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ABSTRACT 

FRANCIS, C. W., and R. G. STANSFIELD. 1986. Groundwater 
monitoring at three Oak Ridge National Laboratory 
inactive waste impoundments: results a f t e r one year. 
ORNL/TM-10193. Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 133 pp. 

To determine i f the migration of potential contaminants from three 
inact ive waste impoundments at Oak Ridge National Laboratory poses a 
threat to groundwater qua l i ty , at least one upgradient groundwater 
monitoring well and three downgradient monitoring wells were insta l led 

at each impoundment in early 1985. These three unlined impoundments 
(also cal led waste basins or ponds) were formerly used to co l lec t and, 
1n some instances, t r e a t wastewater. There are (1) the 3513 
impoundment, (2) the Old Hydrofracture F a c i l i t y (OHF) impoundment, and 
(3) the Homogeneous Reactor Experiment No. 2 (HRE) impoundment. 

Groundwater samples were collected quarterly for one year. 
Analyses were conducted for the groundwater protection parameters 
promulgated by the Resource Conservation and Recovery Act (RCRA). The 
groundwater samples were also analyzed for polychlorlnated biphenyls; 

90 137 
copper; n ickel ; z inc; and the radioisotopes Sr, Cs, and 
t r i t i u m . The contaminants found most often to a f fec t groundwater 
qual i ty at a l l three waste impoundments were radionuclides. For 
example, mean concentrations of gross beta and gross alpha a c t i v i t y 
exceeded drinking water l imi ts a t a l l three s i tes . The gross beta 
l i m i t (4 mr/year, assuming a person drinks 2.2 L of water per day for a 90 
year) was exceeded at the 3513 and OHF impoundments by e i ther Sr or 
t r i t i u m leve ls . At the 3513 impoundment, there was substantial 
evidence that the downgradient groundwater has been contaminated by 
chromium and lead and possibly by halogenated organic compounds. At 
the OHF impoundment, the mean level of t r i t i u m measured in the 
upgradient well (about 91,000 Bq/L as compared with 80,000 Bq/L in the 
downgradient wel ls) indicated that the groundwater qual i ty has been 
affected by the radioactive wastes buried in the low-level radioactive 
waste burial ground solid waste storage area-5 upgradient of the 

xi 



Impoundment. Testing for groundwater contamination, using the 
indicator parameters outlined 1n T i t l e 40, CFR (Subpart F, Groundwater 
Protection, para. 265.92), disclosed s t a t i s t i c a l l y signif icant 
contamination at a l l three s i tes . 

xii 



1 . INTRODUCTION 

One of the objectives in the operation of a large research 
f a c i l i t y such as Oak Ridge National Laboratory (ORNL) 1s to ensure that 
the treatment and/or disposal of wastes comply f u l l y with federal and 
state regulations. In response to some recent regulations promulgated 
under the Resource Conservation and Recovery Act (RCRA), the Laboratory 
has begun to evaluate more thoroughly the environmental impacts of some 
of i t s former waste management practices. One such practice was the 
use of unllned impoundments (also cal led waste basins or ponds) to 
co l lec t and, in some Instances, t rea t the l iquid waste. To determine 
the environmental Impact of such a practice on the groundwater qua l i ty , 
a groundwater monitoring program was established a t three impoundments 
that are no longer being used to co l lect wastewater: (1) the 
3513 impoundment, (2) the Old Hydrofracture F a c i l i t y (OHF) impoundment, 
and (3) the Homogeneous Reactor Experiment No. 2 (HRE) impoundment. At 
each impoundment, three dow.;grad1ent wells and at least one upgradient 
well were ins ta l l ed . This report contains the groundwater analyses 
data col lected over the f i r s t year ( four quarter ly sample periods) and 
evaluates the influence of each impoundment on the near - f i e ld 
groundwater qua l i ty . 
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2. BACKGROUND ANO DESCRIPTION OF SITES 

The Intent of th is section 1s to Introduce, 1n an abbreviated 
form, some background material to acquaint the reader with the past 
history and some general character ist ics of each Impoundment. A more 
complete description of the construction and operation of each of the 
Impoundments, as well as the dominant geologic and hydrologlc 
character ist ics of each of the s i tes , 1s presented 1n several previous 
ORNL reports (Stansf le ld and Francis 1986a, 1986b, 1986c, 1986d; 
Francis and Stansfleld 1986). 

Also contained 1n the above reports are estimated Inventories of 
radionuclides and potent ia l ly hazardous chemicals 1n the standing water 
phase and sediments of each of the Impoundments. Sediments from each 
of the Impoundments have been subjected to leaching by the extract ion 
procedure (EP) leaching tes t promulgated under the (RCRA). Only the 
sediment from the 3513 impoundment was found have a toxic 
character ist ic because of elevated levels of mercury 1n the ex t rac t . 
Thus, sediment from the 3513 Impoundment 1s considered to be a 
hazardous waste. 

2 .1 3513 IMPOUNDMENT 

The 3513 Impoundment was constructed 1n 1944 to serve as a holding 
basin for wastewaters pr ior to t h e i r discharge Into White Oak Creek. 
This unllned Impoundment, which 1s ~67 by 67 m wide and 1 m deep, 
received Laboratory l iqu id wastes u n t i l 1976 when a new process waste 
treatment plant began operating. I t s location 1s I l l u s t r a t e d 1n 
Fig. 1. On the east and north of the 3513 Impoundment are three 
simi lar unllned Impoundments (a large holding basin, 3524, and two 
smaller holding ponds, 3539 and 3540), which are presently being used 
to receive wastewater from ORNL. These holding basins, as wel l as 
leaking underground waste l ines (F. J. Homan, Operations Division, 
personal communication, February 1986), represent potential sources of 
contamination to the groundwater, which is sampled from monitoring 
wells around 3513. 
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The estimated capacity of the Impoundment 1s 7.1 x TO6 L. The 
net annual prec ip i ta t ion Input to the pond 1s ~56 cm (which 
corresponds to ~2.5 x 106 L) . The water level 1s maintained by 
pumping the overflow water to the 3524 Impoundment where 1t 1s 
processed. 

2.2 OLD HYDROFRACTURE FACILITY IMPOUNDMENT 

The old Hydrofracture F a c i l i t y (OHF) was used for the permanent 
disposal of l iquid radioactive waste 1n Impermeable shale formations 
from 1964 to 1979. The f a c i l i t y 1s located a t the confluence of Melton 
Branch and White Oak Creek, - 1 . 5 km southwest of the ORNL main 
complex (see F1g. 2 ) . The impoundment 1s downslope, - 5 0 m to the 
northwest, of building 7852, which contains the control room that was 
used 1n In ject ing l iquid radioactive waste, 1n the form of a grout, 
Into Impermeable shale formations at depths ranging from ~230 to 
300 m. The Impoundment, which 1s - 3 0 m long and 6 m wide and 1 to 2 
m deep, was constructed 1n 1963 to serve as an emergency containment 
basin fo r possible spi l lage of grout. The design capacity 1s 

5 
- 3 . 8 x 10 L. Stansf leld and Francis (1986b) estimated the pond to 

5 
contain ~3.0 x 10 L 1n August of 1985. Differences between mean 
annual prec ip i ta t ion ( - 140 cm) and mean annual evaporation indicate 
that -140,000 L 1s leaking annually from the pond and entering the 
groundwater. 

2 .3 HOMOGENEOUS REACTOR EXPERIMENT NO. 2 IMPOUNDMENT 

The Homogeneous Reactor Experiment No. 2 (HRE) Impoundment was 
b u i l t 1n 1955 to serve as a se t t l ing basin for low-level radioactive 
waste generated by the homogeneous reactor experiments. The HRE 
f a c i l i t y 1s located In Melton Val ley , ~900 m southeast of the main 
ORNL complex (see F1g. 3 ) . When constructed, the capacity of the 
Impoundment was - 1 . 2 x 106 L (20 by 20 m and - 3 m deep). The 
Impoundment received l iqu id wastes In te rmi t ten t ly from 1957 through 
1962. In 1970 the Impoundment was drained and backf i l led with soi l and 
p a r t i a l l y weathered shale from the surrounding area. The f i l l e d 
Impoundment was then capped with crushed limestone and asphalt ic 
concrete. 
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Fig. 2. Location of Old Hydrofracture Faci l i ty at ORNL. 



ORNL-DWG 85-13766R 

Fig. 3. Location of Homogeneous Reactor Experiment at ORNL. 
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3. METHODS AND MATERIALS 

3.1 LOCATION AND CONSTRUCTION OF MONITORING WELLS 

3 .1 .1 3513 Impoundment 

Five monitoring wells were Insta l led around the perimeter of the 
3513 Impoundment 1n January 1985 (F1g. 4 ) . Monitoring wells 1 and 1A 
were located to sample groundwater upgradient from the Impoundment. 
"Upgradient" 1s defined here as the direct ion of increasing s ta t i c head 
of the groundwater tab le . Monitoring well 1 ( the bottom of which 1s 
2.4 m below the ground surface) 1s not as deep as well 1A (the bottom 
of which is 7.6 m below the ground surface). The major di f ference is 
that well 1 does not penetrate the limestone bedrock underlying the 
clay s o i l . Well 1A, on the other hand, penetrates ~1 m into the 
limestone bedrock. The other three wells (2 , 3, and 4) were located 
with the inters of sampling groundwater downgradient from the 
impoundment. These wells penetrate ~0.6 m into the limestone 
bedrock. Thus, approximately one-third of the well screen (which is 
2.1 m in length) is located 1n the limestone bedrock. A geologic cross 
sectlcn of the 3513 Impoundment area, I l l u s t r a t i n g the elevation of the 
groundwater in re la t ion to the monitoring wel ls , is presented in 
Fig. 5. The grid coordinates and pert inent elevations for each of the 
monitoring wells are presented in Table 1. 

Table 1. Grid coordinates and elevations for 3513 monitoring wel ls 

Monitoring well 
1 1A 2 3 4 

ORNL grid coordinates, m 
North 6542.0 6541.7 6455.8 6455.8 6486.7 
East 9496.8 9496.1 9491.9 9451.6 9439.7 

Elevations, m 
Top of well casing 239 .8 239. 7 239. 6 239 .3 238 .7 
Ground surface 238 .8 238. 8 238. 7 238 .4 238 .0 
Top of well screen 237 .1 234. 5 236. 6 233 .5 236 .0 
Bottom of well screen 236 .5 232. 3 234. 5 234 .4 233 .8 
Top of sand pack 237 .3 234. 6 237. 1 236 .9 236 .5 
Bottom of well hole 236 .4 231. 2 234. 5 234 .4 233 .8 
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The monitoring wells are constructed of 5.l-cm-d1am stainless 
steel well screen and casing. The well screens have a continuous s l o t , 
0.25-mm wide. The length of well screens ranges from 0.6 to 2.1 m, and 
a l l are surrounded by a sand pack of medium-grained quartz sand which 
extends a minimum height of 30 im above the elevation of the top of the 
well screen. A detai led de; .ptlon of the coring and construction of 
the wells is given 1n Appendices A and B of Stansfield and Francis 1986a. 

3 .1 .2 Old Hvdrofracture F a c i l i t y Impoundment 

Four monitoring wells were insta l led in March 1985 around the 
perimeter of the OHF impoundment (see Fig. 6 ) . Monitoring well 1 was 
located to sample groundwater upgradient from the impoundment. This 
well is located at the northeast corner of the impoundment ~15 m from 
the edge of the standing water contained 1n the impoundment. However, 
i t 1s located - 3 0 m downgradient from a disposal trench 1n a 
low-level solid waste storage area (SWSA-5), which 1s a potential 
source of contamination. Monitoring wells 2, 3, and 4 were located to 
co l lec t groundwater downgradient from the Impoundment. 

The depth from ground surface of monitoring well 1 is -10 m as 
compared with - 7 m for monitoring wells 2, 3, and 4. The grid 
coordinates and elevations to specific parts of each of the monitoring 
wells are presented in Table 2. A geologic cross section of the 

Table 2. Grid coordinates and elevations for 
Old Hydrofracture F a c i l i t y monitoring wells 

Monitoring well 
1 2 3 4 

ORNL grid coordinates, m 
North 280 
East 8717 

Elevations, m 
Top of well casing 238 
Ground surface 237 
Top of well screen 231 
Bottom of well screen 228 
Top of sand pack 234 
Bottom of well hole 226 

.7 875.6 5272.7 5285.0 

.4 8688.3 8685.8 8692.6 

.4 236.8 235.8 235.8 

.5 236.0 234.9 234.9 

.7 232.0 231.8 231.8 

.6 229.2 228.7 228.8 

.6 234.1 233.1 232.4 

.9 228.7 227.6 227.6 
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Impoundment, i l l u s t r a t i n g the r e l a t i v e position of the water table and the 
monitoring wel ls , 1s presented 1n F1g. 7. Note that sediments 1n the 
bottom of the impoundment were in d i rec t contact with the water table on 
July 29, 1985. 

The monitoring wells were constructed of 7.60-cm-d1am f iberglass well 
screen and casing. The 3.0-m long well screens contain two rows of s lo ts , 
each 0.25-mm wide, to allow the movement of groundwater Into the wel ls . A 
med1um-grained quartz sand was packed around the screen extending to ~30 
cm above the top of the well screen. A bervtonite clay seal of ~3Q cm in 
length was place on top of the sand pack. The remainder of the boring was 
backf i l led with portland cement concrete. Detailed descriptions of each 
of the d r i l l i n g s as well as the construction of the monitoring wells are 
given 1n Appendices A and B of Stansfield and Francis 1986b. 

3 . 1 . 3 Homogeneous Reactor Experiment No. 2 Impoundment 

Four monitoring wells were Insta l led during February and March of 
1985 around the perimeter of the HRE impoundment (F ig . 8 ) . Monitoring 
well 1 was insta l led at the fa r northwest corner of the asphaltic cap. 
The location of monitoring well 1 fur ther upslope and off the asphalt ic 
cap area was restr ic ted by aboveground and belowground structures. 
This well is considered to be upgradient from the impoundment, based on 
water level measurements (see Fig. 9 ) . None of the other wells (2 , 3, 
and 4 ) , which were insta l led to sample groundwater downgradlent of the 
covered impoundment, were located within the area of the enclosed 
asphalt ic cap. Depths from ground level to the bottom of the 
monitoring wells range from 9 m for monitoring well 1 to ~7.5 m for 
the downgradient we l ls . The grid coordinates and elevations for 
specif ic parts of the monitoring wells are l is ted in Table 3. 

The construction of the monitoring wells at the HRE impoundment 1s 
s imi lar to the construction of the wells a t the OHF impoundment; I . e . , 
the well screens and casings are made of 7.6-cm-diam f iberglass rather 
than stainless s tee l , which was used for the 3513 impoundment wel ls . 
Detailed descriptions of each of the d r i l l i n g s , as well as the 
construction of the monitoring we l ls , are given in Appendices 8 and C 
of Stansf ie ld and Francis 1986c. 
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Table 3. Grid coordinates and elevations for Homogeneous 
Reactor Experiment monitoring wells 

Monitoring well 
1 2 3 4 

Grid coordinates, m 
North 5679.9 5663.6 5644.5 5643.5 
East 9577.7 9611.4 9609.1 9584.3 

Elevations, m 
Top of well casing 252.1 248.6 247.1 248.7 
Ground surface 250.9 247.9 246.3 247.8 
Top of well screen 246.0 244.1 242.6 245.2 
Bottom of well screen 242.9 241.0 239.5 242.1 
Top of sand pack 241.9 240.3 238.8 240.3 
Bottom of well hole 241.9 240.3 238.8 240.3 

3.2 SAMPLING PROCEDURES 

3 .2 .1 Sample Collection 

The monitoring wells a t each Impoundment were sampled quarter ly 
over a 12-month period (February 1985 to January 1986) (Table 4 ) . 
Before water samples were taken, the wat * level of each well was 
measured with an e lec t r i c tape. To avoid cross-contamination between 
wel ls , the immersed portion of the tape was rinsed with delonlzed water 
a f t e r samples were taken from each w e l l . The water levels recorded 
throughout the sampling year are presented 1n Table 5. 

A bottom-loading, stainless steel ba i le r was used to purge and 
sample the wel ls . To ensure a thorough cleaning, the ba i le r was 
disassembled and washed with hot water and detergent a f t e r each well 
was sampled. During the f i r s t quarter of sampling, the ba i le r was then 
rinsed with d i lu te n i t r i c acid followed by d i s t i l l e d water rinses. In 
subsequent quarters, the acid rinse was replaced by a methanol rinse 
followed by d i s t i l l e d water rinses. A new nylon l ine was attached to 
the ba i le r pr ior to sampling each w e l l . Before a sample was taken, the 
well was purged by removing a volume of water equal to f i ve times the 
volume contained within the well screen and casing. The water removed 
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Table 4. Sampling dates for each waste impoundment 

Quarter 
Impoundment 1 2 3 4 

Month/year 

3513 2/85 4/85a 9/85 
1/86 
Old Hydrofracture F a c i l i t y (OHF) 3/85b 5/85 9/85 
1/86 
Homogeneous Reactor Experiment 

No. 2 (HRE) 2/85 5/85 10/85 1/86 

aAl1 monitoring wel ls at the 3513 impoundment were also sampled 
1n June 1985 fo r t o t a l organic carbon. 

bWell 1 at the OHF impoundment was sampled twice in March 1985 
fo r a l l groundwater qua l i t y parameters. 

Table 5. Water levels (m)' in monitoring wel ls 

Monitoring wel1 
Date 1A 1 2 3 4 

3513 impoundment 

2/6/85 237.6 237.8 236. 7 235.9 236.8 
4/8/85 237.5 237.5 236. 7 235.7 236.6 
4/16/85 237.2 237.5 236. 6 235.7 236.7 
6/16/85 237.4 23 7.5 236. 8 235.7 236.5 
7/1/85 237.4 237.5 236. 7 235.7 236.6 
9/10/85 237.6 237.5 236. 7 235.8 236.5 
12/16/85 236.4 237.6 236. 7 235.8 236.6 

Old Hvdrofracture F a c i l i t y impoundment 

4/8/85 235.0 230. 5 230.8 231.9 
5/23/85 234.5 230. , 3 230.7 231 .6 
6/4/85 234.4 230. .2 230.5 231 .5 
7/1/85 234.2 230. .2 230.5 231 .5 
7/30/85 234.1 230. ,3 230.6 231 .5 
9/17/85 234.2 230. ,4 230.6 231.6 
1/06/86 234.2 230. .2 230.6 231 .6 

Homogeneous Reactor Experiment No. 2 impoundment 

4/8/85 248.3 246. ,3 245.0 245.5 
5/20/85 248.0 246 .1 244.9 245.5 
6/04/85 248.0 246.3 244.8 245.5 
7/01/85 248.5 246.3 245.0 245.5 
10/1/85 248.2 246 .3 NTa 245.5 
1/13/86 248.1 246 .1 244.9 245.5 

aNT - measurement not taken. 



17 ORNL/TM-10193 
1986 

for purging purposes was measured and then discarded Into the 
Impoundment. In the case of the wells a t the HRE impoundment, the 
purged water was transported to the process waste system for disposal. 

The pH and specif ic conductivity were measured at the well s i t e , 
except for the f i r s t quarter samples taken a t the 3513 Impoundment 
wel ls . In that Instance, samples were taken promptly to the laboratory 
and measured. 

3 .2 .2 Sample Preservation 

The groundwater samples that were to be analyzed for RCRA-regulated 
contaminants were transferred d i r e c t l y from the stainless steel ba i l e r 
into glass containers with polytetraf luoroethylene- l ined caps. These 
samples were delivered to ORNL's Analyt ical Chemistry Division for 
analysis on the day they were col lected, or were stored overnight in a 
re f r ige ra to r for del ivery the next day. The samples to be analyzed for 
organic compounds, n i t r a t e s , sulfates and chlorides were stored under 
re f r igera t ion 1n the Analyt ical Chemistry Division pr ior to analysis. 
Separate al lquots were taken for metal analyses and then ac id i f i ed with 
n i t r i c acid to a pH <2. The groundwater samples that were to be 
analyzed for gamma-emitting radioisotopes were counted d i r e c t l y 1n the 
1-L p last ic containers 1n which they were collected and thus required 
no re f r igera t ion . 

3 .2 .3 Chain of Custody 

A record was made for a l l samples collected 1n which the following 
information was recorded: name of co l lec tor , ident i fy ing l i s t of 
samples, date and location where col lected, Inclusive dates when the 
samples were 1n the col lector 's , custody, and date when samples were 
transferred to the laboratory fo r analyses. A copy of th is record 
accompanied the samples to the analyt ica l laboratory. 

3.3 GROUNDWATER QUALITY PARAMETERS MEASURED 

The principal goal 1n analyzing the groundwater 1n the v i c i n i t y of 
former wastewater Impoundments was to determine 1f i t had been 
contaminated. Regulations have been promulgated under RCRA to protect 
groundwater qua l i ty a t RCRA-permitted f a c i l i t i e s . The wastewater 
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Impoundments discussed here are not RCRA-permitted s i tes ; however, they 

were included under section 3004(u) of the 1984 Hazardous and Solid 
Waste Amendments of the reauthorization of RCRA when ORNL applied to 
the U. S. Environmental Protection Agency (USEPA) for a hazardous waste 
storage f a c i l i t y at building 7652 (J. H. Scarbrough, Chief of the 
Residual Management Branch, Region IV, USEPA, personal communication to 
J. A. Lenhard, Oak Ridge Operations, U. S. Department of Energy, May 
1986). Under these regulations, the permittee 1s required to Ident i fy 
and characterize a l l sol id waste management units current ly or 
previously located wi th in i t s boundary. The intent of th is regulation 
1s to determine whether a pr ior or continuing releaselof hazardous 
waste or hazardous constituents has occurred or 1s occurring and/or to 

characterize the nature and extent of the releases. Groundwater 
protection standards under RCRA are defined in T i t l e 40, Subpart F, of 
the Code of Federal Regulations (CFR). The only parameters that have 

regulated l imi ts are those defined by the National Inter im Primary 
Drinking Water Standards (NIPDWS) (see Table 6 ) . Other parameters that 

require monitoring in groundwater are those establishing groundwater 
qual i ty and those chosen to be indicators of groundwater contamination 
(these parameters are also l is ted in Table 6 ) . The groundwater qua l i ty 
parameters are to be used as the basis for comparison in the event a 
groundwater qual i ty assessment is required, and the indicator 

parameters are used to determine i f groundwater has been contaminated 
by the f a c i l i t y . During the f i r s t year, the operator or owner, on a 
quarterly basis, must establish i n i t i a l background concentrations, or 

values, of a l l parameters for a l l monitoring wel ls . For each of the 
indicator parameters, at least four repl icate measurements must be 
obtained for each sample and the I n i t i a l background ari thmetic mean and 
variance determined by pooling the repl icate measurements for the 

respective parameter concentrations, or values, in samples obtained 
from the upgradient wells during the f i r s t year. These groundwater 
parameters, as well as PCBs, copper, n ickel , z inc, and the 

90 137 
radioisotopes Sr, Cs, and t r i t i u m , were measured in the 
groundwater samples taken from the monitoring wel ls . Measurements of 
temperature and dissolved oxygen were also made. 
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Table 6. Groundwater parameters measured 

Parameter3 Maximum level allowed3 

National Inter im Primary Drinking Water Standards (NIPDMS) 

Arsenic 0.05 
Barium 1 
Cadmium 0.01 
Chromium 0.05 
Coliform bacter ia , count/100 mL 1 
Endrin 0.0002 
Fluoride 1 .4 -2 .4 
Gross alpha, Bq/L 0.556 
Gross beta, mR/year 4 
Lead 0.05 
Lindane 0.004 
Mercury 0.002 
Methoxychlor 0 .1 
N1trate-N 10 
2 2 6 Ra, Bq/L 0.19 
Selenium 0.01 
Silver 0.05 
Toxaphene 0.005 
2,4,5-TP Sllvex 0.01 
2,4-D 0 .1 

Parameters establishing groundwater qua l i ty 

Chloride ND 
Iron ND 
Manganese ND 
Phenols ND 
Sodium ND 
Sulfate ND 

Parameters used as indicators of groundwater contamination 

pH NO 
Specific conductance, iiS/cm ND 
Total organic carbon ND 
Total organic halides ND 

Concentrat ions are in mg/L unless otherwise stated. 
&ND = maximum level for that parameter not defined. 
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3.4 METHODS OF CHEMICAL ANALYSIS 

The methods used to analyze the groundwater are those described in 
USEPA methods manuals (USEPA 1982, 1983). For elemental concentrations, 
i t was necessary to use atomic absorption spectroscopy to reach the 
detection levels required by the NIPDWS. The recommended USEPA methods 
are 7061, 7081, 7131, 7191, 7421, 7470, 7741, and 7761 for arsenic, 
barium, cadmium, chromium, lead, mercury, selenium, and s i l v e r , 
respectively. Inductively coupled plasma (ICP) spectroscopy (method 
200.7 in USEPA 1983) was also used to determine the concentrations of 
nonregulatory elements, namely copper, n icke l , and zinc. The 
concentrations of pesticides and herbicides as well as the PCBs in the 
groundwater were determined by method 8080 (USEPA 1982), except the 
analyses were by l iqu id chromatography instead of gas chromatography. 
Coliform bacteria were determined by method 405.1 (USEPA 1983). 
Concentrations of f luor ide , chloride, n i t r a t e , and sulfate were 
determined using methods 340.2 and 300.0 (USEPA 1983). Phenol 
concentrations were measured by method 420.1 (USEPA 1983). Total 
organic carbon (T0C) and to ta l organic halides (T0X) were determined 
using methods 9060 and 9020, respectively (USEPA 1982). 

The radionuclide concentrations were determined using solid state 
alpha and beta detectors. Aliquots of groundwater were dried on 
counting planchets, and the levels of gross alpha and gross beta 
a c t i v i t y were determined using Tennelec LB5100 Series I I equipment. 
This automated system is programmed to convert raw data to a c t i v i t y 
units as well as u t i l i z i n g material weights or volumes to produce 
a c t i v i t y per unit (weight or volume). Analyses of gamma-emitting 
radionuclides were conducted using high-resolution germanium 
detectors. The detectors were shielded from extraneous background and 
were cal ibrated for the respective sample geometries, using c e r t i f i e d 
mixtures of gamma-emitting radionuclide standard solutions from the 
National Bureau Standards (NBS). Cal ibrat ion procedures and assessment 
have been described by Larsen and Cutshall (1981) . Tr i t ium 
concentrations were measured using established l i q u i d - s c i n t i l l a t i o n 
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counting procedures. Strontlum-90 was separated from other cations 1n 
the groundwater by prec ip i ta t ion as the oxalate sa l t and then counted 
on a beta proportional counting system. 

3.5 STATISTICAL PROCEDURES 

Two strategies were used to determine s t a t i s t i c a l differences in 
the concentrations of parameters measured in groundwater. In the f i r s t 
procedure, a l l parameters were s t a t i s t i c a l l y analyzed for differences 
in concentrations between monitoring wells across the four quarters of 
sample co l lect ion . In th is case, the s t a t i s t i c a l v a r i a b i l i t y for each 
well was determined by differences in the concentration of the 
parameter determined over four quarters of sampling; i . e . , the sample 
quarter was treated as a s t a t i s t i c a l rep l ica te . Thus, th is method of 
s t a t i s t i c a l analysis is confounded with respect to time (over the 
sampling interval of one year ) . S t a t i s t i c a l differences between mean 
concentrations in individual monitoring wells were determined by 
Duncan's multiple-range t e s t , as conducted by the GLM procedure of the 
SAS I n s t i t u t e Inc. s t a t i s t i c a l software package (SAS 1985). For 
observations below the analy t ica l detection l e v e l , the ana ly t ica l 
detection level was used as an estimate for that concentration, a 
conservative approach. 

The second method of s t a t i s t i c a l analysis that was used 1s 
outlined in Subpart F, (Groundwater Monitoring, of T i t l e 40, CFR). In 
this procedure, for each of the indicator parameters (pH, specif ic 
conductance, to ta l organic carbon, and t o t a l organic ha l ides) , the 
ari thmetic mean and variance must be calculated, based on a t least four 
repl icate measurements on each sample for each well monitored, and 
compared with i t s i n i t i a l background arithmetic mean. The i n i t i a l 
background arithmetic means for each of the indicator parameters are 
determined from the measurements made in the upgradient monitoring 
wells over four quarters of sampling. The comparison must consider 
indiv idual ly each of the wel ls in the monitoring system and must use 
the Student's t - t e s t at the 0.01 level of significance to determine 
s t a t i s t i c a l l y s igni f icant increases (and decreases, in the case of pH) 
over i n i t i a l background. This method of s t a t i s t i c a l analysis was 
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determined using the T TEST procedure as outlined in SAS (1985). 
Unequal variances were assumed between the background measurements and 
those determined from a quarterly sample. Measurements for indicator 
parameters were a l l above the analyt ica l detection leve l . 
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4. RESULTS AND DISCUSSION 

Reported in Table A-l in the Appendix are the concentrations of 
groundwater qual i ty parameters observed in each of the monitoring wells 
for each of the four quarters of sampling at the three waste 
impoundments. (Negative values in these tables indicate the analyt ica l 
detection leve l . Data are also reported to f ive decimal points, but 
only two d ig i ts should be considered s i g n i f i c a n t . ) Mean values over 
four quarters of sampling for each of the monitoring wells are 
presented in Table A-2 in the Appendix. Comparisons between parameter 
concentrations sampled from downgradient and upgradient wells are 
l is ted in Table A-3. Discussions pert inent to each of the impoundments 
fol low. 

4.1 3513 IMPOUNDMENT 

4 .1 .1 Groundwater Measurements That Exceeded RCRA Limits 

The mean concentrations of chromium, lead, gross alpha, gross 
beta, and mean counts of coliform bacteria in the downgradient wells 
exceeded the maximum allowable levels established by RCRA. The maximum 
levels were also exceeded for the mean counts of col i form bacteria and 
mean concentrations of gross alpha and gross beta 1n the upgradient 
wel ls , indicat ing possible migration of contaminant from one of the 
adjacent unlined impoundments (impoundments 3524, 3539, or 3940; see 
Fig. 1) or leakage from a broken t ransfer l ine (Stansf ield and Francis 
1986a). 

The high mean values for chromium in the downgradient wells appear 
to be due to the high chromium values measured in wells 2 and 4 during 
the f i r s t quarter of sampling (see Table 7 and Tables A-l and A-2 in 
the Appendix). The high concentrations of lead in the downgradient 
wells appears to have been caused by the high values observed in 
monitoring well 3 during the las t three quarters of sampling (see 
Table A - l ) . For th is we l l , a l l three samples were in excess of the 
RCRA l i m i t (0.05 mg/L). 

The groundwater from downgradient wells 2 and 4 contained 
considerably more gross alpha and gross beta a c t i v i t y than the 
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Table 7. Mean groundwater concentrations measured 1n monitoring wells 
at the 3513 Impoundment 

Measured3 

Maximum level 
Parameter® allowed3<b Upgradient Downgradient 

National Interim Primary Drinking Water Standards (NIPOWS) 

Arsenic 0.05 <0.0033 <0.0040 
Barium 1 <0.24 0.35 
Cadmium 0.01 <0.0014 <10.0 
Chromium 0.05 <0.029 0.18 
Conform bacter ia , count/100 ml 1 1.3 10.0 
Endrin 0.0002 <0.0002 <0.0001 
Fluoride 1 .4 -2 .4 <1.000n <1.0000 
Gross alpha, Bq/L 0.556 1.9 <5.1 
Gross beta, Bq/L 0.13c 5.4 23 
Lead 0.05 <0.010 0.15 
Lindane 0.004 <0.0011 <0.0011 
Mercury 0.002 0.0002 <0.0002 
Methoxychlor 0.1 <0.0041 <0.0041 
N1trate-N 10 <5.0 <3.5 
226Ra, Bq/L 0.19 <0.03 <0.0609 
Selenium 0.01 <0.0050 <0.00:." 
S i lver 0.05 <0.03 <0.03 
Toxaphene 0.005 <0.0035 <0.0035 
2,4,5-TP Silvex 0.01 <0.0075 <0.0079 
2,4-D 0.1 <0.0075 <0.0078 

Parameters establishing groundwater qual i ty 

Chloride NO 6.4 18 
Iron ND 2.7 24 
Manganese ND 1.5 3.9 
Phenols ND <0.0010 <0.0002 
Sodium ND 23 31 
Sulfate ND 80 <13 

Parameters used as indicators of groundwater contamination 

PH ND 6.5 6.4 
Specific conductance, uS/cm ND 820 660 
Total organic carbon ND 4.8 5.9528 
Total organic halides ND 0.067 0.14 

Nonrequlated parameters 

Copper'1 ND <0.025 <0.028 
1 3 ' C s , Bq/L ND 1.3 0.39 
Dissolved oxygen ND 5.0 4.5 
Nickel^ ND 0.06 0.36 
Polychlorinated biphenyls (PCBs) ND 0.0001 0.0001 
9 0 S r , Bq/L 0.13C 2.4 13 
Temperature, 1C ND 15 18 
Tr i t ium, Bq/L 670c 350 4800 
Zincd ND <0.061 0.15 

Concentrations are in mg/L unless otherwise stated. 
bND = maximum level for that parameter not defined. 
cLevel of a c t i v i t y necessary to give a to ta l body dose of 4 mR/year to a person 

drinking 2.2 L of water per day for a year. 
^Hazardous substance guidelines issued by the State of Tennessee (L. W. Gregory, 

Division of Solid Waste Management, Department of Health and Environment, State of 
Tennessee, personal communication, 1985). 
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groundwater from well 3 (the other downgradient w e l l ) . Well 2 
contained especial ly high concentrations of gross beta a c t i v i t y (mean 
value >50 Bq/L). One of the gross alpha measurements involved an 
analyt ica l detection level greater than the RCRA l i m i t (the measurement 
of the sample taken the f i r s t quarter from well 4; see Table 8 ) . 
However, i t s inclusion or omission in the data set had l i t t l e e f f e c t on 
the mean values of gross alpha in the downgradient wel ls . For example, 
the mean value for gross alpha in downgradient wells was <4.7 Bq/L when 
a l l measurements were used and 4 .8 Bq/L when the measurement involving 
a detection level greater than the RCRA l i m i t was deleted. In e i ther 

case, both mean values exceeded the RCRA l i m i t . 
90 

The mean levels of t r i t i u m and Sr in groundwater from the 
downgradient wells were considerably greater than the level of a c t i v i t y 
necessary to give a to ta l body dose of 4 mR/year to a person drinking 
2.2 L of water per day for a year (see Table 7 ) . However, only one 
t r i t i u m measurement in the upgradient wells (a measurement of 760 Bq/L 
taken the t h i r d quarter from well 1A) exceeded the calculated l i m i t of 
670 Bq/L . 

Those concentrations measured in groundwater that exceeded the 
RCRA maximum l imi ts are l i s ted in Table 9. Measurements in which the 
analyt ica l detection level exceeded the RCRA l i m i t were not included 1n pot 
Table 9 ( e . g . , those measurements of gross alpha, Ra, and s i l v e r 
l is ted in Table 8 ) . Excessive levels of chromium were observed in a l l 
three downgradient wells the f i r s t quarter of sampling, but 
measurements from the same wells at l a t e r sampling dates were below the 
RCRA l i m i t . The dominant contaminants appear to be radionuclides; 
i . e . , excessive levels of gross alpha and gross beta were observed in 
groundwater samples taken from a l l monitoring wel ls . There appears to 
be a trend in elevated levels of lead in groundwater sampled from 
well 3 as compared with the other downgradient wel ls. 
4 .1 .2 S t a t i s t i c a l l y S igni f icant Differences Between Monitoring Wells 

One method of comparing concentrations of the measured parameters 
between monitoring wells is to make s t a t i s t i c a l comparisons between the 
wells over the four quarters of sampling, i . e . , to t r e a t the 
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Table 8. List of samples whose detection levels exceeded Resource 
Conservation and Recovery Act (RCRA) l imi ts 

RCRA Well Sampling Detection 
Parameter Unit l i m i t no. quarter level 

3513 impoundment 

Gross alpha Bq/L 0.55 4 1 3.0 
226Ra Bq/L 0.18 4 4 0.2 
Si 1ver mg/L 0.05 1 1 0.07 
S i lver mg/L 0.05 1 2 0.07 
S i lver mg/L 0.05 2 1 0.07 
S i lver mg/L 0.05 2 2 0.07 
Si lver mg/L 0.05 3 1 0.07 
S i lver mg/L 0.05 3 2 0.07 
Si lver mg/L 0.05 4 1 0.07 
Si lver mg/L 0.05 4 2 0.07 

Old Hvdrofracture F a c i l i t y impoundment 

Gross alpha Bq/L 0.55 2 2 2.0 
Gross alpha Bq/L 0.55 4 2 3.0 
226Ra Bq/L 0.19 1 3 0.40 
226Ra Bq/L 0.19 2 1 0.20 
226Ra Bq/L 0.19 3 1 0.20 
226Ra Bq/L 0.19 3 3 0.60 
226Ra Bq/L 0.19 3 4 0.20 
226Ra Bq/L 0.19 4 1 0.20 
226Ra Bq/L 0.19 4 3 0.60 
S i lver mg/L 0.05 1 1 0.07 
S i lver mg/L 0.05 1 2 0.07 
S i lver mg/L 0.05 2 1 0.07 
Si lver mg/L 0.05 2 2 0.07 
S i lver mg/L 0.05 3 1 0.07 
S i lver mg/L 0.05 3 2 0.07 
Si lver mg/L 0.05 4 1 0.07 
Si lver mg/L 0.05 4 2 0.07 

Homogeneous Reactor Experiment impoundment 

Chromium mg/L 0.05 1 2 0.20 
S i lver mg/L 0.05 1 1 0.07 
Si lver mg/L 0.05 1 2 0.07 
Si lver mg/L 0.05 2 1 0.07 
S i lver mg/L 0.05 2 2 0.07 
S i lver mg/L 0.05 3 1 0.07 
Si lver mg/L 0.05 3 2 0.07 
S i lver mg/L 0.05 4 1 0.42 
S i lver mg/L 0.05 4 2 0.07 
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Table 9. Measured concentrations 1n groundwater at 3513 Impoundment tha t 
were i n excess of Resource Conservation and Recovery Act (RCRA) 

maximum l i m i t s fo r groundwater 

Parameter Unit 
RCRA 
l i m i t 1 

Sampling quarter* 

2 3 4 

Well 1 

Col i form bacteria count/100 mL 1 8 BL BL BL 
Gross alpha Bq/L 0.55 2 1 2 2 
Gross beta Bq/L 0.13 5 2 5 3 
90S r Bq/L 0.13 ND 1 2 2 

Well 1A 

Chromium mg/L 0.05 0.14 BL BL BL 
Col i form bacter ia count/100 mL 1 2 BL BL BL 
Gross alpha Bq/L 0.55 1 1 6 4 
Gross beta Bq/L 0.13 7 5 13 8 
90S r Bq/L 0.13 ND 3 3 3 
T r i t i um Bq/L 670 ND BL 760 BL 

Well 2 

Chromium mg/L 0.05 1.20 BL BL BL 
Gross alpha Bq/L 0.55 4 1 18 17 
Gross beta Bq/L 0.13 54 45 65 62 
90sr Bq/L 0.13 ND 26 33 32 
T r i t i um Bq/L 670 ND 3600 3500 2900 

Well 3 

Chromium mg/L 0.05 0.07 BL BL BL 
Col i form bacter ia count/100 mL 1 2 BL 8 120 
Gross alpha Bq/L 0.55 BL BL 2 2 
Gross beta Bq/L 0.13 4 1 4 2 
Lead mg/L 0.05 BL 1.4 0.06 0.08 

90Sr Bq/L 0.13 ND 0.40 0.64 1.40 

T r i t i um Bq/L 670 ND 2300 2800 2400 

Well 4 

Chromium mg/L 0.05 0.69 BL BL BL 
Gross alpha Bq/L 0.55 BL BL 4 5 
I ron Bq/L 0.13 9 7 15 19 
9°Sr Bq/L 0.13 ND 5 7 7 
T r i t i um Bq/L 670 ND 2200 20000 3600 

aBL = below RCRA groundwater l i m i t ; ND = not determined. 
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concentrations taken at the four sampling periods as replicates. 
Treatment 1n this manner confounds any analysis with respect to time. 
For example, there 1s no assurance that an observation at each of the 
wells is Independent of time or that any response to time, i f there is 
one, is the same for each wel l . Obviously, such treatment is much less 
dangerous at inactive sites than i t is at active sites (those sites 
that continue to receive wastes). To make simple comparisons between 
upgradient and downgradient wells at specific points in time, at least 
three to four upgradient wells are needed for comparison with the same 
number of downgradient wells. Regardless of the implications, a 
s ta t is t i ca l comparison was made between monitoring wells for each one 
of the measured parameters, as described in Sect. 3 .5 , S ta t is t ica l 
Procedures. Those parameters that showed signif icant differences at 
the 0.05 level are l isted 1n Table 10. 

One evidence of groundwater pollution is a significant difference 
between upgradient and downgradient wells in the concentration of those 
parameters defined by RCRA for monitoring groundwater characteristics 
(see the l i s t of those parameters 1n Table 6 ) . In a s t a t i s t i c a l sense, 
taking into consideration those parameters for which an RCRA l imi t 
exists ( i . e . , NIPDWS), only the gross beta measurements in groundwater 
from wells 2 and 4 were s igni f icant ly d i f ferent (P < 0.05) from similar 
measurements 1n groundwater taken from upgradient wells (combined 
measurements from wells 1 and 1A over the four quarters of sampling; 
see Table 10). There were signif icant s ta t is t ica l differences in mean 
concentrations of a number of groundwater parameters between monitoring 
wells. For example, s igni f icant ly higher concentrations of chloride, 

90 
iron, t r i t ium, manganese, Sr, T0C, T0X, and zinc were observed in 
groundwater sampled from one or more of the downgradient wells as 
compared with the upgradient wells (Table 10). Interest ingly, the 
concentrations of sulfate were s igni f icant ly lower in downgradient 
wells than in upgradient wells. The same was true for measurements of 
specific conductance; i . e . , the groundwater from the downgradient wells 
measured signif icant ly lower in conductivity than that sampled from the 
upgradient wells. These measurements strongly indicate that the plume 
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Table 10. Signi f icant differences 1n water qual i ty parameters between 
monitoring wells at the 3513 impoundment 

Concentrations in monitoring wells 1 -4 a » b 

Parameter 1 2 3 4 

Chloride, mg/L 6.4§ 36* 12+ 6.6§ 

Dissolved 
oxygen, mg/L 

4 .6 * 3.5+ 4 . 6 * 5 .4* 

I ron, mg/L 2.7 + 8.8+ 51* 12+ 

Gross beta, 
mR/year 

5.4§ 54* 2.6§ 11 + 

Tr i t ium, Bq/L 35t 3300*+ 2500*+ 8600* 

Manganese, mg/L 1.5 + 4 .8 * 3 .8 * 3 .2* 

PH 6 . 5 f 6 .7 * 6.3+§ 6.3§ 

Sul fa te , mg/L 80* 20+ 6+ 13+ 

Specific 
conductance, 
uS/cm 

820* 602*+ 620+ 730*+ 

9 0 S r , Bq/L 2.3§ 30* 0.8§ 6.4+ 

Total organic 
carbon, mg/L 

4.8+ 3.6+ 7.1 + 7 .2* 

Total organic 
hal ldes, mg/L 

0.07 + 0.07 + 0 .17* 0 .19* 

Z1nc, mg/L 0.06 + 0 .07*+ 0 .29* 0 .09*+ 

Concentrations are s t a t i s t i c a l l y d i f f e r e n t (0.05 level ) between 
wells i f they do not have s imi lar superscripts ( * , t , § ) . The 
s t a t i s t i c a l comparisons were determined using the Duncan's 
multiple-range tes t of the GLM procedure, as outl ined in SAS 1985. 

^Concentrations found in monitoring well 1A were combined with 
those in monitoring well 1 for s t a t i s t i c a l comparison. 
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from the 3524 Impoundment or leaks in underground waste l ines seriously 
impacted the water qual i ty of the upgradient monitoring wells for the 
3513 impoundment. A considerably more va l id In terpretat ion can be made 
regarding the e f fec t of the 3524 impoundment when the analyses for the 
groundwater sampling program around the 3524 impoundment are completed 
(data covering four quarters of sampling are expected to be avai lable 
1n la te summer to early f a l l of 1986). 

4 .1 .3 Testing for Groundwater Contamination Using Indicator Parameters 

T i t l e 40, CFR (Subpart F, Groundwater Protection, para. 265.92) 
requires that each of the indicator parameters l is ted in Table 6 for 
every sample taken from a monitoring well be compared with background 
levels in the upgradient wells averaged over the f i r s t four quarters of 
groundwater monitoring. The comparison must consider each of the wells 
in the monitoring system ind iv idua l ly , and must use the Student's 
t - t e s t a t the 0.01 level of significance to determine s t a t i s t i c a l l y 
s igni f icant increases (and decreases, 1n the case of pH) over I n i t i a l 
background levels . Means and other s t a t i s t i c a l information pertaining 
to the concentrations of the indicator parameters measured in the 
upgradient wells over the f i r s t year of data col lect ion are tabulated 
in Table A-5 of the Appendix. 

Comparisons of Indicator parameters 1n each of the upgradient and 
downgradient wells with background levels over the four quarters 
sampled a t the 3513 monitoring wells are presented In Table 11. 
Unfortunately, four repl icated measurements were not made on a l l 
sampling dates. For example, with respect to the measurements for pH 
and specif ic conductance, only in the fourth quarter were four 
repl icated measurements made. Measurements of pH in the fourth quarter 
showed s ign i f i can t ly higher values for groundwater taken from well 2 as 
compared with the control , whereas samples taken from wells 3 and 4 
were s ign i f i can t ly lower in pH than the control (mean pH of 6 . 4 ) . 
Measurements of groundwater pH from the upgradient wells (wells 1A and 1) 
in the fourth quarter were not s ign i f icant ly d i f f e r e n t from the 
background levels determined over the sampling year (Table 11). The 
measurements taken in the fourth quarter for specif ic conductance 



Table 11. Student 's t - t e s t fo r ind ica tors of groundwater contamination 
a t the 3513 impoundment 

Well 
Sampling 
quar ter 

PH 

Mean 
S i g n i f i -

cance3 Mean 

Spec i f ic 
conductance 

(US/cm) 

S i g n i f i -
cance3 

Tota l organic 
carbon (mg/1) 

Mean 
S i g n i f i -

cance a 

Total organic 
hal ides (mg/L) 

S i g n i f i -
Hean cance3 

(6 CO 

Background1" 

1A 

6 . 5 8 2 0 4 . 8 0 . 0 6 7 

1 6 . 4 SV 590 SV 2 . 3 SV 0 . 0 7 2 SV 
2 6 . 6 SV 8 1 0 sv 8 . 4 * * 0 . 0 2 2 SV 
2AC ND ND 4 . 1 NS ND 
3 6 . 4 SV 740 sv 3 . 1 * * 0 . 0 4 0 * 

4 6 . 4 NS 790 NS 5 . 0 SV 0 . 1 7 * * 

1 6 . 7 SV 570 sv 2 . 7 SV 0 . 0 6 2 SV 
2 6 . 5 SV 9 4 0 sv 8 . 1 * * 0 . 0 0 4 SV 
2AC ND ND 3 .6 « « ND 
3 6 .4 SV 310 sv 3 .1 * * 0.039 * 

4 6 . 5 NS 1 1 0 0 * * 4 . 0 SV 0 . 0 4 8 NS 
1 6 . 2 sv 440 sv 1.5 SV 0.055 SV 
2 7 . 1 sv 680 sv 5 . 7 * 0 . 0 2 2 SV 
2AC ND NO 3 . 0 * * NO 
3 6 . 5 sv 650 sv 1 .6 * * 0 . 1 1 * * 

4 6 . 8 * * 6 8 0 * 8 . 0 sv 0 . 0 4 6 NS 
1 6 .4 sv 4 6 0 sv 3.7 SV 0 . 0 6 0 SV 
2 NO NO 9 .4 * • 0 . 0 3 2 SV 
2AC ND NO 5 . 1 NS ND 
3 6 . 3 sv 370 SV 3 . 8 NS 0 . 2 8 * * 

4 6 . 2 * * 700 NS 22 SV 0 . 1 8 * * 

1 6 . 4 sv 500 SV 2 . 9 SV 0 . 0 8 SV 
2 ND ND 9 . 7 * * 0 . 0 4 2 SV 
2AC ND ND 5 . 6 NS ND 
3 6 . 3 sv 4 5 0 SV 6 . 7 * * 0.34 * * 

4 6 . 2 * * 8 3 0 NS 1 0 . SV 0 . 0 5 3 NS 

o> no 

3SV = s ing le va lue; ND = not determined; NS = not s i g n i f i c a n t ; * = s i g n i f i c a n t a t the 0 .05 
l e v e l ; * * = s i g n i f i c a n t a t the 0 .01 l e v e l . 

°Mean background concentrat ions determined from upgradient monitoring we l ls over four quarters 
of sampling (see Table A-5 of the Appendix). 

CA r e p l i c a t e sampling taken f o r t o t a l organic carbon in June 1985. 
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showed no s igni f icant dif ference a t the 0.01 leve l ; however, a 
s ign i f i can t ly lower specif ic conductance, at the 0.05 leve l , was 
observed in well 2 in the fourth quarter as compared with the 
background measurement. The general trend was a lower specif ic 
conductance in the groundwater downgradient as compared with the 
upgradient wel ls. 

An addit ional sample (designated 2A in Table 11) was taken from 
the monitoring wells 1n the second quarter (June 6, 1985) for to ta l 
organic carbon (TOC) analyses. Samples taken at th is date were 
consistently lower in TOC than the samples collected e a r l i e r in the 
quarter (Apri l 15, 1985) but were closer to the TOC values determined 
in the th i rd quarter. The early second quarter samples from wells 3 
and 4 showed s ign i f icant ly higher levels of TOC (at the 0.01 level ) 
than the background samples. These and the sample taken the th i rd 
quarter from well 4 were the only samples that showed TOC values 
s ign i f icant ly (P < 0.01) higher than the mean background level 
(4 .8 mg/L). Five samples taken from downgradient wells contained 
concentrations of TOC that were s ign i f icant ly d i f fe ren t (P < 0.01) from 
the background leve l . Three of these samples contained TOC 
concentrations greater than background values, and two contained lower 
concentrations. The high value (a single value of 22 mg/L) measured in 
the fourth quarter in well 3 appears to be an o u t l i e r . 

Four replicated measurements of t o t a l organic halides (TOX) were 
made in the th i rd and fourth quarters. The th i rd quarter sampling 
showed s ign i f icant ly elevated levels in a l l three downgradient wel ls . 
Well 3 also showed s ign i f icant ly higher concentrations of TOX in the 
fourth quarter. These data indicate that the 3513 impoundment is 
contaminating the downgradient groundwater with organic halides. 

4 .2 OLD HYDROFRACTURE FACILITY IMPOUNDMENT 

4 .2 .1 Groundwater Measurements That Exceeded RCRA Limits 

Except for the rad ioact iv i ty (gross alpha and gross beta 
measurements) and the counts of coliform bacteria, the mean 
concentrations of NIPDWS contaminants determined 1n downgradient wells 
were below RCRA maximum l imits (see Table 12) . The major contaminants 
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Table 12. Mean groundwater concentrations measured 1n monitoring wel ls 
a t the Old Hydrofracture F a c i l i t y Impoundment 

Measured3 

Maximum level 
Parameter3 al lowed3>b Upgradient Downgradient 

National In te r im Primary Drinking Water Standards (N1PDHS) 

Arsenic 0.05 <0.0028 <0.0033 
Barium 1 0.45 0.57 
Cadmium 0.01 <0.0011 <0.0020 
Chromium 0.05 <0.027 <0.031 
Coliform bacter ia , count/100 mL 1 5.2 <6.4 
Endrln 0.0002 <0.0001 <0.0002 
Fluoride 1 . 4 - 2 . 4 <1.0 <1.0 
Gross alpha, Bq/L 0.556 <1.2 <58 
Gross beta, Bq/L 0 .13 c 4 .8 710 
Lead 0.05 <0.01 <0.0420 
Lindane 0.004 <0.0009 <0.0011 
Mercury 0.002 <0.0001 <0.0047 
Methoxychlor 0 .1 <0.0033 <0.0041 
N i t ra te -N 10 2.7 <3.8 
2 2 6 Ra , Bq/L 0.19 <0.11 <0.19 
Selenium 0.01 0.0033 <0.0037 
S i l ve r 0.05 <0.042 <0.036 
Toxaphene 0.005 <0.0032 <0.0035 
2 ,4 ,5 -TP Silvex 0.01 <0.0070 <0.0075 
2,4-D 0.1 <0.0070 <0.0075 

Parameters establ ishing groundwater qua l i ty 

Chloride ND 12 19 
Iron ND 2.7 17 
Manganese ND 0.20 2 .9 
Phenols ND <0.0012 <0.0012 
Sodium ND 13 24 
Sul fa te ND 20 16 

Parameters used as indicators of groundwater contamination 

PH ND 6.5 6 .3 
Specif ic conductance, uS/cm NO 710 450 
Total organic carbon NO 4 .5 5.7 
Total organic hal ides ND 0.11 0.13 

Nonrequlated parameters 

Cooper*1 1 <0.0200 <0.0261 
1 3 7 Cs , Bq/L ND 1 .2 1.7 
Dissolved oxygen NO 6.9 7.4 
N1ckeld 5 <0.06 <0.06 
Polychlorinated biphenyls (PCBs) NO 0.0001 0.0001 
9°Sr . Bq/L 0.13C 1.9 460 
Temperature, °C ND 16 16 
Tr i t ium, Bq/L 670c 91000 80000 
Z1ncd 5 <0.06 <0.1476 

Concentrat ions are 1n mg/L unless otherwise stated. 
bND = maximum level f o r tha t parameter not def ined. 
cLevel of a c t i v i t y necessary to give a t o t a l body dose of 4 mR/year to a person 

dr inking 2.2 L of water per day for a year. 
^Hazardous substance guidel ines issued by the State of Tennessee (L . W. Gregory, 

Div is ion of Solid Waste Management, Department of Health and Environment, State of 
Tennessee, personal communication, 1985). 
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90 
1n downgradient wells appear to be Sr and t r i t i u m (mean 
concentrations of 460 and 80,000 Bq/L, respectively, over four quarters 
of sampling). The t r i t i u m concentrations appear to be derived from a 
source other than the impoundment, as the mean concentration of t r i t i u m 
in the upgradient wells over the same four quarters of sampling was 
s l i g h t l y higher (91,000 Bq/L) than the mean for the downgradient 
wel ls . The most l i k e l y source of t r i t i u m in these groundwater samples 
is the low-level radiological waste disposed of in the burial ground 
(SWSA-5) northeast of the 0HF. Tr i t ium has been observed in 
groundwater sampled immediately below this waste burial ground. For 
example, 1n 1974 water samples from seeps at the bottom of the h i l l on g 
the south side of the burial grounds contained 10 Bq/L of t r i t i u m 
(Duguid 1976). 

Other than the radiological measurements and col 1 form counts, 
there were Instances where the concentrations of barium, chromium, and 
lead in the downgradient wells exceeded the RCRA maximum l imi ts (see 
Table 13) . The degree to which these concentrations exceeded the l i m i t 
was generally very small: for example, the concentration of barium was 
1.09 mg/L and the l i m i t was 1; the concentration of chromium was 0.08 
mg/L ( l i m i t , 0 .05 ) ; and the concentration of lead was 0.09 mg/L ( l i m i t , 
0 . 0 5 ) . Lead concentrations in monitoring well 3 were 0 .08, 0 .08 , and 
0.09 mg/L, respectively, in the las t three quarters sampled. 
4 . 2 . 2 S t a t i s t i c a l l y S igni f icant Differences Between Monitoring Wells 

S t a t i s t i c a l analysis of the water qual i ty parameters, taken as 

rep l icate samples across the four sampling quarters, showed some 
s ign i f icant differences (P < 0.05) between monitoring wells for the 

parameters analyzed (Table 14) . However, none of these contaminants 
were those designated as primary drinking water contaminants in the 
NIP0WS (see Table 6 ) . Well 3, across the four sampling quarters, 
yielded s ign i f i can t ly (P < 0.05) higher mean concentrations of 
chlor ide, i ron, manganese, and sodium than the mean concentrations 
determined for the upgradient well over the same sampling period. On 
the other hand, well 4 contained s ign i f i can t ly higher (P < 0.05) mean 

90 concentrations of gross beta and Sr than the upgradient well (1) or 
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Table 13. Measured concentrations 1r groundwater at the Old Hydrofracture F a c i l i t y 
Impoundment that were 1n excess of Resource Conservation and 

Recovery Act (RCRA) maximum l i m i t s for groundwater 

Sampling quarter 3 

RCRA 
Parameter Unit l i m i t 1 2 3 -

Well 1 

Coliform bacter ia count/100 mL 1 5 16 BL 
Gross alpha Bq/L 0.55 BL 2 1 
Gross beta Bq/L 0.13 4 5 7 
90Sr Bq/L 0.13 ND 2 2 
T r i t ium Bq/L 670 NO 79,000 75,000 

Well 2 

Coliform bacter ia count/100 mL 1 BL 10 Bl. 
Gross alpha Bq/L 0.55 BL BL 1 
Gross beta Bq/L 0.13 2 2 3 
Lead mg/L 0.05 BL BL 0 .10 
9 0 S r Bq/L 0.13 NO BL 0.41 
Tr i t ium 8 q / l 670 NO 190,000 58,000 

Well 3 

Barium mg/L 1 BL 1 .09 BL 
Chromium mg/L 0.05 BL 0.08 BL 
Coliform bacter ia count/100 mL 1 48 BL BL 
Gross alpha Bq/L 0.55 1 1 1 
Gross beta Bq/L 0.13 8 380 570 
Lead mg/L 0.05 BL 0.08 0.08 
90Sr Bq/L 0.13 ND 250 240 
Tr i t ium Bq/L 670 NO 60,000 5,000 

Well 4 

Coliform bacter ia count/100 mL 1 IB BL BL 
Gross alpha Bq/L 0.55 11 3 1 
Gross beta Bq/L 0.13 600 1 ,300 2,700 
90 S r Bq/L 0.13 NO 420 1 ,400 
Tr i t ium Bq/L 670 ND 33,000 11,000 

Bl 
3 

120 ,000 

BL 
3 
3 
BL 
BL 
140.000 

BL 
BL 
BL 
52 
220 
0.09 
120 
210.000 

BL 
620 
2,700 
1,700 
14,000 

aBL = below RCRA groundwater l i m i t ; NO = not determined. 
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Table 14. S igni f icant differences 1n water qual i ty parameters between 
monitoring wells at the Old Hydrofracture 

F a c i l i t y impoundment 

Concentrations in monitoring wells l - 4 a 

Parameter 1 2 3 4 

Chloride, mg/L 12t 18* t 25* 14 + 

I ron, mg/L 2.7 + l l * t 37* 2.3+ 

Gross beta, mR/year 5t 2 t 300+ 1800* 

Manganese, mg/L 0 . 2 t 1 . 5 t 6 .1* 1.0+ 

Sodium, mg/L 13f 16t 39* 17 + 

PH 6 .5* 6 .4* 6 .4* 6.1 + 

Sul fa te , mg/L 20* 12f 18* 18* 

Specific conductance, 
uS/cm 

710* 630* 440f 220§ 

9 0 S r , Bq/L 1 . 9 t 0.3+ 200+ 1200* 

Concentrations are s t a t i s t i c a l l y d i f f e r e n t (0 .05 leve l ) between 
wells i f they do not have simi lar superscripts ( * , t , § ) . The 
s t a t i s t i c a l comparisons were determined using the Duncan's multiple-range 
tes t of the GLM procedure, as outl ined in SAS 1985. 

the other downgradient wells (2 and 3 ) . Well 4 also yielded groundwater 
whose mean pH was s ign i f i can t ly lower than the mean pH of the 
groundwater taken from the other wells (Table 14) . In teres t ing ly , the 
mean specif ic conductivity measurements for wells 3 and 4 were 
s ign i f icant ly lower than those from upgradient wells 1 and 2. 

4 . 2 . 3 Testing for Groundwater Contamination Using Indicator Parameters 

As described in Sect. 4 . 1 . 3 , for every sample taken from a 
monitoring we l l , each of the indicator parameters l i s ted in Table 6 
must be compared with background levels averaged from the upgradient 
wells over the f i r s t four quarters of groundwater monitoring. As was 
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the case for the 3513 data, there were a number of sampling quarters 
where four repl icate measurements were not taken. In cases where only 
single values were determined (denoted by "SV" in Table 15) , 
s t a t i s t i c a l analysis could not be performed. 

Compared to the background pH (the mean of these pH measurements 
taken from the upgradient well over the f i r s t year ) , s ign i f i can t ly 
lower (P < 0.01) mean pH measurements were observed in well 2 
( fourth quarter sampling) and well 4 (second and fourth sample 
quarters) . During the second quarter, the pH measurements in wells 1 
and 2 were s ign i f icant ly higher than the background level (Table 15). 

As indicated in Sect. 4 . 2 . 2 , measurements of specif ic conductance 
in groundwater taken from wells 3 and 4 were s ign i f i can t ly lower than 
those in groundwater from the upgradient well (see Table 15) . For 
example, measurements taken in the second quarter (243 and 161 uS/cm 
for groundwater from wells 3 and 4) were s ign i f i can t ly lower (P < 0.01) 
than the background level (709 vS/cm). These measurements, l i k e 
those of t r i t i u m concentrations, indicate potential contamination from 
the low-level radioactive waste burial ground (SWSA-5) upgradient and 
northeast of the OHF impoundment. 

Measurements of t o t a l organic carbon (TOC) varied e r r a t i c a l l y from 
one sample period to another; for example, 1n wells 1 and 4 values 
s ign i f i can t ly higher as well as s ign i f icant ly lower than the background 
levels were observed (Table 15) . A simi lar trend was observed 1n TOC 
measurements at the 3513 Impoundment, indicating e i ther a sampling 
and/or an analyt ica l analysis er ror . 

Four samples, from four d i f f e r e n t monitoring wel ls , showed 
s ign i f i can t ly higher concentrations of to ta l organic halides than were 
found in samples taken from the upgradient background monitoring wells 
(Table 15) . A l l four samples were collected in the th i rd quarter. 
These high values on th is one sampling date ( i f not a resul t of e i ther 
contamina- t ion of the samples or a procedural error in the i r analysis) 
might indicate general contamination of the groundwater with organic 
hal ides. 



Table 15. Student's t - tes t for indicators of groundwater contamination 
at the Old Hydrofracture Faci l i ty impoundment 

PH 

Well Quarter Mean 
Signif i -
cance3 

Specific 
conductance 

(liS/cm) 
Signifi-

Mean cance3 

Total organic 
carbon (mg/L) 

Mean 
Signi f i -

cance3 

Total organic 
halides (mg/L) 

Signif i -
Mean cance3 

Background1* 6.4 820 4.8 0.067 

l 1 6.2 SV 820 SV 3.4 NS 0.020 NS 
2 6.8 * * 610 NS 7.0 * * 0.010 SV 
3 6.4 NS 670 NS 5.2 NS 0.223 * * 

4 6.4 * 820 * 1.9 * * 0.073 NS 
2 1 6.3 SV 760 SV 6.3 SV 0.013 SV 

2 6.9 * * 580 * 8.3 * * 0.009 SV 
3 6.4 NS 640 NS 3.2 * 0.23 * * 

4 6.1 * * 650 NS 3.3 NS 0.044 * 

3 1 6.5 SV 710 SV 3.2 SV 0.033 SV 
2 6.5 NS 240 * * 7.0 * * 0.029 sv 
3 6.5 NS 310 * * 8.9 * * 0.27 * * 

4 6.3 * 680 NS 3.9 NS 0.061 NS 
4 1 6.2 SV 260 SV 2.2 SV 0.049 sv 

2 6.2 * * 160 * * 5.7 * 0.037 sv 
3 5.5 SV 200 SV 9.0 * * 0.26 * * 

4 6.1 * * 280 * * 2.4 * * 0.069 NS 

3SV = single value; ND = not determined; NS = not significant; * = significant at the 0.05 
level: * * = significant at the 0.01 level. 

buean background concentrations determined from upgradient monitoring wells over four quarters 
of sampling (see Table A-5 in the Appendix). 
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4.3 HOMOGENEOUS REACTOR EXPERIMENT IMPOUNDMENT 

4 .3 .1 Groundwater Measurements That Exceeded RCRA Limits 

Mean values for the RCRA groundwater-protection parameters 1n 
upgradient and downgradient monitoring wells over the four quarters of 
sample col lect ion are presented in Table 16. As in the case of the 
3513 and OHF impoundments, the major contaminants in groundwater 
downgradient of the HRE impoundment appear to be alpha and beta 
radionuclides. Mean counts of coliform bacteria in downgradient as 
well as in upgradient wells are also in excess of drinking water 
standards. I t is not clear why excessive counts of coliform bacteria 
are present in upgradient wel ls . Similar high counts were observed 1n 
the 3513 and OHF impoundments (see Tables 7 and 12). Waterfowl, as 
well as muskrat and woodchucks, are known to inhabit the ponds and 
adjoining areas and most l i ke ly contribute to the bacteria counts in 
downgradient wel ls , but the i r presence should not have a major impact 
on upgradient wel ls . 

The mean concentration of chromium in the upgradient wells was 
found to exceed the drinking water standard (<0.065 as compared with 
the l i m i t of 0.05 mg/L); however, th is is an a r t i f a c t resul t ing from 
the analy t ica l detection levels being in excess of the drinking water 
l i m i t . For example, Table 8 shows that the detection l i m i t for the 
second quarter sample from monitoring well 1 was 0.2 mg/L. I f th is 
value is deleted from the data set , the mean chromium concentration 1n 
the upgradient wells 1s 0.0203 mg/L (see Table A-4 in the Appendix). A 
s imi lar relat ionship exists for s i l v e r . For example, the mean 
concentration for s i lver in the downgradient wells was <0.0645 mg/L i f 
a l l measured values were used and the analyt ical detection level was 
used as an estimate for that value. The analyt ical detection level for 
s i l ve r for many samples was 0.07 mg/L, and 1n one case the detection 
level was as high as 0.42 (Table 8 ) . When those detection levels in 
excess of the RCRA drinking water l i m i t are deleted from the data set , 
the mean value for s i l ve r in the downgradient wells over the four 
quarters of sampling is <0.007 mg/L (see Table A-4 in the Appendix). 
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Table 16. Mean groundwater concentrations measured in monitoring wel ls 
a t the Homogeneous Reactor Experiment No. 2 Impoundment 

Measured3 

Maximum level 
Parameter3 a 1 l o w e d 3 U p g r a d i e n t Oowngradient 

National In ter im Primary Drinking Water Standards (NIPOWS) 

Arsenic 0.05 <0.0028 <0.0044 
Barium 1 <0.30 <0.74 
Cadmium 0.01 <0.0006 <0.0010 
Chromium 0.05 <0.065 <0.031 
Coliform bacter ia , count/100 mL 1 3 .0 3 .3 
Endrln 0.0002 <0.0002 <0.0002 
Fluoride 1 . 4 - 2 . 4 <1.0 <1.0 

Gross alpha, Bq/L 0.556 4 .0 <22 
Gross beta, Bq/L 0 .13 c 3 .9 380 
Lead 0.05 <0.022 <0.020 
Lindane 0.004 <0.0014 <0.0014 
Mercury 0.002 <0.0001 <0.0001 
Methoxychlor 0 .1 <0.0043 <2.5 
22&Ra. Bq/L 0.19 <0.0063 <0.053 
Selenium 0.01 <0.0033 <0.0033 
S i lver 0 .05 <0.035 <0.06 
Toxaphene 0.005 <0.0035 <0.0039 
2 ,4 ,5-TP Silvex 0.01 <0.0075 <0.0075 
2 ,4 -0 0 .1 <0.0075 <0.0075 

Parameters establ ishing groundwater qua l i t y 

Chloride ND 8.5 5.5 
Iron NO 1.9 24 
Manganese ND 0.13 4 .5 
Phenols ND <0.0018 0.0012 
Sod i urn ND 6.3 14. 
Sul fate ND 46. 44. 

Parameters used as indicators of groundwater contamination 

PH ND 6.8 6.7 
Specif ic conductance, »S/cm ND 500 590 
Total organic carbon ND 5.0 3.7 
Total organic halldes ND 0.10 0.06 

Nonrequlated parameters 

Copperd 1 <0.02 <0.04 
1 3 ' C s , Bq/L ND 0.13 0 .48 
Dissolved oxygen ND 4 .2 4 .5 
Nickeld 5 <0.06 <0.11 
Polychlorinated biphenyls (PCBs) ND 0.0001 0.0001 
9°Sr , Bq/L 0 .13 c 0.17 130 
Temperature, °C ND 18 17 
Tr i t ium, Bq/L 670c 12 190 
Zincd 5 <0.02 0 .08 

Concentrat ions are in mg/L unless otherwise stated. 
bND = maximum level for that parameter not defined. 
cLevel of a c t i v i t y necessary to give a t o t a l body dose of 4 mR/year to a person 

drinking 2 .2 L of water per day for a year. 
hazardous substance guidelines Issued by the State of Tennessee (L . W. Gregory, 

Division of Solid Waste Management, Department of Health and Environment, State of 
Tennessee, personal communication, 1985). 
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Those measurements In groundwater sampled from the HRE monitoring 
wells that were found to be 1n excess of the RCRA maximum l imi ts for 
groundwater are l is ted in Table 17. As mentioned above, the principal 
parameters in excess of the l im i ts are radionuclides and counts for 
col i form bacter ia. There were a few instances where concentrations of 
barium, lead, chromium, and n i t r a t e exceeded the l i m i t s ; however, those 
instances were few and the degree of excess was generally quite small. 

4 . 3 . 2 S t a t i s t i c a l l y S ign i f icant Differences Between Monitoring Wells 

Comparisons of RCRA groundwater parameters between monitoring 
wells revealed some s ign i f icant differences (P < 0.05) between wells 

90 
(Table 18) . Well 2 appears to be in the path of Sr leaching from 
the impoundment ( e . g . , the mean concentration over the four quarters of 
sample col lect ion was 370 Bq/L as compared with 28 Bq/L for well 4 and 
0.2 for the upgradient w e l l ) . The mean concentrations of t r i t i u m 
measured in groundwater from wells 2 and 3 were s ign i f i can t l y higher 
(P < 0.05) than those measured in wells 1 and 3. The mean t r i t i u m 
concentration measured 1n groundwater from well 3 (390 Bq/L) was also 
s ign i f i can t ly higher (P < 0 .05) than that measured from well 2 
(170 Bq/L). Well 3 also showed the highest concentration of sodium 
(Table 18) . The mean chloride level measured in groundwater from well 
1 (the upgradient wel l ) was s ign i f i can t ly higher (P < 0.05) than those 
measured In groundwater from wells 3 or 4 , but s imi lar to that measured 
in well 2 groundwater. 
4 . 3 . 3 Testing for Groundwater Contamination Using Indicator Parameters 

As described in Sect. 4 . 1 . 3 , for every sample taken from a 
monitoring we l l , each of the indicator parameters l i s t e d 1n Table 6 had 
to be compared with background levels of these parameters in 
groundwater from the upgradient wel ls , averaged over the f i r s t four 
quarters of groundwater monitoring. As was the case for the 3513 and 
0HF groundwater monitoring data, four repl icate measurements were not 
taken in a number of sampling quarters. Where only single values were 
determined (denoted by "SV" in Table 19) , s t a t i s t i c a l analysis could 
not be performed. 

Four groundwater samples were s ign i f icant ly lower (P < 0.05) in pH 
than the background samples (Table 19). Two of the samples were from 
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Table 17. Measured concentra t ions I n groundwater a t the Homogeneous Reactor Experiment 
No . 2 Impoundment t h a t were i n excess of Resource Conservat ion and 

Recovery Act (RCRA) maximum l i m i t s f o r groundwater 

Sampling q u a r t e r 3 

RCRA 
Parameter Un i t l i m i t 1 2 3 4 

Well 1 

Col i f o r m b a c t e r i a count /100 mL 1 8 4 81.3 BL 
Gross alpha Bq/L 0 .55 1 1 BL 9 
Gross beta Bq/L 0 . 1 3 10 4 1 1 
Lead mg/L 0 . 0 5 0 .07 BL BL BL 
N i t r a t e - N mg/L 10 24 BL BL BL 

Well 2 

C o n f o r m b a c t e r i a count /100 mL 1 30 BL BL 2 
Endrln mg/L 0 .0002 0 .0008 BL BL BL 
Gross alpha Bq/L 0 .55 6 6 BL 200 
Gross beta Bq/L 0 . 1 3 720 950 810 B40 
22&Ra Bq/L 0 .185 0 .33 Bl. BL BL 
9 ° S r Bq/L 0 . 1 3 N0b 540 140 430 

Well 3 

Barium mg/L 1 ?. BL BL BL 
Col i for in b a c t e r i a count /100 mL 1 BL 2 BL BL 
Gross alpha Bq/L 0 . 5 5 1 BL BL 2 
Gross beta Bq/L 0 . 1 3 24 4 2 1 
Lead Bq/L 0 .05 0 .09 BL 8L BL 
9 0 S r Bq/L 0 . 1 3 ND 1 .3 BL • BL 
Toxaphene mg/L 0 .005 0.005 BL BL BL 

Well 4 

Barium mg/L 1 2 .7 BL BL BL 
Chromi um mg/L 0 .05 BL 0 .06 BL BL 
C o l i f o r m b a c t e r i a count /100 mL 1 BL 6 BL BL 
Gross alpha Bq/L 0 . 5 5 24 BL BL BL 
Gross beta Bq/L 0 . 1 3 900 210 65 61 
9 0 S r Bq/L 0 . 1 3 ND 1 50 32 

a B l =• below RCRA groundwater l i m i t ; ND = not determined. 
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Table 18. Signi f icant differences in water qua l i ty parameters between 
monitoring wells at the Homogeneous Reactor 

Experiment No. 2 impoundment 

Concentrations in monitoring wells l - 4 a 

Parameter 1 2 3 4 

Chloride, mg/L 8 .5 * 7 . 2 * f 4 .6+ 4.6+ 

Tr i t ium, Bq/L 12§ 170+ 390* 24§ 

Sodium, mg/L 6 . 3 f 12 + 25* 5.8+ 

PH 6 . 8 * t 6.6+ 6 .7*+ 6 .9 * 

Sul fa te , mg/L 46* f 57* 41 + 35+ 

9 0 S r , Bq/L 0 . 2 f 370* 0.5 + 28+ 

Temperature, °C 18* 17*+ 16+ 17*+ 

aConcentrations are s t a t i s t i c a l l y d i f f e r e n t (0.05 leve l ) between 
wells i f they do not have s imi lar superscripts ( * , t , § ) . The 
s t a t i s t i c a l comparisons were determined using the Duncan's multiple-range 
tes t of the 6LM procedure as outlined in SAS 1985. 

well 2 ( th i rd and fourth quarters) , and the remaining two samples were 
taken from wells 3 and 4 1n the fourth quarter of sampling. There 
seemed to be considerable var iat ion in specif ic conductance 
measurements. For example, s ign i f icant ly smaller as well as 
s ign i f icant ly larger values were observed 1n samples from the same well 
over the four quarters of sample co l lec t ion . There does not seem to be 
a pattern with respect to t ime. For example, well 2 showed lower 
specif ic conductance measurements in the fourth quarter re la t ive to 
those measured during the second and t h i r d quarter . Well 3, on the 
other hand, revealed s ign i f i can t ly lower measurements than the 
background in the second quarter of sampling, and in the th i rd and 
fourth quarter had measurements that were s ign i f i can t ly higher than the 
background measurements (Table 19). 
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The t o t a l organic carbon (TOC) 1n downgradient wells appeared to 
be generally lower than the background measurements. For example, 
three of the four s igni f icant differences observed between the 
measurements 1n groundwater downgradient from the impoundment contained 
lower rather than higher TOC levels . In one Instance, in well 3 (where 
the sample was taken the second quarter) there was an Increase in TOC 
in groundwater downgradient from the impoundment. 

Only one groundwater sample showed a t o t a l organic hallde (TOX) 
content that was s ign i f icant ly higher (P < 0.01) than that measured in 
the background samples. This sample was taken from well 2 during the 
f i r s t quarter of sampling (Table 19) . Samples taken from the same well 
at l a t e r dates showed a mean concentration of TOX less than one-fourth 
of that measured the f i r s t quarter. 



Table 19. Student's t - t e s t for indicators of groundwater contamination at the 
Homogeneous Reactor Experiment No. 2 impoundment 

Specific 
conductance Total organic Total organic 

PH (»S/cm) carbon (mg/L) halides (mg/L) 

S ign i f i - S ign i f i - S igni f i - S ign i f i -
Well Quarter Mean cance3 Mean cance3 Mean cance3 Mean cance3 

Background1* 6.8 500 5.0 0.10 

1 1 6.8 SV 640 SV 2.9 SV 0.540 SV 
2 6.9 NS 520 NS 6.5 NS O.Ol 4 SV 
3 6.7 NS 440 NS 8.3 * * 0.086 NS 
4 6.7 NS 520 NS 0.71 * * 0.023 NS 

2 1 6.7 SV 720 SV 2.3 SV 0.410 * * 

2 6.7 NS 720 * * 5.9 NS O.Ol 5 SV 
3 6.5 * * 720 * * 4.5 NS 0.075 NS 
4 6.5 * * 240 * * 0.95 * * 0.029 NS 

3 1 6.9 SV 730 SV 2.1 SV 0.36 SV 
2 6.6 NS 290 * * 8.2 * * 0.013 SV 
3 6.9 NS 750 * * 3.4 NS 0.029 NS 
4 6.5 * * 730 * * 0.83 * * 0.024 NS 

4 1 6.7 SV 630 sv 0.24 SV 
2 6.6 * 560 NS 6.1 NS 0.006 : v 
3 7.5 NS 610 * * 2.7 * 0.023 NS 
4 6.6 * * 580 * l .O * * 0.016 NS 

aSV = single value; NO = not determined; NS = not signif icant; * = significant at the 0.05 
level: * * = significant at the 0.01 level. 

"Mean background concentrations determined from upgradient monitoring wells over four quarters 
of sampling, see Table A5 of Appendix A. 
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5. SUMMARY AND CONCLUSIONS 

As one would expect, the contaminants that most often were found to 
Impact groundwater qual i ty at a l l three waste Impoundments were 
radionuclides. The mean concentrations of gross beta a c t i v i t y 1n the 

groundwater from downgradient wells exceeded the drinking water l imi ts of 
4 mR/year at a l l three s i tes . At the 3513 and OHF impoundments, th is 
l i m i t (4 mR/year, assuming a person drinks 2.2 L of water per day for a 

90 year) was exceeded by concentrations of e i ther Sr or t r i t i u m . At the 
90 

HRE Impoundment, the l i m i t was exceeded only by the level of Sr in the 
groundwater. The mean concentrations of alpha a c t i v i t y in the 
downgradient groundwater also exceeded drinking water standards at a l l 
three impoundments. The mean counts of coliform bacteria in downgradient 
and upgradient monitoring wells at a l l impoundments were in excess of the 
RCRA drinking water standards. The source of the bacteria in the 
groundwater has not been Ident i f i ed but is assumed to be the excrement of 
waterfowl and animals such as woodchuck and muskrat that inhabit the areas. 

At the 3513 Impoundment, there is substantial evidence that the 
downgradient groundwater has been contaminated by chromium and lead and 
possibly by halogenated organic compounds. Groundwater qual i ty upgradient 
of the 3513 impoundment is believed to be strongly impacted by the 
leaching of constituents from leaking underground waste l ines or the 3524 
waste holding basin located ~25 m to the northwest of the 3513 
Impoundment. The 3524 basin is presently being used to store laboratory 
wastewater e f f luent before treatment at the process waste treatment 
p lant . Indications of impact by the 3524 basin are higher measurements of 
specif ic conductivity and sul fate in groundwater from upgradient wells 
than from downgradient wells at 3513. 

At the OHF impoundment, lead concentrations of 0 .08 , 0 .08, and 
0.09 mg/L were observed 1n groundwater samples (taken the second, t h i r d , 
and fourth quarter, respectively) from one of the downgradient monitoring 
wel ls . These values are s l i g h t l y in excess of the RCRA l i m i t for 
groundwater (0.05 mg/L). A lead concentration of 0.10 mg/L was also 
observed 1n a groundwater sample taken from one of the other downgradient 
monitoring wel ls , indicat ing possible contamination by lead. The high 
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mean concentration of t r i t i u m measured in the upgradient well (~91,000 
as compared with the 80,000 Bq/L in the downgradient wel ls) indicates that 
groundwater qual i ty has been affected by radioactive wastes burled in the 
low-level radioactive waste burial ground (SWSA-5) upgradient of the 
impoundment. Another indicat ion that this burial s i te is a f fec t ing water 
qual i ty at the OHF impoundment is the s ign i f i can t ly (P < 0.01) higher 
readings for specif ic conductance 1n the upgradient well as compared with 
the downgradient wel ls . 

Two groundwater samples at the HRE s i t e contained levels of 
herbicides in excess of the RCRA l i m i t . For example, in the f i r s t quarter 
of sample co l lect ion , Endrin was measured 1n groundwater from well 2 at a 
concentration of 0.0008 mg/L ( s l i g h t l y higher than the 0.0002 mg/L 
l i m i t ) . Toxaphene was also found during the f i r s t quarter 1n well 3 to be 
at the RCRA l i m i t of 0.005 mg/L. This is the f i r s t instance of detection 
of herbicides or pesticides in groundwater at any of the three 
impoundments in concentrations in excess of the RCRA l i m i t s . There is a 
record of sodium borate being added to k i l l weeds during back f i l l ing of 
the HRE Impoundment (Stansf le ld and Francis 1986c), but there is no record 
of the use of Endrin or Toxaphene. These compounds were not detected in 
any of the groundwater samples taken at l a t e r dates. 

There were also instances at a l l three sites where lead, barium, and 
chromium were detected a t levels in excess of the RCRA maximum l i m i t . 
However, none of these metals were in excess of the l i m i t more than twice 
over the four quarters of sampling (4 wells x 4 sample periods), and 1n no 
case was an excess observed twice in the same we l l . S t a t i s t i c a l analyses, 
in which sample quarters were used as rep l icate analyses, revealed no 
s t a t i s t i c a l differences between monitoring wells for the RCRA parameters 
for which l imi ts have been set (the primary drinking water standards). 
The exception was gross beta measurements at both the 3513 and OHF 
impoundments. 

Testing for groundwater contamination, using the indicator parameters 
outlined in T i t l e 40, CFR (Subpart F, Groundwater Protection, para. 
265.92) , disclosed s t a t i s t i c a l l y s igni f icant contamination at a l l three 
s i tes . This test ing procedure is the one prescribed by USEPA to determine 
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I f there 1s an Indication of groundwater contamination at RCRA-perm1tted 
s i tes . The procedure involves a comparison of pH, specific conductance, 
to ta l organic carbon, and to ta l organic halides concentrations at each of 
the wells at a specific sample time with the I n i t i a l background levels 
taken from the upgradient well over four quarters of sample col lect ion. 
The Student's t - t e s t at the 0.01 level of significance is used to 
determine s t a t i s t i c a l l y s igni f icant Increases (and decreases, in the case 
of pH) over i n i t i a l background levels. 



17 ORNL/TM-10193 50 

REFERENCES 

Duguid, J. 0. 1976. Annual progress report of burial ground studies 
at Oak Ridge National Laboratory: Period ending September 30, 
1975. 0RNL-51Al. Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

Francis, C. W., and R. 6. Stansf ie ld. 1986. Characterization plan for 
the old Hydrofracture F a c i l i t y (OHF). ORNL/TM-9991. Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

Larsen, I . L . , and N. H. Cutshall . 1981. Direct determination of 
7Be in sediments. Earth Planet. Sci . Let t . 54:379-384. 

SAS I n s t i t u t e Inc. (SAS). 1985. SAS User's Guide: S t a t i s t i c s , 
Version 5. SAS I n s t i t u t e Inc . , Cary, North Carolina. 

Stansf ie ld , R. G., and C. W. Francis. 1986a. Characterization of the 
3513 impoundment. ORNL/TM-9936. Oak Ridge National Laboratory, 
Oak Ridge,Tennessee. 

Stansf ie ld , R. G., and C. W. Francis. 1986b. Characterization of the 
old Hydrofracture F a c i l i t y (OHF) Impoundment. 0RNL/TM-9990. 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Stansf ie ld, R. G., and C. W. Francis. 1986c. Characterization of the 
Homogeneous Reactor Experiment No. 2 (HRE) Impoundment. 
ORNL/TM-10002. Oak Ridge National Laboratory, Oak Ridge, 

Tennessee. 

Stansf ie ld , R. G., and C. W. Francis. 1986d. Characterization plan 
for the waste holding basin (3513 Impoundment). ORNL/TM-9969. 
Oak Ridge National Laboratory. Oak Ridge, Tennessee. 

U.S. Environmental Protection Agency (USEPA). 1982. Test methods for 
evaluating solid waste, physical/chemical methods, 2nd Ed. 
SW-846. U. S. Environmental Protection Agency, Cincinnat i , Ohio 

U.S. Environmental Protection Agency (USEPA). 1983. Methods for 
chemical analysis of water and wastes. EPA-600/4-79-020. USEPA 
Environmental Monitoring and Support Laboratory, Off ice of 
Research and Development, Cincinnati , Ohio. 



APPENDIX 

CONCENTRATIONS OF GROUNDWATER QUALITY PARAMETERS 
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1 
1 1 

1 
0 , 0 1 4 0 0 1 

I 
1 1 

I 
0 . 0 6 5 7 5 1 

1 
41 

1 
0 . 0 2 3 0 0 1 4 

T E M 3 E R A -
T<JR" 

I 3 E G . C 
I 

I ND 
1 

i 
i 

1 
. 1 

1 
. 1 

1 
. 1 

I 
. 1 

1 
1 8 . 5 5 0 0 0 1 

1 
4 1 

I 
1 7 . 0 7 5 C 0 ! 4 

TOXAPHEM i J M G/ L 1 0 . 0 0 5 i - 3 . 0 C 2 0 0 1 1 1 - 0 . 0 0 2 0 0 1 1 1 - o . o o e . o o i 11 - 0 . 0 0 5 0 0 1 1 
• — — — — — — — — — _ — M MM MM MM MM + M MMMMMMMMM+ — — • — mmm m mm mm «f MMMMM MM MM f — — 

T fv I T I U '1 1 !i j / L I T O i . 1 . 1 2 0 . 0 0 0 C 0 I 1 1 3 . 0 C 0 0 0 1 1 1 1 3 . 0 0 0 0 0 1 1 

: r \ c J '1 j / L 1 5 i - 0 . 0 2 0 0 G I 1 1 - 0 . C 2 C 0 C 1 1 1 . 1 . 1 . 1 • 

{ C j\TIN JE 0 J 



TASL^ A - l . CCJNCENTR ATlCUS DF G'CUNDKATER QUALITY PARAMETERS 
OVER 3UASTERS OF SAMPLING 

SITE=H3E rtcLL NUMBER=1 

! SAMPLING ClUAOTER 

I 1 : 2 I 3 1 4 I 

I MEASURED i MEASURED 1 MEASURED J MEASURED 1 
1 CTNCE'ITRA- i C3NCENTRA- ! CCHCENTRA- I CONCENTRA- 1 
I T ION i TION 1 TIQN 1 TION 1 

J MEAN IN : MEAfl IN 1 MEAN IN I MEAN IN 1 

I PARAM£ TtRlU.MI TS 1 L IMIT ! I i 1 I 1 I 1 I J • — — — — — - 1 1 i 1 I I 1 1 I 
I 2,4-0 ! "1 3/ L 10 4 

• •»• I -0,00500! I i - 0 .0G50C! 11 -G.C1C00! 11 -O.ClOOOi 11 

I 2 » 4 -5 T tMJ /L JO . 0 1 1 305001 l i - 0 . 0 0 5 0 0 1 11 - 0 . 0 1 C 0 0 I 11 - 0 . 0 1 3 0 0 1 11 

ui 
V I 



TMLE a-l. CONCENTRATIONS OF GROUNDWATER QUALITY PARAMETERS CVE9 FOU* JUASTEPS OF SAMPLING SITE = H=?E WELL NUM9E R = 2 
SAMPLING QUARTER I I S I 1 2 I 3 1 4 

I MEASURED 1 MEASURED 1 MEASURED 1 MEASURED I CONCENTSA- I CONCENTRA- I CGNCENTRA- I CONCENTRA-1 TIJN 1 TION I TION I TION 1 1 MEAN IN 2 •+-- + • 
I t 1 1 

ME AN IN I MEAN IN 1 • + --• 
I I 1 1 

MEAN IN 
• 

I I I4R3INIC I 1 J flIIU w I 
icad^TUI 
J 
ICZSIUVI-
J: 37 i 

UN:TS 
n J/l 

JLT.1IT 
1 -0.OCoOO t 11 -C.OOlCOl II -0.0C500I II -0.303001 

IMZ/L 
I MG/L 

J 1 
IS.oi 

I 0.350001 
I -0,00100! 

ii :.is3CJI 
11 -0.001001 

II -C.5C0G31 
11 G.0CC201 

II -3.50900 I 
II -0.300201 

! rJ 3/ L I 
1 ND 
I I 1 I 2.07934 I 1 I II o.coccci I 11 1 . I 1 . I 1 . 1 

I 1 CHROMIUM 
1 M G/ L 
1MG/L 

I 'JO 
10.05 

I 13.0 0"001 
1 -0.05:001 

11 5.0C0001 11 6.0 C 000 I 
11 0.025001 

11 4.eooooi 
11 -C.020001 
11 0.000001 

11 0.013001 
11 2.000001 ICOLIF I 

ICCP^E^ I I JI 5 5 . I J X Y G L N I 
'.It'uZl'i I 1 F LU 1 OE I 

IC0L/100 
! MG/L 

! 1 
11 

1 30.000001 
I - 0 . 0 2 0 0 0 1 

11 
11 

C. 000301 
II -0.0200OJ - + - -_- + 
1 I .1 .1 

1 .1 I 
I 3/ L 1 

I NO 1 1 . 1 3 
II -0 

1 
.575001 
.0CG2C 1 

1 1 41 3.550001 
i l j / L 10. 0002 

11.4-2.4 
I 0.090801 
I -1.0C0001 

11 -o.oooioi 
II -1.000001 

II -C.000201 
11 -1.000001 I MG/L 

1BQ/L 
II -1 .000001 

I100001 !o-fl LP H A 
j - a 

10 .555 
10.29 

1 5.000001 
1720.0C0001 

11 5.50:0 01 
11950.000001 

11200.000001 
11840.C00001 I I IP3N I I L E A D 

ISS/L 
IMG/L 

1 1 8 1 0 

II 
.0 COCO 1 

• I 1NO 
10 .05 

! 24.0 0000! 
I 0.030001 

11 2.330001 
11 -5.0010C1 

.1 1.500001 
11 0.008001 IMG/L 

I M j/ 
11 0 

II -c 
.030001 — + • 
.0C2001 

. 1 
ILINDANE I I M A N G A N E S I 1 1E 3 C U 3 Y 1 I METHOXY-ICHLO?. 

I 0.004 
I NC 

I . I 
I 5.300001 

.1 -3.000101 
II 0.763C0! 

11 - 0 . 0 0 2 0 0 1 

.1 C.710001 : 1 -13/ L 
1 MG/L 

II 
11 I0.0C2 1 3.O0305 1 II -C.0C0C51 -+• • ' 

1 I H -0.C002C1 

. 0C0 201 + 
1 .oceoct 

II -0.300101 
I M 0/ L 10.1 

1 
1 0.00230 I 11 -C I I 

11 -0.003001 

(C0NTT'1UED ) 



C Q N C I M = ATXCNS 3F GFICUNDVIATER QUALITY PARAMETERS 
0 V E° FGUR G'JA^TERS OF SAMPLING 

S I T = = HP.E WELL. MUM3ER=2 

I : 
I 1 j 
! MSFT3U3ED 
! C 3'IC EN TR A-
! T ION I 

1 
SAMPLING CUACTEK 

2 1 * 1 
1 ME.A5URED ! MEASURED 1 MEASURED 
I CONCENTRA- 1 COKCENTSA- I CONCENTRA-I TIO*! 1 TION 1 TION 

! MEAN IN ! MEAN I N 1 MEAN I N I MEAN I N 

t I t 1 1 1 1 1 I I I 1 1 1 1 1 
1 - 0 . 0 6 0 3 0 1 11 - 0 . 3 6 0 0 0 1 I I . 1 . 1 . 1 . 

IPC^A-IETE^IUNITS ILI-1IT 
I N I C K E L 1MG/L 15 I-I .MIT ? A T £- M M 3/ L I 
IPC3 1MG/L 

! D H 1PH 

1 PHENOLS 1MG/L j 

110 1 5.000301 11 -1.000001 II .1 .1 . 1 
IND 

INC —---
I N3 

1 . 1 
I 6 . 7 0 0 3 3 1 

1 - 3 . 0 0 1 3 3 1 

. 1 0 . 0 0 0 1 5 1 

11 6 . 7 2 5 0 0 1 

II -0.0010b! 

11 .1 
41 6.5GOOO| 
. 4 . - . . . . . . . 
I I - 0 . 0 0 1 C 0 1 

.1 .1 
41 6 . 4 7 5 0 0 1 

11 3 . 0 0 1 0 0 1 

1 - .ADIUM-I c26 I 
1 B 3/! I 1 0 . 1 3 5 1 1 

0 . 3 3 0 0 0 I 
1 1 11 -0.02000I I I 

I I - 0 . 0 3 0 C 0 1 
I I 

11 - 0 . 0 1 0 0 3 1 

1S EL EN I UM 1MG/L 1 0 . 3 1 

I S I L V E R IR I3 /L 1 3 . 3 5 I- * f 

I - 0 . 0 G 5 C 0 I 

1 - 0 . 0 7 3 0 3 ! 

11 -Q.001001 
1 ! - 0 . 0 7 0 0 3 ! 

11 - 0 . 0 C 5 0 3 1 

11 - 0 , 0 0 0 5 0 ! 

1! -0.C 02001 
II -0.001001 

I SODIUM I M G / L IM3 

ISP.CON 3 . 1UMH0S/CM IND I 

I . 1 
1 7 2 1 . 0 0 0 0 0 1 

. 1 1 2 . 70(I^C 1 

1 1 7 1 5 . 5 3 0 0 0 ! 

I I . 1 

41724.COCOOL 

.1 11.000001 
4 1 2 4 1 . 2 5 0 0 0 1 

ISTsQrJTIUMltJa/L I 30 I J 
1 0.3 1 . 1 1 1 

. 1 540.OOCOO1 
1 1 

1 1 1 4 0 . 0 3 3 0 0 1 
1 1 

I I 4 3 0 . 0 0 0 0 0 I 

1 M 3 / L LSULFAT: I 
I T . ORG. L.'JG/L 
1C ARSON 1 I 

! i l l 7 5 . 0 0 0 0 3 1 I I 55 . OCOCC/I I I 5 1 . 0 C 3 C 0 ! I I 4 6 . 0 0 0 0 0 1 

! N3 I 1 
2 . 2 9 0 0 0 1 

1 1 
11 5 . 3 7 5 0 0 1 

1 1 
41 4 . 5 0 0 0 0 ! 

I 1 
41 0 . 9 4 7 5 0 1 

I T . 3 R 3 . 1MG/L IND 
IMAL3GEN 1 I j + 

1 
0 . 4 1 0 3 3 1 

1 I 
11 3 . 0 1 5 0 0 1 

I I 1! 0.074751 I 1 
41 0.029251 

1 TEMPER A-
ITURE j 
1 TOXAPHZNEIM 3/ L 

1 D " G . 1 
IND I I . I 

I . 1 I . I 1 I .1 16.425C0! I I 
41 1 6 . 1 0 0 0 0 ! 

1 0 . 3 0 5 

17 43 

I 5 

I 0 . 0 0 3 0 0 1 

! . I 
I 0 . 3 5 2 0 0 ! 

II -0.00200! 
. 1 2 3 3 . 0 0 0 0 0 ! 

1 ! - 3 . 0 2 C 3 0 I 

I I - 0 . 0 C 5 3 C 1 - + 
1 ! S 6 . 0 C C 0 0 ! 

11 -O.OO^OOl 
1 TRITIUM 1 !: 1 \ c 

1 3Q/L 11190.C00001 
. 1 .1 IMG/L 1 1 ! 

(CONTINUE 3) 



TA'lLE A-l. CONCENTRATIONS OF GROUNDWATER QUALITY FARAMETERS OVER FOUR QUA3T£<?$ OF SAMPLING $lT3=-t3E WELL MUMBER = 2 
I SAMPLING 3 UAPTER 
I I 1 I 2 I 1 4 I I 1 
! 

1 MEASURED I CONCENTRA-I TION 
I I I 

MEASURED I CONCENTRA- I TION I 
MEASURED CONCENTRA-TION 

1 I I 
MEASURED CONCENTRA-TION I I I MEAN IN I MEAN IN I MEAN IN I MEAN IN 

JPARAME TE R1 UNITS 1 LIHT 1 I 1 I 1 -0.005001 
I I It 

1 1 1 I -0.305001 11 
I I -0.010001 

I I 11 
1 1 -0.010901 12•4-0 ! M 0/ L 10.1 

1 I 1 I 1 -0.005001 
I I It 

1 1 1 I -0.305001 11 
I I -0.010001 

I I 11 
1 1 -0.010901 11 

I,:»4-5 T JMG/L 10.01 I -0.005001 11 -C.005001 11 -C.010001 11 -0.010001 11 

ui 00 



TA3LE 4-1. CONCENTRATIONS OF GROUNDWATER QUALITY PARAMETERS OVER F3UR QUARTERS OF SAMPLING *5ITE = HRE WELL NUMBER= 3 
J 
! 1 I 

SAMPLING QUAP TER 
2 I I j — -—«•• 

! MEASURED I I CCNCENTRA- I I TION I I -1 MEAN 

MEASURED I CONCENTPA- I TION I 
MEASURED 1 CGKCENTRA- 1 TION 1 

MEASURED CONCENTRA-TION 
IN 1 --- — --+-- + -
I I I I 0.015 001 II 

MEAN IN I MEAN IN 1 + — + . 
1 I ! 1 •0.0C5C0I 11 

MEAN IN 
PARSMETE 11 UNITS 
AaSENIC JMG/L 

IL IMIT 
10.05 

1 I 1 I •0.001C01 11 
1 I -0.003001 

CADMI'JM 
MG/L 
IM 3/L 

I 1 
1 0 , 0 1 

1 1.503001 II 
I -0.3C1001 II 

5.105001 
G.0G35C! 

I -0.500001 II 
I -0.00G20I 11 

•0.500001 
•0.000201 

CSGI'JM-
• J : 

I B V L 1 1 uc I 1 I 
C . 3 5 8 9 9 1 I I 

I G.COOOOI I 1 .1 .1 
— - — - - + - - + -5 >000001 11 

I . I 
CHLO°.I JE 
CHSJII'JM 

I -I G/ L 
ris/L 

I ND 
10.05 

I 6.0 300 31 11 
I -0.05000! II 

4. OOOCJI 3.40000 1 
G.0212CI 0.0C4001 II 

G .000001 11 
0.02700! 
0.000001 CD_IF0-?I* 2 C OL/i 0 v 

MG/L 
11 I 3.030001 11 

1 -0.32030! 11 
2.009C0! 

11 •0.020001 .1 .1 
I 1 

6.92500! 41 

I 
DISS. OXYGEN I M 3/L ! 

I ND 1 1 ! 1 .1 
1 

4.25000! 
EN3-IN 
FL'JD=iID= 
3-ALP HA 

IMG/L io.oo:^ I -0.300101 II -0.000101 ! -0.000201 1! -C.C0020! 
I MG/L 
IB vi/L 

11» 4— 2.4 
10.555 

I -1.0 00C31 11 
I 1.100001 II 

•l.COOCCI 
0.100001 

1 -1.00000! 1! 
I -0.10003! 1! 

•1.000001 
1.500001 

o-j£TA 
i 3QN I M 3/L 

13.29 
I ND 

I 24.0C0001 II 
1 83.00^00! 11 

3.60GC0I 1.50000! II 
r r r r 

0.700001 
4.S3000I 4.14000! 

LEAD 

-INSANE 
IMG/ L 
! ;/ L 

10.05 
10.004 

1 0.09000! 1! 
1 . 1 . ! 

•o.coieci 
•o.oooici" 

! 0.00500! 1! 
! -0.GC200! 1! 

0.012001 
•0.00200! 

M A NGA NES ' 
v.ERC'Ĵ Y 

11 3/L 
I MG/L 

I ND 
10.002 

1 7.9C000I 11 
! -0.000051 II 

0.160CC1 . 1 . ! 0.24000! 
!""o.ocoioI~l!~-0«000101 •0.000051 

'1ITH0XY-; HL CH ! "10/ L I 
10.1 I 1 1 0.00030! 1! 1 -0.CC020I I 1 •0.OC800I II 1 -0.008001 

(CCNTINUED> 



TA3LE FC-1. CONCENTRATIONS OF GROUNDWATER QUALITY F AC AKETER5 
?V£R FOUR QU ASTE3S OF SAMPLING 

SITE=HRE WELL NUM3ER=3 

I SAMPLING GUAPTER 

I I 1 2 1 3 1 4 j + 
I MEASURED I MEASURED 1 MEASURED 1 MEASURED 
! CONCE'lTf?A- I CONCENTRA- J CDACENTRA- J CONCENTRA-
I T ION 1 T ION I T ION 1 T I 3 N | 
! M E A N I N 1 M E A N I N 1 M E A N I N 1 M E A N I N 

J 3 ASAMITE R!UNITS IwIMIT 1 I 
1 

0 . 0 6 3 G M 
1 
I 

11 
1 
I 

-0 .350001 
1 
I 

11 
! 
1 

.1 
! 
1 

.1 
1 
1 

.1 W L C K E L l MG/L 15 I 
I 
1 

0 . 0 6 3 G M 
1 
I 

11 
1 
I 

-0 .350001 
1 
I 

11 
! 
1 

.1 
! 
1 

.1 
1 
1 

.1 . 1 
: nitrat;-NI '1G/ L I1C 1 -5.3 03001 11 -1.G0C0C1 11 .1 . ! . 1 • I 

— — 1 
IPCL I MG/L I tie \ .1 .1 0,003111 11 • 1 .1 • ! • 1 
I ?h IPH IND l 5.93000J 11 6.6CC0CI 41 6.975031 41 6.475001 41 • • • • 4 * — + - " I 
1PHENOLS I MG/L IND i -O.'IQIOO 1 1! -0.001001 11 -O.OCIOOI 11 O.CClOCl 11 
IRADI'JM-
1225 

I 3 Q/L 
I 

10.185 
I 

i 
i 

I 
-0.00100 I 

1 
11 

I 
-C.C1000I 

I 
11 

I 
-O.OC500I 

1 
11 

1 
-C.3700C1 11 

1 S EL EN I J" IMG/L 10.01 i -0.005001 1! -0.001001 11 -0.00500! 11 -0.002001 11 
I3IH/ER IMG/L 10.05 i -0.07000 I 11 -O.C7300I 11 -C.3CC50I 11 -0.001001 11 
I 5 ODIUM IMG/.L INC i . 1 • I 21.70000! 11 . I .1 28.000301 11 
ISO. C0N3. 1JMHC3/CM I NO 1725.00003 I 11294.750001 41744.75000 I 41 72 S * COOJJO 1 41 
I STRONTIUM 133/L 
19 3 1 

10 .3 
I 

I 
I 

I 
. 1 

! 
. 1 

1 
1.30 00 31 

I 
11 

I 
0.120C01 

1 
1! 

1 
C.18000 I 11 

SSULFATS IMG/L IND 1 39.0C3001 1! 43.0S0001 11 42.0C0C01 11 42.000001 11 
IT. 3RG. 
ICA«aON 

IMG/L 
! 

IND 
I 

1 
I 

I 
2.08030! 

I 
1! 

1 
8.2250C! 

1 
4! 

1 
3.425001 

1 
41 

1 
9.827501 4! 

IT. ORG. 
1 halogen 

IMG/L 
1 

5 MD 
1 

I 
I 

I 
0.360001 

! 
11 

I 
0.013001 

I 
11 

1 
0.02875! 

1 
41 

1 
0.C24251 41 

t TEMPERA-
I TURE 

IDEG. C 
I 

IND 
I 

I 
I 

! 
. 1 

1 
. I 

I 
.1 

1 
. 1 

I 
17.025001 

I 
4! 

1 
15.000001 41 

Itdxa^hen E IMG/L 10.305 I 0.035 201 1! -O.OC2COI 11 -O.OC5CO! 11 -C.00500 1 11 
! T RI TIU -1 I33/L 1740 I . 1 . 1 370.30 00 01 11430,000001 1!35C,000001 11 
I :inc IMG/L I 5 I C.133001 11 -0.C23CCI 11 . I .1 . 1 • X 

{ Z D̂TIN'JED ) 



TATLE A-l . CuNCENTRATIJNS OF GROUNDWATER QUALITY FflCAYETERS OVER FOUR QUARTERS OF SAMPLING SIT==HRE WELL NU^QER=3 
SAMPLING QUARTER 

J 1 1 
MEASURED 1 MEASURED 1 KEASURED ! MEASUREO 

C3NC E%TRA- I CONCENTRA- ! CONCENTRA- I CONCENTRA-
TION 1 TION 1 TICN I TIDN 

*EAN IN 1 MEAN (N I MEAN IN ! MEAN IN 
PARa'1ETERi:JNITS iLl^IT 
214-0 IMG/L IJ.l 
2.4-5 T IMG/L 13.01 

-^.305001 1! -O.OC5CO! XI -0.01C001 ll -0.010001 1 
1 -0.005001 11 -0.005001 1! -0.010001 ll -0.010001 1 



TADLE A - L . CONCENT* ATI3MS JF GROUNDWATER OUALITY FAGA»"ETERS 
OVER FOUR QUARTERS OF SAMPLING 

S :TE=HRE HELL NUMB£3=4 

I 
SAMPLING QUARTER 

2 ! 3 

! I 
1 1 I 
J ^SASU^.ED I MEASURED I 
1 CONCENTRA- I CONCENTRA- I 
1 T ION I T ION I 

I MEAN IN I MEAN I N I 

1 
MEASURED 1 

CONCENTRA- I 
T I O N J 

MEAN IN I 

MEASURED 
CONCENTRA-

T I O N 

MEAN I N 

. - - - -AMETERIUNIT5 

'.hRSENIC H'3/L 1 

I L I M I T 

! 0 . C 5 
I I 

0 . 0 C 4 0 0 I 

I I I I 1 I 
11 - C . O O I O C ! 11 

1 I 1 1 
•O.OOSOOL I I 

1 1 -0.CO3001 
18ASIUM I_______ 1 MG/L 

1M'3/L 
1 1 
I 0 . C1 

1 2 . 7 0 0 0 0 1 

I - 0 . 0 0 1 0 0 1 
11 0.494001 - 0 . 5 C 0 C 0 I I I 

- 0 . O C 0 2 0 I I I 

-0.500001 
-3.000201 1CADMIUM I 11 0 . 0 0 3 5 C 1 

t CE5IUM-
1137 I 

I 3 Q/ 1 I 'JO I t I 
I 0 , 3 0 3 4 8 1 

I II I 
0 . 1 5 1 7 4 1 

1 1 
.1 .1 

1CHL0RI0E j 
I CHRCH'JM I 

I M 3 / L 

L -1 3 / L 

I :iD 
1 3 . 0 5 

I 5 . 0 C 0 0 0 1 

I -0.050001 
11 4 . 0 0 0 C 0 1 4 . 0 C C 3 0 J 11 

0 . 0 2 5 0 0 1 I I 

4 . 4 0 0 0 0 1 

I I 0 . 0 5 9 1 & 1 0 . 0 3 2 0 0 1 

0.000001 ICCLTFOPM 
I 
1C0PPER I 10155. IOXYG£N 1 

IC1L/10C 
I M 3 / L 

11 
1 1 

I 0 . 0 3 0 0 0 1 

I -0,120001 
11 6*000001 
I I C . 0 3 2 C * ! 

O.OCOOOI II 
.1 .1 

! M 3/ L I ND 1 
1 . 1 I .1 1 . 1 I I 4. 225001 41 I 

4 . 2 0 0 0 0 1 

1 I N O R I N I 
I F L U O ^ I O E I I 3-ALPH4 I 13-JITA 1 I IRON 1 
! L E A 0 I ILIND/WJH I I^ANGANESi I 

I MG/L 
I M 3/ L 

I 0.0002 
! 1.4-2.4 

I -O.OCOlOl 
1 -1.000001 

II -0.00010! 
11 - L . C O O C C I 

- 0 . 0 C 0 2 0 1 11 

-1 .000001 1! 
-3.000201 
-1.000001 

I3C/L 
IdG/L 

1 0 . 5 5 5 

! 3.23 
I 2 4 . 0 3 0 0 0 1 

1903 .OCOOOI 

II 0.1CCC01 
1I210.OOOOCl 

-0.100001 11 
65.00000! 1! 

1 
61.000001 

i r-i 3/' 
1 "*G/L 

IND 

I 0 . 3 5 

I 5 1 . 0 0 3 0 0 ! 11 2 9 . 3 0 0 0 0 1 

11 -0.001001 
. 1 . I 

C.020001 l! 
1 3 . 0 0 0 0 0 1 

0 . 0 1 2 0 0 1 I 0 . 0 3 5 0 0 1 

r-iG/L 
JM 3/L 

10 .034 
I NO 

1 . 1 
1 2 2 . 0 3 3 0 0 ! 

.1 -0.30 0101 
I I 1 . 7 5 0 0 0 1 

•0.002001 ll 
.1 .1 

•0.UC2G0I 
0.780001 1 

S-1E-.CUF3Y J'-IG/L !J.0C2 1 -O.OC005I 11 -G.000051 I -O.OCCIOI II >000101 
INETHJXY-1 CH LO "J 1MG/L 1 10.1 I I I 1 C' ,303231 II 

1 1 > OGv2 3 I 11 1 I •0.3C600I 1! 
1 •3.00800 1 

ICOUTINJED) 



TA3LL 5-1. CONCENTRATIONS OF GROUNDWATER QUALITY FAPAMETERS OVER FOUK CUARTERS OF SAMPLING SITE=HRE WELL NUM3E°. = 4 
1 1 ! ! I I I 1 ! 
I 
'.PARANETE RUNITS 
1 NICKEL MG/L I-

SAMPLING QUARTER 
1 ! I 

I j 
I 1 I + * ! MEASURED 1 MEASURED I MEASURED I MEASURED I CIVJCENTRA- J CONCENTRA- I CONCENTRA- I CQNCENTRA-! TIJN I TION ! TION I TION I 
! M E A N !N I MIAN IN I MEAN IN I MEAN IN 

JLIMIT . + 
15 

1 1 I I I I I I .1 .1 -0.21000! 2! 
INITRATI-! 1 JCL I 

41 •* 3/ L 
1 3/ 

110 

I MD 
I 2.OC0001 
1 . 1 

11 -1.000C01 II 
.1 3.300C3! II 

. 1 

.1 
.1 
• 1 

. I 
* 1 

1PH 
1 .•,HLvJOL3 I 1RAOIUM-
1225 I I SELE'JI JM I 1SILVER 
I SODI'JM 
I5P»CQND. 
I---IST=0NTIU 1 1 

IPH 
1M3/L 

1 N D 
INC 

1 6.700001 
I 0.0c200l 

II 6.525CC! 
1! -0.001001 

Al 7.47500! 
1! -C.0C100! 

4! 5.550001 
II 0.C0200 I 

Id j/L 
I 

10.155 
I 

I 
0.0 50 001 

1 I 
11 -0<01003! 

I I 1! -O.OOoCO! I II •0.090001 
I M 3 / L 10.01 1 -0.OC5Q0! 1! -0.0010C1 1! -0.0C5C01 11 -0.C02001 
I M G/ L 
I MG/L 
1UTOS/C' 

10.05 
I MD 
I ND 

1 -0.420001 
1 . 1 
IS32.0C303I 

11 -0.0700C1 
.1 5.650001 
11552.2500CI 

II -C.0C053! 
1! .1 
41610.2=0001 

1! -0.001001 
.1 6.C00001 
41583.500001 

M ! 3 1/L 
I 

10.3 1 1 1 
1 .1 3.583001 

! 1 
1! 59.0C0001 I I 1! 32.OOCOOI 

15ULFATE IMG/L I ND 1 42.000001 11 34.000001 II 32.0C000I II 31.000001 
IT. 1CAR30N 

SMG/L ! I NO I I 
S . 3 2 ^ 0 - 3 ! 

1 1 11 6.C7 5C0! I 1 
41 2.65003! 

1 1 41 1.C22501 
IT. ORG. ! M AL OG 5'I I M 3/ L I I ;J D I 1 I I 0.235001 1 1 11 0.20630! 1 I 11 0.C22751 1 I 41 0.016001 
I TEVPERA-1TURE I 
1T2XAPHEN: i — ! T ̂ ITT'J" 

!3S3. C 
1 

I N C 
I 

1 
. 1 

I 
. 1 

I I I 
1 .1 13.5C3C3! 

I I 
41 15.300301 

IM 5/ L 

Hu/L 

n.oos 
17 40 
15 

I -0.002001 
1 . 1 
1 0.140001 

1! -O.C020C! 
.1 37.500001 
11 C .05310 I 

11 -0.005001 
II 1C.3C000I 
I! ".I 

11 -0.005001 
1! 25.000001 

I ZZ-iC .1 1 . 

(CONTINUE 3) 



TAt>LE i - i . CONCENTRATIONS OF GTOUMDWATER QUAclTY PAcA!*ETE3S 
FOUR QUARTS PS OF SAMPLING 

SITE=H°E NU^13E3 = 4 
J SAMPLING uUASTER I 

1 1 I 2 1 tit
 

I 4 I 

I MEASURED I MEASURED I .MEASURED I MEASURED 1 
J CONCENTSA- 1 CONCENTRA- 1 CONCENTRA- 1 C 3 N C E N T R A - ! 
1 T I 3 M 1 T I ON I T ION 1 T ION I 

J .MEAN IN I MEAN 1 MEAN IN 1 MEAN IN 1 

• u T'-ITT I I I I 1 I ! 1 I 
J { I I ! 1 I 

2 » 4 - r) J M j / L 10 . 1 ! - O . J C 5 0 0 J 1 ! - C . 0 0 5 C - C J 1 ! - C . 0 1 C 0 0 1 11 - 0 . 3 1 0 0 0 1 11 

_ > 4 - 5 T M C / L JO • C I J - 3 , 0 0 5 0 0 1 l i - C » QG5CC1 1 J - C . 0 1 0 C 0 I 1 ! - 3 * C 1 0 0 0 1 1 1 



T A ~ L E A - L . CONCENTRATIONS OF GROUNDWATER QUALITY F- A FA ME TE RS 
NVER FOUR GUALTERS OF SAMPLING 

SIT£=OHF MELL NUM5ER=L 

SAMPLIN 3 QUARTER 

1 1 2 I i 1 4 

MEASURED i MEASURED I MEASURED 1 MEASURED 
T CCFJCENTRA- T COKCHNTRA- 1 CONCENTRA-

TIUN 1 T I 3 N 1 TION I T I ON 

I MEAN IN 1 MEAN I N I ME AN IN 1 MEAN IN 

PAT.AVETE siJN:T5 I LIMIT ! 
I 
1 

t 
1 

-0.OC150 ! 
t 
1 

21 
1 
1 

-0.001CC1 
1 
1 

11 
I 
I 

-C.JC5C01 
1 
1 

11 
1 
I 

-0*305001 1 A R 5 Z I C SO.'J 5 
! 
I 
1 

t 
1 

-0.OC150 ! 
t 
1 

21 
1 
1 

-0.001CC1 
1 
1 

11 
I 
I 

-C.JC5C01 
1 
1 

11 
1 
I 

-0*305001 1 
3A^IUM I*13/L 11 1 5.252001 2! 0.257C01 11 -C.5C000J 11 -1*000001 1 
CADMIUM I :i 3/ L IC.C1 1 -3.10102 I 21 C.003001 11 -0.30 0201 11 -0*000501 1 
ci :-uf-i-
i 37 

IJ-J/L. 
1 

! N D ; ! « ! 
; i 

! 
i t 

1 
i I 

I 
i 1 

1 
. t 

1 
. 1 

1 
. 1 . 

CrIL J<? IDE 1-10/L 1 N 3 1 12.30000 I 21 12. 00-3001 11 12.00000 I 11 13 . C 0000 1 1 
CHROMIJM 1 M 3/L !3.T5 1 -0.0=00') 1 21 -0.C20C01 11 S.OC7001 11 0.G06001 1 
CDLIFD^v iciL/ic-: 11 I 5 » 0 CO 00 I 21 lo.OOwCO! 11 0.000001 11 0.00090J 1 
COPPER ino/L 1 1 J .&20001 21 -3.C20CCI 11 . 1 . I . ! . 
DISS. 
0 XY 3E *i 

M 3 / L 
! 

! 'ID 
I 

1 
I 

1 
. I 

1 
. I 

I 
. 1 

1 
. 1 

1 
6.175301 

1 
41 

1 
7*575001 4 

E ND°. IN IM-3/L l'J.30 0^ 1 -o.oac101 21 -0.030101 11 -0.0CC20 I 11 -3.G00201 1 
FLU3RIOE J W L !1.4-2.4 1 -1.3C0031 21 -1.333C01 11 -1.000031 11 -1.0009C1 1 
J-ALPHA ttn/i 15.555 1 x,3*030! 21 1.aOQCOl 11 0.SCOCO 1 11 2.900001 1 
j"JET A ! a 0/ L i: .2s 1 3.3 50 30! 21 4.5C0CD1 11 6.50C301 11 5*200001 1 

J "13/ L I NO j 0.390C01 21 0.58700 I It • I . 1 d.500001 1 
L I AD !MG/L • o. ! 0.0C0531 2! 0.CO 30 C 1 11 0.03000 I 11 C.013C01 1 
L I M I N E ! M 3/ L n . o o 4 1 -0.0DO 10 I 2! -0.00 01C1 11 -0.0C2001 11 -0*302001 1 
— — — — — — — — — — — — — — — - — — * + — 
•1A , j A 1E5 r IM3/L 1 fJC Z 0.2 4553 1 21 0.C334C! 11 . 1 . I 3.270001 1 
•Il-.C'JRY ! 1 3/ L I .0 . 1C 2 I - : . K 3 0 3 ! 21 -0.0000=1 11 -c.occici 11 -o*:coioi i 
1IT.1 JXY-

CHLOR 
! i 10.1 

! 
1 i I 

-J.0:)23J 
1 

21 
I -0.000201 1 

11 
1 

-O.OCfeCOl 
1 

11 
1 

-J.3C8C01 1 

ui 

( ZC.MI'J JE j) 



TA2L- A-l. CONCENTRATIONS OF GROUNDWATER QUALITY PARAMETERS 
OVER FOUR QUARTERS OF SAMPLING 

5ITE = 0HF WELL N'JM3ER=1 
SAMPLING 3UAFTE* 

* * I 2 t . •J I 4 
MEASURED I MEASURED 1 MtASJRED I MEASURED 

CONCENTRA- 1 CONCENTRft- I CONCENTRA- I CONCENTRA-
TION I TION I TION l TION 

t MEAN IN 1 MEAN IN I MEAN IN I MEAN IN 
PARAM£TE Riur;: TS 1LINIT 1 

- 1 
! 

I 
I 

-0.060 0CI 
1 
1 

2! 
1 
I 

-0.06000! 
I 
1 

11 
1 
I 

• I 
1 
1 

.1 
1 
! 

• 1 NICKEL 1.1 3/ L 1 5 
1 

- 1 
! 

I 
I 

-0.060 0CI 
1 
1 

2! 
1 
I 

-0.06000! 
I 
1 

11 
1 
I 

• I 
1 
1 

.1 
1 
! 

• 1 • 
NITRATE- M M 3/ L ! 10 1 1.0 CO00 I 21 6.3000 w I 11 . 1 .1 • 1 • 

PC3 IMG/L I ND I . I . I 0.003121 It .! . 1 . I • 
- + - • • • ••• • a* ~ + ••••••••fa • • 

PH 1 PH 1 ND 1 6.200001 11 6.940001 4! 6.35000! 4! 5.3C000I 4 1 • • 

PHENOLS im :/l 1 N 0 1 -0.3C1C31 21 0.00 20 0 I 1! -0.0C100! 1! -0.00100! 1 
P.ADIUM-
c2S 

130/L 
1 

10.165 
I 

1 
1 

1 
-0.025001 

1 
21 

1 
-C.005001 

1 
1! 

1 
-0.4C000! 

I 
1! 

I 
-0.100001 1 

SELENIUM ! M G/ L 10.01 1 -0.304301 21 -0.001C0! 1! -0.005001 11 -O.C0500! 1 
SILVER I M G/ L 10.05 I -0.070001 21 -0.070301 1! -0.0CC50I 1! -3.00200! 1 
SODIUM IMG/L I NC 1 14.003001 21 . 1 . ! . ! . I 15.000001 1 
SP.CJNO. '.UMHOS/CM 1:4D 13 17.00000! 11609.753031 4 16 7 2. 7 50001 41816.75000 I 4 

STRONTIUM! J V L 
90 1 

10.3 
I 

I j I 
. 1 

1 
. I 

I 
1.800001 

1 
1! 

! 
2.2COOO! 

! 
1! 

! 
1.300001 1 

SULFATE 1 MG/L I N 0 1 19.00000 I 21 20.OCOGG1 11 22.3CC00I 11 22.COOOO1 1 
T. ORG. 
CARSON 

IMG/L 
1 

1N3 
1 

I 
1 

I 
3.35003! 

1 
2! 

1 
6.975C0! 

1 
4! 

! 
5.17530! 

! 
41 

1 
1.850001 4 

T. ORG. 
HALOGEN 

11 3/ L 
1 

1 MD 
1 

I 
1 

1 
0.02000! 

1 
21 

1 
0.011001 

1 
1! 

! 
0.22625! 

1 
4! 

! 
0.373501 4 

tempera-
ture 

10 EG. •: 
i 

INC 
I 

I 
I 

! 
• 1 

! 
.1 

1 
.1 

! 
• 1 

! 
17.650001 

! 
4! 

1 
14.700001 4 

TCXAPHEN E1MG/L 1 ).CC5 I -0.002001 21 -0.002C0 1 1! -0.005001 1! -0.305001 1 
t r : t r u '1 I30/L J7 4C I . 1 .1 790C01 1! 750301 l! 120000! 1 
ZINC 1MG/L 1 5 I 0.084051 21 -0.020001 1! • 1 .1 . 1 • 

( CONTIN jEO J 



TfiLt: a-l. CONCENTRATIONS OF GROUNDWATER QUALITY fARAPETERS OVIP F 3'J"? GU 4R TE c S 3F SAMPLING SIT E= OHF WELL NUMSER=1 
I SAMPLING QUARTER I I 1 1 2 J 3 I 4 I + 1 MEASURED I MEASURED J MEASURED I MEASURED I C-NCENTRA- I CONCENTRA- I CONCENTRA- I CCNCENTRA-! TION J TION I TION I TION 
! MEAN IN 1 MEAN IN I MEAN IN I MEAN IN 

PARA'IETERIUNITS ILIMIT I I I I t I t 1 
2.4-D IMG/L 10.1 I -3.035001 21 -0.3G5001 II -0.01C00I 11 -0.010001 1 
2*4-5 T IMG/L 1 -3.3C503I 11 -0.Q05C0I II -C. 010031 II -0.010001 1 



TAIL-: A-l. CONCENTRATIONS OF SRCUNDrtATER QUALITY F AS AYcTERS 
PVER FOUR QUARTERS OF SAMPLING 

5 ITE= OHF WELL NUMBER = 2 
1 
! 1 1 1 
J MEASURED I 
1 CONCENTRA- I 
I TION I 
t • 

SAMPLING 3UAFTER 
2 1 3 1 4 

MEASURED t MEASURED I MEASURED 
CONCENTRA- I CONCENTRA- I CONCENTRA-

TION I TIQN 1 TION 
t MEAN IN 1 MEAN IN I MEAN IN I MEAN IN 

IPARAMETE 
I ARSENIC 
! 
I 3ARIJM 
I 
! CADMI'JM j 
ICESI'JM-
1137 
1 

M U M T ^ 
IM 3/L 

ILIMIT 
1 0 • 5 

I I I 1 I I I -0,002001 II 
I 1 
I I -O.OOIOOI II 

I 1 
1 1 

-0.005001 1! 
I 
I •0.005001 

I i'tG/«. 
IMG/L 

I 1 1 0.420001 1( 
I -0.001031 II 

0 * 25 30 0 I -G.5CCOOI 11 
-0,000201 II 

-l.OOOOOl 
-C.000501 -0,00 2001 

IBO/L 
I 

I NO 
I 

I 1 
.1 .1 

I 0.999261 1 I 
I .1 

1 
. I 

1CHLQFIOE 
I 
ICHROMIUM 
I 
ICOLIFORM 
!C OPPER | 
IDISS. 
I OXYGEN 
IEV3R.N 
I 
1 F L'J 3R I 31 
I IG-AL^HA 
I 

IMG/L 
I MG/L 

I H 3 
10 .05 

I 19.000031 11 
I -0.050001 II 

20,300001 17,000001 11 
0.030001 II 

IS.00000 I 
0.015001 0.024201 

I COL/100 
IMG/l 

11 
11 

I 0.000031 11 
I -0.020001 !I 

10.COCCOI 
-C.020COI 

I C.OCOOOI II 
I .1.1 

C . 0 0 0 0 0 1 

. 1 
IMG/L 
I 
1 M j/L 

IND 
I 
I O . O C O ; 

I 1 1 
I ,1 ,1 
1 -0,30010! 11 

I 
• 1 

- 0 , 0 0 0 1 0 1 

1 I I I 9,4CCC01 31 
I -C.030201 11 

1 
5.325001 

-0 .00020 I 
IMG/L 
I JO/L 

1 1 . 4 - 2 . 4 

I 0.555 
I -1.000001 II 
1 0.310001 II 

-l.OCGOCt t -l.OCGOO! II 
0.7C0001 11 

•1*00000! 
2.600001 -2.C00C-31 

I G-D£ T A 
1 
I IRON 
1 
1 LEAD 

I LINDANE | 
!MAN 3ANES: 

1 M i HCvm 
I 

I JG/l 
IMG/L 

10.29 
I NO 

I 2.100031 II 
I 3.800001 11 

1.7COCOI 2.5C0C01 11 
.1 

3.230001 
24.000001 4 . 0 0 3 0 C I 

IMG/L 
I M I / L 

I 3 .05 • + -
1 0 . 3 0 4 

I 0,020001 II 
1 -0.000101 11 

0.015001 
'O.OCOltM 

1 0.100001 II 
1 -0 • OC 200 I 11 

0.342001 
•0•C0200I 

IM j/L 
IMG/L 

IND 

lo.oo: 
I 1.303331 II 
I -vO.000051 1 1 

0.563001 .1 .1 
C.0CU10I II 

2 . 600001 
• 0 . 3 3 3 1 0 1 - 0 . 0 0 C C 5 I I -

! METHJXY-1 CHLO-' I M G / L 
1 

1 0 . 1 
1 

I I I 
1 -O.^COSOL 11 

I 
-0.0002C1 I -

1 I 
C.0C800! II 

I 
-0.039001 

(CjNTTNJEOl 



T A d L z a - i . CONCENTRATIONS O F G R O U N D Vl A T E 3 O U A L I T Y FAPAXETERS 
OVER F O U R QUARTEP5 OF SAMPLIf.5 

S I T E = OH F W E L L N U M B E R = 2 

I 
! 
i 
! 
! 
I 
I 
1 
! 
! 
I PARAMETERIUNITS 1 LIMIT 
1NICKEL H j / L 15 
1 * + 
!NITRATZ-N1M3/L !10 
I + 
IPCS ! M 0/ L n o 
I 
1PH J P H SND 
!DH£\0L5 1M3/L INO I + 
I k A D I U M - J b 3/L IJ .1S5 
1226 1 1 1 
!SELENIUM I 
1 jlLVER 
! 
ISODIUM I 
i SP. co'io. 
i + 
ISTKONTIU." IBO/L 10.3 
I JO I 1 

S A M P L I N O S U A R T E R 

1 1 C I I 4 

M E A S U R E D 1 M E A 5 U R E 0 1 KE A S U R E D 1 M E A S U R E D 
C O N C E N T R A - 1 C O N C E N T R A - I C C H C E N T R A - 1 C O N C E N T R A -

T I O N I T I O N 1 T 1 G N I T I O N 
* E A N IN 1 MEAN I N 1 MFCAN I N 1 MEAN I N 

1 I I 
J I I 
I -0.060001 11 

1 I 
1 I 

-0.363001 i l 
1 
I 

. I 
I 
1 

. 1 
J 2.000001 I t 
! . 1 . 1 

B . O O O C O I 

0.000111 
11 

11 
• 1 
. 1 

. I 
" I 

1 5.3COOOI 1! 
I -0,001001 11 

6.900001 
-C.OOlOOl 

41 6.375001 
11 -G.001C01 

41 6*125001 4 
11 0 * 0 0 2 0 0 1 1 

1 I 1 
I -0.200001 II 

1 
-0.008CC1 

I 0.00500J II -0.G01C0! 
I - 0 . 0 7 0 0 0 1 1 1 - 0 . 0 7 0 0 C ! 

I 1 7 . 0 0 ^ 0 0 1 I I 1 3 . 3 0 0 0 0 1 

1 7 5 5 . 0 0 0 0 3 1 1 1 5 7 5 . 7 5 0 0 C I 

I 1 
11 -0.1C30C1 

I l 
11 -0*350001 1 

IMJ/L 
1 M 3 / L 

M G / L 

l U t t u C S / C N 

11 -C *C05001 II -0.005301 1 
11 -0.0C0501 II -0.002001 1 
II .1 .1 17.000001 1 
4 1 6 4 4 . 2 = 0 0 0 1 4 I 6 4 3.500001 4 

10.05 
1 N 0 
! NO 

1 I 
1 . I 

I 
j 
1 S U L F S T z 1 M G / L 

I 1 
I I 0.410091 O.Z1COOI 

I 13.000001 II 12.30C0C1 11 12.0C0001 

1 1 
II 0.25000 I 1 

i: J ' j 
IT. 
! CA 33 0N 
t 
! T . 0 - { 3 . 
! H ALO'iE'J | 

! TUM 
t 
I rCXA^H-N! 
! 
5 j 
U INC 

II 12.003301 1 
I I 

41 3.20000 I 4 
I -1 3 / L 
J 

I N 3 
1 

1 1 1 
1 5 . 3 3 3 0 0 1 1 1 

1 
5.25 000 I 

1 I 
4 1 3 . 1 5 0 C 0 1 

! -A : - / L i 1 NC 
1 

1 I 1 
1 0 * 0 2 3 0 0 1 1 1 

1 
0 * 0 0 9 0 0 1 

I 1 
1 1 C * 2 3 0 5 0 1 

1 I 
4 1 0 . 0 4 4 7 5 1 4 

I 
I NO 
1 

1 1 
1 .1 

I I 
.1 17.1COCOI 

1 1 
41 13.750001 4 

I "AG/L 
1 9 3 / L 

I'1'j/L 

10*005 
17 40 
I 5 

I -O.OC2OOI II 
1 . 1 . 1 
! 0.219001 1! 

•0.C02C0! 
1 9 0 C 0 0 I 

• 0 . 3 2 C C 0 I 

11 -0.305001 
11 5S3CQI 
1 1 " I 

11 -0.005001 1 
II 1430001 1 
* I • 1 . 

" R I T I U M 

(CONTINUED ) 



T A J L E A - : . C O N C E N T R A T I O N S 3 F G R O U N D W A T E R Q U A L I T Y F A F A H E T E R S 
ovd°. F O U R 2'jALTERS OF S A M P L I N G 

5 I T E = O H F H E L L N U M 3 E R = 2 

SAMPLING QUARTER 
t I I 

MEASURED I MEASURED I MEASURED 1 MEASURED 
CONCENTRA- I C3UCENTRA- 1 CONCENTRA- I CONCENTRA-

TION I TION 1 TION I TION 
MEAN !M I MEAN IN 1 MEAN IN I MEAN IN 

PARAMETER!UNITS 
2t4-:> n 5 / L 

1LIMIT 
1 3.1 

I I I I I I 1 
I I I I I I I 

-0.305901 II -0.035001 II -0.010001 II -0.010001 1 
2 .4-5 T IM'j/L 10 .01 I -9.0C5001 II -0•CO 50 01 II -0.010001 11 -0.310001 1 



T fc 3 L: CONCEPTS HIIO JS O c GROUNDWATER QUALITY FAfiAMETEP.S 
CVcR FOJR QJARTE^G OF SAMPLING 

GITE = JHF WELL NUMSER=3 
I 
I 
1 
i 
1 
1 
1 
J 
t 
J 
IPAkAMETE 
! ARSENIC I 
IdARIUM J 
tCAD'llun 
I JCESIUM-1137 
t - — 
ICHLORIDE | 
t CHkOMIUv 
1 - -ICCLIFORM 
J 
i COPPER I 

SAMPLING QUiPTEH 
1 1 2 1 2 1 4 

MEASURED 1 MEASURED I MEASURED 1 MEASURED CONCENTRA- I CONCENTRA- I CONCENTRA- I CCNCENTRA-TION I TION 1 TION 1 TION 
I McAN IN IN I MEAN IN I MEAN IN 

+ -
I 
1 0 >00500 I • 

R1UNITS 
I:ig/L 

lLir?IT 
10. C5 

I I I I I I I -0.00230! II 
I 
! 

C.C3203 I 
1.03:001 
C » 31Gt 3 I 

I I 1 t I I I -O.OCSCOI II 
1MG/L 
IMG/L 

I 1 I 0.39000! II 
I 0.00533! 1! 

I -G.5CC001 
I -0.000231 

11 -1.030001 
11 -0.000501 

19 0/L ! 1 NC 
I 

I 1 I I 0.717531 II I 
C.S25241 

1 
. 1 

I .1 
IMG/L .... 
IMG/L 

1 TO 
I Q . C 5 

I 17.000001 11 
I -3.053001 II 

4 0 . 3 0 C C 0 I 
0.07370! 

I 22.0C300! 
I 0 .012001 

II 21.000031 
II 0.033001 

1C0L/1C3 
MG/L 

11 
!1 

1 49.30333! 1! 
I -C.32000! 11 

-C.1030C! 
0.C557CJ 

O.OCOOO! 
• 1 

11 0.00000! 
11 .l" 
1 1 

4! 8.359001 
1! -0.330201 

1N0 
1 
13 .00?2 

10 IS 3 . 1MG/L JOXYGEN I 
1INDRIN MC-/L 
I 1FLUQRIU 
I IG-A L°H A 
1 I3-oETA 
1 
I IRON 
I LEAD 
I luINDANE 
i MANGANESE MG/L 1....... 
MIRC'JRY MG/L 
1 + • McTHOXY- IMG/L 13.1 ICHLOR I I 

1 1 1 
I .1.1 +-- + • 
I -0.1C3101 11 

I 
. I 

-0.0C013I 

I 1 
I 7.15000! +-_--_•___+. 
! -O.OCC2OI 

MG/L 
13 J/L 
IBO/L 

1 1.4-2.4 
I 0 .55 5 
10.29 

1 -1.300001 11 
I 0.060031 II 

-1.CO 300! 
1.2C3CC! 

! -1.00UC0I 11 -1.00000! 
1 1.100001 11 52.000001 
1570.000001 11220.00000! 
I 

I d.COOGO! II 3 30. v-OOCO I 
MG/L 
IMG/L 

I NO 
I D.05 

I 3 . 2 C 0 0 0 1 1 ! 
> + + - - + • 1 0.0 25001 11 
I -0.3001C1 1! 
I 1.503001 11 
1 -0.0C005! 1! 

57.300001 
0.080001 

. ! 
1 o.oeoooi 

.1 50.C0C00I 
L! 0.09300! 

mg/L 10 .004 
I NO 
10.00^ 

•0.000101 
8.35003! 
•3.0C005I 

1 -0.0C2D0 
l " * 
I - O . O O C K ; 

JU . ? 020P I 
.-. 1 £ a ' • •'•J i 

II -0., 3J 310 I 
I 1 I 1 -3.30020! 11 I -0.000201 I 1 

I -O.OC603! 
I 1 1! -0.008001 

(CONTINUE 3) 



r»'li r • _ - (- ' :ENTRATI3NS OF GR3UNDWA TE R QUALITY FAPAMETERS 
?VEO FOUR QUARTERS OF SAMPLING 

S:TE=3HF WELL NUM3ER=3 

I 
1 
I 
1 
I 
I 
I 
I 
I 
J 

I PAkAMZ TFC it J J NI TS 

! NICKEL 1M3/L | + 
I .N ITRATE-NIMG/L 
! 
IPC3 I V J / L j + 

I 
1 I 1 
J MEASURED 
! CONCENTTA-
I T ION J 

SAMPLING QUARTER 
1 2 I 3 1 4 
I MEASURED I MEASURED I MEASURED I CONCENTRA- I CGNCENTRA- I CONCENTRA-I TION I TION I TI ON 

1 MEAN IN ! MEAN IN 1 
I I I I 0.073501 II 

M E A N IN I MEAN I N 

I L : -I:T 

1 5 

1 I 1 1 I I ! -3.16000I II 
1 1 I I .1 .1 

I 
I 

• 1 . 

I lu 
! "13 
t NO 
I "J D 

J 2.1COOO! 
1 . 1 
I 5.5C000I 
1 -3.0C103I 

1! -5.300CCI I! - • + --+•• 
.! 3.033101 1! 

. I 

. I 

. I 

. I 

I . 

I . 

JPH IPH 
! I PHENOLS I Vi/L 

1! 5.512 50! 
II -O.GOIC;I 

41 6.5C0C01 
11 -0.0C1001 

41 5.275001 4 
11 0.902001 1 

IRA2IU*1- 1S0/L 12 25 I 
I 1S EL EN I J* IMG/L J _ _ - + > - - -
! 5 IL VE R MG/L J + 

n w i 

10 .18: 
I 

1 I 1 -3.2C0031 1 I II -0.337001 1 1 II -0.60CC0! I 1 11 -0.209001 1 
I J» J1 
! C ,~5 
! '10 
! 

1 -0.0:3031 
1 -0.07303 1 
I 37.00000 t" 
1711.301001 

II -0.001CCI 
II -0.07CO0I 
li 37.300,;:i 
1 1 2 4 2 . 7 5 0 C 3 1 

II -O.OC5SOI 
II -0.0C0501 
11 
4 1 3 1 1 

I i 11240 
II 12 

1! -C.30500! 1 
1! -0.09209! 1 
.! 44 «OOOOC! 1 
4 1 6 8 3 . 5 0 0 0 0 1 4 

1 jQJIUI 
t — ISP.COND. 1'JMHCS/CM J + 
IS TRONTIUMI 3 3/L 10.3 
193 I 1 
1 + 1 SULFA T E I1-J/L INC J + 
IT. OR.3. I'lVL I NO lCt5BDti 1 1 
I I T . 0R3. 1M 3/ L I NO I HALOGEN I 1 
I 

• 1 
- - - - - - F •5GOCOI 

1 
• I 

1 I ,1250.003001 .009001 
.C00C0I 

! I 1!120.000001 1 
I 2*.00^301 II 13.0C0C0I 1! 23.000001 1 

I 3.21000! 1 I II 7.COOOUI I 4! I 6.375001 I I 41 3.87500! 4 
! I 1 0.03300! I 1 1! 0.029001 1 

11 
1 0.272751 ! I 41 0.06075! 4 

1 T R A-
i T J°E 
IT3XAPHEN 
I 
ITRITIJ'1 
IZIMC 

SDE3. C 
1 

INC 
1 

1 
I 

! 
• 1 

1 
.1 

1 
.1 

1 
. I 

1 
17.60300! 

! 
4! 

1 
15.65000! 4 

1 T R A-
i T J°E 
IT3XAPHEN 
I 
ITRITIJ'1 
IZIMC 

EI."1G/L 10.005 I -0. 002001 1! -C. 002C0I 11 -0.00500! 1! -0.00500! 1 

1 T R A-
i T J°E 
IT3XAPHEN 
I 
ITRITIJ'1 
IZIMC 

13 0/L 1740 I . ! . 1 6C 0001 11 5000! 1! 210000! 1 

1 T R A-
i T J°E 
IT3XAPHEN 
I 
ITRITIJ'1 
IZIMC 1MG/L 15 I 0. 12000! 11 0. 19300! 11 . ! . ! . ! • 
(CONTINUE 3) 



T A "i L L A-l. C jNCENT^ATIONS 3F GROUNDWATER QUALITY FARAMETER5 jVES FOUR QUARTERS OF SAMPLING SITE = OHF WtLL MUM3ER=3 
SAMPLING QUARTER 

1 MEASURED 1 MEASURED I MEASURED 1 MEASURED 1 I C 3NCENTRA" I CONCENTRA- 1 CONCENTRA- 1 CONCENTRA- I 1 T I3N I TION 1 TION I TION 1 
1 MEAN IN I MEAN IN 1 MEAN IN 1 MEAN IN I 

PA9AMETZ R!JNITS 1LIMIT 1 I 1 1 1 1 1 1 1 
mmmm m m • «• — — — — — — — 1 1 I 1 I 1 1 I.MG/L 10.1 1 -0.005001 11 -0.0C500I 11 -O.OICOOI 1! -0.010301 11 
2i4-5 T fIVL 10.01 1 -3.JC530! 11 -0.005001 11 -0.010C01 1! -9.010001 11 



7 £ 0 LE I - 1 . CGNCENTRATI3NS OF GROUNDWATER QUALITY PARAMETERS 
OVER FOUR QJAR TE R S OF SAMFLING 

5 I T E= 04F ME LL N'JMBER = 4 

! SAMPLING QUARTER 

I 1 1 i. ! ? 1 4 I 
I MEASURED I MEASURED ! MEASURED I MEASURED 
I CONCENTRA- I CONCENTRA- I CONCENTRA- I CONCENTRA-
T T I J N I T ION 1 T I O N 1 T I O N j • 
1 MEAN IN I MEAN I N 1 MEAN I N I MEAN I N 

PARA'IETE •»! 'JNI T5 1 LIMIT 1 
- 1 

1 

1 
I 

-5.002001 
1 
1 

11 

1 
I 

- 0 . C 0 1 0 0 I 

1 
1 

1 1 

I 
1 

- 0 . 0 0 5 0 3 ! 

! 
1 

11 

1 
1 

- 0 . 0 0 5 0 0 1 1 A'SiNIC I 1G/L 10.55 
1 

- 1 
1 

1 
I 

-5.002001 
1 
1 

11 

1 
I 

- 0 . C 0 1 0 0 I 

1 
1 

1 1 

I 
1 

- 0 . 0 0 5 0 3 ! 

! 
1 

11 

1 
1 

- 0 . 0 0 5 0 0 1 1 

•3 A R : J M M G / L 1 1 1 0.065091 11 3 . 1 2 5 C C I 1 1 - C . 5 C O C 0 1 11 - 1 . 0 0 0 0 0 ! 1 

CADMTU 1 IMG/L i n . n I - P . 0 C 1 0 3 1 11 -0.002001 1 1 -0.00020 1 1 ! - 0 . 0 0 0 5 0 1 1 

C CSI'JM-
-37 

J 3 0/ L 
I 

1 NO 
I 

1 
I 

1 
2.276091 

1 
11 

1 
3 . 6 2 5 9 4 1 

1 
1 1 

1 
. 1 

1 
. 1 

1 
. I . 

CHLORIOE t i ;/L IN 2 1 9.00000 I 1 1 1 7 . 0 0 0 0 0 t 1 1 1 5 . 0 0 0 0 0 1 1 ! 1 5 . 0 0 3 0 0 1 1 

CHKCMIUM M 3/L 10.05 1 -0.0500)1 11 - 0 . 0 2 C 0 1 11 C . O C 3 3 0 1 1 ! - 3 . 0 0 5 0 0 1 1 

CCLIFO " > . M i c ol/: o c 1 1 I l a . o o o c o : 11 - 0 . 1 0 0 0 0 1 11 0 . 0 0 0 C 0 1 11 0 . 0 0 3 0 0 ! 1 

C O D D I R M G / L I 1 I -0. 32000 I 11 - 3 . 0 2 0 * 3 1 1 1 . I . 1 . 1 . 

DISS. 
OXYGEN 

M G / L 
I 

i N : 
I 

I 
I 

1 
. I 

1 
. I 

1 
. 1 

1 
• 1 

I 
7.300001 

1 
1 ! 

I 
7 . 3 5 0 9 0 1 4 

E f; 0 RI N M G / L 1 0.0002 1 . 1 . 1 - 0 . 3 3 0 1 C 1 11 - 0 . Q C 3 2 3 1 11 - 0 . 3 0 9 2 0 1 1 

FLU OR IOE M 3/L 11.4 - 2.4 I - 1 . 00330 1 11 - 1 . 3 9 0 0 0 1 11 - 1 . 0 C C C 0 I 1 ! - 1 . C 9 0 0 0 1 1 

J-ALP H A 1 30/L 10.556 I 11. 00000 1 11 - 3 •OOOCC1 11 0.600C01 1 1 6 23.303001 l 
G-JET A 13 0/L 10.23 I50C . O C O O O I 11 13001 1 1 2 7 0 0 1 11 27001 1 

I P. j N M 3/L 1 JO 1 3.290001 1 1 3 . 4 6 0 0 0 1 1 1 . 1 . 1 3 . 3 0 0 C 0 1 1 

M G / L 1 (> I 3 . 3 C2C 0 1 11 0 . 0 1 8 0 0 1 11 O . O Z O C O l l! O . C 0 3 0 0 1 1 

LINDANE I M C/ L I 0. ">04 I -0.00010 I 11 -3.0C01C 1 1 1 -0 .002001 1 ! - 0 . 0 0 2 9 0 ! 1 

MANGANES E M G/ L INC 1 1 . 1 0 0 0 0 1 11 0 . 9 4 0 0 C 1 11 . 1 . 1 1 . 1 0 0 0 3 1 1 

MERCURY M G / L 10.1C2 1 -0.00005 ! 11 -0.003051 11 -O.OCOlOl 11 -0.009101 1 
.1ITHDX Y-
CHL1R 

M 3/ L 
I 

10.1 
1 

1 
I 

1 
-0.^0023 I 

1 
11 

1 
-3.C002C1 

1 
11 

1 
- C . 0 C 8 C 0 1 

1 
11 

I 
- 0 . 0 0 8 0 0 ! 1 

(CONTINUE 3) 



TA3'_£ A - : . CONCENTRATIONS 3F GROUNDWATER 2 U A L I T Y F A VC Y£ RS 
OVER F ^ j q QUARTERS OF 3 A M P L I N 3 

S I T £ = O H F WELL VUMS£R=4 

1 SAMPLIN 0 JUAC TEE 

t 1 2 I 1 4 

1 MEASURED MEASURED 1 MEASURED I MEASURED 
I CONCENTRA- 1 CONCENTRA- 1 CONCENTRA- I C5NCENTRA - J 

1 T ION 1 T ION I T I O N 1 T I O N 

1 ME A N IN 1 ME AN I N 1 MfcAN I N I MEAN I N 1 

IPAKAM=Tr R1UNITS I L I M I T I 1 1 1 1 I 1 1 
• • • • 1 1 1 I I 1 I 1 

1 N IC K E L 11 3/ L 1 5 1 -3.35C031 11 -3.06'JCDL 11 . 1 . 1 « 1 . 1 

I\ITRAT:- M - 1 3 / L 110 1 -1.0C300 1 11 - S . O O O ^ C I 11 . I . 1 .1 . I 

I P C j S '1 3/ L 1 NO I . 1 . 1 0.000163 11 . 1 .1 . 1 . 1 

! ° H l«>H 1 NO S 6 . 2 0 0 0 3 1 11 6. 1875 M 4 1 5.5COOOI 11 6 . 1 2 5 0 0 1 4 1 

1 ° HE NO L 3 J M 3 / L J.-4D I - 0 . 3 0 1 0 0 1 11 -3.0C1CC1 11 -O.OCLCOL 11 -0.001301 1 I 
S^SDI i JM- I iJ «/ L 10.13: 1 1 1 1 1 1 1 1 
! I J I - 3 . 2 0 9 0 3 1 11 •3.010GCI 11 - 0 . 6 C 0 C C 1 11 - 0 . 0 7 0 0 C I I 1 

I 5 E L E N I J M 1MQ/L 10.91 I - 3 . 0 0 3 0 3 1 11 -0.001001 11 -C.OC5DOI 11 - 0 . 0 0 5 0 0 1 11 

1 S I L V E R ! '13 / L 10 .05 1 -0.070001 11 - 3 . 0 7 0 0 0 1 11 - O . O ' O 531 11 - O . C 0 2 0 0 I 1 1 

I S G D I ' J * IM 3 / L IND 1 1 7 . 0 0 0 0 0 1 1 1 15.1C0C2! 1 I . 1 . 1 13.00C001 1 I 

1 S P . C O N D . I U M H 3 3 / C M I NO 1 2 5 9 . 0 0 0 0 0 1 1 1161.000001 4 1 2 0 1 . O C O O O I 1 1 2 7 5 . 2 5 0 0 0 1 4 1 

! 3 T = 3 N T I U > I 1 3 1 / U 1 0 . 3 1 1 1 1 1 I 1 1 
! 3 ? I I 1 . I , 1 4 2 0 . 0 0 C C 0 1 11 1400 I 11 1 7 0 0 1 1 1 

1 SULFATE 1 M 3 / L 1 NO 1 2 1 . 3 0 3 0 0 1 1 1 19.000001 1 1 15.OCOOOI 1 1 1 7 . 0 0 0 0 0 1 1 1 

1 7 . 3 R 3 . I 1 G / L 1N0 I I 1 I 1 I 1 1 
1CA<3 3N I « • 1 2.180001 1 1 5 . 7 2 5 0 C 1 6.950C01 41 2 . 4 2 5 0 0 1 4 1 

I T . 3 ' 3 . ! '1G/ L ! NO 1 I 1 I ! I I I 
HAL-3G£\ i 1 1 0.049031 11 0 . 0 3 7 C Q I 11 0.250501 4 1 0.069251 4 1 

J T R F ( 3 C D ^ _ 1 0 E 5 . C 1 -iS 1 1 1 1 1 1 1 I 
! T U 3 E \ I « 1 . 1 . 1 . 1 . 1 19.4000«M 1 1 15.37500 I 4 1 

I TJX A?HEN E I M 3 ' L i o . o •: s 1 -0.302031 11 -C. 03*00! 11 -0 .3CE30I 1 1 - 0 . 0 0 5 0 0 I 1 1 

1 T R I T I U 1 1 9 3 / L L 7 40 1 . 1 . 1 3 3 0 C C I 11 11C0CI 11 1 4 0 0 0 I 1 ! 

1 £ INC 1MG/L I 5 I 0.323031 11 0.022801 11 • I . 1 • 1 . I 

< CONTINUED) 



TA!JLE A-L • CONCENTRATIONS GR OU ND.. A T E ? QUALITY PARAMETERS 
OVER POUR QUARTERS OF SAMPLING 

S ITE=0HF WELL NUM3ER=4 

SAMPLIN G QUARTER 
I 1 2 I I 1 4 I 

MEASURED 
CONCENTRA-

TION 

1 MEASURED 
I CONCENTPA-
1 TION 

1 1 1 
MEASURED 1 

CCNCENTRA- 1 
T ION 1 

MEASURED 1 
CONCENTRA- 1 

TION 1 

MEAN IN I MEAN If. 1 MEAN I N I MEAN I N 1 

|PFRA'1ETERLUNITS I L I M I T 1 1 I 1 1 1 1 -0.005001 11 -C.0050C! 
1 1 1 1 

t I 1 1 -O.OICOOI 11 
I I 1 1 -0.C1000! 11 I 2 » 4 - D JMG / L n 1 

1 I 1 1 1 1 -0.005001 11 -C.0050C! 
1 1 1 1 

t I 1 1 -O.OICOOI 11 
I I 1 1 -0.C1000! 11 

12.4-5 T I MG/L to.ci 1 -0.005001 11 -0.005001 11 -0.01CC01 1J -0.010001 11 



T A? Lfc A - : . C O'JCENT^ATIONS JF GROUNDWATER Q J A L I T Y PARAMETERS 
O V n FO'JR QUARTERS OF SAMPLING 

S I T E = 3 5 1 3 WELL NUMBER=1 

I I SAMPLING QUARTER 

I I 1 " 1 2 I 3 I 4 

I I MEASURED » MEASURED I MEASURED 1 MEASURED 
! 1 CONCENTRA- 1 CONCcNTRfl - I COKCENTRA- ! CONCENTRA-
I I T I O N I T ION 1 T I J N 1 T I Q N | j 
I I MEAN ! N i MEAN I N I MEAN I N I MEAN I N 
I +- - + —+ • — 
I P A R A M E T E ^ l U N I T S l - I M I T I I I I I 1 1 I 
j + 1 I I I I I I I 
I A R S Z N T : M G / L I O . O 5 i -0.002001 11 - o . o o i e c i 11 - c . o c s o o i 11 -0.005001 
1 • • - - + +— •—+ +-
I O N I U M 1M 3 / L 11 I - 0 . 1 8 3 0 0 1 11 D . 1 1 C C 0 I 1 1 - 0 . 5 0 0 0 0 1 11 0 . 2 1 0 0 0 1 | + • • + - - + + - - + 
i c ao ' i : j - I R I 3 / L I O . C I I 0 .002001 I I - 0 . 0 0 2 0 0 1 1 1 0 . 0 0 0 2 0 1 11 - 0 . 0 0 2 0 0 1 
! + + — + — + -
I C E S I J M - I 3 1 / L I N D 1 I I I I I I I 
1137 I I 1 4 . 8 8 5 2 7 1 11 0 . 1 6 5 C 5 I 11 . 1 . 1 . 1 j + •— +— + + -
I CHLO~: I *J; r i j / L IND I 6 . 0 0 0 0 0 1 I I 6 . 3 0 0 0 0 1 I I 5 . 0 0 0 0 0 1 I I 5 . 8 0 0 0 0 1 | + • • • + — 
ICHSO'II'JM I M G / L 1 0 . 0 5 1 0 . 0 2 1 0 0 1 11 - 0 . 0 0 8 0 0 1 11 C . O C 2 0 0 I 11 0 . 0 1 0 0 0 1 
I • + - - • • - - + +•—+ 
1CCLIF0S.M I C 0 L / 1 0 C I I 1 S.OCOOOI II O.OOOOOI 11 0 . 0 G 0 C 0 1 11 0 . 0 0 0 0 0 1 
I • — + — —+-
IC3Pr>ER I M G / L 11 1 0 . 0 * 3 0 0 1 11 - 0 . 0 2 0 0 0 1 11 . 1 . 1 . 1 
I • + +--.- • -
1013 3 • M 3 / L IND 1 I I I I 1 1 I 
I j XY GEN 1 I 1 . 1 . 1 • ! . 1 4 . 2 C 0 0 9 1 I I 4 . 6 0 0 0 0 1 | + + + - - • • 

l i N J R I N I M G / L ! 0 . * C 0 2 1 - O . O C O I O I I I - O . C C O I O I I I - 0 . 0 0 0 2 0 1 I I - C . 0 0 0 2 0 1 
I + + •— +—+ + -
I F LU33 IDE M G / L 1 1 . 4 - 2 . 4 I - 1 . 0 0 0 0 0 1 11 - 1 . 3 0 0 0 C I I I - l . O O O C O I H - 1 . 0 0 0 0 0 1 
1 + * 4. + + + + + + 
1 3 - A L P H A I J O / L 1 0 . 5 5 5 1 2 . 2 C 0 0 0 I 11 0 . 7 3 0 C C I 11 1 . 6 C 0 0 0 1 I I 1 . 6 0 0 0 0 1 
1 + + + + --+ 
I G - = ZTA U C / L 1 0 . 2 9 I 4 . 7 0 0 0 0 1 11 1 . 8 0 C C 0 1 11 5 . 4 C 0 C 0 1 I I 3 . 1 0 0 0 0 1 
! + + • + - - • 
I IRON 1 ' t G / L IND I 0 . 4 2 0 0 0 1 II 1 . 4 0 C 0 G ! II . 1 . 1 I.eOOOOl 
R . - A O I M S / L 10 . 0 5 1 0 . 0 1 1 0 0 ! II 0 . 0 1 5 0 0 1 II O.OlOCOl 11 0 . C 0 7 0 0 I 

i _ I ' O A N £ I M G / L I 0 . 0 C 4 1 . 1 . 1 - 3 . J 0 0 5 E I 21 - 0 . * 0 2 c 0 l 11 - 0 . 0 0 2 0 0 1 
I • • --«• —+ — —- + -

A N E S E I M G / L I N D 1 1 . 4 0 0 0 0 1 I I 2 . 7 0 0 0 0 1 11 . 1 . 1 3 . 5 0 0 0 0 1 

M E T C J R Y 1 1 G / L I C . 0 C 2 I C . O C 0 4 0 I I I 0 . 0 0 0 2 0 1 11 C . 0 C G 2 0 I 1 ! - O . C 0 0 2 0 1 j + — * — 
I M ' T h D X Y - ! 1 i / i 1 0 . 1 I 1 1 I I I I 1 
I C H C " ! I I - J . 0 D C 2 0 I I I - 0 . 0 & 0 2 C I I I - C . O C c C O l 11 - 0 . 0 0 8 0 0 1 

( C 0 N T T N U E D J 



T A J L H A - L . C O N C E N T R A T I O N S OF G R O U N D W A T E R Q U A L I T Y F A R A M E T E R S 
O V E R F O U R 3J AR TE F S OF S A M P L I N G 

S I T E = 3 5 1 C N E L L N U M B E R = 1 

S A M P L I N G Q U A R T E R I 
I I I I c I ? 1 4 
1 M E A S U R E D 1 M E A S U R E D T M E A S U R E D I M E A S U R E D 
I C O N C E N T R A - I C O N C S N T R A - T C O N C E N T R A - I C O N C E N T R A -
I T I O N J T I Q N I T I O N I T I O N 
1 J MEAN IN I M E A N I N I M E A N IN I M E A N I N 

I ? AI% A'TETE 

I N I C K T W 
I 

R1 U N I T S 

I M 3/ L 

I L I M I T 

I 0 

! I I I I 1 I I I I 
I - 0 . 0 6 0 0 0 1 II - 0 . 0 6 C 0 C I II 

1 
I . t 

I 
I 

. 1 

I N I T R A T E -
I |PC3 
I 

\ I M G/ L 

1:1 J/L 

1 1: 
INS 

I .1 - 5 . 0 0 C 0 0 1 11 

I .1 0 . 0 C 3 C 7 1 11 

. I 

. I 

. 1 

. 1 

. I . 

. I . 

I P H 
T 
I P H E N O L S 
I 
IR'.ADT J M -
122c 

I P H 

1 M G / L 

1 NC 
INO 

I 6 . 7 C 0 0 0 1 

I . I 
II 6 . 5 3 0 0 0 1 

.1 - 0 . 0 0 1 C 0 1 

II 6 . 4 0 0 0 0 1 

11 - O . O C L O O L 

II 6 . 4 5 0 0 0 1 4 

II -0.001001 1 
13 3/L 
I 

10.16! 
I J 

I S E L E N I U M 
1-

I 1 1 -0,0100"! • • — 
! - 0 . 0 0 5 0 0 ! 

1 II -0. 1 
0100CI 
0 0 5 0 0 ! 

I I II -0.0 5 OCOI 1 1 1! -0.020001 1 
I MG/L 
1 M 3/ L 

10,1-1 
I 0 . 0 5 

II -0. I I - 0 . 3 0 5 0 0 I 

IL - 0 . 0 C 0 5 0 I 

II - 0 . 0 0 5 0 0 1 1 

I S I L V E R 
I 

I - 0 . 0 7 0 0 0 ! 

! L A . 0 0 0 0 3 1 

; 7 0 C C ! 

30 DOC I 

11 -0.010091 1 
.1 5 6 . 3 0 0 0 0 1 1 1 5 00 ill M 

I 
I S P . C T N D . 
I • 

M G / L 

1 U M H 0 5 / C 

I M O 

M I N D 

it 
1 1 9 4 1 . 0 0 0 0 0 1 

11 . 1 

1 1 3 0 5 . 0 C C 3 0 1 1 5 7 0 . 0 0 0 0 0 I 11 1 0 3 0 . 2 5 1 4 

IS T R O N T I U ' 
! 9C 
I !oul-ATE 
I 

ICA^JON 

l b J / L 
1 

1 0 . 3 
1 

I 
. ! 1. 

I 
3 C 0 0 0 I 

O O O O C I 

I I 
II 2 .1 C O C O I 

I 1 
11 1 . 9 0 0 0 0 1 1 

M G / L IN 3 1 9 7 . 0 9 0 0 0 I II135.1 

5 . 8 6 2 5 0 1 

11 6 5 . 0 C 3 0 0 1 1 1 1 7 0 . C 0 0 0 0 1 1 

M 3/L 
I 

1 NO 
I 

! 
2 . 7 0 0 0 0 ! 

I 11 I 1 
81 3 . 1 < 5031 

1 1 
41 4 . 0 0 9 0 0 1 1 

IT. OR 3. 
M J L 3 i I N 
! • 

I M G / L 
I 

1 N O 
1 

I 
0.06200! 

1 II I 
0 . 0 0 3 9 0 ! 

I 1 
1 ! 0 . 0 3 9 4 1 1 

1 1 
4! 0 . 0 4 7 7 5 1 4 

1 T E ° E R A -
! T U R E 

I T OX EN: 
I-

I 3E3. 
1 

I M G / L 

I NO 
I 
10 TOC 5 

I ! 
1 , 1 
l~-O.OG203l" 

I 
. 1 

11 - 0 • 

1 
. 1 

0 0 2 0 0 1 

1 1 
.1 2 1 . 3 0 0 0 0 1 

i i - c .orsoo i 

! 1 
11 1 5 . 6 2 5 0 0 1 4 

1! - C . O C 5 0 0 I 1 

1 ToixiUM 
1 
! R INC 

I B C / L 

1.1 3/ L 

! 7 0? 

I 5 
I . I 3. 

11 -v . 

000001 
0 2 0 0 0 1 

1 1 3 4 0 , O C O C O I 

11 " .1 
1 1 3 4 0 . 3 0 0 0 0 1 1 

0.11000 I . I • I 

(CONTINUE 3) 



TA-.LE 4 - 1 . C O N C E N T R A T I O N S O ^ G R O U N D W A T E R Q U A L I T Y FAR A M E T E R S 
O V E R F O U R Q U A R T E R S OF S A M P L I N G 

5 1 T E = 3 5 1 3 W E L L N U M 3 E R = 1 

S A M P L I N G Q U A P T E 3 

1 S i 1 2 I 
M E A S U R E D J M E A S U P E D I * £ A S U R E D I 

C O N C E N T R A - 1 C O N C E N T R A - I C O N C E N T R A - I 
R I O N I T I O N I T I O N I 

P A R A M E T E R J U N I T 3 1 LI. 

I M G / L J 0 . 1 

M E A N IN 1 M E A N IN I M E A N IN 1 

1 2 I 4 • I M 3/ L 10.01 

I I I I I I I I I I I I 
• 3 . 0 C 5 0 0 I 1 1 - 0 , 3 0 5 1 0 1 I I - O . C l G C O l I I 
• - - - - - - - + - - • - - - - - - + + . 
• 0 . G C 5 0 3 1 I I - 0 . 0 0 5 0 3 1 I I - 0 * 0 1 0 0 0 1 1 ! 

1 S U R E D 
I E N T R A -

"3 I N + 

I 1 
I £ J 1 + - • 
•̂ 3 1 11 



TFTJ L' . ft-1. CONCENTS JTIONS OF GROUNDWATER QUALITY L-ARAMETE RS 
OVER FOUR QUA.ITERS OF SAMPLING 

ST TE=3513 HELL NUMBER=1A 
I SAMPLING 3UAPTER 

1 1 2 1 1 4 
MEASURE? I MEASURED I P EASURED 1 MEASURED 

CONCENTRA- 1 CONCENTRA- 1 CONCENTRA- 1 CONCENTRA-
TION 1 TION I TION 1 TION 

MEAN IN 1 MEAN IN I MFEAN IN 1 MEAN IN 
PARA-IE T 
A • ' S E N : - : 

CA O V 1 V 1 

IMC/I. 
1 MG/L 

IL IMIT 
1 0 . 0 5 • 
I 1 

I 1 I 
•I I I 
I -3.0C200I II 
1 0.0630CJ II 

I I 
I I 

>0.001091 II 
Q.14C0CI II 

I I I I 
-0.OC5OOI II 
-0.500001 II 

I 
I 

•3.005001 
0.300301 

I 1 3 / L 10.01 I 0.3C100I I I - Q . O C 2 0 0 1 IL C.3C020I II -C.0020CI 
1 CISI'JM-• ->T t'j'I/L 

1 
I NO 
I 

I 
1.325631 
7.000031 II 
0.140001 II 

I I 
0.300001 II 

I 1 
I .1 . 1 

5. 330001 
0.020001 

CHL'"nr 3= 
CRIR 3 11 'JV 

C GL I*7 3 RM 
; 2 p P f 

: M I/ L 

I' 1 j/L 
1 NO 
10.05 

7.000C01 II 
0.029031 II 

7.3C0C01 II 
C.3C5C0I 11 I 

IC JL/IOQ 
I M ,/ L 

I 1 . . . . . . . . . . 
I 1 

I 2.303001 II 
I -3.320001 II 

0.303C3I 11 
•0.0200CI II 

0.000031 II ....... 
.1 .1 

0.00000 I 
. I 

-i r f s . 
3XY3HN 

! M G/ L 
1 

I NC 
1 

I 
. I 

I I 
I . I 

I I 
5.5 CO 301 II 

I 
5.50000 I 

-0.COC2O! 
-1.C03001 
4.000301 
7.530001 
7.900001 
3 . C1000 I 

i NL 1 I N 

FlooriOE 

1 " jN 
LEAD 
_ : N O A N E 

MA\3ANES : 
^EKC'JPY 

I M G / L 

I M 3 / L 

I 0.0002 
11.4-2.4 
10.555 

I -3.000101 II 
1 - 1 . 0 0 0 0 0 1 1 . 1 

I 1.303001 II 
I 5.60000! II 
1 1.203001 11 
I -3.30100! 11 
S 

-C.300101 II -0.3C3201 1! 

•1.000C0I 11 -1.00CC01 II 
1.1000CI II 5.7C300I II 
4.800001 II 13.9C000I 11 
3.500CC1 11 .1 .1 
C.007001 II 0.02000! 1! 

I90/L 
I 0 3/L 
1 M <3/ L 
IMG/L 

1 NO 
10.05 

I MO/L 
M 3/L 

10 .C04 
S NO 

.1 .1 
I 0.250001 II 

0.30C021 21 
0.5430CI II 

•0.OC200I II 
.1 .1 

•C. 002001 
0.43000] 

1MG/L 10.0C2 
n 7 i 

I 3.000301 11 0.000131 II C.00010I II -0.000201 
•1ETHJXY-
C H L 0 * 

I M 3 / L » I I I 
039231 11 

I 1 
•0.30C2U1 II 

1 I 
•o.ocaooi I I 

i 
-3.C38001 

( COM IN JEO) 



T t ^ L E 4 - 1 . CONCENTRATIONS o r GPOUNOWATE? 3 U A L I T Y F A ' A V E T E R S 
OVER FOUR QUARTERS OF SAMPLING 

S I T E = 3 5 1 2 WELL NU<iaER=lA 

! I 
J 
i 
I 
J 
• 
i 
I 
! 
I^ARA'-liTFRIU MT5 *__ 
niCKcu I '1 j / L 
I 

SAMPLING CUA^TER S 
J 
I I 2 1 5 1 4 
I MEAS'JO;:) I MEASURED I "IfeASU^EO I MEASURED 
I CGNCENTRfl- I C Q N C Z N T R t - 1 CCt^CENTRA- I C3NCENTR A -
I T 1 3 N 1 T I ON I T I ON 1 T I O N 
I 1 + 
I MEAN I N I MEAN I N I MEAN I N I MEAN I N 

. + + - + + - - + + - • 
I I I 1 1 1 1 I 
I I I I I I I 1 
I - O . J 5 0 3 0 ! I I - C . 0 5 0 C C ! I I . 1 . 1 . 1 , 

1 L V-11 T 

I S 
I J I T P A T E -
I 
1PCO 

I PH 

I PHENOLS I 
1R A D I ' J M -
1216 
I 
1 3 EL ENI'JM 
1 
I S I L V E R 
I 
! 5 0 01 'J M 

I 
I S P . C 0 N 3 . 
I 
I 3TRONTHJ 
190 

•<11 0/L 
1-1G/L 

i i ; I - 5 . 0 0 0 0 3 1 11 - S . C C 3 C C I .1 .1 

IPH 
IMG/L 

I ii D 
I NO 

I NC 

1 . I 

1 5 . 4 0 3 C 0 1 

I " " . 1 

• I 0 . 0 0 0 0 7 1 

I I 6 . 60 00C 1 

. 1 - O . O O l C O I 

I . I 
I 6 . 4 C C 0 0 I 

I - C . 0 C 1 0 3 I 

. 1 • I • 

I I 6.375001 4 
11 -C.001001 1 

133/-I 10.151. 
I O . 0 0 2 0 3 1 

1 1 
I I - 0 . 1 0 G C C 1 

1 I 
I - C . 0 3 O C O I 

1 1 
11 -0.020001 1 

1MG/L 
IMG/L 

! 0 . F' I 

I J . C ' 5 

1 - 0 . 0 0 5 0 3 ! 

1 070031' 
I I - 0 . 0 0 5 0 0 1 

11 - 0 . 3 7 0 C O I 

1 -O.OC5001 1 ! - 0 . 0 0 5 9 0 ! 1 

I I - 0 . 0 1 0 3 0 1 1 I - 0 . 3 C 0 5 0 I 

L-'L J / L 

I U M H O O / C : 

I NO 
•1 1 'J 0 

I 1 3 . 0 0 0 0 0 1 

1 5 9 0 . 0 0 0 0 0 I 

I I 1 3 . 0 0 O C C I 

I I 3 0 5 . C O O O C I 

I . I . 1 1 2 . 0 3 0 0 0 1 1 

1 1 7 8 6 . 0 0 000 1 4 I 7 4 1 . 0 0 0 0 0 I 

11 0 0/ L 
I 

I 0 . 3 
1 

I 1 
. 1 2 . 6 0 3 0 0 1 

I I 
1 Z . 9 C C O O I 

I I 
11 3 . 3 3 0 0 0 1 1 

S S U U F A T E 
I 
I T . 0 = G . 
I C AkolH 
1 
IT. 0 G . 
1 HALOJE'J 

M J / L I N 0 I 3 3 . 0 0 0 0 3 1 I I 3 6 . C 0 0 C 0 1 I I 4 Z . 0 C C C 0 I 11 4 1 . 3 0 0 0 0 1 1 

IMG/L 
1 

I NO 
1 

1 
2 . 2 5 0 0 3 1 

I 1 
11 5 . 2 2 5 0 0 1 

I I 
8 1 3 . 1 C 0 C M 

1 I 
41 5 . 0 0 0 0 0 1 1 

IK j/L 
I 

I ND 
I 

1 
0 . 0 7 2 0 0 1 

1 I 
II 0.022P0I 

1 1 
11 0 . 0 4 u19 I 

1 1 
41 C . 1 7 0 0 0 1 4 

J T 3 M 3 ̂  *i 1 -

I -

I J I j . c 
I 

! 'iO 
1 

1 
. I 

I 
. 1 

I 
. I 

! 1 
. 1 1 8 . 4 C ? 0 0 l 

1 I 
11 1 3 . 3 5 3 0 0 1 4 

! T o x ' ° h e n : 
I 
I T R : * : J " 
• . . . . . . 
i £ r ^ c 

MG/L 
1 b }/L 
IV! 3/L 

1 0 .">05 
S 74'J 
15 

1 - 0 . K 2 0 0 I 
I . I 
I : . 0 93 00 1 

II -C.0020C! 
• I200.3000C1 
11 -0.0200CI 

11 -O.OC5CO! 
11760.300C01 
11 . 1 

11 -0.0050CI 1 
11450.300C01 1 

1 I 

( C : \ T T V J E D J 



T A A - : A-l. C O N C E N T R A T I O N S OF GROUNDWATER QUALITY PARAMETERS 
NTER FOUR QUARTERS OF SAMPLING 

SITE=35L2 WELL NUMBER=1A 
SAMPLING QUARTER 1 

I L I 2 1 I I 4 I 
! MEASURED 
J C O N C E N T A-
1 TION 

I 
1 
1 

MEASURES 1 
CONCENTRA- 1 

TIQN 1 

MEASURED 
CONCENTRA-

TION 
1 
I 
1 

MEASURED 1 
CONCENTRA- 1 

TION 1 
J MEAN IN I MEAN IN 1 MEAN IN 1 MEAN IN I 

Î A-.A-IETE ^ 1 J RJ I T 5 I L :MH ! ! 
1 1 
I -3.0 05 001 

1 
1 

1! 
1 ! 
1 1 

-0.005CO! 1! 
1 
1 

-O.CIOOO 1 

I 
1 

11 
I I 
I I 

-0.C10001 11 T 2*4-0 M G / L 1 0 

! ! 
1 1 
I -3.0 05 001 

1 
1 

1! 
1 ! 
1 1 

-0.005CO! 1! 
1 
1 

-O.CIOOO 1 

I 
1 

11 
I I 
I I 

-0.C10001 11 

1 2 . 4 - 5 ' ! '1 J/L to .01 I -O.JC500 1 IT -C.005001 1J -0.01C00I 11 -O.ClOOOl 11 

CO ro 



T1.-JL-" A - I . C : JCRNT^ARRA'JI OF G S O U V S W A T E . R VJALITY hASArZTiRS 
O V E R F O U R O U S T E R S OF S A M P L I N G 

5 1 T E = 3 513 W E L L N U M 3 E R = 2 

1 S A M P L I N G S U A G T E R 

I : I 2 I 3 I 4 1 
! mmmmmmmmmmm 

1 M E A S U R E D 
1 C O N C E N T R A -
L T I O N 

1 
1 
1 

M E A S U R E D 
C C N C E N T P A -

T I O N 

I 
1 
1 

M E A S U R E D 
C C H C E N T R A -

T I C N 

I 
1 
1 

M E A S U R E D 1 
C O N C E N T R A - I 

T I O N 1 

1 M E A N IN 1 M E A N IN 1 M E A N IN 1 M E A N IN I 

J ? A 1 4 N E T R R 1 U M T3 I L IMI T 1 1 1 1 I 1 1 I 1 
— — — — — - — — — _ — — 1 1 1 1 1 1 1 1 1 

I ARSENIC 1 fl G/ L 1 0 - 0 5 1 - 0 . 3 & 2 0 3 ! 11 - 0 . C C 1 C C I 11 - 0 . 3 3 5 C 0 I 11 - W . 0 0 5 0 0 1 11 

1SARIUM 1.M3/L 1 1 J 3 . 2 4 0 0 3 1 11 C . 4 3 0 C 0 1 11 - 0 . 5 C 0 C 0 ! 11 C . 5 3 0 0 0 1 11 

I C A O M I U M I M G / L 10,01 1 3 , 0 C 2 3 01 11 - C . C 0 2 C 0 ! 11 - 0 . 0 3 0 2 0 1 11 - 0 . 0 0 2 0 0 ! 1! 

I C E 5 I J M -
1137 

13Q/L 
1 

I ND 
1 

I 1 
1 0 . 2 5 1 6 7 ! 

I 
1! 

1 
3 , 0 0 0 0 0 1 

I 
11 

1 
. 1 

1 
. I 

1 1 
.1 . I 

1 C H L 3 R T JE 1 ,-1 3/ L 1 N D 1 3 3 . 3 3 0 0 3 ! 11 3 5 . 0 0 C 0 0 ! 11 3 4 . 0 C 0 G 0 I 1! 4 0 . 3 0 0 3 0 1 11 

! C HP. 3 -11 :JM 1 M 3/ L 10.05 1 1 . 2 3 0 0 0 1 11 3 , 0 1 5 0 0 ! 11 O . O C 6 C O 1 11 3 . 0 2 0 0 0 1 11 

1 C OL IF 0 IM 1 C C L / 1 C J 11 1 1 . 0 0 3 0 0 1 11 0 , 6 0 0 0 0 1 11 G . O C O O O L 1 1 0 . 0 0 0 0 0 1 11 

I C.?°PER J M j / L 1 1 I 0 . 0 2 5 031 11 - 0 . C 2 3 0 C 1 11 .1 .1 .1 . 1 

l o r s s . 
1 JXY 3EN 

I 4 J/L 
I 

J MO 
1 

1 1 
1 . ! 

1 
. I 

1 
. 1 

1 
. 1 

I 
2 . S C 0 C 0 ! 

1 
11 

1 1 
3 . 8 0 0 0 0 1 41 

I -Z\j'^IN r i i / L 10 .1CC2 I - 0 . 3 0 0 1 3 1 11 -0.003101 11 -C.OC0201 11 -0.000201 11 
IFLJ3RI3E ! M G/ L 11 . 4 - 2 . 4 1 - 1 . 0 C 3 0 3 1 1! - 1 . 3 0 3 0 0 1 11 - l . o o o e c ! 11 - 1 . 0 0 0 3 0 1 11 

I J - A L P H A 13 3/L 10.555 I 3.9COOO! 11 1 . 4 0 0 0 0 1 11 l e . o c c c o i 11 1 7 . 0 0 0 0 0 1 11 

IG-6ETA 1 J C / L 10.29 S 5 4 . 3 0 3 0 0 1 11 4 5 . 3 0 0 0 0 1 11 6 5 . 0 0 0 0 0 1 11 6 2 . 0 0 0 0 0 1 11 

! IRON t M G/ L IND 1 7 . 2 C 0 0 0 1 1! 3 . 3 0 0 C 0 1 11 . 1 . 1 1 C . 0 0 0 0 0 ! 11 

! L E A D MG/L 1 3 . 1 5 1 ">,03403 ! 11 0 , 0 2 2 0 0 1 11 C . 0 5 3 0 0 1 11 0 . 0 2 4 0 0 1 11 

I _I-|?AN£ I M G/ L 10 .304 1 . 1 . I - 0 . 0 3 0 5 5 1 2! - C . 0 C 2 0 3 1 11 - 0 . 0 0 2 0 0 1 11 

I MANGA'IES EIM:/L IND 1 4 . 5 C O 0 0 I 11 5 . 0 0 3 0 0 1 11 .1 .1 5 , 0 0 0 0 0 1 11 

I M G / L i ^ .001 I r - . ^ o s o i 1 1 - C . 0 0 C 1 0 1 11 0 . 0 0 0 2 3 1 11 0 . 0 0 3 3 0 ! 11 

1 MET -IOX Y-
! CHL 1R 

IMG/L 
1 

1 0 . i 
1 

i s 
1 - 3 . 0 C 3 2 3 1 

! 
: i 

I 
- 0 . 3 0 0 2 0 1 

I 
11 

1 
- 0 . C C S 0 3 ! 

1 
11 

1 1 
- 0 . 3 0 8 0 0 1 11 

< C C \ T I'. J: O) 



T S J L £ A - L . C O N C E N T R A T I O N S OF G R O U N D W A T E R Q U A L I T Y F A C A K E T C R S 
O V E R F O U R C'JARTEPS OF S A M P L I N G 

S I T E = B 0 1 2 W E L L N U M B E R = 2 

! t S A M P L I N G Q U A R T E R . J 
1 ! 1 J " 1 ? 1 4 

! ! M E A S U R E D ! M E A S U R E D ! M E A S U R E D 1 M E A S U R E D 
• I C O M C C N T R A - I CONCZ'ITR A - T C O N C E N T R A - I C O N C E N T R A -
1 ! T I O N I T I O N ! T I J N J T I O N 

1 -
1 MEAN IN I MEAN IN I MEAN IN 1 MEAN IN 

a £r: A'l E TE R J U NI T 5 u r i i T I 
I 
1 

I 
I 

t .300031 
1 
1 

11 
1 
I 

-0.0600CI 
1 
1 

I t 
1 
1 

. 1 
I 
1 

. 1 
1 
I 

• 1 I M .3/ L I j 
I 
I 
1 

I 
I 

t .300031 
1 
1 

11 
1 
I 

-0.0600CI 
1 
1 

I t 
1 
1 

. 1 
I 
1 

. 1 
1 
I 

• 1 • 

NITRATE- M I M 3/ L 11: J -2.1C303I 11 -5.C00001 1! . 1 . 1 . 1 • 

IMG/L I NiD 1 . 1 . 1 0.C00101 1! . I . 1 . 1 • 

PH I PH 1 NO I 6.23303 I 11 7.1C000I 11 6.5C0001 11 6.80000 I 4 
°HE >JOLS MG/L 1 YO 1 -P.0C203I 11 -C.3v13 01 1 ! -0.HC1G3I 11 -C.C01001 1 
RADIUM-225 la 3/L 1 

i . 18 5 
I 1 1 

1 -0.023031 
1 

11 
I 

-0.370001 
1 

11 
1 -0.013001 1 

11 
I 

-0.350001 1 
SELE'II J w j /L 1 3.01 1 -0.33500! 11 -0.3050 01 1! - 0 .0 C 5 00 1 11 -0.005001 1 
SILVER I Mo/L 10.35 I -0.37^001 11 -3.070CC 1 11 -C.OCCSOl 1! -O.CIOOOI 1 
SODI'JM I M : / L 1 NO I 37.000031 11 35.00 0CC1 1! . 1 . 1 33.C00001 1 
SP.CONO. 1 'J MM 0 3 /CM 1 NO 1442.00300] 11673.000031 11554.0C030 I 11679.50000 I 4 
STRONTIUM! Vi/L 
J J I 

t 0 .3 
1 

t 
1 

I 
. I 

1 
. 1 

1 
26.300001 

1 
1! 

1 
33.000001 

1 
11 

1 
32.000001 1 

S U L F A T E J M j / L 1 ND 1 21.330001 11 22*000001 11 16.CCOOOI 11 20.000001 1 
T . ORi. 
CAR.HN 

IMG/L 
I 

I ND 
1 

I 
1 

I 
1.460301 

1 
11 

1 
4.3375CI 

I 
8! 

1 
1.6C0C0I 

1 
41 

I 
e . oooooi 1 

T. 013. 
HALOGEN 

I M i / L 
I 

1 NO 
1 

I 
1 

I 
3.355001 

1 
11 

1 
0.022001 

I 
11 

1 
0.103631 

I 
41 

i 
3.045501 4 

T EMP"'< i -
T J-1E 

ID EG. 
I • 

c 1 NO 
I 

1 
1 

I 
. I 

1 
. 1 

I 
. I 

1 
. 1 

1 
21.7C3CC1 

1 
11 

1 
15. 87500 1 4 

T : MG/ L IC .005 I -C.OC200I l l -0.032C01 1! -0.0C5001 11 -0.C050C1 I 
r = rT i u •< i J :/L 1 740 J . 1 . I 36001 11 35001 11 29001 1 
11»: I M 3/ L J 5 ! 0.113C0! 11 3.037031 11 . 1 .1 . 1 . 

( C O N T 7 N J E D ) 



TA3LE A-l . CONCENTRATIONS OF GROUNDWATER QUALITY FARAMETERS OVER FOUR QUARTERS OF SAMPLING 51TE=3512 WELL NUM9ER=2 
t J SAMPLING OUAPTER 1 

S 1 1 2 I a I 4 I 
I 
I 
J 
J 

1 MEASURED 
J CONCENTRA-
I TION 

I 
I 
1 

MEASURED I 
CONCENTRA- 1 

TION I 
MEASURED 

CONCENTRA-
T 10 N 

! 
I 
I 

MEASURED 1 
CONCENTRA- 1 

TION 1 
! 
! I MEAN IN 1 MEAN IN 1 MEAN IN 1 MEAN IN 1 
IPARAMETF '1'J'iITS I LIMIT ! 1 

- 1 1 
! -C.OCSOOl 

I 
1 

11 
I ! 
I I 

-0.CC53C! 1! 
1 
I 

-O.OlGJOl 
! 
I 

11 
i i 
i i 

-0.010001 11 12 »4-9 SMG/L I 0 .1 
! 1 

- 1 1 
! -C.OCSOOl 

I 
1 

11 
I ! 
I I 

-0.CC53C! 1! 
1 
I 

-O.OlGJOl 
! 
I 

11 
i i 
i i 

-0.010001 11 
12 »4-5 T I M G/ L 10.01 J -0.005001 i : -0.005001 11 -0.01000! 11 -0.010001 11 

oo ut 



i - 1 . CONCENTRATICUS QF GROUNDWATER QUALITY hAC AMETERS 
OVE? FOUR 3JARTERS 3F SAMPLING 

S I T E = 3 513 WELL NUM3ER=3 

I 
1 1 I 
J MEASURED I 
1 CONCENTRt- ! 
J T ION 1 

SAMPLING -iUAPTER 

2 1 
MEASUkED I 

CONCENTRA- I 
T ION I 

3 1 4 

MEASURED t MEASURED 
CONCENTRA- 1 CONCENTRA-

T ION 1 T I O N 

I 
I 
IPIRA'IETERIUVTS 
1ARSENIC 1 '10 /L 

1 
t MEAN I N I MEAN IN t PEAN IN 1 MEAN I N 

!LIMIT 
! 0 . " 5 

1 I I 
I I I 
! 0.C04C31 II 

I I 
I I 

- Q . G 3 1 C 0 1 11 

1 1 
1 I 

0 .00 5 CO I 1! 
I 
I 

3.01100! 
IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

I ' ! 3 / L I i ! 3 . 1 4 3 0 0 1 11 3 . 5 2 0 0 0 1 11 - C . 5 C C C 0 I 11 3 . 3 5 0 0 0 1 1 IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

1M3 /L 1 3 . C I I 0 , 1C1031 11 - C . 0 C 3 0 C 1 11 0 . 0 0 0 4 0 I 11 - 0 . 3 0 2 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

I 3 J / L 
i 

1 NO 
I 

I 
I 

1 
3 . 5 C 3 8 8 I 

1 
21 

1 
o.eoocoi 

1 
1! 

! 
. 1 

I 
• s 

1 
. 1 . 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

! M 3 / L 1 NO 1 1 0 . 0 0 3 0 0 1 11 1 3 , 0 0 0 0 0 I 11 1 2 . 0 C 0 0 0 1 11 1 3 . 0 0 0 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

1 M 3 / L 10 . 0 5 1 3 . 0 73 331 11 0 . 0 3 4 0 0 1 1! 0 , 0 1 8 0 0 ! 11 C , C 1 9 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

I C I L / I C O 1 1 I 2 . 3 0 0 0 0 1 11 C , 0 0 0 0 0 1 11 4 . 0 0 0 0 0 ] 2 1 1 2 0 . 0 0 0 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

1 M o / L 11 1 0 . 0 2 2 0 0 1 11 0 . 0 5 9 0 3 1 11 , 1 . 1 .1 . 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

I '1 3 / L ; 

TMG/L 

I NO 
I 
10 . 0 0 02 

I 
1 
I 

I 
. 1 

- 3 . 0 0 0 1 0 I 

1 
. I 
11 

1 
. 1 

- 3 . 0 0 0 1 b 1 

1 
. ! 
I t " 

1 
3 . 8 0 0 0 0 1 

- 0 . 0 C 3 2 0 1 

1 
11 
11 

1 
4 . S 2 5 0 0 1 4 

- 0 . 0 0 0 2 0 1 I 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

I M 3 / L 11,4- 2:. 4 I - 1 . 0 0 0 0 0 I 11 - l . O O O O C l 1! -1,OCOOOI 11 -1.000001 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

13 3 / L 1 0 , 5 5 5 ! 0 . 2 3 0 0 0 1 11 0 . 3 0 0 0 C ! 11 1 . 9 0 0 C 0 1 11 1 , 5 0 0 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN 

J 3 3 / L I 0 . 2 9 1 3 . 6 0 0 0 0 1 11 1 . 4 0 3 0 0 1 1 ! 3 . 7 0 0 0 0 1 l i 2 . 1 0 0 0 0 1 1 

IBARIUM 

JC ADMIU'1 

1CESIUM-
1 1 37 

I C H L 3 R I 3 E 

ICHROM:Uw 

ICOwIFORM 

ICOPPER 

I D I 5 3 . 
I OXYGEN 

1 - N D R I N 

l = L U 3 R T 3 c 

! j - A L P H A 

J i - j f T A 

I I RuN I .M3/L INC I 1 5 . 0 0 0 0 3 I 11 7 2 . 0 0 3 0 C 1 11 ,1 .1 6 5 . 0 0 0 0 0 1 1 

I LEAD 

I L l f O A f l l 

1 M 3 / L 1 0 . 0 5 1 0 . 0 1 1 0 0 1 11 1 . 4 0 0 0 3 1 1 ! 0 . 0 6 0 0 0 1 H 0 , 0 8 3 0 0 1 1 I LEAD 

I L l f O A f l l ! M 3 / L 1 3 . 0 0 4 j . 1 . 1 0 . 0 0 0 0 0 1 21 - C . 0 C 2 C C 1 11 - 0 . 0 0 2 0 0 1 1 

1 MAf. Gft'lES 

! z ^ l ' J P. Y 

! '1 ETrt rJ X Y-
1 3HLOR 

E l M G / L 

I M 3 / L 

1ND 

1 0 . 0 0 e. 

1 
1 

3 . 1 C 0 C 0 1 

0 . 3 C P 1 0 I 

11 
11 i 

i 
i 

i
l

l 
i 

IO
U

 1
 

i •
 i

 •
 i

 
IC

lH
l 

IU
IO

! 
IO

IO
I 

IH
IO

I 
1 O

 1
 O

 1 
K —

 +
 »- 11 

11 

. 1 

- 0 . S C O 101 

. 1 
11 

4 . 1 0 0 9 0 1 1 

- C . 0 0 0 2 C ! 1 

1 MAf. Gft'lES 

! z ^ l ' J P. Y 

! '1 ETrt rJ X Y-
1 3HLOR 

M G / L i 1 3 . 1 
1 

1 
I 

1 
- 0 . 0 0 0 2 3 1 

I 
11 

1 
- 0 , 0 0 0 2 0 ! 

1 
1 ! 

I 
-C . 0 0 8 0 0 1 

I 
11 

1 
- 0 . 0 0 8 0 0 1 1 

(CCMINJE3) 



T I J L T 4 - 1 . C O N C E N T R A T I O N S OF G R O U N D W A T E R Q U A L I T Y F A R A H E T E R S 
O V E R F O U R Q U A R T E R S OF S A M P L I N G 

S I T E = 3 5 1 3 W E L L N U M 3 E R = 2 

t 
! 
I 
1 
I 
I 
! 
I - -
IPARAMETE 
! NICKEL 

R I U N I T S 

IMG/L 
ILIV1IT 

I 5 
I 
I N I T R A T : -
I 
IPCG 

I | 
! 1 I 
I MEASURED I 
I C O N C E N T R A - I 
I T U N I 

I M E A N IN 1 

I i I 
•I I ! 
I 0 . 2 7 0 9 3 1 II 

S A M P L I N G G U A F T E R 

'<l 1 3 1 4 
M E A S U R E D ! M E A S U R E D I M E A S U R E D 

C O N C E N T R A - ! C O N C E N T R A - I C O N C E N T R A -
T I O N 1 T I O N I T I O N 

M E A N IN I ME AK IN 1 M E A N IN 

I 1 
I I 

- G . C 6 C C 0 I II 

1 I I 
I I I 

> 1 . 1 . I . 
NIMG/L 

1:1 G/ L 
110 
I ND 

1 . O C O 0 3 I 11 

1 . 1 . 1 
• 5 . C 3 0 C 0 I 

0 . 0 3 0 0 9 1 

11 
11 

• 1 
. I 

. 1 

. I 
I . 
I . 

I 
I PH 
1 
I PHENOLS 

I PH 
I M G/ L 

I NC 
I NO 

I 5 . 4 0 0 0 0 1 11 

1 -0.002001 11 
. 1 

- 9 . 0 0 1 C 0 1 

.1 6 . 3 C 0 C 0 1 11 

II - 0 . C C 1 0 0 ! II 

6 . 2 2 5 0 0 1 4 

•0. C 0 1 0 C 1 I 
I 
1 R A 01U "1 -
I 2 2 5 
I 

1 3 3 / L 
1 

1 0 , 1 9 5 
I 

I I 1 
I -0.020001 11 

I 
0. 1 4 0 0 0 1 

! 1 II - o .oeooo i 
i i 

II -0.100001 1 
I SELENI'J" 
I 
1 SILVER 
1 
! 3 JD I'JM 
I 

I MG/L 
I M G/ L 

10.01 
1 0 . 0 5 

I - 0 . 0 0 5 0 0 1 11 

I - 0 . 0 7 0 0 9 1 II 

- 0 . 0 0 5 0 0 1 

- C . 0 7 0 C 0 I 

II - O . C 0 5 C O I 

II -0.CCu50 I 
II - 0 . 3 0 5 0 0 1 1 

II - C . 0 1 0 0 0 1 1 

:M 3/L 

I U M H O S A 

I MO 
M I NO 

I 2S.OCV031 II 
I 4 6 0 . 0 C 0 0 9 I 11 

2 7 . C 0 0 0 0 1 11 . 1 . 1 2 9 . 0 0 0 0 0 1 1 

.1 . 1 3 6 5 . 0 0 C C 0 1 1 1 7 0 2 . 7 5 0 0 0 1 4 I S D .C0\'0. 
I 
I S T R 3 N T IU 
n o 
i 
1 S'JLF AT ; 
1 
IT. 
! C A R 3 0 N 
I 

113 J/L 
I 

1 0 . 3 
I 

I 1 
. I .1 

I 
0.4G00C1 

1 1 
11 G.64C00! 

I 
II 

1 
4 0 0 0 0 1 1 

500 0 0 1 1 ! M G/ L in: I - 5 . 3 0 0 0 ) 1 II - 5 . 3 0 0 0 0 1 II - 5 . U G 0 0 9 1 11 

n ; / L 
i 

i n : 1 I I 
1 3.710001 11 

I 
7.250C01 

I I 
61 3. 925 CO 1 

I I 
41 2 2 . 0 0 0 0 0 1 1 

IB".. !T. 
! HALOGEN 

1 "1G/L 
! 

1 NC 
1 

| 
1T EPPE R A-
I T JRr 

I I 1 
I 1.060001 11 *" - 03 200 1 

1 1 
11 0.279251 

1 
41 

1 
0.177501 4 

ID EG. C 
I 

I ND 
1 

I 1 
.1 .1 

I 
. I 

I 1 
.1 21.100001 I I 

II 1 6 . 9 2 5 0 0 1 4 

l l ~ - 0 + 1 T :x 1DH If. 
J 

l T - i T i y ; 
,|:1G/L 10 .0 :5 I -9.0C203 ! II -0.002C31 
13VL I .1 .1 230C1 
MC/L 15 1 3. 15000 1 11 0.430001 

11 -0.0C5C01 
II 2 bCOI 
11 . I 

1.305001 1 

240 0 1 1 II 
1 : : <r • 1 

(CCNTINJE?) 



T A 2 L 5 i - l . CONCENTRATIONS OF G9 D J NO tl A TE P. Q U A L I T Y PACA^ETERS 
OVER FOUR 0 J A ^ T E S S OF SAMPLING 

S I T E = : 5 1 3 w Z L t N'JM3ER = 3 

I S A M P L I N G GUAC T E R 

I 1 i ; 1 I 4 1 

I M E A S U R E D 
1 C O . N C C N T . - M -
I T I O N 

1 M E A S U R E D 
1 CON C E N T 0 . A — 
I T I O M 

1 
I 
1 

" t A S U K E D 
C Q I ^ C E N T R A -

T I C N 

I M E A S U R E D I 
1 C O N C E N T R A - I 
1 T I O M I 

I MEAN I N 1 MEAN I N 1 KEAN I N 1 MEAN IN I 
3 J : < V 1 £ T ^ I ' J M T 5 I L I M I T I 1 1 1 

1 1 1 1 
1 - O . O C 5 C O ! 1 1 - J . 3 C 5 C 0 1 i 

I I 
I 

- O . O I C O O I 

1 I I 
1 1 1 

1 1 - C . O l O O O I 1 1 ! ' - 1 G / L 1 C . 1 

I 1 1 1 
1 1 1 1 
1 - O . O C 5 C O ! 1 1 - J . 3 C 5 C 0 1 i i 

I 
I 

- O . O I C O O I 

1 I I 
1 1 1 

1 1 - C . O l O O O I 1 1 

I»4-5 T 1M3/L 13.01 1 -0.J05C0I II -0.0C5CCI II -0.010001 II -C.OlOOOI 1 

ao a> 



TA'ILE A- l . CONCENTRATIONS Oc GROUNDWATER QUALITY PARAMETERS 
OVER FOUR 3UARTEF.5 OF SAMPLING 

SITE= 3513 WELL NUM3ER=4 
1 SAMPLING QUARTER 
I 
I I 1 2 1 3 1 4 
I — * 
1 MEASURED 1 MEASURED 1 MEASURED 1 MEASURED 
1 CONCEVTRA- 1 CONCEVTRA- 1 CC^CENTRA- 1 CONCENTRA-
1 TION I TIGN 1 TIGN 1 TION 
1 MEAN IN I MEAN IN 1 MEAN IN 1 MEAN IN 

° A R a" t E T E 
ARSENIC 

RJ UNITS 
!MG/L 

ILIMIT 
5 0.05 

I 
- 1 

I 
1 
1 

- 0 . 3 32 0 3I 
1 
1 

11 
1 
1 

C . 30100 I 
1 
1 

11 -C 
i 

.005001 
! 
I 

11 
I 
1 

0.006001 1 
3 Artl'JM 
CADMtU'l 

M j/L 
IMG/L 

1 1 
10.01 

- + 
1 

0.050001 
0.002301 

11 
1! 

C.094001 
-0.002001 

11 
11 

- r 
C 

.500001 

.000201 
11 
11 

0.36000! 1 
-3t 002001 1 

CE3IUM-
137 

liO/L 
I 

INC 
I 

1 
I 

1 
0.521541 

t 
21 

I 
O.OOOOOl 

1 
11 0 1 

.752011 
! 

21 
1 

. I . 
CHLORIDE IMG/L 1 NC I 9,030031 1! 6.33COCI 11 6 .30000 1 11 5.303001 1 
CHROMIUM IMG/L 30.05 I 0.690001 1! 0.320001 1 I 0 .0C7C01 11 0.03000! 1 
CGLÎ ORM ICOL/1GO I 1 I O.OCOOOI 11 0.30000! 11 C •OCOCOl 1! C.00000 1 1 
C OPPER IMG/L I 1 1 -0,020001 1» -0.320001 11 • ! . ! . 1 . 
DISS. 
OXYGEN 

1 M G/ L 
I 

1 ND 
1 

1 
I 1 

. I 
1 

. I 
1 

. 1 
1 

. 1 4 
I 

.700901 
1 

1! 
! 

5.550001 4 
ENORIN IMG/L 1 0 . I C ^ I - o . o e c i o i 1! -0.000101 11 -0 .00020J 11 -0.000201 1 
FLUORIDE IMG/L 11.4-2 .4 1 -1.030001 11 -1.0C0C01 1! - 1 .0CCC01 l ! -1.000001 1 
G-ALPH A I BQ/L 10.555 1 -3.0C030I 11 3.330001 11 4 * 1C0301 11 4.500001 1 
G-BET5 ! 3 0/ L 10.29 1 3 . 5CO 00 1 11 7.00GCCI 11 15 .0C003I 1! 13.000001 1 
* RON IMG/L JNC 1 5.6 33 00! 11 9.G000GI 1 I . 1 . I 2C.000001 1 
LEAD MG/L 10 .05 1 0.0C303 1 1! 0.024001 11 0 .040001 11 3.024001 1 
tl'IDANZ 1 M G/ L 10 .004 I .1 .1 O.COGOO I 21 -0 .9C2001 11 -0.002001 1 
>1 AN G A N ES u MG/L IfiD 1 3.00030 I 1! 2. 70 30 0 t 1 1 . 1 cl 3.800001 1 
>1E * C J R Y M J/L 1 0.002 s 0.00^501 1! -C.G3C1C! 1! c .3 CO 101 11 -0 .00023 1 1 
V1ETHGXY- IMG/L 10.1 1 I I 1 I I 1 1 

ICHLOR I 1 1 -G.C30201 II -G.30C2CI 11 -C.0C9C01 II -Q.C0800I 

(~OMTINJED) 



T A ^ L E A - L . C O N C E N T R A T I O N S OF G R O U N D W A T E R Q U A L I T Y F A S A M E T E R S 
O V E R F O U R Q'JA^TE^S OF S A M F L I N G 

31 TE = 3 5 1 3 WE LT. N'JM3ER = 4 

! SAMPLING GUACTER 
! 1 1 2 1 3 ! 4 j + 
! MEASURED ! MEASURED i MEASURED I ME(SURE 0 
I CONCENT^A- t CCNCENTRfi- 1 CONCENTRA- I CDNCENTRA-
1 TION 1 TION I TION 1 TION 
I + • — 
I MEAN IN 1 MEAN IN I MEAN IN I MEAN IN 

PAR AM 2TE R I U M T S I L M I T I | 
I 

1 
I 

3 . 5 9 0 0 0 I 

1 
I 

1! 

1 
I 

C 5 3 C 0 1 

I 
I 

11 

I 
I 

. I 

1 
I 

. I 

1 
1 

. 2 N I C K E L I M G / L J J 

I | 
I 

1 
I 

3 . 5 9 0 0 0 I 

1 
I 

1! 

1 
I 

C 5 3 C 0 1 

I 
I 

11 

I 
I 

. I 

1 
I 

. I 

1 
1 

. 2 • 

N I T R A T E - % I M 3/ L ! 1 J I - 2 . 0 00 001 11 - 5 . 3 C J 0 0 I 11 . I . 1 . 1 • 

PCTJ I M G / L 1 N D I . I . 1 0 . 3 0 0 0 9 1 11 . I . I . 1 • 
PH I O H I ND I 6 . 4 0 0 0 0 1 11 • I . 1 6 . 3 0 0 C 0 I 11 6 .20330 I 4 
3 HENOI.5 IM 3/ L 1 NC 1 -0.0:2:01 1! •j. 33 7CO I 11 - 0 . 0 C 1 C 3 I 11 -3 . 0 0 1 0 0 1 1 

A U I 'J M -
22-: 

I 1 J/ L 
I 

1 0 . 1 5 5 
! 

I 
I 

1 
3 . 0 0 3 C 3 I 

1 
11 

1 
-0.023001 1 

11 -0 
I 

. 0 1 0 0 C 1 
I 

11 - 0 
1 

. 20300 t 1 

S E L E N I J,V I M G / L 1 0 . 0 1 I - 3 . 0 3 5 0 0 I 1 I -0.3050C1 1! - 0 IQCSC'l 11 - 0 .00500 1 1 

SI^'-'ER L'\ 3/L I r .C 5 I . 0 7 0 0 0 1 11 -0.C70C0I 1 1 - 0 • O C G S O I 11 - 0 .01000 I 1 

S O D I U M 1 M 3/L INC I 3 1 . 0 0 0 0 3 1 11 26.000CG t 1 1 . 1 . I 30 . C O O O C 1 1 

S P . C O N O . 1'JV (OS /CM 1 N D I 5 0 0 . 3 C 0 3 0 1 11 . I . 1 4 5 4 .0C0C0I 11831 .OC 300 1 4 

S T - O N T I U 
I » 

VI J 3/ L 
1 

M . 3 
J 

I 
1 

1 
. 1 

1 
. I 

1 
5 . 4 0 3 0 C ! 

I 
1 I 7 

I 
.30000! 

I 
11 6 

1 
. 5 0 0 0 0 1 1 

S U L F A T E S M 3/ L J N O 1 1 1 . 3 0 0 0 3 ! IS 1 3 . C O O 0 CI 11 13 .0C0001 11 14 .coooc 1 1 

T. DRF3. 
C A R D O N 

M G / L 
I 

I ND 
I 

I 
I 

1 
2 . 3 5 3 0 3 1 

1 
11 

I 
7.61250 I 

1 
81 6 

1 
. 6 7 5 3 0 I 

I 
41 10 

I 
. 3 0 0 0 0 1 1 

T . O R G . 
H A L O G E N 

M 3 / L 
1 

1 N D 
1 

I 
1 

1 
0 . 0 5 0 0 0 1 

1 
11 

I 
3 . 0 4 2 0 0 1 

I 
11 0 

I 
. 3 2 5 C 0 1 

I 
41 0 

1 
. 0 5 3 5 0 1 4 

T E M P E R A -
T U R E 

1 D E 3 . C 
! 

I NO 
I 

1 
I 

I 
. 1 

! 
. 1 

1 
. 1 

I 
. 1 2C 

I 
.scooo 1 

I 
11 16 

1 
.10000 I 4 

T O X A P H E N E I M 3/ L I 0 05 I - 0 . 0 0 2 0 3 1 11 -0.002C0I 11 -0 . 0 C 5 C 0 I 11 - 0 . C 0 5 0 0 I 1 

T R I T I U M I 0 3/L J 7 4 ? I • 1 . I 22^01 1 I 2 0 0 C 3 I 1 1 3 5 0 0 1 1 

ZI.XC M G / L I 3 1 0 . 1 5 0 0 3 1 11 0 . 3 3 7 0 C I 11 • I . 1 . 1 • 

(CONTINUED ) 



7 AJ L « A - L , C O N C E N T R A T I O N S OF G R O U N D W A T E R Q U A L I T Y FAC;.VETER3 
O V E R F O U R Q U A R T E R S OF S A M P L I N G 

S I T E = 3 S 1 2 W E L L N U M 3 E R = 4 

S A M P L I N G Q U A R T E R 

1 I 2 I 3 1 4 
MEASURED 1 MEASURED I PEASURED 1 MEASURED 

C J N C E 1 T R A - 1 C O N C E N T R A - 1 C O N C E N T R A - 1 C O N C E N T R A -
T I O N I T I O N 1 T I O N 1 T I O N 

1 • 
I 

L-
1 •1£ A N IN 1 M E A N IN 1 M E A N IN 1 M E A N IN 1 

!2 » 4 - 0 

1 2 . 4 - 5 T 

SI U N I T S 1 L :?UT I 1 
1 

0 C 9 301 

1 
1 

11 

1 
1 

- 0 . 0 C 5 0 G I 

I 
I 

1! 

1 
I 

- 0 . 0 1 0 C 0 I 

1 
1 

11 

1 1 
1 1 

- 0 • G 1 0 0 0 1 11 !2 » 4 - 0 

1 2 . 4 - 5 T 

! "1G/ L ! 0 • I I - c . 
1 
1 

0 C 9 301 

1 
1 

11 

1 
1 

- 0 . 0 C 5 0 G I 

I 
I 

1! 

1 
I 

- 0 . 0 1 0 C 0 I 

1 
1 

11 

1 1 
1 1 

- 0 • G 1 0 0 0 1 11 !2 » 4 - 0 

1 2 . 4 - 5 T IMG/'U 10 .01 I - 0 . 0 1 3 0 0 I 11 - 0 . 0 0 5 0 0 1 11 - 0 . 0 1 C C 0 1 11 - 0 . C 1 0 0 0 1 11 



T A 3 L E 4 - 2 . COMPARISON GETrtEEN MO N I T OR I NG h E L L S 
OF CONCENTRATIONS GR 'JATER Q U A L I T Y PARAMETERS 

S : T ~ = H R E 

1 1 H E L L NUMBER I 
! 1 - - - - ! 
t J 1 1 2 I 3 I A I 
, j > 4 I 
I I MEASURED I MEASURED I MEASURED I MEASURED I 
! I CONCE ' ITRA- I CONCENTRA- J CCNCENTRA- I CONCENTRA- I 
! J T I 3 M I T I O N I T I u N I T I O N 1 
! I 4 1 
J I MEAN I N I MEAN I N I M i AN I N I * EA N I N I 
j 4 • - - + 4- -4 1 
IPIRA'-IETEM J M T S I L I M I T I I I I I I I I I 
1 4 I I I I I I I I I 
I A R S E N I : r r , / : I O . ^ S i n , - < 0 2 7 5 1 41 O . O ; 3 7 S I 4 i o , o c & 2 5 i 4 t 0 . 3 0 3 2 5 1 A t 
!-- -- + f + + -- + + -- + • -- + + --I 
I B A R I U M I M G / L l " . I 0 . 3 0 0 7 5 1 4 ! 0 . 5 2 3 2 5 1 4 1 0 , 5 5 1 2 5 1 41 1 . 0 4 8 5 0 1 4 l 
j + + 4 + - - t • • - - + + - - 1 
I CADMIUM I M G / L 1 3 . C I I C . O C O & O l 4 ! 0 . 0 0 0 6 0 1 4 1 C . 0 0 1 2 2 1 4 1 0 . C 0 1 2 2 1 41 
1 + + t +-- + • + + — I 
1 C E S I U M - ! r t j / L I 'iO I 1 1 I I I t I I 
1 1 2 7 I I I 0 . 1 3 1 3 3 1 21 1 . 0 3 9 9 7 1 2 1 0 , 1 7 9 5 0 1 2 1 0 . 2 2 7 6 1 1 2 I 
1 4--4 + - - I 
t C H L D R I D E I M G / L I N D ! S . 4 7 5 0 0 1 4 1 7 . Z O C O O ! 4 1 4 . 6 0 C C 0 1 4 1 4 . 5 0 0 0 0 1 4 1 

ICHROMI 'JM { M G/ L ~ 1 0 . 5 I 0 , r > s 5 2 5 ! 41 0 , 0 2 5 2 5 1 4 1 C . C 2 5 5 5 1 4 1 0 , 0 4 1 5 2 1 4 1 
1 * • + — — + - - ! 
I C - L I ^ O ^ I C 0 L / 1 0 C I I I 3 . ' 'OOOO I 4 1 3 . 0 0 0 0 0 ! 4 1 0 . 5 C C 0 0 I 4 1 1 . 5 C 0 0 0 I 4 1 
1 + - + + - - + + --+ • + •— I 
I C C P ^ E R P I G / L i : I C . 0 2 0 0 0 ! 2 1 v . 0 2 9 0 0 ! 2 1 0 . 0 2 0 0 0 ! i l 0 . 0 7 6 0 9 1 21 
I + + + + - - + — + - - • + - - I 
1 0 I S S . !M o / L I NO I I I I I I I I I 
! o x y 3 r n j i i 4 . 2 0 0 0 0 1 e i 3 . 5 5 2 5 0 1 s i 5 . 5 3 7 5 0 1 31 4 . 2 1 2 5 0 1 o i 
! * +- -* + - -1 
I E N 3 R I N !M 3 / L 1 0 . 0 0 0 2 I 0 . 0 0 0 1 5 1 4 1 0 . 0 0 0 3 2 ! 4 1 G . 0 C 0 1 5 I 41 0 . 0 0 0 1 5 ! * I 
I - 4 - + • - - + * — * 
J f L J 0 R I 0 c I M G / L 1 1 . 4 - 2 . 4 I 1 . 0 0 0 2 5 ! 4 1 1 . 0 0 0 C C I 4 1 l . O C O O C I 4 1 1 . 0 0 0 0 0 1 4 1 

i - J - A L D H ' S ! i 0 / L 1 0 . 5 5 5 I 3 . 3 5 2 0 0 ! 5 1 5 2 . 3 2 5 0 C 1 4 1 C . 5 7 5 0 0 1 41 3 . 0 6 6 6 7 ! 31 
I - - 4 4- - I 
1 3 - j _ T A I J J / L 1 7 . 2 9 I 3 . 9 C 0 0 I 4 1 5 3 0 . 0 0 0 0 0 ! 4 ! 7 . 4 5 C C 0 ! 41 3 0 9 . C O O O C I 4 1 
T _ _ _ _ _ _ _ _ _ F - _ _ _ _ - - _ - + _ _ _ — + — — — - - - . F - _ . F - - - - - - - _ _ 4 - - 4 — — - - _ _ + - _ ] 

l l R G N M 3 / L I N 0 ! 1 . 0 1 6 5 7 1 ?1 9 . 4 6 C C 0 ! 3 ! 3 C . 6 e C C 0 t 31 3 1 . C 0 0 C 0 1 3 1 
I 4 4 + - - + - + — — 4 I 
I I -EAO I M G / L 1 0 , 0 5 I 0 , 0 2 1 5 0 1 41 0 , 0 1 7 2 5 1 4 1 0 . 0 2 7 C 3 I 41 0 . 0 1 7 3 0 1 4 1 t + + + + - - + + - -4 4 4 - - I 
! L I N D A N E M G / L 1 3 . ^ 0 4 I 0 . 0 C 1 G 7 1 31 0 . 0 0 1 3 7 1 3 1 C . 3 C 1 3 7 1 31 0 . 0 C 1 3 7 ! 31 
1 4 4 4 4 4 4 - -4 4--+ 4 - - I 
P ' . A N G A N i S w I M G / L I MD I 0 . 1 3 2 0 0 1 31 2 . 5 G 9 6 7 I 31 2 . 7 4 0 C 0 I 3 t 8 , 1 7 6 6 7 1 31 
] + 4 4 4--4 4- -4 I 
! ER. C'J R / 1 M G / L 1 9 . 0 0 2 1 0 . 0 0 0 1 3 1 4 1 0 . 0 C 0 1 G I 4 1 C . O 0 C 1 C 1 41 0 . 0 0 0 0 7 1 4 1 
I + + + +-- + 4 4--4 4--J 
M E ' H O X Y - I ' I G / L I 0 , 1 1 I I I I I I ! 1 
SCriLOR ! I I C , 0 0 4 2 5 1 4 ! 0 , 0 0 4 7 5 1 4 1 0 . 0 C 4 1 2 I 41 0 , 0 3 4 8 5 1 4 1 

( CO <TI\TJEC > 



TAJLE A - 2 . COMPARISON SET.lEEN MONITORING hfcLLS 
Or COCENTRA TIONS Cr A T E R OUALITY PARAMETERS 

^ I T E = H R E 

HELL NUMBER 

1 I 2 1 7 I 4 

MEASURED ! MEASURED 1 MEASURED I MEASURED 
CONCENTRA- I CONCENTRA- 1 CONCENTRA- I CONCENTRA-

T ION ! T ION I T ION 1 T I O N 

t MEAN 1 n 1 "1£AN IN ! JN ! MEAN IN 
AMITE R l U N I T S 1 L I M I T ! 

- - 1 
1 

! I 
! 

2 1 

1 
1 

0 . 0 6 3 0 0 1 

1 
1 

2 ! 

I 
1 

. 0 64 0 0 ! 

1 
1 

21 

1 
1 

. 2 1 0 0 0 ! 2 NICCEL I f l G / L 1 5 

! 
- - 1 

1 0 . 0 5 0 0 0 1 

I 
! 

2 1 

1 
1 

0 . 0 6 3 0 0 1 

1 
1 

2 ! 0 

I 
1 

. 0 64 0 0 ! 

1 
1 

21 3 

1 
1 

. 2 1 0 0 0 ! 2 

' i I T W T E - N ! M G/ L i i ; 1 12 • 5 CO CO I 21 3 . 0 0 0 0 0 1 2 ! ^ .OCCOOl 2 ! 1 . 5 0 3 0 0 ! 2 

PCG ! M 3/ L 1 NC 1 0 . 3 0 0 0 0 1 1 ! 0 . 0 0 0 1 5 1 11 C . 0 0 0 1 1 1 1 ! 0 . 3 0 0 0 9 1 1 

°H 1PM 1 ND 1 5 . 7 4 5 1 5 1 1 3 1 6 . 5 7 6 9 2 ! 1 3 I 6 . 5 E 3 2 3 J 1 3 1 6 . 8 6 9 2 3 113 

PHENOL 5 ! M G/ L I NO ! 0 . 3 0 1 7 5 1 4 ! C . 0 0 1 0 3 I 4 ! 0 . O C I O O ! 41 0 . 0 0 1 5 0 ! 4 

R ADI 'JM-
226 

I ' J O / L 
! 

1 0 . 1 3 5 
1 

1 
1 G 

1 
. 3 0 6 2 5 I 

1 
4 1 

! 
0 . C 9 7 5 C 1 4 ! 0 

1 
. 0 2 1 5 0 1 

1 
41 0 

I 
. 0 3 3 0 0 ! 4 

SELENIUM I M G / L I 0 . - U 1 0 . 0 0 3 2 5 1 4 ! 0 . 0 0 3 2 5 1 4 1 c . 0 0 3 2 5 ! 41 0 . 0 0 3 * 5 1 4 

S IL l /CR 1 M G/ L | . l c A - • ^ 1 3 . 0 3 5 3 7 ! 4 ! 0 . C 3 5 3 7 1 4! 0 . 0 3 5 3 7 1 41 0 . 1 2 2 3 7 1 4 

SODI'JM M G / L IND 1 5 . 3 3 0 0 0 1 21 1 1 . 8 5 0 0 0 1 2 ! 24 . 8 5 0 0 0 1 21 5 . 3 2 5 0 0 1 2 

S P , C 3 N 0 . 1UMHOS/C M IND 1504 . 3 3 7 6 3 1 1 7 » »» • 5 7 2 . 6 1 5 3 8 1 1 3 1 5 9 5 . 9 2 3 0 8 ! 1 3 ! 5S8 . 9 2 3 0 8 1 1 3 

STRONTIUM!0 3 / L 
)Z 1 

1 0 . ? 
1 

1 
1 0 

I 
. 1 7 3 3 3 1 

J I 
31 3 7 C . 0 0 0 0 0 1 

1 
31 0 

1 
. 5 3 3 3 3 1 

I 
31 27 

1 
. 5 2 6 6 " M 3 

S ' JLFAT I ! M :•/ L n o 1 46 . 3 0 0 0 3 1 41 5 6 . 7 s C 0 C ! 4 1 4 1 . 5 0 OCO I 41 34 . 7 5 0 3 0 1 4 

T . ORG. 
C A i 3 N 

! M G/ L 
I 

I NO 
i 

! 
1 

1 
. 3 7 5 3 3 1 1 

1 
31 

1 
3 . 6 6 0 0 0 1 1 

1 
31 3 

1 I 
. 9 5 9 2 3 1 1 3 1 3 

1 
. 4 3 8 4 5 1 13 

T . ORG. 
H AuOGE'J 

I M G / L 
I 

! MO 
1 

1 
1 0 

! 1 
. 0 3 9 9 3 ! 1 0 1 

1 ! 
0 . G 3 4 1 C 1 1 C ! C 

! 1 
.3513501 1 0 ! 0 

1 
. 0 3 9 6 0 1 1 0 

T i y o r R 
T'JkI : o ~ 3. c 

t 

IND 
J 

1 
1 17 

1 
. 3 1 2 5 3 ! 

1 
e i 

1 
1 7 . 2 6 2 5 3 1 

1 
6 I 16 

1 
. C 1 2 £ C ! 

1 
8! 15 

! 
. 9 0 0 0 0 1 6 

TJXAPHEN z I M ;•/ L 1 C ,005 1 c . 3 0 3 5 0 ! 4 J 0 . 0 0 3 7 , 1 4 ! 0 .CC43C-1 4 ! 0 • 3 0 ^ 5 3 1 4 

T - . I T I JM \ -.1 3 / L i n " 1 12 . 0 0 3 0 3 ! 3 1 1 7 2 . 0 0 0 0 0 1 313 36 . 6 6 6 6 7 J 31 24 . 0 0 0 3 0 1 3 

11 'i Z I M G/ L 1 5 r o . vi 2 3 3 3 1 2 1 v • J J 0 v 1 2 1 C . C 7 5 C 0 ! 2 ! 0 . 1 1 1 5 5 1 2 

C G'«T I N Jr O ) 



TA L̂E A-2. COMPARICON 3ETwE£N MONITORING ftELLS 
OF CO »CENTRA7IONS Of A T E ^ JUALITY PARAMETERS 

SIT E = HR E 
I i WELL NUMBER 1 
i t 1 ! i t 1 4 1 
i 
i 
I 

! MEASURED 
I CONCEMTRA-
1 TION 

1 
! 
I 

MEASURED 
CONCENTRA-

TION 
I t 
i 

M E A S U R E D 
CONCENTRA-

TION 
I 
1 
1 

ME £SURE 0 1 
CONCENTRA- 1 

TION I 
i ! MEAN IN ! MEAN JN I MEAN IN I MEAN IN 1 
JPAR V1E7E 
i : . A -

:<IUMTS 
! M L 

1 L 
1 0 

IMIT 
.1 

I ! 
- t ! 
1 0 . 3 C 7 5 0 I 

I 
I 

A 1 
I 
t 

C.0075CI 
j ! 

41 
I 1 

0.0C750J 
1 
I 

41 
J 1 
1 1 

0.007501 4! 

U.4-:. T IM1/L 1 * • » • M I : . O I 7 5 J I 41 0.00750 1 4 ! C,00750 ! 4! 3 . CO 750 1 41 

1o 



TA'BLE A - 2 . 
OF CONCENT 

COMPARISON BETWEEN MONITORING WELLS 
RATIONS OF ,JATER Q U A L I T Y PARAMETERS 

J 
I 
I 
! 
I 
1 
I 
! AkA IE T E R I ' J N I TS 
1 * 

1 
I 
I 1 ! 
1 MEASURED I 
t CONCENTRA- J 
1 T ION 1 
! 

WELL NU^cfcR 

2 ! 2 ! 4 

MEASURED ! MEASURED I MEASURED 
CONCENTRA- I CGNCENTRA- 1 CONCENTRA-

T I O N I T I O N I T I O N 

1 MEAN JN 1 MEAN I N I MEAN I N I MEAN 1 N 

I ARSE V 
I-

I M G / L 

I L 1.1 I T I I I 
+ I I I 
1 0 . J 5 I O . ^ C C S O l 51 

I I 
I 1 

0 . C 0 3 2 5 I 41 

1 I 
1 I 

C.0C3501 41 

1 
I 

U.303251 4 
I aARIUM I 
I CADMIU 4 
I 
I C E 3 I U 1 -
1 1 3 7 

! • ! J / L 

I M 3 / L 

I 1 
1 0 .01 

I 0 . 4 5 2 2 3 1 51 

I 0 , f 0 1 1 4 I 51 

C . 5 4 3 2 5 1 

0 . 0 0 0 9 2 ! 

4 1 0 . 7 4 5 C 0 1 

4 1 C . 0 0 4 1 7 1 

41 0.422751 4 
41 0.0 00 32 I 4 

l -s n/ 
I 

l NO 
I 

1 I 1 
1 1.189241 31 

1 
0 . 9 S 9 2 5 I 

I I 
11 C . 9 2 1 6 1 1 

I 1 
2 1 2 . 3 5 1 5 2 1 2 

iHLORIOE 1 i 
!• 
I C H K T I : JM I 
I C C L I F ORM 
I 
1COPOER I 
I 0 13 5 . 
I OXYGEN 

IMG/L 
1*1 (,/L 

INC 

1 0 . 0 5 

I 1 2 . 2 0 0 0 0 1 51 

1 P . 0 2 5 6 0 1 51 

1 3 . 7 5 0 C 0 1 

" c . C 2 9 6 C 1 

41 2 5 . C C 0 C C 1 

4 1 0 . 0 4 3 6 7 1 

41 1 3 . 7 5 0 0 0 1 4 

41 0 . C 1 9 5 0 1 4 

IC0L/100 
I M 3/ L 

11 

I 1 
1 5 . 2 0 0 0 0 1 51 

I 0 . 0 2 0 0 0 1 31 

2 . 5 0 0 0 0 1 

C . 0 2 0 C 0 I 

4 1 1 2 . 3 2 5 0 0 1 

21 0 . 0 3 6 3 5 1 

41 4 . 5 2 5 0 0 1 4 

21 0 . 0 2 0 0 3 1 2 

I MG/L 
1 

I 
I 

t I I 
» 5.875001 61 

! 
I E N O R I N j 

I F L J O R I O E 

t 
7 . 0 7 1 4 3 1 

I I 
7 1 7 . 7 3 0 0 0 1 

I I 
8 1 • ' . 3 4 0 0 0 1 5 

M 3/L 

I M 3/ L 
t 0 .03?2 
11.4-2 .4 

I 0 . O C 0 1 4 1 51 

I 1 . 3 C 3 0 3 1 5 | 

0.03C15I 
1.0030c I 

41 0 . 0 C Q 1 5 1 

4 1 1 . 3 0 3 0 0 1 

41 0.:0017L 3 

4! 1 . C 0 0 0 0 I 4 
I-
IG-ALPHA 
I 
I 3-3EM 

l i i / L 1 0 . 3 5 5 1 1 . 2 3 2 0 0 1 51 1 . 4 0 2 5 0 1 

I J 3 / L 1 0 . 2 9 I 4 . 6 2 0 0 0 1 51 2 . 3 7 5 0 0 1 

41 13.815 CO 1 
41294.5C30CI 

4 1 1 5 3 . 6 5 0 0 0 1 4 

41 1 8 2 5 1 4 
! • 
t IRON 
I 
T L E A O 

IMC/L 
I M 0/ L 

I N 0 
i o.;.? 

I 2 . 7 4 1 7 5 1 41 

I 0 . 3 1 0 3 0 1 51 

1 3 . 6 0 0 0 0 1 

0 . 0 4 4 2 5 1 

31 3 7 . 0 3 3 3 3 1 

4 I 0 . 0 6 5 5 0 1 

31 2.356671 3 

41 0.012251 4 
I-
ILINDANE 
1 
I MANGAN£5! 
1 

I M 3 / L 10.004 I 3.000951 51 3.3C1C51 
1MG/L IND I 0.13J101 41 1.487571 

41 C.001051 
31 5.116671 

41 0.001351 4 
31 1.C4667I 3 

!MERCURY I 
i c H_ in 

1 M 3 / L M.002 I 3.300071 51 
I I 1 
I 0 . ' ) 03 32 I Z l 

;.000C71 41 3.0C006I 41 3 • 0 C G 0 7 1 4 - + + 
1 1 

41 0 . 0 0 4 1 0 1 4 
IMG/L 
I 

so. : i 
0 . 0 0 4 1 0 1 

I I 
41 0,304101 

( C JFJTIN JE 0 ) 



T A J L E A - ; . C O M P A R I S O N =JCT,ilEEN V O N I T O P I N G W E L L S 
OF C G N C E N T R A T I C N S OF <ATER D U A L I T Y P A R S M E T E R S 

S : T E = J H F 
I 
i 
i 
1 ? 
i j 
! 
I 
1 
! P A K A M E T E « 1 U M T S 
I + 
n : c < = u r r , / i i 
1 N I T 3 ft T E - 2 "-1 ' j / «-
1 + - -IPCii !'10/L I NO 
j 
2 3 H 1 
2 PHL'JOI 5 
I «• 
IRAOI'JM- IsO/L 
l2*o I I 
I 3 E L E N I J!* 1 M 3 / L j + 
1 SILVER MG/L 
I 
l S j j r n JM5/L INO I ________ — __ — +__-
I I P . C J R . ' O . ! J * « H 0 5 / C M JMD 
1 

I WELL N U V E E R 

1 I i I •3 I 4 

MEASURED 1 MEASURED 2 ME ASURED 2 MEASURED 
CONCENTRA- 1 C0NC2NTRA- i CONCENTRA- 1 C3NCENTRA-

T 13 N 1 T I 3 N t T I O N l T I ON 

I MEAN I N J 
t I 
I I 

0 . 0 6 0 0 0 1 31 

MEAN 1 N I MEAN IN 2 MEAN 1 N 

1 
2 

G . C 5 0 0 3 I 2 

1 L I M I T 

1 5 

113 

I 1 
I I 

, 0 6 3 0 0 ! 21 

1 I 
I 2 

0 . 0 6 5 7 5 ! CI 

1 2 . 6 6 5 6 7 I 3 1 5 . 
1 0 . 3 0 0 1 2 1 1 1 0 . 

1 6 . 4 7 3 8 5 1 1 3 1 6 . 
1 0 . 0 C I 2 0 2 5 1 0 . 

3 0 0 0 0 1 21 3 , 5 0 0 0 0 1 21 3 . 0 0 0 0 0 1 2 

0 3 0 1 1 1 11 O . O C O I O ! 11 0 . 0 0 0 1 6 ! 1 

IP H 
1 '-1 J / L 

INO 
I NO 

4 5 3 8 5 1 1 3 1 6 . 4 3 4 6 2 1 1 3 1 5 . C 9 5 0 0 I 1 0 

0 0 1 2 5 ! 41 C . C C 1 2 5 ! A1 0 . 0 0 1 0 C 1 4 

1 1 . 1 2 5 
1 

1 1 
0 . 1 1 1 C 0 ! 5 1 

! ! I I ! 
, 0 3 9 5 0 1 C . 2 5 1 7 5 1 4 ! 0 . 2 2 0 0 0 1 4 

1 0 . 0 1 

2 O . Q 5 
1 0 . 0 0 3 8 0 1 51 0 . 

1 3 . 0 4 2 5 0 1 5 ! 3 . 

1 1 2 . 5 6 6 6 7 ! 31 1 5 . 

I 7 0 8 . 7 6 9 2 3 2 1 3 1 5 3 3 . 

C 0 4 C 0 ! 4 ! 0 . C C 3 5 3 1 4 ! 0 . 0 0 3 5 0 1 4 

0 3 5 6 2 1 41 0 . 0 3 5 6 2 1 41 0 . 0 3 5 6 2 1 4 

9 3 3 3 3 ! 3 ! 3 5 . 4 3 3 3 3 1 3 ! 1 7 . C 3 3 3 3 1 3 

3 0 7 6 9 1 1 3 1 4 3 5 . 5 ? 8 4 6 1 1 3 1 2 2 0 . 5 0 0 0 0 1 1 0 

2 S T - ; o : J R : I N I 3 2 / L 
2 j I 1 
I 

1 0 . 3 
1 
1 NO 

1 ! 
1 . 9 3 3 3 3 ! 3 ! 

I 1 1 2 
2 3 3 3 3 1 3 1 2 0 3 . 3 3 3 3 3 ! 3 ! 

I 
0 . 2 3 3 3 3 1 3 1 2 0 3 . 3 3 3 3 3 1 3 ! 1 1 7 3 . 3 3 1 3 

1 2 0 . 4 0 0 0 0 1 5 1 1 2 . 2 5 0 C 0 1 41 1 8 . 0 C C 0 0 1 41 1 3 . 0 0 0 0 0 1 4 2 -1 3/ L 13UL"ATE 
1 
I T . 0 . ? 3 . 
I C j 
IT. r-ci. H3/L 
1 H A L 13 £ "J 2 
t + + 
2 R r ^ ? ! 3 . ; - I O E G . c J . J O 
!Tu u ; i i 
; + _______+_____. 
ir0xA"»H:NElM3/L l ' j .005 
t +. 
! T ^ : r I -j 1 J 3 0/ L 2 7 4 J 
I + + 
iriNC 2M3/L 2 6 

2 MG/L i 2.NO 
t 

2 ! 
4 . 4 7 3 5 7 2 1 4 1 5 . 

0. 

1 1 
0 1 0 0 3 1 1 3 ! 

1 2 
5 . 3 2 3 e 5 1 1 3 2 + - - + -

1 1 
0 . 1 3 9 6 0 1 10 I 

I 
5 . 4 2 9 2 3 1 1 3 

1 "iD 
1 

I 1 
0 . 1 1 3 6 4 1 1 1 1 

I I 
1 1 3 6 0 1 10 1 

I 
0 . 1 4 0 3 0 1 1 0 

! 

1 5 . 1 8 Q 0 C 1 5 

G . 0 C 3 5 0 2 4 

1 9 3 3 3 . 3 2 3 

0 . 1 7 1 4 0 2 2 

1 1 1 
1 1 5 . 1 7 5 0 0 1 S I 1 5 . 

1 I 
4 2 5 C C ! 3 ! 

CO 350 I 41 

2 9 3 3 3 2 31 

1 1 5 0 C 1 21 

1 I 
L 6 . b S 3 0 0 1 81 

1 0 . 0 0 3 2 0 1 51 

1 3 1 3 * 3 . 3 ! 3 1 

1 0 . 0 527 31 3 2 

0. G . 0 C 3 5 0 1 41 

5 1 5 6 5 . 7 1 3 ! 

0 . 1 5 6 5 0 2 22 

{CjNTIN JEC) 



T A 3 L E A - 2 . C O M P A R I S O N 5 E T W E E N M O N I T O R I N G RTFCLLS 
O F C O N C E N T R A T I O N S O F RFATER D U A L I T Y P A R A M E T E R S 

S I T E = O H F 

I W E L L NUMFAER 

1 1 I 2 I •J 1 4 1 

1 M E A S U R E D 
I C O N C S N T R A -
l T I O N 

I 
I 
1 

M E A S U R E D 1 
C O N C E N T R A - 1 

T I O N 1 

M E A S U R E D 
C O N C E N T R A -

T I O N 

1 
1 
1 

M E A S U R E D I 
C O N C E N T R A - 1 

T I O N 1 
| ——————————— —————————— — .F— ——-—————_— ————————————J 

1 M E A N I N 1 M E A N I N J M E A N I N 1 M E A N I N 1 

I ? C R AM E T E R 1 U N I T S 1 L I M I T ] 1 
- I I 

I 0 , 0 0 7 0 0 1 

1 
! 

5 1 

t ! 
I 1 

0 . 0 0 7 5 0 1 4 1 

1 
1 

0 . 0 0 7 5 0 1 

1 
I 

4 1 

1 I 
1 1 

0 . 0 0 7 5 0 1 4 ! j 2 I 4 - D 1 M 3 / L 1 0 , 1 

] 1 
- I I 

I 0 , 0 0 7 0 0 1 

1 
! 

5 1 

t ! 
I 1 

0 . 0 0 7 5 0 1 4 1 

1 
1 

0 . 0 0 7 5 0 1 

1 
I 

4 1 

1 I 
1 1 

0 . 0 0 7 5 0 1 4 ! 

I 2 > A - 5 T I M G / L 1 0 . 0 1 1 3 . 3 0 7 0 0 ! 5 1 C . C 0 7 5 O I 4 1 0 . 0 0 7 5 3 ! 4 ! 0 . 0 0 7 5 0 1 4 1 



T A3L£ 4-2. C O M P A R I S O N DET.^EEN M O N I T O R I N G HELLS 
3F C O N C E N T R A T I O N S OP (ATER QUALITY P A R A M E T E R S 

31TZ = 3 513 
1 1 WELL NUM3ER I 
I ! 1 
I 1 1 1 1A 1 2 1 3 I 4 1 
I 1 4 + + I 
! ! MEASURED ! MEASURED J MEASURED I MEASURED I MEASURED I 
S I CONCENTS A - 1 CONCENTRA- I CONCENTRA- ! CONCENTRA- ! C O N C E N T R A - J 
I J T I O N I T I O N ! T I O N I T I O N ! T I O N I 
! 1 4 4 4 1 
1 I MEAN I N J AN I N I MEAN I N I M E A \ ! \ { MEAN I N I 
1 + — 4 — + 4 — 4 4 - - 4 4 — 1 
IF ARA'IETERIU:J;T 5 ILIMIT I I I J » I I 1 I T J 
I * + 1 I I I I I I I I I I 
I A R S E N I C I M G / L 1 ? . ; > 5 I C - . 0 C 3 2 5 1 41 0 . C 0 3 2 5 1 4 1 3 . 0 3 3 2 5 1 41 0 . C 0 5 2 5 I 4 1 0 . 0 C 3 5 C I 4 1 
| + 4 4 — 4 4 — 4 4 — 4 + - - I 
I - J A R I U M ! M G / L 11 1 C . 2 2 7 0 : i 41 0 . 2 5 5 7 5 1 4 1 0 . 4 2 5 C 0 1 41 0 . 3 7 7 5 G 1 4 1 0 . 2 5 3 2 5 1 4 1 
I 4 4 + - - + 4 — 4 4 — 1 
I C A D M I U M M G / L I ">. C L I 0 . C 3 1 5 5 ! 41 C . C 0 1 3 C 1 4 1 0 . 3 0 1 5 5 1 41 0 . 0 0 1 3 5 1 4 1 C . C 0 1 5 5 I 4 1 
I 4 4 4 4 — 4 4 — 4 I 
I C - S I U M - N O / L N O I I I I I T I I T T I 
1 1 37 1 1 1 2 . 5 35 1 6 1 21 3 . 1 £ c 3 4 l 2 1 C . 1 2 5 8 31 21 0 . 3 3 9 2 5 1 31 0 . 5 2 5 5 4 1 5 1 
I 4 - 4 4 J 
I C rii. 0? T D E 1 -1G/L IND 1 5 . 9 0 3 0 3 1 41 5 . E 1 S 0 3 1 4 1 3 5 . 5 C 0 C 0 I 41 1 2 . 2 5 0 0 0 1 41 6 . 5 7 5 0 0 1 4 1 
1 4 4 — 4 — — 4 - - 4 4 1 
1 C H R 0 M I J M I M G / L l 3 . : - 3 1 0 . 0 1 0 2 5 1 41 0 . 0 4 3 5 0 1 4 1 0 . 3 1 C 5 0 ! 4 1 0 . 3 3 6 0 0 1 4 1 0 . 1 6 6 7 5 1 4 1 
1 4 4 4 - - 4 + I 
I C 3 L I F 3 R M I C O L / 1 DO W I 2 . 0 0 0 0 0 1 41 3 . 5 0 0 0 0 1 4 t 0 . 2 5 C C C I 4 1 2 6 . 0 0 0 3 0 1 5 1 0 . 0 0 0 0 0 1 4 1 <o 
I 4 4 • — 4 — — 4 — — — — 4 — + 4 4 — | « 
ICCPPtR I M G / L I I I 0 . 0 2 9 5 0 1 2 ! C . O S O n C l 1 1 0 . C 2 2 5 C I 2 1 C . 0 4 0 5 0 1 21 0 . 0 2 0 0 0 1 2 1 
J 4 - - + + - - + 4 1 
I 3 I S 3 . 1 ' 1 3 / L I ' lD I I 1 I I I I I I I I 
10XYGEN 1 '. 1 4 . 5 2 0 0 0 1 51 5 . 5 3 C 0 0 1 o l 3 . C 4 0 0 0 1 51 4 . 6 2 0 0 0 1 51 5 . 3 8 0 0 0 1 5 1 
! 4 4 - - 4 4 - - 4 4 + - - 4 4 1 
I E ND RLN 1MG/L 10 .0032 I 0 . 0 0 0 1 5 1 41 C . C G C 1 5 1 4 1 0 . G C 0 1 5 1 4 1 0 . 0 0 0 1 5 1 4 1 0 . 0 0 0 1 5 1 4 1 
1 4 4 4 - - + 4 — — 4 4 - - 4 4 - - 4 + 1 
I F L U O R I O E I MG/L 1 1 . 4 - 2 . 4 S 1 . 0 0 . 1 0 Ol 4 ! 1 . 0 C C 0 3 I 4 ! l . C O O C O ! 4 1 1 . 0 3 0 0 0 1 4 1 1 . 0 0 0 0 0 1 4 1 
1 — — 4 I 
I G - A LP MA I L J / L 1 J . 5 5 5 I 1 . 5 9 7 5 0 1 41 2 . 9 5 0 0 0 1 4 1 1 3 . C 7 5 0 C I 4 1 0 . 9 ^ 5 0 0 1 4 ! 2 . S 0 7 5 0 I 4 1 
! 4 + - - + 4 - - 4 4 - - 4 4 - - 4 • - - ! 
I 3 - 5 ZT A I b O / L i : . 2 9 I 3 . 7 5 n C 0 t 41 7 . 3 7 5 0 3 1 4 1 5 6 . 5 0 C C 0 1 4 1 2 . 7 0 0 0 0 1 41 1 2 . 3 7 5 0 0 1 4 1 
J 4 4 4 4 4 4 4 - - 4 4 I 
I I R O N IM j / L IND I 1 . 2 0 6 5 7 1 31 4 . 2 0 0 0 0 1 2 1 3 . 3 3 3 3 3 1 3 1 5 0 . 6 6 6 6 7 1 31 1 1 . 7 3 3 3 3 1 3 1 
1 - 4 4 4 — — — — 4 4 4 4 I 
I L Z A D I M G / L 1 3 . 3 5 1 0 . 0 j . J 7 3 1 41 3 . C 3 S 5 0 I 4 I 0 . 0 2 5 C 0 I 4 1 3 . 3 8 8 5 0 1 4 1 0 . 0 2 2 7 5 1 4 1 
! 4 4 4 - - 4 4 - - 4 4 1 
I L I N D A N E M 3 / L l - ) . C J * 1 C . 0 0 1 2 ' 1 41 0 . C C 1 3 5 I 4 1 0 . 0 C 1 2 7 1 4 ! 0 . 0 0 1 0 5 1 4 1 0 . 0 0 1 0 5 1 4 1 
J + + 4 — 4 — — - 4 + 1 
1 M A N G A N E S I M G / L IND I 2 . 5 3 5 3 3 ! 3 ! 0 . 4 0 6 6 7 1 3 1 4 . 3 3 3 3 3 1 ? ! 3 . 7 5 6 6 7 1 3 ! 3 . 1 6 6 6 7 ! 31 I + 4 — —4 4 - - 4 4 — 4 - 4 4 1 
IMERCiJ ' -Y I M G / L 1 0 . 0 2 1 C , 0 0 0 2 5 1 41 O . C 3 i l 7 1 4 1 0 . 0 0 0 2 2 1 4 1 0 . 0 0 0 1 2 1 41 G . 0 G 0 2 2 ! 4 1 
J x 4 4 4 4 4 4 - - 4 4 1 
M : T H 3 X Y - :MG/L N . I I T ! I I I L I 1 1 I 
!CH_0~. t 1 I O . O O t l J l 41 0 . C 0 4 1 C ! 4! 0 . 0 0 4 1 C ! 4 1 0 . 0 0 4 1 0 ! 4 ! C . 0 0 4 1 3 1 4 1 

(CO'iTZ.SJED) 



T A J L E A - 2 . C O M P A R I S O N B E T W E E N M O N I T O R I N G FTELLS 
OF C O N C E N T R A T I O N S 1IATER Q U A L I T Y P A R A M E T E R S 

S I T E = 3 5 1 3 

1 ! 1 A 

WELL NUK9ER 
I 2 1 I 

1 M E A S U R E D 1 
I C O N C F C N T R A - I 
I T I O N 1 
I • 

M E A S U R E D I M E A S U R E C I M E A S U R E D 
: O N C E N T R A - ! C G N C E N T R * - I C O N C E N T R A -

T I O N I T I O N 1 T I O N 

1 MEASURED 
! CONCENTRA-
1 TION 

I M E A N IN I M E A N IN I M E A N IN I MEAN IN I M E A N I N 

IP A R A M E T E R I ' J N I T S 1 L I M 

1 N I C K E L I M G / L 15 
1 • 

IT 1 1 I 
I I I 
1 5•0 SOUO1 21 

I I 
1 1 

O.CiOCOI 21 
I I 
1 1 

C . 5 3 0 0 0 1 21 

I 1 
1 1 

0 • 16500 I 21 
I I 

C . 3 7 5 0 0 1 2 

1 N I T R A T E - N I M G / L H O 

\ O I B 1 M G / L IND 
I «• 

1 5 . 0 0 0 0 0 1 II 

1 0 . 0 0 0 0 7 ! II 

5 . 0 0 0 0 0 ! 21 

0 . 0 0 0 0 7 1 II 

3 . 5 0 0 0 0 1 21 

0 . 0 0 0 1 C I II 

3 . 5 0 0 0 0 1 21 

0 . 0 0 0 0 9 1 II 

3 . 5 0 0 0 0 1 2 • — 
0 . 0 0 0 0 9 1 1 

1 PH 
1 

1 =>H 

I M G / L 

I NO 
1 WD 

I 6.485711 71 6.414291 71 6.714291 71 6.26667! 61 6.250001 6 
I 0.001001 31 0.001001 31 0.0C125I 41 0.001251 4! 0.002751 4 I P H E N O L S 

1 1 L> 0 /L 1 
1 RADIUM-
1 2 2 6 j + 
1 5 E L S M I U M I M G / L j 

1 S I L V E R I M G / L 1 + 
I S J D I J M r i G / L 

1 j . 1 < I 
1 1 

0 . 3 2 2 5 3 1 4I 
1 I 

0.C 3 80 01 41 

0 . O C 5 0 0 1 41 

1 I 
0 . 3 3 8 2 5 1 41 

P . 0 0 5 0 0 1 41 

1 I 
0 . 0 8 5 0 0 1 41 0. 

0 . 

I 
0 5 9 5 3 1 4 

0 0 5 0 0 1 4 1 0 . c : 

10.0' 
C . 3 0 5 0 0 1 41 0.005001 41 

I C.037621 41 0.037621 41 0.03762! 41 0.037621 41 0.037621 4 
I 31.003001 31 12.666671 3! 36.666671 31 25.566671 3! 29.000001 3 m I • 

ISP.CaND. PJMMOS/CM I'lO 
I - • 

1 8 6 2 , 4 2 6 5 7 ! 7 1 7 5 4 . 2 9 5 7 1 1 7 1 6 4 1 . 7 1 4 2 9 1 7 1 6 0 5 , 0 0 0 0 0 1 5 1 7 1 3 . 0 0 0 3 0 1 6 

1 STRONTIUM I3Q/L I <5 
133 ! I 
I-

I I 
1 . 7 6 5 6 7 1 31 

1 1 1 1 
! . 9 3 3 3 3 1 31 3 0 . 3 3 3 3 3 1 31 

I 1 
0 . 8 1 3 3 3 1 31 

1 
6 . 4 G 0 0 0 1 3 

I S U L F A T " 1 M G / L 
1 * 
I T . OR 3 , I M j / L 
I CAR BON I 
I ' 

IND 1121.75303! 41 38.530001 41 20.2500C! 4! 5.375031 4! 12.750001 4 
'NO 
I 

1 1 4.72143114! ! 1 
4.950711141 

I I 3.611431141 1 1 
7 . 0 7 2 1 4 U 4 I 

1 
7.17500114 

!T. C'-'G. 
1HAL03EN 

I M G / L IND I 1 I 
1 0»04145!10! 

I ! 
O.CS347I101 

I I 
0.067421101 

I 1 
0.19190110! 

I 
0.16760110 

J T E M = > E R A - 1 0 E 3 . C I N O 
ITURi ! 1 
I • 

1 I 1 I I 
1 16.76000! 51 14.120001 5! 

1 1 1 I 
17.04000 1 51 17.75OC01 51 16. 

1 
6 4 0 0 0 1 5 

0 0 3 5 0 1 4 1 T O X A P H E N E ! I G / L 1 0 . 3 
I 
! T r = I T I U M 1 U / L 1 7 4 : I - + — 
17. I N C 1 M G / L I S 

3 5 I 0.033501 4! 0.003501 41 
1229.655671 31473.333331 31 
l" 0.065031 21 3.359001~21 

0.00353! 41 
3333.331 31 
' . .C^SCI 2! 

3.00359! 4! 
25QC1 3! 

C.295001 21 

0. 
8600 1 3 

109350! 2 

( CONT'NUIO ) 



TiSLE A-2. COMPARISON BETWEEN MONITORIN3 HELLS 
OE CONCENTRATIONS 3F .JAIZR QUALITY PARAMETERS 

5 I T E = 3 5 1 3 

! WELL NUM£ER 

I I 1A i 2 1 3 1 4 

MEASURED I MEASURED I MEASUPEC I MEASURED ! MEASURED 
CONCENTRA- ! CONCENTRA- ! CONCENTRA- 1 CONCENTRA- 1 CONCENTRA-

T I O N ! T I ON 1 T I O N I T I Q N ! T I O N 

! ^EAN in « Mc6Ni j 1M J WEAN I N 1 MEAN IN 

PARAMETER!UNIT a I LIMIT ! I I I I 1 I I I I 1 j j ! ! I ! I ! 1 
2 . 4 - 0 IM-3/L ! A » 1 I 0 . 0 3 7 5 0 1 41 3 . C 0 7 5 0 J 41 0 . r 0 7 5 C ! 4 1 0 , 0 0 7 5 3 1 4 ! 3 . 0 C 8 5 0 1 4 

1 2 . 4 - f S T J 1 0 / L ! 3 . 0 _ ! C . 0 f l 7 5 j ! 4 ! 0 . C J 7 5 0 I 41 0 . 0 C 7 5 0 I 4 1 0 . 0 0 7 5 0 1 4 1 C . 0 C 8 7 5 I 4 



TAdLZ A-3. COMPARISON IN HATER QUALITY PARAMETER CONCENTRATIONS 
I'l 00 wN GRADIENT AND JPJPACIENT MONITORING HELLS 

(ALL MEASUREMENTS) 
SIT E= HR E 

WELL LOCATION 
DCKiN-GR ADIENT ! UP -GRADIENT 

MEASURED CONCENTRA -TION ! MEASURED COhCENTRA -TION 
MEAN 1 MIN 1 MAX IN 1 MEAN ! MIN 1 MAX IN 

1 
1 
I 
I 
1 
1 
I 
! 
1 
1 

,! 
•I 
i I 
•I 
fl 
•I 
I 

0 . 2 6 2 7 7 1 21 
+ —I 

1 2 . 0 0 0 0 0 ! 4 ! 
+ — 1 

0 . 2 0 0 0 0 1 41 
• — 1 

а . 0 0 0 0 0 1 41 
+ — I 

0.020001 2! 
• — 1 
1 I 

б . 2 C 0 0 0 ! 81 
+—I 

0 . 0 C 0 2 0 ! 4 ! 
•—I 

1 . 0 0 1 0 0 1 41 
+ — 1 

1 6 . 0 0 0 0 0 1 5 ! 
+—I 10.00000! <»! —J 

4 . 5 9 0 0 0 1 3 ! 
+ - - I 

0 . 0 7 0 0 0 1 41 
+ - - 1 

0 . 0 C 2 C 0 ! 3 ! 
+ — 1 

0 . 1 9 8 0 0 1 31 • — j 
0 . 0 0 0 2 0 1 41 

+—I 
I 1 

0 . 0 0 8 0 0 1 4 ! 

PARAMETE R I UNITS 1 L I MIT I 
— I 

t 0 

1 
1 

. C 0 4 4 2 1 

1 
1 

0010C1 

1 I 
! 1 

0 1 6 0 0 ! 1 2 1 

1 
! 

. 0 C 2 7 5 I 

1 
I 

. 0 3 1 0 0 1 

1 

ARScNIC 1 MG/ L 1 0 . C : 

I 
— I 

t 0 

1 
1 

. C 0 4 4 2 1 3 . 

1 
1 

0010C1 0 . 

1 I 
! 1 

0 1 6 0 0 ! 1 2 1 0 

1 
! 

. 0 C 2 7 5 I 0 

1 
I 

. 0 3 1 0 0 1 0 . 0 0 5 0 0 ! 

3ARIUM 1 MG/L 1 1 1 0 . 7 4 2 6 7 1 10 50 C1 2 . 7 C 0 G 0 1 1 2 ! 0 . 3 C C 7 5 I 0 . 0 3 3 0 0 ! 0. 50000 ! 

CADMI-JM ! MG/L I 3 . 31 ! C . 0 0 1 0 2 1 C. 0 3 0 2 C 1 0 . 0 0 3 5 0 ! 1 2 1 0 • 0 G 0 6 0 I 0 . 0 0 0 2 0 1 0. 00100 I 
CZSIUM- I BQ/L 1 ND ! 1 I 1 1 1 1 I 

1 137 
CHLORIDE 1MG/L 
CHROMI'JM 1 MG/L 
COLIFORM ICOL/IOC 11 
COPPER IMG/L II 

1 
1 ND 
I C. 0: 

1 0 . 4 8 2 3 5 ! 

4 6 6 6 7 1 

0 3 1 1 1 1 

3 3 3 3 3 ! 

0 3 8 6 7 1 

1 

G . 0 1 0 0 0 1 2 . 0 7 9 9 4 1 61 

3 . 4 3 0 0 C 1 13 .OOCCO112 ! 

0 . 0 0 4 0 C 1 0 . 0 5 9 1 0 1 1 2 1 

0 . 0 0 0 0 0 1 3 0 . 0 0 0 0 0 1 1 2 1 

0 . 0 2 0 0 0 ! 0 . 1 2 C C 0 1 61 

0 . 1 3 1 3 8 ! + 
S . 4 7 5 C 3 I 7 

0 . 0 6 5 2 5 1 0 

3 . 0 C 0 0 0 I 

0.02000! 

O.GOOCO1 

.000001 

. 0 0 2 C 3 1 

0.000001 
0.02000! 

1 5 . 

I 0. 
1 3 . 

I C . 

D I S S . 
OXYGEM 

I w 3 / L i 1 '10 i 4 . 4 5 4 1 7 ! 

00 2211 
000001 

1 2 1 . 6 9 0 9 1 1 

1 3 S 2 . 1 5 0 3 ? ! 

1 2 3 . 7 1 3 3 3 1 

1 0 . 0 2 0 4 2 ! 

I 0 . 0 0 1 3 7 ! 

1 5 1 5 4 4 1 

1 C.CP 0191 

1 
2 . 7 0 0 0 C 1 

O .OOOICI 0 . 

1.010001 1. 
0 . 1 3 0 0 0 1 2 0 0 . 

C . 7 0 0 0 0 1 3 5 0 . 

1 ! 
4 0 0 0 C ! 241 

! 1 
4.2COCO! 3.50GOOI 

ENDS IN 
FLUORIDE 
G-ALPHA 
G-3ETA 
IRON 
LEAD 
L I NO A 'I £ 
MANyjA'ISS: 
MERCURY 

1 1 G / 
1MG/L 
! 3 j/ 
1 <J 3 / L 
1 MG/L 
! MG/L 
1 MG/L 
1 M'i/L 
! MG/L 

I J. ) L1 C 2 
11.4-2.4 
! j . 555 
i 
! r,D 
i : . 35 
i : . o c 4 
i \ -> 

10.3.2 

1 0.. 
1 1 . 1 

00030112! 
0 G 3 0 0 1 1 2 ! 

O O C O O l i l l 

OOOOJ!12! 

G . 0 C 0 1 5 ! 

1 . 0 C 0 2 5 I 

3 . 3 = 2 C 0 ! 0 

3 . 9 0 0 0 0 1 0 

O .OOCIO! 

1.OOCCO! 

.060G01 

.8 00001 

. 4 8 0 0 0 ! 

.00100! 
0 . 0 0 3 1 0 1 

0 . 0 4 6 3 C ! 

00000! 9! 
030C0112! 

1 . 5 0 0 0 0 1 3 3 . 

O .OOlOO! 0 . 

O .OOOICI 0 . 0 0 2 C C 1 9 ! 

3 . 1 3 0 0 C I 2 2 . 3 0 0 C 0 1 3 ! 

0 . 0 0 3 3 5 ! 0 . 0 0 0 2 C ! 1 2 ! 

1.916671 0 + 
0.021501 0 
0 . 0 0 1 3 7 1 

G . 1 3 2 0 0 1 

0 . 0 0 3 1 0 1 O.OOOC5I 

METHCKY-
CHLO1? 

1 MG/L 
1 

13.1 
! 

1 1 I 
0 3 4 5 7! 0.CO 020! 3. 306001 12! 

1 1 
C425 I 0 . 0 3 0 2 0 ! 

1 

(CONTINUED ) 



TLVUE E-7, CCLMDARISON IM WATER QUALITY PARAMETER CONCENTRATIONS 
IN DOWNORADIENT AND UP3RACIENT MONITORING «£LLS 

(ALL MEASUREMENTS) 
SIT£=HRE 

UlELL LOCATION 
DOrfN-GRADIENT ! UP -GRADIENT 

MEASURED C 3N CENTRA-•TION j •MEASURED CONCENTRA -TION 
MEAN 1 MIN 1 MAX ! N 1 MEAN 1 MIN I MAX IN 

ITS 1 P A R A M E T E R S 
I MICKEL 1MG/L J + 
I NITRATE-N I M3/L j 
1PC3 I1G/L j 
I PH 
1 
TPHENCLS I 

I LIMIT 
I 5 I 0.111331 

1 2,50 J00 I 1. 
I 0 • CO CI 21 0. 

70513! 
001171 

I 
I 

C.060301 
00030! 
000051 

5.400001 
C.331CC1 

1 1 
I 1 

0.56000! 61 C. 
I 
I 

C 5 0 9 01 
5CC03I 
300091 
745151 
0C175! 

0.050001 C.360001 2 
1.050C01 24.CC3001 2 
O.OOOC91 0.000391 1 

! I t 
! ND 
! .NO 
! NT 

5.3COOC I 61 12 
C.000151 31 0, 
3.10300 1 39 I 5 
Q.CG200I121 0 

J PH 
1 10/'. 

1 5. 
1 C. 

.503301 7. 

.301C01 0. 
00000113 
0C400 ! 4 

! 
1 

! SADIU.'I-
1225 j 
ISELINIU'I M G / L 
I - - + 
1 SILVER 1MG/L j 
1 SODIUM 1 *J/_ 
1 * + - -
ISP.CO'ID, 1UMH35/CM 1ND 
1 
ISTROMIU^LII'J/L 
1 90 1 
I-

10.135 
I 

1 
0.052671 
0•CO 3251 0 
C.064541 C 

1 
0.031001 

031301 
000501 

s 

820511241. 

I I 
13090112! 

1 
0.006251 
0.303251 
0.935371 

300C01 5 
3C769I185 

I 
0 . 0 0 2 0 0 ! 
0.00100! 0. 
0.00050! 0. 

.80000! 6. 

.OOOOC1636. 

1 
0.010001 4 

035301 4 
07000 ! 4 

8 0 0 0 0 1 2 

00000 113 
1 

I 0. 31 
10.05 
1 NO 

C. 005001121 
3. 420001121 

650301 28.900001 6! 6 
0 3COO!747.000001 39 I 504 

1 14, 
1535. 

i : . 3 
1 

! 1 
I 132.68667! 

i t 1 
3.1200CI540.00C001 9! 0.17333! 3.12000! 0.260031 3 

! 44.33333! 31.00CCCI 75.JO000 I 12 I 46.000301 42.00000! 54.00000! 4 

1 I 

!SULFATE 1MG/L 
1 + 
IT. ORG. IMG/I 
1CAR3QN 1 
! 
IT. ORG 

! NO 
I NO 
I 

1 1 
3.689231 C.760001 

I ! 
3.4S3C0I39! 4, 

I I I 
975381 3.530301 8.4C000113 

IHALOGH N 
1MG/L 
I 

1 NO 
I 

I 1 
3.06073! C.036001 

1 1 
0.410001331 

! ! I 
0.09890! 0.014C01 0.54000110 + + • — 

I 
80000! 8 

I TEMP EP 1 OEG. C !NO 
JTURE 1 I J + 
ITOXAPHENE!MG/L 10.005 
1 T ?. IT 11J w ISG/L 1 7 0 I + - + 
ITINC J*G/L 15 

1 ! 1 I 1 
1 15.725001 15.03 300 I 18.6000CI 241 17 

1 1 
,812501 17.00000! 18.1 

1 0.00385! C.0020C1 0.03520112! 0.003501 9.00230! 0.005001 4 
1 154.222221 1 0 0 3 0 0 I 430.000001 91 12.0CC001 3.000CC1 20.0G0001 3 
! 0.07418! 0.02000! 0.14003! 6! 0.023001 0.02003! 3.020001 2 

( CDNT IN'JED ) 



TA3LE COMPARISON I N .<ATER QUALITY PARAMETER CONCENTRATIONS 
IN 00/1NGRADIENT ANO UPGRADIENT MONITORING HELLS 

( A L L MEASUREMENTS) 
S I T E = H R E 

i 
i 
i 

WELL LOCATION i 
i 
i DO JN-G.RADIENT ! UP -GRADIENT 

i 
i 
i 

MEASURED CCNCENTRA-T ION I MEASURED CONCENTRA - TION I i 
i 
i M E AN I MIN 1 MAX I N I MEAN 1 MIN I MAX IN ! 

J PARAME TE R l U N I T S ! L I MI T j 
i 

1 
I 

0 . 0 0 7 5 0 1 

! I I 
1 I I 

G . 0 3 5 0 C ! 0 . 0 1 3 C C ! 1 2 1 

I 
I 

C . O C 7 5 0 ! 

! 
I 

0 . 0 0 5 0 0 1 

I 1 
1 ! 

. 0 1 0 0 0 1 4 ! 1 2 . 4 - 3 I MG/ L i : . i 

j 
i 

1 
I 

0 . 0 0 7 5 0 1 

! I I 
1 I I 

G . 0 3 5 0 C ! 0 . 0 1 3 C C ! 1 2 1 

I 
I 

C . O C 7 5 0 ! 

! 
I 

0 . 0 0 5 0 0 1 0 

I 1 
1 ! 

. 0 1 0 0 0 1 4 ! 

1 2 . 4 - 5 T i MG/L ! 3 . C 1 I C . C 0 7 5 0 ! 0 . 0 3 5 0 C 1 O . O l O C C ! 1 2 ! 0 . 0 0 7 5 0 ! 0 . 0 0 5 9 0 ! 0 . 0 1 0 0 0 ! 41 



HJLE A-?. COMPARISON IN .1M1P. 3UALITY PARAMETER CONCENTRATIONS 
TN ODrt.N GRADIENT AND UP3PA0IENT MONITORING ftELLS 

(ALL MEASUREMENTS) 
SITE=OHF 

I '1ELL LOCATION 
I DO-/N-GR AOIENT ! 
! • 
! 
1 • 
! 

UP-GRADIENT 
MEASURED C C.N CE N T R A-T IO.N 1 

MEAN I MIN J MAX IN I 
MEASURED CONCENTRA-TION 

MEAN I MIN I MAX 

! 
i — i 

I N I • — j 
I I 
I I 

0 . 0 C 5 0 0 1 5 1 
•—I 

l.OOOCOI 51 
•—I 

0 . 0 0 3 0 0 ! 5 1 
•—I 

PARAGE TERI UNI TS 
ARSEVC 1'13/L 

ILIMIT ! 1 
1 ! 
J 0 .00333! 

1 j 
, 0") inc i 

i i 
t i 

,0C50CU2l C.GCiSGl 0.0C13D1 
OARI'J I 
CADMIJM 

1^3/'-
I MG/_ 

J \ 
10.31 

I C.57033! 
I C.00*011 

C.CG500! 1,OJOCO!12I C.452201 0.250C0! 
0.00 02"I C.010CO!121 0.0C114I C.0002GI 

CESIUM-
137 

I 3'1/L 
1 

: ND 
1 

I 1 
1 1.70 91C1 

e. 

i 
71">3S1 

I I 
, 52 69A « 5! 

I I 
1.199241 0.72163! I I 

2 . 0 6 8 8 4 ! 3 ! 
*—I 

1 3 . 0 0 0 0 0 1 5 1 
i 

0 . 0 5 0 0 0 ! 5 1 
•—I 

1 6 . 0 0 0 0 0 1 5 ! — j 
0 . 0 2 0 0 0 I 3 ! 

•— I 

CriLDRIDE 
CHROMI U 'l 

I MG/L 
I M j / L 

! ND 
1 C . 0=. 

I 15.166671 
I 0.030991 

00 0 J0 I 40. 
003001 0. 

00000!12 I 
373701121 

1 2 . 2 0 0 0 0 1 

0.026601 
12.000C01 

0 . 0 0 6 0 0 1 u . 
oT COLIFORM 

COPPER 
1C J L / 1 V 

1 M G / L 

! 1 ! 6 . 3 5 0 0 3 1 

1 0.026121 
000001 49. 
0200fM 0. 

3 0 0 0 3 ! 1 2 I 

0 5 5 7 0 1 6 1 

5 . 2 C 0 C 0 I 

C . 0 2 0 0 0 1 

0.000001 
0.02000 I 

DISS. 
OXYOE/ 

1 M 3 / ', 
! 

! NJ i I 
7 . 4 1 J O 3 1 

1 1 I 
30000! 12.000001201 

! I 
6 . 6 7 5 3 3 1 5 . 2 0 0 0 0 1 

1 I 
i o . 3 c o o o i ei 

i 
E ^ PR IN 
FLUORIDE 

!'1G/L 
1 -1G/L 

1 0 . j j 0 2 
i 4 - 2 . 4 

1 0.G3015I 
1 1.00000! 

030101 0. 
OOOOC! 1. 

00020 I 111 
OOOOC!121 

C.0C014I 
1.0 COCO I 

0 .00010! 
l.OOOCOI 

0 . 0 0 0 2 0 1 5 1 
•—1 

1 . 0 0 0 0 0 1 5 1 
•1 

1. 
c . 3-ALPH A 

3-DETA 
I 3 J / L ! j . 5 5 5 

10.23 
! 57.95 58 3! 
J 7*7.291571 

3 1 C 0 0 ! 6 < : 0 . 

7 0 0 0 C 1 

OOOOCI12! 
2 7C 0 112 I 

1 . 2 3 2 0 0 1 

4 . 6 2 0 0 0 ! 

0.400001 
3.53000! 

2 . 9 0 0 0 0 1 5 1 
+—1 

6 . 6 0 0 0 0 ! 5 1 
•l 

IRON 
LEAD 

1 ^13/ L 

! M G / L 

! ND 
! 0. OZ 

J 16.65333! 
I 0.04230! 

I 2 3 0 0 C 1 5 7 . 

, 0 0 2 3 0 ! 0 . 

9 0 0 C 01 91 
103C0I121 

2.74175! 
•3 . 0 1C 8 0 1 

3 . 5 8 7 C 3 ! 

0.001001 
O . 6 0 0 G 3 I 4 1 

+— 1 
0 . C 3 0 0 3 ! 5 1 

•1 
L I N D A N E 

•UNGUES! 
! MG/L 
t _ 

i o . : 3 4 
! ND 

0 . 0 0 1 0 5 ! 

2 . 9 9 3 6 7 1 

00010! 
5 6 3 0 0 I 

0. 
8. 

0 C 2 C G 1 1 2 1 

£50C3I 0! 
G . 0 C 0 S 5 1 

C . 1 3 9 1 0 I 

0.3CC13I 
3.03340! 

0 . 0 0 2 0 0 ! 5 1 
+—1 

0 . 2 9 3 0 0 1 4 1 
— i 

C . 0 C 0 1 0 1 5 1 •— j 
1 ! 

0 . 0 0 8 0 0 1 5 1 

,1E RC'JR Y ! -1 3 / _ 
< m >/L 

lO.Oi l ! C . 3 0 3 0 3 1 C . 0 0 : 0 5 ! 

' . 0 J 02C 1 

G . O C O I O I 1 2 ! G . 0 C C R 7 ! 0 . 0 0 C 0 5 1 

£ T H 0 X Y -
C H - J 

10.1 
! 

1 1 
! 0 . C 3 4 1 0 I 0. 

I 1 
0080C1121 

I 1 
G . 0 C 3 3 * ! 3 . C 3 C 2 0 I 

(CONTINUED ) 



T i 3 LE a - ' . C:vp;-5tson ,(ATE3 QUALITY DfiPfcMETER C C NC E NTS AT 10 N S 
IN C3WNGRADIENT AND 'JPGRADIENT MONITORING WELLS 

(ALL MEASUREMENTS) 
SITE=CHF 

! I WELL LOCATION I | I | 
J J DO'.JN-GR ADIENT ! UP-GR A D I E N T 1 

J J MEASURED C O N C E N T R A T I O N I MEASURED C J N C E N T R A - T I C N I 

I ! MEAN J M I N t MAX I N t CEAf^ | MIN I MAX IN I 
I + + 4 + 4 — I 
! P A R A ' 1 E T E R I U ' N I T S I L M I T ! I I I I I I 1 1 
j + + 1 J I 1 1 I 1 1 1 
I M C N E L M 3 / L 25 I 0 . £ 5 2 2 51 C. 0 6 0 3 0 1 0 . 3 7 3 5 0 1 6 1 0 . 0 6 C C 0 1 9 . U 5 0 3 C 1 0 . 0 6 0 0 0 1 31 
I * 4 • —I 
I N I T R A T E - N 1 M G / L ! 1 0 1 3 . 0 3 3 3 3 1 1 . 0 0 0 0 0 1 8 . 0 0 0 0 0 1 6 1 2 . 6 6 5 6 7 1 1 . 0 0 0 0 0 1 6 . 0 C 0 0 0 1 31 j 4 4 + - -+ + + +--1 
I P C S M G / L I NO 1 0 . 0 0 3 1 2 1 0 . 0 0 0 1 0 ! 0 . 0 0 0 1 6 1 31 0 . 0 C C 1 2 ! 3 . 0 0 0 1 2 1 0 . 0 0 0 1 2 1 11 J 4 4 4 + " + 4 + 4 1 
JPH 1PH I MO 1 6 . 3 4 7 2 2 1 5 . 5 3 0 0 0 1 7 . 7 3 0 C 0 1 3 6 1 6 . 4 7 3 3 5 ! 6 . 2 0 3 C 3 X 6 . S 5 0 C 0 1 1 3 ! 
1 4 + --+• + —1 
! IJCLS M G / L I NO J 0 . 0 0 1 1 7 1 G . O O l O G ! 3 . 0 C 2 0 C U 2 1 0 . 0 : i 2 3 l 0 . 3 C 1 C 0 I 0 . 0 0 2 0 0 1 5 1 I 4 — + + 4 — I 
1RADIU1- 1 ° 1 / l i : . l r 5 1 I I I I I 1 1 1 
l_-2o 1 1 ! ? . 1 6 7 0 3 ! C. 3 0 7 0 0 ! 0 . S O OP 0112 I 0 .11100! 0 . 3 0 5 c 0 1 0.4C0001 51 
1 + * + — • — + 1 
ISELE.NI 'JM M G / L 1 0 . 1 0 . 0 0 3 6 7 1 0 . 0 0 1 0 0 ! 0 . 0 0 5 0 0 1 1 2 1 0 . 0 0 5 8 0 1 0 . 0 3 1 0 C I 0 . 0 0 5 0 0 ! 5 1 o j 4 + + + — + + •—I 
I S I L V E R J MG/ i. 1 C . C 5 I 0 . 0 3 5 5 2 ! 0 . 0 0 0 5 3 I 0 . 0 7 0 0 C U 2 1 0 . 0 4 2 5 0 I 0 . 0 C 0 5 0 I 0 . 0 7 0 0 0 1 5 1 
1 4 4 + — + • —1 
l o O D I U I 1 1 G / L I NO 1 24 . 13 33 3 ! 1 3 . 3 0 G 0 C I 4 4 . 0 C C 0 0 1 31 1 2 . 6 6 6 5 7 1 1 0 . 3 0 3 0 0 1 1 7 . 0 0 0 0 0 1 31 
j + + 4 4 + -• 4 4 4—1 
I S P . C ~ND. 1 UMHOS /CM I NO 1 4 4 7 . 22 2 2 2 1 1 5 8 . OOOOCl 7 6 6 . C ' 0 0 0 0 1 3 J 1 7 C 8 . 7 6 9 2 3 1 2 5 1 . 0 3 00 0 1 8 1 8 . 0 0 0 00 1 1 3 I 
j 4 4 4 4- 4 •—1 
lST-0NTI\JMl5iJ/'_ JO.? 1 1 1 ! I 1 I 1 1 
1 ^ J ! 1 4 5 8 . 3 3 6 5 7 ! 0 . 2 1 0 0 0 1 1 7 0 0 . 91 1 . 3 3 3 2 3 1 1 . 6 C 0 C 0 1 2 . 2 C 0 0 0 1 3 1 ! + 4 4— + * 4—1 
I SULFATE M G / L S.ND 1 16 . 06 333 ! 1 2 . O O O O C l 2 4 . 0 0 0 0 , 1 1 2 1 2 0 . 4 0 0 C 0 1 1 9 . 0 C 0 0 C I 2 2 . 0 0 0 3 0 1 5 1 
I + + — 1 
I T . O R u . M G / L 1ND 1 1 I 1 1 1 I I I 
JCA-OOM J J ! 5 . 5 3 7 5 3 1 2 . 1 3 G 0 C I 3 . 0 0 0 0 0 I 3 3 I 4 . 4 7 9 5 7 1 1 . 3 0 0 0 0 1 7 « . l 0 0 0 0 ! 1 4 l 
t + + + + + — 4 4 — I 
I T . ORG. M i / L 1 ND J I I 1 1 I I I I 
I H A 0 G i N 1 I ! 0 . 1 3 1 3 0 1 0 . 0 0 3 0 0 1 0 . 2 8 4 C 0 1 3 0 I 0 . 1 1 3 6 4 1 0 . 0 1 1 0 0 1 0 . 2 5 2 0 0 1 1 1 1 I * 4 + 4 — I 
j t : * p e r i - i o : G . C j n o i i i i t t i i i 
! 1 I I 1 6 . 0 6 1 3 0 ! 1 2 . 5 0 0 0 C ! 1 3 . 4 0 0 0 0 1 2 1 1 1 6 . 1 7 5 C 0 I 1 4 . 5 0 0 0 0 1 1 8 . 7 C 0 0 0 1 81 
I + * 4 +—I 
> T 3 . < A ^ Z \ : M G / ' - 1 0 . 0 : 5 t C . 3 0 3 5 0 1 3 . 0 0 2 0 C I 3 . 0 0 5 P 0 1 1 2 ! 0 . 0 C 3 2 D I 0 . 0 0 2 0 0 1 0 . C 0 5 0 0 1 5 1 j + + 4 4— 4 + 4 4— I 
I T - > : T I U v 1 3 3 / L l 7 4 j I < > 0 1 1 1 . 1 1 5 0 0 0 1 2 1 C 3 C 0 ! 3 1 9 1 3 3 3 . 3 ! 7 5 0 0 3 1 1 2 0 0 0 0 ! 3 ! 
I - - - 4 4 4 — + — — 4 4 I 
! : : \ c M G / L :z I C.147531 c . 3 2 0 0 0 1 0.223001 6 1 o,oe273i 0.020C01 0.090001 31 

(: 1 \T r.j JL :) 



TSRILE A - ? . C O M P A R I S O N IN * A T E R Q U A L I T Y P A R A M E T E R C O N C E N T R A T I O N S 
IN DOWN G° AO IE NT A N D 'JPGRADIENT M O N I T O R I N G W E L L S 

(ALL M E A S U R E M E N T S ) 
SIT E= CHF 

P A R i . M E T E R J 'JN I I S 1 L I M I T 

2 » 4 - D 1 M 3 / L ! C , 1 

T l ' 1 3 / L 1 0 . 0 1 

1 
1 
1 
I 
1 « 
1 MEAN 

W E L L L O C A T I O N 

DQVIN-GR ADIEFIT 1 U P - G R A O I E N T 

M E A S U R E D C O N C E N T R A - T I G N I M E A S U R E D C O N C E N T R A - T I O N 

I 
1 

C , C O 7 5 0 1 

0 . 0 0 7 5 0 ! 

MIN 1 
1 
1 

C . 0 0 5 0 C I 

0 . C 0 5 0 0 1 

M A X I N 1 HEAN 

1 1 
1 I 

0 . 0 1 0 0 0 ! 1 2 1 

G . 0 l o 0 C ! 1 2 1 

1 
1 

C . 0 C 7 C 0 1 

0 . 0 C 7 C 0 I 

MIN I 

1 
I 

0 . 0 G 5 0 0 I 

0 . 0 0 5 0 0 1 

M A X I M 

I 
I 

C.C10001 5 
0•C1000 1 5 



T 6 3 LE A - ? . COMPARISON I N '1A T E R 3 j A L I T Y P A R A M E T E R C O N C E N T R A T I O N S 
T N C J I N N G R A D I E N T AND 0 P3RA D I EN T M O N I T O R I N G WFCLLS 

( A L L M E A S U R E M E N T S ) 
S I T Z = 3 5 1 3 

I 
1 
1 
I 
1 

W E L L L O C A T I O N I 
1 
1 
I 
1 

O D I N - G R A D I E N T I U P - G R A D I E N T 

I 
1 
1 
I 
1 M E A3 U S E 0 C O N C E N T P A - T I G N ! M E A S U R E D C O N C E N T R A - T I ON 

I M E A N J ILL 1 M A X 1N 1 M E A N ! MIN ! M A X !N ! 

I ° A R A M E T C R SUN ITS J LI M T F 1 ! 1 1 1 ! 1 1 
J — — — — —_ — + — — — — — — — — «•* J I 1 1 1 I 1 I 
1 I R S E N T C I '13/L 1 G. J 0, 30 40C I 0 . 3 0 1 0 C ! J . G 1 1 0 0 U 2 I 0 . O C 3 2 5 1 3 . 0 0 1 C 0 I C .0<-«05 1 8 ! 

1 3 A R I J M I M G / L I: I C . 3 5 1 0 2 1 0 . C 5 90 0 I 0 . 5 3 0 0 0 ! 1 2 1 0 . 2 4 1 3 7 ! 0 . C 8 3 0 0 1 0 . 5C 11 8 ! 

I C A D i l I J " M 3 / L I J. I 3 . 0 0 1 4 3 1 0 . 0 3 3 2 0 ! 0 . 0 0 2 C 0 ! 1 2 1 C . 0 C 1 4 2 1 0 . 3 0 0 2 0 ! 0 . 0 0 2 0 0 I 81 

1 CESI ' J 1 - 1 3 3 / L 1 ND I I 1 1 I 1 1 I 
I 1 3 7 ! ! 1 3. 33 3711 0 . 0 3 0 0 0 1 1 . 0 4 3 6 7 ! 1 0 ! 1 . 3 4 9 0 0 1 0 . 3 0 0 0 0 ] 4 . 8 8 5 2 7 1 4! 

I C H L O R I D E I M3/L. I ND 1 18,103331 5. 3 0 0 3 C 1 4 0 . 3 0 C C O 1 1 2 1 5. 3 6 2 5 0 1 5 . O O O O C L 7 . 0 0 0 0 0 1 81 

1 CHROMI UM M G / L Z I 1 0 . 1 7 7 7 5 1 0 . 0 3 6 0 3 1 1 . 2 0 0 0 0 1 1 2 1 0 . 0 2 9 3 7 ! 0 . 0 0 2 0 0 ] 0 . 1 4 0 0 0 1 81 

I CJ L I FORM l C O L / l O O 1 1 J 1 0 . 0 7 6 0 2 1 0 . 0 0 0 0 3 ! 1 2 0 . 0 0 0 0 C ! 1 3 ! 1.25 0 CO 1 0 . O O C C O ! 8 . 0 0 0 0 0 ! 81 

I C : 0 [ 5 E R J M G / L ! 1 I 0 . 0 2 7 6 7 1 0 . 0 2 0 0 C ! 0 . 0 5 9 0 0 1 61 0 . 0 2 4 7 5 1 0 . 0 2 0 0 0 1 0 . 0 3 9 0 0 I 41 

M I S S . M G / L : ND 1 ! 1 ! ! 1 I 1 
1 O X Y 3 E V J t I 4. 51 33 3 J 2.5000C: 7 . 0 3 0 C O J 1 5 1 5 . 0 1 0 C C ! 4 . 0 0 0 0 0 1 6 . 1 0 0 0 0 1 1 0 ! 

I E i J D R I N I M G / L ! C . COO? t 0 . 0 0 3 1 5 1 0 . 0 3 0 1 C 1 0 . 0 0 0 2 0 ! 1 2 ! O . O O C 1 5 1 0 . 0 0 0 1 0 ! 0 . 0 0 0 2 0 I 81 

I F L U O R I D E M G / _ 1I. 4 - 2 . 4 I 1 . O O O O C I 1 . 3 0 0 0 0 1 1 . 0 0 0 0 Q 1 1 2 1 1 .OOCCO ! 4 . O C O O O I 1 . O C O O O L 81 

I G - AL n H A I ^ J / L ! 0. 55 5 ! 4 . 5 5 2 5 0 1 C. 0 3 0 0 C I L S . O C O O O L 1 2 ! 2 . 2 7 3 7 5 1 0 . 7 9 0 0 0 1 s . 7 0 0 0 0 1 8! 

! " J - i l l T A ! 3 j / _ ! J . 2 h 1 2 3 . 8 5 8 3 3 1 1. 4 0 C 0 0 1 6 5 . 0 0 0 0 0 1 1 2 1 5 . 8 6 2 5 0 1 1 . 3 0 0 0 0 1 13 . 0 0 0 0 0 1 8! 

I I R O N ! 1 ND I 2 3 . 7 4 4 4 4 1 5 . 6 0 0 0 0 1 7 2 . 0 0 0 0 0 ! 3 ! 2 . 7 0 3 3 3 1 0 . 4 2 0 0 0 1 7 . 3 0 0 0 0 I 61 

I LE 4D I M G / L : o . 35 ! 0 . 1 4 5 4 2 1 3 . 0 0 3 C 0 1 1 . 4 0 0 C 0 1 1 2 ! G . 0 1 0 1 2 1 0 . 0 C 1 C 0 1 0 . C 2 0 0 0 ! 8 ! 

1 L I N D A N E M 3 / „ I WC 4 I 0 . 0 3 1 1 2 1 C . 3 0 0 1 C 1 0 . 0 0 2 0 C 1 1 2 1 0 . C C 1 1 7 ! 0 . 0 0 0 1 0 1 0 . 0 0 2 0 0 ! 8 ! 

! MA 'J 3 A ( E 5 E ! - 1 0 / L ! ND I 3 . 9 2 2 2 2 ! 2 . ''OOOC I 5 . 0 0 G C 0 1 91 1 . 4 7 0 0 C ! * . 2 5 0 0 0 ! 3 . 5 C O O O I 6 ! 

I "ERC'JR Y ! M G / _ I 0. 0". 2 ! 0 . C O 0 1 9 ! 0 . 0 3 0 1 0 ! J. 0 0 0 5 0 1 12! C .0C0211 0 • 0 0 C 1 0 1 0 . G G 0 4 0 1 8! 

! METM 3X Y - I M 3 / L I:. 1 ! 1 1 1 ! 1 1 1 
l CrILQR I I T C . 0 0 4 1 0 I Q . 0 C 0 2 C 1 0 . 0 0 3 0 0 1 1 2 1 0 . 0 0 4 1 0 1 3 . 0 0 3 2 0 1 0 . 0 0 8 0 0 1 8 ! 

(CONTINUED ) 



T U L ^ A-I. CAM = J?:SA'J IN ,<ATER QUALITY P A R A M E T E R C O N C E N T R A T I O N S 
IN ^.AJIENT A'LO UPJRACIENT M O N I T O R I N G AELL3 

(ALL M E A S U R E M E N T S ) 
SITE = 3 513 

I 

I 
! M E A S U R E D C O N C E N T R A T I O N ! j 

OO.IN-GRADIENT 
WELL LOCATION 

I U P - G R A D I E N T 

'•EAS'JREO C Q N C E N T R A - T I O N 
I MEAN MIN 1 MAX I N I NEAN 1 MIN 1 MAX 

I 
• — I 

1 
• — I 

I 
-I 

I N I 
— J 

1 I 
1 I 

0 . 0 6 0 0 0 1 4 ! 
«.— I 

PA^.AMETDRL UNITS I LIMIT 

NICKEL IMG/L 15 C . 3 5 6 5 7 ! C . O S C O C I 

t I 
I I 

1.000001 61 0 . 0 6 0 0 0 1 0 . C 5 0 C C I 

N I T R A T E - N M G / L 11" 

PCJ IMG/L I NO 

1 3 . 5 0 O J C ! 2 . 

I O . C O C O g i 0 . 

OOOOCI 5 

OOOOSI 0 
.C 0 0 0 0 I 5! 
.003101 31 

5 • 0 CO 00 I 

C . 3 C C 0 7 ! 

5 . 0 C 0 C 0 1 - + • 
0 . 0 0 0 0 7 1 

5 . C C O O O I 31 
+ — I 

0 . 0 0 0 0 7 1 2 1 
+ — I 

6 . 7 0 0 0 0 1 1 4 1 
— I 

0.001001 61 
+—1 

PH 

°HEFJ CL S 

I °H 
I M G / L 

1 ND 

1 NO 
I 6 . 4 2 6 3 2 1 6 . 

I 0 . 0 0 1 7 5 1 0 . 

1 3 0 0 0 1 7 

0 3 1 0 C 1 0 

. 1 0 0 0 0 1 1 9 1 

. 0 0 7 0 0 1 1 2 1 

6 . 4 5 0 C 0 I 

0. JC1C0 I 
6 . 3 0 0 C 0 1 

3 . 0 0 1 0 0 1 

R A D I U M -
22 6 

1 3 0 / . 
1 

10.1c: 
1 

1 1 
I C.063921 

I 
0 3 3 0 C 1 

0 0 5 0 0 1 

I I 
.200001121 I 1 

0 . 0 3 0 25 1 0 . 0 0 2 r , 0 l 
I I 

C . 1 0 0 0 0 1 S I 
+— — I 

. 0 0 5 0 0 1 1 2 1 C . OC 5 0 0 1 0 . 0 3 5 C 0 1 0 . C 0 5 0 0 1 8 1 
+ - - 1 

S E L E N I U M 1 MG/L 13.01 

SILVER IMG/L 10.05 

1 0 . 0 0 5 0 0 1 0 . 

1 C . 03 7 6 2 I C . 3 0 0 5 0 1 0 

0 0 3 C 0 I 36 

. 0 7 0 0 0 1 1 2 ! 0 , 

. 0 0 0 0 0 ! 9 ! 2 2 , 

0 3 7 6 2 ! 0 . 

9 3 3 3 3 1 1 2 . 

0 3 0 5 0 ! 0 

OCOOGI 5 6 

. 0 7 0 0 0 ! 8 1 
+ — 1 

.000001 61 
+ — 1 

1 0 9 5 1 1 4 ! 
+ — 1 
1 I 

I.3C000! 61 
I 

SODIU'I I MG/L 1 NO 

3 ° . C 0 M D . IUMH3S/CM 1 ND 

I 3 3 . 7 7 7 7 3 ! 2 5 . 

1 5 5 2 . 94 73 71 36 5 . 0 0 3 0 0 1 S 3 3 . 3 0 C C C 1 1 9 1 6 1 6 . 3 5 7 1 4 1 30 5 . 0 0 0 0 3 ! 

S T R J N T I U M 1 A J / L 
i'j I 

I 
I 

i i 
I 1 ? . 5 1 5 5 6 1 

I 
3.40000 I 

1 ! 
! .0 0 3 C 01 9! 

1 1 
I . 3 5 C C 0 I 1 . 3 0 0 0 0 ! 

S U L F A T E IMG/I I \J 1 1 2 . 9 5 8 3 3 1 5 . 0 0 0 0 0 1 2 2 . 0 C 0 C 0 I 1 2 1 e 0 . 1 2 5 ^ 0 1 3 5 . 0 0 0 C 3 U 7 0 . 0 0 0 0 0 1 8 1 
+ - - ! 
1 1 

4 . 8 4 1 0 7 1 2 . 2 5 0 3 0 ! 8 . 7 0 0 0 3 1 2 8 ! 
T. 0 7 G . 
CARFCI ON 

! M1 / L 
L 

1 NO T 1 1 ! 
5 . 9 5 2 3 6 1 1 . 4 6 0 3 0 1 2 2 . 0 0 0 C C 1 4 2 1 

1 1 I 

1 
1 1 

.17300120! 
— +—! 

T . O R G , 1 M 3 / L 
H A L O G E N 1 

1 Nu 
I 

1 I 
0 . 14 231! T. 0223C 1 

I 1 
' . 3 5 0 C C I 3 0 1 

I 1 
0 . 0 6 7 4 6 ! 0 . 0 0 3 9 0 1 

TEMPER A- IJEG. 
TORE 1 

1 NO 1 1 I 
I 1 7 . e l 3 3 3 I 1 5 . 8 3 0 3 C ! 2 1 

1 I 
.700C C115 ! i : 

1 I 1 I 
i 4 40CC I 5 . 5 0 3 0 0 1 2 1 . 3 0 0 0 0 1 1 0 ! 

+ — | 
1 . 0 0 5 0 0 1 8 1 T 3 '<A E 'J E I MG/L 

TP. ITI'J* I 3 J/L 
^ I "iC MG/L 

I 3 . C - : 

1 74 : 

I 

1 U . CO 35 3 ! 

1 4 5 1 1 . 1 1 1 

I 0 . 1 5 4 0 3 1 

, 0 3 2 0 0 ! 0 . 3 0 5 0 0 1 12 1 C 

. 2 2 0 0 ! 2 0 0 0 0 1 9 1 3 E 1 

0 3 7 0 C 1 0 . 4 3 0 0 C I o l C 

0 0 3 5 0 1 0 . 

5 0 0 0 0 ! 9 . 

0 6 1 5 0 1 3 . 

0 3 2 0 0 1 0 
+ + — I 

3 3 0 3 3 1 7 6 0 . 0 0 0 0 3 ! 6 1 + — J 
0 2 0 0 0 ! 0 . 1 1 0 0 0 ! 4 ! 

( CONTINUE3) 



T A J L E A - 3 , CL'MP A R I S O N I N . - | A T E ° Q ! J A L I T Y P A R A M E T E R C C K C E N T R A T I O N 5 
I N D T 'l N G R A D IE NT AND UP3SADIENT MONITORING WELLS 

( O E T E C T I C N L E V E L S G R E A T E R T H A N RCRA L I M I T S D E L A T E D I 
S I T E = HRE 

1 
1 
! 
J 
! 
J 
t 
I 
I PARAMETER I UNITS 

I ARSENIC I M G / L j 

I 
I J3.JN-GR ADIENT 

WELL LOCATION 

J U P - O R A D I E N T 

MEASURED CONCENTSA-TICN I MEASUR 

:AN I MIN I MAX I N I ME A* I 

:D C O N C E N T R A - T I C N 

M I N I MAX I N 

! LI "11T I I I 
I J 1 

1 0 . : 6 I ) . C O 4 4 2 1 3.CO 13 3 I 

I I 
1 I 

0 • 0160 CI 12 I C , 0 2 2 7 5 0 . 3 0 1 0 0 1 0 . 0 0 5 0 0 1 4 

13ARIUM 
1 
1 CAD.MTJX j 

I MG/L 

1 MG/L 

1 1 
10.01 

I 0 . ' 4 2 6 7 1 

1 C . 0 0 1 ? 2 I 

C. 1 0 5 0 0 1 2 , 7 0 0 0 C I 1 2 I C . 3 0 0 7 5 

C . 0 0 0 2 0 ! 0 . 0 0 3 5 0 1 1 2 1 0 . 0 C 0 6 0 

0 . 0 3 3 3 0 1 

0 . 0 0 0 2 0 1 

3 . 5 OOOO ! 4 

0.001001 4 
1CESIU-1-
1 1 3 7 
1 

1 3 0 / L I ND 
1 

1 1 1 
1 0 . 4 8 2 3 6 1 O.OOCOOI 

I 1 
2 . C 7 9 9 4 1 61 3 . 1 3 1 3 8 

1 
0.000001 
7 . 0 3 0 3 C I 

1 
0 . 2 6 2 7 7 1 2 

I CHLORITE I M G / L j * 
I CHROMIUM I M G / L j + 
I C J L I F O R - i I C O L / 1 ' j 

I NO 
10.05 

I 5 . 4 5 6 6 7 1 3 . 4 0 0 0 0 1 1 3 . 0 0 C O O I 1 2 I 6 . 4 7 5 C 0 

! 0 . 0 3 1 1 1 1 Co 00 40 C I 0 . 0 5 9 1 0 1 1 2 1 0 . 0 2 C 3 3 

1 2 . 0 0 0 0 0 1 4 

0 . 0 5 0 0 0 1 3 0 . 0 G 2 C 3 1 

0 . 0 3 0 0 0 1 I 1 3 . 3 3 3 3 3 1 

I C . 0 3 3 6 7 ! 

0 . 0 3 0 3 C I 3 0 . 0 0 0 0 0 1 1 2 1 3 .0CC0Q 

3 . 0 2 C 0 n Oj 1 2 0 0 C 1 61 0 . 0 2 0 0 0 

6 . 0 0 C 0 C 1 4 

C.020001 2 I COPPER 
1 ' 

I MG/L ! 1 0 . 0 20 C 01 

! DISS . 
1 OXYGEN I 

1 1G / i 
I 

1 NO 
1 

I 
4 . 4 5 4 1 7 1 

I 
:.700001 

i i 
9 . 4 0 0 C 0 I 24 I 4 . 2CC00 

1 I 
3 . 5 0 0 C C 1 6 . 2 0 0 0 0 1 8 

I END* IN j l M G / _ I C . 3 0 3 2 

1 1 . 4 - 2 . ' 

0 .000211 
1.G000C1 

O.OOOlCl 
l.OOCOCI 

C . 0 0 C 8 C 1 1 2 1 

l . C O O C O l 1 2 1 

0 . 0 0 0 1 5 0 . 0 3 0 1 0 1 

l . O O O C O l 

0 . 0 0 0 2 0 1 4 

1 . 0 0 1 0 0 1 4 I F L U O ^ I D Z M G / L J • 1 1 . 0 C 0 2 5 

O - L ' h a ! £ , ' J / L 1 0 . 55 5 
1 
I TA in ?/_ ICwc'i 
1 

1 2 1 . 6 9 ' 3 9 1 1 

1 3 5 2 . 1 5 0 1 3 ! 

O . l O O O O l 2 3 0 . C O O O 0 1 1 1 1 3 . 9 5 2 00 

C. 7 3 3 C 0 J 350 .OOOf O l i d 3.9COCO 

0.06000! 
3 3 0 0 0 1 

1 6 . 0 C 0 0 0 I 5 

1 0 . 0 C 0 0 0 J 4 

I IRON 
1 
I L ~ AO 
1 

I MG/L 

M G / L 

1 NO 
10.0: 

I 2 3 . 7 1 3 3 3 1 

1 0 . 0 2 04 21 

1 . 5 3 0 0 3 ! 3 3 . 0 0 0 0 0 1 9 ! 1 . 9 1 6 6 7 

J . 0 0 1 0 C 1 C . 3 9 0 C 0 I 1 2 1 C . 3 2 ± 5 3 

0 . 4 3 0 3 0 1 

0 . O C l C O l 

4 . 5 9 0 0 0 ! 3 

O.C7QOO! 4 
I MG/L 1 L I ND A N = 

1 + 
1 MANGANESE! MGA 
1 

I 0 . 0 C 4 . I 0 . 0 0 1 3 7 1 C . 0 0 C 1 0 1 0 . 0 3 2 G C ! 31 0.0C127 
1ND 1 4 . 5 0 5 4 4 1 0 . 1 3 0 0 0 1 2 2 . 0 0 0 r r ; l 31 0 . 1 3 2 0 0 

0 . O C O l O l 

0 . 0 4 3 0 0 ! 

0 . 0 0 2 0 0 1 3 
0 . 1 3 6 0 0 1 3 

1 MG/L 1 MERCURY I + 
1 ' 1 I T H " X Y - M G / L 
ICHLOP I 

! . 

I o . i 
l C . 0 0 0 0 9 1 0 . 0 0 0 3 5 ! 0 . 0 0 0 2 0 1 1 2 ! C.OCC'lO 0 . 0 0 0 0 5 1 0 . C 0 0 2 0 ! 4 

1 I 
C . 0 3 4 5 7 ! 0 . 3 0 3 2 3 1 

I 1 
C . C 3 8 0 C 1 1 2 1 

1 1 
C . 0 C 4 2 5 1 3 . 0 0 C 20 I 0 . 0 0 8 0 0 1 4 

(C 1 NT INUE. ) 



T i J L : A - * . COMPARISON I N ^ A TE R Q U A L I T Y PARAMETER CONCENTRATIONS 
I N DOWN ORAD I E NT AND U P 3 R A D I E N T MONITORING h t L L S 

I D E T E C T I O N LEVELS GREATER THAN RCRA L I M I T S D E L E T E D ) 
S I T 5 = H 3 E 

rfELL LOCAT ION 

IN-GR A D I E N T 1 UP-GR AC/1ENT 

MEASURED CONCENTRA- T I O N J MEASURED CONCENTSA- T I O N 

1 1 I N 1 MAX 1 N 1 MEAN 1 M I N 1 MAX I N 

! 
1 
1 
I 
i 
1 
1 
1 

I 1 1 
1 ! ! 

0 .060001 21 1 + — j 
l . o c o o r i 24 .000001 21 

+ +—! 
0 , 0 0 0 0 9 1 0 . 0 0 0 0 9 1 1 1 

«. +—l 
5 . 5 0 0 0 0 1 7 . 0 0 0 0 0 1 1 3 1 

-I 
0 . 0 0 1 0 0 1 0 . 0 0 4 0 0 1 4 1 — + •—J 

1 1 I 
0 . 0 0 2 0 0 1 C . 0 1 0 0 0 ! 4 1 — | 

0 . 0 0 1 0 0 1 0 . 0 0 5 3 0 1 4 ! 
+ —I 

0 . 3 0 0 5 3 1 0 . 0 C 1 0 0 ! 2 ! 
— ! 

5 . 3 0 3 C 3 ! 6 . 3 0 0 3 0 ! 2 ! 
1 

P A R A M E T S R I U N I T S 1 L I M I T 

N I C K E L I M G / L 15 1 0 . 1 1 1 3 3 ! 

! 2 . 5 0 3 0 0 ! 

1 3 . 0 3 0 1 2 1 

1 5 . 7 0 5 1 3 1 5 

1 0.031171 0 

3 . 0 5 0 0 C 1 C . 

1 . 0 3 0 C C 1 5 . 

0 . 0 3 0 C 9 ! 

4 0 0 0 0 ! 

00100 ! 
1 

1 I 
1 I 

3 6 0 0 01 6 1 

1 
I 

0 . 0 6 0 0 0 1 O . C S C O O l 

N I T R A T E - N 1 M G / L 115 

PCG I M G / L 1 NO 

PH I PH I NO 

PHENOLS l * . G / L i MD 

0 0 C 0 3 1 6 1 12 . 5CCC01 

COO 1 5 1 31 0 . O C 3 0 9 1 

1CLC 0 ! 3 9 1 

00 20 31 121 
5 . 7 4 6 1 5 1 

0 . 0 : i 7 5 ! 

1 
C . 0 C 6 2 5 ! 

C . 0 C 3 2 5 1 

0 . C C 3 7 5 ! 

6 . 3 C 0 C 0 1 

RADIUM-
27£ 

1 3 0 / : 
I 

1 0 . 1 3 5 
1 

I 1 
1 0 . 0 5 2 6 7 ! i 0 3 1 3 0 1 

i 3 0 1 0 0 1 

0 0 0 5 C ! 0 . 

, 5 5 0 0 0 1 2 8 . 

1 ! 
3 3 0 0 0 J 1 2 1 o.: 

0 . 3 0 5 C 0 1 1 2 1 

0 0 1 C 0 1 6 1 

3 G 0 0 C1 6 1 

SELENIUM I M G / - 1 C . 0 1 

S I L V E R I M G / L 1 0 . 0 6 

SODIUM J M G / L 1ND 

5 P . C 0 N D , 1UMH3S/CM 1 NO 

1 C . 0 0 3 2 5 1 0 . 

1 0 . CO 07 5 I 0 . 

1 14 . I 7 5 0 1 1 

1 5 3 5 . 8 2 0 5 1 1 2 4 1 . 0 0 0 0 C I 7 4 7 . OOOC'O 1 5 31 5 C 4 . 3 C 7 5 9 1 1 8 5 . 3 0 3 C 0 1 6 3 6 .OCOOO! 1 3 1 
+--+ + +— l 
1 1 1 1 ! 1 

1 2 C 0 C 1 5 4 0 . 0 0 0 C 0 1 91 0 . 1 7 3 3 3 1 0 . 1 2 0 C 0 1 0 . 2 6 0 0 0 1 3 1 
+ — + + + + — ! 
1 44 . 3 3 3 3 3 ! 3 1 . 0 3 0 0 C 1 7 5 . 3 3 & 0 0 U 2 ! 4 6 . 0 C 0 C Q 1 4 2 . 3 3 0 0 0 1 5 4 . 0 0 0 0 0 ! 4 1 
• + < —1 

1 I 
8 . 4 0 0 0 0 1 1 3 1 

S T R G N T I ' j ' M P l / L i S 3 . 3 
I 

1 1 
1 1 3 2 . 6 8 5 0 7 ! 0 . 

1 

SULFATE 1 M J/ i_ t ND 

T . ORG. 
CARE 3>J 

1 MG/L 
1 

J ND 
I 

1 I 
3 . 5 8 3 2 3 ! C . 7 5 0 0 3 1 

1 1 
, 4 0 0 0 0 ! 3 9 I 

1 
0 . 6 3 0 3 0 ! 4 . 9 7 5 2 6 ! 

I 
C . C 9 8 9 0 ! 

1 I 
1 7 . 3 1 2 5 0 1 1 7 . 0 0 0 0 0 ! 

I 
! 1 

0 . 5 4 C 0 0 1 1 0 ! 
*—1 
I 1 

18.800001 8! 
+—i 

0 . 0 C 5 0 0 1 4 1 
+ — ! 

2 3 . 0 0 0 0 0 ! 3 ! + j 
0 . C 2 0 0 0 ! 2 1 

T . ORG. I M G / u 
HALOGEN ! 

! ND 
1 

1 1 
1 3. 06-37 3 I 0. 

i 
0 0 5 0 C I j 
ooocc i 16. 
30 20C 1 0. 
OOOCO 1 4 3 3 . 

C 2 0 0 0 1 0 . 

1 1 
410CC1 3G I 

I 
0 . 3 1 4 0 0 ! 

T E M P E R A - I D E G . C 
T'JRE I 

1 NO 
1 

1 ! 
1 1 5 . 7 2 5 0 0 1 1 5 . 

I ! 
60 OC0124! 

T3YAPHE.NE1 M G / L 1 C . 0 U 5 

T R I T I J I " ! - ) Q / u ! 7e>0 

Z I N C 1-MG/L 15 

1 C . 0 0 7 9 5 1 C. 

J 1 3 4 . 2 2 2 2 2 1 1 0 . 

1 0 . 0 7 4 1 9 1 0 . 

0 0 5 2 G ! 1 2 1 

0 0 C 0 C 1 9 ! 

1 4 0 0 0 1 6 1 

0 . 0 G 3 5 0 1 

1 2 . 0 C 0 CO 1 

0.02G001 

0.002001 
3 . 0 0 0 0 C 1 

0 . 0 2 G 0 0 1 

(CONTINUED ) 



TADLZ A-A. COMPSSlSON IN WATER QJALItY FARAfcTER CONCENTRATIONS 
IN DOWN G R A D I E N T AND DP G R A D I E N T K J N I T O R I N G WELLS 

(DETECTION LEVELS GREATER THAN RCRA LIMITS DELETED) 
SIT E = HRE 

I 
I 
J 
1 
! 

J WELL L O C A T I O N I I 
I 
J 
1 
! 

J DOWN-GRADIENT I U P - G R A D I E N T 1 
I 
I 
J 
1 
! I MEASURED CONCENTRA - T I O N 1 MEASURED CONCcNTRA - T I O N I 

1 I M EAN 1 M I N ! MAX I N I MEAN I M I N 1 MAX I N 1 

1PARAMETS R I U N I TS J LIMIT I 1 I 1 1 1 1 I 1 
1 1 I 1 I 1 1 1 

t It 4 - D I MG/ L i 1 ! C • 0 C 7 5 0 1 O . C 0 5 0 C ! 0 . 0 1 0 0 0 1 1 2 1 C . 0 C 7 5 0 ! 0 . 0 0 5 C C 1 C .010001 41 

l 2 » 4 - 5 T M G / L I 0 . j l ! 0 • C 0 7 5 0 I 0 . 0 0 5 0 C I C . 0 1 0 0 C I 1 2 I 0 , 3 0 7 5 0 1 0 . 0 0 5 0 0 ! C . 0 1 0 0 0 ! 4 ! 



T A 5 L I A - * . C O M P A R I S O N I N H A T E R Q J A U I T Y P A R A M E T E R C O N C E N T R A T I O N S 
I N D O W N G R O D I E N T AND U P G R A D I I N T M O N I T O R I N G * E L L S 

OET zCTIQV L E V E L S G R E A T E R THAN RCRA L I M I T S D E L E T E D ) 
3 I T E = C H F 

D O D N - G R A D I E N T 

WELL L O C A T I O N 

I U P - G R A D I E N T 

^ E AN 
M E A S U R E D C O N C E N T R A - T I O N 

I M I.N J MAX 

I 
IN I 

M E A S U R E D C O N C E N T R A - T I C N 
PE A N MI N MAX 

1 
1 
I | 
I | 

I N I 
I 

P A R A M E T E R ! U N I T S J L I M I T 

A R S E N I C ! M G / L 1 0 . 0 5 

I 
1 

C . 3 9 3 3 2 1 

1 
I 

0 0 1 3 0 ] 

! t 
I I 

0 . 0 0 5 C C ! 1 2 J o.T5;.eoi o .oc iyoi 
i i 
i i 

0 . 0 0 5 0 0 1 5 ! 
1 

3 A R I U'1 
C A D M I J M 

I M G / L 
I M G / L 

I 1 
! 0. SI 

0 . 5 7 0 3 3 ! 

0.00201! 
C . 0 5 6 0 0 1 

C . 0 3 0 2 C 1 

1 . 0 3 Q C 0 I 1 2 ] 

0 . 0 1 0 C 3 1 1 2 ! 

C . 4 5 2 2 0 ! 

C . 0 0 1 1 4 ! 

C . 2 5 0 0 0 1 

olooolc i 
l . e eooo i 5i •—I 
C . 0 0 3 0 0 1 5 1 

I 
C E S I U M -
1 3 7 

1 3 1 / L 
1 

1 NO 
! 

I I 
1 . 7 0 3 1 0 ! 0 . 7 1 7 9 3 1 

I ! 
3 . 6 2 6 5 4 1 5 ! 

I 1 
1 . 1 3 9 2 4 1 0 . 7 2 1 6 9 1 

I 1 
2 . 0 6 6 8 4 1 3 1 

I 
C H L O R I D E 
C H R O M I 'JM 

I M G / L 
I M G / L 

! no 1 I S . 1 6 6 6 7 1 

1 & . 0 3 0 3 9 1 

8 . 0 3 3 0 C I 4 0 . 0 0 0 0 0 1 1 2 1 1 2 . 2 C C C 0 ! 1 2 . 0 0 0 0 0 1 

G~OP 3 0 0 I " o . 0 7 9 7 0 1 1 2 1 0 . 0 2 6 6 0 1 0 . 0 0 6 C G 1 

1 3 . 0 0 0 0 0 1 5 1 
+—I 

0 . 0 5 0 0 0 1 51 
1 10.35 

CO L I F 0 RM 

C O ° P ER 
I C O L / L C ! 

I M G / L 

I 1 
! 1 

1 6 . 3 5 0 0 0 1 

1 7 . 0 2 5 1 2 ! 

0 . 000OC 1 4 3 . O C C 0 C I 1 2 ! 5 . 2 C 0 C 0 1 0 . 0 0 0 0 0 1 

0 2 ^ 0 0 ! 0 . 0 5 5 7 0 1 o ! 0 . 0 2 0 C 0 I 0 . 0 2 0 0 0 1 

1 6 . 0 0 0 0 0 1 51 
—I 

0 . 0 2 0 0 0 1 3 1 
I 

or ss . 
OXYGEN 1 MG/L 

1 
] NO I 

7 . 4 1 0 0 0 1 
I ! I 

4 . 3 0 0 0 0 1 1 2 . 00 0C'C I 20 I 
1 I 

6 . 3 7 5 0 0 1 5 . 2 0 0 0 0 1 
I I 

1 0 . 3COOOI 81 
I 

E N D R I N 

P L U O P I D : 

1 M J / L 

1 MG/L 
!0•OC 02 
11.4-2 .4 

0 . 0 0 0 1 5 ! 

1 . 3 9 0 0 0 ! 

3.00010! 
1. 00000 1 

0 . 3 0 0 2 0 I 111 

1 . 0 0 0 0 3 ! 1 2 ! 

O.OOC14! 
l.OCOOO! 

0.000101 
1.00090! 

0 . 0 0 0 2 0 1 51 
+—1 

1.OCOOOI 51 
I 

G-ALPHA 
3--3ETA I J J / I 

1 5 9 . 0 4 7 0 0 1 

I 7 0 7 . 2 9 1 5 7 ! 

C . 3 1 0 0 0 1 5 2 0 . 3 3 0 0 3 1 1 0 1 

1 . 7 3 C 0 0 1 2 7 0 0 ! 1 2 J 

1 . 2 3 2 0 0 ! 

4 . 3 2C 001 

0 . 4 0 0 0 0 1 

3 . 5 0 0 0 0 ! 

2 . 9 0 0 0 0 ! 51 
•—I 

6 . 6 0 0 0 0 1 51 
+--I 

6 . 6 0 0 0 0 1 41 + - - | 
0 . 0 3 0 0 0 1 51 

+ - - 1 
0 . 0 0 2 0 0 I 51 —J 
0 . 2 9 3 0 0 1 4 1 

1 

1 0 . 2 9 

IRON 
LE AD 

I MG / I-• + - -
I Ml / L 

J ND 

I C . 0 5 

I 1 6 . 6 6 3 3 3 1 

! O . C 4 2 ? C L 
0 . 2 3 0 0 C 1 i 7 . 9 0 0 C 31 51 2 . 7 4 1 7 5 ! 0 . 5 8 7 C 0 1 

3 . 0 0 2 0 CI 0 . 1 0 C C 0 ! 1 2 ! C . 0 1 C 8 0 ! 0 . 3 0 1 3 0 1 

L t N D A l E ! 1 J / L 1 3 . 0 3 4 1 0 . 00 1 0 5 1 C . O O C l C l 0 . 0 0 2 0 0 1 1 2 ! 0 . 0 0 C 8 6 1 0 . 0 0 0 1 0 1 

.MANGANESE! MG/L ! NO J 2 . 5 6 3 5 7 ! 3 . 5 5 3 0 0 ! 3 . 9 5 C " 0 I 91 0 . 1 9 3 1 0 ! 0 . 0 3 3 4 0 1 

• 1 £ " C ' J R Y L ' I G / 1 J C. 333 1 0 . 0 0 CC 51 C . J 1 C J 5 J 0 . 3 5 0 1 0 1 1 2 1 0 . Q C C 0 7 1 0 . 0 0 0 0 5 1 0 . 0 C 0 1 0 I 5 ! J 
I ! 

0 . 0 0 8 0 3 1 51 
METH 3X Y-
C H L 3 R 

! M G / L 
1 J j . 1 

1 0.0 34101 
I I ! 

0 . 9CC2DI 0 . 0 0 9 C C 1 1 2 1 
1 1 

0 . 0 C 3 3 2 1 0 . 0 C 0 2 0 I 

( C ) NT I N ' J E T > 



LZ 
IN 

« DET : 

C CMD £ R I S ON I N A T I R D U A L I T Y PARAMETER CONCENTRATIONS 
DOWN 3R 1 l> I E NT AND UPGRADIENT MONITORING ftELLS 
C T I O N L E V T L S GREATER THAN RCRA L I M I T S D E L E T E D ) 

3 I T E = O H F 

D 3 d N - 3 R A D I E N T 

rtELL L O C A T E 

! U P - G R A D I E N T 

MEASURED C O N C E N T R A - T I J * 1 

U N t U N I MAX I N J 
MEASUPED CO.NCSNTRA-TION 

MEAN I M I N ! f AX IN 
I P A R A M c T E ' t U . N I T S 

I N I C K E L J M G / L 
t 

I L I w 1 T 

I 0 . 0 5 2 2 5 1 

I 
I 

0 6 COO I 

! I 
I I 

0 . C 7 3 5 C I 6 ! 0 . 0 6 0 C 3 I 0 . 0 5 0 0 0 ! C . 0 6 0 0 0 1 3 

1 N I T R A T E - N I M G / L 
I 

! l'< 
! ND 

933331 l . O O G O O ! 9.OOCCO! 6! 2 . 6 6 6 6 7 ! 1 . 0 0 0 0 0 ! 6 . 0 C 0 0 0 ! 3 

0 0 0 1 2 ! 0 . C 0 0 1 C I O . G C O l c l 3! C . 0 0 C 1 2 ! 3 . 0 G 0 1 2 I "o.00012 I 1 I PC 3 
1 

! 1 3 / L ! C 
! PH 
! 
! P H E N O L S 
I 
I RADI'JM-
122 6 
I 

I JH 
! M G / L 

J \ D 

1 tiD 
6. 3 4 7 2 2 ! 

0 0 1 1 7 ! 

. 5 3 0 0 C ! 

,00? TC ! 
7 . 7 0 t C J 1 3 6 ! 

0 . 0 0 2 C C 11 -i 1 

6 . 4 7 3 2 5 ! 5 . 2 0 0 0 0 1 6 . 5 5 0 0 0 1 1 3 

0 . 0 0 1 Z C 1 0 . 0 0 1 CO I 0 . 0 0 2 0 0 ! 5 

13 J / . 
1 

! 0 .1 i3 1 I 
0 . 0 4 0 3 3 ! 0 . 0 0 7 O C ! 

1 1 
0 . 1 0 0 0 0 ! 6! 

! ! 1 
0 . 0 3 3 7 5 ! 3 . C 0 5 C 0 1 0 . 1 0 0 0 0 ! 4 

I S E L ' - M O M 1 M' j / L 1 3 . 3 1 j + 
I S I L V E R S MG/L l j . : t I + + 

I 0 . 0 0 3 6 7 1 0 . 0 0 1 0 C I 0 . 0 0 5 0 0 1 1 2 1 C . 0 C 2 S 0 1 0 . 0 0 1 3 0 1 C . 0 0 5 0 0 1 5 

! 0 . 3 0 1 2 5 1 0 . G 0 0 5 C I 0 . 0 0 2 C C 1 6 1 C . C 3 1 2 5 ! 3 . 3 0 0 5 0 ! 0 . 0 0 2 0 0 1 2 

I N; ! S O D I U M ! M j / L 
I + 
I S P . C O M D . 1 J M H 3 S / C M IND 

1 2 4 , 1 3 2 3 3 ! 1 3 . S D 0 C C I 4 4 . 0 0 C 0 0 1 9 ! 1 2 . 6 6 6 6 7 ! 1 0 . 3 0 0 0 0 1 1 7 . 0 0 0 C 0 I 3 + - - + + + — - - - - - - - + _ _ 
! 4 4 7 . 22 2 2 2 ! 1 5 3 . 0 0 0 0 0 I 7 6 5 . 0 0 0 0 C 1 3 6 1 7 0 6 . 7 € 3 2 3 ! 2 5 1 . 0 0 0 0 0 I 8 1 5 . 0 0 0 0 0 I 13 

I S T 3 0 N T I j S m / L ! 0 . I 
! y •> : i 
! 

I 1 1 
1 4 5 8 . 38 :5671 0 . 2 1 3 C C ! 

! ! 
1 7 C O ! 9 ! 

1 1 I 
1 . 9 3 3 3 3 1 1 . 3 0 0 0 0 ! 2 . 2 C 0 S 0 1 3 

I SULFATE ! M J / L I * ! ND ! 1 6 . 0 8 3 3 3 1 1 2 . C 0 C 0 C ! 2 4 . 0 0 C C 0 1 1 2 ! 2 0 . 4 C C C 0 ! 1 9 . 0 0 0 0 0 ! 2 2 . 0 C G C 0 1 5 

I T . J P G . 
! C A j ON 

i / L ! '.0 
! 

! 
, 5 3 7 5 9 ! 

! 
l o C O O 1 

! ! 
9 . O O O C C I 3 9 ! 

! ! 1 
4 . 4 7 3 5 7 ! 1 . S 0 C 0 3 1 7 . 1 0 0 C 0 I 1 4 

! T • 0 ~ 3 . 
! HALO 3- N 

: 13/L ! ND 
1 

I 2 
1 0 . 1 3 1 3 3 1 0 . ' 

1 ! 
0 . 2 3 4 0 0 1 3 0 1 

! I ! 
0 . 1 1 3 6 4 1 0 . 0 1 I C 3 ] C . 2 5 2 0 0 1 1 1 

!TEMPER V 
I T'J RE 
I 

! DE 3 . 
! 

! ND 
! 

! ! I 
! 1 6 . 06 1 9 0 ! 1 3 . 6 3 0 0 0 ! 

! ! ! 
1 9 . 4 0 0 C 0 1 2 1 I 1 6 . 1 7 5 C 0 ! 

! 1 
1 4 . 5 0 0 0 0 ! 1 6 . 7 0 0 0 0 ! 8 

! T } X A °H E.N E I M-3/ L 
1 

! 74, 
! 5 

! 3 . 3 0 3 5 0 ! 0 . 3 : 2 3 0 ! 0 . 0 3 5 0 0 1 1 2 ! 3 . 3 C 3 2 0 ! 0 . 3 0 2 0 0 ! 0 . 0 0 5 0 0 ! 5 

I £ 0 1 1 1 . 1 ! 5 3 0 C ! 2 1 0 3 0 3 1 ? ! 9 1 3 3 3 . 3 ! 7 5 0 C 3 1 1 2 0 0 0 0 1 3 

1 0 . 1 4 7 6 3 ! C . 0 2 3 1 C I 3 . 3 2 3 C 0 ! 6 1 0 . c e « . 7 0 ! 0 . 0 2 0 0 0 ! 0 . 0 9 C C 0 1 3 

! TR I T I J ' 
1 
I Z I N C 

I i J / L 

I M j / L 

( C 1 NT I'lUED > 



T AO L £ A -FT . C O M P A R I S O N I N . - IATER Q U A L I T Y P A R A M E T E R C O N C E N T R A T I O N S 
I N DC <IN G R A D I E N T AND ' J P 3 R A D I E N T M C N I T C R I N G A E L ' . S 

( D E T E C T I O N L E V E L S G R E A T E R T H A N RCRA L I M I T ? D E L E T E D 1 
5 IT E = 

1 I W E L L L O C A T I O N 1 
! 
I 1 DORT N - G R A D I E N T I U O - G R A D I E N T 1 
J 
! 1 V E A S U R E D C Q N C E N T R A - T I U N T ME A S J R E D C O N C E N T R A - T I O N 1 

J 1 " E A N 1 MI'J 1 M A X 1 N 1 MFC A N 1 M IN I M A X IN 1 

I P A R A ME TE R U N I T S 1 _ I M I T I 1 
1 I 
1 0 . 0 C 7 5 C I 

1 
I 

0. 0 0 5 0 0 1 

1 
1 

C . O I O C C I 1 2 

1 
1 
1 

1 
1 

C . O C 7 0 C 1 0 

1 
1 

.C 0 5 0 0 1 

1 
1 

0 . 0 1 0 0 0 1 

1 1 
1 2» 4 -D 1 MG / _ 1 0 . 1 

I 1 
1 I 
1 0 . 0 C 7 5 C I 

1 
I 

0. 0 0 5 0 0 1 

1 
1 

C . O I O C C I 1 2 

1 
1 
1 

1 
1 

C . O C 7 0 C 1 0 

1 
1 

.C 0 5 0 0 1 

1 
1 

0 . 0 1 0 0 0 1 51 

1 2» 4- - T J '1G / : O . : I 1 2 . 0 C 7 5 C I C . 0 0 5 0 C 1 0 . C 1 0 0 0 1 1 2 1 0 . 0 C 7 0 0 I 0 . 0 0 5 0 0 1 G . 0 1 0 0 0 I 51 



' A J L E A - * , , COMPARISON I N N A TE R Q U A L I T Y PARAMETER CONCENTRATIONS 
I N DOWNGR AO TEN'T AND U ° 3 R A D I E N T M O N I T O R I N G NELLS 

{ D E T E C T I O N L E V E L S GREATER THAN RCRA L I M I T S D E L E T E D ) 
S I T E = 3 5 L 3 

WELL L O C A T I O N 

DO -IN-GRADIENT J U P - G R A D I E N T 

! -
! MEAN 

MEASURED C O N C E N T R A - T I U N 

M I N I MAX 1 I N I 

M E A S U R E D C O N C E N T R A - T I O N 

M E A N I M I N I M A X 

1 
I 

I N ! 
+ — I 

P A C A ME T E" 

A R S E N I C 

.! UNITS 
! M3/^ 

t LIMIT 
10.05 

1 1 
I 1 
1 0 . 0 * 4 0 01 

I 
1 

0010C1 
1 1 
1 1 

: . o n e oi 121 C . 0 C 2 2 5 1 0 . 0 0 1 0 0 1 

1 1 
I 1 

o.cc5ooi ei 
+ — I 

a A Ri JM 
CA DMTUM 

1 M G / L 

1 M G / L 

1 1 
j o. •: i 

1 C . 3 5 1 3 2 ! 

I 0 . C C 1 4 9 ! 

i 0 5 3 0 C ! C.53 00C1121 C . 241371 0 . ra300! 
i 0 3 C 2 01 0 . 0 0 2 0 0 1 1 2 I 0 . 0 0 1 4 2 1 0 . 0 3 0 2 31 

C.500001 81 
* — 1 

0 . 0 0 2 0 0 1 8 1 
+ — i 

CESIU.M-
1 3 7 

1 0 0/L 
1 

1 ND 
1 

1 1 
1 0 . 3 8 97 1 1 

1 1 1 1 
0 . 0 0 0 0 0 1 1 . 0 4 3 6 7 1 1 0 | 1 . 3 4 9 C 0 1 0 . 0 0 0 3 0 1 

1 1 
4.685271 41 

- I 
C H L Q R I D E 

CHROMIUM 

! M G / L 

S M G / L 

1 NO 
! 2 . • j ; 

1 1 3 . 1 0 3 3 3 1 

1 C . 1 7 7 7 5 ! 

30 00 C I 4 0 . 0 0 3 C C I 1 2 I 

0 3 6 0 0 1 1 . 2 0 0 C 0 I 1 2 1 

6 . 3 6 2 5 0 1 

C.023371 
5 . 0 0 0 3 C I 

0 . 0 C 2 0 0 I 

7 . C 0 0 G 0 1 8 1 
• — 1 

C . 1 4 0 0 0 1 8 1 
1 

C 0 L I F 3 R . M 

COPPER 

1 C 0 L / 1 -

! MG/_ 
I 1 1 1 0 . 0 7 6 3 2 1 

1 C . 0 2 7 6 7 1 

0 . O O O O C I 1 2 C . O O O C O I 1 3 1 1 . 2 5 0 0 0 1 0 . 0 0 0 0 0 1 

0 2 0 C C I 0 . 0 5 3 C 0 1 6 1 0 . 0 2 4 7 5 1 0 . 3 2 0 0 0 1 

e.oooooi at 
• — I 

0 . C 3 9 0 0 I 4 1 — | 

d : s s . 
OXYjEN 

! MG/L 
I 

! NJ 
1 

I I 
1 4 . 5 1 3 3 3 1 

1 
2 . 5 0 0 0 0 1 

1 1 
7.CC003115I 

1 1 
5 . 0 1 0 0 0 1 4 . 0 C 0 0 C 1 

1 1 
6 .1OOOO110 I 

•1 
ENDRIN 
PL'JORIDE 

1 1G/L 
1 M G / L 

t 0.00*2 
! 1 . 4 - 1 . 4 

I 0 . G 0 C 1 5 ! 

I 1.000001 
0001C1 
3 0 0 0 0 1 

0 . C 3 0 2 0 1 1 2 1 

1 . 0 0 0 C 0 1 1 2 1 

0 . 0 C G 1 5 1 

1 . 0 C 0 C 3 I 

0 . 0 0 3 1 3 1 

I . 3 3CC01 

O . C O C 2 Q 1 8 1 
+ — 1 

1 .000001 81 
I 

1 . 

3 - A L ° H A 

3 - BE T A 

1 5 J / L 

J -0 .1 / L 

1 0 . 5 5 5 I 4.802731 
1 2 3 . 8 5 8 3 3 1 

, 3 3 CO C I 

4 3 0 0 0 1 

1 3 . C C 0 C 0 1 1 1 1 

5 5 . 0 0 0 0 3 1 1 2 1 

2 . 2 7 3 7 5 1 

5 . 3 6 2 50 1 

0.793 C 01 
1 .bOOOOI 

5 . 7 G 0 0 0 I 8 1 
+ - - 1 

1 3 . C 0 0 0 0 1 8 1 
+ - - 1 

7.900001 61 
* — 1 

0.020001 81 
• 1 

: R ON 

LEAD 

1 M G / _ 

: I G / L 

I NO 
1 3. C5 

1 23.744441 
1 C. 1454 21 

, 53C0CI 
C330CI 

72.00CC0! 31 
1.400C01121 

2 . 7 C 3 3 3 1 

0.01C12I 
0 . 4 2 0 3 0 1 

0.00100I 
L I N D A N E 

MANGT'L ES: 

1 M G / L 

1 -1G/ -
1 0 . 0 0 4 

I ND 
1 0.0*1121 
1 3 . 9 2 2 2 2 1 
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TA3LE A - 4 . COMPARISON I N .1A T E R QUALITY PARAMETER CONCENTRATIONS 
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TA3LE A - * . C DM ° AR I S ON I N A T E R QUALITY PARAMETER CONCENTRATIONS 
TN C0WN3RADIENT AND JPGRADIENT MONITORING h E L L S 
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