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EXECUTIVE SUMM\RY 

Tri -County Community College opened in 1967 • There are four main 
classroom and administrative buildings with a fifth under construction on the 
77 acre campus. The site was originally occupied by the NC Department of 
Corrections (DOC) who operated a prison there from the late 1930s until 1965. 
Clifton Precision, a manufacturer .of electric motors, occupied the site from 
March 1966 until January 1967, and the NC Department of Transportation (DOT) 
operated a maintenance shop at the site until August 1976. 

The DOC originally installed a septic system with a sand filter bed for 
domestic sewage. The leachate is discharged to McComb Branch. Tri-County 
Community College still uses this system and maintains an NPDES permit for the 
discharge. 

In January 1987 trichloroethene (300 ppb) was detected in the drinking 
water well at this site. Other wells in the community (including two 
industrial sites) were also found to contain low levels of chlorinated 
solvents. Tri-County Community College now uses bottled water for drinking. 

It was reported that small amounts of trichloroethene have been used in 
the chemistry labs and machine shop. A 55-gallon drum labeled trichloroethene 
was found in the machine shop, but it contains used motor oil. The origin of 
the drums is unknown. 

A CERCLA site inspection was conducted on 10-11 February 1987. Ground 
water, surface water, and sediment samples were collected. The well contained 
542 ppb trichloroethene and McComb Branch contained 68 ppb trichloroethene. 
No metals were detected in the well sample. 

The site is located in an alluvial valley. Geology is complex with 
much local folding. Fractured bedrock is the aquifer of concern. 
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BACKGROUND 

Location 

Tri-County Community College is located in Cherokee County about 4.5 
miles east of Murphy on US 64. The address is Route 1, P.O. Box 40, Murphy, 
NC 28906. The coordinates are: latitude 35° 03' 58", longitude 83° 57' 59". 

Site Layout 

There are four main classroom buildings with one other building under 
construction. The college is located between SR 1548 (just off US 64) and the 
forks of McComb Branch. There are two wells on site and a septic tank with a 
sand filter bed (Figure 1). There is an abandoned Department of 
Transportation maintenance shop adjacent to the site on the south. 

Ownership History 

Tri-County Community College has occupied the site since 1967. Former 
occupants of the site are as follows: Clifton Precision, 1966-1967; 
Department of Corrections (DOC), late 1930's-1965; Department of 
Transportation (DOT) Maintenance Facility, prior to 1976 (1). 

Site Use History 

There are no documented spills or disposals of chlorinated solvents at 
the site. Clifton Precision has used trichloroethene at its present location 
(about 2.5 miles north on NC 141) and has ground water contamination there; 
however, Clifton only operated at the site for nine months, and reportedly did 
not use trichloroethene at the time (1,2). The DOT reportedly used some 
kerosene and gasoline to·clean parts. Trichloroethene has been used by the 
community college in chemistry labs and the machine shop. A 55-gallon drum 
labeled trichloroethene was discovered in the machine shop, but site 
representatives reported that they were unable to determine when the drum was 
purchased (3). 

Permit and Regulatory History 

Tri-County Community College maintains an NPDES permit # NC 0035394 to 
discharge domestic waste water into McComb Branch. This permit is presently 
up for renewal and will be reissued on 1 April 1987 (4). 

Remedial Actions to Date 

After finding well contamination at the site in January 1987, bottled 
water was supplied for drinking purposes. 
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Summary Trip Report 

Joint site investigations were conducted at Tri-County Community 
College and Emerson Electric Company on 10-11 February 1987 by Jack Butler and 
Stan Atwood, NC DHR/DHS CERCLA Unit. Bob Wood, Cherokee County Health 
Director; Layton Schuh, Emerson Electric Co.; and Don Link and Roy Davis, NC 
NRCD/DEM, were notified prior to the investigation. 

We stopped in Asheville on the way up and talked with Don Link and Ted 
Minnick (DEM). Mr. Link gave us a summary sheet of 66 wells that have been 
sampled to date in the Peachtree Community. He was also preparing a map of 
the sampling locations which we picked up on the return trip. Mr. Link also 
explained that they were working with Emerson Electric under the state 
ground-water regulations to effect a clean-up. 

We arrived in MUrphy at 2:30 p.m. and met Bob Wood at his office. We 
briefly discussed our plans and arranged to meet with him the next morning at 
8:00 a.m. Mr. Wood gave us a copy of a general services map of the Peachtree 
Community, which locates all buildings and houses, to assist us with 
estimating populations within three miles of the site (554 houses counted). 
We later drove along all the roads not included on the above map and counted 
334 additional houses (all but six were on the south side of the Hiwassee . 
River). 

As arranged, we met Mr. Wood at his office at 8:00 a.m. on 11 February 
1987. We had selected eight sampling points as follows (Figure 2): 

1. Peachtree Creek below Emerson. 
2. Slow Creek above Emerson and below Clifton Precision. 
3. Slow Creek above Clifton Precision. 
4. Hiwassee River above Tri-County Community College. 
5. Drinking water well - Tri-County Community College. 
6. McComb Branch below Tri-County Community College. 
7. Emerson industrial waste discharge. 
8. Hiwassee River 3 miles above MUrphy intake. 

The Hiwassee River ranged in depth between a few feet to less than 10 
feet in site vicinity. Mr. Wood also confirmed that the surface waters 
downstream from the sites were not used for irrigation, but the Hiwassee River 
is stocked with trout and fished. No alternative water sources (other than 
bottled water) are presently available to the community. 

While at the Tri-County Community College site we met with Mr. Leon 
Tatham, Dean of Instruction, and Mr. Lyle Carringer, Business Manager. Mr. 
Tatham provided a map of the campus and told us that a 55-gallon drum of 
trichloroethene was found in the campus body shop. There were no records 
indicating that the college had ever purchased the drum. About two pints of 
trichloroethene were found in the chemistry lab and a small amount is used in 
the office on packing labels. 
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ENVIRONMENTAL SETTING 

Topography 

The site is in the Blue Ridge physiographic province of North Carolina. 
Elevations near the site range between 1550 ft. along the Hiwassee River to 
over 2000 ft. The site is located about 1625 ft. on a valley slope about 
0.3 miles from the Hiwassee River. The site slopes toward the river at three 
to five percent, but grades to less than three percent about 1000 ft. from the 
river (Topo maps -Appendix A). 

Surface Waters 

Drainage from the site enters McComb Branch Which flows about 0.3 mile 
to the Hiwassee River. The Hiwassee River flows about 10 miles to Lake 
Hiwassee. The mean discharge of the river is about 92l·.ft3/s. the flow is 
regulated by Chatuge Lake, located 22 miles upstream. Flow is greatest in the 
winter and lowest in the fall (5). The gradient of the Hiwassee River is 
about 12 ft. per mile (6). It is a WS III class stream and McComb Branch is a 
class C stream (7). 

Geology and Soils 

The geology in the site vicinity is complex: quartzite, phyllite, 
schist, gneiss, and marble bedrock occur (Figure 3). Except where changed by 
local folding, layers of rock in the MUrphy area strike northeast and dip 
steeply southeast (6). The site is located in an area of complex folding 
(Figure 3). 

Fracturing is abundant in rocks in the Murphy area. Jointing 
and cleavage are the most abundant types of fractures, but minor faulting 
is common l6). The Mary·King Mountain Fault underlies the Peachtree 
Community (8). 

Depth to the bedrock at the site is unknown; however, available data for 
wells in the area indicate depths to bedrock between 80 and 100 feet (6). 

Remnants of old valley bottoms form benches along the sides of valleys, 
and are commonly veneered by a thin deposit of sand and gravel. Tri-County · 
Community College is situated on such a bench slightly above the Hiwassee 
River. Available data from drillers' logs indicate a deep sandy clay soil 
layer (9). Hydraulic conductivities are likely in the lo-3 to lo-5 em/sec 
range (10). 

-4-
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Groundwater 

The chief aquifers in Cherokee County are fractured zones in bedrock; 
although the unconsolidated deposits overlying the bedrock may be aquifers 
(6). Depth to the water table at the site is less than 20 feet (11). Water 
levels in the MUrphy area are usually highest in March and lowest in November 
or December. Water levels may fluctuate 10 feet or more in a year (6). 

The amount of rainfall primarily controls the quantity of ground water 
available. About 9 percent of the rainfall becomes ground water in the Murphy 
area. This is more than 144,000 gallons per acre per year. Reported yields 
exceed 30 gpm in less than 5 percent of the wells. MOst drilled wells are 
between 100 and 200 feet deep; dug wells may be as much as 90 feet deep, but 
most are between 25 and 40 feet deep (6). Ah on-site well was reported to be 
270 feet deep. Springs are also very common in the area. 

Chemical quality of ground water in the area is good. Chemical analyses 
of ground water can be subdivided into five basic types based on mineral 
constituents. Ground water in the site vicinity is usually a calcium, 
magnesium, sodium bicarbonate type (Type 1) or calcium, sodium, magnesium 
bicarbonate type (Type 2) (6). 

Climate and Meteorology 

Seasonal Temperatures: 

Precipitation: 

Storm Events: 

(12,13) 

(oF) 
Mean Max. 
Mean Min. 
Mean 

(inches) 

January 
50 - 54 
28 - 32 
36 - 40 

Mean annual precipitation: 
Mean annual evaporation: · 
Net annual precipitation: 
Mean annual snowfall: 
1 year 24-hour rainfall: 

Mean days/year with thunderstorms: 
Prevailing winds and wind speeds: 

July 
8~88 
60 - 64 
72 - 76 

56 
35 
21 
10 
3 - 3.5 

50 - 60 
NW at 8 mph 

Emissions Inventory Summary for Cherokee County (Tons/yr) (14) 

~ Area Sources Point Sources 

Particulates 3,332 so 
Sulfur Dioxide 104 1 
Nitrogen Oxides 1,050 6 
Volatile Organics & 

Hydrocarbons 1,750 1 
Carbon Monoxide 7,010 1 
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Land Use 

The Peachtree area is a rural community situated in a mountain 
valley. The bottomlands are used for cropland and pasture while the mountains 
remain largely undeveloped woodland. 

Population Distribution 

A population estimate within a three mile radius of the site was 
derived from house counts taken from a Peachtree Community General Services 
Map and a "windshield" survey. A total of 554 houses were counted from the 
map north of the Hiwassee River and 334 houses were counted from the 
windshield survey south of the Hiwassee River (3). Using a factor of 3.8 
people per house, the following estimates are made: North of the river, 2105; 
south of the river, 1269; total, 3374. In addition, the following facilities 
and institutions add an additional 2450 people (15,16): 

Water Supply 

1. Tri-County Community College 
2. Emerson Electric Company 
3. Clifton Precision 
4. Murphy Medical Center and Nursing Home 
5. Peachtree Elementary School 

Total 

1316 
300 + 
476 
110+ 
250 

2452 + 

The Peachtree Community is presently dependent on ground water 
resources for its water supply. Both springs and wells are used by residents 
in the area. The nearest community water system is for the town of Murphy 
with an intake in the Hiwassee River about four miles downstream. Surface 
waters downstream from the site are not used for irrigation (3). 

Critical Environments 

There are no known critical environments in the site vicinity. 
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WASTE TYPES AND QUANTITIES 

There have been no reported spills or disposals of hazardous wastes at 
the site. Trichloroethene has been detected in the ground water and has been 
used in small quantities in the chemistry lab and machine shop. A 55-gallon 
drums marked "trichloroethylene" was found in the machine shop but contained 
used motor oil. The origin of this drum is unknown but it is believed to have 
been there for 10 to 15 years (3,11). 

A septic system with a sand filter bed drainage system (originally 
installed by the Department of Corrections) has been used for more than 40 
years (1). 

-7-
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LABORATORY DATA 

Summary (Appendix B) 

Sample Date Results (ppb) 

TCCC Well 1/19/87 Trichloroethene (300) 
Tetrachloroethene (0.06) 

TCCC Well 2/ll/87 Trichloroethene (542) 

McComb Branch 2/ll/87 Trichloroethene (68) 
1,2-trans-dichloroethene ( 
Chloroform ( 5) 
Phenanthrene ( 330) 

Zimmerman Well (46) 2/2/87 Trichloroethene (0.23) 

Inorganic analyses were requested for the TCCC well on 11 February 
1987. The results were negative. 

-8-
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TOXICOLOGICAL/CHEMICAL CHARACTERISTICS 

The acute toxicity of trichloroethene is slight; however, numerous 
deaths resulting from its use as an anesthetic or from industrial exposures 
have been recorded. Death results from cardiac arrest of respiratory 
failure. Trichloroethene can affect the CNS, liver, kidney, GI tract, lung, 
heart, skin, or bone marrow. The chief symptoms include: fatigue, headache, 
irritability, gastric disturbances, and intolerance to alcohol ll7,18). EPA 
classifies trichloroethene in Group B2 (sufficient animal evidence of 
carcinogenicity and inadequate human evidence), and has proposed a maximum 
contaminant level (MCL) of 0.005 mg/1 in drinking water (19). 

Volunteers exposed to 200 ppm (1070 mg/m3) for seven hours each day 
for five days only suffered mild symptoms (fatigue and sleepiness). Two-hour 
exposures to 1000 ppm resulted in effects on vision and motor skills; however, 
two-hour exposures at 300 ppm and 100 ppm produced no significant effects. In 
the later report, it was noted that previous exposure to alcohol augmented the 
effects of trichloroethene (18). 

About 60% of inspired trichloroethene is absorbed by the body (17). 
It is excreted unchanged in the expired air or metabolized to trichloroacetic 
acid (TCAA) and trichloroethanol (TCOH), which are excreted in the urine. : 
Both metabolites accumulate in the body and may be used as indicators of total 
exposures. TCAA concentration in the urine peaks on the third to fifth day 
after exposure and declines slowly with a half-life of 50-100 hours. TCOH 
concentration peaks during the first three hours after exposure and then 
declines with a half-life of 12-26 hours (18). Table 1 summarizes some 
toxicological/chemical properties of trichloroethene. 

Table 1. Toxicological/chemical properties of trichloroethene (17,18,20) 

Toxicity/Persistence 
Density 
Solubility (20°C) 
Vapor Pressure (25°C) 
TLV-TWA (mg/m3) 
TLV-STEL (mg/m3) 
LD5o (rat) 
LDLO (man) 
Stability: Non flammable, 

12 
1.46 
0.1% 
77 mm 

270 
805 
4.92 g/kg 

7 g/kg 
decomposes with heat, UV-light and alkali. 

-9-
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Appendix A 

Maps and Photographs 
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DIRE<':TORY 
CHURCHES LOCATION 
PEt.~+H REE MET HO DI<;T '-. PEA-:. HT REE BA PTJC:.T I -22 
U P.PE R P EA C H T REE BAPT IST I ·14"i 

!( I N GDOM HAL l.. 2-1'1 8 
PEA CHTAEE CHUFI:CH Of GO L. ~ - 4 
BETHLEtiEN F OUNDATION l - ' 1 
'lll'l t. SC O"!T B.A o- T r~T ~ -1~0 

hiT ZI(J l. EIAFTIS 4 --')9 
C A N YON RO A D BAPTrsr 4 ~63 

STORES LOCATION 
PEAC HTPEE FARM 

HO f"'E" SUP P \.. Y 
r.1v EN S GROCE J:;: Y 
RO BER SO N 'S 
S ~ I THM ONT 

SCHOOLS 

4 ND 
4 • < 
l -IZC. 
J- 139 ,14C 
2 ·- 9 4 

LOCATION 
PE ACHT REE ELEME NTARY I - I 
TR; COUNTY rECHNICA\.. INST 2 • I 31 

HOSPITAL 

FACT ORIES 
CI..I FT QN PR~CISION 
E ME"R S:)N ELE"CT'< l ( 

PUBLIC SERV ICES 

LOCATION 

LOCAT ION 
4 -. 
< • • 

LOCATION 
N C. HIGH-NAf PATROl STATION 4 -98 

4 9 7 
2 ·13G 

N r, oAt S M.AI NT fNto.Ntf 
N.C F<;k ~f<p S FFI V ICf 
Pf,'..C HTTtEf V. F Li 
rf.I\C I·f!F-:[f ':OIHI.'J N IT r Cdlo 

LEDGEND 

SCALE: 1" = zooo• 

0 
u 
Q 

D 

+ 
[j 

HOUSE 

TilAILER 

BARN 

CHUR CH 

STORE 

SCHOOL 

FACTORY 

BUSINESS 

PUBLI C AGENCY 

NORTH 

-----STATE MAINTAINED PAVED ROAD 

----- '' UNPAVED ROA 0 
PRIVATE ROAO , DRIVEWAY, OR TRAI L 

STRE A M 

INDIAN LAND BOUNDARY 

---- COU N TY 

RIDGE 

"""'" PEA K 
--~-~"' __ _ 

LINE 

ARE A SEPATION MARK 

NOTE: IDEIITITY OF NUMB ERED SYMBOLS Ill MAP SUPPLEMENT 

P fA C H T R E E ,., . ""'" "'~"""' """"" ""' 
SC~LE : t"c20 0 0'CO M M uNITY 

G 
\ 

\ INSET 

I 
/ 

/ 

Z N.lot£ ;~-:,·,1'1 TR.:..IU:.f 
PAko( Ar-.0 MOH"' 

Q,/(r-.(; T .t:.lfR 
AN r STORF 

THI~ ~AP IS .._·CMh 

NER A L SE RVICES MAP 
FIRE ,POLICE,AMBULANCE,ACTION, AID TO THE_ AGED, 
COMMUNITY DIRECTORY, PROJECl S, PLA N N INC , ETC. 

THIS MAP IS PREPARED AS A JOINT PROJECT BY THE PEACHTREE VOLUNTEER 
FIRE DEPARTMENT ,THE PEACHTREE COMMUNITY DEVELOPMENT CLUB, AND THE C HEROKE.E 
COUNTY MAP DEPARTMENT. THE OWNER-TENANT SURVEY WAS CONDUCTED BY LUCILLE AND 
J.C. K ILPATRIC OF PEACHTREE .. 

AND INDI'XED llY: 



---·. COUN TY -
OUAD NO. -;T/03 SE Rf A L NO . 

L AT. LONG . 

- ~~'~Sir '!!~ RE=•L-
& COMMUNITY DEVE LOP MENT 

0 ··CHAI#'c(}F r(}{f&10UYFO,M 
SAMP LE PRIORIT Y 

Repo r t to: @ FRO, MRO, RRO . WaRO , W iR O , 

-· 
O t he r-----------~-----------------

DATA EN TRY 
WSRO , e r --------- D RO UT I NE ~ EMERGENCY 

B Y /~ CK: lV¥1 
DATE RE p 0 R TED: ___ _,3,.L_-~fo==-----=-f'_Zr._ __ 

I 

I 
I 
I 

Sh ipp e d b y: B u O the r 

D ATE TI ME 

FIELD ANALYSES O wner 

pH400 --- Spec . Cond. 94 __ at 25°C Loca tion 

Temp. tO ____ 0 c Odor -------------

Appea ran ce ------- Ta s te ------- Samplinplvle thod 

Fie l d A nal ysis By: ------------------ Re marks 

L ABO R ATORY ANALYSES 

80053 10 moll Dis s . So lid s 70300 

COD High 340 m g/1 F luor ide 95 1 

COD Lo w 335 m g / 1 H ardne ss :To tal 900 

Co il t o rm: MF Fe c a l 3 16 16 11 OOml Hardn ess (n o n-c arb ) 902 

Coil l o rm :MF To ta l 3 1504 I l OOm I Ph enols 32730 

TOC 680 moll S pecill c C ond. 95 

Tu r bid! ty 7 6 rnu S uilat e 9 4 5 

S ull i d e 74 5 

pH 4 03 un i I s 

Alk al lni l y 10PH 4 .5 4\ 0 mg /1 

Al k al in i ly I O pH B. 3 4 I 5 moll 

C a rbona te 4 4 5 moll 

Bic ar b on ate 44 0 moll NH3 a s N 6 10 

Arseni c :T o tal 1002 uoll TK N a s N 625 

C arbon dioxide 405 mgll N02 ~ N03 a s N 630 

Ch lo r ide 940 moll P: To la l a sP 665 

Ch ro ml um:Hex 1032 uo II 

Co io r:Tr ue 80 P I-Co 

C y on ide 720 moll 

Lab Com m en ts: 

PURPOSE : 

---~----~~---~-------------- Samp l e Interval -----------------------
(pump , b a il e r, et c .) 

(pumping tim e, ai r tem p , e tc .) 

moll Ao- Slive r 1077 uoll O rga noc hlo rin e Pe sllc l des 

moll AI • Al um inum 11 0 5 u o ll O rgan o p ho sph o rus Peslicl d t s 

moll Ba - Bar i um 10 0 7 uo /1 

moll C a -C a lc i um 916 mo ll Acid Herdic l des 

uo ll C d - C a dmi um 10 2 7 uoll 

uM hos/c m '2 C hr omlum: To tal 10 34 ug / 1 Ba se I N e u lra l Ex lfJ CII b l• Or o • nlci 

m o ll C u · C o pper I 0 4 2 ug /I Acid Ex lra c la bl e Or g a nics 

moll Fe - I ron 1045 ug/1 

Ho - Mer cury 7 1900 ug/1 'X Pur geab l a Org a n1cs (VO A bo ltle ) 

K -Potassium 937 moll 

Mg ·Magne si um 927 m~l 1,2- Di brom o alh a ne (E DB) 

Mn · Manganese 1055 uo/1 

Na · Sod•um 929 molt 

mo ll Ni - Nickel 1067 ug/1 

mg/ 1 Pb - Lead I 05 I uo II d'~ 
moll S e ·Se l enium I 14 7 ug/ 1 ,c\1 o?.G~~ 
m oll Zn - Zinc 109 / ug/1 ... c~ f:\\\~v.~r- , c.. t\t.?O~'' 

..)' 

~ ;--~ .v.nr,.~--r . . ... ...... 

.. '<) ,. ·-· ' 
.. :"•J 

,. .. .; 
·-· ·.:r 

tvi ;.\R g 

iGH, f.i . C. 
G W- 5 4 Revised 7/85 Fo r Di ss olved Ana l ysi s - sub m it filt e r ed sa mpl e and w r i te "D IS " i n b l oc k 

White copy - H eadqua rt e r s P i nk c opy- Re g io n Ye ll o w c opy- Lab 

-~~--~ ~---- ----

I 
-- _ _j 



I 
! 

I 
I 

I• 

Reported by UJ n 

Checked by n~ 

Supervisor tf3e.f( 

Lab No. Sample Ty pe : {JJtJJ/'v 

7 G-3Jq 

ORGANIC ANALYSIS 

Entered b~ 
Checked by LM 

Analytical Results 

Date ..:J'j(_p / ct' ) 
I T I 

Concentration 

u u 

-' / () 

u 

--- GC/MS/DS •.1sed 



I· 
I 
llocation of Sampling: 

I 

N. C. DEPARTMENT OF HUMAN RESOURCES 
DIVISION OF HEALTH SERVICES 

SOLID AND HAZARDOUS WASTE MANAGEMENT BRANCH 

Chain of Custody Record 

Hazardous Waste Materials 

_____ Generator _____ Transporter 

_____ Storage Facility _____ Disposal Facility 

VOtber: CE~CLA . 

_Treatment Facility 

_I..andfil1 

fompany's Name 7//".CoaMTT CoPMm/ C01//t Telephone(70f--) cf":IZ-/f-?6' 
Address · / S,.. 6_9 ar- h C.., 

Jollector's Name:.....&J~~~~~:A4:J....I:zt:t!~----'Iele_phone( '1to/) 7 J J..,z?O! 
signature 

rate Sampled &6, /f, /&J' JY7 Time Sampled d 1 /1./ 
Type of Process Generating ·waste.__..C ........ o~& .... ~-..-..;OS.:-;,.2'_e.---=----------------
~ield Information v 

I 

I 
~~ain of Possession: 

l-~~ I ~ signature -

2. if~~ I · signature 

dtle 

~ 

fi-~J ~if/~;t(.?j 
inclusive dates 

title inchusiv~ dates 

r. signature title inclusive dates 

~~Results reported 

signature title. -.date 

II 
Instructions: 

II· 

I 

Complete all applicable information including signaturess and 
submit ~th·2nalysis_request forms. 



\ \ URCE 
DIVISION OF HEALTH SERVICES 

SOLID AND HAZARDOUS WASTE MANAGEMENT BRANCH 

Receipt for Samnles 

The samples described below were collected in connection with the administration, 
enforcement, and documentation of the: 

( ) North Carolina Hazardous Waste Management Rules, 10 NCAC lOF 

( ) North Carolina Solid Waste Management Rules, 10 NCAC lOG 

( ) Comprehensive Environmental Response, Compensation and Liability Act (CER~~) 

( ) Toxic Substances Control Act (TSCA).15 U.S.C. §2601, ~ ~·, specifically 
Sect.ion ll,of TSCA, 15 U.S.C. § 2610. 

I 
I 
I 
I 
I 

~I~n~s~p~e~c~t~o~r''~s~N~am~e~--------~--------------------~I~n~s-p_e_c~t~o~r''~s-A~d~d~r~e~s~s~---------------------1 
~~~--------------~~----------~--~ Name of Firm Firm Address 

~y~~~----~~---------------1 Firm_~~er, 9pe~a~cr, or Agent Title 

- -
SAMPLE COLLECTED I SA."'fPLE TYPE 
:t.'l!n-3 ER DATE TIME I WATER I SOIL 

I 

I . 

I 
I 
I 
I 

Receipt for the sample(s) described. 
above is hereby acknowledged: 

Signature of Inspector 

OT'tiER 
I DUPLICATE S.A2i?IZS I SA.v.?!.E LOCATION 

OFFERED ACCEPTED I REJEC!·ED I ON-S!~~J OFF-SITE 
.. .··., 

t···". :l . .. .. '· .... , ·. .. · ·.· . 

-. 

. 

Receipt/rejection of duplicate or split 
samples is hereby ackno'l.·ledged·: 

~ .• 

I 

I 
Signature of Fir.c ~er, Operator, or Agent 

Title Title I 
COMMENTS·------------------------------------~------~------------------------

I. 



'--L~or"Human Resources 
on of Health Services 

- ------------------

State Laboratory of Public Haith I 
P. 0. Box 2804 7 

N. Wili'Uiniton Street 
Ralcidl. 27611 

1 

1-- ~ (r8A) 

~um~ Z 0 cf2 R eld Sample Number ------~~~i+-----
[ISi~e - Tr~~ Co[tnt"z_ Camiftu;,'iy Co~co/.<?:. s~tetoa:ion UY: A/.,C,. 
r tedBy S-Tan A-r~ooo/ ID# ..err" DateColleaed~e.cf, /.{, l9'cPZ . 

nJ Sample: 

r ;-onmentll Concentrate Commenu 

~t Groundwater ct> Solid cs> _71 
..... £"'-----'Tt.-"c~c"""'"c~ ...... M......._e--.....l_..l--:----------

~- Surface Water {2) Liquid {6) 

L.~l Soil (3) Sludge (7) 

P Other (4) Other (8) 

L.----------------------r---=IN~o~R~G~~~~c~~~~~~Y~------------~------~ 
Ext:ractables 

Results mi/1 

c c: . 
L Barium 

~~mi~ . 

~
Lca;rruum 
·· ercury 
llJ~~iu_rn_ _ _ ·------

~------
f= ---------

BI 

Parameter 

v Arsenic 
....lL:. Barium 
..lL:.. Cadmium 
__ Chloride 
~Chromium 
__ Copper 
__ Fluoride 

--lion 
Lt.ead 
__ Manganese 
V Mercury 

__ Nitrate . 

£Selenium 

Total 

Reaulamv1 

L... CJ,O/ 

<o. I 
<.. 0 cc<.,c·~ 

<(),DOS:: 

Parameter 

~Silver 
__ Sulfaa:s 
_ _ Zinc 

_Ph 
__ Conductivity 
_ms 
_Toe 

[ ORGANIC~Y 
.-------------~--~~~~------~--------------~ U rameter 

P&.T:GC/MS 
Jlf.cid:BIN Ext. 
C• ox 
5---
D 

MICROBIOLOGY 
Parameter 

MF) Coliform Colonies/lOOmis 
Pf-PN) Collform Colonies/lOOmis 

Parameter 

_EDB 
__ PCB's 

_Petroleum 
_Endrin 
-Lindane 

Results m&f 1 

-Gross Alpha 
__ Gross Beta 

Parameter 

__ Methoxychlor 
_Toxaphene 
_2,4-0 

Results mi/1 

-2,4.5-TP (silva) ---------1 

RADIOCHEMISTRY 
ReaultaPCi/1 

Blecc:i~d ------------- Date Reponed ----:~1'"7/ ..... 377b ...... r ...... 2o"----------
~~.Extncted ------------------- Date Analy:ed :------;-"";"0....-,;"i"'i~~--:-"""',..,------

"'111~-- UOJ IOu rcb l387 
~Jed By Lab Number -----------------



I 
I 

• • r~SOURCES 
DIVISION OF. Hlll..!E SERY!CES . 

SOLID AND B.AZARDOUS loiASTE MANAG~l' BRANCH 

Chain of Custody Record 

Hazardous ~aste Materials 

~ 
·' 

_Generator 'Iransporter -
I 

~Storage Facility ____pisposal !acility 
_Tre.at:ment Facility i 

_Landfill ~ 

VOther:A CEt1CCL A . 
r?any' s Nam.-/r / Ce>u v> 7'-r co-l#/ e, 7/, . 
:..ocress _as, r~ £: ~~t:;;ehyo, A// c., 
Jllector's Name.J~ ~ 1lb;;J 

(j signature 

'Ielephone ( 7?> ~ ) R' 3 7- 7 ~? 6' 

'Iele_phone( 9'!9') 7J :J-;:lJ"O / 

'Iilne Sampled /1, /"f / Jte Sm:1pled ·;=e_,b, /~ / Cf J>'/ 
":'"::-;e of Process Generating 'Waste--....:::C;;;...;;;o;.._/.;..,/ ... ~~----.o.-_.,..__ _______________ _ 

l::.:!.·d !nfon:ls.tio~ " _. 

~~----------------------

I_ .. ·_.: r- ··--., _ .... _ 7 r <;""" L/ 
.., ....... t" ... ._ o\.,\.1. ; _.. -- ' 

""":" r,~t--
..:J -· ~) ~ 

I . 0 • _.____ .. 0- 3 s-~ I 

~a~n of Possess:!.on: ~.d 

-. ./7~-~ <" ~ // ~h,..., J 
- • c ... ~~z.,.-- ~_/~~_g., '---" 

~- . . signature 

?c/ d&a-~ dh&d 
signature 

t::&ralf:/$/tJt%nt · .:;? -I .l- -17 
title inclusive dates 

'.--~--signature title inclusive dates 

ll;s~lts reported 

I 
signature title date 

Instructions: 

I. 
Complete all applicable information including signatures, and 
submit ~th·~nalysis request forms. 

I 



~mnent cr"Human Resources 
:c. of Hdth Scrvieea SAMPLE ANALYSES REQUEST 

.: of Site 

::ldBy Tune Olfjo 

Concentrate Comments 

ofSample: · 

(onme~tal 
/1,' Wt:,Jlf/#1!: tf?,'l/tfW' 

·' 
- Groundwater (1) Solld (5) 

' J- Surface Water (2) Uquid (6) 

- Soil (3) Sludge (7) 

1- Oth~ .. ( 4). . . . .. . . .. -. --. 9th~ .(8) 

- INORGANIC CHEMlSTR.Y 

I Extracb.hles 

?::...--ameter 

1-=s:nic: 
.::.:.:'ium 

1
--.:d:ni~rn · 

.-.:-o:ruum . 
... -.-

Results mg/1 Parameter 

_Arsenic: 
_Barium 
_Cadmium 
_Chloride 
_Chromium 
_Copper 
_Fluoride -_ucn 

Total 

Results m.g/1 Parameter 

_Silver 
_Sulfates 
___ Zinc 

_Ph 
_Conductivity 
_TDS 
_Toe 

Results mg/1 

--~------ _____ ._. _·-_- ------~~~~·- ----- ---·_--_--_·-_. ----
_Nitrate. I _Selenium 

ORGANIC CHEMISTRY 

Results mg/1 Parameter ,-
.P&T:OC/MS 
~cid:BIN Ext. 
IJ"OX . 

·---------- MICROBIOLOGY 

Puameter: 

MF) Collform Colonies/lOOmis 
~MPN) Coliform Colonies/lOOmis 

_EDB 
_PCB's 
_Petroleum 
_Endrin 
__:}Jndane 

Results mg/ 1 Parameter Results mg/1 

------_Methoxychlor 
----------- _To~h~e 

_2,4-D 
_2,4.5-!?(sUvex) ------

RADIOCHEMISTRY 

Panmete7i ResultsPCi/1 

-Gross Alpha 
-Gress Beta 

rlec:dvc;d ------------------ Date Reported-----:------·-· _ ... _ .. ~· ··:-.· .:---..:..... __ _ 

.e1l::xtracted ------------------- Date Aml\-:ed . 

ed By· Lab Number.--------:-------...:... 
7UU354 



. ~mnent of Human Resources .i. of Haith Services SAMPLE ANALYSES REQ.UEST 

- of Sample:· · 

nlronmental 

-Groundwater (1) 

lt- Surface Water (2) 

-SoU (3) 

1- Otb~ (4) ... ····. 

Concentrate 

--ScUd (5) 

--UC:zuid (6) 
__ Sludge· (7) 

--.-.. Oth!= ,(~) 

Comments 

!!,-wq.s e.e 
.> 

- INORGANIC CHEMISTR.Y 

I Extractables 

l..rsenic 
. riariu.m 

l
·-::zc7.li_um · 
::-~:-omium ___ 

.... _'"'_ 

Results mg/1 Parameter 

_Arsenic 
_Barium 
_Cadmium 
_Chloride 
_Chromium 
_Copper - .. 

------ 1-:lUOtll,lC: 

----------·-uon 

~~------ ~==------- ~~n~e 
----- --------- ~Mercury- -

- Nit:ra.te . 
-~ _Selenium 

Total 

Results ~vt Parameter 

_SUver 
_Sulfates 
_Zinc 
_Ph 
_Conductivity 
_ros 

ORGANIC CHEMISTRY 

:z.rametcr 

- P&. T:GC/MS 
IAcid:BIN Ext. 
llfOX . 

Results mg/1 Parameter 

-EDB 
-PCB's 

------ · _Petroleum 

Parameter 

_ Metboxyc:blor 
_Toxaphene 

------- _2,4-D 

Results mg/1 

-- ----~- -· -- -· ---- . 

Resultsmg/1 

_Endrin _2,4.5-TP(silvex) -----
~---------- MICROBIOLOGY 

Paramctcs:: 

_ (MF) Coliform Colonies/lOOmis 
I[MPN) Collfonn Colonies/lOOmis 

__:Lindane 

Paramet~ 

-Gross Alpha 
_Gross Beta 

RADIOCHEMISTRY 

Results PCi/t 

rleceiv.:d -----~------------ Date Reported---:--:------------rctcd 2 -1 .3 ->?7 ~$ Date ArWr'.d :-------;:;-~~:-:· .:-:··=---------
7\}0355 

ed By· Lab Number -------------



. . 
. . . Lmnent of Human Resources i• o£ H~th Scnices SAMPLE ANALYSES REQ.UEST 

State Laboratory of Public Health 
P. O.Box28047 

306 N. Wi!miniton Street 
Ralciih. 27611 

_ of Sample · 

nlronme~w 
- Groundwater ·(t) 

1- Surface Water {2) 

-SoU {3) 

J- Oth~ {4) -:>ed~ .. 

Concentrate 

__ SoUd {S) 

__ Liquid {6) 

__ Sludge {7) 

--. 9thc:r (~) 

Comments 

&-wq;.s:ee 
·' 

- INORGANIC CHEMISTR.Y 

I· Extract:a.bles 

?z.ra.meter 

.=senic 
- .:3arium 

1~-~d::li.~ . 
.:-.:-onuum . __ .... 

-~-.;. .... 
·.:;:-cury 

I .. ~J_:.:'!IU..!.Il_ .• 
~::ver 

Results mg/1 

1----~ 

1-------
larame~er 

~ _P&.T:OC/MS 
/reid: BIN Ext. 

lfOX . 

Results mg/1 

Parameter 

-Arsenic 
--Barium 
_Cadmium 
_Chloride 
_Chromium 
__:_eoP?er 
_Fluoride --.trcn 
_Lead 
--....:.Manganese 
~Mercury · · 
-Nitrate. 
_Selenium 

Total 

Results tng/1 Parameter 

--------- -SUv~ 
------------ -S~a~ 

-Zinc 
-Ph 
-Conductivity 
-TDS 
-TOC 

ORGANIC CHEMISTRY 

Parameter Results mg/ 1 Parameter 

-EDB ------ -Methoxychlor 
-PCB's ------ _._To~h~e 
-Petroleum -2,4-D 

Results mg/1 

Results mg/1 

-Endrin -2.4.5-TP(silvex) ------
~---------- ·. MICROBIOLOGY 

Parametet 

_ (MF) Coliform Colonies/lOOmis 
I(MPN) Colifonn ColoNes/lOOmis 

_:lindane 

PanmeteJi 

-Gross Alpha 
_Gross Beta 

RADIOCHEMISTRY · 

ResuluPCV1 

rlecc:iv~d ------------------ Date Reponed---:----· _
1

_:-'_· ___ ...-,.:_ __ _ . "" .. 
ttxtracted Date Analy:ed 

7H0356 
p ed By· Lab Number.--------~----...:.. 



. Lmncnt o{ Human Resources 
i•ofHcsith 5eniea . SAMPLE ANALYSES REQ..UEST 

- of Sample · 

nlronmental 

-Groundwater ·(1) 

f, Surface Water (2) 

-SoU (3) 

~-~~ (4) 

Concentrate 

--ScUd (5) 
__ lJqwd (6) 

-- Sludge (7) 

--. . Otb~ (~) . 

Comments 

CreeK 
. ~ 

ThlORGANIC CHEMISTR.Y 

I Extract:lbles 

.. :::.~-,um 

l
:::::ni:un .. 

--""'-.. . ...... ~ .. uum . __ ,... __ ........ 

Results mg/1 Parameter 

_Arsenic 
_Barium 
_Cadmium 
_Chloride 
_Chromium 
___:_ CopPer - .. ------1-:lUOt"lUC 
_uon 

-1----- ------- . · ~nese 
----- -------· _Merc:urr · 

_Nitrate. 
-~ ~Selenium 

Total 

-------- ___ suver 
--------- ___ Scl!a~ 

---.Zinc 
_Ph 
_Conductivity 
_TDS 

ORGANIC CHEMIS'I'RY 

Resultsmg/1 

farameter Results mg/1 Parameter Resul:s mvl Parameter Results mg/1 

-EDB 
-PCB's 

~P&T:OCIMS 
.~cid:BIN Ext. 
IITOX . ------ · _Petroleum 

1---------- MICROBIOLOGY 

I P&rameter 

_ (MF) Collform Colonies/lOOmis 
I{MPN) Coliform Colcmies/lOOmls 

_Endrin 
_:llndane 

------_Methoxychlor 
-------- ___.To~b~ 
------ _2,4-D 
------ _2,4.5-TP (silvc:x) -----

Panme~ 

-Gross Alpha 
_Gross Beta 

RADIOCHEMISTRY 

Results PCVl 

rlec:ei~d ------------------ Date Reported---:-----~·._··,"':''"-:-..__ _____ _ ...... ~ 

l :.xmaed ------------------ Dare Amlr..cd 
7\10357 

ed By· Lab Number ---------------



. bmnent of Human Resources : i• of Hcslth SctW:es . SAMPLE ANALYSES REQ.UES'I 

- of Sample . 

=lronmental 

- Groundwater "(1) 

~Surface Water (2) 

-SoU (3) 

~-~~.(4) ..... 

Concentrate 

--Solid (5) 

--Liquid (6) 

-- Sludge. (7) 

-- 9thc:. (8) 

Comments 

Creek 
.: 

1 
INORGANIC CHEMISTRY 

r.----~~-----~~---------,--~~~~~~~~~~--T~o-al~----------~----------

Results mg/1 Parameter 

I
:. ::-c:u.-r· . . 
~~_;~~IU_r:l_-

.:ver 

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

_Arsenic 
_Barium 
_Cadmium 
_chloride 
_Chromium 
___:._ CopPer 
_Fluoride 
_u-on 
_Lead 
~_Manga?~_e 
_Mercury 
_Nitrate . 
_Selenium 

Results tng/1 Para~ncter 

_sUver 
_Sulfates 
_.Zinc 
_Ph 
_Conductivity 
_ros 
_TOC 

Results mg/1 

ORGANIC CHEMIS'I'RY 

arameter 

-· P&.T:GCIMS 
4.Acid:BIN Ext. 
-ITox . 

Results mg/1 

MICROBIOLOGY 

Puameter 

_ (MF) Coliform Colonics/lOOmls 

1 
(MPN) CoUfonn Colonies/lOOmis 

Parameter 

-EDB 
_PCB's 
_Petroleum 
_Endrin 
__;_: l.indane 

Results mg/1 Parameter Results mg/1 

------ -Methoxychlor 
-------- _To~~ 

Parameter; 

-Gross Alpha 
_Gross Be~ 

_2,4-D 
- 2,4,5-TP (silvex) ------

RADIOCHEMISTRY 

Results PCVl 

1rleceiv-:d -----n~----..;,_ _____ Date Reponed---:-----·--··-'~_. ,_ ... '-7"" _ _.:., __ _ 

c,Ji 

l
xtracted _.2._---~' 3~ ... ..:;l';;;..· 7~.c;.f,~;~r3...._ ____________ Date Am.ly:ed 

.· 700358 
edBy LabNwn~----------------~--------~ 



:~rnnent of Human Resources 
.ilof Hdth Sctvlca SAMPLE ANALYSES REQUEST 

ofSample: · 

.Jonme~tal 
-Groundwater (1) 

1- Surface Water (2) 

-SoU (3) 

~J. ~~ .{4)S~~-.-

Concentrate 

-- Solld (5) 
__ Uquid (6) 

-- Sludge· (7) 

,__,...-.-.. c;>m.c:r (8) ... •· 

Comments 

Creek 

- ~ ... ·. 

1 · E.xtractables 

INORGANIC CHEMISTRY 

I ------
I 
~rameter 

:::p& T:GCIMS 
4od:BIN Ext. 
.-ox . 

Results mg/1 Paruneter 

-Arsenic 

------------· -~um 
_Cadmium 
_Chloride 
_Cnromium 
~CoP?er - .. 
-rLUO'ni-1C 

-.Uofl 

_Lead 
_:Mangan~e 
_Merc:u:y 
_Nitrate. 
_Selenium 

Total 

Results m~l· Parameter 

_suver 
_sulfateS 
_Zinc 
-Ph 
~Conductivity 
_ms 

Trv"' 

----~----~-----------

ORGANIC CHEMISTRY 

Parameter Results mg/1 Parameter 

-EDB -------Methoxychlor 
-PCB's ------- -To~b~ 

-------·-Petroleum -2,4-D 

Results mg/1 

_Endrin ------ -2.4.5-1P(sUvex) ------

·• MICROBIOLOGY 

~ Parameter 

_ ~F) Collform ~lonics/lOOmls 
~MPN) CoUlorm Colonies/lOOmis · 

-..:IJndane 

Panmetefi 

-Gross Alpha 
_Gross Beta 

RADIOCHEMISTRY 

ResuluPCVl 

:lecdv-:d ------------------ Date Reponed---::-----·~··:-:-.. -· ------

:wxmaed ------------------ Dare Analyied 

?Ired By· Lab Number --------------

.. 
7i~0359 

I 



. . 

8Pzmnent of Human Resources i. of Health Services SAMPLE ANALYSES REQ.UEST 
State Laboratory of' Public Health 

P. O.Box28047 
306 N. W'&lminrton Street 

~27611 • ~~ ·cr8A) •oa- ZO 4J · Field Sample Number --·~3_r_t;.;;;._O _______ _ 

_ ejfSite Tr.:-: C~[th7'-z C.ztrrm~::>tt·Co~.&ye·.·.s;teloa:ion /"'1ur~h9(, A/.~C,. 
e.dBy Sra~ A-r,..,oool . 10# .y~ DateColleaedFe.b. /.(, 19'J>7 ., Tune /000 

- of Sample: · 

nlronment:al 
~ .. 

-Groundwater ·(1) 

1- Surface Water (2) 

-SoU (3) 

1- Oth~ .( 4>.. . 

-I· Extractables 

Concentrate 

--Solid (5) II:"(; · TCCC 

-- Liquid (6) 

-- Sludge. (7) 

--~cr.JS). 

INORGANIC CHEMIS'IltY 

P<lr:lmetcr Results mgil Parameter 

Comments 

f~VB/( 

Total 

Parameter Results mg/1 

..rsenie -Arsenic 
_Barium 
_Cadmium 
_Chloride 
_Chromium 
__:_Copper 
_Fluoride 

------------- ___ suv~ 

~dm~~ · 
.,~:~rn.tum 

~-..., _ ...... 

l----
1-------
f<~.nmeter 
-P&.T:GC/MS 
iAcid:BIN Ext. 
(rOX . 

Results mg/1 

~---------- MICROBIOLOGY 

Para.me~ 

_ (MF) Coliform Colonics/lOOmls 
I(MPN) Colifonn Colonies/100mb 

-ii'Oi'a 

_Lead 
___; Mangan~e 
~Mercury· 
_Nitrate. 
_Selenium 

ORGANIC CHEMISTRY 

-EDB 
-PCB's 
-Petroleum 
-Endrin 
_:}Jndane 

Results mg/1 

Parame~ 

- Gtoss Alpha 
_GrossBeu 

_sulfateS 
_Zinc 
-..Ph 
___ Conductivity 
___ ms 
_..TOC 

Parameter 

_Methoxychlor 
_Toxaphene 
-2,4-D 

Results mg/1 

_2,4.5-TP(silvex) ------

RADIOCHEMISTRY 

Results PCVl 

-rlecdvc:d ---------------- Date Reported---:----·_.·-·":"'-;::",.~----:.. __ _ 

.. 700360 C cted __ _.;...-----~--------- Dare Analr.ed ·· · · · 

By· Lab Number.-------~----...;_ 



. . 

- .mncnt o{ Human Resources 
!~of Health Scnices . SAMPLE ANALYSES REQUEST 

- of Sample:· · 

~nmental 7 .. 
-Groundwater (1) 

1- Surface Water (2) 

-Soil (3) 

1- ~~_(4) ..... . 

Concentrate Comments 

--Solid (S) #c:; TC cc IA./e/1 
.I 

-- lJQuid (6) 
__ Sludge. (7) 

--- -~C.: (8) .. 

- INORGANIC CHEMISTRY 

I 
?::.r:mcter 

1
-:_-:c:ni~ . 

:-.:-orruum . 
-. .:.-

~I 
·-----

Results mg/1 Parameter 

_Arsenic 
_Barium 
_Cadmium 
_Chloride 
_Chromium 
_Copper .... -·, 
-rlUOrlUC 

-i.LOit 

_Lead 
__;Manganese 

11-----
~Merc\lr1' · 
_Nitrate. 
_Selenium 

Total 

Resula m.rV-1- Parameter 

_suver 
_sulfates 
_Zinc 
_Ph 
_Conductivity 
_ms 

Trv'"" ,----

ORGANIC CHEMISTRY 

la.ramet_er 

- P&. T:OCIMS 
/ir\cid:BIN Ext. 
lfOX . 

Resulum;/1 Parameter 

_EOB 
_PCB's 

------ · _Petroleum 

Results mg/1 Parameter 

- Methoxychlot 
------------ __ To~ 

--2,4-D 

Rcsults~/1 

Resulam~1 

_Endrin _2,4,S.TP (silvex} -----

~--------- ~Lindane 

... ·. MICROBIOLOGY RADIOCHEMISTRY 

Parametet: RCsulta PCi/1 

_ (MF) Coliform Colonies/lOOmis -Gross Alpha 
_ (MPN) Coliform Colonics/lOOmls 

1------
-Gross Beta 

tleccivt;d --------------------------- Date Reported----:---~----------
t,xtracted _ _2 :..;{-~ Date Ana11-ied -. ---l""''"'r'~-~-~· ~----..;....-. 7~;0361 
p ed By· Lab Number- --------------



-~~~!!t:HruJ 

~1211\) 

i~ll 
IJj BASE/NEUTRAL AHD ACID 

EXTRACT ABLES 

STATE. u.BOAAlORY Of PUBLIC HEALTH 
DIVISION Of HEALTH SERVICES, N.C. DEPARTMENT Of HUMAN RESOORCES 

P.O. BOX 28047 - 306 N. Wll"INGTOH, ST., RALEIGH, N.C. 27611 

ORCAHlC CHEMICAl ANALYSIS 
lA8 NO 7o~5 i'"~ l"d)~C, 7otJ 3.r!l /10 '3 )'j_ 

3 -;,-';"~ - 3s-.n:: "3 )-f"'Y 5"l)_i FIELD I 

TYPE L~l ( JY) ( '2-) ( lJ-) 

7ott]~/ 
1$""C I 

C I l Cl:it1POOHO 
UNITS fua/1) uaFJt:g ug/1 {("q!k9) Mffu!glkq ~q/lnagtkci) .6at1 lua/ka 

N-nit.rosodimethvlamine 
bis(2-chlonoethv1)ether-
2-ch lorooheno 1 
phenol 
1 3-dichlo~zene 
1 4-dichlorobenzene 
1 2-dichlorobenzene 
bis(2-chloroi rV~oJyl)ether 

~~{!l{::~~~~:':.~ 

II' 
hexachloroethane 
M-ni troso-di -{L;lropyl amine 
nitrobenzene 
isoohorone 
2-nitroohenol 
2 4-dimethvlohenol 
bisC2-chlonoethoxv)rrethane 
2 4-dichl .L 1 
1.2.4-trichlorobenzene 
naphtha 1 ene 
hexachlorobutadiene 
4-ch loro-m-creso 1 
hexach lorocvc 1 ooentad\ ene 
2.4 6-trichlo~nol 
2-chlot"'Oa.Phthalene 
acenaohthvlene 
dimethyl ohthalate 
2 6-dinitrotoluene 
acenaohthene 
2. 4-di n i tropheno 1 
2.4-dinitrototuene 
4-ni troohenol 
fluorene 
Hhlo 1Phenvlether 
diethyl ohthalate 
4,6-<finitro-o-cresol 
diohenvlamine 
azcbenzene 
4-b- .L lohenylether 
hexachlorobenzene 
pentachlo .L 

~1 
phenanthrene 
anthracene 

ti~WHl . 
=±~r~l;HHHr:~ ~ - F;w~~./ '" &'t. 1t.. 
,~"''''Hmi~~~ J - Estimated value. 

dibutvl Dhthalate 
fl uor-anthene 

- cr--:- -~ 'r7i"'"' I. .. 

I 
I 
I -

I 

I 
! 
I 
I I 

. I I 
I 

~ i I 
~ i 

' I 
,J i ,, I I 

' I 
! 

( ,, i 
'-"' I 

I 
\i\ I 

! 
~ i 

' I 
t11 I 

('...' t /_ 

~ \If_ 
I /()K.. 

I 
"" 

I 

I ' 3_ dK... 
I t1 

g _t-1 

'JI \ ' 1/ J, 

-:1: m~m~~ K - Actual value is known to be less than value given. 
~L..:~~~~~~~~j l - Actua! value is known to be greater than value given. . 
:~~~mm~~4 u- Kater1al was analyzed for- but not detected. The nuroer is the "inirrun Detection Llmit. 
g::::mr~i'.f.f,'l NA - Not analyzed. 
i;~~~~tW:':'1 11- TenUt.ive identification. 
·::.: "'""'''~ ~I -On HROC List of Priority Pollutants. 

l .. c v . .. 
, ... • • .(.V-<.4.(.0rt o · HeaLth Se~~.v.icu 

--- £..1 

I 
I 

,,, 

. 
"7a ,, 3 {? ) 

;.:..-c J 

1¥l 
/ua!V uo/kc 

c:...., 

. ·''I 
lt/7 

VI 
I 
i 
I 

I 
I 
I ,., 
3~ 
u 

I . 
I 
I 
! 
! 
I 

: 

·-I 

I 

1 
I 
I ., -v 

/OK. 
t., 

I 

v 
/C. 

0 
u 
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BASE/NEUTRAL AND ACID 
EXTRAcT ABLES 

. ' 

. STATE v.BOO.ATOOY Of PUBLIC 1-EALTH 
DIVISION Of HEAlTH SERVICES, N.C. OEPAATI'EHT Of 1-UWt RfSMCES 

P.O. BOX 28047 - 306 N. WIUUNGTON, ST •• RALEIGH. N.C. 27611 

mc.a.HIC o-EfttCAL AAALYSIS 

FIELD I 
(-~) ( .JJ..> ( -:/-) ( fj_ c /l ( ?oL). 

UfiTS 
pyrene 

benzidine 
butvl benzvt Dhthalate 
benzfalanthracene 

3 3-dtchlorobenztdtne 
btsC2-ethvltM!XVllohthalate 
di-n-octvl Dhthalate 
benza (b) f1 uoranthene 
benzo Clc) f1 uoranthene { 

benza(a' 
t ndeno(l 2 3-cd' -· . I 
dibenzo(a hlanthracene I, 

benza(o. h noervtene \ \ I \I/ 

~iline ~ i 
benzoic add -' 
7ben:.:.;,~zv·t-=a:.:;lcoho~~1------l~..l. l~ ~...,.-r--+--+---!---+--+---+---+--:---;--:~- _I C-chloroaniHne .........., · 1 

dibenzofuran t'i · 1 

2~thvln.aohthalene N 
2~thv1~1 "\. 
4--m:!thvlDheool 
2-ni troani line 
3-ni troani 1 i ne 
~ttroaniHne 

2 4.5-trkhloroohenol 

I 

IJ- ~It/,.,·~ .. ~ 
J - Esticnated value. 

,' 

,,, 
(-.) 

~- Actual value is known to be less than value given. 

\ 

It 
(-.) (-) 

L - Actua! value is known to be greater than value given. . 
U- f'ater1al was analyzed for but not detected. The nurber is the "intrn.m Detection limit. 
HA - Not analyzed. · 
1/- Tentative.identification. 
~I -On MROC ltst of Priority Pollutants. 

N.C. V.iv.i.A.iott o& He.a.t.th Se.ltv.ice-6 . . 

I I 

' 



. STATE ~TORY' Of PUStlC 1-EAUH 
DlVlSlOH OF .e.l.TH SERVICES. N.C. OEPAATl'EHT OF lUWf RE~CES 

P.O. BOX Z8047- 306 N. WllHIHGTal. ST •• RAt.El~. N.C. 27611 

ORC.IJflC OE11ICAL AAALYSIS 

PlRCEASLE <nf'WmS W! NO 700--:a.sq: 7oD35~ 70o357 -rnn:35'9 
FIElD I 3554 35.5u 3=>".57 :=?56G 

CDf!aH) TYPE ( :2_) ( '4 ) ( .:2..) ( '{-) ~ 

l.NITS I ('Pq~l') uolkc:J u!Vl Gqlkc:J lliJ'o/1) uo/ko u!Vl (i;gllcg 

di10C"''nethane 10 u~ . ,~ fl. u..-::-
be onorethane /C 
di ctt lorcdi nUOC"'nn!U\ane :lD 
winvl chlorid@ /t> .. 
dl1orcethane . /U 
81!thv1ene dtlOt"id@ ' tri ch 1 Ot"On uonxrethane :Zo 
et!'lene 1.1-dich1oro , 
ethane 1.1-dichloro-

. 
·\ II 

1 2-trans-dich lornethene Ck'..JJ 
dll orofona '? k' .i./ 
et.hatlt! 1 2-dichtoc-o- I 
ethane 1 1. 1-tr1ch1oro- I 
arnontetrach tori~ 
brol!)(fich1~ 

1.2-dich1oro-
1.l-trans-dich1 "' ~" trichl lene I r.,A 
ch lorodibi ca::t:ethane !_..& • 

~z~ 

f!tha. """@ 1.1.2-trichlono- I 
l.l-ei s-dl cb 1 l~[ll: 'I I 
2-dlloroethvl vinvt ethef- /D 
~fOC""S .,-
~. 1.1.2 2-~achloro-
etheM Utrach 1 oro- I 
toluene 
cht~ 

ethvlbenz~ ,v ... v - ' / ,I/ ,v . 
~tone 11- Lt-. t - l.A- (A 
2-00t.tnone /0. 
earbondi sulfide ,;-
2-hexanone /f) . 

~thV1~-i>!nt.anone /o 
st~ - ~-
winvl ~te /o / 
o-xvlene ,. ... 17 "' 1/ •V "' ll_ 
''' .:>-~,. h ,,..,..,.,-I . .2.:2.- +!- g· ("_) -9 (-:.;) 

~~~"'"'"""'- ~~,.,...,p 

ntfJL 
uA-// 

J - Esttaated v~tue. ~..c,n.-tw, 
l - ktul1 n1ue is knoiwn to less va·loe iven. 

7I'VI::V,i) 
_35l.oD 
(I l 

1 (iiQ7T) u<Vkq 
......___.,/A. 

-

,[7 
54-:5 

I J 

,/ 

I.A.. 

:.I/ 

A 

l - Actual v~lue· is known to be grNtef" than val~ g1ven. 
~.- r\lNotert la11 ~ analyzed for but not. detected. The nurber \s tl'ie P'liniii'U1t Detectlon Uml t.=- """" "'-
_,. - ~ yz~ - - -
1/- Tentative.i~tification. 
fl- ~ HROC ltst. of Priority Pollutants. 

H.c; Division of Health Services 

DHS ""3068-o (lo/86 labOt"ator 

7 r.l') _"::v r ;)_ 

.~:::;'! r:J 
(~) 

i(u(i/f)uor.:q 
-l..L 

. 

... v 
~-:\ . 
~ 

-
I . 

-I 

,v 
-&) 
'?Cl .!/ 

l..L. 

,v 
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I 1) ("0-~-\-- .. 
I VOLATILE ORGANIC ANALYSES IN PEACHTREE AREA-CHEROKEE COUNTY 

I Sample Quadrangle 
Number Number Owner Source Results Date 

I 1 S103v4 Jinuny Morrow Drilled Well Negative 1/12/87 

I 2 S103v5 Peachtree Supply Drilled Well Negative 1/12/87 

3 S103w7 Herman Robinson Drilled Well Negative 1/12/87 

I 4 S103w8 Herman Robinson Bored Well/36 1 Negative 1/12/87 

I 
5 S103w9 Marvin Stiles Bored Well/30 1 Negative 1/12/87 

6 S103w10 Sams Dug Well Negative 1/12/87 

I 7 S103v6 Kermit Stiles Bored Well/58' Negative 1/12/87 

8 S103wll John Worley Drilled Well/200 1 Negative 1/12/87 

I 9 S103v7 Kenny Green Bored Well/35 1 -40 1 Negative 1/12/87 

I 
10 S103v8 Kenny Green Bored Well/30'-35' 1,1-Dichloroethane 1/12/87 

2.3 ug/1 

1,1,1-Trichloro- 1/12/87 

I ethane 
0.99 ug/1 

I Tetrachloroethene 1/12/87 
0.85 ug/1 

I 
Chloroform 1/12/87 
13 ug/1 

Trichloroethene 1/12/87 

I 11 ug/1 

2 unidentified 1/12/87 

I compounds 

1/12/87 11 S103v9 Randy Gaddis Same as well Trichloroethene 

I 
No. 10 1.49 ug/1 

Tetrachloroethane 1/12/87 
.072 ug/1 .. 

I 
I 
I 
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Page 3 

22 

23 

24 

25 

26 

27 

28 

29 

T103c7 

Tl0464 

T103c8 

Tl03c9 

Tl03h2 

T103cl0 

T103cl1 

T103cl2 

Emerson Electric 
(Well No. 2) 

Murphy Water 
Treatment Plant 

Tommy Conley 

"Big D" Conven 
ience Store 

Tri-County 
Community 
College 

Bob Byers Amoco 

Joe Ferguson 

Lucy McKeon 

---------

Drilled Well/532' 

Murphy Raw Water 
(Not shown on 
map) 

1,1-Dichloroethane 1/12/87 
64 ug/l 

1,1,1-Trichloro- 1/12/87 
ethane 
290 ug/ l 

1,2-Dich1oroethane 1/12/87 
0.39 ug/ 1 

Trichloroethene 1/12/87 
0.51 ug/1 

7 unidentified 1/12/87 
compounds 

Chloroform 
29 ug/l 

Chlorodibromo
metho.ne 
0 . 27 ug/l 

4 unidentified 
compounds 

1/12/87 

1/12/ 87 

1/12/87 

Drilled Wel1/100+' Negative 1/19/87 

Negative 

Drilled Wel1/400+' Trichloroethene 
300 ug/l 

Bored Well/30' 

Drilled Wel1/150' 

Drilled Well/100' 

Tetrachloroethene 
0.06 ug/1 

2 unidentified 
compounds 

Negative 

Negative 

Negative 

1/19/87 

1/19/87 

1/19/87 

1/19/87 

1/19/87 

1/19/87 

1/19/87 

--------- - _j 
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41 Tl03c23 

42 Tl03c5 

43 Tl03d5 

44 · T103d6 

45 Tl03cl5 

46 Tl03cl6 

47 Tl03d7 

48 T103g1 

49 Tl03g2 

50 T103g3 

51 Tl03i5 

52 Tl03h3 

53 Tl03h4 

Emerson Electric 

(Well No. 3 ) 

Emerson Elec tric 
(Monitor Well) 

Murphy Medical 
Center 

(Well No. 2) 

Marcella Smith 
Mobile Home Park 

Ru th Shields 

Willie Zimmerman 

N. C. Forest 
Service 

Mike Mauney 

Dillard McCombs 

Harry Bishop 

Allen Dehart 

Roy We lls 

Gene Clay t on 

Drilled Well/550' 1,1-Dichloroethane 1/19/ 87 
1. 2 ug/1 

1,1,1-Trichlor o - 1/19/87 
ethane 
1. 7 ug/1 

Monitor Well /40 1 Negative 1/19/87 
( Water - table well) 

Drilled Well/450' 1,1-Dichloroethane 1/19/87 
2 .7 ug/l 

1,1,1-Trichloro - 1/ 19 / 87 
e tha ne 
1. 9 ug/ 1 

Trichloroethene 1/19/ 87 
0 . 06 ug/l 

Drilled Well Negative 1/19/87 

Bored Well/78' Negative 2/2/87 

Bored Well/22 - 1/2' Trichloroethene 2/2/87 
0.23 ug/l 

Drilled Well/310' Negative 2/2/87 

Driled Well/125' Negative 2/2 / 87 

Drilled Well/208' Negative 2/2/87 

Bored Well/70' Negative 2/2/87 

Drilled Well/300' Negative 2/2/87 

Drilled Well/145 1 Negative 2/2 / 87 

Spring 1,1,1- Trichloro- 2/2/87 
e thene 
.1 9 u g /1 

Tetrachloroe t hene 2/2/87 
. 079 ug /1 
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4 February 1987 

) 

Grotmd water contamination: Emerson Electric and 1Tri~C01.mty:' 
~~ig_:_GQJ:lege. ·· 

l . ·I spoke by telephone with Bob Wood, Health Director,· about his 
owledge of the waste management histories of the subject sites. He gave the 

~~ollow~ng information: 

1. Tri-Cotmty Commtmity College has occupied the present site 
since 1967. They have used some chlorinated solvents, 

I .including trichloroethene, in the body shop and chemistry 
labs. 

I 
I. 
I 
I 
I 
I 
I 

I 
I 
I 

2 •. Clifton Precision occupied the site between ~furch 1966 and 
January 1967. 

3. The Department of Transportation had a maintenance shed at 
the sitP. ~rio~ to 1976: Used kerosene and gasoline to clean 
parts •. 

4~-- The-Department_:_of- Corrections- also··operated a· prison ·at--the· · 
site from the late 1930's until February 1965. 

S. No records of solvent spills or disposal on site. 

· ·6. Clifton Precision claims to have used freon at this .. site. 

7. The prison constructed a sand filter bed for domestic sewage~ 

8. Emerson used trichloroethane tmtil December 1985. Spent . 
s~l~ents reportedly drummed-and shipped off site. 

9. Contacts at Tri-County Community College - Vincent Crisp, 
President;.Lyle Carringer, 837-6810 or 5651. 

·. 



....... _ 
"·' i I~· 1: 'I Ill H·' • 

:H. :1C~EI: scour 
MURrHY, tt C. 

JM~·U6·87 

- - - - - - - - - - - -
. :\ 

I 

([J~f/t([]Jifll, '5 W <mft~.ir §oiJJj)jply.:~\.;.:;· :· ,;-··~ 
. . . . . .. . . . ..~ .. · ·. . .. :' :: 

Traces · oC the chemical ·chemicals used In numerous . Ac~ording to L.1thnm, (t : · vicinfty, to d!ltermlne the ex~: 
trichloroethlyene, a common cleaning compounds and was at this date that "we were ·tent of the·co~tamtnaUon. . 
cleaning solvent and known-t solvents. These solvents, he ad- advised that the Cnl:tory':l-.. Chero!<ee County Health'· 
cancer-causing agent, have • ded, are used at Clifton to clean drinking water also contnln:;d :· 'Department· Olrector:·at11!, 
been lound In the water supply grcasa and oil (rpm mn~hlnery these volatile organics nnd In WOO!! snld Tue!day Jbat water .. 
and on Uie grounds or Clifton . parts. p,.uticulor 1.l to 1.3 parts p!:r and soil · saqotp!cs .,.~.been · 
Precision, according to the "Following tho results million or trlchloroethlycM;.· .• d.Uen from ~~C;hlred·~~n··· c 
company's vice president and : .from the November tesUng," which' appears to b3 tbe only . tary schooJ,•; the Small World · 
general managor Spencer .Latham explained, .. a chemical found In riny gre.lt · Dny Care. Center, th/r' 
Latham. · . duplicate set of tests were run amounts." · •· ·: Peachtree Church of God, the .' 

In an Interview Tuesday, to double check the first · Clifton employo::3 were :.1d-:. · Pcachtrc:f.Comm\lJlily Center~ 
Latham explained that soil and results. At that time, samples vised Monday to avo!d drln.1rln3 ·';.'and {rom' various ~idt!DCes 1. 
water samples taken in of the factory's drinking water the tap water at {he factory un- located near Clifton. · . ; . .-: 
Nl)vember from the grounds were drawn from the deep til Curthct- notice. Mc:,nwhila, "These samples will ~·~ 
and the srua!Jow ground water wells." . · state ,and area health officials senf to the Dlvision or Uealth iit 
surrounding the factory con- This accond testing wa!i have been notified of the Raleigh for testing," Wood add. • 
lalncd chemical wastes called conducted on Dec. 2, with the chemical conlnminBticn ~nd cd, "with tho results tentatively·· 
volatUe organics which are results returning on both Dec. • began Laking soil and w.~tter IChcduled lo be completed Frl· 
c:~r.bp.n:IH\~ ~J\J~.r.ide·,kli\~~ d ~ and ~1,. . . ,am pies of the lmmtdi!lte See CtiEMJ~LS, P-'&~ lO 
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Chemicals - Continued from (ront (I~P 

day. ' 
"Since it is unknown if the 

contamination has spread to 
other areas other than the fac· 
lory grounds," Wood added, "it 
would be premature to 
speculate what danger, if any, 
this current situation holds to 
area residents." 

According to Latham. the 
initial sample tests were taken · 
as a part of Clifton's state
approved plao to close the fac
tory's old waste treatment 
system, located on the com· 
pany grounds. . 

The closing of the old waste 
treatment system is part of the 
company's process to upgrade 
and change the classification or 
its waste treatment facility in 
accordance with the Federal 
Resource Conservation and 
Recovery Act IRCRA> of 1930. 

Prior to the RCRA, accor
ding to Latham, Clifton dispos· 
ed of its wastes as most other 
facilities throughout the nation 
did - "through the sewer 
system." 

''This was done before the 
hazaras of some waste within 
the environment was known," 
LaUwm said. "However, with 
the passage of the RCRA, Clif· 
ton began shipping it's 
chemical waste to federally ap
pointed hazardous waste 
disposal areas." 

·~ 

. Latham explained,that Clif· 
ton ':last used the chemical 
trictiloroethylene in its full· 
strength .form in 1973. 
"However, since .~t time we 

• .. 

have used other cleaning 
solvents which could possibly 
have a trichloroethylene com· 
pound in it." he added. "We are 
checking on that now." 

Latham added that it is 
possible that the contamination 
could date back to as far as 
1973. "We are just not sure at 
this time." 

Toxicologist Dr. Ted 
Taylor, with the Division or 
Health explained Tuesday that 
it was "very possible that the 
contamination could indeed 
date back that far.'' 

"Similar chemicals ha\•e 
been known to stay in the 
·ground ·for extremely long 
periods of time," he added. 

'i Taylor added that the 
traces of trichloroethylene 
reportedly round in Clifton's 
water supply could ·•possibly 
pose an unreasonable threat of 
cancer for those who drink the 
water over a period of time." 

"It would be best not to 
drink any or the water until the 
extent and amount of con· 
.tamination can be 
detennined," he added. 

Currently. local and state 
health agencies. along with 
Clifton Precision officials are 
working together to assess the 
damage, if any, the cont.amina· 
lion . has caused or could 
possibly cause Latham said . 

"We hate that this has hap
pened," he added, •·and will do 
everything we can to recti! y the 
situation as soon as possible." 
-Pally Lillie · 

. ..... _ 

.. 
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North Carolina Department of Human Resources 
Division of Health Service& 

P.O. Box 2091 • Raleigh, North Carolina 27602-2091 

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

Ronald H. Levine, M.D., M.P.H. 
State Health Director 

I· . 12 February 1987 

I ~~. Denise Smith 
EPA NC-CERCLA Project Officer ·1 EPA Region IV Waste. Division 

.345 Courtland Street, N.E. 
·Atlanta, GA 30365 

I 
I 
I 

·Dear ~is. Smith: 

SUBJECT: Summary Trip Report 
Emerson Electric Co. NC D089989917 
·Tri-County Community College NC D038551263 

Emerson Electric·Co. and Tri-County Community College are located 
along US 64 east of ~urphy, NC in the Peachtree community. In January 1987 

··1- ~ d~dink~ng wat!ert~~llsf~~E~ sad~~~et_~_ ~t-b1o~ht-~~Thse ·-~-i-~e~- ~st_part!_ o~ a c~m.unt.~_ty_~---·- _____________ _ 
- Wl e 1nves 1ga 1on o groun -wa er qua 1 y. 1s 1nves 1ga 1on was 1n1 1ateu 
h~en wells at an industrial site in the community were found to contain 

I .. chlorinated solvents. One of Emerson's wells contained 64 ppb 
1.,1-dichloroethane; 290 ppb 1,1,1-trichloroethane; and trace amounts of 

I 
I 

1 ,2-dichloroethane and trichloroethene. The conmnmi ty ~allege well- _contained 
300 ppb triChloroethene and trace amounts of tetrachloroethene. Although no 
disposals or spills of these chemicals have been documented for either site; 
chlorinated solvents have been used at the sites. 

A·CERCLA site investigation was conducted at these sites on 
10-11 February 1987 by Stan Atwood and Jack Butler. Prior to the trip I 
notified Bob Wood, Cherokee County Health Director; Layton Schuh, Emerson 

I Electric; and Don Link and Roy Davis, Division of Environmental Management 
. Cp_FM), of the investigation. We stopped in Asheville on the way up and talked 

.h'i th Don Link and Ted Minnick (DEM). Mr. Link gave us a summary- sheet of 

I 66 wells that have been sampled to date in the Peachtree Community. He was 
also preparing a map of the sampling locations which we picked up on the 
return trip. Mr. Link also explained that they were working with Emerson 

1 
Electric under the state ground-water regulations to effect a clean-up. 



I 
I Ms. Denise Smith . 

12 February 1987 

1 
J>age 2 

I We arrived in Mlrphy at 2:30 p.m. and met Bob Wood at his office. We 
briefly discu~sed our plans and arranged to meet with him the next morning at 
8:00 a.m. Mr. Wood gave us a copy of a general services map of the Peachtree. 

I Community, which locates all buildings and houses, to assist us with 
estimating populations within three miles of the site (554 houses counted). 
We later drove along all the roads not included on the above map and counted 

I 
334 additional houses (all but six were on the south side of the Hiwassee 
River). 

.As arranged, we met Mr. Wood at his office at 8:00 a.m. on ·1 11 February 1987. We had· selected eight sampling points as follows (Figure 1): 

I 
I 
I 

1. PeaChtree Creek below Emerson. 
2. Slow Creek above Emerson and below Clifton Precision. 
3. Slow Creek above Clifton Precision. 
4. Hiwassee River above Tri-County Community College. 
5. Drinking water well - Tri -County Community College. 
6. McComb Branch below Tri-County Community College. 
7. Emerson industrial waste discharge. 
8. Hiwassee River 3 miles above Murphy Intake. 

The 11iwassee Kiver ranged 1n depth between a few feet to less than 
· 10 feet in the site vicinity. Mr. Wood also confirmed that the surface waters 

-1.·· ·f~w~i.~~k~~-~rili-~ciu~i:~ !!~liea~~ -~~~~l~~fn~ti¢~a~~t~f ~~~r~~~ ~~~~~~tt~v-~~ · 
. bottled water) are presently available to the community. 

I. While at the Tri-County Community College.site we·met with Mr. Leon 
Tatham·, Dean of Instruction, and Mr. Lyle Carringer, Business Manager. 

I ~rr. Tatham provided a map of the campus and told us that a 55-gallon drum of 
tridhloroethene was fo1md in the campus body shop. There were no records 
indicating that the college had ever purchased the drum. About two pints of 

I 
trichloroethene were fo1md in the chemistry lab and a small amo1.mt is used in 

I 
I 
I 
I 

· the office on packing labels. . · . 

Photographs were taken at each sampling point. All samples were 
placed in a cooler and iced. The investigation was concluded at 1:00 p.m. If 
you have any questions, please contact me at (919) 733-2801. 

Sincerely, 

Stan Atwood, Toxicologist 
CERCLA Unit . 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 

I" SA/tb/0193b 
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Z March 1987 

TO: File 

FROM: Stan Atwood 

RE: Tri~County Community College NPDEs permit 

I spoke by telephone with Sam Bridges, DEM - Kater Quality, 
(919) 733-5083. Tri~County Community College has an NPDES permit 
(HNC 0035394) which is presently up for renewal on 1 April 1987. 

SA/tb/0187b. 
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Water Resources Data 
North Carolina 
Water Year 1983 
by H.C. Gunter, C.L Hill, and T.E. ·omard 
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Ref. 5 , ~ 1 

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT NC~1 
Prepared in cooperation with the North Carolina 
Department of Natural Resources and · 
Community. Development, and with other· .. ,· . . ~' 

State, municipal, and Federal agencies 
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Ref 5 

03548500 Bno.5SE% lU""lER ABOVE MI11U'HY, NC 

~OH.--L&t 35•04'49", long 84"00'10", Cherok&e Coun~y, Bydrqlo~ic ~~it 06020002, on right bank on o.s. 
B~qhvay 64, 600 ft upa~eam fro~ Will Scott er.ak, 2.0 mi aoutheaat of Murphy, and at mile 99.1. 

D:;..>JMGZ AJU:A.-406 mi 2 • 

WATER-DISCHARGE RECORDS 

?~~0~ OF RECORD.--June 1896 to Auquat 1897, gage heig~~s only, Octo~r 1897 to current y~r. Published aa •a: 
M·.,..--phy" 1897-1940. Recorda published for botll ait.ea 1-ugu..s~ 1939 to April 1940. .Monthly discharge only fer 
sooe periods, published in WSP 1306. 

::..2\.""!S!:D ~COil!l.-WS? 583: lS99(M) .. WSP 973: Orainac:e area. WS? 1003: 1943. ;.-sp 1306: 1901-2, 1904-17, 
1Sl9 (M), l922(.M), l924-26(H). WS? 1706: 1899, 1907. 

G;.CZ.--~a~er-stage recorder. Dat~~ of gase ia 1,538.23 ft National Geodetic Vertical Oat~~ of 1929 (levels ~ 
~~~~essee Valley Authority).. ?rior to J~~. 30, 1921, nonrecorciog gage a~ bridg e 2.8 mi downstre~~ at ca:~ 
30.4 0 ft lower. Jan. 30, 1921 to Nov. 8, 1926, no~ecording gage 2.8 mi down5tream at dat~ 28.40 ft lowez. 
N~. 9, 1926 to Apr. 30, 1940, vater-stas e recorder 2.8 mi d~stream at datuo 28.20 ft lower. 

~~~~.-Water-discharge records good. Considerable di~-nal f1uct~ation since 1924 caused by Mission powerp_~~ t 
a~ Andre~• Dam 7 mi upstream, no=mal re~~ated storage, About 75 ft'/s-day. Flow regulated since 1942 by 
~at~ge ~e 22 mi upstream (seep. 493). 

COOP.E..RA':"ION ·--Chemical and biolosical data she<.'n in last table 'olere furnished by the North Carolina Departme::t o f . 
Natural Reaources and Community Development. 

k~~ DISCBARGE.--86 years (1897-1983), 921 ft' / s, 30.81 i~/yr, adjusted for storage. 

~~~S FOrt PERIOD OF ~CORD.--Kaximum d~s~~arge, 23,100 ft 3 / s Mar. 19, 1899, ~a~e height, 18.4 ft, fro~ 
;::ap~ based on gage readings, si~e an~ da~~ ~en L~ use, ~rore ra~ing ~-ve ext~,ded ~ove 5,000 ft' / s; 
::.:.r. l.=·= daily, 10 f~' / s Dec. 3 , 1924, res ·..1l~ o: freeze~.:p ~~d :'i!lin g o~ Andrews La.\c e; minimum daily duri ng 
r.=~: regulati o~. 62 !t'/ s Oc~. 19 , 195 2 . 

!~ ' / s :e~. 2 , sage ~e: gh t, 6.: o 
!: 3 / s Se?t. 25 .. 

o :S : M~ RI..) E , ! , CUOI : F :::: :,· P :::: "l s::: : 0 "1 0 , •.:. i :: ~ Y:::A;: GCi V ':3E :( : <10 2 TO s:::;> T E'-'8 E~ 1'7&3 
~ c: .:.. h .' !.. ·_ ..... :. s 

· , 

21 
22 
23 
2• 
25 

TOT "l. 
-~AJ!\ 

"'A A. .q., 

- 5 ':> 
- ~ 7 
::: s 
. = 1 

.. 70 
Se.8 

1390 
8 71 

1070 

497 
321 
562 
bOB 
427 

975 
658 
575 
270 
652 

5•9 
5•-s 
510 
509 
2 .. 0 
218 

16227 
523 

1390 
167 

]:, 9 
) l 7 
6 6 5 
72 ~ 

5 8 7 

5 12 . 
42 i 
'17.2 
672 
770 

355 
953 
797 
772 
541; 

304 
668 

1030 
1210 
1110 

1070 
72& 
366 
1~10 

1540 

22034 
73• 

1540 
304 

C41.. Tl! 1982 
•1"' Tl> !983 
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157U 

1600 
1880 
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11 • v 
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GEOLOGY AND GROUND-WATER RESOURCES 

of the 

l\fURPHY. AREA 

NORTH CAROLINA 

By 

Chester L. Dodson 

Geologist, U. S. Geclogicol Survey 

and 

R. L.· Laney 
Chemist, U •• S. Geological Survey 

GROUND WATER BULLETIN NO. 13 

NORTH CAROLINA 
DEPARTMENT OF WATER AND AIR RESOURCES 

Geor.ge E. Pickett, Director 

DIVISION OF-GROUND WATER 
Harry M. Peek, Chief 
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GEOLOGY AND GROUND·WATER RESOURCES OF THE 
MURPHY AREA. NORTH CAROLINA 

By 

. 
Cheet.f'r L. D-:-dE~n 

ABSTRACT 

The Murphy area, in the southwest corner of Nor~h Carolin~, 

includes Cherokee, Clay, Graham, ~nd Swain Counties, 1,486 sq~are 

miles entirely- within .the Blue llidge physiographic province. ~fajor 
• 

streams in the area drain generally westward. Uean annual precipi-

tation is GO inches, and tempe;ratures average 57°F' through t.he year. 

The ·econoay is predominantly a~ricul turaL 

The Murphy area is underlain by a metamorphic terrane. Quart

:.~te, n:etaconglomerate, metagraywacke, phyllite, schist, mien gneiss, 

•~nd hornblende gneiss predominate. . Sea tter.ed intrusive dikes_, sills, 

r.. ri.nd ve gmaf:i te veins occur in these rocks..,. and dolomitic mnrhh• occupies 

a small.part of the Murphy Marbie belt. 

Ground· wnter in the Murphy area occurs in unc onsolirlated alluvi.um., 

fractures in metamorphic rocks, and solution cavities in marhle. 

A large pa~t of the Tural population depends on springi for domestic 

water supplies; dug and drille<l wells also provide y;n-f:.~r in r11ral 

areas. Five towns in the lfurphy area are supplied by muni.cipnl wnter 

systems. The available ground-water recharge greatly exc~e·l~ +,be 

present rate of ground-water withdrawal from wells. Th~ pot~nti11l 

supply for utilization of ground water in the al!c<e l~rnti.n~ i. n'bud-"rial 

development ~f the Murphy area ·is considered to be ~xcell~nt • 

. ··· Fifty-tY:o w.nter analyses were made to deterrnin'! t.he ,._IJouinnl . 
qunli t:r of the ground water in ~.he 1lurphy area. fTP.nernlJ.~v, gron-.:ul 

"=atcr is !1-oft nnd sli~h.tly acid, containing less t.han }f)() pl\r.t.s TlPr 

million dissol·.red solids, and less than 0.3 ppm iron.. il.i.~~'llY~'l 

solids.are ~r~atest in \\•ater from drilled w.ells am.l ]en~t. in ~n..-t:.~r 

· · fro~ dug w~] 1 f! Ji.nd springs.. .Chemical an~ lyRes ::hn"' -t.hJt.+, L;rn•1:r,.l "in. ter 

i.n th~ ~hn-:plly Rreu cnn h~ dividP.d into fi v~ · tyJle5: t.<\ n 1. i.r:1i +.~·1 ~xtent., 

these T.:·p~'5 ~<111 he .mapped, by· m~e of pat..t.ern di~g:rnr.t~, «•vi ~--.~r~J.Rted 

,.,. i th l _i t.h ,..1 o !!:Y. 
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Station lJurphy Andrews l!eyers Nanta- Santeetlnh Drys on ·Ela 
Chapel hal a Dnm City 

Precipitation· 
. {inches): 

Average 55.7 61.9 51.8 60.7 56 .. 1 50.2 53.6 
annual 

1961 62".2 67.6 55 .• 1 67.9 60.7) 56.5 66.8 
19.62 

. 
59.5- 62.6 59.3 62.9 57.6 45.6 52.0 

Phvsiogra~hv 

The ~urphy area is .. in the l31~e Ridge physiographic province 

(Fenneman~ 1938, p. 163-194), which is characterized by abundant moun

·tain summits and divides at altitudes between s,ooo·and 6,000 feet 

above sea level. .About hn:lf of the Great Scoky Mountains are in the 
-area. llaximum relief of the area is about 5,560 fe.~t. The lowe.st 

point is the surface of Galderwood Lake on the Little •Tennessee lliver 

at the Tennessee State line at about 1~086 fee~ above sea level; the 

hi~hest point is 27 miles distant on Clingcans pome at 6,642 feet above 

sea level. LC?cal r-elief of 2, 000 feet is not uncommon. Within a . 
distance of a mile in Cherokee County between l,"eatherman Bald .nnd Juna-

luska Creek, the r~lief is about 2,400 feet, and within a distance of 

4 mil.e.s in Graham County between·llangover nnd the oouth of the Cheoah 

River, the relief is 4,000 feeto 

The mountains are remnants of a former highland that hns under

gone repeated cycles of uplift and erosion. In each cycle, the 

valleys have been cut deeper, and some o~ the cnterinl deposited in 

the former bottoms of valleys is not high on the mountain sides. In 
. 

much of the area, the main streams are flowing.in narrow channels cut 

. in fresh rock about 200 to 500 fe-et belOW" benches that are remnants 

o{ a valley bottom. The rocks of the benches are dee1,ly weathered, 

and alluvial deposits are ·comoonly present. Some small tributaries . . 
still flow at the former valley levels. A few smnil streams, such as 
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Tulula Creek in Graham County, flow in an old valley that has been 

abandone.d by a major· streaa. -l!uch-of tho al·lu~iUJ:I along present-day 

~treams was derived from older alluvium. 

The Hiwassee and Little Tennessee ltivers, which flow lfestward, 

drain all the area except ~he eastern end of Clay ~ounty, which is 

drained. by the southward-flowing Tallu~ah River. T~e gradients of 

str-eams in the area are steep. The gradient of the Hiwassee River 

is about 12. feet per mile, the gradient of the.Little Tennesse~ is 

about 15 feet per mile, but the gradients of tributaries are much 

steeper; the gradient of the Cheoah River in Grahaa County. is more 

than 50 feet per mile. The chief~secondary streRI:ls are the Nantahala 

and Tuckasegee ~ivers, tributary to the Little Tenn~ssee River, 

and the Nottely and Valley Rivers, tributary to the lliwassee River. 
~ 
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I . Rocks underlying the llurphy area are metamorphic, and slightly 

more than 90 per cent ~f them are metamorphosed sedimentary rocks. 

I All. are of Precambri.an ·or· ~a.mbrian (?) age except possibly some 

minor rocks such as dikes, ·v~ins, or pegmatites. :Quartzite, meta

l conglom~rnte, cetagraywncke, phylli.te~ schist, mien gneiss,) granite· 

aneiss, and hornblende gneiss are the most cocmon rocks in the area. 
. -

ITh~ rocks can be placed into six general categori~s--the ·Great Smoky 

Gr.oup, rocks of the liurphy llarble belt, a unit of _cica schist and 

lgneiss, a unft of granite gneiss, one of hornblende gneiss, and one 

Qf ul trS:Jl?afic· rock~. Uo~ks of the ·Gr~a t Smoky Group are characterized 

l

by quartzite, metaconglo'mer-ate, and metagraywacke, but the group also 

contains" small areas of other·,,rock ty}les. ·The Great Smoky Group 

crops out in about 50 per cent of the area, mostly in Swain, Graham; 

I a~a western Cherokee Counties. Hocks in the lJurphy Marble belt are 

yhiefly phyllite and fine cry~talline schist, but carble and white 

1 or very light-gray quartzite are conspicuous. iloclcs of the marble 

belt crop out in about 30 per cent of the area froc·near the Little 

llennessee ~iver in Swain County southwestward to the Georgia State 

line and from Tusquitee Creek in Clay County to n~r llanging Dog 

~~reek in ~herokee County. The mica~~~hi~t and gneiss ~nit, the 

hornblcnde~gneiss unit, nnd'the ~ltramafic rocks crop out in the 

I eastern 
County. 

part of Clay County. liost of the' granite gneiss is in Swain 

Dikes, sills, pegmatites-, and a quartzite unit intrudes 

I 

most of these units. 

The rocks are mapped as 14 rock units, which are described in 

l

tne following section. Contacts between all adjoi~ing units are 

gradational and nre less specific in many places than shown on the 

geologic map (fig. 4). I , .· 

I 
I 
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Quartz-cica gneiss 

The quartz-mica gnei~s unit comprises ~any rock types~ West 

of Andrews and Murphy (fig. 4), it is mostly a quartz-biotite

sericite gneiss and gneissic quartzite. East of Andrews and Murphy, 

it is mostly a qu~rtz-1:1ica schist.th~t contains beds of qua.rt7.-mica 

g~eiss and gneissic quartzite, but east of Marble and e·xtending a 

few miles northeast ~~d southwest, it is a staurolite-quartz-mica 

.. schist. Northeast of Andrews, both the schist·and ~neiss grade 

into a b~nded, very fine•grained, gneissic, quartz-mica schist that 

con.tains rock .t5imilar to both and also beds of quartzite. :In the . 
Peachtree-Brasstown-Martin& Creek area, the unit is mostly quartz-

mica gneiss; but it is much more schistose-than it .is west of lfurphy . . . 
and Andrews. Similar rock crops out in a scall area in northwestern .. 
Clay County." All these rocks are included in one uni'!- because .they 

are probably facies of the same formation. ~he qua~tz-biotite-sericite 

gneiss is characteristic of the unit nnd occurs in all parts of it. 

Crvstal-clear quartz grains are characteristic of the unit •. That .. 
quartz-mica gneiss is the dominant-·rock west of .Andre"'·s and Uurphy 

and that it occurs in lesser amounts east of andrews and Murphy and 

northeast of Andrews can be explained by an eastward facies change 

from coarser to finer sediments~ .. 
.. ' 

Shearing appears to have been much greater to the east than to 

the west of Andrews and l!urphy, but the appearance cay be due m~re 

to differences in composition of the original sedimentary rock than 

: to tectonics. The shearing appears to have been very great north

east o~ Andrews. Shearing is shown by crushing of quartz, serici

ti~ation, and formation of gneissic and linear str~ctures, which · 

appear greater east of Murphy and Andrews and· northeast of Andrews, 

but the finer grain size of rock may be due to finer grained ori-
' . 
ginal sediments rather than to greate~ shearing. The original rock 

probably ranged from a iaminated· sandstone or siltstone to sandy and 

silty shale that contained beds of sandstone and siltstone. Much 

of the gneissic textur~may be due Qore ·io alternating laminae of 

sandy or silty shale and very fine-grcined, quartzose sandstone than 

to metamorphism. The rocks west oi Andre~s· and lturphy may actually 
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I be in a different form~tion from the rocks east of Anurews and Mur

phy; 'but the definition of units for the purposes of this study was 

I bas~d chiefly on lithologic similarities or rock type, so that even 

if two formations are involved, only one unit would be mapped. 

I The contacts of the unit are gradational generally across a broad 

interval. The unit was not observed in contact with the marble at any place, 

I 
although·th~ geologic map shows it to_b~ so (fig. 4). Mica schist is also 

between the unit and the marble, but the mfca schist is almost everywhere 

I 
too thin to show on t~e geologic map. 

~he quartz-mica gneiss and schist unit crops out in eastern Cherokee 

County, southeas~ern Graham County~ southwestern Swain County, and. 

I western and ~orthwestern Clay County Jfig. 4). 'l'he unit ends south-

I 
I 
I 
I· 
I· 
I 
I 
I 
I 
I 
I 
I 

·west of Murphy by grading into the .phyllite, quartzite, and schist 

unit and the mica schist unit. Most of the outcrop are·a of the unit 

is in the mountains, but muc6' of it in Cherokee County is in valleys or 

~n areas of moderate relief. The geologic map is .highly generalized in 

the Peachtree-Brasstown-Martins Creek area, because deep weathering and 

poor exposures make precise mapping difficult. 

Ground l\'a ter occurs in fractures in the rocks of the unit. '!'he rocks 
. 

of the uuit are brittle and have been highly sheared ~p that fractures are 

abundant •. Few wells obtain water from this unit, however, Cherokee County 

uell 4 is representative of these wells. It is 175 feet deep and con

tains 48. feet of casing. The reported yield by bailing is 15 gpm. 

During 1962 the static lYater level ranged between 2.:5 and :5.8 feet below 

land surface (fig. 9). 'l'he l\'ell is in quartz-mica schist that i~cludes 

some quartz-mica gneiss and is located in the bottom of a small valley. 

Because they are more abundantly fractured, wells in qu~rtz-mica gneiss 
·: .-""' 

or gneissic quartzite probably will yield more water than wells in the 

schist. 'l'he water level is lower and fluctuates less in well 4 than in 

wells located on hills or mountains. Almost all wells in the formation 

are in valleys so that well 4 is probably representative of existing 

wells. Adequate supplies of ·water for hoces, fares, and small·indus

trial plants can be obtained froo the unit. 

The ground water from quariz-mica gneiss is soft and contains 

less than 0.30 ppm iron. All but one sample contained less ~ban 25 ppm 

dissolved solids. Chemical composition of the water is calcium bicar

bonate and calcium sodium bicarbonate. 
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Rocks immediately east of these quartzite beds are too weathered to 

I be positiveiy identified. The unit is so thin that it is represented 

on the geologic map o~ly by a wide black line across the rnic-a-schist 

I unit where the outcrop of that unit is sufficiently wide for the 

quartz~te to be shown. 

I 
spaces along bedding planes, but no w~ll is known to obtain water 

··.: 

Ground water occurs in the quartzite unit in fractures and in 

from it. I Cherokee County spring 2A flows from the quartzite. According 

I to loc~l citizens~ it is one of the ~ew springs in the Uurphy area 

. that continued to flow during the ~rought of 1925. During 1962, 

t~~ flow ranged from 10 to 30 gpm (fig. 9). The spring flows from 

I 
I 
I 
I· 
I· 
I 
I 
I 
I 
I 
I 
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slicken-sided fractures in the quartzite.· Fractures are abundant 

in the quartzite, and wells in it can be expected to supply homes, 

farms, and small industrial plants • 

. One water sacple was obtained in quartzite from Cherokee County 

spring 2A. This ·water was soft and contained 15 ppc dissolved solids 

and no iron. 

Unconsolidated deposits 

Unconsolidated deposits overlying bedrock may be aquifers, but 

none are·-major aquifers in. the llurphy area. Sand and gravel deposits .. 
on th~ high, deeply weathered benches that occur in the area may aid 

recharge of fractured-rock.aquifers in some areas, but ordinarily 

they are so thin that they are of little hydrologic consequence. 

Generally, the more recent valley fill is so poorly sorted that 
•• its permealiility is too low to yield much \\"'ater. Gravel-pit bottom~ . 

several feet lower than a strenAbed may remain dry when within less 

than 20 feet of the stream because the valle~fill is so imper

meable. The source of water in many dug wells, however, is at the 

contact between the unconsolidated m.aterial and bedrock. The material 

oi the valley fill ranges in size from micaceous 

bou~ders. 

silt or clay to 

~tlong TuluLah Creek near Robbinsville, Graham County, snme wells 

have been drilled_ o.nly to, or slightly below, bedrock. Yields from 
I 

these ";ells are adequate for hoces. Gruhac County well 19 is an 
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lA are examples. During 1962, 

60 gpm and the flow of spring 

s· 
' 

fig. 9). The yie~d· during 

-
bedrock or residual material. These weils may be more than 100 feet 

. . 
deep. Yields are generally ndcqunt.e to supply homes and small farms 

except during times of drought... C~ay CounT-y "well 6 arad 8 and Swain 

County well 1 are reprcsentat.i,;·e of well~ in \\"eathered bedrock (table 

13 1 fig. 15). Well 6 is 39.7 fEet deep. well 8 is 30.1 feet deep 

and well i is 35 feet deep. Y:clds are not know~. During 19G2~ 

the. water level of well 6 ranged bet,~·een 29.7 and 34 feet below land 

surf .1ce.; well 8 ranged between !!CL5 ;md 2~L8 feet. (fig_ 14), and well 

1 ranged between 3.G and 26.3 feet (fig. 14). Data on dug wells in 
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the Uurphy area are generally unavailable, because records of depths 

I and water .levels are seldom kept, and most dug wells are scaled by 

thick concrete covers so that measurements cannot be made. 
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Deposits of poorly sorted valley fill are present in the Gover

nors Island Community ncar Bryson City and along Alarka Creek in ~wain 

Count~alpng Tusquitee Creek, Clay"County, along Tululah\Creek, 

Graham County, and intermittently along Valley lliver and its tri

butaries above llurphy; Cherokee County. 

Remnants of old valley bottoms form bench~s alon·g the sides of 

valleys, and are commonly veneered by a thin deposit of sand and 

grave·}. The Murphy business district is located on a grl\vel-covered 

bench. This same bench is only s"tightly above the level of Peach

tree Creek at Peachtree. ~o well is known to.obtain water froc 
•i 

these gravel deposits, fo~ they lie ordinarily above the water tnble: 

Unconsolidated deposits are general throughout most of the 

oo~ntainous part of the area; few large outcrops of bedrock occur. 

In part, these deposits may be composed.of gravity- or stream

t.ranspor"t;ea sana., gravel, and boulder.s from the deposits on the benches, 

but most of. the deposits are composed of rock fragc.::.~ts derived from 

the unde~lying b~drock and transported only a short distance, mostly 

·by gravity. Spring flowing from these deposits supply many of the 

homes and farms in the narrow valleys of the area. 

' -"" 
Miscellaneous rocks 

Minor bodies of other types of rock occur in the Uurphy area. 

Diorite or metadiorite sills are locally associated with the"mica-· 

schistmit, especially at its contact wi~h the quartz-nica gneiss 

and schist unit. .il few gab.bro dikes or sills .occur lo_cally in the 

quartzite, me taconglomcra te, and metagraywacke unit. .11. diorite

like- rock that has been termed "pseudodiorite" by Keith {1913, p. 

684-685) occurs in all units of the·area except the marble and white 

quartz~te. Quartz veins nnd veins of quartz-mica-feldspar pegcatite 

ar~ common in rocks of the Murphy area. 

Although forcing a very scnll purt of the rocks in the Murphy 

area, these minor rocks muy be ir.1portant to the hydrology of the 

area. llecause ~he diorite· is socewhat soluble, especially where it 
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contains n carbonate-mineral! small cavities are likely to form along 

fractures, and some of the better wells in the mica schist unit may 

obtain the water from this rock. llighly fractured quartz veins and 

pegmatitee are the aquifers for soce, perhaps many, wells drilled 

in ~he other rock units •. Graham' Ccunty well 20 is in the quartzite, 

metaconglomerate; and cetagraY'vac~e ·un~ t! "'"hich is characteristi-

·.cally moderate gray. The yield of well 20 is reported to be 30 gpm 

with little drawdown during 3!~ hours of ptu:lping. The driller 

reported "vermiculite and harder ligh't-colcred rock during last 10 

feet. of. depth" in Clay County. well 1. Crys'tals of muscovite about 

1 inch .in diameter·were ootained from the well cuttings. The rock 

is . a quar'tz-cdca pegmatite in mien -s-e-hi-st -within the bioti te-gneise 

unit. The yield is reported to be too great to be determined by .. 
bailing, which indicates a high yieid of ground water fro.c pegmn-

tite veins. Similar wells wi~h high yields have been reported by· 

drillers and well owners in the llur1'hy nrea. Cherokee County well 

16 probably obtains water froo a quartz >ein. A thick quartz vein 

is expos-ed along the northeast bank of the Hiwassee ltiver southwest 

of the well. 

Geolo'gic Structure 

Except where chnnged by local folding, layers or beds of rocks 

in the 1iurphy aren strike northeast and dip steeply southeast. The 

strike is about N 45° E; the dip ordinarily ranges between 50 and 
,. 

90° SE. The strike of the" foliation of·the rock is about N.60° E. 

Dominantly, the rocks are tigh'tly folded and overturned to the north

west. -LocallYs the rocks are coap:&.ex1y folch~dJ and 'the ·local folde 

may be only a few inches across. Complex folding associated with 

rock-unit contacts is an example of emnll folds. An exa.cple cf the 

larger folding is the structure associa~ed with 'the marb!e and re

lated rocks, including the p~yllite~ slate~ and qunrtzite unit and· 

units between it and the marble:, l>e tailed s truc'ture ha.s not been 

de.termined in this study, but t.he larger f olde are shown en the 

geolcgic map (fig. 4) by the deviatj.on cf contact boundaries awny 

froc the regional strike. Curving of the granite-gneiss contacts 
. . 

is due 'to djscontinui ty of the uni ti ho\Oo·evcr~ and snall-scale devia-

tions may be due to changes in topography rather than to folding. 
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areas. 

Because isoclinal folding is dominant in the area, relative 

ages of the rocks are uncertain. F~liation cocmonly casks the 
. ' bedding, and it is difficult to determine "if a fold is a ·syncline . . 

or an anticline. llheth.er tl!e marble unit occurs in a syncline or 

an anticline is controversial (Van Horn, 1948, p~ 19-20). In this 

study, the structure is assumed to be a syncline because the syn

eiina~ interpretation is more gener,lly accepted; however, sufficient 

evidence to prove the type· of structure is lacking. 

Fracturing is abundant in rocks in the llurphy are·a, and locally 

the rocks are highly fractured. Jointing and clea~age are the most 

abundant types of' fractures, but minor faulting i.s cocmon. Physical 

evidence of major faulting has not been recognized during this study. 

Although, Keith (1907) mapped several major fnults in the Murphy 

area. Van llorn (1948. n. 20) su~~ests that the oajor faults are not 

present. Similar~ty and intergradation-of rock units.~in the area 

cake doubtful any evidence of faulting except the visible presence 

of .the fault itself. The absence of a rock unit is probably only 

the r~s~~t of non-deposition or a change in lithology. Time allotted 

to this reconnaissance study does not permit an adequate resolution 

of the problem, and poor exposures prevent mapping the supposedly 
. . . 

minor faults seen, therefore, no faults are shown on the geologic 

map (fig. 4). 
ltegional jointing is not as conspicuous as cleavage. Many of 

the rocks are so highly fractured that classification of the frac

turing could be done only with cuch t.lifficulty. Some of the quartz 

veins and pegmatites appear to be crushed as 'do sone r~cks near 
.... 

contacts. :lanes of :fractured rock as much as 300 feet thick occur 

at widely separated intervals. Some exacples of these zones are; 

in Jim Dell Gap on the Joe Brown llighwny about 0.9 mile northwest 

of the Murphy town limit; in a road cut on U. S. 64, about 0.6 mile 

e~st of the Clay-Cherokee County line; in a U. $. Forest Service 

road cut on Fires Creelc about 11.~ uiles northeast of the Fires Creek 
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Game Refuge headquarters; ·and in a r~d cut about 3.7 miles west of 

Hnye"sville along U. S. ltoute 64. The zones are interpreted ns frac-

tures along which some lateral faulting bas occurred. They are 

po~sibly zones of shear a~d gash fractures associated with a fault. 

Poor exposures prevent mapping thee, but they apparently are nearly . . 
parallel to the strike of the b~dding. 

-

.. · 
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GROUND-WATER HYDROLOGY 

Hvdrologic Cvcle 

Water is being e~changed between· tb~ earth and the atmosphere 

constantly. The hea~ energy of the sun and the force of gravity 

accomplish the. exchange. Water evaporates froo the ground, fr.om 
'\ 

the vegetation, and from the surfaces of lakes, reservoirs, rivers, 

and oceans and becomes.atoospheric water vapor, a gas. The water 

.vapor condenses, _sometioes f;eezes, to foro clouds; then, falls as 

·"rain, snow, sleet, or hail. The water that falls to earth is called 

precipitat~on, or it may be called rainfall because cost of the 

precipitation is rain. Part of the precipitation runs off into 

streams, lakes, or other bodies of water and may eventually reach· 

the oceans. }Jart of it evaporates and part is transpired by 

.ylants; these processes are called "evapotranspiration" •. Part of 

the water seeps into the ground, saturates the soils an"d rocks, and 

e'\·entually flows from springs or by othe:J;" means cay reach the sur-. 
face a~ain and be returned to the atmosphere as water vapor. Water 

circulates from earth to atmo·sphere to earth repeatedly. The 

exchange of water between earth and atmosphere is called the hydro-

)ogic cy6le. 

Occurrence ot Ground Water 

Rocks in the outer crust of the earth generally contain open 

spaces or voids called interstices that range in size from the very 

small spaces between particles of clay to spaces that may be tens 

of feet across, such as solution cavities in marble. The ratio of 

the aggregate volume of open spaces in a rock to its total volume 

is the porosity of the rock (11einzer, 1923b, p. "191). If the open 

spaces are interconnected, water may be transmitted through the 

rocl<. The permeability of a. rock is a measure of its capacity for 
.,...~ .. 

transmitting water und~r pressure. ·The permeability of a rock is 

measured by the rate nt which it will transmit ~ater through a given 

crdss section under a given difference of ·pressure per unit of dis

tance (Meinzer, 1923a, p. 28). Rocks that do not transoit water 

are impermeable. 



I 
I~ 

If the ~ater in the zone of 8aturation is confined under suf-

1 !icien:t pr.essure beneath impenneable rock so that it will rise in 

a well above the·base of the upper confining layer, it is artesian 

I water. The water may rise above land surface, thus being a flowing 

artesian well. 
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"rhe ~ermeable ~ocks that lie b~low a certain level are generally 

saturated with water under hydrostatic pressure. Their interstices 

are filled with water. -These {aturated rocks are said to be in the 

'zone of saturation'."- Meinzer (1923a, p. 29). ~Ground-water is 

that part .·of the subsurface water that is in the zone of saturatfon 

(Meinzer, 1923a, ·p. 38). ·The water table is the upper surface o·f 
~ 

the zone of saturation in ·ordin~ry permeable rock, ·and where "the 

upper surface is formed by impermeable rock, the water- table is 

absent (Meinzer, l923a, p. 3o). ~n aquifer is a rock formation, 

·group of formations, or part of a .f-nrmt1tion that is water bearing 

(iieinzer, 1923b, P• SO). The.term "water bearing" does.-not refer 

to the water that a formation may contain but to the water that the 

rock And springs. 

In the .Murphy area, nearly all £he water-filled interstices are 

fracture~ except in the unconsolidated deposits. Tne. porosity of 

·the metamorphic rock itself is nearly non-existent. Other than the 

marble· unit, the aquifer.s that yield the largest quantities of water 

are impermeable rocks that contain abundant fracture zones or frac

tured quartz ~eins, pegmatites, or quartzite units. The solution . 
cavities in the marble formed along fractures. About 9 percent of 

the rainfall in the Murphy area percolates downward through the 

soil cover and rock fractures above the water table and reaches into 

the zone of saturation. 

On a r.tountain, the rain \Yater moves downward through frncture 

zones and along cleavage, planes, joints, and bedding planes, moving 

from rock unit to rock unit, bein~ blocked and diverted by imper- · 
. . 

meable barriers many times before finally being discharged by springs, 

v.-..e lls, or into a stream. ltainfall in valleys follows similar but 

shorter ·paths. 
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In the Uurphy area, the bedrock units are locally so imper-

meable that either little water can enier them or they cannot trans

mit all the water available. UnJer such conditions, the unconsolidated 

alluvial and colluvial deposi.ts on top of the bedrock cay be saturated. 

llany springs flow froc colluvium 'vhere these conditions prevail. 

Most of the annual yield of Cberokee·County·Spring lA and Swain 

Coun.ty Spring l.A is from colluviuc overlying bedrock that is not 

sufficiently permeable to absorb the material rainfall •. Uore than 
. I 

Qalf of the springs in the mountains are of this type. 

Water from p:-ecipi tation percolates through unconsolidated de

posits ~ov~ring the: marble, or is transci tted along fractures in 

adjacent rocks, and fills solution cavities in the marble in the 

zone of saturation. Because<. the ca~i ties are large, resistance 

tb flow in them is less than·in fractures; therefore, yields of wells 

in the marble unit can be expected to exceed yields froc other units 

in the area. Large cavities are not cocmon, howe~er, and many wells 

I will yield no more than those· in other units. Frnc~ures are locally 

sparse, and alcost all wells drilled ~~ere fractures are sparse, will 

yield little water. Very high (greater than 100 gpc) and also very 

low "yield_s (less than 5 gpo) can be expected froc wells in the mar

ble unit. 
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Because the rocks ar.e dipping steeply, an aquifer such as a 

fractured quartzite bed or the "marble unit may he confined to a 

long nar.row area. tluartz veins and pegmati:tes ~lso llip steeply and 

thus would be similar.to quartzite beds. Local folding, such as 

that in the Marble-andrews area, may reduce the dip nnd"make the 

aquifers a~ailable for deve~op~ent over a larger area. 

Occur1·ence of ground water in the :Uurphy arHa is v~ry collplex, 

~nd each rock unit contains_many local aquifers so thut only n general 

knowledge' of the ground-water hydrolo:~Y can be ohtninccl during a 

reconnaissance study. The marble unit, quartzite unit, beds and 

I units of ""hi te or li~ht gray qunrtzi te, and veins of •tnurtz or 

peg.matite are important as aquifers in the nrca. Fracturing along 

I contacts forms aquifers. N"otable cxaoples arc the cont.,ct zones 

between the ultramafic roclcs and ·the hornblende-~neiss ·units, 

I be tween the hor~blende-gneiss and the biotite-gneiss units, and 

! 
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between the granit~ gneiss·unit and adjoining units. The very com

plexly folded and fractured zone in the quartzite metaconglomerate, 

and metagru~·acke unit near its contact with the granite gneiss is 

an especially good aquifer near Bryson City, Swain County. T~ick 

fractured zones like those noted on Fires Creek, in Jim Bell Gap, 

on Joe Brown Highway, and along U. s. 64 in western Clay c·ounty are 

probably excellent aquifers, although no well is known to obtain 

water from them. Clay County well 11 is possibly in the fractured 

zone on Fires Creek; The reported yield as deterained by bailing 

was 30 gpm (table 10). • 

The quantity of water ·stored in the zone of saturation is 

constantly changing. The fluctu~tions can be compared to fluc

tuations in surface-water reservoirs such as those ·used for 

generation of electric power and for flood contror. The zone of 

saturation is also referred to as the ground-water reservoir. 
~. 

Fluctuations of water in the zone of saturation are reflected by 

.changes in the water table, wh{ch in turn are refle~ted in changes 

in the water levels of wells and the.flow of springs. Observation 

wells and. S}lringts .i.u !.~.: !!:::-rh:,r ~T"'l\ ·were msasure.d periodically so 

that changes in water level might be used to eval.~n.te the availabi

lity. of ground water. Figure 9 shows hydrographs of several wells 

and springs compiled during the period of this~ study. 

· · Many factors cause changes in water levels _.in wells. Some 

~ells reflect the effects of distant earthquakes. Pumping of adja~ 

cent wells cnuses the wat~r ~evel in a well to fluctuate. In some 

areas, pumping is continually lowering the water table, but this · 

does not occur anywhere in the Uurphy area. 

If a well is near a large reservoir whose water level flue~ 

tuates, the water level in the well will fluctuate. Surfaces of 

bodies of water are the base levels for the water table in aquifers 

'connecting with these bodies of waterc ·changes in the surface water 

levels are reflected ~n· ground.~nter levels. Uater levelj in Clay 

County wells 1 and· 2 are influenced by fluctuations in Chutuge 

Lake (fig. 12); however, water does not flow from the reservoirs to 

the wells. The surface cf ~he water in the wells is at a higher al• 
ti tude than the lake surface, and the ground water flows toward the 

lake. 
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The greatest fluctuations are caused by changes in precipitation 

and· evapotranspiration, which are the only fac-tors that significantly 

affect the quantity of ground water in storage on a regional scale. 

Water levels in most of the .observation wells in the Murphy area are 

highest and the flow of springs is greatest during March·(fig. 9, 

11, 12, 14, and 16). By Uay 1, nea~ly all_water levels and flows are 

lo~ering and continue to lower until November or December. 'Yost of 

thea are rising by January 1, but a few delay until later. Only-very 

heavy rains during the summer and early fall can reverse the trend. 

·Winter rains end at about the ti~e the downward trend begins, but the 

weather becomes ~armer, the gro~ing.season starts, and evapotrans-
• "f' 

piration maintains the downward trend by discharging ground water into 

the atmosphere.· In the fall, the trend is reversed wh·en the growing 

season ends. Some of the deviation from the general trend shown in 

iigures 9, 11, 12, 14, and.16 can be e~plained by delay in precipi-

tation moving from the land surface to the aquifer or by the time required 

for· adjustments within the aquifer before a giv~n·w~ll is influenced. 

Clay County wells 1 and 2 are influenced by the artificially controlled 

rise and fall of Chatuge Lake. 

The effects of precipitati~n are shown by the differences in 

water levels in wells in early 1962 as compared to 'rater levels in early 

1963 (f~g. 9, 11, 12, 14, and 16). The heavy rainfall in December 

1961 resulted in a rapid rise in water levels in most wells in the 

llurphy area. A higher rainfall in September 1962, as compared to 

August and O.ctober, t;esul ted in a notable fluctuation in some wells; 

for example, Graham County well 1 and Cherokee County ~ell 5 (fig. 14 

and 9). ~recipitation"recharges the ground-water reservoir, and 

ci ther raises the water table or slows its down,rard trend. 

Jl change in water level indicates a change in the quantity of 

ground w;;tter in storage and the quantity available. For each one 

percent of the rock that is ,.,.ater bearing, a change of one foot in 

~he water level represents a change in storage of about 3,000 gallons 

per acre or about 2 million gallons per square mile. No data are 

ava"ilable to indicate what percentage of· the rock in the llurphy area 

is water bearing, but it is probably less than 5 per cent. Locally, 

it may be much greater in some aquif~rs, especially in marble. 
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The amount of rainfall primarily controls the quantity of 

ground water available. About 9 percent of the rainfall in the 

Murphy area becoces ground water. This is more than 144,000 gallons 

per acre each year. Ground water stored in the zone of saturation 

from precipitation in years past is.many times the_annual rainfall. 

Be.caus~ of complex hydrologic and economic factors, not a.ll of this 
' 

water can be recovered by wells nnd springs. ' 

·Local availabi·lity of ground water is of more practical signi

ficance than a real availability. a water supply ordinarily can be 

economically transJJOrted only ... a short distance. The yield of a sin

gle well or the yield of severaL wells in a well field cay.deter

mine the practical availab_ili ty of ground water. In the J.lurphy area, 

the reported yield exceeds 30 gpm in. less than 5 percent of the 

wells for which data are available. If the yield of a well exceeds 

the maximum rate of bailing, which often is about 30 gpm, a driller 

may repor~ .only the maximum rate, or a driller may not report the 

yield if it far exceeds the maximum rate of bailing. Because of 

-r.nese i u.c '-u.a. .. , wa.a.r 7-'::!!:: :::.;.· ;pi~!.d mor€' during short periods than 

it is in,licated; however, if pumped continuously .... the true yields 

will·. ordinarily prove to be cuch less than yields determined by 

bailing so that it is likely that the capacity of no more than 

about 5 percent of the wells does exceed 30 gpr:1. Pumping tests 

possibly will reveal that ~ higher percentage of yields exceed 30 

gpm, and if wells are carefully planned, the percentage pro9nbly will 

increase. Only tentative conclusions can be reached using the data 

available.· 

The yields of springs in the area vary greatly (fig. 9). Table 

3 summarizes the duta collected on the five springsobserved during 

1962. For ordinary purposes, the low flow indicates the practical 

'SUp~ly of the spring. dt low flow duri~g 1962, Clay.County spring 

14 was yielding 288 ga~tons pe~ day, about sufficient for a rural 

home. Only Chero!~ee County spring ~l anti Swain County spring 1.•\. 

• can be expected t~ {low during times of extreme drought. Ji.ccording 

to several citizens of Murphy, spring lA continued to flow during 

1925, a year of ubnormally low rainfall, and supplied much 
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r the water for the townspeople. It was one 

I :~ the area that continued to flow that year. 

of the few springs 

Because core than 

hnlf the water supplies outside the towns are froc springs and shallow 

I ~ells, a critical wnter supply problem may develop during another 

I 
drought as severe as the drought of 1925. 

The daily consumption of ground water in the llurphy area in 

1963 i:~ estimated 
1 

t"o be less than 1!-2 mgd (million gallons per day). 

I ~t tbe tine of lowest water levels in wells and lowest spring flows 

during 1962, ground-v;ater sources, including undeveloped springs, 

I probably would have supplied more th.an 10 mgd if fully utilized. 

During t~mes ·of extreme drought, probably less than 1 cgd could 

I 
I 
I 
I· 

be supplied from existing sources, mostly from deep wells. Supplies 

will be adequate during the foreseenble future except d~ring extreme 

drought. 
·:; 

Wells are being drilled in increasing nuobers. 

Table 3. - Comparison of Spring r'low in the Uurphy .;~o.rea 

Flow, gallons per minute 

Spring. Average* Iligh Low llati o, high to low 

I C!!erokee C~unty 2A 

Clay County l.A· 

20.0 

1.a· 

30. 

5 

10.0 3:1 

0.2 25:1 

I. ~rahnc County 2A 

Graham County 1~ 

1.4 

13.0 

5 

60 

0.5 10:1 

0.7 85:1 

I ::wain County lA 14.0 23 4.0 5:1 

I 
I 
I 
I 

*rtverage of·monthly measurements from high to low flow. 

More than half the known wells were drilled since·l946. As more .. 
wells are,drilled and less dependence is put on springs, the cri

tical aspect of drou.ghts will. lessen. 

The teoperature of ground water approxic:~tes the average yearly 

temperature \\"here the well is locnted. The tenpernture of ground 

wnt~r increases with an increase of dept~ to the aquifer. Few data 

ar.e available thnt can be used to determine the temperature of 

water that can be obtained from wells in the llurphy area. Uea-1. surements under .controlled-pumping conditions nre required to determine 
. 

accurate tecpe~lttures. Several of the obser~ation wells were censured 

l· 
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CHEMICAL QUAL;TY OF GROUND ~ATER 

.. ~ 

Bv 
" 

I 
n.. L. Lan~y 

Water quality is dependent up_on the aaount- and kind· of dissolved 

inin~ral constituents in th~ water. Rain water seepi,ng downward · 
; . . 

through soil and rocks contains gases dissoived from th~ ~tmoaphere · . . .. . ' 
the.soil~ and organic matter. -Carbon dioxi~es ·the principal dis-. . . . 
solved gas, in water forms a weak·.~rcid -.rhi::h ac-t~ as: a solvent-on 

practically all minerals. 
!' 

~lthough many factore affect the a~aunt and·kind of chemical . .. .. 
constitue?ts dissolved in ground water, the t~ ~ost impor~an~ fac-

tor!! in the llurphy ar£.a are the chemical nod physical nature of 

the rocks and the duration of contact bet~een the water and the. 

mineral grains of the rock.· 

Minerals are dissolved when rocks ur:.dergo chemical weathering. 

llost chemical constituents go into solution in one or two :forma: 

as caiions \posii.ivei..Y t;ua.q;cu P_c:ri:.iclee) and as anio.ns (negatively 

charged particles). Iron may be in water as a cation or as·colloidal· 

sii~d particles. Silica is in nonio~ic foro i~ mo&~-natural water.· 

Chemical analyses of wnter measure the amount of -cations, anions, · 
: . -

~nd.nonionic material in solution. Unless otherwise. noted, amounts 

of individual constituents in water are. reported in parts per 

million {ppm) which is the concentration by weigh~·of each con-
~ 

stituent in a million unit ~eights of water. 

Nearly all ground waters sampled in the Murphy area are suitable 

for ~ost domestic and industrial purposes. Range -iri concent~ati~n; 

ari thmetie mean (ave rag~ nnd media·;:. (a valpe above and below· which 

lie half of the cases reported) for prin::ipal consti t.uents and· 

' sef~cted characteristics of ground water are included in table 4. 

A discussion follow!! of each constituent ::oc.monly rEported in wai:Je~-

analysese 

S:i li ca {Si"U~ 

Silica ie deriveu ~rom the w~u~hering or chemical breakdown 

of 21ilic.ate minerals which const1tute oost of the rocks in the 

.... 

-. 



A:oe.lyses in :parts :per million 53 

I constftuents :u:w High Mean Median 

Silica. (Si02) 3 32 12 9.5 

I 
I 
I 
I 
I 
I 
I 
I· 
I· 
I 
I 
I 
I 
I 
I 
I. 

1 ::ron (Fe) - .oo 1.0 .13 .os 
I Copper (~) .oo .22 .04 .03 

calcium (Ca) .2 27 I ~.a 2.4 

Hegnesi1lm (Mg) . , .3 . 49 2.5 l..2 

Sodium· (Na). .3 S.l. 2.5 2.0 

I Potassium (K) .2 I . 4.5 1.0 .9 

1 Bicarbonate (HC03 ) 4: 294 29 18 

I Sulfate ( S04) • 2 
. 

20 1.9 .2 

j" Cbloride -(Cl) .1 ' 9.3 1.8 J..2 
~ ~~tre.te (NOs) .o 15 1.7 .2 

i ?.araness (as CaC03 ) . 2 265 23 13 

~ '!)is solved solids 12 247 l.-_:J 32 

' -;;.,_.cro'"en ion ~ -. - . concent:-a.tions (pH' 5.0 8.4 6 . .5 6.3 

Specific conducta.nce in 
micromhos at 25°C 

10 479 60 "43 

Ta.ble 4 . Range in concentration, arithmetic mean, a..Tld median o:r concentrations 

. o:f constituents in ground '-"ater in the Murphy area. 
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WATER QUALiTY RELATED TO SOURCE 

The amounts nnd types of mineral constituents dissolved in 

ground water from the Murphy area differ according to the source 

of the water. Water from.springs, drilled wells, and dug welle 

differs somewhat in the aaount and.type.of dissolved constituents. 

~able 5 shows ·the rang~, the arithmetic mean, and the medi~n of 

concentrations of dis·solved solids, chloride, and nitrate in water 

from springs, drilled welis, and dug wells. Nitrate nnd chloride 

are included oecause excessiv~ 'concentrations of each (oore than 

.1 and 3 ppm respectively) in gr~~nd water in the Murphy ar~a are 

indicative of possible pollution. 

Figur~ 6 shows the media1:1 c~ncentration of dissolved solids, 

chlorid_e, and nitrate from the three ground-water sources in the 

Murphy area. The principal difference in the cocposition of ground 

water from the three sources is the amount of -dissolved solids •. 

Median concentrations of dissolved solids in water from drilled 

v~JJ~·~rceeds those from springs and dug wells about 2.tices. In 

general,· the duration of water-rock contact_ is greatest for water 

"from drilled wells and least in water from springs, which accounts 

for th~ difference in dissolved solids. Median chloride concen

trations are greatest. in -wa:ter from dug ,..·ells and least in \1ater 

from springs, although the range is not extreme. Median nitrate 

concentrations in water from the three sources are roughly equal. 

O.L the three ground-water sources, dug ,.,ells normally are the most 

susceptible to pollution. However, on the basis of. the concentra

tions ~f chloride and nitrate, there is little indications ·of pollu

tion of ground-water supplies in the :Uurphy area. 
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~ Springs 

3·0 1------t---f-------D· .Dri II e d we II s 

~ Dug wells 

Dissolved solids 

jigure 6 -·Median concen1ra1ions, ·in paris per million, of total 

dissolved solids, chloride, and nitrate in water from 

I springs, -drilled wells, and dug wells in the 
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Springs 

I . 

_-:-illed Yells 

I 

I 
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· .!g vells 

/ 

' · Constituents in pe.rts per million (ppm) 

. Low- High Mean Median 
. 

Dissolved sellas "12 54 26 18 

Cl 0.3 
~ 

3.3 1.2 0.9 

NOs 0.1 14 2.0 O.l 

· Dissolved solids 13 I 247 50 40 

Cl O.l I 9.3 1.9 1.1 

I ' NOs 0.0 15 1. 7 0.2 

Dissolved solids 15 I 86 34 20 . 
·----·· -·------· 

I Cl 
. 

O.l 2.1 5.?. 2.1 

NOs o.o 7.2 1.4 0.6 

Table S .-Range, arithmetic mean, and median o:t concentrations o:f' dissolved 

I 
I 
I 
I 
I. 

I 

solids., chloride, and nit:z;oate in ground. "Water in the Murphy ar~a. 
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RELATIONSHIPS OF CHEMICAL COMPOSITiON OF GROUND WATER TO.LITHOLOGY 

Chemical analyses are commonly reported in parts per million 

(ppm). Expressions in parts per aillion are a convenient means o! 

expressing the results of ·an individual water analysis or of com

paring selected .constituents·~aang s~ral water analyses. llowever, 

relating the chemical composition bf groun~~ater to the geology . . 
requires a method of comparing the relative a.t1ounts of chemical con

s_ti tuents in one water to those in another. ltesul ts of ·water ana

lyses in equivalents per million (epm) are·more useful for this 

purpose .than parts per million. 

Expressions of equivalent-weigH~ units or equivalents per 

million are based on the concept of chemical equivale~ce. In any 

waters the sum of the catio~_s in epm e<luals the sum of the anions 

in epm. Equivalents per million for an ion cay be calculated by 

ciultiplying ppm by an appropriate factor. A method using emp to 

show the general chemical char_acteristics of ground water is illus

trated by the pattern diagrams in figure 7. Cations in ep~ are 

plotted to the left of the zero line ~nd anions in epm are piotted 

to _the right. 'fhe plotted points are connected and the resulting 

patterns-are characteristic of waters of different chemical compo

sition. 

Chemical analyses of ground water in the 11urphy area generally 

can be subdivided into five basic patterns or types. Bicarbonate 

is the major anion in all five types. The distinction between 

types is determined by the relative amounts of calcium, magnesium, 

and sodium. The pattern diagr~ of _each water type in-figure 7 
- • .1. 

does not necessarily represe~ actual aoounts of chemical consti-

tuents in a particular water, but instead sho\\·s ·relative amounts 

of ions .in equivalents pe"r million which are typical of each ground

water type (see fig. 8). For exanple, dissolved solids in ground 

water classed as type 1 vary from 17 to 247 ppo. Generally, water 

types cannot b~ determined from water containing less thnn !W ]lpm 

dissolved solids~ 
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ROCK UNITS· WATER TYPES 

I n m ' IV v I 
otite gneiss - l. 

I 
. l l 

Eornblende gneiss and ultrama:ric 
rock . l. 4 

G:-s.ni.te gn.eiss and mica schist -~ 2 

(ra!lite gneiss 2 J. 3 . 

E"e schist 2 

_.... .... . .. and I 
I 

a: uZl. ... e, me .. a.conglomere. .. e, t 
me~g:-e.ywacke 2 2 3 3 I . I I 

a"'""let-mica schist J. l I l 1 I 
.. I . . 

• 
Quartzose ~yllite l l 

I ~~~tz-mice. gneiss 2 I 1 1 
' . 
( ;-.:1ylli ti c-zn:i: ca schist l 

I 

Ha.:-b1e I 4 l 

Quartzite 1 
1 • 

! I . 
I Alluvium 2 ' 

J 

I 
Table 6 Number of analyses representing five ~~ter types versus rock units 

I ... in the Murphy area. Analyses of gro1!!1C. "-a.ter Yi th less than 20 ppm 

I 
dissolved solids are not included.-

I 
I 
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,.-ype 1 - calcium, magnesium, 
sodium bicarbonate 

T~e 11 ~ calcium, sodium, 
=agne~ium bicarbonate 

Type 111 - calcium, sodium, 
~agnesium bicarbonate 

T~e IV -·sodium, calcium 
cagnesium bicarbonate 

T.vpe V - magnesium, calcium, 
sodium bicarbonate 

Ca 

Mg 

Na 

Ca 

Hg 

Na 

~K 

Ca 

Mg 

Na 

K· 

Ca 

Hg 

Na 

Ca 

Hg 

Na 

K 

Equivalents per million 

1 0 . 0 1 0 . 
........ 
~ -"' ~ 1 

\ 

' 
1.0 0 1.0 

......... i""'--. --r....... -If 
r\: 

' 
1 0 . 0 1 0 . 

....... 

' I ~v .... 
r---..... 1-o.... . 

' 
1 0 . 0 1 0 . 

1\ ~ ~ ~ 

l/ 
~ 

['-.... 
""-. ' 

1 0 . 0 1 0 . 
l/ 

'/ :--- I.---....... 
~ r--.... 

\ 
\ . 

Figure 7.- Pattern diagrams illustrating the five basic ground-vater types in 

th,e Murphy area. 
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Figure 8.-Water-type map of Swain, Graham, Cherokee, and Cloy Counties, North Carolina. 
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· Tvne I Grountl \later 

I 'fhe· sign~ficant chm·acteristics of tYJ•e I :~rc the precloointmce 

or" calciuc resulting in a calcium bicarbonate U"ater and the relative 

tbund..ancc of magnesium and sncliuo. \inter of this t)1•c rcsul ts from 

the solution of colci te, doloui te, calcic plagiocluse, fcldspnrs, 

~hornblende, ~nd other cnlciuc-be."ring minerals. TYt'e I water oc:curs 

in oos t roclt types from which a water sacple ·was obtained. ·l.tarble 

l is the only rock .type which contains type I predominantly. 

In some rock units in the Murphy area small acounts of cnl-

l
cite (calcium carbonate) occur disseminated throughout the rock. 

Calcite dissolves more readily than tl!e ~ilicnte minerals, the:re

!ore, an analysis of ground wnter from a rock unit containing a 

I E:na.l·l amount of. calcite may show a relatively high percentage of · 

~a.lcium. '£he solution of calcite could mask the effect of the uore 

I :.bnndant, but less soluble, silic.Lte minerals. 

Tvpe II Ground Water 

I . .ll though type II is a calcium bicurbona te ·wu ter, it is clis-

I 
tinguishcd froc type I by the relative ar:1ounts of cagnes i um tind .. 
sodiuo. Sodium exceeds cngnesium and cnlciut:1 exceeds· :.ue sue of 

both sodium .and magnesium. Type.II occurs in the granite gneiss, 

I garnet-mica gneiss, and the quartzi-t:e, mctucon~locerutc, and meta

graywacke unit. 

I 
I 
I 
I 
I. 

I 
I 

Tvne III Ground \fa ter 

Type III is n calcium sodiuc bicarbonate water with sodiun nnd 

calcium being about equal and magnesium the len~t abundant of the 

three principal cutinns. It occurs in grnni tc gneiss, qunrt7..-uicn 

gneiss and schist, gurnet-oica schist and phylli tc·, and the c:uart

zite, metilcongloocrate, tllctagray,,·acke unit. llc~latively hi~h con

centrations of soui uo imlicnte ·the presence o:£ so eli c !e lllspars. 

Generally'· type Ill is u~socia ted 'd th rocks "hi c:h hnvc :1 granite 

composition. 
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SUMMARY OF QU~L·TY OF WklER 

Ground-\Tater quality ~n th~ liurphy nrea depends primarily"upon 

the amount.and type of dissolved gases in rainfall and ground water 
' the chemical composition of reck and soil, and the duration of water. 

rock contact. ... -.. . . 
Nearly ~11 ground water sacpiea. in the lh:rphy area is sui table 

I. 
I 

.for most domeetic and industrial purposes. Ir~n concentrati~ne in 

1--=---::.-.W.~~!:. .El';'.~.~~~~ til!-.~.: .:t..Ae •. :r~c.:o~e.nrl..e.d. ~~...im:.::: .-c.!.....O...Z..-~p.m ~occ.ur-a:t-: -::~.:...
. - e~atter~d locations.· Eighty-eight percent of. the· grou~·d .wate;-·~~a- .. 

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

lyzed for iron contained less than 0.3 ppm. 

.The amount of dissolvEd so:iius \ chlorides and nitrate differs 

somewhat according to the source of the water. Based on median con

centrations r wa-ter fro.c.: dril ied we l!E con-r.ain Clore than two times 

the dissolved soiids as water !roc dug W€lls and springs~ and water 

froc dug wells contain~ slightly great6r accnnte of nitrate and ch

loride as· water from drilled wel!E and springs.. Lack of excessive 

chloride and nitra~e c~ncentrations in groucd water indicate8 that· 

there is very little pol~u~ion of ground-water s~pplies in the Uuryhy 

·area. 

·Pattern diagrams, based primarily on the ratios of calciump 

magnesiums sodium, and bica~bonnte ~xpressed in equivalents per 

million, are used to' divide the analyse~ of g=oucd ~ater into five 

:types: 

T_YP.e 

Type 

~ype 

Type 

Type 

I. 

II. 

III. 

IV. 

v. 

Calcium, magnesium!' eod!t!..l!l bl:arba·na te; 

Calcium, sodi~rmagnesium bicarbona~e; 

Calcium sodium. mngnesi~ bicarbonate; 

Sodium, calcium!' Cclgnesium bicarbonate; and 

llagnesium~. calcium~ sodi u.:n bicarbonate .. 

Hornblende gneiss, ultramafic rock oica schist: aliuviuc 1 and marble 

contain primarily one chnracterist.::.c. t~'"r'e of watcrc Nearly all rock 

units. ~ontain core than one type of grounu water .. 

\i'a ter types can be roU]lpcd but they extend hcross .and change 

wfthin boundaries of rock unitsc Lack of cccplcte water-type

lithology correlation is causcu by change!: in m:.ncral cocposition 

within the rock units ancJ./cr cbing of u::.ff~rent types of water. 

It 

ha 

lo 

1~ 

la 

ar 

in 

st 

to 

19 

Cu 

tr 

h 

al 

pl: 

me: 

tc 

Ay 



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

73 

COUNTY DESCRIPTIONS 

Cherokee County 

(area: 454 square miles. 1960 population: 16,335) 

Cherokee County is the wester~ost county of North Carolina. 

It is bounded by Tennessee and Georgia and by Clay, Uacon, and Gra

ham Counties, North Carolina, (fig. 1). Cherokee is the most popu

lous and the second largest county in the llurphy area. The popu

lation of Murphy, the county seat of Cherokee Countr; and the 

larges~ town in the area of this study, was· 2,235 in 1960. The 

area· of study is designated the Mu-rphy area because it is customary 

in the ground-water program in North Carolina to nruoe the areas of 

study for the largest town. or city in the area. The second largest 
t.~ 

town in the county and in the area is Andrews, population 1,404 in 

·-1960. Smaller towns and villages in the county include Marble and 

Culberson. The economy of the county is chiefly agricultural but 

is becoming industrial at an increasing rate. Uost of the in~us

~ry ~s ~ex~11e relateu; but,mining, ~uarrying, timbering, and manu-

facturing of wood products are also included. ·~ 

Th~ county is in the Dlue Ridge physiographic province. Nearly . 
all the area is mountainous, but the area between Andrews and Mur-

phy is ~n a strikingly broad valley. Local relief ~~ great. The 

max~mum relief in the county is about 3,800 feet from the Hiwassee 

River at the Tennessee li-ne to the sucmit of-either-Weatherman· Bald 

~f Grassy Top. The Hiwassee River and its chief tributaries, the 

Valley and Nottely Rivers, drain the county. Peachtre.e Creelt "flo\vs 

in a broa·d valley. Other prominent streams incl_ude Little Brass

town, Junaluska, Hanging Dog, and Martins Creek. Hiwassee Lnke and 

Appalachia Lake, reservoirs of the Tennessee Valley Authority, are 

within the county. 

'· .. . , 
•I .. 

! 

. ~· 

.. . 
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Geo:;.ogy 

In the western half of Cherokee County~ the bedrock is the 

quartzite, me~aconglomerate, and uctagraywacke unit; in the eas

tern half it is the quartzite, phyllites schist, gneiss, and marble 

units'in the Murphy Marble .belt (fig. 4). The marble lies in the 

valleys of the Nottely and Valley lliYers ~roc Culberson to Topton 

and in the valleys of Peachtree and Martins Cre~ks. Except locally, 

all the rocks dip steeply southeastward. The dip is less steep 

in the Andrews-Marble area and in the Martins Creek-Peachtree area 

where. the· geologic structure is- more complex than is general. 

Ground Water 

About ~8 percent of the domestic water supply in Cherokee 

County is ground water. Springs supply the greatest number of 

families, but wells supply the greatest quan~ity of water. About 

half the wells are dug wells and half are drilled wells. Most of 

the drilled wells are G inches in diameter and are between 100 and 

200 tee~ deep. A ien wells are 8 inches in diameter. and at least 

one is more than 400 feet deep. Nearly all wells were drilled since 

1950 •. The dug wells may be as· much as 90 feet deep, but most of 

them are between 25 and 40 feet deep. The most common diameter 

of dug wells is about·S6 inches~ but many of them are square and 

are about 48 inches across. About as many wells are dug each year 

as are drilled. 

Springs are generally used for water supplies wherever ·availabh· 

The minimum flaw that can be expected fr~o cost of the springs is 
. -

less than 1 gpm; however, the minimum floYr of several springs, such 

as Cherokee County Spring 2A, prcbnbly exceed.ed 5 gpm during the 

driest known period, the fall of 1925. Almost all springs ceased 

flowing during that year. 

The chief aquifers are fractured zooE:s in bedrock., Large yield!' 

are obtained from crushed quartz vein~ cr quartz-mien pegmatite. 

The greatest yields can be obtainEd fro:J ~olution cavities in the 

Marble Unit. The reported yield cf hherckee County well 15 is 60 

gpm from the marble. "The drawdown at GO gpm is reported to be "not 

no tic 
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noticeable." The low yield during 19G2 from Cherokee County Spring 

2A in the Quartzite Unit was 10 gpm; the high yield was 30 gpm • 

. Chemic'! quality of ground water 

Analyses of ground water from Cherokee County are shown in 

table 9. No ground water was sampled lYhich c"ontained more than 

0.3 ppm iron. Wells 1, 3, 5, and 16 have water with high thloride 

and nitrate concentratiqns. 

Municipal supplies 

Yurphy and Andrews have t~e only municipal water systems in 

Cherokee County. Supplies in the other towns are obtained from 

privately owned wells or springs. llurphy and Andrews .obtain their 

municipal wate·r from surface.-water sources. 

.l.!urphv 

The ).lurphy Water Works obtains water fror: tv-·o sources--the 

lliwassee Uiver and lJarble Creek. The capacity of the treatment 

plant on the Hiwassee lliver is 1 mgd. -·The capacity of the pressure 

filter on the supply from the reservoir on Marble Creek is about 

420,000 gp~. Storage capacity in the reservoir on Marble Creek is 

1,250,000 gallons when the reservoir is full. Storage capacity of 

treated water from both sources is 500,000 gallons. ·consumption, 

including a very high leakage loss, is about 300,000 gpd. Maxi

mum consumption recorded was .about 400,000 gpd. Distri-

bution is by gravity to 800 taps "in 1963. 

Andrews 

The town of Andrews obtains water from a 40U,OOO-gallon reser

voir on Beaver Creek. Storage capacity of the reservoir for 

tre &-ted w'a ter is 100,000 gallons. Distri butil)n is by gravity to 

525 taps in 1963. Consumptjon is a~out 80,000 gallons per day. 

Industrial supplies 

Uost of the industrial supplies are·froc the llurphy and the 

Andrews municipal systems. A single textile plant is supplied by 

a well. Location of the marble unit, the aquifer of the greatest 
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expected yield, is favorable to development of industrial suppliee. 

The ~arble occurs in the principal valleys near the railroads, 

highways, and towns. Possible sourges of industrial cooling water 

are inactive talc mines and marble quarries. Under some circum

stances, active mines or quarries perhaps could supply cooling water . . . I 

:z 
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35' 05 1 18" l111clh7 R. l11ckor Srrlng 

elde on 1~-8-81. Bat.raordlnarl-84' 02 1 28" ..... 
lt llerenll11ble. Fluctuation 
or flow la lla&ll. 
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- - - - -
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'"' . 
"' ow ..... d 

0 . .d .... 
"' "' a. u 
G) Cll "" "" 't1 ..... It :;1 ..... 0 

G) 't1 0 .... ..... 
0 ~ ~ u !I) "" Po 

...., ! Gl 
>o .. ow "' ... G) 0 cf ..., 

1-4 

~ 
u i IC G) Gl .... d 

u "' "' ..... 2 
~ cd o· It .... :;! II: !I) Q !I) ... 
v fJ !J 

1\ c Dr- 45 ~y 15, 1!162. 4,0 o.o 0.03 
.mm I Dr-212 Hn.y 16 .•••••• H .o .06 
,11\1': TV llr-175 J.l,oly lli ....... 1!1 .o .30 
qp v Dr-!01 Hny lG.,,,,,, 5.9 .l .lG 
m:l I Dr-l?.O Hl'l.)' 15 ........ ... 0 .o .oo 
m9 V Dr·10G ~11\y 16 ••••••• 12 .o .03 

111\!11 II Dr-170 l·lnY lG.,,,,,. 11 .o .09 
mrn v Dr-210 1·11\y 15 ....... 5.2 .2 .03 

n I l>J'- 27 Mr'\y 15 ••••••• 6.0 .o .oo 
nun I Dr-?.13 Mny 16 ••••••• 9.0 .o .06 

'":I J OJ·-"r.s Or: c. r;, •••••• H .. .07 
lllf" T 11•·-~no I'-Hh n· ..••... Jr. -- .or. 

nm " n Hny lG,,,,,., '1,0 .1 ,00 
II r [J HttY JO,,,,.,, 7.3 .o. .oo 

11 Rock Type 
l•p;-blut.llo r•.nol 1111 

hg-hornhlcmlc gnoloo 
ur-ultr~~rlc rocko 
r~-grnnlto gneloo 
mn-mlcn nchlnt 

qmm-qunrtzito, motnconglomornto, 
nnd metngrnyvacke 

- - - - - - - - - - - -
TABU: 9,- CHEMICAL ANALYSE:J OF OllOU~ D \11\T.r.It Fllct·l CliEilOKEE COON'l'l' .. 

Chcmlclll •I!.!L ~ps,_ in !~.!:t.!Lllill" !'J..HJ.on 

'j "" ...., 
" ~ 

B 0 
G) "" 

...., 
VI ..... d 
Cll N g 
! 1-4 ..... 

0 .... 
a. 3 u 

~ a. ~ 8 .... 
·:. N u 

0.03 o.o~ 0.2 0.4 
.01 ,03 .1 3.5 
,01 ,02 ,6 4,0 
.oii ,04 2.!) 4.0 
.01 .02 .1 7.5 
.02 ,06 .1 1.2 

.03 .11 .o 4,1) 

.04 .01 .o 25 

.oo .04 .o 6.7 

.oo .oo .o 27 

-- ·- -- G.2 -- -- -- 7.6 

.01 .02 .o .r. 

.oo .oo .o 1.5 

gmo-gnrnet-mlcn nchlnt 
qp-qunrt.):ono phy llllo 
qm~-qunrtz-mlon gnoloo 
pme-pby111t1c-mlcn echiot 

mm-llll\rb1o. 
q-quartdte 
a-alluvium 

...... 
bll 
:11 ..... 

] 
Ill 
0 c, 
It 

=-
1.0 
1.5 
2.0 
:;.3 

.7 
1.2 

.7 
49 
3.5 
z.o 
2,0 
?..4 

.l 

.5 

"" . " 8 "" ~ .. ,..., ..... "" " ...... g· 1>4 ,..., .. ..... "" " .- ..... .... Cll 0 0 "' g ..., 
~ ..:I "' II] ...., ..., 
7-- g ..... ~ ...., ..... G) ..... d Gl G) "' .... g .8 " '11 '11 Gl cf 

g Ill "' 1! 1! "' .d 

~ .... ~ It ~ ft .... .d 'H 0 0 
'11 "' "' .u ~ 6 ~ "' 0 
0 8. j .... ;! .d 
0) Ill !I) ~ 

0.1 1.7 o.o G 0.2 !),3 o.o 15 o.o 
2.0 1.4 .o 10 .2 3.0 .o 4.5 .o 
7.2 .s .o 4l 2.2 3.0 .o .o .o 
?..l 4,r. .n ?.?. li,4 fi,B •• o 12 .o 
.3 .3 .o 20 .2 .9 .o ·.o .o 

2.2 1.1 .o 13 ,4 2.,o .o 3.4 .o 

!1.5 1.2 .o 15 5.2 1.0 .o .3 .2 
1.0 .7 .o 294 16 4.3 .o .o .o 

.7 .3 .o 40 .2 .1 .o .o .o 
Z,G ,!J .o OG 11 3.2 .1 .o .o 
3,?. 1 ... .. ?.li 3.6 4.5 .2 5.7 --
4.5 1.?. -- 47 .n l,G .2 .2 -· 
),0 .. , .n 7 .?. ],3 .o .o .o 

____:E_. _!!L .. . _: o 9 .2 ,3 .o .o .1 

fJ Wntcr Typo 
T-rnlclum, 1111\Bncnlum, sOdium blcllrbonat.e 

I t-1:1\ ll:lnm, nt><llnm, ll'flfiJJ~olulll blcllrbnmLo 
JJI-cnlclum-nodlum, 1111\r.ncolum blcarbonnte 
rv-nodlum, cnlclum, n~llum blcnrbonotc 
V-n1111,l:ne~~lu1n, c:ll1cl um, oodlum blcarbonllte 
D-dtonolvcd oo1ldn too lov to reflect effects 

or 1U.hology upon wter compoeltlon 
C-cxccoolve ch1orldo nn~/or nitrate mnske 

errocts or lithology upon water compoeltlon 

Dissolved nard ness 
solids 

0 • 
0 
o:) ... 
"' 'i It .. 
G) ld 

.a :1 .... u 
VI ..... 
~ It 

0 

43 45 
43 40 
61 59 
66 GO 
29 29 
Z!J 30 

·31 32 
217 247 
37 38 

102 99 .... 55 -- 50 

1G 15 
10 15 

as caco3 

.. g 0 

"' gv; It 
d 

.-I G) ,.8 
~c, g~ cf~ 
U:IC li'.:U 

a 4 
15 0 
22 0 
32 14 
22 0 

0 0 

13 0 
2GS 24 
31 0 
70 0 
27 6 
2!1 0 

3 .\) 

6 0 

!J Source 
s-eprrng

Dr-drlllr<1 vnll 
bt-dug vell 

-
0 u....:. 
~!-' 
"'"' gN 
'11'-' 
d ~ 
0 
Ulll 

~~ 
~e 
~u 
a.~ 

()) 
1\) 

112 
!/)..., a. 

69 5.0 
50 6,6 
76 G.O 

'!10 5.ll 
47 r..z 
31 5.7 

41 G.4 
479 7.2 
60 6.6 

170 O.l 
76 G,O 
73 G,7 

14 5.!1 
10 G,J 

-

'-
0 ... 
0 
0 

1-

5 
5 

10 
5 
5 
5 

5 
10 
10 
10 ----
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Sl'.Al'l: or NOltl'H CIJI.Ol.D\1. 

llEP~ OF Hi.'muJ. :ttsOURCF.S ANn ~l>Tn tlt:VEJ.Ol'l-lmf 

Cl.ASSiriCA:riONS />ND ~Al'ER QUAI.::Y STIJ::>ARDS 

ASSIGNED TO 

F.ep:-inL !rorr. North Carolina Ac!minhtrative Code: 15 NCAC '.B .0302 
C:urrcnt thruu;~h: ~cptober 1 1 1981 

Ref.·? 



I 

I i 

'I . ~7 
: :e :ence Material to ~tion 15 ·N:Ac 2B. 0302 Ei'to:C.Ssee River Basin, entitiea ~FICATIOl\ 

1 

1
.~. K!.TER OOALITY ~ASSIGNED TO 'mE WATER OF~ RIVER BASIN, has~ anended 

1 
-86 as follows: . · 

1 

I . 

i J; of stream 

1:ittan Creek 

'I 
~ver Creek 

,I 
1 .-~.an Branch 

I ::1oll.a.~c3 Creek 

-= :.~eek 

I .::-::::; ?J:VE:R (::: i .,.-as see 
::. ·=lo;...· e:e·.-ation 1525) 

Description 

Fran Andrews Dam to ~'Il of Murphy 
Paw rater SUpply Intake·. 

Fran source to Andrews Water 
Supply Intake 

Fran source to .Andreto'S r~::er 
SUpply Intake 

Fran source to Beaver Creek 

Fran source to a point 0.5 mile 
above m:>uth 

From source to Den Rol1ric C:eek 

From source t o ~~ Eel~~= C:cek 

Fran so;., rce t o =.it; Cr::Ne ~:2...--:::: :: 

Fran so'...rce ::o ~"-':? y 'Y~c.':s : S..;;;ply 
mta.Ke 

From source to P.Lrphy &':e: S'..~.t-'ply 
Intake 

From moutt of :&:arpa.w C:~ to 
Eli¥. -as see r:ern 

! I 

Class ltdex N;?. 

WS-III 1-(36) 

WS-I 7-52-29- (1) 

rlS-III Tr 1-52-3o- (1) 

WS-III 'IT 1-52-30-2 

ri'S-III Tr 1-52-3D-5- (1) 

'VS-III Tr l-52-3D-5-2 

I·~-III T: l-52-: J-5-3 

h'S-III T: l-52-: 2- 5-3- l 

WS-I l-52-€6- (2.) 

WS-I 1-52-£6-3- (1} 

hS-III&B 1-{65 ) 

I :.ributaries to segments' of Hiwassee River classified A-II will be classified <:?unless 
_·:-. -=.r,;ise nO'-...ed. 

I 
I 

I 
I 
'I 

---··-~ 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

- ·----·---

liaae of Streaa 

Clabber Branch 
Payne Branch 
\..'ill l"..a11on llrancb 
Grear;; y Creek 
Buch=nan Branch 
Li ttle Brnsstawn Creek 
ri nhook. Branch 

St=ey Branch 
Johc Mason llrancb 

Rick.& t~ran cb 

Fran k.J..aD !lr an c h 
heed Branc:..b 

Clayton Branch 

C: a rrin::;er Branc:..b 

Brencle Branch 

'Bev l.ns Branch 
enk::.s I::-.ar.c.h 

-coc. :cso:1 B:-anc 
~~co=. ·c, ~ :-E.._n c.h 

?e.;c: :~ee C:-ee.k 
::_cs ~7~~ ; D=znch 

~ : res =-e :-Jcl"-. 
~ !..:: :::. :- c. :~ =: h 

C:-- er.c :- : ' E:-anch 
~oocy E.:- an.ch 
s.:. {l ... C:~t:e 

=..o:-r.e:: E:-c.och 
!-.e ss e:- :5 :- .a:-~d·. 

G ~a:-, .u: E.r a n c h 
S:le.::.: 3 :- ;u""l c h 

Ccrn'"'e. - 1 Branch 
: a ll Bra n c h 

Seibol d Branch 
Burothouse Brauch 
~i ll Scott Creek 
Hm:: pto:l Creek 

H.4rsl:n: Branch 
C~grouftd Brauch 

Mart:!! : Cr eek 
~.a g Asht Branch 
Gcotb -.! Creek 
Righ t ~eng M£rtin Creek 

. EI ~A S Sf.;: ?. !VER (Hiwassee 
Lake b~~o~ elevation 1525 ) 
~ c Col1 c r .anch 
\'<oll t! y i-.i ·Je. r 

Pcr.;tl .. r :CUrnt Branch 
l-ung :!ranch 

Cl.&adfie&ti.ml 
Deacriptiou Cl..&a1 Date 

'F:7aa aource to l'i.nelog Creek 
Fraa aource to Braa1tovn Creek 
Froa aource to Bra11atovn Creek 
'FrCII 11ource to Braar;;tovn Creek 
Proa source to !raat~tovn Creek 
From source to Brasstown Creek 
From aource to Little Bra••tovu 
Creek 

c 7/1/61 
c 7/1/61 
c 7/1/61 
c 7/l/61 
c 7/l/61 
c 7/1/61 
c 7/1/61 

From aourc~ to l'inhook Br&Uc:..b 
Prom aource to l'inhook Br&Dcb 
From aource to Little Bra.stown 
Creek 

c 7/l/61 
c 7/l/61 
c 7/1/61 

Prom aource to llek.s Branch 
'From .ource to Little Bra111towu 
Creek 
From aouree to Little Bra11stowu 
Creek 
From aouree to Litt l e Brasst~ 
Cree\:. 
From source to Litt l e Brasst~ 

Creek 

c 
c 

c 

c 

c 

From source to E~ e.nc1e Bra~ct. C 
Fr om source t o = :- c. ssto~~ c~ee k C 
From source t o =:- c.s s~o~~ C:-eeK C 
Fr om source t o R : ~z s s ee Rive:- c 
Fr oo s ou~c e. to E::.·-·sE see ?.!ve ~ C 
F r 0t:1 6ource to ~ e c: ':"-. :r ~~ C_:-ee ·. 
?ro:: SO(;!' Ce : c ~E.Z~ ~.::- ee ( ~e e ;.._ 

? ~ a= SOU ~ C E: : c :.=-e. c.: ':-.::-ee C:- ecf 
: == so:.:rce : c :=u. : :.: :- ee c ~ ;-= ~-
!'!'Ot:. sou:- c e tc Fc. : e : ·ue :t Cov e .:- :e~ . ... 
From s o~~ce t c ~ e::e :;-ue :: Co·.: e ~:-E=e:.! . C 

Fr~ source to ?~c~'::tree C:-e~:.... 

!roc sour ce t o ? e. c:::-.: :- ee. C ~ e~ ·, : 

Fro= source to ?::.?eE B:- ancr. 
Fr oo source to P:.? e6 Er z.:lcl'. 
Prom source to Feach:r ee Creek 
Fr= source to Fe..2c~.:ree Cre.e i: 
Fran s ou r ce to Sl o•· Creek 
From sou r ce l O ~lo~ Creek 
From source to S l~ Cre ek 
Froc 110urce t o S 1 o~ Cr eek 

c 
c 
c 

c 
c 
c 
c 

From sour ce t o Snea d Branch C 
From aource to P.i ~assee River C 
From 11ource to Fal l Brench C 
P'rom source to Riva11see River C 
From aource to Eiwa11see River C 
From source to Ei~assee ~iver C 
From •ource to ~pton Creek C 
Prom aource· to E.m:pton Creek C 
From aource to Eivassee River C 
From aource to HLrtin Creek C 
From source to Hartin Creek C 

·Prom source to l"..ertin Creek C 
From Tovn of ~uq:hy R.a., 'lh t et' S:: ~ ;:ly C 
Inta~ to Laure l Cr eek 
From •ource to EiYassee ~ke 
From Bource to P.i~~ asee ~~ 
From source to VE1ley River 
From source to Valley River 

c 
C Tr 
C Tr 
CTr 

7/l/61 
7/l/61 

7/1/61 

7/1/61 

7/1/61 

7 /l / 61 
7 / 1/ 61 
7/ _/o 1 
'? / _/7 4 
7 / 1/ 61 
: /!. / 61 
: t : / f-. 1 
~ / :/61 
~ I : I!): 

~ ,' l / 6 _ 

7 / '.. / &1 
7 / '.../n ~ 
7/ 1/ 61 
7 / j_ / 61 
7/ 1/ 61 
7/1/61 
7/1/61 
7 / l / 61 
; ; : /6 ] 
7/ ":../61 
7/1/61 
7/l I 61 
7/1 /61 
7/1/61 
7 /1/61 
7/1/61 
7/l/(>l 
7/1/61 
7 /l/61 
7 /1/61 
7/l/61 
7 /J./ 61 
7 / 1/ 61 
7/1/ 6: 
7/1/ 61 

9/1/7 4 
7/ '.. / 61 
7/1/7) 
7 /1/7) 

21! .0)00 

UT\J 4 

l-'<2-6-2 
1-'<:!-7 
1-lc2-a 
1-'<2-9 
1-42-10 
l-42-ll 
1-'<2-11-l 

l-:.2-ll-1-1 
1-'<::'.-ll-1-2 
1-'<2-ll-2 

l-42-ll-2-l 
:.-.:.2-ll-3 

l-42-ll-4 

1-42-ll-5 

1-"2-ll-6 

1 -t.~ -ll-6- 1 
l-£.2-12 
1-4 2-13 
l - 4 ; 
1 - l.i. 

1 - .!.l. - 1 
j_ - £. 1. - 2 
1- .!.w - ) 
1- I.L - l. 
1- L .:. - t. - 3_ 

] -.H - 5 
1- i. L- 6 
1- .!.L - 7 
1 - 1.~.,7 -.l. 

l - 1.1. - 7- 2 
1-I.L- 8 
l - H - 9 
1- L4 - t< -l 
1 - l.~ - 9 -2 

1-Li.-9-3 
l-4 1. .:.9-l. 
l-0:. 4-9-l. - l 
1-45 
1-45-l 
l-4£, 
1-'<7 
1-i.B 
1-l.ll-j 
1-lcb-:! 
l-'<9 
l-49-l 
l-49-2 
1-t. 'il -3 
1-(50) 

1-51 
1- ~ 2 

1-52-l 
1-~~-:! 

___.. 

I~ 

..•. ~ 
f ~ 

' 4 
! 

I 

I 

I 

I 

I 
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ENVI BCN!SENT AL !SlNlGE!!EN'l' · 'I1 S: 02B • 0100 

exa.~:.in.er or examiners., vill adopt its final action vi.th 
_£es pect to tlle assign cent of cl.!.ssifica tion s applicable 
~o t~e Yaters unde~ consideration. Xhe coamission vill 
publish such ACtion,. together vith the e£fective dB.te 
for the application of the .. previsions cf General 
-~tatute 143-215.1 atd 143.-215.2~ a!: -!mended, as a pa.rt 
of the. commission• s ctticial regulations. 
The final action of the commissicn v.ith respect to the 
assignment ~f classification vith its accompanying 
standards shall contain the co:£ission•s conclusions 
relative to the various factors given in General 
Statute 143-214.1 (d), and sh!.ll specificall.y include 
the class or classes to vh.icb. such specifically 
de signa ted waters in the watershed ~r watersheds shall 
be ass1.gned on the basis of t:£St usage in tbe interest 
:> f the pu .th ic. 
(A) .. Fresh•ater Classifications. . 

ji) Class iS-I; •aters frotected as water 
_aupplies vnicn ate in t;a"ttral and uninna..bited 
-=>r· predcc.inantly .!d.C~t:v-cl.q::.~d (:-.ot urbanized) 
vatersbeds; ~C rCi~t ~:;:ce disctarges are 
2er:itted a~6 local :~=~ ~a~age~ent Frogra:s 
to control ~on?oi~~ scurce 2olluticn ate 
reguired; sui"tat:le fc: all Class C uses; 

{~i) Class l!S-I!; vate: Frotectea as .-ater 
§Upplies v~~cn a:e ir. low ~o ~odera~ely -1·-- --·-- !.- •. ---- - ... --- -- --· ---d-e.veloped---j.ur.ba ni zed.)- .. a ate rshet.s.; di.sch.arg es . -·--·-. ··--- ... ____ _ 
are re~tricted to Fti~ari~y do~estic 
'liastevater or ,industrial ne-e-process waters I specifically approved ty the ccutission: 
1 ocal 1a td ~ r.age ce ~ 't: ~rogra ~ts to control 
nonpoint source pcllcticn are ~equired; 
suitable tcr all Class c tses; I 

I 
I 
I 
I 

(iji) Class WS-III; vater supply segmsnt ~ith AO 
categorical restrictions on watershed 

· development or ~ischarges; sui.ta.b~e for a 11 
Class c uses; · 

{iv) class B; sui table f c~ sviml1ing. ,Erimary 
recreation and all Class c uses; 

jv) Class c; suitable foi secondary ;ecrea.tion 
.and fish prcpagation; 

(B) Tidal Salt Water Classifications. 
li) Class .s~: suitable for co~~ercial ~hell

tisning and all other tidal salt va.ter uses; 
ti.,i) Class SB; suitable f-=>r s"ill~:ing And primary 

recrea.ticn and all Class SC uses; 

l!iORT H CAROLINA AD!!I'N IS'IRAl'I VE CODE 01/20/86 28-2 
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(ii,i) . class sc: sci table fer ~econda.ry ~ecrea.tion 
· and tish.propagation; 

(C) Supplemehtal Classifications. 
ji) .. Trout vater~; suitable for aatural trout 

propagation and maint~~a~ee of stocked trout; 
Lii) swamp waters; vattts vhich , have !,cv 

velocities ana other natural charactEristics 
which are different froG zojacent streams; 

{iii) Nutrient sensi'ti~e YZ!.tel:s; waters _£equi.ring 

(j.v) 
limitaticns on nutrielit i%lputs;·· 
Outstanding Resource iatErs (ORW); 
special waters of exceptiona~ 
national recreational. or. 

to maintain existing ~ses. 

unique ,And 
state or 
ecclogical 
prctection I significance ~hicb reguire special 

jb) In det e:r~::inin g t.he bast usage :! i·a ters and ~ssigning 

l
~~ssi=icatioos of such wate~s, the co~;iss~c~ ~all consider the 
:·-:..:ria spec"i"=l.ed it: General Statute 11!3-~1~.1 {d). 
_:c) 'iihen revising the classi!icatic::i :£ \·ate:s, t.D.e _givision 
::.ll c·~llec-t vater guality data xi.'tbi: "t:.~ · .. =-:ers.ied ·for those I :2t~ce.s 'ihich re=uire ~ore s-:ri.:oen~ c::.oo::ol -:::an re;uired by 
.:. c:::::is-:ir .. g class~fice.tion. f.~;;·c:~·e:::, ~-.:::::. s;.:::.:;.ling :.ay be 

:..~.::::. t.o o~, .. ... hose p:=-a.:,-.. ~-s •hie!: :.=e su.spected to be . "-6-..! '- -- ... t;.- -- • -

I :::::=:.~ .:n sigti.ificc..!l't. quantities. 
__ , :.:..~ ... w.:.,...., ;.;..,li"t.ciilEQ in ::iecticr. 25 .:100, ~B .0200. aod 2.9 
~ :,J ..,.. bic.h per"t.ain to the series ct. clasl::.=i=a~~ons and water -1 :..~:..ty stancc..rds _shall ·be kr:ck'.n as ~.::.e t1Classi.f.icati:>ns and

::: ·-:r·--c,-ifal-ft:~·--·s ·iar1Ciar"d.s kppf.5:cab le ·tc tne s trtace iia ters o!: North 
-:. rolina." . · · 

I ::.:_st.ory Note: 

I 
Statutory Authority G.s. 1!:3-214.1; 
143-215.3 (a) (1); 
Ett. February 1, 1S76; 
Acen.ded Eff. February 1, lSSE; January 1 ~ 1985; 

·September 9, ·1979. 

1)102 USE OF CLASSIFICATIONS AND ~A!ER QOAlilY STANDARDS 

statutory Aut.b.crity G.s. 143-214.1; 
Eff. February 1, 1976; 
Repealed Eft. January 1, 1SE:. 

l lO:i kNJ..-LYTICJ..L PROCEDURES · 
2ests. or analytical procedures to deter~ine confor~ity or noo

_:.;:;f·ormity . _¥ith standards will,· insofar ~s practicable and 

l~licable, conform to tbe guideliDes bj the Env~ronaental 
)tecti:>n Agency codified _AS 40 CFR~ Part 136, vhicll are adopted 

ls.l'B CAROLINA ADBINIS"rRAT.IVE CODE 01/20/86 2B-3 
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;. 

..... 



I 
I 
I 
.I 

I 
I 
I 
I· 
I· 
I 
I· 
I 
I ..... 

I 
I 
I. 

r ·~ : __ /! 
... -. 

Ref. ? -·~---- :· · .·· :_ 

~~~~~~r ~OIL &. MATERIAL ENGINEERS, INC. ENGINEERING-TESTING-INSPECTION i. 

~ 
-~9 Ea~ Blackstock Road, Spartanburg, S.C.2S301 Phone (803) 574-2360 

Clifton Precision Company 
Route 1 Box 1~0 
Murphy, North Carolina 28906 

Attention: Mr. Mike Hogshead 

Subject: Monitoring Vlell Installation 
Clifton Precision 
Murphy, North Carolina 
126i-86-195 

1-~o,·e::lber 12, 1986 

~.·· ri~.:·-~ -=--c ..... .;e:c... '\1't: .. ""'-.... •• -· •· .--· .. u.. - .. ____ ..... t : • • ~·"·" ' 

\. ____ .._ r-~-·:--

·'·-· .... -~- .... __ •• c.. 

L·c~s ~c \\·e~l S:::~e~ctics. 

."-. - '- ~s bee- o ....... ·~c·e~ -r,.. ... cc:;·.-· ••c:. •• • ....... ... ·-· 

C::l-lo··'n ... c .. h'"'ve c••c.c:•:c ... c: -c..---..:~ .. - .. ,....c c- ..... e ..... +c: ._.~ • ...,..;_. •\ W -'W .-.... ... _ .. ! .;_ •-5~•-••'5- \. • .; ... """"'•• .. •-'•-

C:' f:l:-the:- i::-.fc·:-rn~tjon is nee=-e_c, please :~e: free to. cc.ll us. 
c: ~~:s Jette: 

SOIL l; !·iATERIAL ·EN GINEE-?.S I INC. 

JW/cg 

/~ I . 
~~..· .. ~ .. .._, 

I 
John Whitehead 
Geologist 

. 
: 
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MONITORING WELL SCHEMA TIC . _.,_ . 

IWELL NO. MW-1 · 
~t.h CompJ•Ied l~-86 
ProJect Ho.l2S2-SS-l95 

1. 
not•ctlve Caaln; 

.?rotectJye Caa.lng Lenpth 

.rotectlva C&alh; Stickup 

I 

I 
I 
I 
1-·· 
I· 
I 
I 
1. 
I 
I 
I 

Grout 

Portland 
(Type) 

Ct.rir:t 

:-·· 5C~ ~Q ?YC 

Sentonlte 

?e!Jets 

Grr.vei/S.anc:! 

- ···--· 

. . - ... ··-··-· -O.D. OF CASINO _..2_"-~~---
LENGTH OF 8CREEW l 0' 
8CREEH OPENING 8tZE _o.mo 

5' 
Well Caaln~ SUct.up 2' 

2. 5' 

O• 

Oe~th !o iop of Gr&.v•liSc.nd ll. -

Cepth to Top of Scree-n 13' 

Depth to Bottom of Screen. :--...... 2-..3-.' __ 

'Total Depth 23.5' 

:a·'lE: ALL DEPTHS REFERENCED FROM GROUHO SURFACE 



_L .. :. ---. ar.·c;-ut' · ___ -._. --~----~.,. 

I Portland 
(Type) 

I 
I 

Cz:.tln;: 
r, ,. c:: rr..: - . """" ... 

I 
1-·- .... - 5entonlte 

Pellets 

I 
I Gr2. nl/Sa.ncS 

I 
I 

: --=-

I ..... 

I 
I · . 

. · 
ALL DEPTHS REFERENCED FRO~ GROUND SURFACE 

. . : .... ·. 

·. -.• . 
. ······- .. -·.··--·- .. 

. . .. . .. 

Ot;!h te ic;; of ee:-:tonll~ 

De~th to Top of Gr~vel/Sc.n~ 

Oepth to T~ of Scr••n 

•· • . 

. . -

. ··- . . ··.:.::..;. --:.• 

·-· . . . -
. . • . . . . : ..... :~.::::..· . --~~ ... 
. .: . . -.. -• . ':. ·: -~ . 

. ...... 

0. 5' 

1.5' 

"!!t .... 

...... 
·.···· 

Depth to Bottom of Scre•n 13' 

Tot&J D•pth "1.3.5' 



I 
MONI.TORJNG WELL SCHEMA TIC 

. . 

I WELL NO. MW-3 
Cc.te Coft'lpleted 104"-86 
ProJ•ct He. 1262-86-195 I. 
Protective Cuing 

1?-rotactln Ca~lnp Le~th 

?rot~ctlve Caaln; Stickup 

I 
·I 
I 
I 
I. 
1.· 
I 
I 
I 
I 
I 
I 
I 

Grout 

Portl2n d 
(Type) 

! S :: c ~ n~ 

Se:-::cr.lte 

(Tfoe) 

Screen 

O.t) •. OF CASING _.-.2"--::~----
10' UNQTH OF aCREEN -

$CFtEEN OPEHIHQ SIZE · 

5' 2' ·W•U Cacln; 8Uelarp 
2. 5' 

.. 

~c;!~. :: ic::c ef SEr.tonlte c· 

!1' 

C•pth tc T~ of Screen , ~· 

Oe~th to Bottom of Screen· __ 2_3_' __ 

Total Depth !!5' 

liE: ALL DEP'tHS REFERENCED FROI.( GROUND SURFACE 



cur~on. -SOIL f?O.RING AND WELL RECOF. ~? 
I t1 on: Precision Murphy .Count,.: .I<» llc.:1262-!6-l 95aortoil •r won Ne.•ll'e" fl 

· N.C. -
r c ~ J)y: Donnahoo Drlll•tr br:-:... Donnahoo Grlcf Coorel.: Lat.-Leftc.: 

I Ct&rtecl: 10-1""'86 Iorino Oepth: 23.5' ltatle Wator Level ------

I . Ccrnpleted: 10-"1-85 Welt Depth: .,3, 

I~; ~othod: HSA Caaln;:~2~"~S~C~H~4~0~P~'~:c~------Q~r~•-••_)_~-·-~~=~S~e~n~d~--~ 

f icp•~nt Wethod:SAP: Scr•~•~n~:~2-"~P~V~C~O~·~O~l~O~S~lo~t~--~~~~·~e~a~t·~·~B~e~n~t~o~n~it~e~Pwe~l~le~ 
A C 

• - ---·---·-----.... -Sunp1ea: ;t~er uttings Grout: Portland ·. ----------··-.. a-·~ 
~----~Jr::ar L~c· Cheftl Anclyala· Yes ~ ,_ - ~-.._.- .. -

Per~aeabfllty Teatai ------------------

. . • . -. .._. ~ . .......... _, 

IE ln • 

.1: 

........... ~.:.·...._._"· -c. Deacrlptlcn • • •o .-o ao eo -c -I .. . ~ - . - -
~ - . 

I ~ ... 
J ~ -
i ~ -

~ -~ 1- -
I r- -
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1 

r- - -~~j r- - CLAY 
r- J 
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• II E ' 
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I· I 

I 
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; 
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~ ~--~ 

1
1! 
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-~ . -

I I 1-- .. ~ -; 
-~ ~ ....., • ... • . .• @ , 3 ~..~ . 

------ ---- -·- ------ ·-- --- - - .. --- . --- . -- - . -- -- ------ r· - - -Dor-lng---J.e:-r:unatec- ~-;.. ;o · · 

I 
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t- '_l.. 
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.. .. r-· 
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.. 

I 
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SOI·L ·BORING A-ND WELl RECORD I 
·Clifton 

; t len: Pre-ch::jop Mprph)•. CouRt,.:. ______ ~ ~.:l:!62-B6-195aorlrac •r _..u No.: Well ¥2 
· N.C. . 

• ... t- d. by: Donnahoo Drilled br: .: Doppahw Grid Coord.: Lat.-Loftc.: _____ _ 

I Ctartod: 10-7-ss-· aorlng Depth: 13.5' ltatlc: Water Lewol --s ....... n~..· _____ _ 

10-'1-86 Well De~th: 13.0' Permeablllt)' Teata: --------I Com.ple t • d: 

: In; . a.r • t .hod : __ H __ S...,A.._ __ Ca alra;:. __ ...;:2;..'_' ..:S;..C~H:-:.;~0-:..P...;:\•...;. C:;_. ____ .... o_r_a_"_•I_P_a_c_k-.: -...~~~P.!:i..· Pi.JJ.~d ___ _ 
SAP 2" P'"C 0.010 Slot • ,- : I·Jc~sarat Uathod: Scr•~·~n~=-~--~~~~~~~------~·-·~~~~~e~n~t~o~n~l~te~P~en~e~t~s 

P tl d -----.. ..._ ___ _ . e • .,~···= AUC!er Cuttings Orovt: __ o_r_an_________ ._----......... _ ... _ .... 
~-...-ot.l . 

c- le~l Loge: Che~a. Analyata: Yes ) ....... • -·..._. :=:_ --.-.. -. ......... --...-- .......... _._ 1:! 
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. curton SOI.L .B~RING AND WEL.L RECC .4 f-aD 1 ____ . 
Jtlon: Precision M~rohv, Countr:. ______ Jot, Nc·.: 126:?-86-l~~orlftC •r Well No. 

· N.C. 
~ c e.d by: Donnahoo Drilled l>r:·Donn~hoo · Gries .Coour.:. _____ . _Lat.-Lo;.o.: 

.1. llte.rtecf: 10-7-B!r" lorlag Depth: ~5 n• Static Water Lewol JE 5-,-----

·1• Completed: . 10-7-86 

.IJ~;~etho~: HSA Caaln;: __ ~2-~~s~c~H~4~0~P_\~1~C~----~G_r~•-•-•-l~~-·~c~~~:~~s~a~~~~----:l a J o pme nt Wet hod: SAP Scr••r:: 2" PVC 0. 010 Slot a ••I:Ben'tonite Pelle 

'd -----.--• ..._ .. '-~-·. 1 Sa~npl•t: Au~er Cuttin~s Grovt: ___ ..;P_o_r_t-..lan __ ._____ .__._....__~··~~ .. - .... 

' ~ ... ..-v -=--·---.. Ch A fa• Y 

Well De~ t h:._-=~""'3 ..... .,0'---' t r"' tab lilt,. Teat a=---------.• 

. leaf Le-o&: ••• na ,.. . ec: . ... --·--- ~ ..... .....,_ .1: - .............. ::.._._.._ Elev. Q. Deacrlptlon .. . • .. • 10 ac aoec 
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Ground-Water Hydrology: 
witth Reference to "Condilltions 
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u.s. GEOLOGICAL SURVEY 
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Rock Units and Aquifers · 
in the Piedmont and Mountains 

t 

1 

£Ej ~~"I:;Y-s~ l!l.T 

0] K::J;jt§!:r.""n Pl~IIT Ul.T 

Em C:V...A1!.C.":":'t ! .... ~ 
C:a..A.\ .... ,-........ - .. t 

r;-:":'1 C.Q.C:!JU. r'J.':'! !1"'"'':' 
~ FJ"' .. _::.,.s.t~ 

:F....., .... -r~ .... "s:.z!>ur.1t) 

~~(Subo::it) 
~ nuss1e us:ws ·- ....._ ...... 

The r:ocks underlying the Piedmont and 
mountains can be divided into two groups: 
(1) bedrock, and (2) saprolite (or residuum). 
The saprolite underlies the land surface and 
ranges in thickness from a foot or two near 
bedrock outcrops to more than 100ft. Bedrock 
underlies the saprolite and is the parent rock 
from which the saprolite was derived in the 
process referred to as weathering. 

Many stream valleys, especially those of 
larger streams, are underlain by a layer of 
material similar in composition to saprolite. 
This material, which has been deposited by the 
streams during floods, is correctly referred to 
as alluvium. However, to avoid unnecessary 
complications, we will Jump the alluvium in 
with ·the saprolite for the purpose of this 
discussion. 

The bedrock underlying the Piedmont and 
mountains consists of many diffe·rent types of 
igneous and metamorphosed Igneous and 
sedimentary rocks. The Generalized Geologi
cal Map of North Carolina accompanying the 
discussion of WATER-BEARING ROCKS 
divides the bedrock in the· Piedmont and 

y 

.. 
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mountains into six units. The 1:500,000 scale 
Ge::>logic Map of North Carolina, published in. 
1958, divides the bedrock in the same area into. 
48 different units. But, a much larger number of 
units have been identified and are shown on 
large scale geologic maps. 

The bedrock units differ from each other in 
mineral ~o.mposition and other geologic 
charactenst1cs. Fortunately, these differences 
do not result in farge differences in hydraulic 
characteristics so that it is possible to combine 
the bedrock units into a relatively small number 
of hydrogeologic units. 

The accompanying map shows the hydro
geologic units into which the bedrock in the 
Piedmont and mountains has been divided by 
the U.S. Geological Survey and the North 
Carolina Groundwater Section. · 

The most productive hydrogeologic units 
are the Great Smoky Mountain belt and the 
Blue Ridge-Inner Piedmont belt. The least 
productive units are the Carolina Slate Belt and 
the Triassic Basins. The Charlotte Belt is 
intermediate in productivity. --
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Ground-Water Situation 
in the Piedmont and Mountains 

The saprolite (weathered rock) that forms 
the land surface in the Piedmont and 
mountains consists of unconsolidated granu
lar material. It thus contains water in the pore 
spaces between rock particles. 

The bedrock, on the other hand, does not 
have- any significant intergranula(~-(pr1mal)i)- --- -
porosity, It contains water, instead, in sheet-
like openings formed along fractures (that is, 
breaks in the otherwi~e "solid" rock). Fractures 
in bedrock are of two types: (1) joints, which 
are breaks along which there has been no 
differential movement; and (2) faults, which are 
breaks along which the adjacent rocks have 
undergone differential movement. -

Faults are formed during earthquakes and 
generally contain larger and more extensive 
openings. than those developed along joints. 
Joints, however, are far more numerous than 
faults. 

Fractures (joints and faults) are more 
abundant under valleys, draws, and other 
surface depressions than under hills. In fact, 

27 

geolc;ists assume that it is the presence of 
fra:tL:res that determined the position of 
valieys in the first place. Fractures tend to be 
more closely-spaced and the openings 
developed along them tend to be larger near 
the surface of the bedrock. Most fractures 

-appe-ar to be·rrc>n-water;..bearing below a:cepth -
of 300 to 400ft. Large water-bearing openings, 
penetrated below this depth are probably 
associated with faults. 

The ground-water system in the Piedmont 
and mountains is recharged by precipitation 
on the interstream areas. A part of the 
precipitation infiltrates through the unsatu
rated zone to the water table, which normally 
occurs in the saprolite. 

Ground water moves laterally and downward 
through the saprolite to points of ground
water seepage (springs) on the hillsides and to 
the streams in the adjacent valleys. Some of the 
water in the saprolite also moves downward 
into the bedrock and, thereafter, through the 
f,ractures to the adjacent valleys. 
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Hydraulic Characteristics of the 
Piedmont and Mountain 
Ground-Water System 

. I 

E:CROCK 

........... STORAGE 
IN 

BEDROCK 

I .. . .. .. - - - -· . -. 
-- ---- ---· -----------. -· ------ ·--·- . ·-- -- --- --- ---- -·---

One of the most basic concepts of ground-

I 
I 
I 
I 
I 
I 
I. 

I 

··.ater hydrology is that aquifers function both 
as reservoirs, in which water is in storage, and 
.:s ;Jipelines, which transmit water from one 
point to another. This is referred to as the 
reservoir-pipeline concept. This concept forms 
a_useful basis on which to discuss the hydraulic 
characteristics of the Piedmont and mountain 
ground-water system. 

The reservoir (storage) function of aquifers 
. depends on the porosity. The pipeline function 

depends on the hydraulic conductivity and the 
thickness of the aquifer. The approximate 
range in porosity and hydraulic conductivity 
for the saprolite and bedrock-is shown in the 

. following table. 

,, 
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WELL-{g 

Rock type Porosity In percent 
Saprolite 20-30 
Bedrock 0.1-1 

~10 

·Hydraulic 
conductivity In 
feet per day 
1-20 
1-20 

The a!::love values suggest that the principal 
difference between saprolite and bedrock is in 
water-storage capacity. In other words, the 
saprolite has the capacity to store a much 
larger quantity of water than does the bedrock. 
This is not the entire story, however • 

As we noted above, the capacity of an aquifer 
to transmit water depends both on hydraulic 
conductivity and on aquifer thickness. The part 
of the bedrock containing water-bearing 
fractures is several times thicker than 'the 
saprolite . 

~ ... --

.... -
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We can then, without great error, view the 
ground-water system in the Piedmont and 
mountains as consisting of a saprolite reser
voir overlying a bedrock pipeline consisting of 
numerous small; interconnected pipes. In the 
vicinity of a pumping well the bedrock 
·fractures ("pipes") convey water from the 
saprolite reservoir to the well. 

The yield of a well drawing from fractured 
bedrock depends on several factors. The most 
important of these. are believed to be: 

1. The number, size, areal extent, and 
degree of interconnection of the fractures 
penetrated by the well, 

2. The thickness of saturated saprolite in the 
vicinity of the well and the specific yield of 
the saprolite, and 

~ - :. ____ -----------

,, 
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3. The hydraulic conductivity of the sapro
lite and the nature of the hydraulic con
nection between the .saprolite and the 
bedrock. · 

The number and the size of the fractures 
control the rate at which water can enter the 
well. The areal extent and degree of intercon
nection of the fractures control the size of the 
area that supplies water to the well. 

The thickness and the specific yield of the 
saprolite determines the volume of water 
available from storage in the saprolite. The 
hydraulic conductivity of the saprolite and the 
nature of the hydraulic connection between 
the saprolite and the bedrock determines the 
rate at which water can drain from the 
saprolite into the bedrock fractures. 
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I Hydraulic Conductlvl_ty of Selected Rocks 

Hydrau11c conductivity (rounded values) 
Meterla1 ·(fUday) {(gal/day)lft'J (meteralday) 

I .(~rse sand ••••••••• · •• ~ ••••••••••• 
Medium sand ..•...•........•...•.• 
s itt . · .. ~ •.••....••.•.••••• • .•.•••.••• 

200 
130 

1500 
1000 

.so 
40 

I 
I 
I 
I 

.: • J 

·-
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1.: 
I 

Clay .. · • · · · · · · · · · · · • · · · • · ·· · · · · • · · · · Ui.!estone (Castle Hayne) •••••••••• 
53,prolite •••.••••••••••••••••••••••• 
Granite and gneiss ................ . 
Sf ate ••• • • • • • • • · - • • • • • • • • · • • • • .• • • • • t . . . 

, 
0.001 

300 
5 
5 
3 

5 
0.01 

2000 
so. 
50 
25 

0.2 
0.0004 

80 
2 
2 
1 

: Hrdraulic conductivity replaces the term "field coefficient of permeability" and should be used when 
n:ferring to the water-transmitting characteristic of material in quantitative terms. It is still permissible 
io refer in qualitative terms to "permeable" and "impermeable" material. 

t 
?ROBLEM ..; Determine the hydraulic conductivity of the confined aquifer shown in the preceding 
t:~awing in both feet per day and gallons per day per square foot. 

{1) Solution in feet per day 

{Equation) (0} ',. (A) (dlidh) 

~ ~ ~ .__.)o...._.. 

K = Odl = 150fPx_1_x.l.fL= 150ft" =~so~t/day 
t..dh day tt• 1 ft day fF 

{2) Conversion of feet per day to gallons per day per square foot 

150 fP X 7.5 ?al = 1i25 (galid)/fF 
·-----·---dayft2 ----ft·- - - . ·--· - ··-·-·---· 
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Transmissivity 

I 
· dl= I mile 

The capa~ity of an aquifer to transmit water 
is r-eferred to as its. transmissivity. The 
transmissivity (T) of an aquifer is equal to the 
hydraulic conductivity of the material compris
ing the aquifer multiplied by the thickness of 
the aquifer. Thus 

T = Kb 

whc:HP. T·is transmissivity, 
K is hydraulic conductivity, and 
b is aquifer thickness. 

( I ) 

'tiJD 

As was the case with hydraulic conductivity, 
transmissivity is also defined in terms of.a unit 
hydraulic gradient. - · . 

If we combine equation 1 with Darcy's law. 
(see HYDRAULIC CONDUCTIVITY), the result 
is an equation that can be used to calculate the 
quantity of water moving through a width, w, of 
an aquifer. Thus, 

a = KA dh = K(bw)..Qh = '(Kb)wdh 
dl dl dl 

a =Tw dh (2) 
. dl 

Equation 2 is also used to calculate transmis
sivity, where ·the quantity of water (0) 
discharging from a known width of aquifer can 
be determined as, for example, with streamflow 
measurements. Rearranging terms, we obtain 

T = 0 dl (3) 
w dh 

The units of transmissivity, as can be demon
stra:ec with the preceding equation, are 

T = {H:: cav-~l eft) = _jf.. 
{ft) (ft) day 

Because trc::1s~issivity depends both on K 
and b. its value is difierent in different aquifers 
and from place to place in the same aquifer. 

---Avera-ge Vah:.ies of Hydraulic Conductivity, Thlckness,-and-Transmlsslvlty ____ . ·--------- __ 
for Selected Aquifers In North Carolina ------ -

Hydraulic Conductivity Thickness irensmhalvlty 
Aquifer (ft./dey) (ft.) (112./dey) 

Post-Yorktown deposits 50 20 1000 
Yorktown Formation 50 40 2000 
Castle Hayne Limestone 300 100 30000 
Cretaceous deposits 20 200 4000 
Saprolite 5 50 250 
Granite and gneiss 5 200 1000 

Transmissivity replaces the term "coefficient of transmissibility" because, by convention, an aquifer 
is transmissive and the water in it is transmissible. 

PROBLEM- Determine the quantity of water (0) moving through the segment of the confined aquifer 
shown in the preceding drawi~g in both ft.s/day and gal./day. 
(1) Calculation of transmissivity (2) Solution In ft.3/day 

T = Kb = 150ft X 100ft = 15.000 ft2 Q = Tw dh = 15,000 ft2 X 5280 ft X 1 ft = 15.000 ft' 
day 1 day dl day 1 · 5280 ft day 

(3) Conversion of ft'./day to gal./day 

15,000 fP X 7.5 gal = 112,500 gal/day 
day ft3 

37 
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Ref. 11 

4 March 1987 

TO: File 

FROM: Stan Atwood AO\_ 
RE: Tri-County Commrinity College 

I spoke with Dr. Leon Tatham, Dean of Instruction, who supplied the 
following information: 

1. The 55-gallon drum, marked trichloroethylene, that was found in 
the machine shop contains motor oil. The drum has apparently 
been there for 10 to 15 years; its origin is unknown. 

z.· The machine shop was opened in 1981 or 1982; prior to this it 
was used for storage. 

3. The DOT used this building earlier as a maintenance shed and 
garage. Pits inside the building ~ere used for servicing 
vehicles. 

t!. There e:re t~·!0 '!:!ells cn-si te; one under the water tower 
(270 ft. deep, water level less than 20 ft.), and one next to 
the body shop (depth not reported). 

··- -·~ --~·- -- -- ---·----- ----------- ---- -· 

.5. The campus property totals 77 acres. The property line runs to 
the river. 

I SA/tb/0187b 
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Degrees Fahrenheit 

48and above 

46-48 

. <~ 

Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 

Figure 5.3; Mean Maxlmu~ Temperature In N.C. 

JANUARY 

Degrees Fahrenheit 

58andabove 

46-50 

Source: U.S. Department of Commorce, Weather and Climate in North Ceroh'na, 1972. 
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IIIIPeasoni!P!anges In CUm. - - -
Winter The alternate passage of low- and high-
pressure systems over the state during winter months • 
results in changing weather conditions. Moisture and 
warmer temperatures are characteristically associated 
with frequently passing low-pressure cells. Lows are 
followed by polar highs, which bring lower temperatures 
and clear skies. However, even when under the influence 
of these polar highs, temperatures seldom fall below 10° 
F., and midday temperatures reach into the forties, 
making the winter season very tolerable by northern 
standards. . ... •··~

~·· 

January average temperatures shown in Figure 5.2 
illustrate the mildness of winters. Only at the highest 
elevations do temperatures average below freezing. The 
mean temperature for January at Mount Mitchell is 28.7° 
F., the lowest in the state. Yet, at Asheville, located on the 
lee side of the mouf)tains, temperatures for January 
aver~ge 39.4° F. 

Nowhere else in North Carolina is the local contrast in 
temperatures as great as in the western counties, 
Temperature contrasts are least where the climate is 
mildest. Hatteras, on the Outer Banks, has a January 
mean of 48.0° F., and only thirteen days each year when 
temperatures of 32° F. and below are recorded. 

The tendency for January isotherms to parallel the coast 
shows the influence of the Atlantic Ocean. Wilmington, in 
southeastern North Carolina, the most subtropical area in 
the state, exemplifies the maritime effect. This coastal 
city has a January mean temperature of 47.8° F., and an 
average of only eight days during January when 
temperatures dip to 32° F. or less, as compared with 
eighteen days at Raleigh and nineteen at Asheville. 

In the Piedmont, latitude is the primary control on 
temperature, and the isotherms maintain a zonal pattern. 
As might be expected, temperature averages lie be
tween those exhibited by the surrounding regions. 
Charlotte has a mean January temperature of 42.3° F., 
Greensboro, 39.0° F., and Raleigh, 42.7° F. 

However, whereas Asheville averages eighty-three days 
each year when temperatures drop below freezing, 
Winston-Salem has freezing temperatures eighty-eight 
days annually, and Greensboro has eighty-four days with 
freezing temperatures. 



- - - - - -·-·-January Mean Maximum and Minimum 
Temperatures Figure 5.3 illustrates the temperature 
pattern across North Carolina on a typical afternoon of 
the coldest month. The cool waters of the East Coast are 
responsible for the isotherms taking an abrupt inland 
turn to the north before resuming the northeast-southwest 
pattern usually found on temperature maps. This dis
tribution indicates thai midday temperatures in January 
are highest a short distance inland from the coast unlike 
the pattern of mean temperatures that indicates a smooth 
gradient from the coast westward. Also, in the mountains, 
isotherms of mean maximum temperature are more 
numerous and some "islands" or "pockets" of cool 
temperatures exist. The greater ranges of temperature 
are associated with mountain valleys where nights are 
cold and days are warm, causing patterns of maximum 
temperatures to contrast significantly with mean 
temperature distributions. 

The moderating effect of the ocean becomes evident in 
Figure 5.3, where January mean minimum temperatures 
are shown. Isotherms on this map reflect characteristic . 
nighttime temperatures. The pattern reveals that 
temperatures are milder along the coast and decrease 
inland fairly rapidly. Once again, the temperature pattern 
is more complex in the highlands region. Generally, 
mean minimum temperatures ·are well below freezing In 
the Mountain region, at freezing levels throughout the 
Piedmont, and above freezing in the Coastal Plain. A · 
comparison of Figures 5.3 and 5.4 indicates that during 
January the daily range of temperature is about 20° F. 
everywhere in the state. 

Average Annuai.Heatlng Degree Days There are 
climatically significant measurements of heal energy 
variation other than the direct determination of tempera
ture, the cyclical occurrence of certain temperature · • . 
levels, or the periodicity of temperature realms. These 
measurements relate to temperature efficiency in terms · 
of human comfort or plant growth. One of these less 
common indexes is the healing degree day. This 
measurement is a cold season index and is based on the 
assumption that a temperature of 65° F. within a building 
is the minimum thermal threshold for normal human 
comfort: The negative departure of daily mean tempera
ture from this standard figure is recorded as heating 
degree day units. For example, a daily temperature 
average of 40° F. would be listed as twenty-five healing 
degree days. Developed by heating engineers, this 
index permits a relatively accura!e measurement of fuel 
consumption, and removes the guesswork from the 
calculation of fuel needs. The accumulation of heating 
degree day units at given locations is totaled annually 
and averaged for a period of years .. To those persons 
interested in climate, this indirect measurement of heat 
energy provides additional insight into the thermal 
environment. . 

- - - - - -Flgu~o·5.4. Mean Minimum Temperature In N.C. 

JANUARY· 

Degrees Fahrenheit 

40andabove 

- -

Source: U.S. Departm~nt of Commerce, Weather and Climate in North Carolina, 1972. 

Figure 5.5. Average Annual Heating Degree Days in N.C. 
:' 
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Total Heating Degrees Annually 
(Fahrenheit) .. 

5,500·6,000 

5,000·5,500 

. ;. ~ .. 4,500·5,000 

3,000-3,500 
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Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 
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----.----------------------------..--·---------When high-pressure systems(anlicyclones) dominate, 
clear to partly cloudy weather prevails. Receiving, on the 
average, 50 to 60 percent of total possible sunshine, North 
Carolina receives more hours of winter sunshine than do 
states to the north and to the immediate west, Sunshine is 
more prevalent in the southeast around Wilmington, and 
diminishes rapidly as the Mountains are approached. The 
Mountains receive about one-third less sunshine than 
does the rest of North Carolina. 

Spring For many North Carolinians, this season is the 
most preferable of all. With the northward shifting of the 
noon sun, the storm track normal to North Carolina during 
the winter retreats northward and fewer and fewer cy-

·.clonic storms occur. Cold spells are less numerous and 
periods of high temperatures and balmy days become 

. longer and more pronounced. Rainfall diminishes slightly 
in April, but increases toward the summer as cyclonic ac
tivity gives way to thundershowers and their heavy down
pours. Although more precipitation is received in the state 
during May and June, there are fewer hours and days in 
which rainfall occurs, indicating a higher precipitation in
tensity. 

Mean temperatures range from the fifties in April to the 
seventies in June for all places save those at high eleva
tions. The days are marked by cool nights and warm after
noons with relative humidities at optimal levels for human 
comfort. As the daylight period lengthens, sunshine per
centages and totals increasetotheirhighestvalues for the 
year. For the eastern two-thirds of the state, sunshine dur
ing April, May, and June is received approximately 70 
percent of the time and in amounts exceeding three 
hundred hours for the latter part of the season. 

Average Date of the Last Freeze In Spring As illus
trated by Figure 5.8, the beginning of the freeze-free sea
son varies across the state from 1 March to 10 May, a dif
ference in time ol over two months. As expected, the 
milder climate along North Carolina's coast engenders 
early dates, whereas the more severe climate of the Moun
tains retards the start of the freeze-free period longer than 
elsewhere. In most areas of the Coastal Plain, the last 
spring freeze generally occurs by the first of April. The 
Piedmont has its last freezes between 1 and 10 April, 
about ten to fifteen days later than the Coastal Plain. In the 
Mountains, there is greater variation in mean dates for 
both the beginning and the end of the freeze season. Be
cause air chills more quickly at higher elevations, and 
because cold air is denser than warm air, the cold air 
drains into the valleys where it is contained and continues 
to lose heat by radiation. The result of this process Is that 
in certain Mountain areas some valleys are more often 
colder than their slopes at intermediate altitudes. Lying 
between the below-freezing temperatures of the valleys 
and the higher elevations are "verdant" or"thermal" belts. 

-- - - -Figure 5.7. Average Annual Snowfall In N.C. 

Source: U.S. Department of Commerce, Climatological Summary, 1966. 

Rgure 5.8. Average Date of Last Freezing Temperature In N.C. 

after May 11 

May 1-May 11 
Apr. 21-May 1 
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Apr. 11-Apr. 21 

. before Mar. 12 
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Source: U.S. o.epartment of. Commerce, Weather end Climate in North Carolina, 19n. 
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Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 

Figure 5.10. Mean Maximum July Temperature In N.C. 

Degrees Fahrenheit 

84-86 

82-84 

80-82 

below 80 

Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 
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- -------These strip-like regions have longer freeze-free seasons 
and thereby show earlier dates for the end of the freeze 
period than their surroundings. They support frost
susceptible vegetation long afler the greenery has 
disappeared in nearby areas. Often in early winter or 
even in midwinter a c.ontrasting belt of green flanked 
above and below by brown may be seen. These green 
belts are characteristically located along slopes that 
face the winter sun, are protected from cold northern 
winds, and have cold air drainage to lower valleys. The 
blossoming of dogwood and redbud moves across the 
state in a pattern similar to that of the end of the freeze 
season to blanket North Carolina with color and _beauty. 

Summer Summer is characterized by its high tempera
tures, high humidities, high amounts of rainfall, and high 
physiological stress. Except for the amelioration of these 
climatic elements in the Mountains, and the relief 
afforded by sea breezes along the coast, elsewhere in 
the state summer is a season of extremes. Mean monthly 
minimum temperatures for July and August are in the 
upper seventies and eighties and mean maximum 
temperatures reach into the nineties. · 

However, to quote a popular adage, "it's not the heat but 
the humidity," and North Carolina's temperatures in 
combination with the high water vapor amounts preva
lent during the summer months are definitely uncomfort
able. In addition, high sunshine percentages and a 
predominance of southerly winds tend to aggravate an 
already unpleasant climatic condition. Only the periodic 
passage of cool, dry air masses from the north and sea 
breezes in the coastal areas alleviate the discomfort of 
summer weather for North Carolina's low-lying counties. 

July Average Temperatures The pattern of mean 
temperatures in July is similar to the pattern in January 
(Figure s.g), However, in the Piedmont and Coastal 
Plain, isotherms are fewer in number and farther apart. In 
the Mountains, the reverse is true. The widespread 
isotherms east of the Mountains indicate that tempera- · 
lure averages across central and eastern North Carolina· 
exhibit little contrast. From the western Piedmont to the 
coast, the difference in mean temperatures is only 4° F. 
Although the influence of the ocean is not evident in the 
arrangement of isotherms, the high temperatures of the 
Coastal Plain are made less severe by the cooling power 
of the sea breeze. Hatteras, on the Outer Banks, records 
a temperature of goo F. on the average of only one day 
each year, while Wilmington, a short distance from the 

. coast, has an occurrence of 90° F. temperatures about 
twenty-four days annually. In contrast with these loca
tions, Raleigh and Winston-Salem mean temperatures for 
July are slightly lower, but the average number of days 
on which a temperature of goo F. or above is experienced 
increases to more than forty. 



- - - - ·- -·- ·-·- - - - -- - - - - -rn the Mountains, the effects of altitude reduce mean 
temperature values sharply. The temperature gradient in 
July is even steeper than in January. East to west across 
Caldwell County, mean temperatures drop from 76° F. to 
68° F. and Mount Mitchell remains the coolest site in the 
slate with a July average of 59° F. At Asheville, the 
warmest month averages 73.8° F. and. only seven days 
during the summer show temperatures reaching to goo F. 
With daily minimum temperatures in the fiflies'and sixties 
the allure of the Mountains for summer recreation 
becomes evident. 

July Average Maximum and Minimum 
Temperatures The temperatures typically recorded 
during an afternoon in July are shown in Figure 5.1 0. In 
the Coastal Plain, isotherms representing mean maxi
mum temperature are aligned parallel to the shoreline 
signifying the el!ect of the cool ocean and sea breeze. At 
Cape Hatteras, the summer daytime maximum is 84° F. 
Inland, temperatures increase and reach their highest 
values in the Fayetteville area where scorching tempera
tures in excess of 92° F. are experienced. In the 
Piedmont, maximum temperatures average between 
88° F. and 92° F. Toward the Mountains, midday highs 
drop to more pleasant levels. In Swain and Haywood 
counties, a!ternoon temperatures are generally in the low 
seventies and most western counties record mean July 
maximums under 80° F. 

Although isotherms of mean minimum temperature ex
hibit a pattern similar to the pattern of maximum July 
temperatures, in the outer Coastal Plain absolute tem
peralure values are reversed (Figure 5. 11 ). Minimum 
temperatures represent nighttime conditions and their 
distribution indicates that the effect of the ocean is to 
warm adjacent areas. Farther inland, the more rapidly 
cooling land causes the temperatures to be lower. Thus 
I he maps showing average July maximum and minimum· 
temperatures portray the daily relative change in influ-
ence from ocean to land and back again along the 
coastal fringe of North Carolina. Over the Piedmont and 
the Inner Coastal Plain, July average minimums show 
lillie change with distance, ranging only 4° F. from 66° F. 
to 70° F. In the Mountains. 50° F. and 60° F. temperatures 
indicate ~he characteristically cool weather associated 
with this region during summer nights. 

Summer is the season of greatest precipitation in North 
Carolina. Thunderstorms are the predominant · 
mechanism for precipitation delivery and occ·ur mainly In 
the a!ternoon or cveni ng. They come on an average of ten 
to twelve days per month. July and August show the 
highest rainfall amounts with many sections of the slate 
reporting 5to 7 inches ol rain for each of these months. 
The coastal region around Wilmington and the south
western counties are the rainiest areas in the slate 

Figure 5.11. Moan Minimum July Temperature In N.C. . . . ' 

Degrees Fahrenheit 

Source: U.S. Department of Commerce, Weather and Climate in North Carolina, 1972. 

:' 

. ' 
having over 8 inches'of precipitation and an average of 
fourteen rain days in July. By August the hurricane 
season has arrived and these storm's may contribute a 
significant percentage of rainfall to monthly totals and 
continue to do so well into the fall. 

A~erage Growing Degree Days Similar in its deriva
tion to the heating degree day concept, the growing 
degree day is based on the positive departure of mean 
daily temperature from an established temperature value 
representing the start of the active growth period for 
plants. · 

Although each plant·has its own base temperature for 
seed germination and active growth, a mean daily 
temperature of 40° F. will represent the beginning of the 
growth period for most crops. To determine growing 
degree day units for example, a daily mean temperature 
of 50° F. will indicate ten growing degree days or a 10° F. 
departure from I he base minimum of 40° F. These units 
are then accumulated for the year and averaged over a 
period of time to provide us with the data for preparing 
Figure 5.12. Since each plant requires a certain amount 

Figure 5.12. Average Annual Growing Degree Days 
In N.C. 

Total Degrees Annually 

: r 8,000 and above 
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5,000-6,000 

4,000-5,000 

Source: U.S. Department of Commerce, Climatological Summary, 196G. 
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------/\tdlllllll is tho driest season or tho yoar and rolntall 
amounts orop below 3 inches throughout central and 

·cost ern North Carolfna during October and November. 
Cyclonic activity increases a's thunderstorms become 
less frequent until by late November they seldom o«;pur. 

As illustrated in Figure 5.14, freezes begin t?arly in 
October in the Mountains and slowly move eastward 
toward the coast. In early December, the freeze-free 
season reluctantly comes to a close in the Wilmington-: 
Southport area. Deciduous trees begin their dormancy 
period and the color of the state gradually changes from 
the quiet greens of summer to the fiery reds and brilliant 
yellows of fall. By late autumn the highlands, now a 
mottled brown and green, show an occasional sprinkling 
of white as temperatures in the Mountains fall below 
freezing and the possibility of snow increases. However, 
in the Piedmont and Coastal Plain, tennis, sailing, and 
picnicking, for example, continue into November and 
football games played late in the season are often 
attended by fans dressed in warm-season attire. 

Annual Precipitation and Humidity 

Although a considerable variation in the distribution of 
rainfall exists throughout the state, everywhere precipita
tion is high {Figure 5.15). In the Coastal Plain, rainfall 
totals average from 44 to 55 inches; the highest amounts 
were received at the Outer Banks. Across the Piedmont; 
yearly rainfall averages range from 43 to 48 inches, with 
the northern and southern sectors having the lower totals. 
The greatest variability in rainfall distribution is found in 
the Mountains. Here, south-facing slopes along the North 
Carolina-South Carolina border receive as much as 80 
inches of precipitation each year. Nearby, Asheville, 
lying in'a sheltered valley, records only 37 inches, the 
lowest rainfall average reported in the state. More 
commonly, average annual precipitation In the Moun
tains ranges from 44 to 58 inches. For the state as a 
whole, an average total of 50 Inches is representative. 

The distribution of rainfall throughout the year is reason
ably uniform. Although there are no pronounced wet and 
dry seasons, a profile of average annual precipitation 
indicates a bimodal distribution, i.e., two periods of 
higher rainfall separated by two periods during the year 
when rainfall amounts are lower than the norm. Gener
ally, the highest precipitation totals are associated with 
the summer months. In the fall, the season of the feast 
rainfall, the lowest yearly totals usually occur in October 
or November. Precipitation increases slightly during the 
winter season and then decreases to a secondary low in 
April. This precipitation regime Is common to the state 
and varies only slightly from place to plata. 

- ------ -·- - - -Ftguro 6.15. Avorogo Annuol Proclpltotlon In N.C. 
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Source: U.S. Department of Commerce, Weather and Climate In North Carolina, 1972. 

Although rainfall is heaviest in the summer, evaporation 
and transpiration losse's are also great. Consequently, 
the summer season is deficient in its.~upply of soil . 
moisture and irrigation may be required to sustain crop 
needs. 

Although it is considered to be a wet state, North 
Carolina nevertheless has its occasional "bout with 
drought." Recently, the Piedmont and Inner Coastal Plain 
suffered through an especially severe drought. In 1968, 
negative rainfall departures amounting to as much as 26 
inches were computed by individual stations within this 
area. On the other hand, 1972 proved to be an abnor
mally wet year. During that year, Raleigh, which has an 
average annual precipitation of 46.35 inches, experi
enced a total rainfall of 51.74 inches. Raleigh's weather 
records may be used to illustrate the variations in yearly 
precipitation amounts. In the capital city, annual totals 
have varied from a low of 30 Inches in 1933 to a high of 
64 inches In 1936. On a monthly basis, rainfall variation 
for July has ranged from 12.36 inches in 1931 to as little 
as 0.381nches In 1953. Yet precipitation variability in 
North Carolina is moderate compared with those states 
where rainfall totals are significantly less and conse
quently precipitation patterns and regimes are more 
unpredictable. · 

Average Number of Days with o:o.1 Inches of 
Pre.clpltatlon or More Figure 5.16 shows the pattern of 
days with measurable precipitation in North Carolina. 
The Mountains have the greatest number of days with 
measurable· precipitation, averaging 10 to 20 more rainy 
days per year than the coast and 20 to 30 days more than 
the southern Piedmont. In the northwest corner of the 
state precipitation occurs 4 out of every 10 days. By 
contrast, the sandhllls In the Southern Piedmont experi
ences precipitation on only 30 percent or the days. In 
fact. a "tongue" of fewer rainy days penetrates the state 
from south to north, through North Carolina's central 
counties. For the state as a whole, 125 days with . 
measurable precipitation is a representative figure. 

· Water Balance 

·The '\.yetness" or "dryness" of any region is mirrored by 
its natural vegetation. Indigenous plant life is an indf· 
cater of a region's precipitation effectiveness and its 
capacity to support plant growth. The minimal moisture 
requirements of plant communities are quite specific, 
and in situ vegetation reflects the amounts of water 
annually and seasonally available for its use. A'$ the size 
of a bank account depends upon the balance between 
deposits and withdrawals, so precipitation effectiveness 
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----- -·- ·-·-·---soil moisture requirement is satisfied, additional precipi- Rgure 5.18. Water Balance Deficit In N.C. 
. tali on will drain to the underground water table or run off 

the land as surplus water. 

Figure 5.18 provides the water balance deficits for th.e 
state and shows that everywhere except for the Asheville 
area and the northern Piedmont, the annual water deficit 
is less than one inch. By contrast, Figu're 5.19 gives 
water balance surpluses. Being a wet state, North 
Carolina's water budget indicates surpluses exceeding 
deficits by large amounts. While most of the Piedmont 
and Coastal Plain have surplus water up to 15 Inches, the 
Outer Banks and the Mountains show surpluses above 
15 inches. In the southwest corner of the state, water 
surpluses amount to as much as 30 inches. 

Mean annual evaporation for North Carolina is shown in 
Figure 5.20. Evaporation rates and totals are related to 
temperature, wind velocity, and relative humidity. Where 
temperatures are highest and humidities lowest, evapo
ration intensities will be greatest. Since temperatures 
throughout the Coastal Plain and the Piedmont are 
highest for the state and since humidity percentages are 
greater in the vicinity of the ocean, evaporation totals are 
lower in the Mountains and along the coast, and highest 
in the southern Piedmont and Coastal Plain., A compari
son of the maps showing precipitation, evaporation, 
water surplus, and water deficit will provide the reader 
with a fairly complete picture of North Carolina's water 
balance. 

Winds and Storms 

Three types of storms and their associated winds are 
common to North Carolina: cyclonic and convectional 
thunderstorms, hurricanes, and tornadoes. These storms 
are integral parts of the state's climatic pattern. In • 
analyzing the import<mce of winds, direction and speed . 
are major considerations. · 

Although prevailing winds (winds that persist in blowing 
from one direction more so than any other) characterize 
given geographical areas, wind direction changes fre
quently. A northwesterly wind (coming from the .north
west) wilt be, relatively speaking, a cooling and drying 
wind, whereas a southeasterly wind will bring warm, 
moist air to the stale. The passage of cyclones and 
anticyclones with their characteristic wind patterns will 
change the wind's direction so that it may come across 
North Carolina from any point of the compass: 

~ 1 inch and above. 

D below 11nch 

Source: U.S. Department of Commerce, Climatic 
Summary of the U.S., 1972. 

Rgure 5.19. Water Balance Surplus in N.C. 

Number of Inches· 

; 

30 and above 

25-30 

20-25 

15-20 

below 15 

Source: U.S. Department of Commerce, Climatic 
Summary of the U.S., 1972. 

.· 

- - - - - - -
Number of Inches 

42andabove 

40-42-

38-40 
36-38 

34-36 

32-34· . 
below32 

Sourcel U.S. Department of Commerce, Climatic Summary o"f tho 
u.s., 1972. . 

The velocity of the wind is relevant to ventilation of air 
pollutants, evaporation rates, and thus cooling and 
chilling indexes. On those occasions when winds reach 
gale force and higher, their velocities are of singular 
importance because of their destructive capabilities. 
Damaging winds are usually associated with infrequent 
hurricanes and tornadoes and, at times, with severe 
thunderstorms. · 

The prevailing winds and mean wind speeds averaged 
for the year are given in Figure 5.21. For the eastern 
two-thirds of the state, winds blow most frequently from 
the southwest and south. Throughout the Mountains and 
the western Piedmont, winds prevail from northerly. 
directions. This annual pattern of prevailing winds 
persists for most months of the year except September 
ang October when winds are dominantly from the 
northeast. During these months, the clockwise flow of air 
from seasonal anticyclones lyiri.g poleward of North 
Carolina, and the counterclockwise winds associated 
with an increased number of offshore storms cause 
northeasterlies to prevail.across the state. 
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.I Wind Speed In N.c. 
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Source: U.S. Department of Commerce, Climatic Summary of the 
u.s .. 1972. 

Note: Wind speeds are noted in miles per hour. 

Wind speeds have been averaged for each zone of 
prevailing winds. Winds tend to diminish in speed 
westward from the coast where sea breezes and offshore 
storms contribute to velocities that average twelve miles 
per hour. Throughout the Inner Coastal Plain and the 
Piedmont, the !']lean wind speed is nine miles per hour, 
and in the western counties, representative wind speeds 
are seven and eight miles per hour. On a daily basis, 
wind velocities are lowest before dawn and highest 
around midafternoon. Seasonally, winter, with greater 
temperature and pressure contrasts, shows the most 
rapid air movement and summer is the time of lowest 
wind speeds . 

Thunderstorms Thunderstorms are vertically de
veloped storm systems that involve lightning and thun
der. Produced by instability in the atmosphere, these 
storms are sustained by the conversion of water vapor 
into rain and hail, which causes the release of enormous 
amounts of energy. This energy results in vigorous 
updrafts of rapidly moving air. The intensity and turbu
lence of an individual thunderstorm is related to the 
degree of atmospheric instability and the supply of latent 
energy released by the condensing of water vapor. In 
structure, the typical thunderstorm is a collection of 
convectiv.e cells each averaging a mile or more 'in 
diameter: A cell is comprised of columns of rapidly 
rising air separated and counterbalanced by downdrafts 
of slower moving air. Associated with thunderstorms and 
their bulbous facade are heavy downpours of rain, hail, 
gusty and squally winds, and of course, lightning and 
thunder. 

;.:·<4 ' r! I 
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llluse tiMerstJI!Ivel-t an-en~ 
enhanced by (1) atmospheric instability that is linked to 
high surface temperatures, (2) atmospheric moisture that 
supplies the latent energy requirements, and (3) some 
triggering device to start the convection process, 

. thunderstorms occur more frequently in regions of warm 
temperatures and high humidities. North Carolina's 
climate is conducive to thunderstorm development and 
the state experiences violent local storms forty to fifty 
days each year. For the United States, Florida and the 
Gulf Coast lead in the number of days with thunder
storms. Hero, seventy to ninety days per year with 
thunderstorms is normal. In the northern states and along 
the West Coast, thunderstorm activity drops off because 
of colder temperatures over land and coastal waters. 
North Carolina's pattern of thunderstorm activity shows 
fewest storms off the northeast coast where coastal 
waters also are cooler. inland, thunderstorms are more 
frequent, increasing to fifty days as the Mountains are 
approached. In the Mountains, the higher frequency of 
storm activity (all types) and the triggering supplied by 
mountain and frontal slopes results in the most thunder
ous area to be found in the state (Figure 5.22). 

Hurricanes In the latter half of the year, the United 
States is visited by hurricanes .. Originating over tropical 
oceans as small cyclones, UfJder favorable conditions 
hurricanes become large, int~nse storm systems. Their 
winds exceed seventy-five miles per hour and spiral 
counterclockwise around an "eye" of very low pressure. 
Sustained by the ocean that breeds them, these storms 
are driven by the heat released from condensing water 
vapor. Covering tens of thousands of square miles, 
hurricanes move slowly and deliberately, at speeds 
between fifteen and fifty miles per hour, delivering 
prodigious amounts of precipitation to areas over which 
they pass. Moving out of the tropics, hurricanes of the 
Atlantic Ocean generally invade the Gulf of Mexico, or 
veer northward toward the middle latitudes. occasionally 
penetrating the continent, or skirting the coastline as far 
north as New England. Hurricanes are sea monsters and 
diminish in intensity as they move inland and away from 
their source of energy. Although capable of great 
destruction, hurricanes nevertheless benefit the south
eastern states to a substantial degree. As the eastern 
states are subject to periodic summer droughts, the vast 
amounts of water delivered to this region by these giant 
tropical storms have served more than once to alleviate 
or terminate the disastrous effects of drought conditions. 
However, hurricanes are killer storms, and their long
range benefits are obscured by the more obvious death, 
destruction, and damage accompanying them. On th'e 
average, the Atlantic Ocean generates six hurricanes a 

~lgu.lll. All!e N ... of~lt~ 
Thunderstorms 

Number of Days 

SO and above 

• 60-80 

4()..60 

20-40 
below20 

..... 

Source: Glenn T. Trewartha, Arthur H. Robinson, and Edwin H. 
Hammond, eds., Elements of Geography, 5th ed. (New York: 
McGraw-Hill Book Co.,1967). 

year, but as many as eleven in one year have been 
observed. North Carolina has experienced twelve espe
cially disastrous hurricanes since 1900. Cape Hatteras. 
extending as it does into the ocean, is affected by 
hurricanes more than any other area of North Care! ina 
(Figure 5.23). Its low-lying sandy surface is especially fS 
vulnerable to the combined effects of high winds, high el:... 
tides, and flooding associated with these storms. jJ 
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25 February 1987 

TO: File 

FROM: Stan Atwood JiA-
RE: Tri-County Community College 

NC D038551263 

I Ref 15 __ 
-----

I called Dr. Leon Tatham, Dean on Instruction, at the above 
institution. They have 1316 students and faculty this quarter. There are 
four primary buildings on campus with a fifth under construction. In 
addition; there are three "support" buildings. · 

SA/tb/0181b 

1,:... _______ ------ -~ --·- -· --··------ ·-:---- ---

I· 
I 
I· 
1. 
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I. 
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ZS February 1987 

TO: File 

FROM: .Stan Atwood j_t:A_ 
RE: Emerson Electric Co. and Tri-County Community College 

I spoke with Bob Wood,_Cherokee County Health Director, by telephone 
to report results from samples taken on 11 February 1987 and to ask him for 
some additional information as follows: · 

1. The Health Department has sampled the \o."ell at Peachtree 
Elementary Sdhool and the results ~ere negative. ~tr. Wood 
reporte.d 250 st:udents, facult:y, and s'taf: at: this school. 

2. Emerson. Electric employs bet\;ee:: 300 and 500 people. Two of 
their drinl' ... ing su~p:..Y ,,·ells c.:-e :c:ated :1ear the h'a-cer -cower 
on the northeis-c ;id; of the pr:~e::y. ; ~hird ~ell, located 
on the northeast siie of -che ;:::;-e:::: ::~5 been shut do-...'11 due 
to contamination. 

:; . Cl if Lu11 ?recision e~plo)·s 476 Fe:)ple. 

'.; . 
/ 

1- ~-----·---. -·-- .. 4. The Murphy J.iedical Cente_r ~- ~cro?S _the :...s~r~et from .Emerson, ___ . 
lias· so-oeds--ln the--nosp1 tal, and about 60 beds in the nursing 
home. 

I 
I 
I 
I 
I 
I 
I 
I. 

S.A./tb/018lb 

:>. Tri-Cotmt:y Community College has been uSing bottled \o.'ater for 
drinking since. the contamination was detected. The wells 
still supply all other water needs. 
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IARC MONOGRAPHS ·-· .. -

ON THE 

EVALUATION OF THE 
CARCINOGENIC RISK 

OF CHEMICALS TO HUMANS. 

S9me Halogenated Hydrocarbons 

VOLUME 20 

This publication represents the views and expert opinions 
of an !ARC Working Group on the 

-·· .· .. _ Evalu~tiqn q( the Carcinogenic Risk of Chemicals to Humans 
. - .. wruch-met UlLVOn,----- .. . . . 

6-13 June 1978 

October 1979 

I INTERNATIONAL AGENCY FOR RESEARCH ON CANCER 

I 

~- _,. ......._ ----

\ Ref 17 . 
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IARC Monographs on the Evaluation of the CC!'r:r:r.ogenic Risk 
of Chemicals to Humans (1979)~ l'oZ~ 20 

TRICHLOROETHYLENE 

545 

This compound Yas .considered by a previous Working Group, in 
February 1976 (IARC, 1976a). Since that time neY data have become 
available and these have been incorporated into the monograph and taken 
into account in the present evaluation. 

Two reviews on trichloroethylene are available (L'Yl2n, 1978; 
Mercier, 1977). 

1. Chemical and Physical Data 

1.1 s,~onyms and trade names 

Chern. Abstr. Services Reg. No.: 79-01-6 

Chern. Abstr. Name: Trichloroetl"ene 

Synonyms: Acetylene trichloride; 1-chloro-2,:-cichloroethylene; 

1,1-dichloro-2-chloroethylene; ethinyl trichl~ride; ethylene 

trichloride; TCE; Tri; trichlorethylene; 1,1,2-trichloroethylene 

Trade names: Algylen; Anamenth; Benzinol; Elac~solv; 

-1---· · · · ---·- -~~~~~:~:~; Ci~:::.~~:;.;··-c~:~:;~~:~~- -~:~:~~~;~tTc~~~:~~~:~ -DuKeron;---····---· ---
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Fleck-Flip; Flock Flip; .Fluate; Gemalgene; Ger=algene; Lanadin; 

Lethurin; Narcogen; Narkogen; Narkosoid; N.:alk; Perca-A-Chlor; 

Perm-A-Clor; Petzinol; Philex; Threthylen; rnrethylene; 

Trethylene; Triad; Trial; Triasol; Trichlorac; Trichloren; 

Triclene; Tri-Clene; Trielene; Trielin; Triklone; Trilen; 

Trilene; Triline; Trimar; Trial; TRI-plus; TRI-plus M; 

Vestrol; Vitran; Westrosol 

1.2 Structural and molecular formulae and molecular -s.:-eight 

Cl Cl 

>=< H Cl 

Mol. ;:t: 131.4 

I ! . 



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

I 

546 I AAC riDNoGRAPHS VOLUME 20 

1.3 Chemical and physical properties of the pure substance 

From Weast (1976), unless otherwise specified 

(.!!_) Description: Colourless liquid (Irish, 1963) 

(k_) Boiling-point: 87°C 

(£) Melting-point: -73oc 

(~) Freezing-point: -86.8°C (Irish, 1963) 

(~) Densit\·: d~o 1.4642 

(!) Refractive index: ~0 1.4773 

(~) Spectroscopy data: Avap < 200 nm; in:ra-red, Ra=an, nuclear 

magnetic resonance and mass spectral data have been tabulated 

(Grasselli & Ritchey, 1975). 

(!!,) SolubilitY: Miscible with water (0.1% -..·/v a: 2o=c) (Irish, 

1963); ~scible with acetone, ethanol, diethyl e:her, chloro

form anc oils (Lloyd·et a:., 1975) 

(~) Volatility: Vapour pressure is 77 rnm a: 25cc (Irish, 1963). 

{1) Vapour density: 4.54 (air = 1) (Irish, 1963) 

- (E_) - Stabilitv:- ·Nonflammable;-when -pure- anC:-co;t~ining-~
stabilizer, it is stable in presence of air, moisture, light 

and in contact "lith metals up to 130°C. i."hen heated "'·ith 

ozone, it decomposes rapidly into products such as hydrogen 

chloride, phosgene, carbon monoxide and chlorine peroxide. 

At 700°C and above, the vapour decomposes to give a mixture of 

dichloroethylene, tetrachloroethylene, carbon tetrachloride, 

chloroform and methyl chloride (Hardie, 1964). Upon contact 

with certain metals, high temperatures, open flame or ultra

violet light, it decomposes almost instantly to phosgene and/ 

or hydrogen chloride, chlorine and dichlcroacety1 ~hloride. 

In the presence of alkali, trichloroethylene deco~oses to 

highly toxic dichloroacetylene (US Occupational Safety & Health 

Administration, 1975). 
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(!) Reactivity: The most important reaction of trichloroethylene 

is its oxidative breakdown of atmospheric o~-ygen, greatly 

accelerated by elevation of temperature ·~d exposure to light, 

especially ultra-violet; not hydrolysed by_ water under normal 

conditions; reacts with alkali under pressure at 150°C to 

produce glycolic acid and with sulphuric acid to give mono

chloroacetic acid (Hardie, 1964) 

(~) Conversion factor: 1 ppm in air is equivalent to 5.37 mg/m3. 

1.4 Technical products and impurities 

Trichloroethylene is available in the.US in hi~h-purity, electronic 
USP, technical, metal degreasing end extraction gra:es (Rawley, 19il). 
T)~ical analysis of a commercial grade is: boili~g-ra~ge at i60 m=, 
86.6-87 .8°C; density, dts 1.467-1.471;· acidity (as F.:l), 0.00057. mx; 
alkalinity (as NaOH), 0.001% max; no free halogen; residue on evapo
ration, 0.005 max; moisture content, not cloudy at -:2cc. 

Antioxidants, such as a~ines (0.001-0.017. or ~:re) (Copelin, 1957) 
or co=~inations.of epoxides· such ·as epichlorohydrin (see also UL~C, 
19i6b) end esters (0.2-27. total) (Starks, 1956), ar~ a~ded to trichloro
ethylene. 

Specifications for trichloroethylene produced ~n Ja?an are: 
specific gravity (15°C/40°C); 1.4680; boiling-range, 86 .5:-88.2cc; 

.·-nonvolatile ·matter, 0.005% -max;- acid ·content (as HCl), 0.0002% z=ax. 

2. Production, Use, Occurrence and k:..ab.-sis 

2.1 Production and use 

(~) Production 

Trichloroethylene was prepared by Fischer in 1S54 during experiments 
on the reduction of hexachloroethane with hydrogen (Eardie, 1964) • The 
first commercial method for its preparation was the de~ydrochlorination 
of acetylene-derived 1,1,2,2-tetrachloroethane (see =onograph, p. 477) 
by reaction with calcium hydroxide or by gas-phase pyrolysis. Al.though 
this method is still used today, over 907. of the tri:hloroethylene 

'produced in the US is prepared by the chlorination a:d dehydrochlorina
tion of 1,2-dichloroethane (see monograph, p. 429). rne same process 
is used in Japan. 
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Trichloroethylene has been produced commercially in Austria and 
the UK since 1908, in Germany since 1910, in the rs since 1925 (Hardie, 
1964) and in Japan since 1935. Production of trichloroethylene in the 
US in 1977 was 132 million kg (US International Trade Commission, 1977); 
output has been decr~asing since 1970, when a reported 277 cillion kg 
were produced" by 7 companies (US Tariff Commissio~, 1972), due primarily 
to legislation restricting the use and emissions cf trichloroethylene 
and to the closing of 3 acetylene-based and 1 ethylene-based plants. 

US exports of trichloroethylene in 1976 were 16 million"kg, mostly 
to the Federal Republic of Germany (3.8 million kg), France (3.4 million 
kg), Mexico (2.1 million kg) and Brazil (2 millie~ kg) (US Department 
of Commerce, 1977a). US imports during that yea= t~talled 7 million kg 
(US Department of Commerce, 1977b). 

At least 9 companies in western Europe produ:; =r~chloroethylene, 
\o:ith a total production in excess cf 200 million i~;::/·:ear. In at least 
3 countries (the Federal Republic cf Germany, Frar.;e· and the Uh) annual 
production is estimated to exceed 50 ~illion kg/yezr. These countries 
c:~d Italy i:::port and export 10-50 r:.illion kg/year :ric!-.loroe:hylene. 
~~nual production of trichloroethylene in eastern ~uro~e is estimated 
:o be more than 100 million kg. 

In Japan, 4 companies produced 80 million kg :richloroe:hylene in 
1~76, compared with 106 million kg in 1972; in 19:5, 11 r:.illion kg 
t:rl.c!lloroe thylene v:ere exported. 

.<!?.! -· ~~: --- -·-·· ·-·--·--- --- ·-. 
0~ the trichloroethylene produced in the US ir. 197i, 82~ was used 

for vapour degreasing of fabricated metal parts, 13~ ~as exported and 
the remainder (3%) was used in a variety of miscel:aneous ap?lications. 

Trichloroethylene is widely used in vapour de~reasing, since all 
of its physical and chemical properties fall withi~ the limits required 
in such processes. One disadvantage of trichloroe:hylene in this use 
is its high pho~ochemical reactivity, which causes s~~g and led to 
restrictions on its use. Since trichloroethylene :e=o=poses rapidly 
upon exposure. to high temperatures, open flame or ~t=a-\~olet light 
[see section 1.3 (~_)], a proposed standard was isst:ed by the US Occupa
tional-Safety and Health Administration on 20 Octocer, 1975, which 
requires that operations involving high temperatures, open flames or 
ultra-violet light take place outside areas in whic~ crichloroethylene 
vapou~s are present, unless such operations are app=opriately shielded 
and ventilated (US Occupational Safety & Health Adci~istration, 1975). 

-~~scellaneous applications of trichloroethylene i~clude its use as 
a solvent in the textile industry; as a solvent fer adhesives and 
lubricants; and as a low-temperature heat transfer fluid. It has also 
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been used as a component in several consumer products (e.g., spot removers, 
ciean~ng fluids for rugs) (Lloyd eta~ •• 1975). 

A rharmaceutical grade of trichloroethylene is us'ed as a general 
anaesthetic in surgical, dental and obstetrical procedu:::-es and as an 
analgesic in the treatment. of trigeminal neuralgia. It has been used 
as a disinfectant and detergent for skin, minor wounds anc surgical 
instruments. It has also been used on a variety of antmals as a 
v~latile anaesthetic. 

The use of trichloroethylene as an extraction solvent: (e.g., for 
use in the manufacture of decaffeinated coffee and for the extraction 
of spice oleoresins) was approved by the US Food and Dr~g Ad=inistra
tion (FDA) for many years. However, on 27 September 197i, :he FDA 
proposed regulations prohibiting the use of trichloroet:.y~ene as a food 
additive, directly or indirectly. Spec~fic exa~ples o: pra:tices to be 
prohibited include use in hop extraction, decaffeinatio~ cf ~offee, 
the isolation ~f spice oleoresins, adhesive coatings an~ coc?onen:s, 
and in vinyl chloride-hexene-1 copol~ers. Food con:a~ning any added 
or detectable level of trichloroethylene ~ill be deeced tc b: adu~terated 
.~hen t~e final order has been issued. On the sa~e dat:, :ha FDA also 
:?reposed a regulation that any hu:nan ci:::-ug containing :r~:::-.:o:-oe::h::lerie 
~ill be considered a :!e~ drug and ~ill ba deemed tc be =~s~randec; 
unde:::- :!".is regulation anaesthetics containing tricr.lo::-o::i:::l:ne 'l·>~uld 
be ba::1.::1.ed. It ··..:as also proposed to declare trichloroe:::y:..e::e a 
delP.t~rinn:: c:n'kc:r-::~n,...~. t-'h,:-..,-o~:· C2'..!!='i~::; ~~:; ~c;::~::!.c ;:=c~::;:.:. cor ... taining it 
to be dee=ed adulterated under existing la~. The FDA alsJ ~=oposed a 

·regulation prohibiting the use of trichloroethylene as an ad~itive in 
animal and p_e_t __ food_; __ s~_c'!l_ P!'~C!=ic:_e_s __ a? __ the_use of tric:-.lc::-oetr::dene 
for the extraction of oil-seed products ~ould be prohib!.:e::. The FDA 
also proposed an order prohibiting the use of trichloroe:i:ylene i~ 
ani:nal drug products, such as its use as an inhalation a~aes:ne::ic, 
skin disinfectant and in detergents (US Food & Drug Ad~!~ist:-ation, 
1977). 

Xo data on its use in Europe were a>ailable. In 1;;;, trichloro
ethylen~ ~as used in Japan in metal clear~ng (63%), solvan~ and otner 
uses (23%) and exports (14%). 

It was reported in May 1978·that trichloroethylene ~as been 
ac~epted by the US Environmental Protection Agency as a :a~dioate for 
issuance of ·a· notice of a rebuttable presu~ption against rene~al of 
registration (RPAR) (see General Remarks on Substances Consicared, 
p. 31) on the basis of its possible carci~ogenicity (Ancn., 1978). 

The US Occupational Safety and Heal~~ Administration's r.ealth 
·standards for exposure to air contaminants require that an ec?loyee's 

exposure to trichloroethylene not exceed an 8-hr tice-weig~teo average 
of 535 mg/m3 (100 ppm) in the working at~osphere in any 5-~r ~ork shift 
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of a 40-hr work week (US Occupational Safety & Health Administration, 
1975). The corresponding standard in the Federal Republic of Germany 
is 260 m~/m3, that in the ·eerman Democratic Republic and Czechoslovakia, 
250 ~g/m and that in Sweden, 160 r::.g/-m3 (Winell, 1975). 

It was prQposed on 20 October 1975 that the :aximum allowable 
concentration in the US be reduced from 1070 mg/m: (200 ppm) to 805 mg/ 
m3 (150 ppm) (US Occupational Safety & Health Admi:rlstration, 1975). 
The maximum acceptable ceiling concentration in the ~SSR is 10 mg/m3 
(1.86 ppm) (Winell, 1975). 

The US National Institute for Occupational Safety and Health has 
recently recommended that occupational exposure to halogenated anaesthetic 
agents, including trichloroethylene, be controlled so that no worker is 
exposed to concentrations greater t~an 10.7 mg/c3 (2 pp~) (National 
Institute for Occupational Safety & Health, 197ib). 

2.2 Occurrence 

Trichloroethylene is not kno~~ tc occur as a ~2tural product. 
Its ccccrrence in air, water, soil and sediments, :o~~. ::~ari~e organisms 
and h~~ans has been reviewed (Batte:le Columbus La:o~atories, 1977). 

(.§;) Air 

-~.m: u5 :t:nvirore:Jental Protect:!.or. Agency has es::!.=ated that appro>:i
r::.ately ·607. of the total annual worlc production of tr!cr.loroethylene is 
released to the environment, with ar.nualemissions of about 540 million 
kg.-to the-atmosphere-and 9~1-million-kg--fO the·6-ce-i:l ('F~ller, i976). 
The dispersive uses of trichloroethylene (metal clea~~ng and solvent 
applications) have been estimated to result in ann~al e=issions of 192 
million kg in the US (Fuller, 1976) and 100 mill!o~ kg in Japan (Ohta 
e:; d., 1976) •. 

The background ambient air concentration of trichloroethylene has 
been reported for several locations: (1) western Eire, levels of 80 ng/ 
m3 (15 pptl); (2) over the North Atla~tic, < 27 ng/c: (5 ppt) (Lovelock, 
1974); (3) in a rural area,< 27 ng/m~ (5 ppt) (Gr:!.~srud & Rasmussen, 
1975); (4) in the northern hemisphere, about 80 ng!:= (15 ppt); and 
(5) in the southern hemisphere, abou~ 8 ng/m3 (1.5 ?Pt) (Cox et aZ., 
1976). - -

Trichloroethylene has also been detected in a~ient air: (1) in 
north-eastern US, at typical levels of 1 pg/m3 (0.15 ppb2) in urban areas 
and_< b.l ~g/m3 (0.02 ppb) in rural areas (Lillian~~ aZ., 1975); (2) 
in ~achigan, at levels of 150-SOO ng/m3 (30-90 ppt) (Russell & Shadoff, 

11 ppt in air is equivalent to 5.37 ng/m3• 
21 ppb in air is equivalent to 5.37 ~g/m3 • 
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1977); (3) at 4 sites. in California, at levels of 83-1670 ng/m3 
(15.6-310.8 ppt) (Singh, 1976); (4) at 5 US land stations, at levels 

·ranging from 2-28 ng/m3 (0.4-5.2 ppt); (5) at 11 sea stations, at 
levels ranging from 1-22 ng/m3 (0.2-4 ppt) (Murray & Riley, 1973); 
(6) in Tokyo, at 26 sites, at average levels of 6.4 ~g/c3 (1.2 ppb) 
(Ohta et aZ., 1976); and (7) in Manchester, UK, at levels of 5.35-
343 ~g/m3 (1-64 ppb) (Pearson & McConnell, 1975). 

(_E) Water 

551 

Trichloroethylene has been found in 2 ral-r-water sat:ples, 1 lake-water 
sample, 10 finished drinking-water samples, 1 raw sewage sample, 5 rivers 
and samples of effluent from 4 chemical plants and 4 se~age treatment 
plants in the US {Shackelford & Keith, 1976). It was detected in 
samples of surface-water from 88/204 sites near heavily industrialized 
areas, at levels> 1 ~g/1 (Ewing et aZ., 1977). 

Trichloro~thylene has been detected in: (1) tap-~ater (Dowty et 
~z., 1975); (2) tap, lake, spring, and subterranean wa:er, at levels 
of 105, 38, 5 and 80 ng/1, respectively (Grob & Grob, 1?7L); and (3) 

.effluent water fror:: a chemical production plant, ~t a level of 0.2 mg/1 
(EuroCO?-Cost, 1976). 

It has also been detected in: (1) a river, at a l:vel of 25 ~g/1 

I (Rcok ~~ =:., 1975); (2) ground-~ater near ~aste depos~ts, at a level 
-: 

1 "~"' :·:.', (t•~ .. ~~- ... ~· -::: • ~.?7:;); c:) t!":.<;> dri!'.king-~;ater of 5 
cities, at levels of 0-0.5 ~g/1 (Cole~n e~ a:., 1976); and (4) 

I
. . influent and effluent ~ater .from .a se .... ·age treat:ment pla~t, at le\•els of 
________ 8. 6~40. 4 n/1 (Bellar et. at. , -~19_7_4) • __ . _ __ __ _ __ _ _ _ _ _ __ _ _ _ 
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(~) Soil and sediments 

Concentrations of trichloroethylene in soil and· secinent near 
?roduction and user sites in the US ranged from 0- > 103 ~g/kg 
(Battelle Columbus Laboratories, 1977). 

(£) Food and drink 

Trichloroethylene has been detected in the following foodstuffs 
in the uX: dairy ·products (0.3-10 ~g/kg), meat (12-22), oils and fats 
(0-19), beverages (0-60) and fruits and vegetables (~!cConnell .et aZ., 
1975). Traces of trichloroethylene have also been found in edible 
oils after extraction (Graci~n & Martel, 1972). 

(.=_) Marine organisms . 

Tri~hloroethylene has been detected in 3 species cf oollusc at 
levels of 0-250 ng/g, and in 5· species of fish at levels of 0-479 ng/g 
(dry weight) (Dickson & Riley, 1976). 
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(!) Humans 

Trichloroethylene has been detected in post-mo=tem human tissue 
samples, at levels of< 1-32 pg/kg (Yet tissue) (McCocnell et aZ., 
1975)·and in human expired air, at levels of 0-3.9 ~g/hr/subject 
(Conkle et at.'· 1975) •. 

It has been estimated that about 60,000 people are exposed annually 
to trichloroethylene as an anaesthetic (Fuller, 1976). 

(~) Occupational exposure 

Occupational exposure to trichloroethylene has been reviewed 
(National Institute for Occupational Safety & Health, 1973). 

Trichloroethylene has been detected in the at~:sF~ere of dry-cleaning 
plants (Babenko, 1974). Levels of l076-43,000 mg/::; (200-8000 ppm) were 
fou~d in a·scall factory (Kleinfeld & Tabershaw, 1934). 

Concentrations of trichloroethyle~e vapour in ' cial assembly 
wor~~si".op ranged fro::: < 135- > 538 :::g/1:1~ (25-100 P?=); t:lose in the 
degreasing roo::: were 800-1350 mg/::: (150-250 pp:::) (:,~a~tsu, 1962). 

7he concentration to which surgeons and nurses ~e=e e>~osed in 
opera:ing-rooms varied from 1.6-554 =g/::3 (0.3-103 ~?=) (Corbett, 1973). 
Ahout ~nnn rnP('H r.=1 . .;,,.,t,.1 ,.,,_:~ ~o~;-i. ::=.1 persc-:1nel are =outinely exposed 
to trichloroethylene. 

_ .... A_ 1974_ Na_~i()pa_l __ Qc_<;.\!P?.t~onal J!a;:a;"d_ :S~rvey indica -:_ec ___ tha t_"t."_orker_s_ 
primarily exposed to trichloroethyle:::e are. those in ~cspitals, in the 
aircraft manufacturing industry, in blast furnaces a~c in steel mills 
(National Institute for Occupational Safety & Healtr., l9i7a). 

(!!) Other 

Trichloroethylene has been detected as a trace i~urity in helium 
(Schehl, 1973). 

2.3 Analvsis 

A review of methods for the analysis of trichloroethylene in waste
treatment plant sludge was made by Ca~isa (1975). Analytical methods 
to determine trichloroethylene in air, oleoresins, blood and urine have 
also been reviewed (Kouer, 1975; ~alter et aZ., 1976). 

¥~thods used for the analysis of trichloroethylene in environmental 
samples are listed in Table 1. 
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Use of gas chromatography with electron capture detection to detect 
trichloroethylene residues in grain has been studied ccllaboratively by 
8 European laboratories. The limit of detection ranged from 0.005-0.2 
mg/kg (Panel on Fumigant Residues in Grain, 1974). Gas chromatography 
has also been used by Kuchinskii (1977) and Lillian et cZ. (1975). 

A system to determine trichloroethylene in water is described by 
·Ellison & Wallbank (1974)'. 

3. Biological Data Relevant to the Evaluation 

of Carcinogenic Risk to Humans 

3.1 Carcinogenicitv studies in animalsl 

Oral administration 

!-louse: Groups of 50 male and 50 fecale B6C3Fl h~·brid '!:lice, 5 weeks 
old, were administe~ed 99% pure trichloroethylene, co~tai~ing 0.19~ 
1,2-epoxybutane and 0.09% epichlorohydrin (see !ARC, l976b) i~ corn oil 
by gavage on 5 days a week for 78 weeks. · High-dose =ales received 
2000-2400 ~g/kg bw/cay, and females 1400-1800 mg/kg b~/cay; lew-dose 
:::ales and females received 1000-1200 r.g/kg bw/day and iCJ-;oc t:g/kg bv:r. 
All surviving ani:::a2.s ~·ere observed until they were 9.5 ·,....ee;:s of age. 
Ti:::e-weig~ted.avera~e doses were 1169 and 869 in low-~ose =a~es anc 
females and 2339 anc 1739 mg/kg bw/day in high-dose =ales anc females. 
:=~~Y~ ~: ~~ =~~ ~~= ~C =~=~l= :i:e c~~:cd as vehicle-~reated ~tched 
controls. Survival was reduced in high-dose males and cc~trol ~les. 
Hepatocellular carcinomas occurred in l/20 control ~ales and 0/20 control 
·females, in 26/50 10'1.:-dose males and 4/50 low-dose fe=a:es, a~C. in 31/48 . 
high-dose males and 11/47 high-dose fe~ales. Metastases of the liver
cell tumours to the lung were found fn 7/98 treated t:ales anc in 1 control 
nale. lhe first hepatocellular carcinoma was observed in a mouse trea
ted·with the high dose of trichloroethylene which died during.week 2i. 
Lung tumours occurred in treated animals of both sexes: 5/50 (5 adeno
r.~s) in males and 4/50 (2 adenomas, 2 carcinomas) in fe~ales in the low
dose group, and 2/48 (1 adenoma, 1 carcinoma) in males anc 7/47 (5 
adenomas, 2 carcino~s) in females treated with the high dose of trichloro
ethylene. Among controls, only one lung adenoma was reported in a 

lThe Working Group wa~ aware of studies in progress to assess the 
carcinogenicity of trichloroethylene in mice by skin, subcut~neous and 
oral administration (!ARC, 1978a) and of an inhalation st~dy in rats and 
mice carried out under contract to the Manufacturing Chemist's Association 
(Toxicology Information Program, 1976). Preliminary results of the 
inhalation study (Page & Arthur, 1978) indicate findings si~lar to those 
of the"National Cancer Institute (1976). 
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female (Nation·al Cancer Institute, 1976) [The Working Group noted 
that the low-dose males and females also received 1 and 0.7 mg/kg bw/ 
day epichlorohydrin, and the high-dose males and fecales received 2.1 
and 1.56 mg/kg bw/day epichlorohydrin]. 

Rat: Groups of 50 male and 50 female Osborne-~!endel rats, 7 weeks 
of age;-received 99% pure trichloroethylene, containing 0.19% 1,2-
epoxybutane and 0.09%.epichlorohydrin (see IARC, 1975b) in corn oil by 
gavage on 5 days a week for 78 weeks. High-dose an~mals received 
varying dose schedules of 1000-1500 mg/kg bw/day, and low-dose animals 
received 500-750 mg/kg bw/day. All surviving ani=als l:ere killed 110 . 
weeks after the start of treatment. The time-weig~ted average doses 
were 549 and 1097 mg/kg bw/day. A group of 20 male and 20 female 
vehicle-treated rats served as controls. Of the :ales, 17/20 controls, 
42/50 low-dose and 47/50 high-dose animals died be:ore the end of the 
study; of the females, 12/20 controls, 35/48 low-cose animals and 
37/50 high-dose animals died. Median survival ti:es were approximately 
60 weeks for high-dose males, 85 weeks for low-dose ~ales anc 70 l:eeks 
for high- and lo~-cose females. Of the males, 5/:J co~trols, 7/50 
low-dose and 5/50 high-dose rats developed tumours; of the females, 
7/20 controls, 12/48 low- and 12/50 high-dose rats de~elcped tumours. 
No liver-cell tu=ours occurred; tucours that occu==e~ i~ various other 
organs in treated.and vehicle control animals.~ere =a~nly reticulu~-cell 
sarcomas, l)~ptosarco~as or malignant lr=phomas, fi:r=a~encmas of the 
rr.a~~ary gland, ha~:3ngiosarcomas.at various sites, :c:licular adenocar
cino~as of the tr.yroic, chro::Jophobe adenomas of the :;::::.tcitary and renal 
har::a:::tocas. · To:-:ic n~phropathy. was obse:::ved in rats c:: ":loth sexes 
trea tee 'l.'i th hi <-h ;onr' 1 ""·' -'l~~~~ c: tr!.d,lc.rut::thylen: (Xational Cancer 
Institute, 1976) [':he l>'orking Group noted the poor s:.;rvival of treated 
rats and that the low- and high-dose animals also received 0.5 and 1 mg/ 
kg b"~.·/day epichlorohvdr-in]. _: ____ _ 

--- -----· ----·----------

In .a preliminar)• report of a study in progress, groups of 30 male 
and 30 female Sprague Dawley rats, 13 weeks of age, ~are given 50 or 
250 mg/kg b"~.• trichloroethylene (purity unspecified) i::. olive cil by 
gavage 4-5 times per .:-eek for 52 weeks, followed by o~ serva tion ior 
life. A group of 30 male and 30 f~ale controls rece:::.ved olive oil 
alone. Results ~ere reported 76 .:-eeks after the s:art: of treat~ent, 
at which time 46 controls, 39 low-dose and 34 high-cose cales and females 
combined of each group were still alive. Among hig~-:ose rats that . 
died, 1 lymphoid leukaemia and 1 plasmocytoma were c~served (minimum 
latent period, ·38 weeks); 2 plasmocytomas occurred in low-dose animals 
that died (minimuc latent period, 70 weeks). No such t~ours were 

·found in controls (~~ltoni-& Maioli, 1977). 
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3.2 Other relevant biological data 

(~) Experimental systems 

Toxic effects 

Wide variati~ns in impurities and manufacturing processes of tri
chloroethylene produce inconsistencies in experimental toxicity tests 
(Defalque, 1961); in addition, pure trichloroethylene decom?oses 

. readily into highly toxic products. The extensive li.tera:u:::-e on the 
toxicity of trichloroethylene has been reviewed by A\~aco 2t aZ. (1976), · 
Browning (1965), Defalque (1961), the US Occupational Safety & ~ealth 
Administration (1975), Lloyd et aZ. (1975), Von Oetti~gen (1964), Smith 
(1966) and Walter et aZ. (1976). 

The oral LDso in rats is 7.2 g/kg bw (Smythe~ a:., 1969) and in 
nice, 2.85 g/kg bw (Aviado et aZ., 1~76). The i.p. :J:J i.n :dee is 
3.2 g/kg bw (Klaassen & Plaa, 1966) or 1.83 g/kg b~ (!=~~c~c~er t 
Grandjean, 19o0); that in dogs is 2.S g/kg b"t.· (Klaas.;e:: & P::..aa, 1967). 
The lowest lethal i.v. dose for dogs is 150 ng/kg b~; ~n :-abbi:s, the 
s.c. lethal dose is 1.8 g/kg bw (Ba:-scu::-. & Saad, 193!.~·. 

The caxinun concentrations of va~ou:- that p:-oc~c~~ nc tcxic effects 
af:e:::- ex-;:~osure for i h:::-s dailY on 5 C:a·.·s a •:eek :.:::- 6 ~=nt:-.s ~-·e:-e: rats 
a1:d rabbits, 1076 r:l£/:::: (200 ppr:1);. gci:1ea-pigs, 535 ::t,,;=; (:.OC pp::1); 
and r::cn~~eys, 2150 ngh:.~ (L.OO pp::~) (r.da::~s ~-:; a:., 1951:. _n:.r::-- expo-
c:n,...~e +n"':" S3 ~~~ ~~i2:.· :::-~ 5 :!=.y.:/~:ec!; :o 3e25 wg/r:..~ (7~J ?P=), c= 
contin~ous e>..--posure to 189 r:.g/n3 (35 'F?C) :or 90 days :a~s;d nc .-isible 
sign of toxicity in rats, dogs, moru~eys, guinea-pigs c:- :::-a:b~ts (Pren-
ciergast et_az~, 1967). __ . ____ _ 

In 8 cats exposed to concentratio~s of 108 =;1=3 ~f a~r (20 ppm) 
:or 1-1.5 hrs per day for 4-6 months, centrilobular h;?a~i:is, ~ephritis, 
hypertrophy of l;~phoid glands and spleno~egaly ~ere c~se~ed (~osinger 
& Fiorentini, 1955). In mice, trichloroethylene causec less da::~age to 
the kidneys and liver than did carbon tetrachloride o= c~lcrcforo 
(Klaassen & Plaa, 1966). 

In a chronic toxicity study, the :::a:ldmal tolerate:! ;:,ral dose of 
industrial-grade trichloroethylene in Osborne-Nendel :-ats \.·as llOO mg/kg 
bw for animals of both sexes; that in B6C3Fl hybrid ::ice ~as 2340 mg/kg 
(males) a~d_l740 mg/kg (females) (National Cancer Ins:~t~te, 1976). 

Embryotoxicity and teratogenicity 

Groups of rats and mice were e~--po~ed by inhalatic~ =or 7 hrs daily 
on days 6-15 of gestation to 1600 mg/r:.::. in air (300 p::=) t:-ichlc:::-oethylene; 
no effects were observed on the average number of icp:an:a:ic~ sites per 
litter, litter size, incidence qf foetal resorptions, :oetal sex ratios or 



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

I 
I 
I 
I. 
I·· 

558 IAAC MJN(X;RAPHS VOLLM: 20 

foetal body measurements. No treatment-related increased incidence in 
skeletal or visceral malformations was observed (Schwetz et aZ., 1975). 

Absorption, "distribution, excretion and metabolism 

A review is available (Piotrowski, 1977). 

Following.inhalation of trichloroethylene, none was detected in 
the blood or organs of rats (Kimmerle & Eben, 1973a). 

Dogs exposed to trichloroethylene excreted trichloroacetic acid and 
the glucuronide of trichloroethanol in the urine (Barrett & Johnston, 
1939; Butler, 1949). When 36cl-trichloroethylene was given.by gavage 
to rats, .10-2m: of the dose was excreted in the urine as 1-5% trichloro
acetic acid and 10-15% trichloroethanol; 0-0.5% was excreted as tri-
chloroethylene in the faeces and 72-857. as trichloroethylene in the 
expired air (Daniel, 1963). 

The demonstration of the enzymic conversion of trichloroethylene 
tc chloral"by liver cicrosomes from rabbits, rats a~d dogs supports the 
suggestion of Powell (1945) that the trichloroethylene O):ide intermediate 
rearranges into chloral hydrate (Byington & Leibman, :965; Leibcan, 
1965). Chloral was also isolated ir: t:i~:.t·::: as an i~t::-a:::>lect.:lar re
a:::-::-angement product of trichloroethylene o:dde; chlo:::-al is then in 
pa::-t reduced to t::-ichloroethanol. or oxidized to trichloroacetic acid 
(E~nse & Henschle::-, 1976; Bonse e~ aZ., 1975). S;ectral evidence for 
t~e fo~ation of trichloroethylene oxide (2,2,3-trichloro-oxi:::-ane) 
.: .. ·-:.:-.;, :::.:.:._:..:.:..:=.-•• v: ;..:l..;.i,:;..:.rv.:L.hy:i.t:llt:: witn metabol:.zing hepatic micro
so::-.es was reported by Uehleke et .c:Z. (1977). 

_ l 4c-Trichloroethylene-i.s-bound jrreversibly to live:- endoplasmic ·· 
protein in vivo and in vit~o (Allemand et aZ., 1978; Bolt et aZ., 
1977; ·uehleke & Poplawski-Tabarelli, 1977; Van Dut.:ren & Banerjee, 1976); 
it is bound to e>:C'genous DNA in vit~o (Banerjee & Va~ Duuren, 1978). 
Binding is correlated with the activity of hepatic ::!xed-function oxidases 
(Uehleke & Poplawski-Tabarelli, 1977); thus, treat::ent of animals with 
incucers of hepatic mixed-function oxidases, such as phenobarbital, 
methylcholanthrene, Aroclor 1254 or hexachlorobenzece, increases the 
he?atotoxicity of trichloroethy~ene (Carlson, 1974; Moslen et aZ., 
1977a) and depletes hepatic glutathione (Moslen et aZ., 1977b). 

Mutagenicity and other related short-term tests 

Trichloroethylene was ·mutagenic in Eschenchia ~o:i Kl2 and in 
sa:~oneZZa typhinr~um TA100 (Greim et aZ., 1975; Simonet aZ., 1977) 
in the presence o! a microsomal activation system. In another assay 
'IJith SaZmoneZZa ~~phimurium TAlOO, the pure compoun~ was not mutagenic 
either in the presence or absence of rat liver microso~es; it 'IJas 
sho~n additionally that two of the impurities in a technical-grade 
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sample of trichloroethylene, epichlorohydrin and 1,2-epoAJ·~utane, were 
mutagenic in the absence of rat liver t:licrosomes (Henschle::- e-: aZ., 
1977). 

In Sa_c:c:izaromyces cere1-"isiae strain 1."Vl.85-14C, trichloroethylene 
induced reverse mutations in the presence of mouse liver ~crosomes; 
the mutation frequencies were concentration-dependent. The authors 
concluded that trichloroethylene induced base-pair as well as fra~eshift 
type mutations (Shahin & Von Borstel, 1977). Positive results have 
been reported in the same species for the induction of gene I::.1tations 
and mitotic gene conversion (strain D7) in the presence cf ma~alian 
micrdsomes and for the host(mouse)-mediated assay (strai~ D4) (Bronzetti 
e-: aZ. , 1978) • 

Mice given single i.p. injections of half-LDso doses of trichloro
ethylene in dimethylsulphoxide, or five repeated injections of one-sixth 
the LDso at one-day intervals, showed no increase in the f:-e~uency of 
chror.~oso::1e aberrations in their bone-:::a::row cells (Cernt !. Ky?~nova, 
2977). 

In spot tests for somatic :::utatic~s, i•?• treat::Jen: ~- ~regna~t 
·:::ice ld th 1. r..!-! trichloroethylene inducec ::oat colour r:rutE-tio::s in e~=?osed 
e:::'=>r::os (?ahrig, 1977). 

[To •~hat extent the positive :::utager:ic results repc::te:i ·.dth t:-i
cZ:lo:-oe thylene are due to i::~puri ties ir: t:-,e test sar.:ples c:-ul: :10t be 
ceterr.:ined by the ~or~ing Group]. 

{.£) Humans 

- - - Nu!:!erous- fa tali ties resulting fro:: a:1aesthesi2. wi tl-.- t=iC:.loroethylene · 
and fro!:! industrial intoxications have been compiled. 5-:.:dcen death, 
?robably due' to ventricular fibrillatic:1, has been repo:-:ec 0:1 e:>:e:-tion 
shortly after intense exposure (Defalque, 1961). 

Chronic inhalation of trichloroethylene affects the cent:-al nervous 
system (Grandjean et ~~., 1955). Accide:1tal ingestions ;=od-:.:ced 
ine~riety, vor.~iting, diarrhoea, collapse and cor.~a, follc~ec: either by 
death (pulmonary oedema and liver and kidney necrosis at autC?SY) or 
recovery with transient neurological sequelae (amnesia, ~eada::he, numb
ness, weakness of extremities, psychosis or hemiparesis) (:;!eialque, 1961). 
!o~ic effects on the liver (SchUtt~ann, 1970) and cutane:us reactions 
(Bauer & Rabens, 1974; Schirren,. 1971; Stewart et aL.., 197L.) have been 
reported. 

592 . .. 
af.,.' 
(200 

Psychophysiological function ~as depressed in volunteers exposed to 
mg/m5 (110 ppm) trichloroethylene for t~o 4-hr perio:s (Salvini et 

1971). Experirr.ental exposure of 10 volunteers to :o;o =g/m3 

ppm)"trichloroethylene vapour for periods of 7 hrs :•ar 5 days 
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produced fatigue and sleepiness (Stewart et aZ., 1970). Icpairment of 
neurological and psychological functions after acute and longer expo
sure was also reported by Gamberale et aZ. (1976) and Iriebig et aZ. 
(1977). It has been suggested that the toxic action in hucans was 
due.mainly to contaminants (Browning, 1965; Defalque, 1961). 

There is: an indication that the hepatotoxic effect -of trichloro
ethylene is enhanced by concomitant exposure to e~~anol or isopropyl 
alcohol (Traiger & Plaa, 1974). 

About 607. of inspired trichloroethylene is taken up by the body; 
the arterial blood concentration increased linearlv ~1lth the concen
tration in the alveolar air (.Rstrand & Ovrum, 1976). 

Humans e:-:posed to trichloroethylene excrete t:-ichloracetic acid and 
trichloroethanol in the urine (Kimmerle & Eben, 1973b; Nomiyama & 
No~iyama, 1971; Powell, 1945), and the concentrat~o~ o: trichloracetic 
acid in the urine is an indication of trichloroe t:h·:lt:ne exposure 
(Axelson eta:., 1978; Smith, 1978). Kinetic st~d~es of the formation 
and excretion of trichloroacetic acid and trichlor:et:~a~ol have been 
-::epcrted (Fer~ancez et aZ., 197i; !-1onster er; a;:. , lS: 76; ::-ii.iller e-:; aZ. 
1974). Chloral hydrate was also identified· as a ::-ichlo::-oe:nylene 
ne:abolite in the blood (Cole et aZ., l975a; Scar.set:ti e~ a:., 1959). 

3.3 Case repo::-ts and epideniological studies 1 

Pjt? 

Ar. epide=iological study.of cancer mortality a~o~g 518 =ales exposed 
occupationally to relatively low levels of trichlo::oet:hylene has been 
reported. Levels of exposure were estimated by cc~cen:rations _qf_tr.i-=-----------------------. 
chloroacetic acid "in "tne" u:dne:-expcisure" catego::ies l..·it:h averages beloloT 
and above 100 mg/1 trichloroacetic acid in the uri~e ~ere used; 100 mg/ 
1 corresponds roughly to an 8-hr time-weighted ave::age exposure of 160 cg/ 
n~ (30 ppm) trichloroethylene in air. hnen co~pared with the national 
pcpulation rates, 49 deaths from all causes were observed ~e~sus 62 
e:-:pected. With no consideration given to latency or intensity of 
exposure, 11 deaths due to cancer at all sites were observed ~e~sus 
14.5 expected. hnen analyses were restricted to ~.ose with 10 or more 
years since onset of exposure, no significant excess of cancer was 
demonstrated, either for those exposed to high or lo1o1er levels of tri
chloroethylene. It was concluded, however, that t~is study could not 
rule out a cancer risk to humans, particularly for =a~e types of malig
nancies such as liver cancer (Axelson et aZ., 1978) [The st~all size of 
the study group and the relatively short latent period (cainly less than 
20 years) underline this conclusion]. 

lThe Working Group was aware of 2 studies in p::ogress: a cancer 
cortality study of workers occupationally exposed to trichloroethylene 
and a follow-up study of workers exposed to organoc~lcride and alkyl
chloride compounds, vinyl chloride, trichloroethyle~e and unsaturated 
compounds (IARC, 1978b). 
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TRICHLOROETHYLENE 

4. Summary of Data Reported and Evaluation 

4.1 Experimental data 

561 

Trichloroethyl,ene was. tested in one experiment in nice and in one 
in rats by oral administration. In mice, it produced hep~toc~llular 
carcinOI:Ias and lung tumours in both males and females. The experiment 
in rats was considered to be inadequate. Preliminary results of a 
study in progress by oral administration to rats could not be evaluated. 

Trichloroethylene is mutagenic in bacteria and yeast and in spot 
tests for somatic mutations in mice. 

4.2 H~n datal 

No case reports ~ere available to ~he Working Grc~?· The only 
e?ide~iologica~ study available repartee no statistica:l; significant 
excess of cancer associa~ed with e:...-posu::.-e to trichloro:~::ylene. F.m,·
ever, because of the s~all size of the group and the r:la=ively short 
=ine si:tce onset of exposure, no assess~en= of carci:;q;e::.ic:!. ~y could 
be ::aci~. 

The extensive prcduc tion of trichlcroethylene for c·:er 50 years, 
togethe::.- •:ith its use as an industrial solvent and cet:.l cleaning 
~~=~:. ~~ ~~ i~h=1=r~nn=1 8nee~thetic a:;d as an additi~e ir. drugs, food 
and co:;su::er products, indicate that ~icespread hu~an ei~osure occurs. 
This is confirmed by ::any reports of its occurrence i~ a~r, water and 
.foods. and in .. human tissues and 'expired air. 

4.3 Evaluation 

·There is ~ir.r:ted evidence that trichloroethylene is carci~ogenic in 
t:li.ce. 

lsubsequent to the meeting of the Working Group, t~e Secretariat 
became aware of a study ot 330 deceased laundry and'd~·-cleaning workers 
who had been exposed to carbon tetrachloride, trichlcrce=hylene and 
tetracqloroethylene. An excess of lung, cervical an~ s~in cancers and 
a slight excess of leukaemias and liver cancers were cbserved (Blair 
e-; aZ., 1979). 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-
I 
I 
I 
I 
I 
I 
I. 

562 !ARC 1-Dt-O;RAPHS VOLUME 20 
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(1951) Vapor toxicity 
on laborat~ry animals. 
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1··. li~its f?r the dichlorobenzenes. For th~ present, th.is 
. ::-:1: •s retamed. · 

I 
Other recommendations for trichlorobenzene: ·Bulgaria, 

'~and, U.S.S.R., Yugoslavia, 1.4 ppm. . 

r:eferences: 

I Treon, J.: Unpublished report from the Kettering laboratory, 
University of Cincinnati, OH (1950). 

.:. Brown, V.K.H., Muir, C., Thorpe, J.: Ann. Occup. Hyg. 72:209 
(1969). . I . 

1,1,1-TRICHlOROETHANE 

le, METHYL CHLOROFORM 

11,2-TRICHLOROETHANE 

' onyl trichloride 

I ,. ~0 ppm ( ~ 45 mg/ml~ 

~:.. 20 ppm ( ~ 90 mg/ml) 

I · colorless, non-flammable liquid with a sweet odor, 
-'-:-ichloroethane has a molecular weight of 133.42 and 
-, :ific graviw of 1.4416 at 20° C It boils at 113.7° C, 
. _-;-sat -36.4c C and has a vapor pressure of 19 mm Hg at I :::. ~nsoluble !n w~ter, it is miscible with alcohol, ether 

--~. ''"', vtt;a' II\. ~u"~t:'_!lt:t. 

• ·. i5 used as a solvent for fats, resins, etc., and in organic 

1
··.-;esi~. · 
~ '1.1~trichloro-etliane -depres-ses-the. ce~tral nervou~-sys~

·--; causing narcosis,· iFl which respect it is considerably 

1
--~ potent than ch!croform.C1.2J By inhalation its acute 
.city is somewhat greater for certain laboratory animals 

. :n than that of chloroform. Narcotic concentrations of 
·.:>trichloroethane result in irritation to the eyes and 

I ;.:;, and injection of the conjunctiva. Death occurs from 
· ;->iratory·arrest. Concentrations producing deep nar~osis 

· :l death are of .the order of 13,600 ppm for a two-hour 

I
. :)vsure. The corresponding co.ncentration for chloroform 

:>O,COO to 40,000 ppm. 1,1,2-trichloroethane js lethal by 
~:and subcutaneous administration; 0.75 g/kg was lethal 
cogs by mouth, compared with 2.25 g/kg for chloro-

11 . . 
.:1CHLOROETHYlENE 

~~l;=CHCI 
. \', 50_ppm ( ~ 270 mg/ml) ,L, 150 ppm (:::::: 805 mg/ml) 

Trichloroethylene is a nonflammable, colorless liquid of 

I
. ·3!.'tish odor. It has a molecular weight of 131.4 and a 

·cific gravity of 1.4649. The boiling point is 87° C and 
idifies at -84.8° C The vapor pressure at 20° C equals 58 

..., Hg. It is practically insoluble in water, but highly solu-

1 

3. G~ge, J.C.: Brir./. Ind. Med. 27:1 (1970) . 

4. umeron, GJt. Thornu, J.C.. Ashmore, A.S., Buchan, J.L. War
ren, E.H. Hughes, A.W.N.: /. Path. Bact., Vol. 281 (1937). 

5. Powers, M.B.,. ~te, W.B., Lewis, T.R.: Arch. Env. Health 3Q1 
965 (1975). 

6. Rowe, V.K.: PriVate communication (1975): 
7. Coate, W.B .. Schoenfisch, W.H., Busey, W.M., lewis, T.R.: 

Chronic Inhalation Exposure .of Rats, Rabbits and Monkeys to 
1,2,4-Trichlorobenzene • 

form.fll Fatty degeneration of the liver was observed in 
dogs dying two or more days following administration of 
trichloroethane, which is also absorbed through the intact 
skin.!•l 

More recent data include the followingiSI: oral LD.so, rat 
-1140 mg/kg; intraperitoneal LDso, mouse- 994, dog- 450 
mg/kg; subcutaneous LD.so. mouse - 227 mg/kg. Exposure 
at 500 ppm for 8 hours was fatal to rats. 

The current Tl\" of 10 ppm was based on the toxicologi
cal resemblance to symmetric tetrachloroethane, and by 
analogy with :he Tl\' for chloroform, which at that time 
\vas 50 "ppm. lr view of the above comparisons of the tox
icity of 1 ,1,2-tri:hloroethane with that of chloroform, a lim
it somewhat lowe~ than 10 ppm, the Tl V for the latter com
pound, might be i r1 order for 1 ,1,2-trichloroethane. For the 
pre~ent, the TL \' of 10 ppm and STEl of 20 ppm are 
retained. 

Other recommendations: Several western European na-
. tions-and Japan had·adopted the 10 ppm TLV, as of 19n;·- --

Poland, with 21 ppm, was the only exception~ West Ger
many (1979) co~siders it a potential carcinogen. 

References: 

1. luarew, N.W.: Arch. fxptl. Path. Pharmakol. 141:19 (1929). 

2. Von OeHingen, W.F.: The Halogenated Hydrocarbons, Their 
Toxicity & Potential Dangers, USPHS Pub. No. 414, pp. 155-156, 
US Gov. Printing Office, Washington, DC (1955). 

3. B~rsoum, G.S., S.a.ad, K.: Q. ). Pharm. & Pharmacal. 7:205 (1934). 

4. Burgi, E.: Bruxelles Med. 76:1481 (1936). 

5. NJOSH: Registry of the Toxic Effects of Chemical Substances 
(1977). 

ble in lipids. (Putition coefficient at 37° C: blood-air 9, oil
air 943). In the presence of oxygen and short ultraviolet 
wavelength, trichloroethylene is decomposed to phosgene 
and hydrochloric acid. 

Trichloroethylene is used for degreasing, dry cleaning, 
·and as a solvent. In the past, trichloroethylene was used as 
an extractant in food-processing (FDA had approved resi
due below 25 ppm in decaffeinated ground coffee and 10 
ppm for instant coffee). This was discontinued in 1975, 
when NCI issued an alert, warning that trichloroethylene 
may be a carcinogen. Its use as an anesthetic was aban-

··~:.::.-.· 
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doned because of its decomposition in the soda-lime cir
cuit into toxic and flammable dichloroacetylene, phosgene 
and carbon monoxide. 

The sites of biological effects of trichloroethylene: 1) 
CNS (euphoria, analgesia, anesthesia); 2) liver (necrosis, 
hepatomas); 3) Kidney (necrosis); 4) lung (tachypnea); 5) 
Heart (arrhythmias}; 6) Skin (irritation, vesication; paralysis 
of the fingers immersed in liquid trichloroethylene); 7) 
Bo.ne marrow (myelotoxic anemia). 

The knowledge of acute toxicity of trichloroethylene 
comes mainly from its use as an anesthetic.l11 Tachypnea 
and ventricular arrhythmias are equated with overdosage 
(inhaled concentrations greater an 15003 ppm). 

Vernon and Ferguson121 found that a two-hour exposure 
of a volunteer to 100Cl"ppm of trichloroethylene resulted in 
adverse effects on visual perception and motor skill; but 

. two-hour exposures at 300 ppm and 100 ppm produced no 
significant effect. In a later report, the same authors!31 not
ed that low levels of alcohol in the blood (20-30 mg/100 
ml) markedly augmented the effect of the two-hour expo
sures to trichloroethylene at concentrations of 300 and 
1000 ppm. 

Hepatic injury was observed in rats141 exposed for 2 
hours to a trichloroethylene concentration of 10.000 ppm, 
when the rats were pre-treated with phenobarbital, Aroclor 
1254, hexachlorobenzene, 3-methyl cholanthrene or preg
nenolone-16-a-carbonitrile. Liver injuries are associated 
with extensive metabolism of trichloroethylene in the 
body. 

Death in laboratory animals from acute exposure to tri
chloroethylene vapor also results from respiratorv failure or 
cardiac arrest.cS.6J Trichloroethylene is reported to have di-

toxic anemia.t71 It caused residual brain damage in dehy
drated ratstel exposed to 3000 ppm of trichloroethylene. 
·Eight-hour exposure to any concentration higher than 3000 
ppm mig~t .be fataiJ9l 

Adams and associatesc9l found no adverse effects when 
monkeys were exposed repeatedly at 400 ppm, rats and 
rabbits at 200 ppm, and guinea pigs at 100 ppm. Adams et 
at concluded from their animal studies that exposure to 100 
ppm is probably safe for humans. 

Stopps and MclaughlinPOJ exposed volunteers to 100 
ppm of trichloroethylene and found no changes in various 
performance tests, but did note some changes at higher 
concentrations. Steward and associatestnl reported that 
·volunteers exposed to 200 ppm of trichloroethylene for 
seven hours a day showed mild responses such as slight 
fatigue and sleepiness on the fifth day of exposure. There 
were no measurable objective responses. Also, Triebig et 
ar.121 exposed seven healthy volunteers to 100 ppm of tri
chloroethylene for five days observing no impairments of 
the examined person's mental or psychological capacities. 
On the other hand, Ertle et a/,Cll) in ·a similar study, ob
served fatigue, lassitude and headache in his volunteers. 

Several European authorities, reported symptoms in 
workers exposed to concentrations generally below 100 
ppm. Ahlmark and Forssman!HI estimated exposure to tri
chloroethylene by measuring the urinary excretion of tri-

' chloroacetic acid. They found the chief symptoms to be 
\\abnormal fatigue, irritability, hea.dache, gastric distur

bances and intolerance to alcohol. Ahlmark and FribergC151 

\' 
\ 

tentatiyel~· suggested 30 ppm as a desirable limit for the 
time-weighted average occupational exposure. 

Haasl16l and Grandjean et a~171 found a variety of ner
vous disturbances in a group of SO workers exposed to tri
chloroethylene vapor at concentrations ranging from 1 to 
·335 ppm. These disturt?ances increased with the length of 
exposure (up to five years or more}, and were distinctly 
more frequent when trichloroethylene concentrations ex
ceeded 40 ppm. 

Bardodej and Vyskocil!181 also recommended a limit of 
about 40 ppm, finding signs and symptoms of chronic tri
chloroethylene poisoning including intolerance to alcohol, 
tremors, giddiness and anxiety at an exposure above 40 
ppm .. 

lilis and.co-workersl191 reported that workers exposed at 
concentrations averaging about 10 ppm (12% of the tests 
showed \'alues about 40 ppm) complained of headache, 
diuiness and sleepiness. 

. Smyth and associates reported an oral LD50 to be 4.92 
mg/kg and, after four hours exposure, a lethal concentra
tion to be 8000 ppm.C20l Rats were used in both instances. 

Trichloroethylene was found neither embryotoxic nor 
teratogenic in Sprague-Dawley rats and Swiss Webster 
mice inhaling trichloroethylene for seven hours at a con
centration of 300 ppm on da\'5 6-15 of gestation.C21; 

Trichloroethylene was found to be weakly mutagenic in 
the metabolizing E. coli mutagenic systems.l221 

Recently trichloroethylene came under investigation as 
a possible carcinogen. The concern was initiated by a re
po:-t from the National Cancer lnstitutet2JJ that hepatocel
lular carcinomas resulted from oral administration of tri
ch:~roethylene to mice. In this bioassay, male and female 
rats (Osborne-Mendel) and mice (B6C3F1) were exposed 
to trichloroethylene for 18 months with an observation pe
rio::l of 3-6 months following exposure. Rats were given 

· -doses at.either 1000 mg/kg or 500 mg/kg; 5 times/we-ek. 
Male mice were given 2400 or 1200 mg/kg and female mice 
18CO mg/kg or 900 mg/kg doses 5 times/week. Hepatocel
lular carcinomas were not seen in the rats; 30 of the 98 
(30.6%) mice given the low dose, and 41 of the 95 (43.2%) 
mice given the high dose developed hepatocellular carci
nomas. Only 1 (25%} of the 4Q control mice developed a 
carcinoma. 

A cohort study on trichloroethylene exposure and can
cer in man, conducted recently in Scandinavian coun
triest24l in 7,688 workers exposed to relatively small concen
trations of trichloroethylene, did not reveal any excess 
cancer mortality. Half of the population under study was 
exposed to trichloroethylene for more than 10 years: 548 
persons were exposed to trichloroethylene concentrations 
greater than 30 ppm, 3,095 persons to concentrations 
smaller than 30 ppm. The exposure was evaluated from uri
nary excretion of trichloro~cetic acid, 100 mg/l being asso
ciated with an eight-hour elCposure of 30 ppm of trichlo
roethylene, a time-weighted exposure. 

A Tl V of 50 ppm and 150 ppm as a STEL are recom
mended for trichloroethylene to provide workers with ade
quate protection against the toxic effect. 

Other recommendations: ANSI (1967) 100 ppm; NIOSH 
(1978) 25 ppm; Czechoslovakia (1969) 45 ppm, for brief ex
posures 225 ppm; Germany (1970) 50 ppm; Sweden 30 
ppm; USSR (1967) 2 ppm. 

407 
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Indices 

• Trichloroacetic acid 
· in urine 

• Trichlorriacetic acid 
and trichloroethanol 
in urine 

• Free trichloroethanol 
in blood 

• • Trichloroethylene in 
end-exhaled air 
(confi"!latory test) 

Physical Proterties 

nme 
End of workweek G 

End of shift and G 
End of workweek G 

·End of shift and· 
End of workweek 

Prior to shift 
and end of workweek 

Solubility: highly soluble in fat, poorly soluble in water. Parti
tion coefficients at 37°C: blood/gas - 9.5; lean tissues/gas - 20; 
iat.'gas - 600'" At room temperature trichloroethylene is present· 
i~: ambient air as vapor; saturated vapor pressure is 58 torr at :woe. 

;.jsorption .I Under most conditions occuring at the workpl;~rP 
tdchloroethylene is absorbed br inhalation. At steady state, about 

· 6•)% oi inhaled trichloroethylene is absorbed in systemic circula·l· __ tic~m.::: _Liquid Jrichloroethylene. penetrates _the_Jntact .skin.u, __ 
· Trichloroethylene crosses the placenta.'4' 

I 

Possible Nonoccupational Exposure 

Trichloroeth'yfene is used as a solvent in some household pro
ducts such as spot removers and adhesives. In the USA,'its use was 
restricted when NCJ issued an alert that trichloroethylene may be 
a carcinogen.151 Sniffing of trichloroethylene was also reparted.161 

Elimination 

I . Metabolism is the main elimination pathway of trichloroethylene. 
The large interindiv!dual variation in urinary excretion of the two 
major metabolites, trichloroacetic acid and trichloroethanol, is fre-

1 quently reported. Some of this variation can be explained by dif
ferences in experimental setting,rn by alcohol ingestion,cu' and by 

· exposure to other chemicals."·,DJ Elimination of trichloroacetic add 
is· very sl.ow because of protein binding.rn1 Unchanged 

I trichloroethylene is exhaled. Following an 8-hour exposure, the 
amount of exhaled trichloroethylene accounts for 9% of pulmonary 
uptake. The desat!Jration curve shows 3 exponential decays with 

I 
half-times of 20 min, 3 hr, and 30 hr.uli·Trichloroethylene ac
cumulates in the body. mainly in fat.m About 8°k of the 
metabolites are excreted in feces and sweata' 

·I Metabolic Pathways 
The metabolic pathways·of trichloroethylene are shown in Figure' ·-· 

5. The percentages shown in the diagram repre~ent a fraction of 

Current 
BEl Experience 

100 mg/1.. or below Satisfactory 

300 mg/1.. or below 
) Satisfactory 

320 mg/g creatinine Satisfactory 

4 mg!L or below Satisfactory 

0.5 ppm or below Fair 

pulmonary uptake exhaled or excreted as a metabolite after an 
8-hour exposure.r121 Metabolites other than those indicated in the 
diagram are monochloroacetic acid and chloroform.m' Ikeda et 
al••· suggested that the correlation between trichloroethylene con
centration and trichloroacetic acid excretion is linear only if the 
exposure concentration is below 50 ppm. Correlation between 
trichloroethylene concentrations and trichloroethanol excretion re
mains linear at least up to an exposure to 1000 ppm. Sex differences 
::-: ~::::::!;::!::: ;::z!hways in man were suggested.ns.161 

TLV-TI\'A 
-------·-··-··-- ~-~ 

~-~The recommended tCv~iviA of so pp~ -(~~2-7o m&tm3) is based 
on CNS effects and is protective against excessive discomfort in
duced by alcoholic beverages (1980, suppl. 1982). 

Summary 

Urinary excretion of trichloroacetic acid (TCAA) and 
trichloroethanol (TCOH) are used as indicators of trichloroethylene 
exposure. Both metabolites accumulate in the bOdy and are in
dicators of total exposure; they do not reflect variation of exposure 
concentration. Sampling at the end of the work week is recom
mended. The interindividual and intraindividual variation in excre
tion is so large that excretion of metabolites is recommended only 
as a screening test applicable to group or to periodic examination 
of an individual. Blood level oftrichloroethanol is suggested as an 
individual test, since the interindividual variation is smaller. Since 

CClz • CY.Cl 

! 
..!!._ EXHALED 

[ ;\ ce1 2.- D!Cl 

·~- ........ --
Figure 5 - Metabolic pathways of trichloroethylene. 
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lco\A and TCOH are ~etabolites o; other solv~nts,'dete~inati~n 
o( trichloroethylene in end-exhaled air is· recommended as a con-
fi:mato:y test. · · · 

~RICHL~ROACETIC ACID (TCAA) IN URINE INDEX 

r ethOds · . · 

Colorimetric methods based on Fujiwara reaction are nonspecific 
but easy .to· use.m.111 Gas chromatographic methodsc1Hu are 

.pecific.. . 

~ampli~ and Sto~ge 

l 
Urine specimens should be collected In glass containers at the 

nd of the workweek (fourth or fifth days are the most suitable). 
iming is not C:ritical. Exposure to chlorinated ethanes and ethylenes 

should be avoided a couple of days immediately preceding sarn
IIPling. Alcohol intake and disulfiram treatment should he recorded 
~nd considered in the interpretation. Urine specimens should be . 

kept refrigerated. 

ILevels Without Occupational Exposure 

Specific methods are available. TCAA is not present in urine of 

l
u:-,exposed subjects. It is, however, a metabolite of other chlorinated 
r,dustrial solvents such • as CCh- CH,CI, CCI2 - CCI,, 
>::1:-CHCI2, CCI3-CH3, and CCI 3•CHO,u:1 which can be 
·o;.Jnd in some household products. Nonoccupational exposure to 1- ~;;'~i?.ethylene is possible (household products, drin~ing wa~er, 

I 
'-;tics . 

-:- ne concentration of TCAA in urine rises slowly during and 
. '-'"";"~ ui~i1iur~tr1yit:!ne exposure, anti peai<s on the third to f1fth 

·. ~ . a:'ler exposure; then it slowly declines with a half-time of 50-1 00 

l ·o.m .. :.n.:l.i•• TCAA accumulates in the bod~ during the 
vcrkweek. Ikeda suggested that· the correlation between 

7richloroethylene conce.ntrations and TCM excretion is linear on-

1
··: !: the exposure concentration is smaller than 50 ppm.u•• Protein 
,;~ding of TCAA is extensive.1111 

:'actors Affecting Interpretation of BEl 

l TCAA is a metabolite of some other chlorinated _hydrocarbons: 
Cll•CHiCI, CHCb•CHCbrCCb - CCI2, CCI,-CH3, C~I,•CHO. 

Exposure to these chlorinated hydrocarbons and nonoccupational 

-

xposure to trichloroethylene ~ould be manifested by increases 
f TCM e~cretion. Ethanol intake and disulfiram treatment partly 
nhibit production of TCM.a.a1 Intake of other xenobiotics in

cluding inhalation coexposure to other solvents, inhibits metabolism tf tric~loroethylene ~nd reduces excretion of TCM.r9.loJ 

lustlfication · 

I TCM is an indicator of integrated exposure; it does not reflect 
he fluctuation of exposure. Analysis of kinetic datan•.u.:J-r.; has 
produced a general agreement that a concentration of 100-200 mg!L 

l
.i TGV. in urine is the bioequivalent to the current TL V (50 ppm). 
he investigators agree that the interindividual variation is large, 
ut some of this variation can be explained by differences in ex-· 

peri mental setting. Based on the epidemiological studies and clinical 

I. bservations, smaller concentrations of TCM in urine were sug
ested as no-effect levels: Ahlmark and Forssman, < 40 mg!L;ae• 

Frant and Westerridorp, 50 mg!L;~• Suchanova, 75.mg/L;OOI Teis
~nger, 100 mg!L;o,, and Bardodej, ~00 mg/L.D%1 Because of large in-

.EI-2& !84) · . , 

terindividual · variation, some investigators consider the 
determination of TCM in urine as a very poor indicator of 
trichloroethylene exposure.o31 Attempts to reduce the variation by 
relating TCAA to creatinine, density, and excretory rate did not bring 
any significant improvement The advantage of the test is that TCAA 
concentrations in urine are little ~ffected by timing of exposure and 
sampling. 

Current Information Available 

Sufficient information is available to support the following BEl 
as a screening test 

Recommendation 

The Committee recommends 100 mg/l. ofTCAA in urine voided 
at the end of the wo-rkweek as a BEl for trichloroethylene. This BEl 
can be applied to the mean of a group or as a screening test for 
individuals. If the TCAA cOncentration in urine collected periodically 
from the same workers is below the BEl, then the TWA is most likely 
not exceeded. 

CHLORINATED METABOLITES IN URINE INDEX 

Chlorinated metabolites represent the sum of trichloroacetic acid 
CTCAA) and free and conjugated trichloroethanol CTCOH) in urine, 
expressed as TCAA. 

Method 

Colorimetric method based on Fujiwara reaction in oxidized urine 
specimens'1' :a. is the most convenient. · 

Sampling and Storage 

Urine specimens should be collected in glass containers at the 
end of the shift. The last two shifts of the workweek are suitable 
for collection. Exposure to other.chlorinated ethanes and ethylenes, . 

·· and alcohol Intake and disulfiram treatment should be recorded an-d· 
considered in the interpretation. Urine specimens should be kept 
refrigerated. 

Lev~ls Without Occupational Exposure 

TCM and TCOH in urine of unexposed subjects are not 
measurable. TCAA and TCOH are, however, metabolites of other 
industrial chlorinated solvents such as CCI3 -CH.2CI, CCI2 - CCb, 
CHCI 2-CHCI2, and CCI3 -CH,,az1 which can be found in some 
household products. Nonoccupational exposure to trichloroethylene 
is possible (household products, drinking water, sniffing). ·· 

Kinetics 

The elimination of the two metabolites, TCM and TCOH, have 
different patterns. Concentration ofTCAA in urine peaks on the third 
to fifth day after exposure and declines slowly with a half-time of 
50-100 hours.u.ll.lW)TCOH-concentration peaks during the'first 3 
hours after the exposure and then declines with the half-time 12-26 
hours.a.l•.ls• Therefore, the concentration ratio of TCOHITCAA in 
urine changes depending on the timing of the exposure and sam
pling schedules.l7·16.lS.l41 For example, at the end of the first ex
posure, the concentration of TCOH is approximately 10 times larger 
than the concentration ofTCAA, but on the third post-exposure day 
the TCOH concentration drops below the TCAA leveJ.nUU4l It was 
shown in volunteers undergoing 5 consecutive exposures that, at 

· the end of the work week, the TCOHITCM ratio varies between 
1 and 2.m.w In urines t:ollected from workers on the morning 

•• 

• 
• .,, ~j~l 
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prior to the fifth work shift Nomiyama found the ra~io equal to 
1.'M1 Nomiyamans• derived an equation for correlation of exposure 
concentration (ppm) with concentration of chlorinated metabolites 
in urine specimens collected on-the t-day after the last 8-hour ex-
posure: · 

ppm - (1/6)t; 1 Qkt (1) 

where: 

. c; - the concentration of chlorinated metabolites in urine 
specimens mg/l collected from the workers on t-day after the 
exposure. 

k - the elimination rate constant, which for males equals 0.23 
and for females 0.20. 

The equation is valid for ·urines collected from subjects exposed 
8 hrs/day, S days/week to the same time--weighted exposure con
centration. Surprisingly, the linear correlation between exposure 
cOncentration and chlorinated metabolites in urine is valid for a 
wide range of exposure concentrations.n•• 

Factors Affecting Inter-Pretation of BEl 

TcAA and TCOH are metabolites of some other chlorinated 
hydrocarbons: CCJ,•CHlCI, CHCil•CHCil, CCil • CCil, 
CCI,-CH,.u:. Exposure·to these chemicals and nonoccupational 
exposure to produ.cts containing trichloroethylene would be 
manifested by increased excretion of both metabolites. Ethanol in
take or disulfiram treatment inhibits metabolism of 
trichloroethylene.u.e• Intake of other xenobiotics, including coex-

. posure to other solvents, can also . inhibit' metabolism. of .. 
trichloroethylene and reduce excretion of metabolites.<~.ro• 

Ju~tification 

unnary excret1on of TCAA and TCOH is another indicator of in
tegrated exposure which is little affected by fluctuation of the ex
posure concentration. Concentrations of chlorinated metabolites in 
u·dne during occupationare)q)osure to-50 ppm-can.be calculated 
from equation t. According to this equation, the concentration of 
metabolites in urine collected at the end of the workweek is 300 
mg/l. Based on observations in workers occupationally ·exposed 
to trichloroethylene, Ikeda et a/rr•1 suggest a similar value, '275 
mg'g of creatinine or 257 mg/l. After two days without occupa
tional exposure, the concentrations of metabolites decline to one 
t~:rd (approximately 100 mgll). Large interindividual and intrain
' :~-id:r.rl variation of metabOlite excretion was observed in controll
cd~t.l6.ll.Jue• and field114.l9• studies. 

:Ui-rent Information Available 

Sufficient data are available from studies iri volunteers to propose 
2. BEl that is bioequivalent to the TLV-TWA on a pharmacokinetic 
basis. · 

:~ecbmmendation 

The Committee recommens 300 mg/L (320 mglg of creatinine) 
of chlorinated metabolites of trichloroethylene (expressed as TCAA) 
in urine voided at the end of the shift preceded by at least three 
i.:>t;t:!arwork shifts· as a BEl for integrated exposure to 
trichloroethylene. This BEl can be applied to the mean of a group 
test or as a screening test for individuals. If the TCAA concentra
tion in urine specimens collected periodically from the same 
workers is below the BEl, then the TLV-TWA is most likely not ex
ceeded. 

fHII8' 

FREE TRICHLOROETHANOL (TCOH) IN BLOOD INDEX 

Method 

A gas chromatograph equipped with an electron captUre detec
tor is used for determination ofTCOH in blood. The methods utilize 
either the head space techniqueaor or hexane extraction.PUn 

Sampling and Storage 

Blood should be collected at the end of the shift. Either of the 
last two shifts of the workweek are suitable for collection. Blood 
can be collected from the cubital vein and stored refrigerated in 
sealed vacutainers containing heparin. Hemolyzed capillary blood 
obtained from the finger ~rear lobe can be stored refrigerated in 
sealed glass containers· for up to 14 days.o•, Exposure to 
chlorinated ethanes and ethylenes, alcohol intake, and disulfiram 
treatment should be recorded and considered in the interpretation. 

Levels Wrthout Oc~upational Exposure 

Specific analytical methods are available. TCOH Is not·p~t 
in blood of unexposed subjects. TCOH is, however, a metabolite 
of industrial chlorinated solvents such as CCI3•CH2CI, COl - CCJ21 
or CH3•CChP21 which can be found in some household products. 
Nonoccupational exposure to trichloroethylene is possible 
(household products; drinking water, glue sniffing). · 

Kinetics 

About 50% of.TCOH in blood is conjugated with glucuronic 
acic.:20• TCOH'in blood·rises rapid!)• during the exposure and starts 
to decline shortly after the end ofthe exposure with a half-time of 
12 hours.nr.H• During occupational exposure, TCOH accumulates 
in the blood significantly for the first three days.nH6.2s• No protein 
hinriing of TCOH was reported. 

Factors Affecting Interpretation of BEl. 

-TCOH is a metabolite of some other chlorinat~ hydrocarbons:· 
CCI3•CH2CI, CCfz - CCiz, or CH3•CCI3• Exposure to such 
chemicals and nonoccupational exposure to trichloroethylene 
would be manifested by increased TCOH concentrations in blood. 
Ethanol intake, disulfiram treatment, and most likely intake of other 
xenobiotics including coexposure to some other solvents reduce 
TCOH concentrations in bloocJ.a.a-101 

Justification 

Based on pharmacokinetic studies performed in volunteers ex
posed repetitively to trichloroethylene,111·16.2J.lS.JaJ the following 
bioequivalent to the current TLV-TWA of 50 ppm of· 
trichloroethylene can be extrapolated: · 

• Free TCOH in blood at the end of the last shift of the 
workweek- 3.8 mg/l 

• Free TCOH in blood prior to the last shift of the workweek 
- 1.5 mg/L 

• Free TCOH in blood at the end of the first shift of the 
workweek - 2.7 mg/l 

• Free TCOH in blood prior to the first shift of the workweek 
-0.2 mg/l 

Concentrations of total TCOH are approximately double that of the 
concentrations of free TCOH.a01 TCOH in blood is preferred by 
some investigators as a biological indicator of the exposure, since 

-the neurological symptoms induced by trichloroethylene exposure. 
are associated with metabOlism to trichloroethanof,o9J and since 

BEI-27 (84) 



;linterindividual and in~r~individual variation a~ much s~aller. 
:r:an the variation of metabolite excretion. TCOH concentrations 
~~- to correlate mainly· with the integrated exposure to 
: i!oroethylen~. However a significant excursion from the TLV-
1 1-\ would affect the blood concentration ofTCOH. In West Ger
many, free i'COH in blood of S mgll (ceiling value) is recom~ al BAT.I40i 

Current Information Available 

. ltfficient amount of information is available to propose a BEl. 
~ever, further corroboration of BEl in field studies is needed. 

R~mmendatiori 
e Committee recommends a concentration of 4 mg/l of free 

1~,.. H in blood collected at the end of the fourth or fifth shift of 
:he workweek as a BEl for trichloroethylene. Since interindividual 
viti on is smaller than urinary excretion of metabolites it can be 
2 lied to individuals. . · · 

7lc~LOROETHYLENE·IN END-EXHALED AIR INDEX 

·.ethod 

l ::s chromatographic methods are specific ar'ld highly sensitive 
electron capture detector is used.as41) 

I ::Iin£ and Storage 

::i-exha.led air· should be collected 16 hours after 
;;roe:h:·l~ne exposure (prior to the shift). Because timing oi 

1
.:-.m~:rng is critical, an adjustment must be made if the sample 
:oi.eced at another time (see equation below). Samples must 

-~!lected in uncontaminated atmosphere since exposure to traces 
·c:1io:oe:hylene prior or during sampling would profoundly af-

l :[le rr.easurement. The samples should be stored in sealed glass 
ainers and· analyzed shortly after collection.wu Contact of 

• -:-.pies with rubber and plastic must be prevented because of the I' _absorption of t~ichloroethylene by these materials. 

. .;Is Without Occupational Exposure 

l
~ .. eciiic methods are available. Trichloroethylene is not present 

haled air oi unexposed persons. Nonoccupational exposure 
; ssible (household products, drinking water, glue sniffing). 

<ltics 
~centration of trichloroethylene in mixed-exhaled air .rise~ 

:.arply at the beginning of the exposure and levels off at 40% of 

I 
inhaled concentration. After the end of the exposure, 

· loroethylene concentration in exhaled air declines, the elimina
::n-curve-being described by 3 exponential decays with half-times 
.. ai)prcximately 20 min, 3 hrs, and 30 hrs.m• Because of the long 

l time of the last exponential decays, the concentrations of 
,Joroethylene in exhaled air increases slightly during the 

orkweek. The declining concentration of alveolar air, c..., in ppm, 
-~~~~~~gle 8-hour exposure to SO ppm can be described by the 

c.1. - 2.6e~2.u +' 1 .6e-D-2'1 +- 0.2Se-o.o241 

:,·,~r~~~~s after the end of the exposure 

o: - the base of natural logarithm 

r-18 C84> 

1/411~ 

This equation is derived from data by Fernandez et afrrz' and was 
·corroborated by a simulation model.142• .The coefficients desoibing 
the desaturation curve after repetitious exposures, are larger because 
of accumulation of trichloroethylene in the body. 

Factors Affecting Interpretation of BEl 

Determination of trichloroethylene in exhaled air is a specific ex
posure test. Precautions must be taken to avoid nonoccupational 
exposure to products containing trichloroethylene and contact with 
traces of trichloroethylene prior and during sampling. 

Ju~ification 

Concentrations of trichloroethylene in en~xhaled air collected 
prior to the shift can be used as an indicator of integrated exposure. 
BEl calculated from the above equation should be 0.21 ppm. The 
above equation relates to a single 8-hour exposure. However, 
because of the accumulation of trichloroethylene in the body, the 
concentration increases during the working week. Based on ex
perimentaJ·data obtained in volunteers by Stewart et af,HJI the con
centration in the end-exhaled air prior to the fifth expousre should 
be 0.45 ppm. Determination of trichloroethylene in en~xhaled 
air is recommended as a confirmatory test, since TCOH and TCAA 
are metabolites of other chemicals. 

Current Information Available 

A sufficient amount of information in exposed volunteers is 
available for recommending BEL No suitable data from the field 
are available to corro!:iorate the recomm-endation. 

Recommendation 

The Comminee recommends 0.4 ppm of trichloroethylene in end
exhaled air collected prior to the last shift of the week as a BEl to 
be used mainly as a confirmatory test for trichloroethylene exposure. 
This value is related to repetitious 8-hour exposures to 50 ppm, 
and is not affected by short excursions. 

Other BEl 

Determination of trichloroacetic acid in blood was also suggested 
as an indicator of trichloroethylene exposure.u3• Urinary excretion 
of trichloroethanol,llS• TCOH/TCAA ratio in urine,us• and 
trichloroethylene in blood<2~' are other options. The committee 
took under consideration these options but decided not to recom
mend them at this time. 
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POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION 

&EPA 01 STATE I 02 SITE NUMBER SITE INSPECTION REPORT NC D038551263 
PART 1 ·SITE LOCATION AND INSPECTION INFORMATION 

II. SITE NAME AND LOCATION 
01 SITE NAME tLeQai,COtfllf*',.,.llesc--olllto} 02 STREET, ROUTE NO •• Ofl SPECIFIC LOCATION IOENTlFIER 

Tri-County Community College· Route 1, P.O. Box 40 
03CITY 04 STATE I 05 ZIP CODE _I06couNTY r~08CONG 

Murphy · Cherokee 
COOE OIST 

NC 28906 20 11 
08 COOROINATES 

J 
.I 10 TYPE OF OWNERSHIP (CMclc -1 }!c. STATE D D. COUNTY DE. MUNICIPAL 35° lAF ~." 83!~..2.'.' D A. PRIVATE D B. FEDERAL 

D F. OTHER DG.UNKNOWN 

Ill. INSPECTION INFORMATION 
01 DATEOFINSPE9TION 02SITESTATUS 03 YEARS OF OPERATION 

02 l 11! 8Z' D ACTIVE J96Z I E:t:eseot _UNKNOWN 
MONTH. DAY YEAR )1J INACTIVE BEGINNING YEAR ENDING YEAR 

04 AGENCY PERFORMING INSPECTION tCMc1c .. ,., -"'! . 
D A. EPA D B. EPA CONTRACTOR· D C. MUNICIPAL D D. MUNICIPAl CONTRACTOR 

)§.E. STATE 0 F.STATECONTRACTOR 
(N-oi#Onl} 

~---0 G. OTHER 
(N-ii11MmJ (~J 

05 CHIEF INSPECTOR 06nTLE 07 ORGANIZATION 08 TELEPHONE NO. 

Stan Atwood Toxicologist NC DHR/DHS ~19,733-2801 
09 OTHER INSPECTORS 10 TITLE 11 ORGANIZATION 12 TElEPHONE NO. 

Jack Butler Env. Engineer NC DHR/DHS ~19)733-2801 

. ( ) 

( ) 

( ) 

( ) 

13 SITE REPRESENTATIVES INTERVIEWED :b"'ermf of 15ADORESS 
Commu~ity CollE 

18 TELEPHON!:NO 
Tri-County 

~~od 837-6810 Leon Tatham Instruction Murohv. NC 

Lyle Carringer Business Mgr. II (7041 837-6810 

~ ) 

. 
. ( ) 

( ) 

( ) 

17 ACCESS GAINED BY 18 TIME OF INSPECTION 1 g WEATHER CONOITlONS 
(ChectOftOj 

~ PERMISSION 
D WARRANT 0800-1300 clear, 20's - 50's 

IV. INFORMATION AVAILABLE FROM 
01 CONTACT 02 OF (AfiOIIC)'IOfo-- 03 TELEPHONE NO.· 

Leon Tatham Tri-Count' Connnunity College (704 1837-6810 
04 PERSON RESPONSIBLE FOR SITE INSPECTION FORM 05AGENCY 08 ORGANIZATION 07 TELEPHONE NO. 08DATE 

Stan Atwood NC DHR/DHS SHW Mgmt. Br. (919) 733-280 
03 l O?l 87 

MOifTM DAY YEAR 

EPAFOflM 2070.13 (7·811 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATEI02SITENUMBER 

PART 2 ·WASTE INFORMATION 
NC D038551263 

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS 

I 
I 

01 PHYSICALSTATES rO..C•ollhllot>t>lrl 02 WASTE QUANTITY AT SITE 03 WASTE CHARACTERISTICS ICftt<:• ol ttoot ODt>lrl 
fAI•uu,.l of wnt• ..,.,_,,..,., 

l(A.TOXIC .)(1. HlGHl.Y VOLATILE 0 A.SOUO 0 E. SLURRY musr~lttde~nu 0 E. SOLUBLE 
0 B. POWDER, FINES ~r·UOUIO TONS 0 B. CORROSIVE 0 F .INFECTlOUS 0 J. EXPLOSNE 

CC.SLUDGE G. GAS 0 C. RADIOACTIVE 0 G. FLAMMABLE 0 K. REACTIVE 

CUBlCYARDS Unknown J( D. PERSISTENT 0 H. IGNITABLE 0 L.INCOMPATIBLE 

DD.OTHER 
0 M.NOT APPLICABLE 

I 
IS<>e<*rl NO. OF DRUMS 

Ill. WASTE TYPE . I 
CATEGORY SUBSTANCE NAME 01 GI'IOSS AMOUNT 02 UNIT OF MEASURE OJ COMMENTS 

SLU SLUDGE 

OLW OILY WASTE 

SOL SOLVENTS "; 'Unknown Chlorin:tt:P-d solv~nt:s in WP1 1 
·I 

PSD PESTICIDES 

occ OTHER ORGANIC CHEMICALS 

IOC INORGANIC CHEMICALS 
I 

ACD ACIDS 

BAS BASES 

MES HEAVY METALS I 
IV. HAZARDOUS SUBSTANCES :suAco•nd'•'o•mosttrequonllr:••~CAsr..m:~•"' 

01 CATEGORY 02 SUBST J.'~CE NAME 03 CAS NUMSER 04 STORAGE.'OISPOSAL METHOD 05 CONCENTRATION ~MEASURE OF 
CONCENTRATION 

SOL Trichloroethene 79-01-6 Unknown 300-542 nnb I 
SOL Tetrachloroethene 127-18-4 Unknown : 0.06 ppb 

·I 

I 
I 

.. 

: 

. I 
.. 

I 
V. FEEDSTOCKS rs.o Accond« tot CAS Nutnl>ofll 

CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER 

FDS FDS I 
FOS FOS 

FDS FOS 

FOS FOS I 
VI. SOURCES OF INFORMATION rC•• SPOCNIC rotoroncos. o.p., sroro lies, OMnPio '""'"'"· roooo:sl 

1. Sample analyses data sheet, NC NRCD/DEM, January 20, 1987. 
2. Summary Trip Report, Tri-County Connnunity College and Emerson Electric, February 12. 1987. I 
3. USGS Topographic Map, Peachtree Quadrangle, 1973. 
4. Sample analyses data sheets, NC DHR/DHS, February 23, 1987. I 

EPA FORM 2070·13(7·811 
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POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION 

&EPA 01 STATE I 02 SITE MJMBER SITE INSPECTION REPORT NC D038551263 
PART 3- DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS 

IL HAZARDOUS CONDmONS AND INCIDENTS 

0~~~-GROUNDWATERCONTAMINATION O~aOBSERVED(DATE: Jan l 9.8 71 0 POTENTIAL 0 AllEGED 
03 PUlATION POTENTIALlY AFFECTED: 04 NARRATIVE DESCRIPTION 

Trichloroethenedetected in well sample. 

. 

0~~-SURFACEWATERCONTAMINATION 02}!Q OBSERVED(DATE:L.-.1..1.-1:5 I I 0 POTENTlAL 0 All£GEO 
03 PUlATION POTENTIALlY AFFECTED: 04 NARRA T1VE DESCRIPTION 

McComb :aranch contained 64 ppb trichloroethene. 

. ·~· 
01 0 C. CONTAMINATION OF AIR .. 02 0 OBSERVED(DATE: I 0 POTENTIAL 0 AU.EGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

.. 

01 0 0. ARE/EXPLOSIVE CONDmONS 02 0 OBSERVED (DATE: I 0 POTENTlAL D AllEGED 
03 POPULATION POTENTIALlY AFFECTED: 04 NARRATIVE DESCRIPTION 

01 0 E. DIRECT CONTACT 02 w OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 
03 POPULATION POTENTIALlY AFFECTED: 04 NARRATIVE DESCRIPTION 

; 

01. ~F. CONTAMINATION OF SOIL 02 0 OBSERVED (DATE: I fJ{ POTENTIAL 0 ALLEGED 
03 AREA POTENT! ALl V AFFECTED: 04 NARRATIVE DESCRIPTION 

.. (AC,.I} 

Contaminated water discharged through septic tank with a sarid filter bed. 

: 

01 ~G. ORlNKING WATER CONTAMINATION -1300 · 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 Al.l.EGEO 
03 PUlATION POTENTIALLY AFFECTED: 04NARRATIVEDESCmPTION 

See "A" above. 

01 0 H. WORKER EXPOSUREIJNJURY 02 0 OSSERVED (DATE: I 0 POTENTIAL 0 AlLEGED 
03 WORKERS POTENTIALLY AFFECTED: 04 NARRATIVE DESCmPTION 

01 0 I. POPUlATION EXPOSURE/INJURY 02 0 OBSERVED(DATE: I 0 POTENTIAL. 0 AllEGED 
03 POPULATION POTENTIAU Y AFFECTED: 04 NARRATIVE DESCRIPTION 

EPAFOAI.I 2070·13(7·81) 



POTENTIAL HAZARDOUS WASTE SITE 

&EPA SITE INSPECTION REPORT .. 

PART 3 • DESCRIPnON OF HAZARDOUS CONDITIONS AND INCIDENTS 

II. HAZARDOUS CONDITIONS AND INCIDENTS tc.,..,,_,, 
01 0 J. DAMAGE TO FLORA 02 0 OBSERVED (DATE: I 
04 NARRATIVE DESCRIPTION 

' 

01 0 K. DAMAGE TO FAUNA 02 0 OBSERVED (DATE: I 
04 NARRATIVE DESCRIPTION rtnc--r•lot-e.oaJ 

01 0 L. CONTAMINATION OF FOOD CHAIN 
"; 

02 0 OBSERVED (DATE: I 
04 NARRATIVE DESCRIPTION 

01 Q M.UNSTABLECONTJ\INMEt-!TOFWASTES 02 [j OBSERVED (DATE: I 
tS;,,Is Runoff.'St•rtd~llauit!s. L••",.gcr.vnsJ 

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION . 

01 i: N. DAMAGE TO OFFSITE PROPeRTY 02 CJ OBSERVED {DATE: I 
04 NARRATIVE DESCRIPTION 

01 i: 0. CONTAMINATION OF SEWERS. STORM DRAINS. WWTPs 02 C OBSERVED (DATE: I 
04 NARRATivE DESCR!PTION 

01 0 P. ILLEGALJUNAUTHORIZED DUMPING -02 0 OBSERVED (DATE: I 
04 NARRATIVE DESCRIPTION 

. 05 DESCRIPTION OF ANY OTHER KNOWN, POTENTIAL. OR ALLEGED HAZARDS 

Ill. TOTAL POPULATION POTENTIALL V AFFECTED: 

IV. COMMENTS 

Site has switched to bottled drinking water. 

V. SOURCES OF INFORMATION ,c•• ao.cdoc •••••••cos. • g ·"•'•'"*'· .. ,.,.,.. ... ,,.,. .. ~o"" 

I As previously cited. 

I 
l 
• 
-· ·-··· --... . . . • _ ... : .. •.?• ..... - •• •.• 1 . 

I. IDENTIFICATION 

01 STATE,02 SITE NUMBER 

NC D038551263 

0 POTENTlAL 0 AllEGED 

0 POTENTlAL 0 AllEGED 

. 

0 POTENTIAL · 0 AllEGED 

C POTENTIAL 0 ALLEGED 

[; POTENTIAL 0 ALLEGED 

C POTEr.'TrAt. 0 ALLEGED 

f! POTENTIAL 0 ALLEGED 

: 

. 
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I· 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION 01 STAT£ I 02 SlTE NUMBER 
NC D038551263 

PART 4 ·PERMIT AND DESCRIPTIVE INFORMATION 

II. PERMIT INFORMATION 

01 TYPE OF PERMIT ISSUED 02 PERMIT NUMBER 03 OAT£ ISSUED 04 EXPIRATION OAT£ OS COMMENTS I 
(CNctaltNt-,.1 

~A. NPDES NC 0035394 _3-_31-87 uo fnr ... ,.,.,.,.,.,. ''ll 
DB. UIC I 
:::JC. AIR 

00. RCRA 

0 E. RCRA INTERIM STATUS I 
OF. SPCCPLAN 

OG. STATE1s.-ty1 

0 H. LOCAL1s.-ty1 

0 I. OTHER 1s.-.,1 ~ 
.. I 

OJ. NONE 

Ill. SITE DESCRIPTION 

01 STORAGE/OISPOSAL IC/t«t orrNt at>DIJJ · 02AMOUNT 03 UNIT OF MEASURE 04 TREATMEfl! /CMcO aiNtlfPPIYI 050THER I 
0 A. SURFACE IMPOUNDMENT 0 A.INCENERAnON )(A. BUILDINGS, ON SfTE 
0 B. PILES 0 B. UNDERGROUND INJEcnON 
0 C. DRUMS, ABOVE GROUND 0 C. CHEMICAUPHYSICAL I 
0 D. TANK, ABOVE GROUND 0 ·o. BIOLOGICAL 
0 E. TANK, BElOW GROUND 0 E. WASTE OIL PROCESSING 06 AREAOFSlTE 

C F. lANDFILl 0 F. SOLVENT RECOVERY 
0 G.LANDFARM 0 G. OTHER RECYCUNG/RECOVERY zz ,~, 

I 
0 H. OPEN DUMP 0 H. OTHER 
0 I. OTHER (SpocJifl 

(Spo<df/ 

07COMMENTS I 
I 

NPDES ·permit is for discharge from a septic tank sand filter bed to McComb Branch. 

IV. CONTAINMENT 
01 CONTAINMENTOFWAST£StCMctOMI 

0 A. ADEQUATE. SECURE 0 B. MODERATE 0 C. INADEQUATE, POOR 0 D.INSECURE, UNSOUND. DANGEROUS 

02 DESCRIPTION OF DRUMS, DIKING, LINERS, BARRIERS, ETC. . I 
I 

\ 

V. ACCESSIBILITY 

01 WASTE EASILY ACCESSIBLE: DYES~ NO 
·02COMMENTS 

I 
I A specific source for the groundwater contamination has not been identified. 

VI. SOURCES OF INFORMATION tCII• a.,.cHicrotoroncos. o.g ••••• ,.,.,. ·~ ... ,,,,,. '"P<>'"' 

1. Permanent files~ NC NRCD/Water Quality Section, Raleigh~ NC. 
2. As previously cited. I 

I EPAFORM2070 13(7·811 
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POTENTIAL HAZARDOUS WASTE SITE 
I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 
01 STATEe2 SITE NUMBER 

NC D038551263 .. PART 5 ·WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA 

II. DRINKING WATER SUPPLY 
' 

01 TYPE 0!= ORJNKING SUPPLY 02STATUS 03 DISTANCE TO SITE 
(CMet •• applicablo) 

SURFACE WEll ENDANGERED AFFECTED MONITORED 

COMMUNITY A.O B.l!( A.O B.D c.tl! A. 0.5 (ml) 

NON.COMMUNTTV c.o o.)( 0.0 E.P' F.J!I' B. 0.1 (ml) 

Ill. GROUNDWATER 

01 GROUNDWATER USE IN VICINITY rc- ,.1 

~ A. ONLY SOURCE FOR DRINKING 0 B. ORJNKING 0 C. COMMERCIAL. INDUSTRIAL. IRRIGATION 0 D. NOT usEo. UNUSEASI..E 
IOIIIMaourceo•-1 (l.JmlrNOIMr IOCII'Cel I~} 

COMMERCIAL INDUSTRIAL. IRRIGATION 
{No 0,., ... ,., ~~ ft'l.lebleJ 

02 POPULATION SERVED BY GROUND WATER .Ns~bQ 03 DISTANCE TO NEAREST DRINKING WATER WELL Qn site (mi) 

04 DEPTH TO GROUNDWATER 05 DIRECTION OF GROUNDWATER FLOW 06 DEPTH TO AQUIFER 07 POTENTIAL YIELD 08 SOLE SOURCE AQUIFER 
OF CONCERN OF AQUIFER 

J(vEs 20 (It/ Heat 2Q (It) (gpd) 
DNO 

09 DESCRIPTION OF WELLS (lnctuaifiQ uJ .. gt, <to~th, on<llocotl<>1 retotivo 10-ioft att<1 bu'<l.,grl 

On site well reported to be more than 400 ft. deep. Water level and yield unknown. 

~ 0 RECrtC.RGE O.REA 1 1 DISCHARGE AREA 

~YES COMMENTS 0 YES COMMENTS 

;J NO ONO 

!'I. SURF ACE WATER 

Cl SUP.=ACE \VATER USEtCht<>o•tl 

}(A. RESERVO!R. RECREATION 0 B.IRRIGA TION. ECONOMICALLY 0 C. COMMERCIAL. INDUSTRIAL C D. NOi CURRENTLY USED 
DP.:NKING WA TEA SOURCE IMPORTANT RESOURCES 

0£ AFFECTEDIPOTENTIALL Y AFFECTED BODIES OF WATER 

NAME: AFFECTED OIST ANCE TO SITE 

McComb Branch :J on site (mi) 
Hiwassee River Cl 0.3 !mi} 

:J (ml) . 
V. DEMOGRAPHIC AND PROPERTY INFORMATION 

01 TOTAL POPULATION WITHIN 02 DISTANCE TO NEAREST POPULATION 

ONE 11) MILE OF SITE TWO (2) MILES OF SITE THREE (3) MILES OF SITE 

A. 2000 . B. c. 5810 0.1 (mi) 
NO. OF PERSONS !'tO. OF PERSONS NO.OFPERSONS 

03 NUMBER OF BUILDINGS WITHIN TWO 121 MILES OF SITE 04 OISTANCE TO NEAREST OFF·SITE BUILOlNG 

lQQ's 0.1 (ml) 

OS POPULATION V{flHIN VICINITY OF SITE (PI'Oifide n.trati.,. description o1 n•t11re ot t>OPWt""' wrtl':1rt "'c*"ttr ot sire, •·fJ·· 11irat. VIII•Qe. ct•ntety pop.M:.c ure.nat•61 

Site is located in a rural community. 

EPA FORM 2070·13 (7·81) 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATE,02SITENIJMSER 

PART 5- WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA NC D038551263 

VI. ENVIRONMENTAL INFORMATION 
01 PERMEASIUTY OF UNSA JURA TED ZONE IC'-*OMJ 

0 A.. to-e -10-llcmJsec )6 8.10-4- to-e cm/aec 0 C. 10-4- f0-3 em/sec 0 D. ~EATER THAN 10-3 em/see 

02 PERMEABIUTY OF BEDROCK ICMclrOMJ 

0 A.. IMPERMEABLE 0 B. RELATIVELY IMPERMEABLE Dr{ C. RELATIVELY PERMEABLE 0 D. VERY PERMEABLE 
llen,..,to-•"""ucl tto-4- to-• ....,_, ,,o-z- to-• .,_, ,_.,,.,,o-z.,...,, 

03 DEPTH TO BEDROCK 04DEPTHOFCONTAMINATEDSOILZONE OS SOU.. PH 

Unknown (ft) 1ft) 

06NETPRECIPITAT10N . 07 ONE YEAR 24 HOUR RAINFALL OS SLOPE 

?1 (In) . ~-3.5 (in) 
SITE SLOPE ' DIRECTION OF SITE SLOPE I TERRAIN AVERAGE SlOPE 

6 " West . 5-8 " 
09 FLOOD POTENTIAL 10 

0 SITE IS ON BARRIER ISLAND, COASTAL HIGH HAZARO AREA, RIVERINE FLOODWAY 
SITE IS IN YEAR FlOODPLAIN 

11 DISTANCE TO WETLANDS 15 ea.-J 12 DISTANCE TO CRITICAL HABITAT fol--.J 

ESTUARINE OTHER (ml) 

A. (mil B. (mil ENDANGERED SPECIES: None identified 
13LANO USE IN VICINITY. 

DISTANCE TO: 
RESIDENTIAL AREAS; NA TIONAlJSTA TE PARKS, AGRICULTURAL LANDS 

COMMERCIAlJINDUSTRIAL FORESTS, OR WILDUFE RESERVES PRIME AG LAND AGLANO 

•· 

A.. 0.2 (ml) B. 0.1 (ml) c. (ml} D. 0.2 (ml} 

14 DESCRIPTION OF SITE IN RELATION TO SURROUNDING TOPOGRAPHY 

Site is at the edge of a draw about 60 ft. above the river elevation. 

: . . 
' 

VII. SOURCES OF INFORMATION toro-wcroto,.neos.e.p .• atotoii••.-•Miyt,.,,..,o'"' 

1. As previously cited. 
2. Clay et al. 1975. North Carolina Atlas: Portrait of a Changing Southern State. 
3. USGS Open file report 80-44. Basic Elements of Ground-Water Hydrology with Referen 

to Conditions ·in North Carolina. 
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POTENTIAL HAZARDOUS WASTE SITE L IDENTlFICA TION 

&EPA 01 STATE I 02 SITE NUMBER SITE INSPECTION REPORT NC D038551263 
PART 6 ·SAMPLE AND FIELD INFORMATION 

II. SAMPLES TAKEN 

01 NUMBER OF 02 SAMPL£S SENT TO 03 ESTIMATED DATE 
SAMPLE TYPE SAMPL£S TAKEN AESULTSAVIiJI...ABJJE 

GROUNDWATER 1 NC Laboratory of Public Health 2/87 
SURFACE WATER 6 " " 
WASTE 1 " " 
AIR 

RUNOFF 

SPILl. "; 

SOIL 

VEGETAnON. 

OTHER 

Ill. FIELD MEASUREMENTS TAKEN 

01 n-PE 02 COMMEN1'S 

·. . . . .. .. .. · .. . . . . . . 

IV. PHOTOGRAPHS AND MAPS 

01 TYPE ~ Gi''IOUNO 0 AERIAL I 02 IN CUSTODY OF . NC Ct;RQLA llnit and included :w:Hh x:epax:t 
(NI'"• ot org•":z•tfC• -.;t w.:: .-.:~~•? 

03 MAl'S I 04 LOCATION OF MJI.PS 
}eves Included with r~nQt:t · ONO 

V. OTHER FIELD OAT A COLLECTED tl'to..ao ••"•""" ~.,e._,,.,, . 
. 

Windshield house count in the site vicinity. 

VI. SOURCES OF INFORMATION reno ,,.en.c ~••••ncos. o.p .. .,.,. '•'••· u--no•• .,..,,.,., rotmrs; 

1. Su~ry Trip Report, letter to Denise Smith, 2-12-87. 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATE r2 SITE NUMBER 

NC D038551263 
PART 7 ·OWNER INFORMATION 

11. CURRENT OWNER(S) PARENT COMPANY,_._., 

fl1 NAME 02 O+B NUMBER 08 NAME 09 O+B NUMBER 

State of North Carolina 
03 STREET AOORESSti'.O. eo., liFO I. etc.J 

IO.t SIC COOE 
10STREET AOORESSIP.O. Soa.IIFO#,etc.J ~11~COOE .I 

OS CITY 
·r:STATE 

07ZIPCOOE 12CITY r3STATE 14ZIPCOOE 

·Raleigh NC 
01 NAME 02 O+B NUMBER 08 NAME 090+BHUMBER. 

I 
03 STREET ADDRESS (P.O. Boa. liFO'· .tc.J IO.t SIC COOE 

10 STREET ADORESStP.O. Boa. IIFOI,elcJ 
r1SICCOOE 

.. -I 
OS CITY 108STATE 07 ZIP CODE 12CITY r3STATE 14ZIPCOOE 

01NAME 02 O+B NUMBER 08NAME 09 D+B NUMBER I 
I 03 STREET ADDRESS !1'.0. So•. liFO'· ore.l IO.t SIC CODE 10 STREET ADDRESS /P.O. So•. liFO'· orc.l l11SICCOOE 

OS CITY reSTATE 07 ZIP CODE 12CITY r3STATE 14ZIPCODE 

OINAME 02 D+ B NUMBER 08NAME 09D+BNUMBER 

03 STREET AODRESStP.O. Soa. liFO#. ere./ r4SICCO~E 1 0 STREET ADDRESS (P.O. Soa. RFO '·ore./ r1SICCODE 

05 CITY r6STAT 07 ZIPCOOE 12 CITY . r3STATE 14ZlPCODE 

Ill. PREVIOUS OWNER(S) t~Ar,_r...,.-.rtvttl IV. REALTY OWNER(S) rw~:•r,_,,...,,_, 
01 NAME 02 0+ B NUMBER 01NAME 020+BNUMBER I 
03 STREET ADDRESS/P.O. Soa. liFO#, ore./ I O.t~CCOOE 03 STREET ADDRESS /1'.0. Soa. liFO'· ore./ .,94SICCODE 

OS CITY 108STATE d7ZIPCOOE OS CITY 
. reSTATE 

07ZIPCOOE 

01 NAME 02 O+BNUMBER 01NAME .02 D+B NUMBER 

.. . I 
03 STREET AOORESStP.O. eo.. liFO#, ete.f ... ' I O.t SIC CODE 03 STREET ADDRESS /1'.0. Soa. rtFO#, -J 

104SICCOOE 

OSCITY. 108STA~ 07ZlPCOOE OS CITY lOG STATE orZJPcooe I 
I 01NAME 02 O+B NUMBER 01 NAME 02 D+B NUMBER 

03 STREET ~ESS /P.O. Soa. IIFif'· ere./ r~SICCOOE 03 STREET ADDRESS (P.O. 8oa. liFO#. e~e.J 
104SICCODE 

OS CITY r6STATE OTZIPCOOE OS CITY 108STATE 07ZlPCOOE I 
I 

V. SOURCES OF INFORMATION t~• tt>eC111c ,.,.,.,..,. e.g .. rtate "'"'· _.. en.tfysil. ,.ttorrsl 

I 
EPA FORM 2070.13 (7·811 
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POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA SITE INSPECTION REPORT 01 STATE~~ SITE NUMBER 

PART 8 ·OPERATOR INFORMATION 
NC 038551263 

II. CURRENT OPERATOR ,,.,.,.,. #tl<ff.,enl from O-tl OPERATOR'S PARENT COMPANY ,_,.,.l>lel 
01NAME r2 D+B NUMBER 10NAME J' D+BNUMBER 

Tri-County Connnunity College 
03STREETAOOAESS fP.O.~.RFOI.erc.) 10o4SICCODE 12 STREET ADDRESS (P.O.~. RFO#.orc.) r3SlCCODE 

P.O. Box 40 
OSCilY 

1

06STATEr721PCOOE 14 crrv r5STATEr621PCOOE 

Mnrnhv NC _28906 
C8 YEARS OF OPERATION 109 NAME OF OWNER 

State of North Carolina 
Ill. PREVIOUS OPERATOR(S) ,,_..,,_,_.,tnt:~"""'dlff•,.,.,tromo-rt PREVIOUS OPERATORS' PARENT COMPANIES ,, __ 1 

01NAME ··r2 D+B NUMBER 10NAME 111 D+BNUMBER 

Clifton Precision Products Litton Industries 
03 STREET ADDRESS /P.O. So .. RFD '· ore.) 10o4SICCOOE 12 STREET A~ORESS (P.O. ao .. RFD '·ore.) r3 SIC CODE 

P.O. Box 160 360 N. Cresent Drive 
05CfTY r6 STATE 

1

07 Zl? CODE 14 CITY rsSTATEitezrPcooE 

Murphy NC 28906 Beverly Hills CA 90210 
08 YEARS OF OPERATION I 09 NAME OF OWNER DURING THIS PERIOD 

1 State of North Carolina 

1
01 NJ.Mc 

N.C. Dept. of Transportation 
r2 O+B ~.;JMSER 110NAME r10.,.BNUM6EFI 

::JSTREETADOnESSIPO. eo, F<Fr;•.O!e.J 104St:;CO::>E 12 STREET ADDRESS (P.O. Bo<. RFD •. etc.) r3SICCOOE 

1 South Wilmington Street 
05~ r6STATEr7 ZtPCOOE 14 CITY 

•• • .•• ·.r5STA~r6ZIP,C~~E ·.· .. 
Raleigh NC ·. 
08YEARSOF OPERATION I 09 II;AME OF OWNER CURING TH!S ?ER~ 

State of North Carolina 
01NAME r2 D.,. B NUMSER 1DNAME I'' O+BNUMBER 

N.C. Dept. of Corrections 
OJ STREET ADDRESS(P.O. SO•. RFD,, ttc.J 1o4s,:;cooe 12 STREET ADDRESS !P.O. So<. RFD#, ere./ r3SICCODE 

840 West Morgan Street 
05CfTY r6 STATE 

1
07 ZJPCOOE 14CITY 1'5 STATEI1 ~-ZIP CODE 

Raleigh NC 
08 YEARS OF OPERATION I 09 NAME OF OWNER DURING THIS PERIOD 

25± State of North Carolina 
.. 

IV. SOURCES OF INFORMATION IC..,pOCiflt:rot•roncoo. o.g .• ,,.,.,._,. ~-"fll<. _, 

1. Permanent files, NC Solid and Hazardous Waste Mgmt. Branch, Raleigh, NC. 
2. Bob Wood, Cherokee County Health Director, telephone conversation, 2-4-:87. 

. 
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&EPA 
II. ON-SITE GENERATOR 

01 NAME 

03 STREET AOORESS (P.O. llo._IIFD I, e!e.l 

OS CITY 

Ill OFF.SITE GENERATOR($) 
01 NAME 

03 STREET AOORESS (P.O. llo._IIFDI,etc.J 

OS CITY 

01NAME 

03 STREET ADDRESS CP.O. Bc•.IIFD 1. etcJ 

OS CITY 

IV. TRANSPORTER($) 
01NAME 

C3 SiREET ADDRESS !P.O. Bo•. liFO •. erc.J 

05CCTY 

01NAME 

03 STRE.ET ADDRESS !P.O. /lolr,III'O '· erc.J 

OS CITY 

•. 

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT 

PART 9 ·GENERATOR/TRANSPORTER INFORM A noN 

020+BNUMBER 

104SlCCOOE 

106STATE 07liPCOOE 

02 O+B NUMBER 01NAME 

... 
104SlCCODE 

03 STREET ADDRESS (P.O. llo•, tfFD 1. e<c.1 

r6STATE 07ZIPCODE OS CITY 

02 D+B NUMBER 01 NAME 

. I 04 SIC CODE 03 STREET ADDRESS (P.O. Boa. liFO'· etc.J 

r6STATE 07liPCODE OS CITY 

02 D+B NUMBER 01 NAME· 

r~SICCODE 03 STREET ADDRESS (P.O. /lolr,IIFDI. ere.) 

r6STATE 07ZIPCODE D5CITY 

02 D+B NUMBER 01NAME. 

104SlCCODE 03 STREET ADDRESS !P.O. Bo•. llFD '• etc./ 

reSTATE 07ZJPCODE OS CITY 

I Y. SOURCES OF INFORMATION cc-.,.....,.,.,_.,, e.p .• arore '""'· __ ,._.. _ _., 

I 
I 
I 
I 

EPA FORM 2070·13(7·81) 

I 

I. IDENTIFICATION 
01 STA.,02SITENUMBER • 

NC D038551263 

. 

02D+BNUMBER 

104SlCCODE 

reSTATE 07ZJPCODE 

02 D+B NUMBER 

r4SlCCOOE 

r6STATE 07ZIPCODE . 

02 O+B NUMBER 

r4SlCCODE 

r6STATE 07ZIPCOOE 

02 D+B NUMBER 

r4SK:COD~ 

106STATE 07ZJPCOOE 



POTENTIAL HAZARDOUS WASTE SITE 

SEPA SITE INSPECTION REPORT 
PART 10 ·PAST RESPONSE ACTIVITIES 

II. PAST RESPONSE ACTIVITIES 

O!~~ATER SUPPLY CLOSED 02DATE l:~n. llJH 7 
04 RIPTION 

_Well water no longer used for drinking. 
01 ~B. TEMPORARY WATER SUPPLY PROVIDED 02DATE an. L~ti I 
04 ESCRIPTION 

Bottled water. 

01 0 C. PERMANENT WATER SUPPLY PROVIDED 02DATE 
04 DESCRIPTION 

01 0 D. SPILLED MATERIAL REMOVED 02DATE 
04 DESCRIPllON 

":.: 

01 0 E. CONTAMINATED SOIL REMOVED 02DATE 
04 DESCRIPTION 

01 0 F. WASTE REPACKAGED 02DATE 
0~ DESCRIPTION 

01 ....! G. WASTE D!SPOSED ELSE\'IHERE 02 DATE 
C.c. DESCRIPTION 

01 C H. ON SITE BURIAL 02DATE 
0.! DESCRiPTION 

o· ~ 1. IN SITU CHEMICAL TREATMENT 02DATE 
r-~ D::SCRIPTION 

C• C J. IN SITU BIOLOGICAL TREATMENT 02DATE 
04 DESCRIPTION 

01 0 K. IN SiTU PHYSICAL TREATMENT 020ATE 
04 OESCRIPTJON 

01 C L ENCAPSULATION 02DATE 
04 DESCRIPTION 

01 0 M. EMERGENCY WA.::,"TE TREATMENT D2DATE 
04 DESCRIPTION 

01 0 N. CUTOFF WALLS 02DATE 
04 DESCRIPTION 

01 [l 0. EMERGENCY DIKING/SURFACE WATER DIVERSION 02DATE 
04 DESCRIPTION 

01 [I P. CUTOFF TRENCHES/SUMP 02DATE 
04 DESCRIPTION 

01 0 Q. SUBSURFACE CUTOFF WALL 02DATE 
04 DESCRIPTION 

EPA FORM 2070·1317·81) 

03AGENCY 

OJ AGENCY 

OJ AGENCY 

03AGENCY 

OJ AGENCY 

03AGENCY 

OJ AGENCY 

C3AGEN:::Y 

03AGENCY 

OJ AGENCY 

03AGE!->CY 

03AGENCY 

OJ AGENCY 

D3AGENCY 

OJ AGENCY 

03AGENCY 

03AGENCY 

I. IDENTIFICATION 

01 STATEJ 02 SITE NUMBER 

NC D038551263 
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ltOEPA POTENTIAL HAZARDOUS WASTE SITE L IDENnFICA T10N 

SITE INSPECTION REPORT 01 STATEI 02 SITE NUMBER 

. NC D03855l263_ 

lln PAST RESPONSE ACTIVmES reo--~ 
PART 10 ·PAST RESPONSE ACTIVmES 

01 0 R. BARRIER WALLS CONSTRUCTED 02DATE 03AGEHCY 
04 DESCRIPTION 

n 01 0 S. CAPPING/COVERING 02DATE 03AGENCY 
04 DESCRIPllON 

ll 01 0 T. BULK TANKAGE REPAIRED 02DATE 03AGENCY 
04 OESCRIPllON 

I 01 0 U. GROUT CURTAIN CONSTRUCTED 02DATE 03AGENCY 
04 DESCRIPTION 

·~· 

I 01 0 V. BOTTOM SEALED 020ATE 03AGENCY 
0:4 OESCRIPTlON 

I 
01 0 W. GAS CONTROL 02DATE 03AGENCY 
04 DESCRIPTION 

I 
01 0 X. FIRE CONTROL 02DATE 03AGENCY 
04 DESCRIPTION 

01 0 Y. LEACHATE mEATMENT 02DATE 03AGENCY 

I 04 DESCRIPTION 

01 0 Z. AREA EVACUATED 02DATE 03AGENCY 

.I 04 DESCRIPTION 

01 0 1. ACCESS TO SITE RESTRICTED 02DATE 03AGENCY 
04 DESCRIPTION 

I 01 0 2. POPULATION RELOCATED 02DATE 03AGENCY 
04 DESCRIPTION . 

~ 01 0 3. OTHER REMEDIAL ACTIVITIES 02DATE 03AGENCY 
04 DESCRIPTION . 

. . .· ~ 

~ 
.. 

.. 

; i 

~ 
I 

Ill. SOURCES OF INFORMATION 10t•OD-.c,.,.,.,.., ••.•. (l.,.,.,.,.., . .-..,.,,.,_,.,_.,l 

li 1. Leon Tatham, Tri-County Community College, personal communication, 2-11-87. 
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POTENTIAL HAZARDOUS WASTE SITE 

&EPA SITE INSPECTION REPORT 
PART 11- ENFORCEMENT INFORMATION 

II. ENFORCEMENT INFORMATION 

01 PAST REGULATORY/ENFORCEMENT ACTION 0 YES )(NO 
02 OESCRIPTION OF FEDERAL STATE, LOCAl. REGULATORY/ENFORCEMENT ACTION 

~ 

.. 

Ill. SOURCES OF INFORMATION IC .. op«Nic ,.,.,.,., ... •·II··"·'· ""'"· • .,...,,. ... ,,.4. NtKJt!SI 

E?A FORM 2070·13 (7·81) 

I.IDENTIFICAnON 
01 STATEI02 SITE NUMBER 
NC D038551263 

~ 

. 
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Appendix E 

Site Safety Plan 
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SITE SAFETY PLAN 

A. GENERAL INFORM.A.TION 

Site Name Tri-County Community College 
Location US 64 East of Murphy 

Site Number NC D038551263 
Date 2/9/87 

Purpose of Visit X SI PA --- Other ----
Proposed Date of Inspection _ _;.2:.:../..;..;9/:--8;...;7 _______ _ 
Date of Briefing 2/9/87 

-----~---------------

Priority Ra~ing ----
·site Investigation Team 

Personnel 

Stan Atwood 
Jack Butler 

Low 

' 

X Medium High ---
Responsibilities 

sampling 
sampling 

,, ~v~ &/ . 
·1-: ---~~a~!r~TION:_ ~fil '{{IJ /J!J:AJ:_;\J.,_; _____ -..... -· ---- .. ·-·· .. -- --

.Approved Byg__... (n..as-SOtA. I --..~.~~~~~-

1 
I 
I 
I 
I 
I 
I. 

B. SITE/WASTE CHARACTERISTICS 

Waste Type(s) X Liquid Solid -- __ Sludge Gas ---
Characteristics Corrosive Ignitable Radioactive 

X Volatile X Toxic Reactive Other 

List Known or Suspected Hazards (physical,chemical biological or radioactive) 
·on Si~e and their toxicological effects. Also, if known, list chemical amounts 

HAZARD 
halogenated solvents 

EFFECT(S) 
see attached sheet 
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Facility Description: Size 10-20 acres Buildings 4-6 buildings 

Disposal Methods Being Investigated surface water contamination 

Unusual Features on Site (dike integrity, power lines, terrain etc.): 

History of the Site:·The Dept. of Correction had a prison on site from the late 
30s-1965. Dept. of Transportation maintained a maintenance shed at or near the 
site prior to 1976. Clifton Precision occupied the site from March 1966-

·January 1967. Tri-County Community College has been on-site since 1967. The 
college has a body shop~ 2 gallons of trichloroethylene/5 years. 

C. HAZARD EVALUATION 

Sampling is to consist of surface water and sediment. This is the only 
sampling scheduled. This sampling can be done in Level D. These samples 
"Ileed--fo-be preserved-by putting them on ice·.·· Acid-doe·s-rio-t need-to be ·used. 
in preserving the samples. 

D. WORK PLAN INSTRUCTION 

Map or Sketch Attached? No 
Perimeter Identified? -N;-;"o__;_ __ 
Command Post Identified? No 
_Zones of Contamination Identified? No 

Persohal·Protective Equipment 

Level of Protection 

I Modifications 

A --- B c X D 

I 
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Surveillance Equipment: 
H Nu 

--- Explosimeter 
Detector Tubes and Pumps 
OZ Meter 

TLD (Radiation Monitor) ---
Decontamination Procedures 

Level A ---

Level B ---

Level C --

X Le\'el D 

Modifications 

Segregated equipment drop, boot cover and glove wash, boot 
cover and glove rinse_, tape removal, suit and hard hat 
removal, SCBA backpack removal, inner glove wash, inner 
glove removal, inner clothing removal, field wash, redress 

Segregated equipment drop, boot cover and glove wash,boot 
cover and glove rinse, tape removal. boot cover removal 
outer glove removal, suit/safety removal, SCBA backpack 
removal, inner glove wash, inner glove rinse, facepiece 
·removal, inner glove removal, inner clothing removal, field 
wash, redress. · 

Segregated equipment drop, boot cover and glove wash, boot 
cover and glove rinse, tape removal, boot cover removal, 
outer glove removal,suit/safet)' boot wash, suit/safety boot 
rinse lCanister or ~msk Change), safety boot removal, splash 
suit removal, inner glove "'ash, inner glove rinse, facepiece 
removal, inner glove removal, inner clothing removal. field 
wash redress. 

Segregated equipment drop. boo't and glove \~ash, boot and 
glove rinse. 

-----------------------------------------------

Work Schedule/ Limitations __ s_tr_e_a_m_l.;_'a_t_e_r_a_n_d_s_e_d_i_m_en_t __ s_a_m...._p_l_e_s_a_r_e_t_h_e __ o_n_ly ___ _ 
samples to be taken. 

EMERGENCY PRECAtiTIONS 

-Acute.Exp?sure Symptoms 
eyes 

skin 
inhalation 

ingestion 

First Aid 
irrigate eyes 

soap and water wash 
fresh air 
medical attention 
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Hospital (Address and Phone Number) 

~rurphy Medical Center 
US 64, Murphy, NC 

Emergency Transportation Systems (Phone Numbers) 
Fire use 911 
Ambulance use 911 --------------------------------
Re~cue Squad ___ u_s_e_9_1_1 _____________ _ 

Emergency Route to Hospital _ho_s_,p_i_t_al __ a_d.::..jo_i_n_i_n=g_s_i_t_e ______________ _ 

PREVAILING WEATHER CONDI}IONS AND FORECAST sunny ~ith highs in the 40's. 

EQUIPMENT CHECKLIST 

Air purifying respirator 
___ . ·Cartridges for respirator 

3M 8710 Respirator 
02 Indicator 

X 

X ---

First Aid Kit 
3 gal. Distilled H20 

Personal Protective 
Clothing 

X Boots or Boot Covers Detector Tube & Pump 
---·Eye- Wash Un1 t · · -- · ---- .. ---...x.....--- covera11s- CtY\rek) · · 

H Nu 
---pH Meter 

X Eye Protection 
Hard Hat 

· Explosimeter 
--- Radioactive Monitor 

~X.-. -- Decontamination 
Materials. 

ASHEVILLE 
704-255-4490 

CHARLOTTE 
704-379-5827 

DtmJiAM 
1-800-672-1697 

GREENSBORO 
919-379-4105 

1-800-722-2222 

Poison Control Center - State Coordinator 

Duke University Medical Center 
Telephone: 1-800-672-1697 

Box 3024 
Durham, NC 27710 

\'/estern NC Poison 
Control Center 
Memorial Mission Hosp. 
509 Biltmore Ave. 28801 

Mercy Hospital 
2001 Vail Ave, 28207 

Duke Univ Medical Center 
Box 3007, Z7710 

Moses Cone Hospital 
1200 N. Elm St, 27420 

HEl\"DERSONVILLE 
704-693-6522 

Ext. 555, 556 

HICKORY 
704-322-6649 

JACKSONVILLE 
919-577-ZSSS 

WILMINGTON 
919-343-7046 

Margaret R. Pardee 
Memorial Hospital • 
Fleming St., 28739 

Catawba Mem. Hosp. 
Fairgrove Chur. Rd 28601 

Onslow Mem. Hospital 
Western Blvd. Z8540 

New Hanover Mem. Hospital. 
2131 S. 17th St, 28401 
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I HAZARDOUS SUBSTANCE INFORMATION FORM 

~Chemical_ Name: Halogenated solvents 

PHYSICAL/CHEM[CAL PROPERTIES 

Chemical Formula ---------------------------Natural Physical State at 25°C liquid 
--~~~--------

Vapor Pressure 14.- 91 mm Hg at 20°C 

) 

Melting Point °F/°C Boiling Point 170 - 250 °F/°C 
Flash Point (open or'closed cup) none °C/°F 

· Solubility 7 H2~ insoluble 
Other ----------------------------------

Reference 

1 

1 

1 

1 

1 

· · Physical Features: (odor, color, etc.) colorless liquids at room temp. 
~~·.'tet odor. I.P. CHC12 - 11.42, CC12CC12 - 9.32, OlCLCC12 - 9.47 eV 
~:i2Cl2 - 11.35 

11 i . . TOXICOLOGICAL. DATA 

I 
I· 

·.· 
Standards: 5 - 350 TLV 10 - 350 Pa 300 - 1000 IDLH 

IW1JLcs of Exposure: Inhalation, skin 
~~~~~~~~--------------------------------------

I 
1\t:ul<.:/Chronic Symptoms: Acute: headache, dizziness, irritation to nose & eyes 
~~~~·cotic feeling. Chronic: liver damage. 

I 
l:irst·Aid: _E~y~e~: ___ i~r~r-i~ga_t_e __ imm __ ~ed_i_a_t~e_l~Y~·-·_s_k_i_n_: __ s~o_a~p_w_a_s_h ___ i_m_me_d_i_a_t_e_lY~·----------
Inhalation: fresh air & artificial resp. Ingestion: medical attention. 



I 
l1cmica~ Name: Halogenated ·solvents 

11." HAZARDoUS CHARACT.ERISTICS 
. 1) 
X I A. Combustibility. Yes No 

'l'oxic by-products 

I 
I '. 

tl. Flammability LEL UEL ____ _ 

·1. 
C. Reactivity Hazard Chemically active metals (K, Na, etc.) 

l~·ong caustics & oxidizers. 

D •. Corrosivity Hazard yes/no pH: ___ _ 

~~eutralizing agent:-----------------

Reference 

I 
I 
I·· - --- --~--· ---- ---·----- -----------~-------- -·- --------------··k··. ·------~-------- ----- ---

I· B. Radioactive Hazard Exposure Rate 

Background yes/no 

I Alpha particles· yes/no 

Beta particles yes/no 

I· 
Gamma radiation yes/no 

,I. H i:.H!t{ENCBS 

I 1 u OSH Pocket Guide to Chemical Hazards, 1985. 

I 
I 
I. 

!·fi/lO-B6/Form 2 
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