. 
Date: 2/1!91 

Page 5 ol 4 

titration 
Hach DR 100 

method with 
colorimetric 

0 

6.3.5.2 Jnsoection 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 must 

agree with the requirements of Method 40SE, "Standard Methods," 16th Edition, or 

Method 330.5 "Methods for Chemical Analysis of Water and Wastes," and calibration 
scales must be calibrated on site at a minimum of three points (blank and two 

standards) that bracket the expected sarrple concentration. 

: 
6.3.5.3 
residual 

Reporting Units Results should be reported to the nearest 0.01 mg/l 
chlorine. 

6.3.6 Fluorescent Tracing 

6.3.6.1 ~ •• Rhodamine \IT dye is the standard tracer used by 

Branch personnel •. 

6.3.6.2 Fluorometer 
instrument used to determine intensity 
in the sarrple. 

6.3.6.3 Fluorometer 
Before II fluorometer is used in the 
standard dye solutions. All standard 

A filter fluorometer (fluorometer) 
or concentration 

is the 
of dye of emitted light 

Calibration and Calibration Standards 
field, it shall be checked against a set of 

concentrations shall be made relative to 
the stated concentration of the manufacturer's solution. 

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. 

and all associated equipment shall be thoroughly 
cleaned between 

The fluorometer 
uses. 

6.3.6.4 Reporting Units Turner Design fluorometer results shall 
be reported as ! 1 percent of full · scale concentration. 

6.3.7 Salinity 

6.3.7.1 Equipment A portable salinometer, electrical 
conductIvity type shall be used. 

a 



checked 
inspected 
be checked 

nearest 
part per 

before 
6.3.7.2 

every 

Inspection 
field trip. 

and Calibration 
shall 

to determine if it is free 
Batteries 

of marine 
supplied 

growth 
with against the resistor 

6.3.7.3 Reeorting 

o. 1 
thousand of salinity. 

loop 

Units Results 
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Each salinometer shall be 

be checked and the cell 
and salt. 

the . meter. 

The meter shall 

should be reported to the 

6.4 SEMI-ANNUAL MAINTENANCE 

a semiannual 

All analytical. and test instruments and kits shall be inspected on 
basis, whether used during the intervening jperiod or not. The 

purpose of the semi·amual inspection is to maintain the equipment in a ready-to· 
This inspection shall consist of· a general j examination of the use condition. 

electrical system (including batteries) and a calibration against standards. Any 
I 

expired reagents, broken glassware, or parts shall be replaced. 

6.5 SOURCES OF CHEMICALS AND STANDARDS : 

All chemicals used in test kits and with field analytical 
as reagents and standards 
Support Branch CASB). Certified pH buffer solutions · shall be 

instruments 
Analytical 
purchased 
expiration 
and chemical 

from chemical supply houses. 

shall be supplied and I standardized by the 

All reagents and solutions shall have 
All out•of·date I reagents, buffers, dates attached to the containers. 

All field 
concentration, 

the actual 

6.6 TRAINING 

an initial 
the initial 

solutions shall be properly 
reagent containers shall be 

and date prepared. 

Tracer-fluorescence 
tracer as outlined 

standards 
in Appendix 

disposed of at their expiration date. 
identified with the chemical name, 

will 
D.9. 

be prepared for each study using 

Each menber of the Branch involved in field studies ·shall undergo 
nel
l • 

a equipment. After 
I 

annually. The Branch 
I 

review of field analytical and test procedures 
review, subsequent reviews shall take place 

Quality Assurance Officer, in conjunction with personnel from the ASB, shall 
conduct the 
introduced 
for routine 

instruction. Any 

to Branch personnel 
use. 

bY the Branch will be 
ft will be authorized 

new instr&.mentatlon adopted 
in a training session before 

6.7 REFERENCES 

1. "Guidelines for Establishing Test Procedures lfor the Analysis of 
Pollutants," Federal R£9iSter, Volune 49, No. 209, 40 CFR 136, 
October 26, 1984, and any subsequent revisions.! 

2. "llson, J. F., Fluorometric Procedures for D~e Tracing: USGS 
TechniS!!!S of \later-Resources Jnvestlgatlons, Book 3, Chapter A12, 
United States Department of Interior, Geological Survey, 1968. 
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7.0 FIELD PHYSICAL MEASUREMENTS 

7.1 GENERAL 

Field measurements of topographic features, water levels, time of travel, 
geophysical parameters, and physical dimensions are frequently required during 
con;>rehens ive water quality, groundwater, hazardous waste, wastewater treatment 
system, and related field investigations conducted by the Branch. The scope of 

such measurements obviously depends on the purpose of the particular 

investigation. 

All Saqlling locations used during Branch field investigations shall be 

on an accurate drawing or a topographic or other standard map, or be 

in such a mamer that their location(s) are firmly established. The 
depicted 
referenced 
Region IV 
topographic 

library has a COII1llete collection of 7.5 minute USGS (1:24,000 scale> 
maps and a map copier available. 

Each field measurement made by Branch persomel shall be tracea~le 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 such 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 Branch eqlloyees shall perform each of the physical field measurements 
described in this section under the supervision of II senior technical 'staff 
member at least once before being permitted to make these measurements on their 
own. 

The specific objectives of this section are to: 

• present the standard practices used by the Branch to make physical 
field measurements; 

• list the field equipment utilized to make such measurements: and 

present specific quality control procedures to insure that such mea-
surements are 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's 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 sa~le points or site features horizontally. Basic surveying and field 
geology textbooks should be consul ted 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 I various site features during hazardous waste site investigations and/or other 

site investigations that may result in enforcement actions. Traverse methods 
used by the Branch utilize horizontal angle or direction (azilllJth/bearing) 
measurements and calculated horizontal distances from a starting point to a 
second point, and from the second to the third, and so forth to the 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, s~le points or site 
features may be located by etrploying various techniques at the traverse control I 
points, i.e., by angle (aZilllJth 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 
and distance from another control point, etc. (1). I 

I 
I 
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 Adninistration (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 systems 

used by many States ( 1, 2). 

When measuring horizontal angles, compensation must be made for the angle 

between true north and magnetic north. This angle is called the magnetic 

declination. 
The first 
declination 
and field 

Branch field surveying methods must be referenced to true north. 

step 
for 

geology 

in 
the 

this procedure is to determine from . an 
area of work. Isogonic maps may be found 

textbooks referenced above. 

Sources of existing information on triangulation 

isogonic map, the 
in basic surveying 

grid data and their exact locations may be obtained from 
stations 
local, 

or 
state 

coordinate 
or federal 

departments 
particular 

departments or agencies. Typically, 
of counties, cities or towns may 

the engineering 
have data on file 

or public works 

that is near the 

site being investigated. State or federal agencies which are good : sources of 

useful data include: (1, 2, 3) 

• State highway or transportation 
• State geodetic or land surveying 

departments 
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 
Tennessee Valley 
Bureau of Land 

Service 
Authority 

Management 

When the exact locations of sarrpl ing points or other physical features 
are needed, Branch surveying methods must be based on existing control 

at 
a site 
data. 
physical 

In all cases, the site property boundary survey, description, and any 
property corners or morunents IIUSt be located by a professional 

Registered Land Surveyor CRLS). 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 (UTM) coordinates are set. The data on control points shall 

of at least third•order accuracy. The control points will be permanent 
markers set at locations that are lrll ikely to be disturbed by future site 
activities. 

If no existing 
may be establIshed 
ground or set a nail 
for that point (and, 

control · data exists in the sl te vicinity, an arbitrary point 
at a permanent location, e.g., set a nail or spike beneath the 

•nd c•p In asphalt or fO&ridatlon. However, the coordinates 
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 LJsed and 
in all field measurements shall be recorded field logbook as outlined 

Section 3.5. 

7.2.3 Eguipnent AvaIlable 

The following Branch . equipment is available for field use. in conducting 

surveying in support of site investigations: 

• Topcon GTS·2, total station theodolite/electronic distance meter CEDH) 

• tripod(s) 
• reflector prism(s) 

• range pole 

• steel tape 
• cloth tape 

• optical tape measure 
• Rola tape 
• c~ss 

7.2.4 Specific Eguipnent Quality Control Procedures 

All field surveying methods using Branch ·equipment shall be made only by. 

those Branch personnel who have been trained to use them. All Branch 
professional staff and field technicians nust be trained and checked out in 
surveying procedures by qualified staff before using this equipment. 

Each piece of field equipment (as appropriate) shall be nurbered, and a log 
book shall be kept containing all maintenance and calibrations made on the 
equipment. The following specific maintenance and cal I brat ion 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 
sooner i f damaged 

by a qual if led 
or suspected 

private service shop 
amually or to be in error; 

be checked 
textbooks 

be cleaned 
surveying 
and before 

procedures outlined out using 
and appropriate users manuals before 

in 
use 

basic 
(1, 

and Ninteined using procedures outlined 
textbooks and appropriate users manuals during 

being returned to storage (1, 2, 3). 

Steel and Cloth Measuring Tapes. and Mechanical Rola·Tepe 
procedures shall be used for all measurIng tapes: 

surveying 
2, 3); and 

in basic 
field use 

•• The fol· 

All measuring tapes and the mechanical Rola·tape will be calibrated 
amually against an Inver steel surveyors chain 
theodollte/EDM both of which are traceable 
Standards CNBS). Those steel tapes that 
per 100 feet or cloth tapes not within 0.02 

to the National 
are not within 

foot per 100 
be discarded. Th~ 

or the 
Bureau of 
0.01 foot 

feet shall 
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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 Role-tape will be calibrated 

amually against an Jnvar steel 
theodol i te/EOH both of which are traceable 

surveyors 
to the 

chain 
National 

or 
Bureau 

the 
of 

Standards (NBS). Those steel tapes that 
per 100 feet or cloth tapes not within 0.02 
be discarded. The shorter carpenter-type 
shall also check within 0.01 foot or they 

All tapes shall be checked to see that they 

clean before and after use. 

oetical Ta~ Measure Each Branch ~loyee 

are not within 0.01 foot 
shall 
feet) 

foot per 100 feet 
steel tapes (6-12 

will be . discarded. 

are not damaged and are 

using the optical tape 

shall become proficient in its use by measuring known distances before 

this 

• 

• 

• 

equipnent in the field. 

~ All con-passes shall: 

be checked for proper movement of the c~ss meddle. If the 
con-pass needle movement is sluggish, the 

: 
glass cover can be removed 

by prying a 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 corrpass 
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 con-pass is opened ·as 
described above and the clinometer level vial is moved and rechecked 
as appropriate. If the Level vial becomes broken, the corrpass rrust 
be sent to the manufacturer to be repaired (3); and 

be cleaned 
become wet, 

is interior 
soft paper. 
electrical 

after use 
the corrpass 
dried using 
They should 

fields (3). 

and before 
is opened 

storage. If 

a toothpick 
not be used, 

as previously 
and a piece 
exposed to 

the c~ss 

described 
of soft 

or stored 

should 
and the 

cloth or 
in strong 



7.2.4.5 Range Poles and Reflector Prisms •• All of this equipment shall: 

• be checked for warpage and/or damage before use by sighting through 

the theodolfte/EDM 
at 90" intervals. 
and 

while the poles/prisms are rotated In two planes 
The bullseye bubble will ·be reset as appropriate; 

• be cleaned daily after use and before being returned to storage. 

7.2.5 Procedures for Traversing 

\lhen traverse methods are used, at least two stations or control points of 

known horizontal location (expressed in terms of UTH coordinates and/or the local 

State coordinate system) nust be in the site vicinity. These control points can 

usually be set for the specific site by a gover1'111enta l agency or registered land 

surveyor. 

The total station theodolite, which measures horizontal angles, 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 level fng 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 rodman 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. 
\lhile located over the pofnt(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 theodol fte, lines up the horizontal and vertical 
cross-hairs on the center of the prism and records the horizontal angle CAh), 
vertical angle (Av), and the slope distance (Ds) to the prism. The difference 
In location between the point where the theodol fte Is set up and the point where 
the prism is held Is determined trisonome.trfcally. A c~ss and measuring tape 
could also be used to reference field measurements to a map or vice versa. 

The 
considered 
conversions 
horizontally 

following examples depict 
and accounted for, the 

that lUSt be made 
locate s~l ing points 

EXAMPLE 1: Figure 7.2.1. Horizontal 

some of the 
calculations 

field measurements that nust 
and 

when the 
or other 

that must be performed, 
Branch 
site 

uses traverse 
features. 

Angle (map view). 

methods 

be 

the 
to 
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A 

c 

Figure 
point), one 
and measures 
between the 
AB and line 

7.2.1 illustrates that while the instrument is at point A (a control 
reads the baclcsight angle (aziii'Uth or bearing) to point B, then turns 

the foresight angle (aziii'Uth or bearing) to point c. The difference 
two angles is the interior angle included at the intersection of line 
AC, or the horizontal angle CAh). 

The field notation for the measurement 
represented as angle B·A·C. Typically, the first 
book is labeled: CBS • "f • FS) or ·Station and 
(see Exarrple 5 Field Notation). 

of the 
colum 

the second 

angle above 
to the left 

colum is 

would be 
in the field 

labeled Ah 



EXAMPLE 2: Figure 7.2.2. 

A 

After the horizontal 
measured, in Figure 7.2.2, 
the line of sight AC and 

Vertical Angle (side view). 

c 

Dv 

B 
Dh 

angle is determined, the vertical angle 
from point c to point B to determine the a~gle 

the horizontal line AB. The vertical angle 

(AV) is 
between 

is the 
included angle between a line connecting two points of different elevations and 
a line horizontal to the earths gravity. 

To determine 
with the electronic 
measure the vertical 
be obtained by the 

the height of the point C, measure the slope distance COs) 
distance meter from A to c. Using the theodolite or transit, 

angle between line AC and AB. The height of point C would 
formula: 

Ov = Csln Av) Os 

The horizontal distance CDh), which Is the distance used when drawing the 
map, would be obtained by the formula: 

Oh = (cos Av) Os 

If the vertical distance to be measured was to the top of a building, tree, 
simply or other point where the measurement of the slope distance is impractical, 

by: measure the horizontal distance and determine the height 

Ov = (tan Av) Dh 

The field notation for the third colum from the left in the field book 
labeled: Av and the forth colum is labeled Ds/Dh (see . Example 5 Field Notation). 

is 
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I 
I EXAMPLE 4: Coordinates. 

\/hen the local State rectangular grid coordinate points near a particular. 

I 
site are obtained, Branch personnel should be able to convert rectangular 
coordinates to E2ill coordinates. This is i~rtant since through this 
conversion, the azill'llths and distances between each point can be obtained and 
then used as the starting control points for the site control traverse. . Siq>le 

I progranmable or non-progranmable calculators are extremely useful in providing 
precise results from the field surveying measurements. The .following is an 
exa""le of a conversion from rectangular to polar coordinates: 

I The instrument is set up at TP1, and given the rect!lngular coordinates: 

I 
Control Point North Cy> East (X) 

TP1 7935.07 6178.78 

I MCT3 7851.75 6209.99 

The relative change in location between the north and east c;oordinates 

I 
(from TP1 to HCT3), respectively, are: 

AN = -83.32, AE = 31.21 

I The negative syrrbol for AN indicates the relative movement from TP1 to MCT3 
downward (-) along the y axis. The positive synt)ol for AE indicates relative 
movement from TP1 to MCT3 to the right (+) along the X axis. Solving for the 

I 
forll'llla (Pythagorean theorem): 

I The resulting distance between TP1 and HCT3 is c = 88.971 • 

The azill'llth is obtained by first c:eq>uting the inverse tangent of the 

I c:hange in north divided by the c:hange in east: 

tan" 1 (AN + AE> = ·69.4651" 

I This is the negative angle, expressed in decimal degrees, and is measured 
from the (X) axis Into the southeast quadrant. The azill'llth from TP1 to MCT3 is 
obtained, In this c:ase, by changing the sign (- to +) and adding 90" and then 

I converting to degrees, minutes, end seconds. The resulting · ezill'llth from TP1 to 
MCT3 is 159"271 5411 • 

I 
Note: The trigonometric: fol'lll.lla above always gives the engle mer.sured 
from the (X) axis. When using this procedure, it is wise to make a sketc:h 
showing the c:hange fn direction between the points relative to north. 
This will afd fn visually and mentally seeing whfc:h geometric: quadrant 

I that the foresight engle falls in relation to the Instrument. 

I 
I 
I 



EXAMPLE !1: Figure 7."1..4. 1 raverse tleLa Notation. 

The following is an exiUJ1)le of the field notation for a traverse to 

horizontally locate SaJI1)lfng points. Figure 7.2.5 shows some of the physical 

features, SIUJ1)l ing points, and traverse control points that should be sketched 

on the right hand side of the field log book. The coordinates for each point are 

then determined and usually entered In red ink 

01!22/90 Project 90E·OOO 
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 

HCT2: N=8297.79, E=6598. 14 
HCT3: N=7851.75, E=6209.99 

TP1 to HCT3 : AN=-83.32 f.E::l31.21 

c2 = a2 + b2 , c = 88.971 

tan· 1 (AN + AE) = ·69.4651 
.. Azirruth TP1 to HCT3 = 159•2715411 

(BS • T · FS) 
Station Ah Av Ds I Dh Coordinates 

Set: Ah= 88.981 N=7935.07 
HCT3·TP1· 159"27154" 90•45 12411 88.971 E"6178.78 

502.64 1 N=7643.63 
HCT3·TP1·A 125"2611811 89"44 10611 502.635 1 E•6588.30 

375.58 1 N=m4.22 
MCT3·TP1·M\15 124"09'12" 90"07121 11 375.58 1 E•6489.59 

Set: Ah= 
TP1·A· 305"26 11811 -----·-· 

470.94 1 N=7328.60 
TP1·A·B 228"00 15411 90"32 15411 470.94 1 E=6238.24 

Set: Ah= 
A·B· 48"00 15411 ····-··· 

113.681 N•7437.83 
A·B·M\12 343"55 121 11 90"21 154" 113.681 E•6206.76 

762.46 1 N•7718.72 
A·B·C 300"4612711 89"5915411 762.461 E•5583.14 

after the traverse Is finished. 

Pg. .of 2 
Landis Surveyor - 'T 
Ben Chmark - f 
\leather: Clear;. 0·5 Jl1)h N 

: 

Remarks/Comments 

Notes: Instrument <T> is set up at TP1, 
back sight (BS) to HCT3 and set 
instrument to read 159•27154". 

Set nail in ground for point A. 

Locate H\15, 

Instrument at A, back sight to 
TP1 and set the reciprocal 
azirruth~ i.e. add 180". 

Set nail for point B. 

Reciprocal azimuth as above. 

Locate M\12. 

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 

( 
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01/23/90 

Station 

B·C· 

B·C·D 

B·C·H\.11 

B·C·H\13 

c-o-

C·D·E 

C·D·H\13 

D·E· 

D·E·HCT2 

E·HCT2 

E·HCT2·A 

E·MCT2·MW4 

MCT2·A· 

MCT2•A·TP1 

MCT2•A•MW5 

Project 
Region 
City, 

Ah 

Set: Ah= 
120"4612711 

14"40 12411 

24"11'21 11 

26"50 13611 

Set: Ah= 
194"40 12411 

67"36 11511 

142"17151 11 

Set: Ah= 
247"36'1511 

154"2710911 

Set: Ah= 
334"2710911 

180"51 142" 

249"5613911 

Set: Ah= 
360"51 14211 

305"26 11811 

309"13 13311 

90E·OOO 
IV Site Name 

State 

Av Ds I Dh Coordinates 

--------
698.34 1 N=8394.28 

89"49 139" 698.34 1 E=5760.03 

132.961 N=7840.01 
90"21 112" 132.961 E=5637.62 

612.76 1 N=8265.45 
89"44 14511 612.754 1 E=5859.83 

--------
715.66 1 N=8666.95 

90"03 14811 715.66 1 E=6421.71 

163.14• N=8265.20 
89"45 10311 163.14 1 E=5859.80 

--------
409.081 N=8297.B7 

90"04 133" 409.08 1 E•6598.13 

--------
654.28 1 N=7643.68 

89"36'2411 654.265 1 E•6588.30 

85.66 1 N=8268.50 
88"32 148" 85.63 1 £:6517.69 

--------
------ N•7935.12 -------- (502.635 1 ) £•6178.78 

121 .so• N•7724.29 
91"10 13611 127.471 £•6489.55 

I 
(continued). I 

Pg. 2 of 2 
Landis Surveyor - "F I 
Ben Chmarlc - f 
\leather: Clear; 0·5 trph N I 
Remarks/Comments 

Rec~procal azirruth. I 
Set point D. I 
Locate Hll1. 

Locate H\13. I 
: 

Reciprocal azirruth. I 
Set point E. I 
Locate M\13 (again, just in case). 

I 
I 
I I 
I 

Reciprocal azimuth. I 
I 
I 

Actual: N=CB297.79), E=C659B.14).1 
I 

I 
I 
I 
I I 

Reciprocal azimuth. I 
I 

Coordinates first c~ted to be:l 
N•C7643.63), E=C6588.30). I 
Locate MW4. 

I 
Reciprocal azimuth. 

Should have ended at: I 
N=C7935.07), E=C6178.78). 

Locate MW5 (again, just in case). 
I I 

Closure: ~ Dh&4,716.015 I 
N Dh•0.0466 1 , E Dh=0.00 11 

I I 
I 
I 
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Figure 

Figure 

7.3 

7 .3.1 

7.2.3 • EXAMPLE 
MONITORING 

OF SITE 

\JELLS 

available upon request. 

ELEVATION SURVEYS (VERTICAL 

Introduction 

HAP SHO\IJNG TRAVERSE POINTS USED TO LOCATE 

CONTROL) 

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 conmonty used methods are Differential Leveling and Trigonometric 

Leveling. Differential level ins is the most precise and easiest method because 
it utilizes "level" measurements with si~te addition and subtraction. 
Trigonometric leveling is slightly less precise and more difficult as it uses 
vertical angle and distance measurements combined 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 at timeters 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 C1, 2, 3). 

Regardless of the method(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 (NOAA) through its National Ocean Survey 
(formerly U. s. Coast end Geodetic Survey). The system of vertical control 
points, or Benchmarks (B.Hs.), are referenced to a surface of fixed end precisely 
known elevation above mean. sea level and is referred to as the dat1.111 or datl.lll 
plane. The dat1.111 for vertical control (elevation) is celled the National 
Geodetic 
estebl ished 

Vertical Det1.111 (NGVD), formerly known as the 1929 sea level dat1.111, 
by the U. S. Coast end Geodetic Survey (1). 

Sources of existing 
be obtained from local, 

information 
state or federal 

engineering or public works departments 

on benchmark date end their locations may 
departments or agencies. Typically, the 

of counties, cities or towns may have 
data on file that is near the particular site being investigated. State or 
federal agencies that are good sources of 

• State highway or transportation 
• State geodetic or land surveying 

useful data 

departments 
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 

include: (1, 2, 3) 



are 
\/hen 

needed, 

the exact 
benchmarks 

elevations . of sampling locations or other physical features 
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 
elevaUons 

Transverse Mercator (UTM) coordinates (see · section 7.2.2) and the 

shall be referenced to NGVD. 

If no benchmark is located in the site vicinity, an arbitrary t~rary 

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, 
points) 
location 
field 
3.5. 

the elevation of the t~rary benchmark (and, therefore all other 
should be determined at a later date. As with all Branch field work, the 

of all benchmarks used shall be shown on the site sketch map and all 
measurements shall be recorded in the field logbook as outlined in Section 

7.3.2 Equipment Available 

The following equipment is available for field use in conducting 

elevation surveys 
Branch 

in support of site investigations: : 

Differential Leveling 

• Lietz B2C, precision automatic level 

• tripod 

• telescoping level rod 

Trigonometric Leveling 

• Topcon GTS-2, total station theodolite/electronic distance meter CEDM) 

• tripod(s) 

• reflector prism(s) 

• range pole 

• steel tape 

• compass 

Barometric Leveling 
• Micro M-1, American Paul I System altimeter 

7.3.3 Specific Eauipment Quality · Control Procedures 

All field surveying methods using Branch equipment shall be made only by 
those Branch personnel who have been trained to use them. All Branch professional 
staff and field technicians IIUSt be trained and checked out in surveying 
procedures by qualified staff before using this equipment. 

Each 
book shall 
equipment. 
be used for 

piece 
be 
The 
ell 

of field equipment (as appropriate) shall be nu!bered, anc: a log 
kept containing all maintenance end cal I brat ions made on the 
following specific maintenance and calibratiOn procedures shall 
surveying equipment: 
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7.3.3.1 

7.3.3.2 
shall: 

• 

7.3.3.3 

7.3.3.4 

• 

• 

• 

• 

• 

• 

• 

• 

Theodolite/EDH, Level and Altimeter This equipment shall: 

be serviced 

annually 

and calibrated by a qualified 
or sooner if damaged or suspected 

private 

to be in 

service 

error. 

shop 

be checked 
textbooks 

be cleaned 
surveying 
and before 

out using procedures outlined in basic 

and appropriate users manuals before use (1, 

and maintained using procedures outlined 

textbooks 
being 

and appropriate users manuals .during 
returned to storage (1, 2, 3). 

surveying 
2, 3). 

in basic 
field use 

Level Rods, Range Poles, Reflector Prisms All of this equipment 

be checked for warpage and/or 
the theodol ite/EDH and lining 

rod(s). The poles/prisms 

damage before use 
up the two vertical 
are rotated at 90" 

bullseye bubble is reset as appropriate. 

by sighting 
cross hairs 
intervals 

through 

on the 
and the 

be checked for proper aligrment of the 
the EDH 

chain 

reflector prism by ccxrparing 

the measurement 
with an lnvar 

obtained with to the measurement obtained 

steel surveyors (see section 7.2.4.2). 

be cleaned daily 
Level rods should 
to protect 

after use 
be stored 

markings. 

and before 
in carrying 

being 
tubes 

returned 
or a cloth 

Steel Tape The procedures found in Section 7.2.4.2 shall 

All c~sses shall: 

be checked for proper movement. of the c~ss needle. 
the glass cover can c~ss needle movement is sluggish, 

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 al igrment of the clinometer level. The 
clinometer is checked by setting the clinometer to O, and placing 
the c~ss on a surface that has been leveled exactly with either 
a carpenters level or a water tube level. If the horizontal level 
I:Ulble on the clinometer does not rest at the center, the c~ss is 
opened as described above and the clinometer level vial is moved and 
rechecked 
c~ss 

liS 

rust 

be cleaned 
become wet, 
interior is 

appropriate. 
be sent 

If the level vial becomes broken, the 
to the manufacturer to be repaired (:!). 

after use and before storage. If the 
the c~ss is opened as described 

dried using a toothpick and a piece 
They should not be used, exposed 

COII'paSS 

above 
of soft 
to or 

should 
and the 
cloth or 

stored in soft paper. 
strong electrical fields (3). 



7.3.4 Procedures for Differential Leveling 

The level, or instrunent, is set up by the instrunent 
more than 250 feet 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 

the horizontal 
leveling heads. 

level 
The 

level 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 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 roctnan "rocks" 
the rod in two planes, when instructed by the instrunent man, to obtain a level 
reading. The rod is white with large red numbers 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 benchmark gives the height of the level, or 
instrunent, (denoted H.l. in the field log book). Next the rodnan holds the rod 
on a point (called a turning point and denoted TP) of fixed but unknown elevation 
such as a nail in the grOU'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. I. 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 
rod reading 
vertically. 

rocinan then moves ahead of the instrunent man for a new turning point 
(foresight) and so forth until the desired final point is located 
Once the final point is located, the instrunent man breaks the set 

up of· the level (i.e., changes the H. I.) and relevels the level. The instrunent 
man and rocinan 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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\/hen 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 
of accuracy, 
attained. 

is greater. 
then the 

Third order 

of miles 
within 

run), which 
five hundredths 

If the level circuit does not close within these limits 
level circuit rrust be repeated until this accuracy is 

accuracy is defined by the forrrula: 0.05 foot x (/number 
means for a one·mile level circuit,· the closure should be 

of a foot. The following is an example of field notation 

for differential leveling: 

EXAMPLE 1: Figure 7.3.1. Field notation 

01/22!90 p j t ro ec 90E 000 . 
Region IV Site Name 
City, State 

Station/ I 

I· 
. I I 

Point or BS I H. I. . or FS I ELEV. 

B.H. 5231 6.13 25.69 19.560 

TP01 2.10 19.58 8.21 17.48 

TP02 8.39 11.19 

MU01 6.17 13.41 

GS01 8.88 10.70 

wscs 12.13 7.45 

Weir 01 10.30 9.28 

TP02 7.89 19.08 11.19 

T.B.M.01 6.26 20.78 4.56 14.52 

B.M. 52311 1.23 19.55 

I 

for differential leveling. 

L nd" a IS s urveyor . 'f 
Ben Chmark . f 
\leather:60's overcast; 5·10mph N 

Remarks 

Top of brass cap in concrete mon. 
marked B.H. 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 MU01 

Ground shot at HU01 

Water 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. end Georgia Ave. 

Set nail in 24 11 Oak for tenporary 
bench mark 01 

Checked to BH 523 (Off ·0.01 1 ) 

l 
I 
I 
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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 (H.I.) must 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 fs 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 

set up above a 
obtained. The 
screw and the 
adjusting the 

is centered, 
level bubble 

heads. The 
bubble in the 

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. 
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 (Av) and the distance to the P.'"ism. 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 examples graphically depict the distances that must be 
considered and accot.nted for when using the trigonometric leveling method to 
COII'pJte the vertical changes in elevation. The field notation for trigonometric 
leveling follows. 
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I 
EXAMPLE 3: Figure 7.3.4. Elevation of point desired is below· the instrLinent. 
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EXAMPLE 2: Figure · 7.3.2. Elevation 

Di!ference in 
elevation between 

theodolite l!llld prism 
Av='S' 30' 

of point desired is above the instrt.ment. 

Distance prism 
is above point 
(5.23') 

Difference in 
elevation sought A: R.I. { 

(105.9Z') .fk~:::;.;;;=±=±=:-6:=~~~-:!1 
A:Elev.=lOO.OO' 

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 CDs) shot to the prism (distance AB) of 323.88 
ft. and a vertical engle (AV) of s•3o•, the difference in elevation at point B 
is C0111JUted using the trigonometric formula: 

elevation difference = distance AB x sin(AV) 

The 
elevation 
distance 
from the 
Substituting 

method described above only accounts for the relative difference in 
between the theoclol i te (H .I.) and the center of the prism. The 

thet the prism is held above the point in question must be subtracted 
resulting elevetion of the prism to obtain the elevation of the point. 

in the trigonometric formula: 

elevation difference = 323.88 ft. )( sincs•3o•) = 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 for Exa~le 2. 

r-------------------------------------------
1 01/22/90 P • t 90E 000 rojec -
I 
I 
I 
I 
I 
I 
I 
I D 
I 
I 
I 
I 
I 

Station/ I 
Point 

ill A 

ist.A·B 

V. LBAC 

ill B 

Region IV Site 
City, State 

+/OS H.J. 

5.92 105.92 

323.88 

Name 

-/Av ELEV. 

100.00 

5"30 1 

5.23 131.73 

L nd" a IS s urveyor - "F 
Ben Chmark - + 
\leather:60•s overcast; 5·10mph 

Remarks 

Bl 
BC = AB X sin LBAC 

= 323.88 1 X 0.0958 
= 31.04 1 

A c II 

8=105.92 1+ 31.04 1 - 5.23 1= 131.73 1 

: 

N 
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I 
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I 
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EXAMPLE 3: Figure 7.3.4. Elevation of point desired is below the instruilent. 
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EXAMPLE 3: Figure 7 .3.4. 

D: IU. 
(105.92'} 

Elevation of point desired is below the instrl.llient. 

F 

The elevation at point D in Figure 7.3.4 is 100.00 ft. The instrlJilent is 
set up 5.92 ft. above point D which malces the height of the instrlJilent (H.l.) 

105.92 ft. Given a slope distance (Os) shot to the prism (distance DE) of 323.88 
ft. and a vertical angle (Av) of 5"30', the difference in elevation at point E 
is c~ted by substituting in the trigonometric fonrula: 

elevation difference = 323.88 ft. x sin(5"30 1 ) = 31.04 ft. 

The 
subtracted 
the point. 

distance that the 
from the resulting 

prism is 
elevation 

held above the point in question must 
of the prism to obtain the elevation 

The elevation of point E is: 105.92 ft. - 31.04 ft. - 5.23 ft. = 69.65 ft. 

be 
of 



Figure 7.3.5. Field notation for Exa!ll>le 3. 

01/22/90 P J t 90E 000 ro ec -
Region IV Site Name 
City, State 

Station/ I 
Point +/Ds H. I. ·/AV ELEV. 

iil D 5.92 105.92 100.00 

D ist.D·E 323.88 

V. lEDF 5"30 1 

iil E 5.23 69.65 

Landis Surveyor . "f 
Ben Chmark - ~ 
Ueather:60 1s overcast; 5·10!1l>h 

Remarks 

D F 

EF = DE. X sin lfDF 
= 323.88 1 X 0.0958 
= 31.04 1 

E 
E=105.92 1 • 31.04 1 - 5.23 1= 69.65 1 

Nlol 
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EXAMPLE 4: Figure 7.3.6. Spot .elevation differences using the law of sines. 

\Itt en 
elevation 

the measurement 
can be determined 

of the 
using 

slope 
the 

distance 
law of 

is not possible, differences in 

sin a sin /J sin y 
= = or 

a b c 

Simple spot elevation differences 
measurements. The measurements can be 

sines from trigonometry: 

a b c 

= = 
sin a sin /J sin 

can be determined by taking 
obtained with the total station 

., 
: 

only a few 
theodolite 

or by using a C0111'8SS (equipped with a clinometer) and a measurfng tape. In the 
above example (Figure 7.3.6), the vertical angle CAv) is measured at two 
locations and the horizontal distance (Dh) between those two measurements 
measured. Since the sun of the interior angles of each triangle should 

is also 
equal 

the 180•, all the other interior angles are calculated. Substituting 
measurements into the law of sines and solving for x and y shown in Figure 



7.3.5.5: 

X 113.5' y 161.36 1 

= --------- --------- = 
sin 15• sin 10.5• sin 25.5" sin 90• 

(sin 15•) 113.5' (sin 25.5•) 161.36 1 

X = ---------------- y = -------------------
sin 10.5• 

X = 161.36 1 y = 69.4 1 

Note that the method described above only accounts for the relative 
difference in elevation between point A and the point in question, point B. If 
an instrunent, such as a ccxrpass or theodolite, is used at point A, the H.I. at 

The 
and all 

point A nust be added to the resulting elevation of the point in question. 
field notation would include · the figure drawing, all field measurements, 
of the calculations. : 
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7 .3.6 Procedures for Barometric Leveling 

An ••aneroid barometer11 or altimeter is an instrunent that measures 
variations in 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, hllllidity and 
regional or local pressure changes caused by weather conditions. The appropriate 
corrections for these changes in air collllln t~rature, hllllidity, and barometric 
pressure 111.1st be applied where maxinun accuracy is desired. Hllllidity corrections 
are normally negligible, and the additional readings to corrpensate for hllllidity 
are of questionable value. However, t~rature and barometric corrections to 
the altimeter readings are necessary to obtain favorable results. A complete 
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 Comprehensive 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 Paulin System. 

There are two types of altimeters in cOIIIllOn use for determining differences 
in elevation. They are the American Paul in System altimeter and the IJallace and 
Tiernan altimeter. The American Paulin System surveying altimeter, used by 
Branch personnel, offers excellent results when third order accuracy is not of 
prime iqx>rtance. 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 cumersome 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 c~ss could be used as a field measurement to map 
reference. 

AI though the el timeter is specially constructed for rugged field use, as 
with ell sensitive Branch equipment, reasonable care should be exercised to 
prevent 
procedures 

damage to the internal parts of the instrunent. The following general 
for the 11single altimeter method with t~reture end barometric 

corrections11 should be followed when reeding the el timeter end when recording end 
c~ting traverse date: 

7 .3.6.1 Reading the AI timeter 

Proced.Jre at the Base Station (See Figure 

(1) 

(2) 

Allow approximately 10 minutes for 
llllblent 
any time. 

t~reture. (Do not place 
when possible.) 

Place 
point 

Use shading 

althneter 
where the 

on the base stat ion 
elevation has been 

7.3.7.) 

the altimeter to adjust to the 
at altimeter in direct 

(typically 
previously 

a benchmark 
determined). 

sunlight 

or other 



(3) 

(4) 

(5) 

(6) 

Level the altimeter . by means of the bullseye 
window. 

bubble on the 'plastic 

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 needle, 
parallax in reading can be avoided. 

Note: Always instrunent 
the window. 

balance 
Malee sure 

the 
that the Balance 

from the 
Indicator 

positive 
needle 

(+) side 
covers 

own image in the mirror. 

After the altimeter is balanced, the pointer may be 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 marie. 

Record the elevation of the base station, t~rature (to the 
nearest degree), and the time of the reading. 
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ProcedJre at ~equent Stations 

(1) 

(2) 

(3) 

(5) 

Place altimeter at the next station point. 

Level 

Balance 
small 

Record 

the instrunent (bullseye bubble). 

the instrunent 
knob). 

elevation, time, 

using the large 

and t~rature. 

pointer knob. (Do not reset 

Note: (This procedure is continued at each station. The traverse is 

considered to be complete by returning to the base station or other 

benchmark). 

7.3.6.2 Recording and Conputing Altimeter Data 

The American Paul in system altimeter is calibrated to measure true 
differences in altitude when used at a t~rature of SO"F (assLIIling no change 
in barometric pressure). I./hen the average temperature of two successive 
t~rature readings fall above or below SD"F, it is necessary ~o 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 Cal titude). The tef1l)erature correction takes the same sign as 
the difference in altitude when the average t~rature is above SO"F and will 
take the sign opposite the sign of the difference in altitude when the average 
terrperature falls below SD"F. 

Tel1l)erature corrections can be determined by referencing the tables or 
graph found in Dr. Hodgson's manual. The following formula may also be used to 
COII'pUte the percent adjustment due to tef1l)erature change: 

X = CT1 + T2 . 1D0) )( 0.102 

Example: The temperatures recorded at two successive stations are 40"F and 
the two 
we get: 

respectively. The uncorrected difference in altitude between 41"F, 
stations is 31 feet. Slbstituting in the percentage adjustment formula 

By II'Ultiplying 
factor, we get the 

X • (40 + 41 • 100) x 0.102 a: ·1.938X 

the uncorrected difference 
temperature correction given 

in altitude 
in feet: 

·0.0194 x 31 ft. " ·0.6 ft. (terrperature 

by the 

correction) 

After the altimeter readings are corrected for temperature, the 
. barometric pressure that occurred during the time of the traverse 

applied. For Branch .purposes, it will be assLilted, that the rate of 

percentage 

change 
II'USt 

change 
barometric pressure is constant. The change in barometric pressure that occurs 

in 
be 
of 



during the time ot 
temperature corrected 
known elevation) and 
obtain 
pressure 
change 

the barometric 
is divided 

per minute Is 

tne traverse IS taKen to oe tne cntt:rt:ll'-" ""''""'"' 
reading of the last station (benchmark or other point 

the actual elevation of that last station or benchmark. 
correction (CB) for each reading, the change in baremetric 

by the ntJTber of minutes in the traverse. The barometric 
obtained. By lll.lltiplying this factor by the nuroer 

'-IPW 

of 
To 

of 

minutes between each station, the amount of barometric change for each station 

is obtained. 

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 rate of change in the local barometric pressure which could lead 
to incorrect barometric corrections. A change in wind velocity. and turbulence 
could also adversely affect the recording and, therefore, the barometric 
correction. Generally, good altimeter traverse results can be obtained during 
the early morning or late afternoon. Before starting the. altimeter traverse, it 
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 exarrple of field 
notation for the above described single altimeter method traverse: 

EXAMPLE 5: Figure 7.3.8. Field notation for the single altimeter method. 

: 

01/22/90 Project 90E·OOO Landis Surveyor - 'T 
Region IV Site Name Ben Chmark • f 
City, State Weather: Clear; 0·5 rrph NW 

No. Remarks Time Reading T ("f) • in Av. l: of Terrp. Cor. Adj. CB Elevation 
Reading Terrp. X Total Reading Corrp • Actual 

.&·1 BM·ESD·IV Athens 07:30 747 40" 747 
+31 40.5" -0.6 

•·2 Top of waterfall 07:37 778 41" -0.6 m.4 +2.9 780 
+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 
+27 42.5• ·0.4 .. , BM·ESD·IV 08:05 732 43" +0.2 732.2 +14.8 747 

.&·1 BM·ESD·IV 08:15 747 45" 747 I 
·22 46" +0.2 

•·5 Epps Bridge 08:24 725 47" +0.2 725.2 +2.2 727 
-s 48" +0.02 

··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 , 08:45 786 53" +0.31 786.3 +7.2 793 
-75 54" -0.6 

•·8 Oconee R. ; 441 08:56 711 55" -0.29 710.7 +9.8 721 
+24 55.5· +0.3 

.&·9 BM·ESD·IV 09:05 735 56" +0.01 735.0 +12.0 747 

\ 
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7.4 AERIAL IMAGERY 

7.4.1 

Aerial imagery is unique and distinct from the other 

:.ectlon 
Revision 
Date: 

NO. l.'t 

No. 

2!1/91 
Page 1 · of 2 

field measurement 

0 

tools and procedures discussed in this manual. However, it is frequently an 

invaluable supplement to field studies. It records 8 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 
techniques 
interpretation 

to 
imagery 

the 
is 

is 
extent 
by its 

obtained 
justifiable 

nature, 

and interpreted using 
for the intended use. 

state-of-the-art 
Photographic 

subjective at times. Uhen an 

interpretation is questionable, the 
very 

opinions of several photographic analysts 

will be solicited. Environmental interpretation, where natural features have 
been slightly modified by man, is nuch more subjective than military 
interpretation, man·made features are sought out. Therefore, 
where environmental 

where definite, 
interpretations are not clear-cut, they should be used only 

as tentative findings to be further verified or modified by subsequ~t field 
investigations. 

7.4.2 litigation 

Several 
of collecting 

• 

• 

• 

The 
litigation, 

• 

• 

• 

limitations epply to photographic missions for the specific purpose 
evidence to be used in litigation. 

The mil itery services cannot be used for such purposes (4). 

If 8 court injunction prohibiting trespassing is in effect against 
EPA, 8 search warrant must be obtained for the overflight. 

Even in the absence of a court injunction, if the case is in 
litigation or in the preparation for l i lcel y litigation, the Regional 
CCU\Sel 
a search 

following, 
sl.bject 

nust be 

warrant. 

more 
to the 

consulted for his/her reconmendation 

general-purpose 
guidance of the 

imagery, 
Office of 

can also 
the Regional 

on the need 

be used 
Counsel: 

for 

in 

Imagery or overlays prepared from imagery acquired by the military, 
or anyone else, for other purposes: i.e., for broad· area mapping or 
inventorying, routine missions clearly not connected with the 
l itigatlon, etc.: 

Archival Imagery antedating the litigation In question; end 

•Targets of opportunity," such as a stack putting up dense smoke, an 
&nJSUBl discharge from an outfall, etc., which are photogrephed 
while on e mission for enother purpose or for general surveillance. 
(This is equivalent to stopping at the side of a road to photograph 
a suspected violation of any law.) 



I 
7.4.3 

All requests for aerial imagery and other remote sensing services shall be I 
coordinated through the Regional Remote Sensing Coordinator as specified in the 
Apri 1 2, 1980, memorandLill on this subject by the Deputy Regional Adninistrator 
(5). The coordinator shall malce appropriate contacts with the Remote Sensing 
Branch, Environmental Monitoring and Support Laboratory, Las Vegas, Nevada (EHSL- I 
LV), with the Environmental Photographic Interpretation Center (EPIC) in 
~arrenton, Virginia, or with others as necessary; and the coordinator will 
arrange for direct follow-up contacts between the requestor ·and the group to I 
provide the service if desired. All Enviropod activities will be under the 
adninistrative direction of the Regional Remote Sensing Coordinator. However, 
to the extent practical, efforts will be made to involve the user of the imagery I 
in the missions for acquiring it. 

Interpretation of photographs and other imagery within the Branch will be 
the responsibility of each individual program, at though some limited assistance I 
may be avai table from the Remote Sensing Coordinator. Requests for this service 
from groups outside the Region should be initiated as specified above. I 
7.4.4 Funding 

In general, each program requesting remote sensing services will have to I 
pay, from either national or regional funds, for necessary flight time, film and 

Costs can often 
missions, locating 

when avai table. The 

processing costs, and interpretation and preparation expenses. 
be minimized by the Remote Sensing Coordinator by corrbining 
archival imagery, and by using limited ORO support funds I 
Remote Sensing Coordinator will arrange for cost estimates as needed. 

I 
7.4.5 Enviropod Procedures 

The Enviropod will be installed and operated by persomel familiar with the 
detailed instructions prepared following the Enviropod Installation and I 
Operations Course at EPIC (6). Mission plamlng 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 and log sheets I 
should be prCJII1)tly shipped to EPIC at Vlnt Hill Farms In Warrenton, VA, for 
processing. 

7.4.6 s~eific Duality Control Procedures for Aerial Imagery 
I 

All film is processed using the manufacturer's reconmendations for tem· 
perature, time, and density of solutions. · At the end of each Enviropod mission, I 
approximately eight or ten frames will be exposed for trial development f'>r EPIC 
to determine whether edjustments JUSt be made in processing rates or temperatures 
to. obtain a clear i•ge. These will be noted on the log sheet with notes on 
lighting and weather conditions. Enviropod pe~sonnel at EPIC will be contacted 

I 
before each 11iaaion (or IIIOnthly, whichever Is less frequent) to determine current 
experience and reeoamend · f•stop settings for various cloud covers and atmospheric 
conditions, I 

I 
I 
I 
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7.5 BATHYMETRY 

7.5.1 Procedures 

Recording fathcmeters 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. Jn particular, . tide and draft 
adjustments provide datun calibration in regard to the respective· tidal al11'l i tude 
and sensor probe depth. During the initial setup of each survey, the fathcmeter 
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. When working in tidal areas, a water stage 
(see Section 7.6) should be positioned to provide a histogram of water 
correlate with the bathymetric trace. 

7.5.2 Equipment Available 

: 

recorder 
levels 

The following Branch equi J:Xnent is available for bathymetric surveys: 

• recording fathcmeters; 

water level recorder and/or referenced gaging station(s); and 

• calibrated scxniing line(s) • 

7.5.3 Specific Equipment Quality Control Procedures 

All equipment used for bathymetric studies shall be nunbered and a record 
shall be kept of all maintenance and calibration procedures. The following 
procedures shall be used to maintain and calibrate bathymetric measurement 
equipment. 

7 .5.3.1 

• 

• 

Recording Fathcmeters •• These fathometers shall: 

Be calibrated and maintained 
instructions before use. The 
a reliable time source before 

Be checked 
utilizing 

in the field 
a calibrated 

against 
sounding 

according to the manufacturer's 
chart speed should be checked against 
the instrunent . is sent to the field; 

a field 
line; 

measurement 
and 

of water depth 

• Be cleaned daily after use and prior to being stored. 

7. 5 .3. 2 :;Sound=~i:,.:."9:;:a__~LJ.:i ne~s All sounding lf nes will be calibrated against 
a steel surveyors tape and shalt be accurate !3 percent. 

7.6 SURFACE \lATER STAGE/TAPE DOioiNS 

7.6.1 Procedures 

to 



Water level recorders prov.ide a time series record of water levels. · Where 

possible, these instrunents should be referenced to National Geodetic Vertical 

Datun (NGVD). All water level tracings should be noted with beginning and ending 

date and time, sfte location, stage scale, and time scale and initialed by the 

servicing Branch persomel. Standard USGS staff gages should be efll>loyed 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 foot· 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 accDq)anied 
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 (wing wall 
or bridge rail by etching a reference with a chisel, etc.) and a complete 
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 
NGVD is an estebl ished datun that provides correlation of water surface record-
ings to engineering structures (bridge,· wing walls, see 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 equipment is avei table 
down measurements: 

• 
• 
• 
• 
• 
• 

7.6.3 

Model 
Model 
Model 
ISCO 
USGS 

F Stevens Stage Recorder(s); 
A-71 Stevens Stage Recorder(s); 
1152 SSM ENDECO Stage Recorder(s); 

Flow Meter(s) 
Staff Gage(s); 

and Recorder(s); 
and 

Weighted steel measuring tapes • 

Specific Eauipment Ouat i ty Control Procedures 

for surface 

A tog book wfll 
down measurements. 

be kept of at t equipment 
The following 11111intenance 

used for making 
and calibration 

be used and recorded 
tape down measurements. 

fn the log book for all equipment using 

water stage/tape 

water stage/ 
procedures 

for water stage 

tape 
shall 

and 

7.6.3.1 :S~te~v~en~s .... ~M~ode~~~----~A~-~7~1----~a=nd~~M~od~e~t .... ~F~~S~ta~q~e~~R~e~co~r~de~r~s These stage 
recorders shall: 

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 
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moving 

• 

• 

Be maintained according 
yearly, each unit shall 
adjusted to read within 
recorders shall be bench 
vertically. The 
foot of the lnvar 

Be checked in the 
field measurements,. 
foot, and 

units 
steel 

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 

IIUSt be accurate and record to within 0.01 
surveyor•s chain. 

by c~rison with a staff gage. 
vertical accuracy shall check within 

before storage. 

During 
0.05 

7.6.3.2 ENDECO Model 
solid 

1152 SSM Stage Recorder(s) This has no 
parts end uses state memory. In addition to water data, the 

instrll!lent also measures end stores conductivity and tenperature 

instrll!lent 
Level 

data. The stage 
recorder shall: 

control 

shall: 

• 

• Be maintained according to manufacturer•s instructions and checked 
in the field by c~rison with a staff gage. The vertical accuracy 
shall check within 0.05 foot. 

: 

• Be within ! 0.55 m2Jcm 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 1 2870 Flow Meter and Recorder(s) ·- See specific quality 
procedures for this equipment in Section 5, Flow Measurement. 

7. 6. 3. 4 :::U,.;SG:.:S:-..:S::.:t.::B:.:.f..:..f _.,::G:.:;:a.::~,ge::_:C..::s:.£) USGS staff gages shaLl: 

Be checked on receipt from the vendor. Any staff gage not accurate 
to within 0.01 foot when c~red with the Inver steel surveyor•s 
chain shall be discarded. Gages will be appropriately marked upon 

• 

• 

7.6.3.5 

• 

• 

cal ibretion. 

Be checked 
damaged or 

Be cleaned 

~eighted 

Be . calibrated 
calibration 

Be checked 
recalibrated 

Be cleaned 

for damage, warpage, legibility, etc., before use. Any 
illegible staff gages shall be discarded. 

after use before being stored. 

Steel Measuring Ta~s -- ~eighted steel measuring tapes 

against the Inver steel surveyor•s chain. The 
shall be within 0.01 foot per 10 feet of length. 

for damage before use; damaged tapes shall be 
or discarded. 

after use before being stored • 
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7.7 GROOND \lATER LEVEL MEASUREMENT 

7.7.1 General 

The measurement of ground 
water 

water 

sa""ling. 
surface 

Specific 

level in welLs is frequently conducted in 

conjunction 
to determine 
flow direction 
presented in 

with ground 
the "free" water 

Data from such measurements 
and can be used to establish 

are needed 
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 volume of water in a well casing prior to purging 

well during ground water sa""L ing. 

All ground water level measurements, 
shall· be made in reference 
This reference point shall 

to an established 
be documented 

as well 
reference 

in field 

as total depth measurements, 
point on the well casing. 

records. To be useful for 
establishing ground water gradient, the reference point should be tied in with 
the NGVD (National Geodetic Vertical Datun) or a local datun. An arbi~rary datun 
conrnon to all wells in a group may be used for an isolated group of wells, if 
necessary. 

7.7.2 

by the 
specific 

Specific 

Measuring 
following 

methods 

· Ground \later level Measuring 

the depth to the free ground 
methods (8). Method accuracies 
described. 

Techniques 

water surface 
are noted 

can 
below 

be accomplished 
for each of the 

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" s0\11d 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 

Measure· strokes, and reading the tape when the weight barely strikes the water. 
ments shall be recorded to the nearest 0.1 foot. 

7.7.2.2 Weighted Tape This method is simflar to the "bell sounder" 
to create method, except that any suitable weight, not necessarily one designed 

an audible pop, can be used to suspend the tape. The weight should, ideally, be 
made of a relatively inert Nterial and should be easily cleaned. Measurements 
shall be made and recorded to the nearest 0.1 foot. 

7.7.2.3 Chalked Tape Chalk rubbed on a weighted 
color or be removed when in contact 
can be obtained by subtracting the 

Distance 
length 

steel tape will dis· 
to the water r.urface 

from the total measured 
length. The tape should be withdrawn 

with water. 
wet chalked 

quickly from the well because water has a 
tendency to rise ~ the chalk due to capillary action. Measurements shall be 
made and recorded to the nearest 0.01 foot. This method is not recorrrnended if 
saq:~les are to be collected for analyses of organic or inorganic contaminants. 

7.7.2.4 Electric \later Level Indicators .. This instrument consists of a 
spool of dual concUc:tor wire, a probe attached to the end, and an indicator. \lhen 
the probe comes in contact with the water, the circuit is closed and a meter 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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light end/or bUzzer attached to. the spool will signal the contact. Penlight 

9·volt batteries ere normally used for e power source. Measurements shall 

made end recorded to the nearest 0.01 foot. 

7.7.2.5 Other Methods There ere other types of water level indicators 

or 
be 

and recorders evai leble on the market such as the sliding · float method, air. line 

pressure method, and electrical and automatic recording · methods. These methods 
ere primarily used for closed systems or permanent monitoring wells. Acoustic 
water level indicators ere also available which measure water levels based on the 
measured return of en emitted acoustical irrpulse. Accuracies for these methods 
vary end should be evaluated before selection. Any method 
providing measurements to within 0.1 foot shall not be used. 

7.7.3. Total ~ell Depth Measurement Techniques 

The bell sounder, weighted tape, or electric water 
scribed in Section 7.7.2 can be used to determine the total 
accomplished by lowering the tape or cable until the weighted 
on the bottom of 

deep 
the 

the well. Because 
long 

touching 

of 
water 

the 

tape buoyancy 
encountered in 
determine when 

wells 
tape end 

with 
is 

columns, it 
bottom of the 

taken in these situations to ensure accurate measurements. 
measurements must be made and recorded to the nearest 0.1 

7.7.4 Equipment Available 

level 
well 
end 

and 
may 

well. 
All 

foot. 

The following Branch equipment is available for ground 
total well depth measurements: 

• weighted steel measuring tapes, end 

• electric water level indicators. 

7.7.5 Specific Quality Control Procedures 

not capable of 

indicators de· 
depth. This is 

is felt resting 
weight effects 

be difficult to 
Care must be 

total well depth 

water level end 

All devices used to measure ground water levels shall be calibrated against 
the 
per 
to 

Inver steel surveyor•s chain. 
10 feet length. Before each 

the manufacturer's instructions 

These devices shall be calibrated to 0.01 foot 
use, these devices shall be prepared according 

(if appropriate) and checked for obvi ot.is 
damage. 
specified 

These devices should be decontaminated according to 
All 

the procedures 
In Appendix 

maintenance data shall 

7.8 TIME·OF·TRAVEL 

7.8.1 

Three principal 

8.7.1 prior 
be recorded 

methods 
surface 
dye. 

floats, ~~easurements 

are 
of 

to use at the next well. 
in a log book. 

used 
cross 

to determine 
sectional 

travel 
velocity, 

calibration and 

time In streams, 
and tracers 

i.e., 
such as 

A very rough method for preliminary estimates of time·of·water travel con 



sists of dropping sticks or other buoyant objects from bridges the· stream 

reach under observation, and noting the time required for them 

·in 

to float an 

estimated 10 feet or some other convenient distance. The velocity are 

too inaccurate for use in interpretation of data or final reporting, 

estimates 

but can be 

useful in preliminary planning of studies and in subsequent 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 chamels 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 
t ime·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 •• Surface floats may be followed downstream and timed 
known distances to determine time·of·water·travel. This requires the use 

for 
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 

the stream 
obstacles. The floats must 

frequently be retrieved and returned to current. The principal 
judgment 
retrieval 

factors are how long the fl~ats 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 85 percent of that 

the surface velocity. 
of surface velocity is 

An average 
a reasonable 

rule·of·thumb value. 

. 7 .8.2.2 
velocities 
velocity 

at 
in the 

Cross Section Measurements •• The measurement of cross 
frequent longitudinal intervals and the calculation 

stream 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 

intervals at which cross sections should be measured 
of the stream chamel. One cross section per mile 
with reasonably U"'iform channels. Cross sections 

mey be desirable for streams with irregular channels. 

Cross section measurement methods are described in detail in Sec:tio.l 

7.8.2.3 The method of measuring time·of·travel 

vary 
may 

at 

5. 

involves following a tracer. 
most 
Some 

accurate 
conservative 

tracers; 
industrial waste constituents, 

salt, or radioisotopes 111y serve as however, dye is most corrmon. The 
most frequently used dye is Rhodamine VT that can be detected in concentrations 
as low as 0.01 ppb by a fluorometer. 

I 
·I 
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Prior to injection into the stream, the concentrated dye should be diluted 

with the stream water. This will help insure immediate maxinun dispersion. 

Addition of concentrated dye without dilution may result in inc~lete disper· 

sion, particularly in shallow streams. 
efll)hasis 

Calibration curves should be developed 

for each study with particular on accounting 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 peak 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 peak concentrations produces a measure of 
instream 

so ppb 

dispersion. 

If Rhodamine UT dye 
allow satisfactory 

is used as the 
definition of 

tracer, 
the dye 

peak concentrations .from 
concentration curve. 

Host methods of calculating the dosage~ of dye needed at the upstream 

1.0 to 

point 

involve estimates of one or more stream characteristics, such as flow, velocity, 
length of reach, volume in the reach, cross-sectional area, average depth, and 
the roughness coefficient, "n", of Hanning's formula. The USGS has produced 
excellent publications regarding to time·of·travel techniques, i.e., "Measurement 
of Time·of·Travel and Dispersion by Dye Tracing" (9) and 11Fluorometric Procedures 
for Dye Tracing" (10). 

The stream should be sa~led frequently liS 

stream point to define the tracer concentration 
~asis on the · peak. The frequency may be varied 
every 10 to 15 minutes, depending on how wide the 
sampling point. The fife lillY be missed altogether 
required for it to travel downstream. Much time 

the 
versus 

from 
band 

by 

fife arrives at the down· 
time curve with special 

once each. minute 
of dye has become 

to once 
at the 

overestimating the 
may be wasted, on the 

hand, waiting for it to arrive If the time-of-travel is underestimated. 

time 
other 

All 
of the information that will contribute to the best possible preliminary estimate 

tIme requl red should be used. 

There are two primary methods by which the stream water can ·be sampled and 
analyzed for fife. A submersible can be used to ~ fife 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 fluort'tneter 
individUally. With the "flow· through" 

be used to 
the fluorometer 

version, a strip chart recorder conn.ected 
to the fluorometer 
Readings directly 
can be 1111nually 

A version 

can 
from 

plotted against tlllle 

plot the tracer concentration versus time. 
scale or conversion to fife concentration 

when the grab sampling technique is used. 

of the grab sampl in; technique would automatic 
sampler which discharges into separate bottles. 

be to use an 
The sampler 

the sample 
Is pre·set 

water 
to 

collect samples at certain Intervals; at the end of collection time, 



the discrete s~les 

The concentrations 

shall be analyzed 
are then plotted 

and the concentration 
against time. 

determined for each. 

For proper determination of travel time, sa!lllles should continue to be 

analyzed until the stream background concentration following the peak 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 should be con· 

tacted prior to conducting tracer studies in freshwater systems to insure that 

tracer concentrations do not impart color to downstream public or private water 

supplies. 

7.8.3 Eauir.ment Available 

The following Branch equipment is avai table for time-of-travel studies: 

7.8.4 

travel 

• fluorometers, 

• tracer standards, 

• automatic sa!llllers, 

• pumps, 

• recorders, 

• flow meters, and 

• floats • 

Specific Eguir.ment Quality 

All of 
studies 

Measurement), 

the quality 
has been 

or 6 (Field 

control 
discussed 

Analyses). 

7.9 

7.9. 1 

this 
ular 

DILUTION STUDIES 

Procedures 

A great 
section 

deal of 
and USGS 

the previous 
publIcations 

"Measurement of Discharge by 

Control Procedures 

procedures 
in Section 

for equipment 
4 (Sa!lllling 

; 

util fzed 
Procedures), 

section (time-of-travel studies) 
provide references to techniques, 

Dye-Dilution Methods" (11). 

in time·of-
5 (Flow 

applies to 
in partie-

Dilution studies using tracer dyes evolve from "mass conservation" prin· 
ciples. That is, a known 11111ss 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 UT 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 ability 
of fluorometer• plus the sollbi l ity properties of tracer dyes make them the 
technique of choice. 

In dilution 
to be traced and 

studies, the 
then .anitored 

tracer 
after 

dye is precisely 111etered 
11ixing via a fluorometer 

into the waters 
at downstream 
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stations. This series of events. requires highly controlled metering 

very accurate fluorometric analyses. State-of-the-art fluorometers 

dilution study program a valuable assessment tool. 

7.9.2 Equipment Available 

The following Branch field equipment 

• fluorometer, 

• metering pc.lll), 

• tracer standards, and 

• pc.lll)S • 

7.9.3 Specific Eguipnent Quality Control 

See previous section. 
during use. Field calibration 

The metering 
data shall 

is available · for dilution 

Procedures 

pc.lll) sha ll 
be recorded 

be calibrated 
in the field 

rates 

make 

studies: 

before 
records. 

and 
the 

and 

The principal of superposition as developed by Kilpatrick and Yotsukura 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 accumulative concentration at each 
station provides a determination of the ultimate concentrations or steady-state 
concentration of a continuous discharge. By sirrple 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 o: Ultimate concentration of tracer (by superposition) at point 
of interest 

elct • Photo decay of tracer 

lc • 0.034 tidal day 

t • tidal days to ultimate concentration 

Vw o: Yastewater discharge per tidal day 

Vt • Volune dye released in tidal day 



I 
Assune: ct = 100 ppb I For exa111Jle: 

ekt = 1.2 (ultimate 

tidal days 

concentration obtained 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 facilities for NPOES permit 

COI!l>l iance require measurements of d\scharge 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 
a2 " pipe flow rate 

I 
I 
I 
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The following 

applications. 

is brief description of the methods available and their 

7.10.3.1 Metal Detection -- Metal 
by the 

detectors are used to detect changes in 

electrical conductivity caused presence of metallic materials, both 

co 
and 

ferrous end non-ferrous. Metal C1) ere limited to shallow depths 

to 8 feet), (2) can detect large objectives such as buried druns 
detectors: 

metallic 
light metallic laden wastes, (3) are weight end economi ce l , end (4) ere 

insensitive to soil moisture and small metallic objects. 

7. 10.3.2 Magnetometry -- Magnetometers are designed 
ately measure changes in the earth 1s magnetic field. The 
magnetometer is esse of operation and rel iabillty. 

The magnetometer•s design function is detection 

as burled druns bodies of ore which alter 

to ·detect and 
major feature 

of magnetic 
the earth 1s 

accur
of the 

objects 

such 
field. Magnetometers 

primary 
or large 
should not be calibrated or used in or around 

magnetic 
buildings, 

near powerlines, or directly on the ground. 

7.10.3.3 Electromagnetic Induction CEM> A transmitter induced coil 
directs induced current loops into the ground, which produce secondary fields. 
These secondary fields are then sensed or detected by the receiver coil, and then 
a~l ified and stored 

EM 
subsurface 
layered 

instrunents 
conditions. 

soils. 

on a strip chart recorder or magtape, · if desired. 

measure 
EM 

true 
units 

soil 
also 

conductivity in uniform, homogeneous 
measure apparent soil conductivity in 

Measurements can be 

instrunents. EM units are 
detection of buried druns, 

obtained from depths to 60 meters with 
very effective for rapid site recomalssance 

pipes, and metallic type conductors. EM•s 

these 
and 

are not 
limited by frozen grou-d, or wet or dry soils. 

7.10.3.4 Ground Penetrating Radar (GPR) 

Ground penetrating radar 
pulses directly into the ground 
reflected back to the receiver 

(GPR) 
from 
from 

units radiate 
an anterna 
slbsurface 

short 
near the 
structures 

duration 
surface. 

and 

electromagnetic 
The pulses 

are plotted 
are 

on a 
strip chart recorder. 

The 
feet In 
reduced 
defining 
difficult 

depth of GPR penetration is site specific ranging 
clay to as IUCh as 100 feet In dry quartz send. 
If ground water electrical conductivity is high. 
boundaries of buried trenches end other slbsurfece 

to use In sll ty or clay soils. 

7.10.3.5 Seismic Refraction Devices CSRO) 

from as little as 3 
Depths are further 

GPR may be useful in 
disturbances, but is 

Field operation is eee~l ished by transmitting sound waves into the ground 
by 111eans of • sound source (henmer, drop weight, explosives, etc.). Reflected 
sound waves ere then detected by receivers or geophones which automatically 



translate them into electrical signals, which are recorded and displayed in graph 

form· on a seismograph. Stratigraphic profiles can then be determined based on 

travel time of the sound waves through the different earth strata. 

7 .10.3.6 Resistivity 

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 emount of pore water present in the soil 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 permit 
current to flow. Very hard or compacted soils or frozen ground impede the use 
of resistivity because the electrodes cannot be driven into the ground. 

Resistivity surveys are costly and time consuning which malce the resistivity 
method unfavorable for a short reconnaissance trip or a quiclc : screening 
investigation. 

7.10.3.7 Very Low Frequency CVLF) Ground Conductivity 

The VLF instrunent uses the magnetic c~nents of the electromagnetic 
field generated by already-existing radio transmitters that use the VLF band 
(Very Low Frequency, 15-30 lcHz). Such transmitters are now operating in a n~r 
of countries, and are used primarily for long-distance submarine communication. 

Electrically conductive structures on the surface or underground, even when 
covered with thiclc overburden, locally affect the direction and strength of the 
field generated by the transmitted radio signal. A wealc secondary field is 
generated arCKnf the geological structure, which is most commonly a water-filled 
fracture or ore body. This field is measured by the instrunent. Different VLF 
instrunents avai table vary in the degree of useful output produced by each 
instrunent. Some merely quantify the secondary field measurement, while others 
provide real-time current density profiles and structure interpretation of 
identified anomalies. 

7.10.3 

7. 10.4 

Eaui~nt 

The following 

• 
• 
• 
• 

EM·31D 
Unimag 
Pipe 
ABEM 

Specific 

Branch equipment is available for geophysical 

Non•Contacting Terrain Conductivity Meter, 
II Portable Proton Magnetometer Model G-846, 

Seelcer 5 metal detector, and 
"adi VLF lnstrunent 

Equipment Quality Control Procedures 

studies: 
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All geophysical instruments . 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 documented in the field logbook as outlined in· Section 3.5. 

Personnel using the geophysical equipment shall be trained 
interpret 

in the use and 
maintenance of such equipment, and shall be able to · 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 personnel 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 
rently available will be conducted by qualified Hazardous \laste Section 
and will be given. to all Hazardous Waste Section personnel . during 
training sessions scheduled throughout the ·year. 

7.10.4.1 EH·31 Non-Contacting Terrain Conductivity Meter 

7.10.4.1.1 Asserrbly and Calibration Procedure 

• Align and connect transmitter tube to control box. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Check batteries by setting mode switch to operate 
position and range switch to +B position and then to ·B 

position. The needle should read in the battery mark. 
If not, replace batteries. 

Align and connect receiver tube to control box • 

Set range switch to 30 millimhos/meter position • 

Set mode switch to c~. position • 

Adjust meter to zero using coarse end fine c~. 

controls. 

Check phesh~g, set mode switch to phase position. 

Note meter reeding. 

Rotate coarse control to original position. No further 
adjustments are needed. 

If there 
adjustment 

is a difference in meter readings, an 
is needed. 

: 

is cur· 
personnel 

in· house 



• 

• 

• 

• 

• 

• 

• 

• 

Note: 

Put coarse control . in original position • 

Rotate 
meter 

phase potentiometer 
reading. 

1/4 turn clockwise and note 

Rotate coarse 
reading. 

control one step clockwise and note meter 

If meter reading does not change, 
Return coarse control to original 

If meter 
until meter 
is rotated 

reading 
reading 

one step 

changes 
remains 
clockwise. 

repeat 
the same 

no further 
position. 

above 
when 

adjustment 

adjustments 
control 

Meter should read between 
Cin Black Mark). 

75 - 85 percent of full scale 

Return coarse control to original position. 

EM·31 is ready for operation! 

is needed. 

: 

When calibrating .the EM-31 over ground with higher conductivity than 
30 mill innos/meter, the range switch should be set at the 
appropriate range level. 

7.10.4.1.2 EM-31 Operating Procedure - Measuring Soil Conductivity 

• 

• 

• 

• 

Adjust the shoulder strap so that the instrument rests 
comfortably on the hlp. 

to OPER position and Switch 
switch 

the mode 

so that 
switch 
meter reads in upper 2/3 of 

rotate range 
the scale. 

EM-31 can be operated continuously while moving from one 
measuring station to the other or the EM·31 can be 
turned off white 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 Operathm Procedure • Buried Metal Detection 

• Set the IIIOde switch to the COMP position. 

• Set the range switch to 30 milli~os/meter. 

• Adjust the COARSE and FINE compensation controls so that 
a 111eter deflection of about 20 percent of full scale is 
obtained. 
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• Operate the EM·31 
the exact location 

• Dismantle EM·31 

while 
of 

continuously 
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 

Hodel G·846 

The Unimag II is COII'pletely self-contained and ready for . field operation. 

sil!l'le 

• 

• 

• 

• 

• 

• 

• 

procedures should be observed to ·obtain optirrun results. 

· Check the sensor for sensor fluid: Shake the instrunent 
gently and lis ten for a 11sloshing11 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. 

Check the battery: Sil!l'lY depress the black 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 
recharging instructions. 

Lift 
the 

the Unimag II 

shoulder strap 
out 
for 

of the carrying 
a comfortable 

case 
fit. 

and 

Adjust the 11 tuning·kilograms11 knob to a position 
correlates with the earth 1s magnetic field. The 
field can be estimated by referring to the 
intensity map located in front of the operators 

Depress the black button on top of the instrunent 
release. The center digit on the readout will, 

battery 

adjust 

that 
earth's 

world 
manual. 

and 
briefly 

flash. This indicates that the cycle has started. It 
will take two seconds for the display to illuninate and 
give the earth's magnetic field in ganmas. 

When operating, hold the Unimag II waist high. When 
depressing black button for reading, hold instrunent liS 

still as possible. 

The instrunent should exhibit one count stability. If 
one count stability is not 
object Is present or a steep 
encountered. 
repeating 
the same 

Verify the 
the measurement 

position. 

possible, 11 ferromagnetic 
magnetic gradient is being 
one count stability by 

with the instrunent held in 

: 

Note: 
11111gnetic 

If the earth's 
latitudes-equator 

lllllgnetic 
area), 

for the 

field is 40,000 g81111111s or less 

See operator's 
rotation 

11111nual 
the sensor should be rotated 
correct procedure. The 

(low 

90". 
sensor . 



is not necessary 
the operator's 

• Do 

in Region 
manual. 

not operate 
(powerl ines, 

IV. . If problems 

the Unimag II in 
etc.), or directly 

arise with the. instrunent, r"efer to 

buildings, near high energy sources 
on the ground. Hold instrunent 

waist high. Do not wear magnetic objects such as jewelry, keys, 

tuned 
be reed 

• 

7.10.4.3 

watches, 

Become 
before 

zippers, 

familiar 
a ttl!flllt i ng 

Metal Detector 

pocket knives, belt buckles, etc. 

with the instrunent 
a field survey. 

and it's operation 

• The Tracer Metell ic Pipe & Liner Locator 

This instrunent 
<nulled) in order 

is a very sensitive 
buried 

field 
to detect 
before any 

piece 
objects. 
operation 

of equipment and 
The operators's 
iS Bttl!flllted. 

has to be fine 
manual should 

and understood 

7.10.4.3.1 Operating Procedure 

• 

• 

• 

• 

• 

Test the battery voltage on the transmitter 
(refer to the Instructions in the operators 
Make sure that batteries are fuLLy charged. 

Assenbly of the transmitter 
accomplished according to 
operator's manual. 

to the receiver 
the instructions 

and receiver 
manual). 

should be 
in the · 

should take 
concern but 

Null the instrunent prior 
place in an area similar 
where there are no buried 
instructions. 

to use • 
to the 

metal 

"Nulling" 
area of 

objects. Refer to the 

Practical with the instrunent over objects of known size 
and depth. 

For highest sensitivity, 
for an approx il!l8tel y 
instrunents nulled. . 

adjust 
half scale 

the sensitivity 
meter reading 

control 
with the 

• · Store instrunent in a secure, dry place when not in use. 

7.10.4.4 ABEM \led! VLF Jnstrunent 

: 

See owners 111ru1l 

of the basic steps for 
location of water•filled 

for detailed instructions. 
routine operation of the \led! 

fractured geologic terrain. 

The 
for 

following is a SIIIIIIBry 
site reconnaissance for 

7 .10.4.4.1 Operating Procedure 

• Tum instrunent on. 
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• 

• 

• 

• 

• 

Select suitable transmitter. Face the direction of anticipated 

profile and press STATION key. Wadi will display current 
degrees 
longest 

If 

radio 
and frequency end signal strength indicator. Turn 360 

observe the .indicator. The length of the bar should be Cor 
not, 

10 or 
more nearly so) when facing the direction of 

the 
be 

the profile. 
bar is less 

selected. 
and if the nunerical value displayed with than 

If greater than 50, a new transmitter rrust a new 
key transmitter is required, enter 0, 0, D, and press 

frequency 
the STATION 

again. After about three minutes a scan will appear. 

After the scan is completed, select strongest signal with large 

arrows on key pad and check for orientation of transmitter, as 

before. 

Select profile start point and specify 
profile 

grid. Press COORDINATE key 

and select starting coordinate, separation, and measurement 

separation distance. • 

Conduct measurements along profile. Press MEASURE key. Wait for 
prompt to press MEASURE key 
right portion of screen. 
measurements can be obtained 
inclination of antenna is too 
will indicate this condition. 
Remain steady while Wadi 
measurement point and conduct 

For 
make 

any additions profiles 
turn as required at 

measurements along successive 
date for proper interpretation. 

again. Observe inclinometer in lower 
A straight line is best, although 

with the open-carrot synbol. If 
great, instrunent will not measure and 

Re·orient antenna and try again. 
conducts measurement. Hove to next 

next measurement. 

in the same grid, 
end of each 
profiles. Wadi 

using large 
profile to 

eutoma:ically 

arrows, 
continue 

stores 

To interpret any anomaly identified on profile, press MEASUREMENT 
key once and, using small arrows, move cursor to top of selected 
anomaly. Press INTERPRETATION key. After several seconds, 
interpretation will appear above anomaly. Identical vertical and 
horizontal scales allow for estimates to be made of depth of 
anomaly. 
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