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Executive Summary

Several soil and water samples were collected along the Four Mile
Creek (FMC) seepline at the F & H Areas of the Savannah River
Site. The samples were analyzed for concentrations of metals,
radionuclides, and inorganic constituents. The results of the
analyses are summarized below for the soil and water samples.

Soil

Soil concentrations were compared to values obtained from a
survey of unimpacted soils on the SRS (Looney et al., 1989).

Cadmium is the only metal that exceeds the maximum SRS background
soil value (1.19 ppm), and that was only for one sample out
twenty-six. Gross beta exceed% the background value (23 pCi/g)
four out of twenty-six times; Sr exceeded the maximum
background value (<1 pCi/g) six out of twenty-six times, and
233’234Uand ‘% each exceeded the maximum background value for
total uranium (4.7 pCi/g) one out of twenty-six times.

241~,
244cm, ‘co, ’291,23%, and ‘Z%a may also be above background

activities at least in one sample. However, because there are no
available background data to compare the results, this conclusion
is based on: 1) an apparent correlation with other impacted soil
samples (high values of other radionuclides such as %r), 2)
comparison with soil samples that are out of the ‘centralportion
of the plume, and 3) knowledge of constituents that have
potentially been released into the basins in the past.

Water

Water concentrations were compared to proposed or established
drinking water standards.

All of the metals concentrations are below the Primary Drinking
Water Standard at the FMC seepline except for cadmium in F-Area.
Measured cadmium concentrations were slightly above the proposed
standard of 5 ppb (but not the established standard of 10 ppb)
during both the 1988 and 1989 sampling period at one point in the
central portion of the plume from the basins. Manganese and iron
concentrations are above the Secondary Drinking Water Standard at
both the F & H Area seepline. Aluminum and sodium concentrations
are apparently elevated, but no standards exist for-these
constituents. ‘The sodium is probably from the caustic,discharged
to the basins, and the aluminum is probably being leached from
the soil matrix (Looney et al., 1988}.

Gross alpha, gross beta, 241Am,1%, 3H, 22%a, 89Sr,%r, 233’23%,
and % are above either the proposed or established drinking
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water standard at one point or more alon the F-Area FMC
%, %Ra, 89Sr,and 90Srareseepline. Gross alpha, gross beta,

above either the proposed or established drinking water standard
at one point or more along the H-Area FMC seepline. 244m

l“CS and
60co,

‘37CShave apparently impacted the seepline water’as
indicated by the elevated concentrations of these constituents in
the central por$ion of the plume as compared to the outer edges.
Gross beta and H are above either the proposed or established
drinking water standard at one point or more in FMC.

Nitrate.is also above the PDWS (10 ppm) at both the F & H Area
seepline, but not in the creek.

.
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INTRODUCTION

Until 1988, solutions containing sodium hydroxide, nitric acid,
low levels of radionuclides (mostly tritiated water) and some
metals were discharged to unlined seepage basins at the F and H
Areas of the Savannah River Site (SRS) as part of normal
operations (Killian et al, 1987a,b). The ‘basinsare now being
closed according to the Resource Conservation and Recovery Act
(RCRA). As part of the closure, a Part B Post-Closure Care
Permit is being prepared. me information included in this
report will fulfill some of the data requirements for that Part B
permit.

The area that includes the basins is bounded to the north and
west by Upper Three Runs Creek, and to the south by Four Mile
Creek (Figure 1). These tributaries of the Savannah River are
drains for the shallow groundwater system in the area.
Constituents entering the basins seep to the underlying water
table. Once in the water table, most of the constituents flow
horizontally to the south in the water table towards Four Mile
Creek (FMC). However, a relatively small fraction of the
constituents enter a lower water-bearing formation that flows
towards Upper Three Runs Creek. Numerical simulations of flow in
the hydrologic system underlying the basins indicate that travel
times for unretarded constituents from the basins to FMC is on
the order of 10 years, and about 70 years from the basins to
Upper Three Runs Creek.(GeoTrans, 1988). Discharges to the
basins started in the 19501s. Therefore, a steady-state profile
for unretarded constituents (e.g. tritium) has developed between
the basins and FMC. It is unlikely that constituents emanating
from the basins have reached Upper Three Runs Creek.

FMC is bordered by well developed floodplains and wetland areas.
.,

Consequently, a portion of the groundwater moving downgradient
from the basins to FMC reaches the surface prior to entering the
stream. This downslope region of saturated or near-saturated
surface soils is most easily distinguished by a transition from
upland to wetland type vegetation [conifers to bottomland
hardwoods), and this transition zone is designated in this report
as the seepline.

The goal of the work reported herein is to document the impacts
from the basins on FMC and the wetlands adjacent to FMC.
The study of FMC has been completed in a phased approach. ““
Looney et al. (1988) reported the results of a preliminary
nonradionuclide study to determine impacts to the area. Then in
the fall of 1988, soil cores and water samples were taken along
the FMC seepline and analyzed for both nonradioactive and
radioactive constituents listed,in Table ‘1. This study was
followed by an extensive survey along the FMC seepline where

1
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tritium was measured at over three hundred points. Because”
tritiated water essentially moves as untritiated water, this
study provides a detailed delineation of the size and nature of
the impacted groundwater. In the late summer of 1989, water and
soil samples were again taken at points along FMC. The list of
constituents analyzed during this sampling period are also listed
in Table 1. The 1988 soil and water sampling period followed a
below normal precipitation period, and the 1989 sampling period
followed an above normal precipitation period. Several other
constituent specific studies have been completed along FMC in the
area in both the 1960’s and 19701s. These studies are given as
references in Looney et al., 1988, which is given as Appendix A.

Extensive Seepline Survey for pH, Conductivity and Tritium

During March, 1989, seepline water samples were taken at over
three hundred points along the FMC. The samples were collected
by excavating a cylindrical plug of soil about ten inches deep
and with a diameter of about five inches at a nearly saturated
zone along FMC. Water was allowed to seep into the excavated
space, and a twenty milliliter sample was collected. The water
sample was analyzed for conductivity in the field, and for
tritium at a QA level 1 laboratory. Additional samples were
collected using the same procedure during January, 2990 to
complete the seepline study. All sampling locations are shown on
Figures 2 and 3 (foldout maps at the end).

During the 1990 sampling for tritium, sixteen duplicate samples
were collected (HSP-94 to HSP-109) to determine whether the
concentration of tritium was changing substantially along the”
seepline (Table 2,).,A statistical analysis ,wascompleted usipg
paired differences (Appendix B). The statistical analysis does
not allow one to reject the hypothesis that the tritium
concentrations are equivalent, even though nine out of sixteen
recent samples have greater tritium concentrations. Ostensibly,
the variance in the data is too great to statistically determine
a difference. As a result, tritium and conductivity data
obtained during the 1989 and 1990 sampling period are presented
together.

The complete results of the tritium seepline survey are given in
Table 2. Concentrations of tritium in the seepline water ranged
from below the analytical detection limit to three orders of
magnitude above the primary drinking water standard (PDWS), which
is 20 pCi/ml. As expected, the tritium results provide excellent
evidence of the extent of the plume from the basins. The results
also delineate regions of preferential subsurface ,flow. This is
depicted in Figures 4 and 5 where the concentration of tritium
al~ng the seepline is represented as proportional

2

to the size of

.,,. .. . . ,,,..,..
‘...,.



WSRC-RP-90-0591

the shaded circles for F-Area and H-Area, respectively. A“
pattern of larger circles denotes the areas of preferential flow.
Also shown in these figures is that the extent of the plume falls
off exponentially from the center of the plume. Evidence of
preferential flow exists even away from the center of the plume.

Figure 6 shows the tritium concentrations for the entire area.
The tritium concentrations increase downgradient from the F&H
Area seepage basins and from the Old Burial Ground. The
information in this report is intended for the F&H Basins
closure, but the Old Burial Grounds may also influence both the
surface and subsurface water chemistry in the vicinity.

The results of the field-measured specific conductivity are given
in Table 2 and are illustrated in Figure 7. The measured
conductivities are influenced by the soil and water chemistry at
the point of sampling. Neverthelesss,the conductivity data
corrqlate fairly well with the tritium concentrations (elevated
tritium with elevated conductivity) except for a few samples in
the vicinity of influence of the Old Burial Ground. This is
because the Old Burial Ground received discharges containing
tritium, but not nearly the volume of ions (salts) that the
basins did. Thus, the conductivities directly downgradient from
the Old Burial Ground are relatively low even though some tritium
concentrations are above the PDWS.

The pH varies along the seepline from 3.7 to,6.5 with an average
value of’4.90 (Appendix C). The pH has been reduced because of
the nitric acid that was discharged to the basins. The acidity
of the groundwater influences the observed metals concentrations
for two reasons. The species of metals and thus the volubility
is a function of the pH, and the acid is l’dissolvingJ1the soil
matrix. The former observation is well docunientedin the
geochemical literature, and the latter observation was reported
in Looney et al., 1988 (Appendix A).

Extended Chemical Analyses

In addition to-the extensive sampling for tritium, pH, and
conductivity along FMC, additional seepline water, stream water,
and soil core SamplesWere collected and analyzed in 1988 and
1989 for the constituents listed in Table 1. The 1988 sampling
was during a low precipitation period, and the 1989 sampling was
during a high precipitation period. The locations of the
sampling points for the 1988 soil, 1989 soil, 1988 water, and
1989 water are given in Figures 8, 9, 10, and 11, respectively.
The coded locations on these figures correspond to those given in
the tables of this document, but in the tables the year proceeds
the code. Note that the there is not a direct correspondence

3
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between 1988 and 1989 sampling points.
not at the same point as 89HW1.
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For instance, 88Hw1 is
.

For the 1988 water samples, a stream or creek sample is denoted
with a CW (creek water), and a seepline sample is denoted as a HW
or FW. In 1989r FW and HW indicate whether the water sample is
closest to F-Area or H-Area, but not a stream or seepline sample.
The following COdeS are for in-stream samples: 89HW-2, 89HW-7,
89HW-8, 89F’W-4. (This information is provided in the tables.)

Both the 1988 and 1989 soil samples are coded with a Fs or HS
(F-soil or H-Soil) and a prefix to denote the year the sample was
collected. Again, there is not a direct correspondence between a
1988 sample and a 1989 sample location. Selection of 1988 soil
samples for analyses was based on scans of
1989 soil samples were selected to fulfill

Samnle Coilection

radioactivity, and the
data needs.

Water

The seepline water samples were collected as described earlier.
The stream water samples were collected by immersing collection
containers into the stream. The water samples were preserved
according to the conditions specified in DPSOP-254. For example,
“water samples that were analyzed for metals were kept at 4°C,
then filtered with a 45 micron filtex, and then preserved with
nitric acid to reduce the pH to below 2.0.

Soil

Three meter-long continuous soil core samples were taken at the
points listed in Figure 8 and 9. The soil cores were collected
by first vibracoring a 10 centimeter diameter aluminum tube down
3 meters. This tube served as an outer casing to prevent
borehole collapse after retrieval of the soil core. A 7.5
centimeter tube was then vibracored inside the outer tube.

After the inner 7.5 cm diameter core was in place, it was capped
with a plumber’s test plug, and a vacuum was applied with a hand
pump to ensure recovery”of the core. The inner core barrel was
retrieved by utilizing a jack, tripod, and tackle arrangement.
All soil samples were stored at approximately 4*C until analysis.
Soil cores were halved, and one portion has been stored for
future reference.

The soil cores were separated into approximately 25 centimeter
sections (10 inches) for those samples collected during 198S.
The cores collected during 1989 were separated according to

4
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lithologic sections and each distinct section was
1etter. The soil core descriptions are given in
along with the lettering scheme.

Analytical Results

Soil

The analytical results obtained from the analyses
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coded with a
Appendix D

of soil core
samples are reported in Tables 3, 4, and 5 for metals,

~~radionuclides, and inorganic, respectively. For the 1988 data,
the number proceeding the colon corresponds to the number of
inches below the surface. For the 1989 data, letters are used to
denote lithologic zones (Appendix D). To determine if the soil
in the vicinity of the basins is impacted, the data were compared
to results obtained from a background soil study of other
unimpacted areas at the SW (Looney et al., 1990). The soil in
the vicinity of the basins is defined as impacted if it exceeds
the maximum value determined from the background soil study.

Cadmium was the only metal that exceeded the maximum background
value (1.19 ppm), and that was only for one sample out 26. None
of the inorganic (nitrate and chloride) exceeded the background
values. Probably because these chemicals are relatively mobile,
and therefore are not bound to the soil matrix. Gross beta
exceeded the background value (23 pCi/g) four out of twenty-six
times; %r exceeded the maxim~~

% and 2%
ackground value (<1 pCi/g) six

out of twenty-six times, and each exceeded the.
maximum background value for total uranium ‘(4.7pCi/g) one out of
twenty-six times.

%u, and **ha may also be above background241Jim, 244Cm;60Co, 12%,
values at “leastonce for each of these-constituents. However,
there are no available background data to compare ths results;
therefore this observation is based on: 1) an apparent
correlation with other impactedsoil samples (high values of

90Sr),2) c pother radionuclides such as om arisen with soil
samples that are out of the central portion of the plume, and 3)
knowledge of constituents that have potentially been released
into the basins in the past.

Water

The analytical results obtained from the analyses of seepline and
stream water samples are reported in Tables 6, 7, and 8 for
metals, radionuclides, and miscellaneous parameters,
respectively. Federal water standards (PWDS, Secondary Drinking
Water Standards (PDWS), Maximum Concentration Levels) are used

5
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for comparison, for constituents in which they exist. For some
of the chemicals, both established and proposed standards have
been published. In this case, the lower of the two values is
used for comparison (see Appendix E). Also, for some
constituents, there are no standards, and as a result, one can
only postulate whether the concentration is elevated (indirectly
or directly) from past discharges to the basins.

All of the metals concentrations are below the PDWS at th~ FMC
seepline except for cadmium in F-Area (Table 6). Measured
cadmium concentrations were slightly above the proposed standard
of 5 ppb (but not the established standard of 10 ppb) during both
the 1988 and 1989 sampling period at one point in the central
portion of the plume from the basins. Manganese and iron
concentrations are above the SDWS at both the F & H Area
seepline. However, this standard was established to avoid
staining (rust spots). Aluminum and sodium concentrations are
apparently elevated, but no standards exist for these
constituents. The sodium is probably from the caustic discharged
to the basins, and the aluminum is probably being leached from
the soil matrix (Looney et al., 1988).

Gross alpha, gross beta, 241AM,12%, %, 22%la,59Sr,90Sr,233’234U,
and 2% are above either the proposed or established drinking

3H ‘~fia ‘9Sr,and %r are
water standard at one point or more alon e F-Area FMC seepline
(Table 7). Gross alpha, gross beta,
above either the proposed or established dri~king water standard
at one point or more along the H-Area FMC seepline. 244cm, ‘co ,
134csand 137CShave apparently impacted the seepline water as
indicated by the elevated concentrations of these constituents in
the central portion ~f the plume as compared to the outer edges.
Only gross beta and H are above either the proposed or
established drinking water standard at one point or more in FMC.

Nitrate is also above the PDWS (10 ppm) at both the F & H Area
seepline (Table 8)~ but not in the stream. However, it is at
least half the PWDS in FMC in both F & H Area. The concentration
of chloride is apparently unaffected by the basins, because the
upstream sample at 89HW-8 b about the same as along the seepline
and in FMC (Table 8).

6
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Table 1. Analyses completed for 1988 and 1989 soi~ and water
samples.

1988 1989
METALS WATER soiIJ WATER SOIL

Ag
Sb
Al
As
Ba
cd
Cr
Cu
Fe
Hg
K
Mg
Mn
Na
Ni
Pb
Se
Si
Sn
Th
Zn

x
x
x

x x x
x
x x

x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

x
x
x

x x

x
x
x
x

x
x
x
xx.

x“ x
x
x x xx

Alkalinity, Acidity
Chloride
Nitrogen (WY, N03)
Phosphate
Total Hardness

x
x
x
x

x
x
x

x
x

x

x
x

pH
Conductivity

x
x
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Table 1. (continued)

1988 1989
Low Levetl WATER SOIL WATER SOIL
Radionuclides

Am-241
CS-125
CS-134
CS-137
CO-60
Cm-244
Eu-152
Eu-154
H-3
1-129
Np-237
Pu-238
Pu-239/240
Ra-{total)
Ra-226
RU-106
Sb-125
Sr-89/90
Tc-99
U-233,234
U-238
Gamma PHA
Gross Alpha & Beta

x

x
x
x
x
x
x
x

x
x
x

x

x
x
x
x
x.

x

x

x
x
x
x
x

x
x
x
x
x

x

x
x
x
x
x

x

x x

x
x
x

x

x
x
x
x
x
x

x

x
x

x
x
x

x
x
x
x
x
x

x

x
x

x
x
x
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Table 2. T-ritiumconcentrations and conductivities of Four Mile
Creek Seepline Water (Sample Date: 3/89}.

SRS Coordinate Tritium Conductivity
Sample North East (pCi/ml) (@llhos/cln)

HSP-1
HSP-2
HSP-3
HSP-4
HSP-5
HSP-6
HSP-8
HSP-9
HSP-10
HSP-11
HSP-12
HSP-13
HSP-14
HSP-15
HSP-16
HSP-18
HSP-19
HSP-2O
HSP-21
HSP-22
HSP-23
HSP-24
HSP-25
HSP-26
HSP-27
HSP-28
HSP-29
HSP-30
HSP-31
HSP-32
HSP-33
HSP-34
HSP-35
HSP-36
HSP-37
HSP-38
HSP-39
HSP-40
HSP-41
HSP-42
HSP-43
HSP-44
HSP-45
HSP-46
HSP-47
HSP-48
HSP-49
HSP-50

70574
70642
70711
70710
70769
70809
71005
70970
71044
71099
71115
71056
71038
71085
71150
71276
71253
71142
71028
70989
70921
70910
70960
71016
71121
71194
71278
71397
71490
71580
71656
71698
71768
71813
71778
71788
71838
71844
71768
71691
71644
71659
71653
71621
71534
71455
71389
71338

57141
56992
56879
56819
56819
56868
56990
57141
57142
57046
56960
?56878
56810
56791
56786
56662
56539
56489
56520
56483
56500
56347
56297
56236
56208
56192
56257
56302
56342
56281
56262
56193
56185
56148
56037
55969
55903
55773
55736
55749
55722
55818
55917
56052
56077
56059
55987
55903

1600
7100
14000
11000
9900
12000
24000
12000
1700
960
4500
12000
6800
1000
2500
2700
3400
6500
5800
5100
6600
3100
3300
6600
4500
5700
9200
3400
4100
3100
3800
5600
2200
2800
7600
6500
6700
7200
5700
8500
10000
14000
5500
11000
19000
21000
11000
18000

156
256
468
292
281
318
556
317
171
80
218
592
393
82
216
149
148
183
189
161
184
140
135
205
202
244
257
121
214
215
176
331
121
210
231
227
242
256
224
310
413
333
255
318
426
569
551
!537

.:
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T-ale 2. Continued {Sample Date: 3/89)

SRS Coordinate Tritium Conductivity
Sample North East (pCi/ml) (/.4mhos/cm)

HSP-51
HSP-52
HSP-53
HSP-54
HSP-55
HSP-56
HSP-57
HSP-58
HSP-59
HSP-60
HSP-61
HSP-62
HSP-63
HSP-64
HSP-65
HSP-66
HSP-67
HSP-68
HSP-69
HSP-70
HSP-71
HSP”74
HSP-75
HSP-76
HSP-77
HSP-78
HSP-79
HSP”80
HSP-81
HSP-82
HSP-83
HSP-84
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SP-85
SP-86
SP-87
SP-88
SIP-89
:SP-90
:SP-91
:SP-92
:SP-93
:SP-94
:SP-95
:SP-96
:SP-97
:SP-98
[SP-99
[SP-1OO
[SP-101

71344
71413
71491
71561
71618
71599
71567
716!58
71608
71629
71696
71767
71772
71846
71909
71924
71797
71772
71740
71720
71588
71426
71472
71494
71530
71605
71652
71722
71776
71849
71946
72120
72181
72228
72309
72414
72492
72585
72726
72672
72643
72553
72492
72433
72371
72266
72224
72244
72296

55821
55743
55671
55705
55754
55619
55516
55391
55296
!55190
55115
54970
54882
54768
54746
54707
54668
54760
54824
54891
54937
54779
54664
54571
54511
54426
54338
54222
54084
54015
53969
53880
54022
54016
54071
54081
54156
54162
54225
54129
54030
53964
53980
54024
54029
53955
53910
53854
53743

19000
20000
19000
18000
14000
15000
15000
18000
9500
21000
1300
2300
290
320
130
620
480
490
400
380
450
250
290
400
280
490
1000
2000
240
150
230
720
370
790
190
940
410
500
.530
230
210
240
570
1100
1100
1800
1200
1300
690

:‘-,,....... ,.

654
699
669
631
561
452
581
551
280
473
85
155
34
38
51
49
31
39
35
30
40
73
81
146
43
53
80
76
39
60
187
51
22
41
38
49
56
59
29
26
48
50
32
54
37
34
55
44
37

..,,
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Table 2. Continued (Sample Date: 3/89)

SRS Coordinate Tritium Conductivity
Sample North East (pCi/ml) (lunllos/cln)

HSP-102
HSP-103
HSP-104
HSP-105
HSP-106
HSP-107
HSP”108
HSP-109
HSP-201
HSP-202
HSP-203
HSP-205
HSP-206
HSP-207
HSP-208
HSP-209
HSP-21O
HSP-211
HSP-212
HSP-213
HSP-214
HSP-215
HSP-216
HSP-217
HSP-101N
HSP-102N
HSP-103N
HSP-I04N
HSP-105N
HSP-106N
HSP-107N
HSP-I08N
HSP-I09N
HSP-11ON
HSP-lllN
HSP-112N
HSP-113N
HSP-114N
HSP-115N
HSP-116N
HSP-101S
HSP-102S
HSP-103S
HSP-104S
HSP-105S
HSP-106S
HSP-107S
HSP-108S
HSP-109S

_———..—..—-......

72347
72448
72529
72632
72720
72806
72887
72933
70409
70473
70448
70282
70143
70094
70029
69906
69859
69876
69858
69796
69690
69586
69500
69468
70622
70570
70528
70468
70431
70429
70419
70405
70340
70304
70269
70208
70122
70066
70000
69922
70403
70525
70621
70705
70768
70786
70854
70885
70950

53673
53665
53539
53427
53376
53410
53419
53294
57235
57346
57445
57522
57525
57506
57451
57444
57537
57624
57690
57740
57759
57790
57865
57939
56346
56437
56524
56620
56698
56761
56838
56915
56974
57138
57192
57295
57308
5?280
57257
57274
55016
55003
!54989
54946
54873
54788
54710
54631
54550

700
510
660
740
640
480
600
680
470
560
940
12
19
17
19
20
15
18
19
15
18
16
3.0
11
22
22
18
150
71
18
19
18
22
19
.21
12
14
18
15
21
18
24
17
21
20
23
23
21”
20

.,..... ...

40
43
38
44
60
47
58
73
74
56
110
139
62

135
84
72
55
43
27
!57
37
58
56
50
31
36
26
56
70
29
47
57
39
44
44
60
46
47
32
32
33
31
35
28
26
30
46
32
29

,. .”. I
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Table 2. Continued (Sample

SRS Coordinate
Sample North East

. ... ‘T--

Date: 3/89)

Tritium Conductivity
(pCi/ml) (pmhos/cm)

HSP-11OS
HSP-lllS
HSP-112S
HSP-113S
T-1
T-2
T-3
T-4
T-5
T-6
T-7
FSP-1
FSP-2
FSP-3
FSP-4
FSP-5
FSP-6
FSP-7
FSP-8
FSP-9
FSP-10
FSP-11
FSP-12
FSP-13
FSP-14
FSP-15
FSP-16
FSP-17
FSP-18
FSP-19
FSP-20
FSP-21
FSP-22
FSP-23
FSP-24
FSP-25
FSP-26
FSP-27
FSP-28
FSP-29
FSP-30
FSP-32
FSP-32
FSP-33
FSP-34
FSP-35
FSP-36
FSP-37
FSP-38

71038
71112
71201
71256
71248
71150
71051
70957
70861
70764
70668
72776
72796
72830
72877
72965
73009
73008
73080
73221
73375
73475
73602
73674
73685
73576
73521
73439
73308
73177
73060
73026
72953
72862
72803
72821
72932
73060
73082
73143
73216
73330
73367
73306
73156
73065
72940
72960
73019

54509
54464
54486
54443
55795
55769
55742
55717
55691
55665
55639
49011
49133
49222
49355
49414
49460
49540
49562
49626
49600
49707
49644
49656
49802
49863
49871
49907
49791
49778
49741
49608
49585
49554
49665
49764
49801
49856
49980
50134
50164
50132
50258
50302
50261
50297
50292
50368
50514

23
16
29
22
21000
1600
8200
10000
140
31
26
1100
520
70
1600
2400
1700
3400
3000
2900
850
4100
260
69
14000
1200
8600
8600
5200
4900
6600
7600
3600
3100
2700
3000
4400
3400
4000
4600
5200
970
3600
10000
14000
11000
8900
8800
7100

., . .,........ .. .

19
26
42
36

72
94
42
122
425
236
681
1175
.589
167
417
30
32
666
52
714
794
1043
1424
1193
1029
1015
851
1325
790
1095
780
1203
534
490
44
174
540
810
1100
1200
%660
800



Table 2. Continued (Sample

SRS Coordinate
Sample North East

Date: 3/89)

Tritium Conductivity
(pCi/ml) (#mhos/cm)

FSP-39
FSP-40
FSP-41
FSP-42
FSP-43
FSP-44
FSP-45
FSP-46
FSP-47
FSP-48
FSP-49
FSP-50
FSP-51
FSP-52
FSP-53
FSP-54
FSP-55
FSP-56
FSP-57
FSP-58
FSP-59
FSP-60
FSP-200
FSP-201
FSP-202
FSP-203
FSP-204
FSP-205
FSP-206
FSP-207
FSP-208
FSP-209
FSP-21O
FSP-211
FSP-212
FSP-213
FSP-214
FSP-215
FSP-216
FSP-217
FSP-218
FSP-219
FSP-220
FSP-221
FSP-222
FSP-223
FSP-224
FSP-225
FSP-226

—.....- .-—...——.-. .,,

73013
73101
73229
73401
73528
73616
73715
73709
73609
73504
73537
73593
73555
73582
73610
73619
73707
73824
73958
74079
74183
74157
72898
72966
73084
73177
73281
73383
73471
73550
73644
73727
73742
73704
73589
73486
73437
73332
73264
73192
73X24
73039
72983
73012
73062
73155
73221
73283
73308

50596
50630
50566
50511
50395
50404
50470
50574
50607
50648
50778
50915
51021
51148
51256
51370
51434
51488
51489
51524
51554
51612
48882
48767
48793
48828
48801
48816
48844
48801
48870
48859
48761
48708
48701
48725
48735
48711
48737
48736
48678
48659
48644
48572
48505
48484
48533
48579
48601

6800
7800
8000
7500
8700
6000
1400
100
100
600
610
100
94
25
39
19
19
19
20
23
17
790
810
560
2100
1300
3000
5300
3900
2700
430
1400
220
110
570
2800
3300
3800
4200
3800
2000
1600
560
790
710
760
250
680
1300

. . ...... ..
.:.’.,. .. .. ,.

905.
900
575
590
580
469
229
96
40
52
92
143
60
30
18
60
30
50
34
31
66
29
315
305
446
308
895
1233
1036
445
41
199
53
40
193
860
1032
739
854
938
401
426
147
140
123
115
112
254
306

,:



,..

Table 2. Continued (Sample Date: 3/89) “
;

SRS coordinate Tritium Conductivity
Sample North East (pCi/ml) ‘(jnhos/cm)

FSP-227
FSP-228
FSP-229
FSP-230
FSP-231
FSP-232
FSP-233
FSP-234
FSP-235
FSP-236
FSP-23?
FSP-238
FSP-239
FSP-240
FSP-241
FSP-242
FSP-243
FSP-244
FSP-245
FSP-246
FSP-247
FSP-248
FSP-249
FSP-250
FSP-251
FSP-252
FSP-253
FSP-254
FSP-255
FSP-256
FSP-257
FSP-258
FSP-259
FSP-260
FSP-261
FSP-262
FSP-263
‘FSP-264
FSP-265
FSP-266
FSP-267
FSP-268
FSP-269
FSP-270
FSP-271
FSP-272
FSP-273
FSP-274
FSP-275

—.-—.—..—..-...-:

73324
73305
73305
73246
73181
73169
73118
73034
72979
72943
72915
72939
72937
72878
728!53
72780
72786
72806
72794
72856
72946
73030
73107
73’186
73280
73341
73403
73446
73471
73435
73385
73307
73225
73148
73071
72988
72918
72873
72844
72805
72724
72703
72777
72805
72779
72773
72842
72850
72847

48501
48428
48331
48298
48373
48456
48468
48482
48587
48599
48536
48453
48367
48287
48190
48085
47980
47918
47833
47842
47901
47918
47905
47867
47881
47913
47938
47896
47821
47770
47735
47777
47779
47794
47800
47811
47797
47758
47697
47594
47578
47545
47509
47411
47393
47362
47349
47278
47193

,..,,

1100
1500
350
430
250
520
650
670
580’
530
310
680
250
57
560
180
390
280
980
780
590
960
580
200
460
570
210
90
370
400
270
510
150
360
730
630
220
100
110
92
94
270
32
40
62
45
32
49
39

204
259
54
95
70
96
103
66
84
112
67
79
37
42
36
53
48
50
116
90
102
120
84
42
59
66
31
41
52
56
46
49
78
61
91
64
59
!57
62
44
85
35
28
50
29
39
54
39
69
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Table 2. Continued (Sample

SRS Coordinate
Sample North East

Date:3/89)

Tritium Conductivity
(pci/ml) {/.4mhos/cm)

FSP-276
F’SP-277
FSP-278
FSP-279
FSP-28(1
FSP-281
FSP-282
FSP-283
FSP-284
FSP-285
FSP-286
FSP-287
FSP-288
FSP-289
FSP-290
FSP-291
FSP-292
FSP-293
FSP-294
FSP-295
FSP-296
FSP-297
FSP-298
FSP-299
FSP-300
FSP-301
FSP-302
FSP-303
FSP-304
FSP-305
FSP-306
FSP-307
FSP-308
FSP-309

..—..—.—-—.

72823
72788
72853
72833
72837
72824
72869
72887
72870
72884
72961
73043
73094
73045
73160
73235
73209
73136
73083
73026
72924
72904
72886
72864
72848
72842
72804
72798
7279!5
72773
72769
72831
72899
72971

47118
47086
47058
46982
46853
46785
46720
46672
46608
46560
46603
46676
46724
46791
46865
46717
46681
46677
46635
46573
46540
46541
46453
46402
46364
46277
46209
46145
46070
45993
45919
45937
45968
45947

.,.,
,.

30
28
24
27
24
31
22
33
33
99
45
72
59
25
35
19
20
18
19
17
10
15
17
20
17
16
16
58
16
17
16
18
18
13

56
49
42
47
47
55
37
95
57
37
24
22
83
53
49
24
24
36
49
56
18
44
46
44
37
34
29
94
52
41
23
29
33
36



Table 2. Continued (Sample Date 1/90)

SRS Coordinate Tritium Conductivity
Sample No*h East (pCi/ml) (@hos/cm)

FSP-101E
FSP-102E
FSP-I03E
FSP”I04E
FSP-105E
FSP-106E
FSP-107E
FSP-108E
FSP-109E
FSP-11OE
FSP-lllE
FSP-112E
FSP-113E
l?SP-l14E
FSP-115E
l?sP-216E
FSP-117E
FSP-101W
FSP-102W
FSP-103W
FSP-104W
FSP-105W
FSP-Z06W
FSP-107W
FSP-108W
FSP-109W
FSP-11OW
FSP-61
FSP-62
FSP-63
FSP-64
FSP-65
FSP-66
FSP-67
FSP-68
FSP-69
l?sP-70
FSP-71
FSP-72
FSP-73
FSP-74
FSP-75
FSP-76
FSP-77
FSP-78
FSP-79
FSP-80
FSP-81
FSP-82

72496
72483
72507
72545
72598
72648
72633
72605
72630
72647
72667
72683
72675
72706
72710
72686
72685
72505
72500
72535
72585
72606
72648
72626
72613
72635
72638
74097
74027.
73964
73908
73828
73752
73681
73627
73603
73625
73674
73699
73674
73636
73607
73666
73631
73514
73446
73336
73281
73324

49222
49339
49379
49399
49470
49527
49628
49754
49836
49910
49989
50060
50142
50221
50301
50359
50421
48015
48107
48178
48261
48339
48412
48472
48544
48635
48722
51686
51678
51677
51648
51591
51529
51501
51528
51640
51721
51818
51919
51992
52086
52153
52198
52256
52189
52127
52124
52197
52278

50
65
60
32
58
43
18
63
68
45
73
78
3%
28
82
44
39
80
110
53
48
55
83
71
32
28
34
18
10
10
<2.2
29
Nl%
13
<2.2
33
31
NA
28
22
14
22
30
30
32
25
85
19
19

82
82
36
36
27
78
22
13
25
20
25
22
17
60
14
20
19
228
123
39
55
62
61
43
60
53
79
32
21
19
26
34
NA
27
25
42
42

20
31
43
24
26
26
17
17
55
41
30



Table 2. Continued (Sample Date: 1/90)

SRS Coordinate Tritium Conductivity
Sample North East (pCi/ml) (@hos/cnl)

—.-—..—...=—.....-. ..

FSP-83
FSP-84
FSP-85,,
FSP-86
FSP-87
FSP-88
FSP-89
FSP-90
FSP-91
FSP-92
FSP-93
HSP-94
HSP-95
HSP-96
HSP-97
HSP-98
HSP-99
HSP-1OO
HSP-101
HSP-102
HSP-103
HSP-104
HSP-105
HSP-106
HSP-107
HSP-208
HSP-109

73383
73379
73354
73299
73239
73204
73220
73214
73152
73109
73026
72553
72492
72433
72371
72265
72224
72243
72296
72347
72448
72529
72631
72720
72806
72887
72932

52360
52424
52486
52536
52590
52666
52728
52788
52829
52898
52971
53963
53980
54023
54029
53954
53909
53854
53742
53673
53664
53539
53427
53375
53409
53418
53293

19
180
5.9
49
19
35
22
31
220
140
37
750
750
1600
1500
1500
1200
1800
950
610
400
810
810
740
460
910
230

33
39
43
33
43
19
31
28
17
18
22
28
26
45
51
43
28
64
28
78
58
52
103
58
124
61
75

.:, >’, ,<:,.-.,.... ‘., . .,. .
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Table3. 1988 and 19$9 FourMileCreekSeepliBeSoilResults- Netals

88HS3:40-50 <2 1400 <0,8
88HS4:50-60 <2 10000 2,1
88HS4:11O-12O<2 3200 <1
88HS5:40-50 <2 1700 <0,8
88HS5:50-60 <2 3400 <1
88HS7:60-70 <2 7900 <1

88HS1O:4O-5O<2 8200 <1

881%1:70-80 <2
88FS3:10-20 <2
88FS3:1OO-11O<2
88FS6:30-40 <2
88FS6:60-70 <2
88FS6:80-90 <2
88FS8:60-70 <4
88FS8:60-70 <2
88FS11:70-80 <2

89HS-lC <10.8
89HS-lH <10.8
89HS-2B <10,8
89HS-21 <10,8

89FS-lB <10.8
891?S-lK <10.8
89FS-2E <10.8
89FSM2G <10,8
89FS-31? <10.8
89FS-3F <10.8

4400
6000
2700
390

1300
1700
8300
1800
2500

<1
<2

<0,8
<0,8
40,9

<1
<2

<0,8
<0,8

1480 <0.80 <0,20
1300 <0,80 <0,20
298 <0,80 <0,20
491 1*11 <0.20

3690 1.53 <0,20
338 <0.80 <0,20

61,4 <0.$0 <0.20
1480 <0,80 <0.20
2300 <0,80 <0,20
2380 <0s80 <0.20

5,3
15
12
<2

4*5
11

9,0

3.6
10
<2
<2
<1
<2
11
10

3,4

34.4
18,9
<0,6
3,75

5,81
18,8
<0,6
26.2
5.56
13.6

<4
<6
<6
<4
<5
<5
<5

<5
<9
<4
<4
<4
<5
<9
<4
<4

<1,4
<1,4
<1,4
<1,4

<1,4
<1,4
<1,4
1*73
1.44
2,11

O*12
O*12
O*22
O*11
O*19
0,07
0,09

0,26
O*O4
0$11
O*19
O*31
0.19
O*1O
0,25
0.04

<0,1
<0,1
<O*1
<0,1

<0s1
<0,1
<O*1
<O*1
<0.1
<O*1

<700
<800
<800
<600
<800
<900
<700

<700
<600
<600
<600
<700

<1000
<400
<600
<600

17,4
.22.5
11*1
15.1

20,0
18.7
9*45
25.4
25.8
19.3

<7 2,4 <3
<9 4,2 6,6
<9 2s4 <4
<7 1.6 3,9
<8 1,7 <4
<8 4,3 6.2
<9 8,5 <4

<8 2,0 <4
<10 2,6 15
<6 20 13
<7 <0,7 3,8
<7 0,82 <3
<8 0,98 <4

<20 2.5 10
<6 0,85 4*5
<6 1,3 7,2

9s90 3,08<0,80 2.15
<6,8 2,89<0,80 5.95
<6,8 3,87 <0,80 3,98
<6,8 2,31<0,80 5.oo

<6,8 3.93 <0,80 3,38
<6,8 1.44 <0,80 2,19
<6,8 <0,6<0,80 <1.8
8.97 0s90 <0,80 <1,8
<6,8 3,91 <0,80 <1,8
<6,8 3,54 <0,80 <1,8
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Table3.Conk~nued

88HS3:40-50
88HS4i50-60
88HS4:110-120
88HS5:40-50
88HS5:50-60
88HS7:60-70
88KS1:40-50

88FS1:70-80
88FS3:10-20
88FS3:1OO-11O
88FS6:30-40
88FS6:60-70
88FS6:80-90
88FS8:60-70
88FS8:100-110
88FW:70-80

<10
<10
m
<10
<10
<10
<10

<10
<20
<10
‘do
<10
<10
<20
<10
<10

<30
<50
<40
<30
<40
<40

61

<40
<70
<30
<30
<30
<40
<80
<30
<30

32 <800
17000 <1000
1600 <1000
300 <800
970 <1000
2300 <1000
1200 <1000

2900 <1000
2700 <2000
520 <800
<10 <800
1800 <900
2600 <1000
96 <2000
10000 <800
2600 <8

<3 <10
25 <20
<3 <20

3,9 <20
<3 <20

5.0 <10
3,7 <20

3,6 <20
12 <20

5,8 <10
3*O <10
<3 <20

3,2 <10
15 <30
<2 <10

5,8 <20

<2
<1 .
<2
<1
<1
<1
<2

<2
<1
<2
<1
<2
<2
<1
<2
<2
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Table 4, 1988 and 1989 Four Mile Creek Seepline Soil Results - Radionuclides

SAMPLE Gross Gross 24’MU 2%1 ‘co WCS 137CS 1521U

Alpha Beta
4 pCi/g k

88HS-3:40-50
88HS-4:50-60
88HS-4:110-120
88HS-5:40-50
$8HS-5:50-60
88HS-7:60-70
88HS-10:4O-5O

88FS-1:70-80
88FS-3:10-20
88FS-3:100-110
88FS-6:30-40
88FSV6:60-70
88FS-6:80-90
88FS-8:60-70
88FS-8:100-110
88FS-11:70-80

89HS-lC
89HS-lH
89HS-2B
89HS-21

89FS-lB
89FS-lK
89FS-2E
89FS-2G
89FS-3E
89FS-3F

9,0
8,2
1,6
6,4
15
13
17

6*8
5,9
2,2
19
14
9,1
17
5*O
7,3

5,4
<4
8,1
3,4

10
<4
6.$
<5
4,8
<4

8,6
10
8,6
32
20
45
8,6

6,4
40
6,4
9,1
7*3
7*3
37
13
7,3

13
7*7
15
<5

15
12
<6
8*8
<5
6,4

0.0069
0,0011
0,0037
0,4170
0,0014
0,0012
0,0017

0,0171
0,631
0.0805
0,365
0,199
0,244
0.047
00135
000002

0,0018
0,0009
0,0014
0,4270
0,0005
0,0004
0,0007

0,023
0*300
0,115
0,636
0,308
0,413
0,071
0,346
0,0002

<0.041
<0,036
<0,05
3,75
1,38
1.84
<0,042

<0,011
0,071
<0.032
<0.031
<0,012
0,0061
0,0069
<0,037
<0,041

<0,2
<O*3
<O*2
<0,3

<O*2
<0.2
<0,2
<O*2
<0,1
<O*1

<0,034
<0.05
<0,06
<0,09
<0.024
<0.028
<0,036

<0,015
<0,077
<0,036
<0,038
<0,013
<0,010
<0,15
<0.034
<0.043

0,09
<1,2
<1,1
<1*4

<0,8
<1*2
<0,6
<0,8
<0,9
0.1

<0,04
<0,042
<0,04
<O*O5
<0.017
<0,021
<0,037

<0,010
04040
<0,031
<0,029
<0.010
<0,008
<0,11
<0,030
<0.035

<0.2
<O*2
<O*2
<0,3

<001
<0,2
<0.2
<0,2
<0.2
<0,1

<0,086
<0,11
<0*12
<0,11
<0,045
<0,05
<0,11

<0,028
<0.13
<0.07
<0,07
<0.024
<0,022
<0,2
<0,08
<0.08
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88HS-3:40-50
88HS-4:50-60
88HS-4:110-120
88HS-5:40-50
88HS-5:50-60
88HS-7:60-70
88W-10: 40-50

88FS-1:70-80
88FS-3:10-20
88IN-3:1OO-11O
88FS-6:30-40
88FS-6:60-70
88FS-6:80-90
88FSU8:60-70
88FS-8:100-110
88FS-11:70-80

89HS-lC
89ES-lH
89BS-2B
89HS-21

89FS-lB
89FS-lK
89FS-2E
89FS-2G
89FS-3E
89FS-3F

0,91
0,77
4,50
1,82
0,81
0,64
0.82

5,32
4*77
1,36
2.89
3,17
0.73
1,62
0,81
0068

<3,1
<3*5
<3,9
<4,6

<3,1
<4,8
<2.5
<3,3
<3,7
<2*2

0,0008
0,0025
0.0014
0,0431
0,0868
0.109
0;0019

0,0023
0.0082
0,0005
0,0008
0,0032
0,0020
0.0101
0,0012
0.0030

<1
<1
<L
<1

<1
<1
<1
<1
<1
<1

0.0012
0,0098
0.0089
0,,108
0,0024
0,0044
0,0067

0,0024
0,0016
0,0017
0,0003
0,0008
0,0012
0,0018
0.0017
0,0027

<1
<1
<1
<1

<1
<1
<1
<1
<1

, <1

0,0003
0,0017
0.0007
0,0110
0,0021
0,0003
0*0015

0,0016
0,0074
000038
0,0029
0,0026
0,0006
0,0012
0.0023
0,0019

<1
<1
<1
<1

<1
<1
<1
<1
<1
<1

0,609
0,6$5
0,886
0,859
1,06
0,723
1,52

0,416
1,25
0,768
0.432
0.285
0,335
4,09
0.214
0,295

3,2
5*7
2,1
2,3

3.1
1,6
1s0
1*9
1.8
2*1

<0,38
<0,40
<0,41
0,55
<0,19
<0,23
<0,44

<0,11
<0,50
<0,29
<0,30
<0,10
<0,07
<0,86
<0,32
CO*33

<0,09
<0,10
<0,11
<0,12
<0,043
<0.05
<0.11

<0.026
<O*11
<0.07
<0.07
<0,02
<0,02
<0,23
<0,08
<0.08

0,84
1*OO
O*95
24,4
4743
12.4
0,63

1*73
2,67
0,92
1.11
1.30
1*OO
8.45
1*O4
1,28

<1
<1
<1
<1

<1
<1
<1
<1
<1

<1
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Table 4, Continued

SAMPLE %r ‘Tc tilau 23$

88HS-3:40-50 ~
88HS-4:50-60
88HS-4:11O-12O
88HS-5:40-50
88HS-5:50-60
88HS-7:60-70

88HS-10:4O-5O
488FS-1:70-80
88FS-3:10-20
88FS-3:1OO-11O
88FS-6:30-40
88FS-6:60-70
88FS-6:80-90
88FS-8:60-70
88FS-8:100-110
88FS’’11:70-80

89HS-lC
89HS-lH
89HS-2B
89HS-21
89FS-lB
89FS-lX
89FS-2E
89FS-2G
89F$-3E
891?S-3F

0,06
O*O7
O*O5
1300
5,5
14$5

0,057
0.26
2,94
0,084
0,131
0.086
0.18
8,95
1*O5
0.16

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

0,06
5,64
O*O2
1*14
2,04
0,39

0.03
0.04
19*3
O*O3
0,06
0.12
0,04
0s11
0,16
0,04

<1
<1
<1
<1
<1
<1
<1
<1
<1
<1

0,818
0,668
0,814
0.473
0,673
0,832

1*3O
0.264
9.68
0.927
2,57
0,768
0,709
O*95
2.65
0.244

0,823
0,732
0,836
0,426
0,659
0,736

1,21
0,254
9,59
0,945
3,56
1,34
0,886
0,777
3,38
0,246

<1
<1
<1

<1
<1
<1
<1
<1
<1
<1



Table 5, 1989 Seepline SOil Chloride and Nitrate
Concentrations
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SAMPLE Chloride Nitrate

89HS-lC
89HS-lH
89HS-2B
89!!S-21

89FS-lB
89FS-lK
89FS-2E
89FS-2G
89FS-3E
89FS-3F

<1,3 <045
2,1 1*O
1.9 3.6
4*5 1*O

2,0 0,8
1,3 1,1
1,8 3.4
2,0 4.2
1,8 1*1
2*2 3*5

,,,., ..,
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Table 6. 1988 and 1989 Four Mile Creek $eepline and Stream Water Samples - Metals

SAMPLE A~ Al AS Cd Cr CU Hg Na Ni Pb se ~n
4 nlg/1 F

88HW-1
88HW”1

88FW-1
88FW-2
88FW-3
88FW-4

88C!?-1
88($/-2
88CW-3
88CW-4

89HW-1

<O*O1
<0,01

<0,01
<0,01
<0,01
<0,01

<0,01
<0,01
<0,01
io, ol

<0,004
*89~-2 <0,004

89HW-3 <0,004
89HW-4 <0,004
89HW-5 <0,004
89HW-6 <0,004
*89~-7 <0,004

~89HW-8 <0,004

89FW-1 <0,004
89FW-2 <0,004
89FW-3 <0,004
i89~-4 <0.()()4

89FW-5 <0.004
89FW-6 06012
89FW-7 <0.004

0.21 <0,005 <0,01<0,025 <0,0002
0,25 <0.005 <0,01 <0,025 <0,0002

54 <0,005 0,011 <0,025 <0,0002
81 <0,005 0,027 0,033 <0.0002

<0,2 0,00? <0,01 <0,025 <0.0002
82 <0,005 0,014<0,025 0,0003

<O*2 <0,005 <0,01<0,025 <0,0002
<O*2 <0.005 <0,01 <0,025 000003
<()+2 <0,005 <0,01<0,025 <0,0002
<0.2 <0,005 0,018<0,025 <0,0002

0407<0,003<0.006 0.003<0.007 <0,0002
0,05<0.003<0,006<0,”003 <0,007 <0,0002
0,28<0,0030,00430,0043 <0,007 <0;0002
0,08<0,003<0,006<0,003 <0.007 <0,0002
0,59<0,003<0,0060,0034 0,018 <0,0002
0,10 0.003 <0,006 <0,003< 0,007 <0,0002
0.47 <0,003 <0.0060 .0021 <0,007 <0.0002
0007 <00003 <0,006 <0.003 <0,007 <0.0002

0,050,0045<0,006<0,003 <0,007 <0.0002
0.12 <0,003 <0,006 <0,003 <0.007 <0.0002
35,90,0032 0,0073 0,0048<0,007”<0,0002
0.03<0,003<0.006<00003 <0,007 <0,0002
76,8<0,003<0,006<0.003 0.060 <0,0002
86,9<0.003<0,006<0,003 0,060 <0,0002
O*13<0’0030,0017<04003<0,007 <0,0002

77 <O*O4<0,005 <0.02
79 <0,04 <00005 <0,02

160 0.074 0.006 0,25
190 0,09ti 0,008 O*34
39 <0.04 <0,005 O*O3

170 0,067’ 0,005 0,56

14 <0,04 <0,005 <0,02
14 <0,04<0,005 <0*02
12 <O*O4<0,005 0;059

2,9 <0,04 <0,005 0.029

5.5<0,034<0,003 <0,002 0,010
11.7<04034<0.003<0,002 <0.009
13,’4 <0s034 <0.003<0,002<0.009”
63,3 <0,034 <0.003 <0,002 <0,009
126, <0,034<0,003<0.002 0.027
7.38 <0,034 <0,003 <0.002 0,014
10,2<0.0340.0049<0,002 0,028
25.9<0,034<0,003<0.002 0,009

1*53 <0.034<0.003<0,002 <0*009
14SO<0*034 <0,003 <0.002 <0*009
94*9 O*O5<0,003 <0,002 0.107
12,1<0,034<0.003<0,002 <0.009
105, <0,0340,0033<0.002 0,120

118,0 0.060 .0043 <0,002 0,160
29.7 <0.034 <0,003 <0,002 0,160

~ In-stream water sample
Note: 88 and 89 data are not at the same points, e,g, 881iWland 89Hw1are at different points.
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Table 6, Continued

SAMPLE Sb Ba Fe Mg Mn , Sn T1
< Mg/1 )

88HW-1
88HW-1

88FW-1
8WW-2
88FW-3
88FW-4

88CW-1
88CW-2
88CW-3
88CW-4

<0,6
<0,6

<0,6
40,6
<0,6
<0,6

<0,6
<0,6
<046
<0,6

<0,2 0s31
<0,2 0.35

0.61 0.57
0.77 0.31
<0,2 <0,1
0.97 O*37

<0,2 0,12
<0.2 0,23
<0,2 O*27
<0,2 1,80

<5
<5

<5
<5
<5
<5

<5
<5
<5
<5

0.033
0,036

6,3
8,1
0,98
5,6

0,079
0,058
O*1O
1,10

<0.08
<0,08

<0,08
<0,08
<0,08
<0,08

<0,08
<0,08
<0,08
<0,08

<0,01
<0,01

<0,01
<0s01
<O*O1
<0,01

<0,01
<0,01
<0,01
<0*01

.,>, ...



Table7. 1988 and 1989 Four Mile Creek Seepline and Stream Water Samples -Radionuclides

SAMPLE Gross Gross 24}M 244m
‘co ‘%CS 137CS ‘52EU I%Eu

Alpha Beta
4 pCi/1 }

88Hw-1
88Hw-1

881’w”l
88F’IIJ-2
88NJ-3
881?l?-4

88cwl
88~-2
88CW-3
88CW-4

89HW1
*B9~.2

89HW-3
89HN-4
89HW-5
89Htb6
*89~.7
*89~-8

89FI?-1
89?W-2
89FN-3
*89~-4
89FW-5
89NP6
89FW-7

4*O9
3.09

255
545
63,6
155

6.36
2,27
5.00
0.64

5*9
4*O
3.8
33
<6
5,6
<3
<4

<4
12
89
4.9
4*9
1,800
350

1230
1350

2250
2282
655
2950

95*5
79,5
65
0,91

71
39
25
4800
71
370
190
4.4

9.9
82
2100
94
94
‘2800
4600

0.018’
().022

13,2
20,1
1*54
4*73

0.057
0,016
0,087
0,011

0,045
0.049

23,55
38,9
3s35
6.77

0.181
0,039
0.126
0m019

<11.4
<13,6

<25,4
<17*7
<14.6
<21,8

<12,3
<14,6
<14,6
<13,2

<1,1
<4,7
<4*9
64
12
<1,2
<1*1
<1,2

<1*2
0.8
282
<0,7
5.1
6,2
130

<7*3
<10

<11
<11
<12
<8,2

<9,6
<lo
<11
(9,5

<5,8
<9*1
<23
<6,5
2.3
401
1*4
<5,3

<5.6
<7*1
ot4
<3
0.6
<6,5
<71

<8,2
<12

<16
<13
<36
<9,1

<24
<25
<25
<9,1

13
4*4
3’4
4,4
120
180
62
0,6

0.6
46
<0,7
4.9
1*7
5,6
<13

<11
<14

<17
<13
<17
<11

$12
<15
<16
<11

<25
<30

<0.01
<0,09
<0.08
<0,06

<0.06
<0,05
<0,010
<0,06

~ In-stream water sample
Note: 88 and 89 data are not at the same points, e,g, 88HW1and 89HW1are at different points.
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TABLE7.’ Continued

SAMPLE y
‘7t?p % 2MW “12%u %a ‘% %b %

4 pCi/1 >

88HW-1
88HW-1

88FW-1
88FW-2
88FW-3
88FW-4

88CW-1
88CW-2
88CW-3
8$CW-4

89HW-1
*89~-2

B9HW-3
89HW-4
89HW-5
89HW-6
A89HW-7
*89fl-8

89FW-1
89FW-2
89FW-3
*89~.4

89FW-5
89F’W-6
89Fli-7

48,2
5,36

25,7
337
24.2
258

1*O
O*9
1,0
2,0

<42
<61
<39
<39
<26
<55
<47
(39

<41
<47
<24
<23
130
370
410

0.24
O*5I

0,96
0.67
0.16
0060

0,044
0,139
o~o*03
0,112

<1
<1
<1
<1
<1
<1
<1
<1

<1
<1
<1
<1
<1
<1
<1

2, 578+7
2. 74E+7

1, 07E+7
1, 45E+7
2a44E+6
1*88E+7

1*OOE+6
1,28E+6
1, 50E+5
3.93E+3

2, 20E+5
1*10E+6
1,50E+6
1,60E+7
6, 50E+6
1,80E+5
8, 60E+4
4● 30E+3

4.30E+4
9.70E+5
5, 90E+6
8, 10E+5
1, 20E+7
1. 50E+7
2,90E+6

0.023
0.016

0.047
00009
0*075
0.028

0,037
0.026
0,155
0.003

<1
<1
<1
<1
<1
<1
<1
<1

<1

<1
<1
<1
<1
<1
<1.

0,036
0.025

0,017
0,003
0,042
0.023

0,013
0.006
0,009
0,0103

1*O
<1
<1
<1
<1
<1
<1
<1

<1
<1
<1
<1
<1
<1
<1

0,88
2,44

154
142
8,59
106

1,96
1,07
1,79
O*43

349
1,8
1*4
30,
2*O
1,8
I*2
1*O

1.0
7,6
140
1.8
48
72
430

<73
<86

<123
<143
<8*6
<106

<96
<96
<113
<7*7

<19
<27

<33
<31
<30
<23

<26
<22
<33
<20

64
59

73
82
36
91

2,3
1,8
0,82
0,18

4,9
<1
<1
320
<2
<2
<1
<1

<1
65
20
<1
10
20
<3

~ In-stream water sample
** values may be low because of the 10WPH.
Note: 88 and 89 data are not at the same points, e.g. 88HW1and 89HW1are at different points.



Table 7. Continued

SAMPLE %r % 2n12~ 23$

4— pCi/1 —}

88M?91
88M?-1

88FW-1
88FW-2
88PW-3
88FW-4

88CW-1
88CW-2
88CW-3
88CW-4

89HW-1
89HW-2
89HW-3
89HW-4
89HW-5
89HW-6
89HW-7
89HW-8

89FW-1
89PW-2
89PW-3
89FW4
89F’!F5
89PW-6
89PW-7

320
403

686
750
176
864

20,7
11*2
5,41
0,936

31
6’8
1,0
1800
3,7
5,2
5,5
1,3

<1
21
790
16
370
350
3200

74.5 0413
64,1 O*5O

110 91,8
155 146
21.6 15*1
68,2 451

2,97 0,536
3,41 0,074
2,69 0,205
5,23 0,968

<7
50
64
280
170,
<7
<7
<7

<7
48
130
26
330
1200
22

0,055
O*5O

110
175
190
51*4

0,61
O*1O
0.23
O*99

105
<1
<1
<1
<1
<1
<1
<1

9,8
33,
2,5
<1
95*
96,
<1
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Table 8. 1989 Four Mile Creek Seepline and Streaku Water Samples -Miscellanews Parameters

SAMPLE Alkalinity Acidity Chloride Nitrate Total pH Conductivity
4 mg/1 } Hardness (pv/m)

89HW-1
+89~-2

89HW-3
89HW-4
89HW-5
89HW-6
*39~-7
*ag~-8

89FW-1
89FW-2
89Fl?-3
x8g~.4

89FW-5
89FW-6
89FW”7

I

I
I “

16
ND
9*O
148
200
8,0
8,0
ND

16,2
20.6
15
$*

26
4$0
2,0
7.6

20,4
8,40
244
0.8
480
554
31,6’

.105
4,6
4,1
1*2

10.9
4,3
5,5
5.7

2,0
4,5
2,4
3,8
1*9
2*O
3.8

0.22
1,4

26,6
8,9

29,9
4*1
5,7

O*15

1,3
7,5
687
6,0

1090
1130
177

155 5*57
139 6.30
152 5.59
73.3 7,21
186 6,98
127 6.35
196 6.’37
196 5*34

76,7 4,32
63,3 6.12
187 3,86
166 6*81
3400 3*9O
1500 3,77
117 5.43

73,7
93,5
88.6
320
62,1
78,0

91,6
35,9

22,9
96,2
1410
93*7
1900
2120
333

ND= NODETECTION
~ In-stream water sample
~XProcedurecouldnotbe perfo~edbecauseoftheph.
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Figure 1. Location of the Separations (F&H) Area.
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Figure 4. F-Area tritium plume at the Four Mile Creek seepline
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OF 8UR?ACS WATER IltTEE VICINITY
OF THE F- AND H- AREA SEEPAGS MLS221S

Introduction and mmawy ..

observations from the wetlands dswngradient of the
F-Area and H-Axes Seepage Basins suggest-that the water
cropping out along the seep line is impacting a small area’
of the terrestrial/wetlands environment along ?wr Mile Creek.

) The primary source of the water in these areas, as well as
dissolved constituents in this water, are the seepage basins.
The seepage basins have received large volumes of dilute liquid
wastewater since the late 1950’s. The primary dissalved
constituents in the wastewater are hydrogen ion (low pll),
nitrate and sodium. The wastewater also contains relatively
low concentrations of othez chemical constituents (e.g., lead
and mercury). The radioactive constituent with the highest
activity in the wastewater is tritium: other relatively mobile
radionuclides in the wastewater include 9oSr, ‘9Tc, 1291,
and 237Np.

The authors Would like to acknowledge the assistance of two
subcontracting organizations: Environmental and Chemical
Sciences, New Ellenton SC, and C. B. Shedrow Environmental
consultants, Inc., Calu~hia, SC.
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A key element in the technical assessment of the wetlands
dmingradient of the F- and K- Area Seepage Basiri” is an
analy5is of the chemistry of the wate”rcropping out at the seep
lines. The bulk chemistry of this water, including major
cations, major anions and ionic strength will deteimine the
chemical speciatiun of all of the various solutes in the water.
!letailedchemical analysis of the surface water in the area
will:

● assist in determining the cause of the obsemed
vegetation stress in the area and aid in estimating the
recovery perisd (if”the stress is related .towater
chemistry); and

o assist in determining the nature and extent of migration
for various solutes (i.e., which WaSt@ constituents have
been sequestered in the subsurface and which have migrated
in the water).

The overall objective of the sampling and analysis program was to
collect and anhlyze water samples from the subject wetlands along
with upstream and downstream samples from Four Mile Cieek.

In ~e~eral, the results confirm the hypcathesisthat several
trace rnetaisare not migrating in the groundwater. Some
constituents (primarily, sodium, nitrate and hydrogen ions) have
reached the seep line and are affecting the bulk chemistry of the
groundwater and surface ~R@r in the.seep area.. Several,
constituents (including<.aluminum,c~:ci~t”’~<oppe~-;:e and
others),appear t= be leaching out of the subsurface matrix along
the flow path in the low pH water. All of the,nonradioactive .
constituents measured along the seep line are below pritiary
drinking water standards exce~t.cadm$un in F-Area (0.041 mg/L
maximum) and nitrate in both F-Area (546 mg/L maximum) and H-Area
(36 mg\L maximum) .

Samples from Four Mile Creek suggest that the input of the
major constituents (primarily nitrate and sodium) from the seep
areas (or area outfalh) is measurable in the stream. The
remaining nonradioactive constituents do not measurably impact
the stream.” The sampling and analysis described below represents
a high qua~ity screening of the area that will aid researchers
who are planniziqa more robust characterization (including more
sites and analysis of a range of radionuclides) in the future.

.-.
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Samplisg

Representative SUrfaCe Water samples’were collected from the
seep areas downgradient of the F-Area and H-Area Seepage Basins
and from Four Mile Creek upstream and downstream of these seep
areas. At each seep area, the precise sampling location was
chosen based on a screening of the specific conductivity of the
water along the seep line; the location with the highest measured
specific conductivity in each seep .are”awas selected for detailed
field and laboratory measurements (see attachment 1). The
samples were callected in clean polyethylene beakers and bottles.
The samples collected for metals were filtered in the field with
a Nalgene Type A disposable polystyrene’filter unit containing a
0.45 um equivalent pore size nitrocellulose membrane filter. The
metals samples were then placed in acid washed bottles and
preserved with 2 ml of nitric acid. Mercury analyses were
performed on both the filtered and unfiltered {bulk) samples.
Also, both filtered and nonfiltered samples for all metals were
collected in Four mile Creek downstream of the F-Area Seepage
Basins. Field notes and a description of each sample location
are summarized-in Table 1 (a complete listing is in Attachment
1). Figure I is a map shewing the locations of the sampling
sites.

Rasults .,

The various analyses are summarized in Tables 2 and 3. The
complete data set is presented in Attachment 2. The median and
maximum va~ es for each location, along with the number of samples%+%
collected-presented in Table 2. Table 3 shows the relationship
between the filtered and unfiltered samples collected downstream of
the F-lima Seepage Basins.

Discussion

The primary goals associated with the interpretation
these chemical data, along with the ecological and

.,

of

hydrogeolqical data, are to: (1] evaluate the patential effects
of seepage basin operation on the downgradient receptors$

(2) quantify the expected recovery of these areas following
closure, and (3) determine the nature and extent of migration of
the various solutes in the subsurface system. A preliminary
discussion of these tepics based on the chemical screening of
surface waters in the vicinity of the seepage basins is presented
below.

●
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The Concentrariorisof the various constituents

‘., ,

in the seee
areas downgradient of the seepage basins suggest that basin
operations have significantly affected these areas. The
corlcefitrationsof several waste constituents (primarily sodium,
nitrate, and hydrogen ion} are elevated in the surface water
along the seep line. This finding is consistent with the
findings of Horton and Carothers (1974) in which elevated concen-
trations of nitrate were reported; H~rton and Carothers (1974)
reported a maximum seep line concentration of 217 mg/L (as N) in
F Area and 242 xtg/L(as N).in H Area. The data in Attachment 2
show that current levels at the same approximate locations are
174 to 546 mg/L (as N) in F Area and 22.9 to 36.3 mg/L (as N in
H Area. 4The appearance of tritium (Reichert, 1962, 1968), 9 Tc,
1291 (Anderson, 1980; Kantelo, 1987), and nitrate in the water
along the seep line in the mid sixties and early seventies and
Relatively COIbStaIk concentrations thereafter suggests that the
front of these constituents (along with sodium) is relatively
mobile and that the system has approximately reached a steady
state. Horton and Carothers (1974) concluded the following in
regard to nitrate in the groundwater and Four Mile Creek:

o The t&kitory between the seepage basins and Four Mile
Cregk can not be released for unrestricted,use until the
nitrate has been reduced substantially. rBased on flow rate
considerations,] this is estimated to require a decade or
more after discharge of nitrate to”the basins ceases. Such
variables as groundwater flaw rate when it is not influenced
by water from the basins and the biological rate of nitrate
removal will influence this time period.

● [Based on an analysis of stream concentrations and
out-fallconcentrations,] the seepage basins are the major
contributor ef nitrate to the creek. The H seepage basins
contributed nitrate at a rate of 88 tons~yr and the F
seepage basins 65 tons/year during the sampling period
(August through September 1973).

Interpretation of the current chemical data set from the
groundwater, seep line and Fsur Mile Creek is generally
consistent with that developed primarily for nitrate by Horton
and Carothers (1974). Thus, relatively mobile constituents will
flush through the subsurface system. During this period,
elevated concentrations will exist in the surface seeps;
following this peried, the concentrations in the groundwater and
surface waters in the vicinity should decline. The low
concentrations of the various hazardous constituents (e.g.l lead
and mercury) suggests that these are not factors in the observed
vegetation stress. The high conductivity, the high.sodium!

.
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nitrate, and aluminum concentrations, and the flooding of
previously dry areas caused by the basins are likely the factors
influencing the vegetation in”the affected areas.

As a preliminary means to determine the significance of the
current concentrations, the levels of the various constituents
along the seep line and in Four Mile Creek were compared to
primary drinking water standards. All of the nonradioactive
constituents measured along the seep “line are below primary
drinking water standards except cadmium in F-Area (0.041 mg/L
maximum) and nitrate in both F-Area (546 mg/L maximum) and H-Area
(36 ing/Lmaximum). All chemical constituents are below their
respective”primary drinking water standards in Four Mile Creek.
A comparison of the filtered and unfiltered samples from Four
Mile Creek downstream of F Area (note that this site is
downstream of both facilities) indicates that particles play a

minor rale in transporting metals at this “location.

The analyses of the upstream”and downstream samples tram
each area suggest that the following parameters a~e statistically
impacted (i.e.~‘,usinga t-test and the t values for 95%
confidence, the concentration was significantly higher downstreaxn):

H Area - conductivity, total dissolved solids, nitrate,
phosphate, sodium, and potassium ..

F Area - conductivity, total dissolved solids, sodium,
manganese and possibly cadmium.

The remaining constituents were either not statistically
elevated,oftheconcentration in the stream was higher than the.
seep line, or the concentration was lower downstream than
upstream. These data suggest that the basins may contribute
measurable quantities.of the identified constituents t~ tze
stream. Note, however, that several outfalls enter Four Mile
Creek in the subject area, The outfalls between the H-Area
upstream and downstream samples include H8, H9 (abandoned), HI1,
and H12. The outfalls bettieenthe F-Area upstream and downstream
samples include F8, and FI”O.

The relative subsurface mobility of the various constituents
originally present in the wastewater sent t= the seepage basins
can be assessed in a preliminary fashion by calculating a ratio
between the measured concentration in water at the seep line and
the measured concentration of the wastewater sent to the basin.
This ‘*transportfactor’1will vary as a function of the mechanisms
-operating in the flow path. For example, if a COriStitUeIIt is
sorbed to the subsurface matrix, chemically neutralized,
biologically transformed, or utilized as a nutrient, it will be

r, ‘: . .,.. ... ,,
. ..... >:..,,..
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removed “from the flowing watex and ~~e concentration will be
significantly lower at the seep line than in the waste (transport
factor <e 1). If the chemistry OE ‘the infiltrating vastewater
resultsin significant leaching of a constituent from the .
subsurface materials, the concentration at the seep will be
higher than the original wastewater (transport factcr >> I). If
the transport factor is near 1 for a constituent, it may be
traveling with the water (or may be governed by a combination of
sorption and leaching).

Table 4 summarizes the transport factors calculated using
the median seep line concentrations and the wastewater
concentrations reported in Killian et al.
general, .

● meraury and chromium appear tu be
soil.

● sulfate and sodium appear to move

(19S7a, 1987b). In

sequestered by the

with the groundwater.

● some constituents appear to have reached the seep area
in F Area (pH = 3.8) but not in H Area (pll= 6.4). These
include zinc and possibly lead.

.

● several constituents appear to be leached fr& the matrix
in F Area but not in H Area. Z,heseinclude silica, calcium,
barium, copper, aluminum, manganese, and magnesium.

Note “thatthis apprgach is not definitive, and further study of
the mobility of solutes as a function of solution and sail
properties is recommended.

-.

The sampli,ngand analysis of surface water samples in the
vicinity”of the F- and II-Area Seepage Basins was carried .aut in
a careful manner and the results provide a high quality screening
of the conditions in the area. These data, the on-going analysis
of radionuclides in the sanples, and future studies will assist
SRP and SRL in developing a technically sound closure plan that
protects human “healthand the environment.

,. .!,.,.. .-..”
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Table X
Summary of Field Measurements and observations

H-Area Seepage Basins Samples

Seep Area --Sample numbers FH 002, FH 008, and FE 014

Samples collected along the seep line
dmmgradient of the H Area Seepage Basins--sutith
of Basin
litter.

H-Area Upstream--Sample
-.,

H4. The

numbers

water was turbid containing leaf

FH 003, Fii009, and FH 015

Samples collected approximately 50 m downstream
of Road F an Four Mile Creek. ‘The stream in this
area is small but well defined. Upstream (across
the road) is a marshy wetland area. The samples
were brown colored and contained some solids.

H-Area Downstream--Sample numbers FH 004, FH 010, and FH 016

Samples collected approximately 100 m upstream of
Road C on Four Mile Creek. The area has a deep
clean channel, a high flow and low solids.

.,. . . . .. . .,
.4 . .,. ... ,

. .



Table 1 {continued)
summary of Field IMasursmmts and Observations

F-Area Seepage Basins Samples

Seep Area--Sample numbers FH 001, FH 007, and FH 013

Samples collected along the seep line
downgradient of the F Area Seepage Basins--east of
well cluster FSB 79. Water was turbid containing
leaf litter and a large crop of filamentous

● algae.
.

F-Area Upstrtaam--smple numbers FH 005, FH 011, and FH 017

Samples collected approximately 100 m downstream
of Road C on Four Mile C~eek. The area is very
mucky and marshy and breaks into many small
channels in this area. One of the northern
channels was selected for sampling. The water was
turbid containing flocculent brown mud.

F-Area l)awnstream--Samplenumbers FH 006,.FH 018

Samples collected approximately 10 n!downstream “
of F-Area steam line road on Four Mile Creek. The
area has a deep clean channel, a high flow and the
least solids of any site. Three additional samples
were colleoted at this site (FH 012, FIi 019, and
FH 020); the additional samples were collected
witRout filtering the metals subsample.

.: .:..:, .,:.,...,: ..
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Table 2

Sumnary of the Cbmicd Analyses ef the Surface Water in the. . .
Vicinity of the F- and E- Area Seepage Basins

Surface WatatOatain the Vicinityof the H-AreaSeeP~raBasins

Pafameter uni7s SeepUfie Four tdile Creek Upstream

?H
canauctivity
tataidissoived solids , ,
akatimty (ss CaCQ3)
nrtrate(as N)
mtrrm(as N)
phosphate (as P)
sulfate fas S04)
ma!mtxm(asC)
mtdirrarqmc carbon (as C)
m~aiorganiccarbon (asC)
siiii (asSi2)
cMotide
floufidu
Cmalmercury {unfiiterud)
dissolved mercury (filtered)
dwsohmd chromium
dissokeci fead’
dissoivea cadmium
dissoived niokel
dissolved sodium
dissolved potassium
dissolvedcatohm
dissolved rnagmrssium
dissolved barium
dissolved cupper
dissolved manganese
dissolvedahirniniwn
r.tissohml zinc
dissolved antimony
dissolved thallium

N

- Iog(li] 6
@cm 6
mgtL 3
mg/L 3
mg/L 3
rngk 3
mg~L 3
rng/t, 3
mg/I. 3
rng!L 3
mgfl. 3
mgtL 3
rng/L ‘3
mgfL 3
mgfL 3
mgtL 3
mg/L 3
mgk 3
fTrglL 3
mgtL 3
mg/L 3
rngll3
m@ 3
mgA 3
m@. 3
mgfL 3
mg/L 3
rnglk 3
mglL 3
mglf. 3
mgtL 3

Median t@ximum
——

6.4 t4A
293 34s
278 310
27.9 90.3
28.S 36.3
0.031 0.033

1.S6 6.22
5.4 5.7

25.9 35.8
11>7 16.0
14.2 19.8
5.5 5.6
S.3 6.2

<0.7 <0.1
<0.0001 <0.0001
c 0.00010.00s315
<0.001 <0.001
<0.003 <0.003
<0.0001c0,0001
<0.05 <0,05
68.4 69.3
1.85 1.86
1.67 l.a
1.43 1.48

<0,05 <0.05
<0.05 c0.05
0.145 0.164
0.163 0.183
<0.02 <0.02
e 0.01 <0.01

<0.004 <0.004

N Median Maximum
———

4
4
3.
3
3
3
3
3
3 .’
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

5.0: NA
30 31
39 &2

<1.0 <1.0
0.04 0.11

0.019 0.024
0.011 0.014

1.8 2.2
8.3 8.9
4.0 4.4
4.3 5.6
10

6.5 6’.:
<0.1 <0.1

<0.0001 <0.00131
<0.”0001 0.00013
<0.001 <0.001
<0.003 <0.003

<0.0001 0.00011
c 0.05 cW5

2.8 2.8
<0.20 <0.20
1.4s 1.47
0.5s 0.s5

<0.05 < 0.0s
<0.05 <0.05
0.119 0.119

0.06 0.065
<0.02 <0.02
<0.01 <0.01

<0<004 <0.004

,.

Four We Creek Downstream

N Median

d

4
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

6.6
90
72

16.1
1.1s

0.005
0.023

10,5
8.2
4.6
3.6
9.9
5.1

<0.1
<0.0001
<0,0001
< fl.oal
<0.003
<0.0001

<0.05
13.1
1.57
4.03
0.66

<0.05
<0.05
0.003
<0.05
<0.02
< 0.0+

<0.004

Maximum

NA
92
75

76.2

0.:0:
0.023

10,8
8.3
6.8
3.7

10.2
5.3

<0.1 “-
0.00024
0.00012
<0,001
<0.003
<0.0001
<0.0s
73.2
1.61
4.12
0.69

<0.05
<0.05
0.085
<0.05
<0.02
<0.01
<0.004

.
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Table 2- (centinued) ‘
.. Summary of the chemical Analyses of the Surface Water in the

Vicinity of the F- and H- Area Seepage Basins

Parameter units Sss0 Line

N Mewan Maximum
—- —

,;,.

pi+
Cm.aucmy
:ctat aissawad solids
akaiirtily (asCaCC)3)
tl!lrata{asfq .,,
nttrme(aaN)
pnOsdmtO(asP)
sulfate?ssS04)
toudcamon(aac)
trxatinorganiccafbon (asC)
Wllorganiccarbon (sac)
sika(asSi02)
chloride
fltwnae

tOtaimercury (unfitiered}
ctissdwsdmenxy (fittered)
aissaivecichromium
dissaivedbad
dissolved cadmium
dissolved nickel
dissalvad W)ditIm
dissoivad potassium
dissolvedC=il$!

dissolbwdmagmsaiunl
dissokd barium
dksohedoo~r
dissolved mangama.
dissolved aluminiurn
dissoived zinc
dissoivedantimony
dissolved thallium

lng/L
mg/t.
mg/L
mglL
mgft.
rng/L
mg/L
mgft,
mgk
m~l
m#L
mglL
mgfL
mg/L
mg&
mgfl.
mgtL
mglL
mgk
mgA
mgA
rngA
nlgll.
mg/L
mg/L
mg/L
mg~L

6
6
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3.”s NA
129s t 760
1020 1100
< 1.0 <1.0
226 S46

0.011 0.013
1.38 4.62
<1.0 1
11.3 13.8
11.2 12.1
2.5 2.6

57.5 59.9
3.g 3.8

0.29 0.43
<0.0001 0.00014
<0,0001 <0.0001

<0.007 <0,007
0.0033 0.0?4

0.037 0.041
<0.05 0.056

142 144
1.91 2.16
f9.1 19,5
13.4 14.1

0.585 0.586
0.064 0.436
2.72 2.72
64.3 68.9
0.f52 0.197
<0.07 <0,01
<0.004 c 0.004

FaurMileCreek Upstream Four We Creek Oownstrearn

N Madian $&xmum
—— —

4
4
3
3
3
3
3
3
3
3
3.,
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

6.7 NA
82 82
73 74

14.2 14,3
0.92 3.53

0.003 0.004
0,041 0.043

10.9 13.7
6.5 6.6
4.0 5.2
2.5 3.2
10 10,1

5.1 5.6
<0.1 <0.1

<0.0001 <0,0001
<0.0001 <0,0001

<0.001 <0.001
<0.003 <0.003

< 0.000t <0.0001
< 0.0s <0.05

12.s 13. t
1.33 1.38
2.95 2.95
0.56 0.56

<0.05 <0.05
<0.05 <0.05
0.079 o.oa
<0,0s <0.05
<0.02 <0.02
<0.01 <0.01

<0.004 <0.004

N
—

6
6
5
5
5
5
5
5
5
5
5
5
5
5
8
2
2
2

:
2

:
2
2

:
2
2
2
2

Median

6.6
108
02

11.4
3.!39

0.003
0.011

13.6
4.9
3.6
141

10.1
5

<0.1
<0.0001
<0.0001
<0.001
<0.003

0.00028
<0.05

16.8
1.33
3.4f
0.72

<0.05
<0.05
0.137

<0.02
<0.01
<0.004

,

,,.... -..
,..,:. ....-’...:. -’.

NA
160
83

11.5
3.7

0.00.4
0.033
?3.9
5.9
4.2
2.6
10.3
5.3

<o.!
0.000f8
0.000f6
<0,001
<0.003
&ooo35
<0.05
t6.9
f.34
3.43
0.74

<0,05
<0.05
0.f46
o.6&8
<0,02
<0.01
< o.m4
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Table,3-
Comparison of Filterad and Unfilte&d Metals Concantr?ktiansfos,..
FourMile Crack Downstream of E’-Area

.

Comxm@onOataFromFourMiieCraak i30wr@reamofFArea

Pararneref Units maradSampiaa Unfikeraa%rrqxas

mercury -,
chromium
\aad
cadmwm
ntckbl
sodium
poraasiurn
cakium
rnagrraaium
barium
cooper
manganaso
ahminium .
zinc
amimcmy
IMiurn

I

rngk
mgiL
mgtL
mgfL
mgtL
mg/L
mgIL
mgfL
fng/L
mqL

“mg/L
mgfi.

N Madian
—

2 <0.0001
2 <0.001
2 c 0.003
2 0.00028
2 <0.06
2 16,8
2 1,33
2 3.43
2 0.72
2 <0.05
2 <0.05
2 0.137
2“-
2 <0.02
2 <0.01
2 <0,004

Maxknum

0.00016
<0.001
<0.003

0.0003s
<0.06

.. 16.9
1,34
3.43
0.74

<0.05
<0.05
0,?46
0.646
<0.02
<0,01

<0.004

N
—

a
.3

3
3
3
3
3
3
3
3

:
3
3
3
3

W&in Maxunum
——

<0.0001 0.00018
<0.001 <0.001
<0.003 <0.003
0.00031 0.00036
<0.05 <0.05
17,0 17.0
$.35 ?.40
3.45 3.47
0.71 0.75

c 0.0s <0.05
< 0.0s <0.05
0.147 0.149
0.689 0.701
<0.02 .< 9.02
<0.01 <0.01

<0,004 <0.004

.. . ... .... . .. . .. .
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‘l’able 4

Calculated TzanspoxtFactorsa~d

Transport140chaD!arn8
Mlggestad

TranspotlFactorsbasal onF“ArsaMa

MAWWIT
CI’!WINJENI FAN(JI

211Lllwy

Clwnlh

M

H@qMbn

Slwllo

Flw!&

WUm

Mm

ZIIK

Ptmptialb

Pwukill

Chkllkit

w

Udml

‘bkm

*

IkQuIn4

WndlUrl

cau

{0.02

0.1

0.1

0.2

0.2

0.2

0.2

0.6

0.4

3’

3.

8.

40.

W

so.

M.

2m.

m.

MIWW4TNECILWSW

Ominaut

TransportFaclorsbasedonH-AreaOala

TflANS1’011[
@%$Tl~JXNl FACTOR——

Hy4qanWI

Mblclq

2ilx

Cmlhml

lead

MwO

Cakb

4knlwun

%

Mdlplmu

blun

‘~FIWIOO

w

S&hIo

Uqwlml ‘

Potwbm

F’hoIptw

Sodkml

Chlmki@

\
. .

<O(OW

(0Oocujz

0002

001

002

005

0.05

0 Oi

01

03

06

1.

1.

I

1

2.

2

4

5

rmlwl MECN4N15W
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Appraxlrnace ~ooralnaces
SW !-! SRP E

I - FourZileCreekUpstreamof H Area- 64750 68125

Ix - SeepAreaDowngradleneof H-AreaBasins- 71800 55L!O0

III- Four!:ileCreekDownstreamof H Area- 722!50 53500

Iv - FourVileCreekUpsCreamof F Area- - 730U0 52250

v- SeepArea Ilowngradient of F-Area Basins - ?3600 50400

w - FourllileCreekDownstreamof F Area- . 72875 48S25

Figuxa 1. Locations and Nam*8 of the Sqling Sites
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Attachment z

List of Parameters Analyzed and Field Notes

(Samplescollected 12-08-87)
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Table l-l
List of Pamm%ters Analyzed

.
,... ‘

,..
.-,.

pH (lab and field)
Conductivity (lab and field)
total dissolved solids
alkalinity
nitrate
nitrite
phosphate
sulfate
total carbon
total inorganic carbon
total organic carbon
silica
chloride
fluoride
mercury
chromium
lead
cadmium
nickel
sodium
potassium
calcium
magnesium
barium
copper
manganese
aluminum .
zinc
antimony
thallium

,,

.,.,

Note: Samples for analysis of a limited number of radionuclides
were collected. The results will be reported in a separate report.
The samples were collected using clean bottles or beakers. “Zn some
cases the amount of solids in the three samples from a site varied
significantly. A scheme employing a peristaltic pump is
recommended for future sampling in these shallow seep areas that
are underlain by flocculent muds.

...
...

,, .. . . .. :.), .:.,.
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Table 1-2
,, Field Measurements aad Obsenations

H-Area Seepage Basins samples

. ..-

Seep Area--Sample numbers FH 002, FH 008, and FH 014

The conductivity of the standing water along the
seep line ranged from 170 uS/cm to 245 uS/cm.
The location of the highest conductivity was sampled.
The pH and conductivity of the actual samples is listed
below. ‘

p~ = 5.6 to 6.4
conductivity = 182 te 200 us/cxu
water temperature = 16.0° C.

Samples+cellected along the seep line downgradient of the H
Area Seepage Basins--south of Basin H4’.The water was turbid
containing leaf litter.

H-Area UpStream--Sample nUMbers FH 003,.FH 009, and FH 015

pli= 6.1
conductivity = 20 uS/cm
water temperature = 15.0° C.

Samples collected approximately 50 m downstream of Road F on
Four Mile Creek. The stream in this area is small but well
defined. Upstream (across the road] is a marshy wetland
area. The samples were brown colored and contained some
solids.

H-Area Downstream--Sample numbers FH 004, FH 010, and FH 016

PH = 6.0
conductivity = 70 uS/cm
water temperature = 18.0° C.

Samples collected approximately 100 m upstream of Road C on
FQur Mile Creek. The area has a deep clean channel, a high
flow and low solids.

...
,... ,.......... , ,:.
;
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Table 2-2 (cantinued)
Field Measurements sad Obsemations -.

F-Area Seepage Basins Samples

Seep Area--Sample numbers FH 001, FH 0(37,and FH 013

The conductivity of the standing water along the
seep line ranged frem 465 uS/cm to 1030 uS/c!n.
The locatiun of the highest conductivity was sampled.
The piiand conductivity of the actual samples is listed
below.

pli= 3.4 to 3.8
conductivity = 920 ta 950 us/cm

water temperature = 21.8° C.

Samples callected along the seep line downgradient of the F
Area Seepage Basins--east of well cluster FS3 79. Water was
turbid cimtaining
algae.

F-Area Upstream---Sample

p~ = 6.9

leaf litter and a ladqe crop of filamentous

numbers FH 005,..FH011, and FH 017
I

conductivity = 42 uS/cm
water temperature = 20.5° C.

Samples calleoted approximately 100 m downstream of Road .Con
Four Mile Creek. The area is very
breaks into many small channels in
nurthern channels was selected for
turbid containing flocoulant brown

mucky and marshy and
this area. One of the
sampling. The water was
mud .

F-Area Downstream--Sample numbers FH 006, FH 018

p~ = 6.3
conductivity = 70 uS\cm
water temperature = 17.0a C.

Samples collected approximately 10 m downstream of F-Area
steam line road on Four Mile Creek. The area has a deep clean
cha~81, a high flow and the least solids o.fany site. Three
additional samples were collected at this site (FH 032, FH
019, and FH 020); the additional samples were collected
witheut filtering the metals subsample.

●

. ... . . . ..
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Complete Data Set
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Tabla2-1
,

Ioul

c:nduc~ivi~y cwrductivity dinwlvui Alkiligi[y

pH pH .’ ,u$lcm W$lcm SOlldS (d$ (h0)3)
SarnphLOOliort” Sample10 [field) (lab) (fiekf) (lab) mg/L mglL

. . . . . . . . . . . . . . . . . . . . . . . . . . . ...*.”... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SeepAreaDowugnldierllof H AreaIhahs

step Area130wngradiitiof HAmaBtisiu

SeepAreaDowr@krrtofH ARUBash

FourMe CstckUpstnamofHArea
FaurMileC[ttkllp$tnamofH Area

FourMileCreekUpatrtamof H Area
hur Mile Creekf)OWO$tfWllof HArea
FourMileCreekDownstreamofH Arts
FourW OeckDowmmmofH Ama

!kepAm 130wrrgradii#ofP Am Baairrt
StepAreaDowogm6krI\ofP A;cri3uhw
SupAreaDowqyadicuofF Areallaiu$
fhurMileCwxkUpstrtamof F Arts

~ FourMileCreekUpSKcam01P Arts

PourI@ Crctk UpsticamofF Area
Fw Milt fh!rttk Dowaslrearrroff Area
FourMileCteckDownstreamofF Area

FourMii CreekDownshcamof P Arts

hrr Mile Crttk Downstreamof F Arts

FourMile CreekDowast.mrnof F Area

w 002

FH 008

FH014

FH003
FHO09
FH01s
FH004
FH010
Fll016

FH 001

Ffi 001

Flf (H3
FH 005
FH 011

FH 017

Mood

M 011

FH 0)8

FH 019

FH 020

,., ..:.. :,”
.,,,’ .“

. . . . ;..

,_,._-—-

6.4 6.11

6.3 6.44

5.6 6,41
6,1 4,97
. . S.04
. . M?
6.0 6.S9
“. 6.64
. . 6.61

3,6 , 3,81
3A ‘ 3.02
3.8 3,84
6.9 6.66 ,
. . 6.73
. . 6.73

6.3 6,58
. . 6.64
. . 6,64
. . 6,?2
. . 6.62

,... .. ,..,,, .,:., ,

182
200

200
20
. .
. .

70
. .
. .

9s0
920
920
42
. .
. .

10
. .
. .

. .
. .

348

338

341
30
3i
30
90
92
90

1760
1650
1640

82
82
82

109
109
107

!60
108

278

3io
260
39
42

35
75
72
72

1100
1020
785
14
73
?0

82
79
82

83
79

19,6

90.3

‘27.9

<1.0

<10 P
(?

<1,0 (t
16.2

9!

16.1 #

1s.9 ID
5
rt

<1.0 h)

< [,0
<1.0

13.5

14.2

14,3

11.5

11s

- 11.4

10.3

11.3
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?abh 2-1 [continued) f
Il)lill Mill

?4iKalt Ni[ri[e” Phosphm Suifiik cubm il~o[gwic
@N) (asN) (asP) (asS04} (asC) urbon (M C)

SampleLocalion SampleID mg/L mglL mgll rn~ll mgll mg/L
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SeepArcE130wrqyadicntof H AreaBasins
SCcpAM f30wngrrrdieotof H Atsa Basias

Sup AreaDowngradicrrtof H AreaBasirw

f%urMih CreekUpstreamof H Area
FourMile CreekUparreamof H Area

FourMile CreekUpsireamof H Area

PowrMiIc CreekDownstreamof H Area

FourMi!s Creek,Downsfrcamof H Area

FourMk Chk DowoarcarrrofH Atea

SeepAreaDowqradierrIofP AreaBasiu
SeepAreaDowngradienfofF AreaBasios

“ , SeepAmaDowngmsfiiotofF AreaBatins
hwr Mib CrickLlpstreamof~Arts
PourMile(leek OpsIScamof P Area

FourMile CreekUpstreamof P Area
FourMile Crnk Downstreamof P Area

FtNr Mile CreekDownstreamof F Area

hs Milt CreekDownsucamof F Area

FourMife Creci DownstreamofF Area

FowrMile Crect Dowasheamof ! Area

FH002
FH008
FH014
FH003
FH009
FH 015

FH 004

FH 010
FH 016

FH 001

FH 00?

FH 013
PH 005
FH 011

FH 0!7
FH 006

Fif 012

Ftl018

FH019
Fh020

36.3

22.9

Iu
0.04
0411
0.03
1,20
1,1s

1)04

546
226
174

0.90
0,92
3s3
3.59
3+43
O,io

l?o
3.?0

0.033
8,031
0.017
0,019
0,024

<0,00}
0.005
0!005’

0.004

<0!001
0,013
0.011
0.004

<0.001
0.003
0,004

<0.001
0.003

04003
0.003

1,86
6.22

0.041
0,011
04014
0,0}1
0.022
0.023
0.023

1.38
0.72
4.62

0.041
0.041
0,043
0.017
O.oli
0011
0!033
O.oli

5.2
$<7

~,4

18
2.2

1.8

10.8

10.s

10.5

<i

<1

1.0
10.9
10.9
13.7
!3.?
139
10,6
13.6
13.6

24.8

354s
25.9

8.9
a.3

8*J

8.2

1.9

8,3

)0.6

1!.3

13.8

6.5
6.6

6.4

5.1
5.9-

4.9

4.1

4.8

11.s
16.0
11.7

3.3
4.0
4.4
46

4,2

6.8

81
12,1
11.2
4.0
3.4
5.2
3.0
3.1
4,:

1.6

3.9
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orgaaih Silica

carbon{a$’C) (as Si02) Chloride Flrmidc

!hqlc lxwatii~ !iarupkIf) mg/L mgll mgll mg/L
. . . . . . . . . . . . . . . ...”..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ScCpAreaDowqytiicnt of H Areahsirrs

SeepAreaDowogradierdt)fHAreaBasiu$
$ecpAreaDow~ra6ico!of H ArM Bash

FourMile Crctk UpaIcamofHAna
FowrMiteCd Upstcaorof H Area
Fourfifik Crctk Upsmm of H Ana

FourMilChtk hvostrtam of H Arts
FnurWe Crstk Downstreamof H Area

FourWe Crtck DowoaIrtam01H Area

Sttp Arts Dowqyadico!of F AreaBaaios

5CCPAnaDowngadicmtof F AreaBasint

!lxp AmaDwngrsditnlof ? AreaBasins

FourMift Crtck Upsueamof P Area
*

FourMileCreekUpstreamof F Area

FourMiltCd UWtmofPArts

FourMiltCreekDowEstrtarod F Arts

FourMile CreekDowaslrcamof P Area

FourMile Crctk Dowr@camofF Area

Fw Mii Crttk Downststsmof F Arts

FourMile Crttk Downstwo of P Arts

FH002
FH 008

FH 014
FH 003
FH 009

Fn Ns
F13004
FH 010

FH 0}6

FH 001 ‘,

PH 007

FH 013
FH 00S
M 011
FH017

PH 006
FH (N2

FH 018

FH 019

FH 020

13;3

198
14.2

~46
4.3

3.9
3,6

3.7

IS

2.5

< Lo

26
● 2s

3.2
1.2
?.1
2+6

<},0

11
<1.0

5.6
5.2
55
9.9

10.0
10.0
10.2
9>9
9.8

599

5?.s
57.2
10.1
10,0
loo
10,3
101
10,3
10.1
10.3

5.31

6,20
4,84
6.62
6.51
6,24
5.33
5*1O
4873

3,16

3.81
3.81
~.62
5.08
4,82
533
4.98
4.99
4.94
4.92

,:’.
,.

,’, .

. .,, .. . .
“, .. i’. ,,.,

,,, ,.., ,,
...

< 0!1

<$1

<041
<0.1
<0,1

<0,1

<0.1
<0.1

<0,1,

N
0,28

0,43

0.29
<0.1
< M

<0,1

<0.1

<0.1
c 01 -

<0.1

<0,1
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Table 2-1 (Continuod}

un(iltc[cd filtered

Mercury hfcrcury

(toIal) {di$$olvtd) Chromium Lead Cadmium Nickei Sodium
$ampkLocation SampkIll Q@L rngll @L mg/L mjjL mgll mgil

\. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...” . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,
fillcfcd $amplc$(excePiat UOM)

UcpAM Downgmdieotof 23AreaBatiru

SeepAreaDowo@icutofHAuaBatiat
Sup AreaDowq[adieotof H AreaIlatint

%ruMiltC!rcckllpsueamof~ Area

lowh4ikCrtikup~lrnmofN Area
RM Mile CreekUpsrttarnofHAm
Poor!tfilc Gtck DowwstrcaarofHArea
f$urMile Crtek Dowostrcurrof H Area
FourMile C& DownrureanrofH Area

Stepkcal)owngraditn~d ?ArtsBask

Sctphw~Downgradicotof F AreaBasiM

ScqrAreaDrnvngradkrrtofFAreallatint

~ hii]t~nckupstreamOf~Area

llrrK,Mi!cQ&kUpsucaroof F Arts

PourMik CreekUpstrEMOof 1 Area

hrr Mile Creekf)OWil$~~ill ofPArea
Ibti ?Wt Crtck Dowosucarnof F Area

1

I Mlltrcrl$ampics (total conctouations)

I FourMJc CreekDowosrrcamof p Area
FourMik (!rcck Powostrtaroof P Area

FourW CreekDownsutamof F Area

.,,,.

-,.—------

w 002 < MoOlo ihoools

M (x)$ c Omolo < Mooio

Ill ON < OMOIO < Omolft

m 003 c O11oo1o 0,00013

m 009 c 0.0001o < MoOlo
M 01s < 0.00010 <0.00010
Ftf 004 < 040010 0.00012
FH010 0.00024< 0,000Nl
FH016 < 0.00010< 0)00010

m w c 0.0001o < (yoolo

FM007 < Omolo <010010

FH013~ 0.00014 < Mofno

m 005 < OJOOIO< 0,000!0

FH 011 c fmo!o c 0.0001o

RI 011 f Omolo< Ofloolo
FH006 < 0!00010< 0.000)o
FH0]2 <0,00010 0.00016

< Ojlol

c 0.001

<0,001

< (MU)I

<0,001
<0.001
<0.001
<0,001
<0,001

c0.001

<0$001

<0,001

< 0,00{
‘<Oslol

<0.001

< O,iull

<0.001

<0.003

<0,003

<0003

<0,003

<0,003
< 0.M3
<0,003
<0.003
<0,003

< OMOI

< O,oooi

<01001

<01001
<0.0001

0.0001i
<0.0001
< 0.00(N

<0.0001

0.0033

<04001

0,014

<0,001

<0.003

<0.003

<0.003

<0,003

0,037

0,036

0,041

<0,0001

<0.0001

<0,0001

0.0002
0.00035

m 018 < OJOO1O< 0.0001o < ‘0,001 <0,003 0.00031
FMW c 0.00010 0,0001$ <0,001 <0.003 0.00036

FH 020 c’ 0.00010 < &oOo\o < O,(KN <0.003 000034

., .,..,..,.,
.,’... ,.

.:, ,”.

< 0,0s

< O+oj

< O,oj

c 0.0s

<0.05

<0.05

<0.05

< 0,0s

< 0,0s

<0,05

< 0.0s

0.056

< 0.0s

< 0,0s

<0,05

< 0.0s
<0.05

6fL4

68,0

69,3

2.?
2.0 ;
2.1

r
o

13.1 f

12.9 i
I

13,2 3
II

144 N

136

142

12,1

12s

13.1

16.9

16.6

< 0.0s 1?.0 * ‘
<0,0s 1?.0
< 0.0s 16,9
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Poiassium Calcium Magnesium Ba~ium Copper ManganeseA!umiuium

SampleLocaliort SampleIfl mg/L rngh m#L lnglL mg/L Wlgk mgi
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fil%tcdSao@cs(e~ccptas nokd)

$ttp AreaDowmgraditotof H Arts Basins

$ctp AreaDowqyadiiut of H ha hash

Sttp AreaDowagmdiix of H Arts Basins

FourMilt Crttk Upssrtaroof H Arts

FourMile Crttk Upslnam0[ H Arts
Fourhfile Cruk ~pttKWl ofH Am
FourMikCrttkIhwnswtsmofH Arts

FourMile CreekDowsstrwoofH Arts
FourMileCreekDownssrtamofH Arsa

SeepAru Dowugradht of P AreaBasins

Stq Arts DowngradietirJfF Arc&Basios

Sttp AreaDowqpihu ofIJArts hsirsi

kmr Mile Crti l$strumofF Am
FouiMe CmkUpssrtamof F Area

W kfilc CrtckUP$tRWllofPArts

?OW~{tOttkDOWWtSSSMofFArea

I FourMilt (&Is Downstreamof F Area

FH 002

FH 000

FH 014

FH 003

FH 00$

FH 01s
FH (KI4
FH 010

FH 016

m 001

FH 007

FH 013
FH 005

M 011

FH 01?

mood

FH 012

_._-—.

UdiItered Samples(total concwasiw) “

Wr Mile Crttk Downmam of F Area FH 01$
FourMile Cruk Dowrisirtarrsof F Area FH 019

FourMilt Crtck Downstreamof F Area FH 020

-,.....,~,:,,.

1.06

1.76

1,85

<0,20
<0.20

<0,20

1.61

1.s7

1s1

2.16

I .87
1,91

1,2?

1,33

1.3a

1!11
I ,34

l.!~

1,27

1.40

I
,, ,.“<.:..’.,:,,..,., ..:..,,,.“. .,..,-.>..

1,$5 1.28

1.67 1.48

l.ao 1.43

1.41 8s2

1.44 0ss

I .45 0,5s

4.12 0,69

4.03 0,66

4.OJ 0,66

‘419.1 12.?
13.s 13,4

19.s )4.1
2.95 4 0S6

2s34 . 0S4

.2.95 0.56

3.38 0,74

3.43: 0.10

3.47 0.7$

3,4(I 0.69

3.4~ 0+11

< 0.0s <0.05

< 0.0s < 0,0s

< 0.0s c 00s

<0.05 < 0,0s

<0.05 < 0.0!
<04.5 <0,05

<0.05 < 0.0s
<0,05 <0,05

<0,05 < ().05

0S86 0.064
0,s?2 04057
0S8S 0.436
c 0.05 <0,05
<0,05 <0.05

<0.05 ( 0,0s

<0.0$ c 0,05

<0.05 <0.05

< 00s <0.05
<0,05 <0,05

<.0.0s <0,05

,:’..’.
.,

0,101

0.164

014s

0.119
0.118

0,117

0.08s

0.0$3

0.019

1.72

2.69

2.72

0.0s4
0,0?9

0.08

0.127
0,146

0.127
0.149

0,147

0,163

0.13?

0.183

< 0,0s

0.06s

0,06
< O.(M

<0.05

c 0.05

6B,9
64.0
64,3

<0,0s
<0,0s

c 0<05
<0.0s

, 0,64$

<0.05
0.689
0?01

h
$
Ii

N

1
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Ziw An[imony Thallium
$ampkLocalkm SampleID m@L mgil mgll

. . . . . . . . *.*....-.. . . . . . . ..*.*.... . . . . . . . . . . . . . . . . ..”k . . ..- . . . . . . . . . . . . . . . . . . . .

FWd Sampks(tact~asm.@)
~.

SeepArts Downgradiirdof H AreaBasins Hi 002

$cq Am Dowqyadkotof R AreaBasiasIll W
hQ ArtsfhWD&ildKO!ofHArtsBasirism 014
FourMileCrtckUpswcamd H Ariu FM001

FmwMikCrtckUp\tstmofHArea m 009
RwwMikCrttkUpcucamofHArea m 01s
FousMikCrockIklwaslrcamofHArcs FH004
k h’iikCrctkhWOStlCSMofH Asct m NJ

FowrMik(lttkDmm@amM 1!Arts RI 016

!lttp Am DowngradkuofF AreaBasins M ON

StepArtsDowugraditfl~ofPAm Basin H! 007
$ccpAreaDowngradiiMof P AreaIhsina FH 013

FourMile Crctk Updrciwwof P Ama Ill 00s
hut Mift Crttk I@ream of P Asca FH 011
FousMile (3cek Upstrtamof I ha Ill 01?
FousMileCwekDmstrcamofF Arcs FM006
FousMik CreekDownatrcamof F Area ill 012

Unfillcrcd $ampict [l@al conccnlrations)

<(m

c 0,02
<0.02
<0,02
<0,02

<0.02
<0.02
<0,02
<0,02

0.152

0,146

0,197
i 0,02

‘ <0.02

<0.02
<0.02
c0.02

Faw Mile Crtck ~Wlltit4M ofPAm 1%018 <0.02
?OWMiicfleckfhwnstfemof? Am R! 019 <0,02

FW Mile Crctk Rowl@camof f Area FH 020 <0,02

...., ,...
.... ..,,:,,,, ..
,..,..,,

< (),01
<0,01
<0,01
<0,01

<0.01
<0.01
c 0.01

<0401

<0.01

( 0.01
<0,01
<0!01
c0.01

<0.01

cOjol

<0,0!

<0,01

<0.004
<0.004

c O,o$i ‘
<0.004
<0.004
<0,004
<0,004
<0.004
<MM

<0.004

<0004
<04004
c0.004

<0.004

<0,004

<0.004

<0.004

.

<0,01c 0.004

<0.01 <0004

<0,01 <0.004



HSP-94
HSP-95
HSP-96
HSP-97
HSP-98
HSP-99
HSP-1OO
HSP-101
HSP-102
HSP-103
HSP-104
HSP-105
HSP-106
HSP-107
HSP-108
HSP-109

Average

~Appendix

240
570
1100
1100
1800
1200
1300
690
700
510
660
740
640
480
680
~

750
750
1600
1500
1500
1200
1800
950
610
400
810
810
740
460
910
w

818 939

F

B

d (1/90 - 3/89)

+510
+180
+500
+400
-300

0
+500
+260
-90
-110
+150
+70

+100
-20

+230
-450

+121

~:- 5102+1802+5002+. ..+4502-8900
16

.

. rS~- s:-298

HO: d=O.

~ 7-0 121
0 -—-0.40

s~ 298

Pr ( t > 0.40 ) ~“0.35

.. ...... ‘:”:. ‘..+’ ‘.,



Station Cond.
Designati (@ins/cm)

HSP-01
HSP-02
HSP-03
HSP-04
HSP-05
HSP-06
HSP-07
HSP-08
HSP-09
HSP-10
HSP-11
HSP-12
HSP-13
HSP-14
HSP-15
HSP-16
HSP-17
HSP-18
HSP-19
HSP-20
HSP-21
HSP-22
HSP-23
HSP-24
HSP-25
HSP-26
HSP-27
HSP-28
HSP-29
HSP-30
HSP-31
HSP-32
HSP-33
HSP-34
HSP-35
HSP-36
HSP-37
HSP-38
HSP-39
HSP-40
HSP-41
HSP-42
HSP-43
HSP-44
HSP-45
HSP-46
HSP-47
IR3P-48
HSP-49

156
256
468
292
281
318

dry hole dry
556
317
171
80
218
592
393
82

216

,.. . . ...——.— ,,

Appendix C WSRC”RP-90-0591

Temp. Sampling
PH (“ c.) Date

5 10 03/02/89
5.2 11 2 03/02/89
5.2 12 3 03/02/89
5.8 10 5 03/02/89
6.2 10 4 03/02/89
6.1 10 5 03/02/89

hole dry hole dry hole 03/02/89
5.7 11 4 03/02/89
5.5 11 4 03/02/89
5,.6 10 6 03/02/89
5.1 11 4 03/02/89
5.2 11 2 03/02/89
6.2 11 3 03/03/89
6.2 11 surface 03/03/89
5.2 11 surface 03/03/89
5 11 4 03;03;89

dry,hole dry hole dry hole dry hole 03/03/89
149 5.5
148
183
189
161
184
140
135
205
202
244
257
121
214
215
176
331
121
210
231
227
242
256
224
310
413
333
255
318
426
569
551

4.7
6.2
6.1
5.4
4.7
5.2
4.7
5.2
5.4
5.7
5.2
5.3
5.6
5.5
5.8
5.8
5.8
5.4
5.3
4.9
5.1
4.7
4.8
5.2
5.3
5.2
4.5
5.5
5.4
4.5
4.4

11 1 03)03)89
12 4 03/03/89
15 SUrface 03/03/89
14 1 03/06/89
15 1 03/06/89
15 4 03/06/89
14 3 03/06/89
15 7’03/06/89
14 2 03/06/89
14 6 03/06/89
14 2 03/06/89
15 3 03/0’6/89
15 3 03/06/89
14 1 03/06/89
14 6 03/06/89
14 6 03/06/89
14 8 03/06/89
13 1 03/07/89
13 7 03/07/89
13 10 03/07/89
12 5 03/07/89

12.5 4 03/07/89
12 3 03/07/89
12 8 03/07/89
12 8 03/07/89
12 9 03/07/89
12 8 03/07/89
12 6 03/07/89
12 8 03/07/89
12 6 03/07/89
12 10 03/07/89
13 8 03/07/89



HSP-50
HSP-51
HSP-52
HSP-53
HSP-54
HSP-55
HSP-56
HSP-57
HSP-58
HSP-59
HSP-60
HSP-61
HSP-62
HSP-63
HSP-64
HSP-65
HSP-66
HSP-67
HSP-68
iiSP-69
HSP-70
HSP-71
HSP-72
HSP-73
HSP-74
HSP-75
HSP-76
HSP-77
HSP-78
HSP-79
HSP-80
HSP-81
HSBP-82
HSBP-83
HSP-84
HSF-85
HSP-86
HSP-87
HSP-88
HSP-89
HSP-90
HSP-91
HSP-92
HSP-93
HSP-94
HSP-95
HSP-96
HSP-97
HSP-98
HSP-99
HSP-1OO
HSP-101

.

. ... ...

Appendix C WSRC-RP-90-0591

537 4.4 12 7 03/07/89
654 4.8 12 6 03/07/89
699 4.1 12 7 03/07/89
669 4.4 12 10 03/07~139
631 4.4 12 8 03/07/89
561 6.9 10 6 03/09/89
452 5.9 11 5 03/09/89
581 5.5 12 5 03/09/89
551 6 11 4 03,/09/89
280 6.1 11 8 03/09/89
473 5*9 11 8 03/09/89
85 5.9 11 8 03/09/89
155 5.8 11 7 03/09/89
34 5.1 10 3 03/09/89
38 4.7 10 4 03/09/89
51 5.1 11 4 03/09/89
49 4.6 12 3’03/09/89
31 5 10 8 03/09/89
39 4.9 10 3 03/09/89
35 4.4 10 1 03/09/89
30 4.6 10 8 03/09/89
40 5.1 9“ 3 03/09/89

dry hole dry hole dry hole dry hole 03/09/89,
dry hole dry hole dry hole dry hole 03/09/89

73
81
146
43
53
80
76
39
60
187
51
22
41
38
49
56
59
29
26
48
50
32
54
37
34
55
44
37

.,.,

6
3.8
5.7
5

4.6
5.3
5

5.2
4.9
5.5
4.9
4.5
4.7

4
4.3
4.7
4.4
5.2
4.4
4.1
4.2
4.5
4.1
4*3
4.7
4.7
4.7
4.8

9
11
11
11
12
13
13
13
13
11
12
11
12
12
11
12
12
12
12
12
12
12
12
12
12
12
13

13.5

4
5
7
4

surface
7
5
6
5
1

surface
4

9
5

surface
8
7
1

surface
4
8
3
8
8
10
2
3
8

03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/’10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/10/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89
03/13/89

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



. .

HSP-102
HSP-103
HSP-104
HSP-105
HSP-106
HSP-1C)7
IiSP-108
HSP-109
HSP-201
HSP-202
HSP-203
HSP-204
HSP-2C)5
HSP-206
HSP-207
HSP-208
HSP-209
HSP-21O
HSP-211
HSP-212
HSP-213
HSP-214
HSP-215
HSP-216
HSP-217
HSP-101S
HSP-102S
HSP-103S
HSP-104S
HSP-105S
HSP-I06S
HSP-107S
HSP-108S
HSP-109S
HSP-11OS
HSP-211S
HSP-112S
HSP-113S
HSP-1OIN
HSP-102N
HSP-103N
HSP-104N
HSP-105N
HSP-I06N
HSP-107N
HSP-108N
HSP-I09N
HSP-llON
HSP-lIIN
HSP-112N
HSP-113N
HSP-114N

40
43
“38
44
60
47
58
73
74
56

110

Appendix C WSRC-RP-90-0591

4.4
4.4
4.7
4,7
E!

4.5
4.5
4.8
4.6
4.9
5.4

dry hole dry hole
139
62

135
84
72
55
43
27
57
37
!58
56
50
33
31
35
28
26
30
46
32
29
19
26
42
36
31
36
26
56
70
29
47
57
39
44
44
60
46
47

5
3*7
5

4*S
3.5
4

3.8
3.8
3*9
3*7
4.5
4.7
3.6
4.2
4.2
4.3
4.4
4.2
4.4
4.6
4.4
4.3
4.7
4.5
4.4
4.1
4.9
4.2
4.4
5.3
5.3
4.7
4.5
4.9
4.4
4.6
4.7
5.2
4.3
4.2

i4 3 03/13/89
14 5 03/13)89
14 surface 03/13/89
14 surface 03/13/89
14 3 03/13/89
13 surface 03/13/89
13 SUrfaCE) 03/13/89
16 4 03/13/89
12 5 03/01/89
12 6 03/01/89
11 6 03/01/89

dry hole dry hole 03/01/89
12 surface 03/01/89

12.5 2 03/01/89
12 surface 03/01/89
12 1 03/01/89
12 2 03/01/89

11.5 2 03/01/89
11.5 2 03/01/89
11 1 03/”01/89
11 surface 03/01/89
11 surface 03/01/89
11 2 03/01/89
“11 2 03/01/89
11 surface 03/01/89
12 8 03/14/89
12 6 03/14/89
12 3 03/14/89
12 SUrfaCe 03/14/89
12 3 03/14/89
12 3 03/14/89
13 6 03/14/89
13 2 03/14/89 “
13 8 03/14/89
13 3 03/14/89
14 4 03/14/89
14 5 03/14/89
14 4 03/14/89
13 3 03/15/$9
14 4 03/15/89
14 2 03/15/89
14 8 03/15/89
14 5 03/15/89
13 7 03/15/89
13 7 03/15/89
14 8 03/15/89
15 6 03/15/89
14 9 03/15/89
14 3 03/15/89
14 3 03/15/89
18 surface 03/15/89
15 surface 03/15/89



—. ,..

HSP-115N
HSP-116N
T-7
T-,.6
T-5
T-4
T-3
T-2
T-1
FSP-01
FSP-02
FSP-03
FSP-04
FSP-05
FSP-06
FSP-07
FSP-08
FSP-09
FSP-10
FSP-11
FSP-12
FSP-13
FSP-14
FSP”15
FSP-16
FSP-17
FSP-18

\ FSP-19
FSP-20
FSP-21
FSP-22
FSP-23
FSP-24
FSP-25
FSP-26
FSP-27
FSP-28
FSP-29
FSP-30
FSP-32
FSP-32
FSP-33
FSP-34
FSP-35
FSP-36
FSP-37
FSP-38
FSP-39
FSP-40
FSP-41
FSP-42
FSP-43

::
47
47
157
189
320
226
505
72
94
42
122
425
236
681

1175
589
167
417
30
32
666
52

714
794
1043
1424
1193
1029
1015
851
1325
790

1095
780
1203
534
490
44
174
540
810
1100
1200
1660
800
905
900
!375
590
580

Appendix C WSRC”RP-90-0591

4*9
3.9
4.i
5.2
5*3
6.3
6.5
6.7
6.6
5.6
5.6
5.8
5.7
5.8
5

5.4
4.5
4.3
4.7
406
5.3
4.9
4.2
4*9
4.2
4.3
4.1
4.2
4

3.9
4.2
4.3
5.6
5.7
6.5
4.6
3.9
4.2
4

5.1
5

3.9
3.8
3*9
4.2
4
4

4.1
5.2
3.9
3.7
3.6

14
15
15
13
14
21
21
22
22
19
15
3.5
16
16
16
16
15
15
15
16
16
16
15
16
16
15
14
13
12
12
13
13
13
13
12
12
13
12
13
12
12
15
15
15
15
15
15
15
14
15
15
15

a
.7
5
4
3

surface
3

surface
surface

1
8

10
. 8

stirface
3
4

surface
surface
surface

7
2
8
8
4
8
4
4
5
2
1
6
5
6
8
1

surface
surface

3
2

surface
2
4
4
4

surface
4

surface
surface

2
2
4
2

03/’15/89
03/15/89
03/15/89
03/15/89
03/15/89
03/15/89
03/15/89
03/15/89
03\15/a9
03/28/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/27/89
03/24/89
03/24/89
03/24/89
03/24/89
03{24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/24/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89
03/20/89

...,:
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FSP-44 R
FSP-43
FSP-44
FSP-45
FSP-46
FSP-47
FSP-48
FSP-49
FSP-50
FSP-51
FSP-52
FSP-53
FSP-54
FSP-55
FSP-56
FSP-57
FSP-58
FSP-59
FSP-200
FSP-201
FSP-202
FSP-203
FSP-204
FSP-205
FSP-206
FSP-207
FSP-208
FSP-209
FSP-210
FSP-211
FSP-212
FSP-213
FSP-214
FSP-215
FSP-216
FSP-217
FSP-218
FSP-219
FSP-220
FSP-221
FSP-222
FSP-223
FSP-224
FSP-225
FSP-226
FSP-227
FSP-228
FSP-229
FSP-230
FSP-231
FSP-232
FSP-233

469
*

229
96
40
52
92
143
60
30
18
60
30
50
34
31
66
29

315
305
446
308
895
1233
1036
445
41
199
53
40
193
860
1032
739
854
938
401
426
147
140
123
115
112
254
306
204
259
54
95
70
96
103

... ....>,

..

Appendix C WSRC-RP-90-0591

4.7

5.2
5.3
4.7
4.7
5.2
5

4.7
4.9
4.5
4.4
4.3
4.6
4.5
4.6
4.3
4.9
5.6
5.4
4.8
5.6
4.4
4
4

4.1
5.5
5

5.5
“5
5.6
4.6
4.2
4.1
4

4.1
4.6
5.4
4.8
5.8
6.3
6

5*3
5

5.1
5.1
5.2
4.8
4.!5
4.3
5.7
5.5

15 2 03/20/89
15 5 03)17/89
14 10 03/17/89
15 8 03/17/89
15 4 03/17/89
15 6 03/17/89
15 4 03/17/89
15 8 03/17/89
14 7 03/17/89
15 5 03/17/89
15 2 03/17/89
15 surface 03/17/89
15 1 03/17/89
14 8 03/17/89
14 8 03/17/89
15 8 03/17/89
15 4 03/17/89
15 5 03/17/89
16 surface 03/28/89
15 6 03/28/89
17 SUrfaCe 03/28/89
15 surface 03/28/89
15 surface 03/28/89
15 SUrfaCe 03/28/89
15 6 03/28/89
16 2 03/28/89
16 7 03/28/89
18 2 03/28/89
15 12 03/28/89
16 8 03/28/89
15 6 03/28/89
15 8 03/28/89 .
15 4 03/28/89
1!5 6 03/28/89
15 12 03/28/89
16 surface 03/28/89
16 8 03/29/89
16 6 03/29/89
26 9 03/29/89
16 surface 03/29/89
16 surface 03/29/89
16 14 03/29/89
16 10 03/29/89
16 1 03/29/89
17 3 03/29/89
17 3 03/29/89
17 3 03/29/89
16 5 03/29/89
16 5 03/29/89
16 surface 03/29/89
16 surface 03/29/89
16 4 03/29/89

.,.,...:.,, . .. . .,..,:,,:., ,.. .: i.
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Appendix C tiSRC-RP-90-0591

FSl?-234
FSP-235
FSP-236
FSP-237
FSP-238
FSP-239
FSP-240
FSP-241
FSP-242
FSP-243
FSP-244
FSP-245
FSP-246
FSP-247
FSP-248
FSP-249
FSP-250
FSP-251
FSP-252
FSP-253
FSP-254
FSP-255
FSP-256
FSP-257
FSP-258
FSP-259
FSP-260
FSP-261
FSP-262
FSP-263
FSP-264
FSP-265
FSP-266
FSP-267
FSP-268
FSP-269
FSP-270
FSP-271
FSP-272
FSP-273
FSP-274
FSP-275
FSP-276
FSP-277
FSP-278
FSP-279
FSP-280
FSP-281
FSP-282
FSP-283
FSP-284
FSP-285

66
84
112
67
79
37
42
36
53
48
50
116
90

102
120
84
42
59
66
31
41
52
56
46
49
78
61
91
64
59
57
62
44
85
35

::
29
39
54
39
69”
56
49
42
47
47
55
37
95
57
37

5.4
5.7
5.5
5.2
5.7
5

4.8
4*7
5.2
4.8
4.6
5.7
5*4
4.7
4.9
4.4
4.6
5.2
5.3
4.6
4.4
5.2
5.1
4.8
5.2
4.5
5.1
5.4
!5.4
4.9
4.9
4*4
4.8
4

3.8
3.7
4.1
4

3.5
3.2
3.1
3

3.1
4.6
3.9
4.1
4

4.5
4*3
4.9
4.2
4.9

16 8“03/29/89
16 10 03/29/89
16 8 03/29/89
16 11 03/30/89
16 12 03/30/89
17 6 03/30/89

4 03/30/89
:: 8 03)30/89
17 2 03/30/89
16 8 03/30/89
16 6 03/30/89
17 7 03/30/89
17 4 03/30/89
17 5 03/30/89
17 10 03/30/89
16 8 03/30/89
16 9 03/30/89
17 4 03/30/89
16 5 03/30/89
16 5 03/30/89
16 12 03/30/89
16 4 03/30/89
16 6 03/30/89
16 4 03/30/89
17 8 03/30/89
17 3 03/30/89
17 9 03/30/89
16 2 03/31/89
17 8 03/31/89
17 6 03/31/89
17 4 03/31/89
17 8 03/31/89
17 2 03/31/89
14 2 04/11/89
13 3 04/lZ/89
13 6 04/11/89
13 4 04/11/89
13 surface 04/11/89
13 5 04/11/89
13 surface 04/11/89
13 8 04/11/89
13 10 04/11/89
13 8 04/11/89
13 7 04/12/89
13 surface 04/12/89
13 9 04/12/89
13 surface 04/12/89
14 3 04/12/89
14 6 04/12/89
14 7.04/12/89
14 8 04/12/89
14 surface 04/12/89

....
,.

; .,,...... :.. ...;.,... .,



FSP-286
FSP-287
FSP-288
FSP-289
FSP-290
FSP-291
FSP-292
FSP-293
FSP-294
FSP-295
FSP-296
FSP-297
FSP-298
FSP-299
FSP-300
FSP-301
FSP-302
FSP-303
FSP-304
FSP-305
FSP-306
FSP-307
FSP-308
FSP-309

24
22
83
53
4’9
24
24
36
49
56
18
44
46
44
37
34
29
94
52
41
23
29
33
36

.,.._-— ....

Appendix C wSRC-Rp-90-O591

4*1
4.4
3.6
3.7
3.6
4.2

:::
4.1
4

4.5
5.2
4.4
4.2
4.3
4.6
4.5
5.4
4.4
4.5
4.2
4.1
4.6
4

14 6 Q4/12/89
14 3 04/12/89
13 5 04/13/89
13 4 04/13/89
13 4 04/13/89
13 . 5 04/13/89
13 8 04/13/89
13 9 04/13/89
13 4 04/13/89
13 6 04/13/89
14 surface 04/13/89
14 7 04/13/89
14 surface 04/13/89
14 3 04/13/89
14 4 04/13/89
14 8 04/13/89
14 surface 04/13/89
14 surface 04/13/89
14 4 04/13/89
14 1 04/13/89
14 1,04/13/89
14 5 04/13/89
14 3 04/13/89
14 4 04/13/89

,.,.,,:.’:,.. ...... ..
., ..”
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APPENDIX E ‘

“62!)‘\ Explora~ion Resmrces...,. “) 425 North Lumpkin Sweet, Athens, Georgia 30601
.“.,

-.

To: Carol Cummins, SRS
Dan Rogers,SRS.

From:LisaVogel_~\}~’
Re:DrinkingWaterS~andards
Date:January23, 1990

1 havecompiledthedrinkingwaterstandardsfor the
proposedstandardsfor radioriuclidesin 1986and for
lvtesin May of 1989. Neither the 1986 nor the 1989

Annual Report. The EPA
some miscellaneous arta-
proposals have been.

accepted. tiehave decided to use all the established-standards we have and to
use proposed standards for any analytes that do not have established stand-
ards. Please let me know whether or notyou agree. withthisdecision.Once1
have received approval, I will be able to complete the Drinking Water Stand-
ards table in just a day or so.

CFR, 1986 gives a maximum contaminant level for turbidity, This level is
applicable only to drinking water systems that use surface water”;therefore,
we have decided to omit turbidity from our list

The maximum contaminant level forcesium-134in
mistake.Therefore,we havedecided to use the
for cesium-134.

The following table compares the proposals with

Analvte .

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Nitrate (as N)
Selenium
Silver
Gross alpha
Tritium
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
Silvex
Chloroform*
Fluoride

Established
Standard

0.05 mg/L
1 mg/L
0.01mg/L
0.05 mg/L
0.05 mg/L
0.002 mgjL
10 mg/L
0.01 mg/L
0.05 mg/L
15 pCi/L
20 pCi/mL
0.0002 mg/L
0.004 nig/L
0.1 mg/L
0.005 mg/L
0.1 mg/L
0.01 mg/L
0.1 mg/L
4 mg/L

Source

of drinking water standards.

EPA, 1977, appears to be a
proposed level from EPA, 1986,

the established standards.

CFR, 1987
CFR, 1987
CFR, 1987
CFR, 1987
CFR, 1987
‘CFR, 1987
CFR, 1987
CFR, 1987
CFR, 1987
CFR, 1987
CFR, 1987
cm, 1987
CFR, 1987
CFR, 1987
CFR, 1987
CF’R,1987
CFR, 1987
CFR, 1987
CFR, 1986

Proposed
~tandard

5 mg/L
0.005 mg/L
0.1 mg/L

0.05 mg/L
-

15 pCi/L
90 pCi/mL
-

0.0002 mg/L
0.4 mg/L

0.07 mg/L
0.05 mg/L

(404)353-7983” (404 )35?-8085” (4(-)4)353-0716

.. .,......,.. , ... ..’”

Source

EPA, 1989
EPA, 1989
EPA, 1989

-

EPA, 1989

EPA, 1986
EPA, 1986

EPA, 1989
EPA, 1989
.

EPA, 1989
EPA, 1989
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,. ‘,. Analvte-.

1,4-Dichlorobenzene
(p-Dichlorobenzene)

Benzene
Carbon tetrach”loride
1,2-Dichloroethane
Trichloroethene
Vinyl chloride

(Chloroethene)
1,1-Dichloroethene
1,1,1-Trichloroethane
Beryllium-7
Carbon-14
Chromium-51
Manganese-54
Iron-55
Iron-59
Cobalt-58
Cobalt-60
Nickel-59
I?ickel-63
Zinc-65
Strontium-89
Strontium-90
Zirconium-95
Technetium-99
Ruthenium-103
Ruthenium-106 ,
Antimony-125
Iodine-129
Iodine-131
Cesium-134
Cesium-137
Barium-140
Radium-226
Radium-228
Radium-226+228
Nitrite (as N)
Chlordane
Dibromochloropropane
cis-l,2-Dichloro-

ethene
trans-1,2-Dichloro-
ethene

1,2-Dichloropropane
Ethylbenzene
Heptachlor
Heptachlor epoxide
PCB‘S

Pentachlorophenol
Styrene
Tetrachloroethene

;,: .... . . . .,.’
..e .,

Established
Standard

0.075 mg/L

0.005 ing/L
0.005 mg/L
0.005 mg/L
0.005 mg/L
0.002 mg/L

“0.007 mg/L
0.2 mg/L
6,000 pCi/L
2,000 pci/L
6,000 pCi/L
300 pci/L
2,000 pCi/L
200 pci\L
9,000 pCi/L
100 PCi/L
300 pCi/L
50 pci/L
300 pCi/L
20 pCi./L**
6 pCi/L
200pCi\L
900pCi/L
200PCi/L
30”pci/L
300pCi/L
1 pCi/L
3 pCi/L
20,000 pCi/L
200 pCi/L
90 pCi/L

.
5 PCi/L

.

.

.

.

,.,

...

.sOtlrc.q

EPA, 1987

EPA, 1987
EPA, 1987
EPA, 1987
EPA, 1987
EPA, 1987

EPA, 1987
EPA, 1987
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA’,1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
EPA, 1977
.
.
CPR, 1987
.

.

.

.

.

.

.

.

2

,/..... ..-.....

Proposed
standard

.

.

100,000 pCi/L
3,000 pCi/L
80,000 pCi/L
3,000 pCi/L
10,000 pCi/L
1,000 pCi/L
2,000 pCi/L
200 pCi/L
30,000 pCi\L
10,000 pCi/L
400 pCi/1,
900 pCi/L
50pCi/L
3,000 pci/L
5,000 pCi\L
4,000 pCi/L
300 pCi/L
4,000 pCi/L
100 pCi\L
700 pCi/L,
80 pCi/L
100 pGi/L
1,000 pCi/L
4 pCi/L
8 pCi/L
.
0.001 mg/L
0.002 mg/L’
0,0002 mg/L
0.07 mg/L

0.1 mg/L

0.005 mg~L
0.7 rng/L
0.0004 rng/L
0.0002 mg/L
0.0005 mg/L
0,2 mg/L
0.005 mg/L
0.005 mg/L

.- ,.

Source

EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, L986
EPA, 1986”
EPA, 1986
“EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986 .
EPA, 1986
EPA, 1986
EPA, 1986
EPA, 1986

EPA, 1989
EPA, 1989 .::.
El?A,1989
EPA, 1989

EPA, 1989

EPA. 1989
EPA, 1989
EPA> 1989
EPA, 1989
EPA, 1989
EPA, 1989
EPA, 1989
EPA, 1989
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.,.
T.oluenc

XyLenes

.*

Established
S~andarct Source

N&voiiitile beta
Potassium-40
Tin-113
Uranium-234
Uranium-235 .

Uranium-238 .

Americium-241

Proposed
St~ndard

2 “mg/L
10 mg/L
50 pCi./L
300pCi/L
4,000pCi/L
28 pCi/L
28 pCi/L
28 pCi/L
4 pCi/L

Source

EPA,
EPA,
EPA,
EPA,
EPA,
EPA,
EPA,
EPA,
EPA,

L989

L989
1986
1986
1986
1986
1986
1986
i986

* The level for m~al triha~o~ethanes~S set at 0.1 mg/L. Because bromated
methanes are rarely detected in SRS groundwater, EHF presumes chat most of
the trihalomethanes present in plant water are chloroform.

** ~is iS the lower of two levels given

sources:

CFR

CFR

EPA

EPA

EPA

EPA

(Code of Federal Regulations), 1986.

for strontium-89.

“National Primary Drinking Water
Regulations,“ 40 CFR, Part 141, pp. 521-568,Washington,DC. -

(Code of Federal Regulations), 1987. ItNationalprimary Drinking Water

Regulations ,“ 40 CFR, Part 141, pp. 526-575,Washington, DC,

(U.S. Environmentalpro~eetionAgency),1977. NaCionalInterim Primary
Drinking Water Regulations, EPA-570/9-76-O03, Washington, DC.

(U.S. Environmental protection Agency), 1986. “Water Pollution Control;
National Primary D<inking Water Regula~ions,Radionuclides{Proposed),”
Federal Register, September 30, 1986, pp. 34836-34862, Washington, DC.

(U.S. Environmental protection Agency), 1987. “National Primary Drinking
Water Regulations; Synthetic Organic Chemicals; “Monitoringfor Unregulated

Contaminants,“ Federal Register, July”8, 1987,pp. 25690-25717,Washing-
ton,DC.

(U.S, Environmental protection ’Agency),1989. “National Primary and
Secondary Drinking Water Regulations (Proposed Rule),” Federal Regiseer,
May 22, 1989, pp. 22062-22160,Washington,DC.
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