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15.0 GROUNDWATER QUALITY 

addresses the groundwater quality of the glacial overburden perched zones and the 
Aquifer. The objective of this section is to determine which, if any, chemical 

ected in groundwater can be related to FMPC activities. This is accomplished 
e statistical analysis of FMPC groundwater chemistry data. 

_ _ _ ~  _____ 

lion begins with a review of the hydrogeological features of the FMPC area that are critical 
IO the evaluation of groundwater quality. Background water quality is established and the 
methodology for th oundwater quality data is developed. Finally, a detailed 
discussion of the re oundwater quality analysis is presented. 

Groundwater quali 
presented in Appen 
March 1988 through August 1989. Also included in Appendix E are groundwater quality data 
collected from June 1989 through Jan 

during RIPS sampling and discussed in this section are 
data were collected during RIPS sampling from the period 

of the ongoing RCRA compliance program. 

Due to the low percentage of detected o 
data was not performed. To supplement 
of RCRA sampling for organic compo 
from August 1985 through December 1987 and from June 1989 through January 1990. Also, to 

ounds, statistical analysis of organiccompound 
ling results for organic compounds, the results 

esented. The RCRA data were collected 

supplement limited RI/FS and RCRA data for aluminum, vanadium and zinc, groundwater 
concentrations of lhese metals are compared with background data from the Air, Soil, Water, and 
Health Risk Assessment Report in the vicinity of the FMPC 

FMPC and vicinity. Groundwater flow directions must be 
relationship between upgradient water quality, contaminant sources, and downgradient water quality. 
Regional hydrogeology is discussed in detail in Section 12.0. What follows in 
discussion of hydrogeologic features that are critical to the analysis of groundw 

in order to examine the 

15.1.1 Glacial Overburden 
As discussed in Section 12.2, perched groundwater zones are isolat 
vicinity of the FMPC reservation. Thus,.by the nature of the perched zones in the glacial 
overburden, groundwater defied as upgradient under the strictest interpretation may not exist to 

~ _ _ _ -  
~ ~ 

the '0 
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establish background water quality. Nevertheless, wells that are considered to be representative of 
typical water quality for perched groundwater have been selected as background wells. These are 

ami Aquifer converge in the vicinity of the FMPC reservation. 
2, groundwater in the Dry Fork Section of the New Haven 

' Trough generally flows from west to east. Groundwater in the Shandon Tributary to the New 
_______ _- - 

Haven Trough generally flows to the southeast, and groundwater in the Ross Section of the New 
Haven Trough ge 
located in the so 
Shandon Tributary 
conditions; there along the divide. 

the southwest. Figures 15-1 and 15-2 show that a flow divide is 
the FMPC and separates Dry Fork Section groundwater from 

e location of the divide fluctuates, depending on flow 

Groundwater from the Ross Section does not enter the FMPC. A flow divide separating the Ross 
Section groundwater from Shandon 
Figures 15-1 and 15-2. This divide is i 
and near the "big bend" in the Great 

ater is located east of the FMPC, as shown in 
y pumping of the collector wells located within 

The two groundwater flow divides that three flow systems were delineated using the 
FMFT RI/FS groundwater flow model and the pmcle tracking program, STLINE. A sensitivity 
analysis using a range of groundwater flow conditions showed that the location of the flow divides 
could fluctuate for average precipitation conditions up to 750 feet on either side of the divides 
shown in Figures 15-1 and 15-2. 

Due to the hydrogeological configuration in the vicinity of 
the analysis of water quality based on where they are locat 
divides shown in Figures 15-1 and 15-2. 

ells are grouped prior to 
t to the groundwater flow 

15.2 BACKGROUND CONDITIONS 

This section describes background groundwater quality and the rationale for gr und 
wells based on groundwater flow. 

. . . . . . . . . 

.~.. _ _ - ~ _ _ _ ~ _ ~ ~ ~ _ _  ~ - _ _ ~ _ _ _ - .  ~~ __ __~-- 
13~2~1-BackWoiEd -Well-SelC&on 

Background wells were selected to establish upgradient groundwater quality that is not.influenced 0 
by operations at the FMPC. Wells designated as background were sampled from the second quarter 

uoa004 
mrpwlrs.1 -2/l2-17-90 15-2 
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1988 through the first quarter 1989 as part of the RI and some were sampled from June 1989 

through January 1990 as part of the ongoing RCRA compliance program. Thus, the average values 

h i s  section are based on at least four quarterly samples from each well. 

059, 1060, and 1065 are designated as background wells for glacial overburden 
because they are located in areas that are not likely to have been impacted _____ by FMPC 

6-2 for locations). Due to the isolated nature of perched groundwater 
zones in the glacial overburden (Section 12.2), these wells are not truly upgradient wells. However, 
it is assumed that 
groundwater quality 

r chemistry data from these wells is representative of typical 
rburden not affected by FMPC releases. 

15.2.1.2 

As discussed in S 
Miami Aquifer is distinctly different from that of the other flow systems. Because of the 
heterogeneity of upgradient groundwater chemistry, it is not possible to derive a single 
representative background water chemis reat Miami Aquifer groundwater. Thus, the 
background wells are divided into Ross, 
analysis of groundwater quality proceeds 

chemistry of groundwater from each flow system in the Great 

0 and Shandon background groups before the 

Wells 2026, 2121, 2122, 3063, 3099, 
from the Ross Section of the Great Miami Aquifer. These wells, which are referred to as Ross 
background wells, are located upgradient of the FMPC an Figures 15-1 and 15-2. 

ignated as background wells for groundwater 

All of these wells are private wells and may be used for supply - 

Wells 2036, 2057, and 2123 are designated as background w 
Section of the Great Miami Aquifer. These wells, which 
wells, are located upgradient of the FMPC and are shown 
private wells, and probably are used for drinking water supply. Note that Wells 2096, 3096, 4096, 
and 2104 also appear to be upgradient of the FMPC. Well 4096 is located a 
and 3096. However, as discussed in Section 12.5.2, a seasonal groundwater m 
beneath Paddys Run during periods of high precipitation. While the mound 
may flow toward the west, and potentially carry contaminated water toward 

- _- 4096 ,- and-2 1 04. -'e -mounding-is-a- transien t -effec t ;-but ;because-the3W@ii tiEdiTiif 

undwater from the Dry Fork 
as Dry Fork background 
. These wells are also 

not fully understood, these wells are not designated as background. 
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Shandon Tributary 

5 6 0 6  
b 

FMPC-oO04-2 
Decanber 17. 1990 

2066, and 2105 are designated as background wells for groundwater from the 
of the Great Miami Aquifer. These wells, which are referred to as Shandon 

wells, are located upgradient of the FMPC and are shown in Figure 15-1. Well 2066 
g well installed during the RI/FS program. The other wells are private wells, and all 

2050 is a water supply well for a light 
3066 is not included in the Shandon background well group. The groundwater 

pared with that of samples from other 
don background wells. A portion of the groundwater sampled at Well 3066 may flow through 

bedrock and acquire the anomalous chemical characteristics. Allernatively, the chemistry may be 
influenced by the ge of clay minerals in the Shandon Tributary, relative to the rest 

Groundwater from 
total dissolved solids (TDS) generally range from 500 to 700 milligrams per liter (mg/L). In 

general, calcium is the dominant cationic c nt, and bicarbonate is the dominant anionic 
constituent. Generally, background ground saturated with respect to calcium carbonate. 

the Great Miami Aquifer is classified as fresh water since 

15.2.2.1 Glacial Overburden 
Table 15-1 lists radionuclide, metal, an 
samples from glacial overburden bac 
greater compared with groundwater from the Great Miami Aquifer. This is most likely due to the 
diverse mineralogy of glacial overburden materials and the interreaction between these materials and 
groundwater. Calcium, followed by magnesium, sodium, pol 
metals found in glacial overburden groundwater. Trace conc 
also observed. Bicarbonate, followed by sulfate and chlorid 
Nitrate and ammonia concentrations are low in glacial overb 
overburden groundwater is neutral; the average pH is 7.2. The average TDS concentration is 
665 mg/L. 

concentrations observed in groundwater 
concentration range of most constituents is 

iron, are the dominant 
several other metals are 

ant anionic constituents. 
groundwater. The pH of glacial 

Some radionuclides are shown to be naturally present at detectable, but low act 
In particular, radium, thorium, and uranium were observed at detectable levels. 

- ___ ~ __ -__- - 15;2.2.2--Great-Miami-A der---- ----- -__- -- -- -- 

Ross and Dry Fork Secti:n groundwater chemistries are similar; however, Shandon Tributary 
groundwater chemistry is quite different from that of the other parts of the aquifer. The 

o(~CC88 
Prr~W/rS.l-2/12-17-90 15-6 
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TABLE 15-1 
GROUNDWATER QUALITY, GLACIAL OVERBURDEN BACKGROUND WELLS 

GLACIAL OVERBURDEN BACKGROUND 

Radionuclides (~ci/Ll 

CS- 137 

PU-238 
PU-239/240 

Np237 

Ra-226 
Ra-228 
RU- 106 

20 u 
1 u  
1 u  
1 u  
1 u  
3.2 

150 u 
Sr-90 
TC-99 
Th-228 
Th-230 
Th-232 
Th-Totalb 
u-234 
U-235/236 
U-238 
U-Totalb 

20 u 
1 u  
1 u  
1 u  
1 u  
3 u  

150 u 

- 20 u 
- 1 u  

1 u  
1 u  

- 1 u  
5.2 

- 150 u 
5 u  - 5 u  - 5 u  

30 U - 30 U - 30 U 
0.2 1 u  - 1.6 
0.3 1 u  - 2 
- 1 u  - 1 u  
- 13 U - 13 U 
0.3 1 u  - 1.9 
- 1 u  - 1 u  
0.1 1 u  - 1.5 

1.6 1.2 1 u  - 5.3 

0.12 
0.002 
0.069 
0.003 

0.023 
0.016 
0.689 
0.003 

34.28 
0.044 
0.22 
0.02 u 
0.02 
8.90 
0.002 u -- - 

96.38 

0. 
0. 
0. 
0 

17 
0. 
0. 
1.345 
0.001 
9.39 
0.038 
0.06 

0.00 
9.07 

- 

_ _  _ _  - - 

0.1206 
0.002 u 
0.05 u 
0.002 u 
0.02 u 
0.01 u 
0.005. 
0.002 u 

74.4 

20.4 

- 0.123 
- 0.003 
- 0.1 12 
- 0.007 
- 130 - 0.0345 
- 0.044 
- 4.9 
- 0.006 
- 47.8 

. . . . . . . 

0.1 
0.4 
0.02 u 
0.026 

31.5 --o.002-u-~ ~-~ - 

See footnotes at end of table. 
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TABLE 15-1 
(continued) 

GLACIAL, OVERBURDEN BACKGROUND 

Standard Rangea 
Deviationa - 

.................. - 

Metals (Continued) 

0.015 0.013 0.01 u - 0.052 

0.02 0.00 0.018 - 0.0 195 
0.04 0.01 0.0317 - 0.042 

21.33 16.80 5.71 - 56.3 

........ 

Ammonia as N 
Chloride 
Conductancec 
Fluoride 
Nitrate as N 
Total phosphorus 
Sulfate 
Total organic halide 
Aucalinity as HC03 
PH 
Total dissolved solidsd 

0.18 0.17 
12.19 12.20 

0.34 
0.07 
0.04 

49.52 
0.01 

49.7 

157.6 

- 
663.40 76.35 

0.1 u 
1.4 

0.22 
0.1 u 
0.05 U 
3.24 
0.05 U 

334 
7 

441.35 

470 

0.58 
35.7 

1.3 
0.3 
0.18 

175 
0.067 

501.1 
7.4 

986.89 

975 

%utliers and inconsistent MDLs are excluded. Nonde ual to the MDLs and 
included in the calculation of averages and standard 

U = below the MDL shown. 

bIn UgL. 

‘In umhos/cm. 

dTDS is calculated based on following assumptions: 
............ 

The mass contributed by radionuclides is negligible. 
Phosphorus is present as phosphate. 

___ 

15-8 



December 17. 1990 0 . background groundwater chemistry of each section of the Great Miami Aquifer is discussed 
separately below. 

dionuclide, metal, and general chemical concentrations observed in groundwater 
Ross background wells. Since both 2000 and 3000 Series wells are present in the 

area, Ross background water - quality -- data arexeparated in Table 15-2 into Ross 
000 Series wells and Ross background from 2000 and 3000 Series wells. 

Calcium, followed by magnesium, sodium, and potassium, are the dominant metals found in Ross 
groundwater. Trac * s of many other metals were also detected. Bicarbonate, followed 
by sulfate, chlorid 
groundwater is neu 

e the dominant anionic constituents. The pH of Ross 
e pH is 7.1. The average TDS concentration is 544 mg/L. 

Low activity conc 
and thorium-230 were detected in Ross background groundwater. Low concentrations of total 
uranium were also detected. These radionuclides are naturally occurring, but their presence may 
also be due to contaminant sources upgra 
arsenic concentration, 0.106 mg/L, calcula 
arsenic concentrations of other backgro er. Background concentrations for aluminum, 
vanadium, and zinc for the Ross secti 
absence of data. 

um-226 (Ra-226), radium-228 (Ra-228). thorium-228 (Th-230), 

e Ross area. For unknown reasons, the average 
oss groundwater is high relative to the average 

. ould not be established because of the 

Dry Fork Section 
Table 15-3 lists the average and range of radionuclide, metal 
observed in groundwater samples from Dry Fork background 
magnesium, sodium, and potassium, are the dominant metals 
Trace concentrations of several other metals were also obse 
chloride, and nitrate, are dominant anionic constituents. 
neutral; the average pH is 7.2. Dry Fork background groundwater generally contains less dissolved 
solids than other background groundwaters; the average TDS concentration is 5 

chemical concentrations 
cium, followed by 

Fork groundwater. 
Bicarbonate, followed by sulfate, 

k groundwater is 

Other than a one-time, low-level detec 
in groundwater samples from Dry Fork background wells. Data from the IT ( 
used to establish background concentrat 

- _ _ _ ~  _ _  - -  0 groundwater. 

15-9 
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TABLE 15-2 

GROUNDWATER QUALITY, GREAT MIAMI AQUIFER 
ROSS BACKGROUND WELLS 

GREAT MIAMI AQUIFER ROSS BACKGROUND 
(2000 AND 3000 SERIES WELLS) 

Parameter Averagea Standard 
Deviationa 

Rangea 

Radionuclides (Dci/L) 
CS- 137 
Np-237 
Pu-238 
h-2391240 . . . . . . . . 

Ra-226 
Ra-228 

Sr-90 
RU- 106 

@:E8 
Th-230 
Th-232 
Th-Totalb 
u-234 
U-235/236 
U-238 
U-Totalb 

Metals (rndL) 

AIC 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 
Mg 

1 .o 
3.1 

150 U 

1 u  
1 u  
1 .o 

-- 
0.106 
0.05 1 
0.005 

0.02 1 
0.047 
0.028 
0.002 

26.00 
0.004 
0.2 1 

92.48 

- 
- 
- 
- 
0.0 
0.4 - 
- 
- 
0.0 
0.2 - 
- 
- 
- 
- 
0.2 

. .  

-- 
0. 
0. 
0.001 
8.51 
0.003 
0.052 
0.039 
0.001 
5.43 
0.004 
0.04 

e 

20 u - 
1 u  - 
1 u  - 
1 u  - 
1 u  - 
3 u  - 

150 u - 
5 u  - 

30 U - 
1 u  
1 u  - 
1 u  - 
1 u  - 
1 u  - 
1 u  
1 u  

13 U 

_ _  
0.002u - 
0.035 - 
0.005 U - 

70.2 - 
0.02 u - 

20 u 
1 u  
1 u  
1 u  
1.1 
4.5 

150 u 
5 u  

30 U 
1.2 
1.7 
1 u  

13 U 
1 u  
1 u  
1 u  
2.0 

-- 
0.55 
0.073 
0.01 

0.03 
110 

0.01 u - 0.176 

. . . . . . . . . 

See footnotes at end of table. 

prrlowlrs.1 -vi 2-17-90 15-10 
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TABLE 15-2 
(continued) 

GREAT MIAMI AQUIFER ROSS BACKGROUND 
(2OOo AND 3000 SERLES WELLS) 

Metals (Continued) 
Mo 
Ni 
K 
Se . 
Ag 
Na 
VC 
znc 

Ammonia as N 
Chloride 
Conductance 
Fluoride 
Nitrate as N 
Total Phosphorus 
Sulfate 
Total Organic H L , ~  
Alkalinity as HC03 
PH 
Total Dissolved Solidse 

0.02 
0.02 
2.62 
0.002 
0.01 1 

15.25 

U 

4.11 
0.05 

47.05 
0.05 U 

312.6 
7.1 

544.25 

0.02 
0.00 
0.03 

0.005 
3.96 

- 

0.03 
12.20 

0.06 
3.78 
0.00 

18.15 

109.1 

0.02 u 
0.02 u 
2.07 
0.002 u 
0.01 u 
9.4 1 -- 
-- 

0.1 u 
7 

400 
0.18 
0.28 
0.05 U 
3.08 
0.05 U 

236.8 
6.64 

347.44 

0.092 
0.024 
3.28 
0.002 u 
0.033 

26.7 
-- 
-- 

0.2 
49.5 

800 
0.365 

0.065 

0.05 u 
363.55 

7.7 
714.95 

12.4 

72 

See foomotes at end of table. 

rn/GW/rs.I -2/12-17-90 15-1 1 
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TABLE 15-2 
(continued) 

GREAT MIAMI AQUIFER ROSS BACKGROUND 
(2000 SERIES WELLS) 

Radionuclides (pCi/L) 

CS- 137 
Np-237 
Pu-238 
Pu-239/240 
Ra-226 
Ra-228 
Ru- 106 

TC-99 
Th-228 

Sr-90 

OR:;;; 
Th-Totalb 
u-234 
U-235/236 
U-238 
U-Totalb 

Metals Cm&) 

Alc 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 
Mg 

Mo 
Ni 
K 

20 u 
1 u  
1 u  
1 u  
1 .o 
3.1 

150 u 
5 u  

30 
1 
1. 
1 

13 
1 
1 
1 
1.1 

- 

0.143 
0.047 
0.005 u 

87.04 
0.02 
0.050 
0.01 1 
0.002 u 
0.002 
0.2 u 
0.02 
0.02 u 
0.002 u 

22.95 

2.67-  -~ -- 

- 
- 
- 
0.0 
0.4 - 
- 
- 
- 
0.2 - 
- 
- 
- 
- 
0.3 

- 
0. 
0. 

7. 

0.063 
0.015 

5.92 
0.001 

0.01 

-0.32 

- 

- 

- 

- 

- 
- 

20 u 
1 u  
1 u  
1 u  
1 u  
3 u  

150 u 
5 u  

30 U 
1 u  
1 u  
1 u  

13 U 
1 u  
1 u  
1 u  
1 u  

0.002 u 
0.035 
0.005 U 

0.02 u 
0.01 u 
0.005 u 
0.002 u 

70.2 

- 20 u 
- 1 u  
- 1 u  
- 1 u  

1.1 - 4.5 
- 150 u 
- 5 u  
- 30 U 
- 1 u  
- 1.7 ' 

- 1 u  
- 13 U 
- 1 u  
- 1 u  
- 1 u  
- 2.0 

- 
- 0.55 
- 0.073 
- 0.005 U 
- 95.2 

0.02 
- 0.176 
- 0.05 
- 0.002 u 

1 33 
0.003 . . . . . . . . 

0. - 0.2 u 
0. 0.04 
0. - 0.02 u 
0. 

-2. ----3.01---- 
- 

. . . . . . . 0.002 u 

See fosmotes at end of table. 
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TABLE 15-2 
(continued) 

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

(2000 SERIES WELLS) 

Metals (Continued) ... 

Ag 0.012 
Na 16.20 
V -- 
zn -- 

General Chemistry ( m a )  

Ammonia as N 
Chloride e;:::=d 
Nitrate as N 
Total Phosphorus 
Sulfate 
Total Organic Halide 
Alkalinity as HC03 

Total Dissolved Solidse 
PH 

0.007 0.01 u - 0.033 
5.79 9.41 - 26.9 -- -- -- 

0.11 0.03 
13.02 

116.95 
0.06 
3.46 
0.00 

17.13 

294.7 37.2 
7.1 - 

505.18 47.03 

0.1 u - 
7 - 

400 - 
0.2 
0.4 - 
0.05 U - 
3.08 - 
0.05 U - 

236.8 - 
7 

348.00 - 

Outliers and inconsistent MDLs are excluded. Nondetects are set 
included in the calculation of averages and standard deviations (Sec 

U = below the MDL shown. 

a 

u a .  

k o s s  background wells have not been analyzed for aluminum, vanadium, and zinc. 

$n umhos/cm. 

0.2 
45.15 

0.35 
8.4 
0.055 

58 
0.05 U 

343.2 
7.7 

643.45 

800 

. . . . . .  ........ ......... ........ ......... ........ ........... .......... ........... ..... ........ 
- @SA- cald&t&%bed. .onfollo-~g-ssumptions:-- ~ ~ . ................ ......... ~ _ _  ______ __ - 

The mass contributed by radionuclides is negligible. 
Phosphorus is present as phosphate. 

......... ................. ................ 
......... ................ ........... 
........ ......... ....... ......... ........ 
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TABLE 15-3 

GROUNDWATER QUALITY, GREAT MIAMI AQUIFER, 
DRY FORK BACKGROUND WELLS 

GREAT MIAMI AQUIFER DRY FORK BACKGROUND 

Parameter Averagea Standard Rangea 
Deviationa 

Radionuclides (~ci/L) 

CS- 137 
Np-237 
h-238 
h-239/240 
Ra-226 
Ra-228 

Sr-90 
Ru-106 

Th-232 
Th-Totalb 
u-234 
U-235/236 
U-238 
U-Totalb 

Metals ( m a )  

AI 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 

20 u 
1 u  
1 u  
1 u  
1 u  

20 u - 20 u 
1 u  - 1 u  
1 u  1 u  
1 u  - 1 u  
1 u  - 1 u  

3 u  - 3 u  
159 U - 159 U 

- 5 u  
- 30 U 
- 1 u  
0.3 1 u  - 1 u  
- 13 U 
- 1 u  

1 u  - 1 u  
1 u  - 1 u  
1 u  - 1 u  

- 3 u  
- 159 U 
- 5 . u  
- 30 U - 1 u  
- 2.1 
- 1 u  
- 13 U 
- 1 u  
- 1 u  
- 1 u  
- 1 u  

0.1 u 
0.002 
0.038 
0.005 U 

0.021 
0.016 
0.015 
0.002 

0.201 
0.2 u 
0.02 u 
1.28 

89.10 

23.20 

-- -0.02-u------ ______- -  

- 
0. 
0. - 
5.43 
0.003 
0.008 
0.009 
0.001 
1.71 
0.237 

- 
0.24 

0.1 u - 0.1 u 
0.002 u - 0.004 
0.034 - 0.045 
0.005 U - 0.005 U 

0.02 u - 0.03 
0.01 u - 0.033 

81.7 - 99.4 

0.03 
0.004 

- 26.2 
- 0.48 
- 0.2 u 

~ . -o;02-u-- -__ 

- 0.02 u 
- 

1 u  - 1.7 

See footnotes at end of table. 
F'lTKW~.l-ZnZ-17-90 15-14 COOOaG 
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TABLE 15-3 
(continued) 

GREAT MIAMI AQUIFER DRY FORK BACKGROUND 

-- 

Metals (Continued) 

Se 
Ag 
Na 
V 
zn 

0.002 u 
0.012 
3.23 
0.01 u 
0.17 

- 
0.008 
0.59 

0.002 u - 0.002 u 
0.01 u - 0.034 
1.96 - 3.99 
0.01 u - 0.01 u 
0.17 0.17 

General Chemistry ( m a )  

Ammonia as N 0.03 0.1 u 
4.09 3 

108.2 370 
0.08 0.1 

. E : E m c e c  
Fluoride 
Nitrate as N 4.87 0.1 u 
Total Phosphorus 0.05 0.05 U 
Sulfate 6.80 21 
Total Organic Halide 0.05 U - 0.05 U 
Alkalinity 322.1 24.0 285.2 

7.2 - 7.0 PH 
Total Dissolved Solidsd 499.56 415.85 

Outliers and inconsistent MDLs are excluded. Nondetects are set 
MDLs and included in the calculation of averages and standard d 

a 

11s (Section 15.3.2.2). 

0.2 
13 

750 
0.38 

11.4 
0.195 

39.9 
0.05 U 

344.3 
7.6 

581.23 

U = below the MDL shown 

ug/~. 
C In umhos/cm. 

%S is calculated based on following assumptions: 
- -  --______--_ - _ _  - -~ -~ 

The mass contributed by radionuclides is negligible. 
Phosphorus is present as phosphate. 
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0 While Dry Fork background chemistry is very similar to Ross background chemistry, concentrations 
of sodium, chloride, sulfate, and TDS appear to be slightly higher in Ross groundwater. This may 

reater urbanization of the Ross Section of the aquifer relative to the Dry Fork Section. 

IS the average and range of radionuclide, metal, and general chemistry concentrations 
es from Shandon background - wells. Calcium is the dominant metal- 

on groundwater, followed by sodium, magnesium, iron, and potassium. Trace 
concentrations of other metals were also observed. Bicarbonate, followed by chloride, ammonia, 
and sulfate, are do 
average pH is 6.9. 

constituents. The pH of Shandon groundwater is neutral; the 
S concentration is 598 m a .  

Ra-226 and total ur 
Shandon backgro elections were low and inconsistent. Detections of 
Ra-226 were 1.8 and 2 pCi/L from Wells 2050 and 2056, respectively, during second quarter 1988 
sampling. Detections of total uranium oc 
1.85 and 3 ug/L, respectively. Data fro 
concentrations of aluminum, and zinc in 

only radionuclides detected in groundwater samples from 

Wells 2056 and 2066 with concentrations of 

1986) report were used to establish background a 
Calcium and bicarbonate are the domin 
The second most abundant ionic constituents in the Shandon groundwater are sodium and chloride; 
for Ross and Dry Fork groundwater, they are magnesium and sulfate. The barium concentration of 
Shandon groundwater is approximately an order of magnit that of other background 
grokdwaters. It is believed that low sulfate concentrations event the precipitation of 

barite, BaSO,, from controlling barium concentrations in S 

nstituents of all background groundwaters. 

Differences in the geology and the chemical redox state of 
compared with other areas of the aquifer, most likely con 
chemistry differences. The Shandon Tributary portion of the aquifer is mantled by thick deposits of 
undissected glacial overburden (Section 11.5); therefore, surface water Miltratio 
Shandon Tributary groundwater may have lower dissolved oxygen levels; Le., i 

relative to groundwater from other areas. Nifrogen is present in Shandon Tributary 
predominantly in the reduced form as ammonia (NH3), whereas nitrogen is present 

-form as ititfite (NO3) iTgrKidiEatei-froKothiarKs of-theaquifer (Tables1 5i2- 
Reduced iron (Fe+2) concentrations also appear to be higher in Shandon groundwater relative to 
other background groundwaters. 

-~ ____ 

prrxtwlrs.l -VI% 17-90 15-16 
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TABLE 15-4 

GROUNDWATER QUALITY, GREAT MIAMI AQUIFER 
SHANDON BACKGROUND WELLS 

GREAT MIAMI AQUIFER SHANDON BACKGROUND 

_- 
Parameter Averagea Standard 

Deviationa 
Rangea 

Radionuclides (DCi/L) 

CS- 137 
Np-237 

Ra-226 
Ra-228 

Sr-90 

PU-238 
PU-239/240 1 

Ru-106 

Th-230 
Th-232 
Th-Totalb 
u-234 
U-235/236 
U-238 
U-Totalb 

Al 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 

* Mg 

3 ---- 

20 u 
1 u  
1 u  
1 u  
1.1 
3 u  

150 
5 

30 
1. 
1 
1 

13 
1 

U 

1 u  
1 u  
1.2 u 

See foomotes at end of table. 
PrrDWm. 1-211 2- 17-90 

0.1 1 
0.021 
0.638 
0.005 

0.021 
0.01 u 
2.272 
0.001 

0.047 

74.55 

26.06 

0.02 u 

- 
0.3 - 

- 
0.2 

- 
0.5 

O.Oo0 

O.OO0 

0.664 
0.005 
3.54 
0.035 

- 0.20-- 
0.00 

13.69 

- 

15-17 

20 u - 
1 u  - 
1 u  - 
1 u  - 
1 u  
3 u  - 

150 u - 
5 u  - 

30 U - 
1 u  - 
1 u  - 
1 u  - 

13 U - 
1 u  
1 u  
1 u  - 
1 u  

20 u 
1 u  
1 u  
1 u  
2 
3 u  

150 u 
5 u  

30 U 
1.99 
1 u  
1 u  

13 U 
1 u  
1 u  
1 u  
3 

0.1 u - 0.143 
0.004 - 0.042 
0.48 0.8 
0.005 u - 0.006 

0.02 u - 0.03 
30.4 - 89 

0.02 u - 

0.01 u 
3.55 
0.015 

0.113 

0.03 
0.02 u 

31.3 
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TABLE 15-4 
(con t hued) 

GREAT MIAMI AQUIFER SHANDON BACKGROUND 

Standard Rangea 
Deviatiia 

Metals (Continued) 

K 
Se 

Na 
V 
m 

Ag 

1.49 
0.002 
0.010 

41.09 
0.014 
0.03 

U 
0.28 

0.001 
6.83 
0.004 
0.02 

- 
1.13 - 
0.002 u - 
0.01 u - 

28.1 - 
0.01 u - 
0.01 - 

General Chemistry ( m a )  

monia as N 1.14 0.3 
11.80 39.5 

Conductancec 86.11 450 
Fluoride 0.22 0.4 
Nitrate as N - 0.1 u 
Total Phosphorus 0.03 0.05 U 
Sulfate 3.66 3.25 2 u  
Total Organic Halide 0.05 U - 0.05 U 
Alkalinity 387.0 13.8 369.2 
PH 6.9 6 
Total Dissolved Solidsd 603.79 489.87 

Outliers and inconsistent MDLs are excluded. Nondetects are set 
MDLs and included in the calculation of averages and standard deviations (Section 15.3.2.2). 

a 

2 
0.002 u 
0.014 

0.01 67 
0.052 

48 

4.22 
78.9 

850 
1.25 
0.1 
0.18 

13.4 
0.05 U 

416.6 
7.6 

691.77 

U = below the MDL shown. 
..... . 

ufi. 

C In umhos/cm. 

% D S  is calculated ~ ~ based - - on following-issumptions:-- -- -- 

The mass convibuted by radionuclides is negligible. 
Phosphorus is present as phosphate. 

00c0.;:0 
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15.3 GROUNDWATER QUALITY DATA ANALYSIS - METHODOLOGY 
The methodology used to evaluate groundwater quality is presented in this section. The statistical 

ployed to analyze groundwater quality data are also presented. The rationale for 
ngradient wells prior to statistical analysis is addressed. 

he hydrogeologic configuration of the Great Miami Aquifer and-gordwater chemistry 
eities, downgradient 2000 and 3000 Series wells are placed into groups for the purpose of 
- _ _  - - --- 

analyzing downgradient groundwater quality. Each downgradient well group generally receives 
t Miami Aquifer flow system. Throughout this section, wells 
ose that are located hydrologically downgradient of potential referred to as dow 

FMPC contaminant 

The 1000 Series wells are not divided into separate downgradient groups. The groundwater 
chemistry of all 1000 Series wells w 

composite background water chemistry dev 
Section 15.2.1 .l. 

ntially impacted by the FMPC is compared to 
several wells as described in 

15.3.1.2 2000 and 3000 Series Wells 
As discussed in Section 15.1.2, the 
receives groundwater from three distinct flow systems. Each downgradient 2000 Series well was 
placed into one of the three groups--Dry Fork, Shandon, and 
relative to the location of the groundwater flow divides. Do 
placed into the three groups. However, wells located in the 
Fork and Shandon sections may receive groundwater from ei 

conditions. 

i Aquifer in the vicinity of the FMPC 

on the well location 
OOO Series wells were also 

tuation between the Dry 
depending on flow 

15.3.1.3 4000 Series Wells 
Groundwater in the lower part of the Great Miami Aquifer flows from west to east in the vicinity 
of the FMPC. Thus, the lower part of the aquifer receives groundwater from 
Section, and the grouping of downgradient 4000 Series wells prior to statistica 
necessary. 

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

... .  . 
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15.3.2 Statistical Methods 
The statistical methods used in the analysis of FMPC groundwater quality data are from the 

cument "Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities," 
EPA 1989a). Upper tolerance limits are generated using background 
dient groundwater quality data are then compared to these tolerance 

entralion is considered statistically elevated relative to background when it exceeds 

15.3.2.1 Treatment of Data for Statistical Analysis 
Prior to the statistic 
consistent detection 
applied to the back 

groundwater quality, the data set was inspected for outliers and a 
'gned to each chemical constituent. Also, a test of normality was 
uality data. 

Detection Limits 
During RWS and RCRA sampling, minimum detection limits (MDLs) for a given constituent have 
varied from one sampling round to the 
Because data reported as nondetect (ND) 
must have only one m L .  n u s ,  for eac 
to keep modifications of the original 
adjusted using the following procedu 
was omitted from the statistical analysi 
the ND. The true value may be higher than the selected MDL. However, any ND that was less 
than the selected MDL was given a value equal to the select 
Any detections that were lower than the selected MDL were 
and denoted as ND. To maintain consistency, both backgro 
adjusted using this procedure. 

ven varied within a single sampling round. 
ed in the statistical analysis, each constituent 
nt, one MDL was selected in such a manner as 

data set to a minimum, and the data were 
ND that was greater than the selected MDL 
uncertainty about the actual concentration of 

still denoted as ND. 
to the selected MDL 

ngradient data were 

The statistical procedures used in this analysis are dependent on the magnitude of the results more 
so than on whether or not the result is a detected concentration. As such, the modifications made 
to the original data set were generally conservative and did not decrease average concentrations. 
The MDLs used in this analysis are listed in Table M-1 of Appendix M. 

Outliers 
.__-- - . _ ~ -  __--- 

AfXd~t i ca lTes  Ul t - m ~ - ~ e ~ ~ ~ U i e r i f , - f o ~ i v e n  well and a given constituent, Cal 
result detected during one sampling round is very different compared with the analytical results 
observed during other sampling rounds. A suspect result is labeled as an outlier only if it can be 

15-20 806022 
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proven statistically to be an outlier. A student's t-test described by Skoog (1985) was used to 
determine whether an observation was an outlier. For a given well and constituent, a 95 percent 
confidence interval was generated using all data except the result in question. The 95 percent 

... .. 

. . .  
rval is defined as: 

(KZ, X + Z )  

t h e - s a m p l e - m e a n i i K t h i b e ~ f  ~ p l e ~ c l u d i n f i t h e  suspect outliext is a 
published factor based on 95 percent confidence interval and n-1 degrees of freedom, and S is the 
sample standard deviation. The values of fz  and S are calculated as: 

s p d v -  
If the suspect outli interval, it was labeled as an outlier and not used in 

r an average concentration at the given well. 

When a constituent was detected only once 
t-test could not be applied. In this case, 
times greater than the m L  of the 

Test of Normality 
A condition that must be met prior to the construction of tolerance intervals is that background 
water quality data are normally distributed. The coefficient of variation test was applied to 
background water quality data as a check on the hypothesis 
The coefficient of variation, CV, is calculated as: 

three or more sampling events, the student's 
on was considered to be an outlier if it was ten 

are normally distributed. 

C V = S / 3 2  

where S and % are as defined previously. If the CV of a 
indicated that the data axe not normally distributed. For background data, the CV exceeded one 
only for those constituents that are highly dependent on the redox condition of 
e.g., nitrogen species and manganese. Tolerance limits were c o r n -  for 
it is noted in the mts when the CV exceeded one. 

greater than one, it 

- 

0 
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15.3.2.2 Tolerance Limits 
A tolerance interval based on the normal distribution was established for each constituent of 
concern from background water quality data A tolerance coefficient of 95 percent was used to 

ce intervals with 95 percent coverage. This means that 95 percent of the 

would be randomly taken. A minimum number of three observations was required 
d o n  of a tolerance interval, and a sample size of eight or more was considered large 

bservations would be within the tolerance interval at a 95 percent confidence level if 

- 

- establish-an- a d e q u a t e - l i 3 % i i t t i n i i i - ( U X ~ A  1989a). 

Since contaminati 
tolerance limits, w 

sample standard de 

ater is generally indicated by elevated concentrations, upper 
ded tolerance intervals, were generated from the background water 

r tolerance limit (UTL) of a constituent, the mean, x, and the 
alculated from the background groundwater analytical results. 
as 

- 
U T L = X + ( K * S )  

where K is the one-sided normal toleran 

If all observations of a constituent well group were at the MDL, S could not be 
calculated and the UTL for that wnsti be determined. In this case, the UTL was set 
equal to the MDL, and any detection of the constituent in a downgradient groundwater sample that 
was greater than the MDL was considered to be statistically elevated relative to background. 

A two-sided tolerance limit was established for pH based on 
a 2.5 percent e m r  level on each side. A t-distribution was 

rcent confidence interval, with 
ct the tolerance interval 

as: 

- 
where X and S are as previously defined, n is the number of sample observatim 
data, and t is a factor based on the 95 percent confidence interval with n-1 de 
(U.S. EPA 1989a). 

As discussed in Section 15.2.2.2, background water quality data from IT (198 
supplement RIPS and 1989 RCRA background data for aluminum, vanadium, and zinc. Most 

und 
m 

15-22 
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0 groundwater samples were not analyzed for these metals; therefore, inclusion of these data is 
necessary to generate UTLs for the metals. Some of the sampled wells for the Interim Risk 
Assessment were also sampled during the RWS and are shown in Figures 15-1 and 15-2. Wells 

the Interim Risk Assessment that are upgradient of the FMPC and can be 
kground for the Dry Fork background area are Wells State-16 and 12-3, which are 

Wells State-8 and State-10, which are 
and Well H-113 were considered for the ___- - 

. Shandon background area. Well H-113 is located near Well 2050. 

Upper tolerance 
downgradient well 
1000 Series wells o 
data are available t 
downgradient we 15.2.2.2). 

ed for aluminum, vanadium, and zinc only for the Shandon 
tolerance limits for these metaIs could not be determined for the 

downgradient well group due to limited background data. No 
ntrations of aluminum, vanadium, or zinc for the Ross 

Groundwater quality data from each downgradient well were checked for outliers, as described in 
Section 15.3.2.1. For each chemical cons average concentration was calculated in each 
downgradient well after the removal of discussed above, N D s  were set equal to the 
MDL and included in the average. The centration was then compared to the established 
UTL to determine whether the avera 
concentration from a given well exc 
contamination by a particular constituent in groundwater at the given well. Concentrations of the 
constituent observed at the given well were, therefore, term elevated with respect to 
background concentrations. 

xceeded the UTL. If the average 
s was taken as statistical evidence of 

15.3.3 Factors Muencinn Groundwater Quality 
When comparing downgradient to background groundwater 
described, it is being assumed that statistically elevated con 
from the FMPC and associated waste storage units. However, several factors independent of the 

FMPC may also influence groundwater quality. These factors are considered d 
FMPC groundwater quality data so that conclusions reached do not overstate 
FMPC has had on groundwater quality. The non-FMPC factors that can influence 
discussed below. 

using the statistical methods just 
related to contamination 

_ _ _  - 

Almost all background wells are private homeowner or industrial wells, Materials used in the 
construction of these wells may not be consistent with the materials used to construct RI/FS 
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monitoring wells. Due to access restrictions, systems used to pump groundwater from the private 
wells are not consistent with those used to sample RI/FS monitoring wells. Also, some of the 

11 systems include pressure tanks. Groundwater pumped into a tank prior to 
be partially oxidized, affecting the concentration of redox sensitive parameters such 

5.2, surface water from Paddys Run recharges the Great Miami Aquifer. 
From a location near the metal oxide silo to the southern FMPC boundary, Paddys Run has eroded 
though the glacial overburden and flows directly above the Great Miami Aquifer. The water table 
in the aquifer is bel 
infiltration of oxyge 

- 

the stream bed. These conditions are conducive to the 
ter during periods when Paddys Run is flowing. 

Figures 15-3 and 1 

during RI/FS and 1 

the Great Miami Aquifer beneath and east of Paddys Run contains dissolved oxygen concentrations 
exceeding 1.0 mg/L. This dissolved oxyge ution, as well as hydrogeologic data presented in 
Section 12.5.2, strongly indicate that stream is infiltrating into the aquifer. As groundwater 
from the Shandon and Dry Fork Section 
groundwater chemistry of redox sensitiv 
from Paddys Run with groundwater wil 
from the recharge zone. 

rage dissolved oxygen concentration of groundwater measured 
pling of 2000 and 3000 Series wells. Groundwater in an area of 

0 e relatively oxidized region of the aquifer, the 
ill change. Also, mixing of recharge water 
es in groundwater chemistry downgradient 

Certain constituents, such as ammonia, nitrate, phosphorus, and sulfate, are common contaminants in 
rural areas due to agricultural activities and septic systems. 
these constituents are located between the background and do 
concentrations of these constituents observed at some down 
sources that are upgradient from the FMPC. 

that sources of some of 
ells. Statistically elevated 

may actually be due to 

Several industrial facilities are located south of the FMPC, along Paddys Run Road. The Paddys 
Run Road site RWS is currently under way to investigate whether the industrial facilities are 
contributing contamination to the Great Miami River. Contamination would be 
the area under investigation by the FMPC RI/FS. Thus, statistically elevated co 
certain constituents may be related to the industrial facilities, rather than the FMPC. 

- a 
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FIGURE 15-3 
AVERAGE DISSOLVED OXYGEN IN GROUNDWATER 

2000 SERIES WELLS 
SECOND QUARTER 1988 THROUd$@LQm 

FOURTH QUARTER 1989 
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15.4 GROUNDWATER OUALI" DATA ANALYSIS - RESULTS 
The remainder of this chapter presents the results of the FMPC groundwater quality data analysis. 

water quality of perched zones in the glacial overburden is addressed frrst, followed by 
the groundwater quality of the Great Miami Aquifer. Summary sections are 

contains-background and average groundwater concentration tables faordl 
lides, metals, and general chemistry parameters. Tables M-2 through M-5 list the averages 

and UTLs generated for perched groundwater and groundwater from the various background well 
groups of the Great 
of radionuclides, 
Appendix M conta' 
radionuclides, meta 
in the left column 

r. Also presented in these tables are the average concentrations 
ral chemical parameters in groundwater from downgradient wells. 
and average groundwater concentration tables for all 
chemistry parameters. The table format presents the well number 
r each parameter in successive columns to the right. Each 

parameter column is headed by the parameter symbol followed by the concentration units, the 
background average concentration, and 
to each well is the average concentration 

e h i t  for the parameter. Listed adjacent 
arameter for all samples from that well. 

Tables M-6 though M-9 in Appendix 
analysis. 

at were excluded from the statistical 

15.4.1 Glacial Overburden 
As discussed in Section 6.1.2.1, lo00 Series wells are screen 
overlies the Great Miami Aquifer. Since the glacial overb 
over most of the FMPC facility, Ihe Production Area and W 
with this unit. Radiological or chemical spills or leaks can 
groundwater zone through the glacial overburden. 

cial overburden which 
permost geologic deposit 
areas are in direct contact 

ltrate to the perched 

15.4.1.1 Radionuclides 
Uranium 
Uranium is, by far, the most widespread contaminant attributable to the FMPC 

groundwater. Total uranium data are used to evaluate the spatial and temporal 
uranium in glacial overburden groundwater. Extremely variable, but elevated, t 
concentrations are observed in perched groundwater beneath 'the Production and Wa 

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

urden 

-~ ~. ~ _ _ _ _ _ ~ _ ~ _ _ _ _ _  
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0 areas. The UTL for total uranium in perched groundwater is 4.7 ug/L. The uranium concentration 

or perched groundwater samples from most 1000 Series wells exceeded this tolerance lim.it. 

shows the average total uranium concentration of groundwater in loo0 Series wells 
RI/FS and RCRA sampling data collected from the second quarter 1988 to the 

Figures 15-6 and 15-7 show the tolal uranium concentration of perched 1989. 
amples collected from loo0 Series piezometers located in the Production Area and 
art-of-the-RI/FS-Production~d Additional Suspect Areas Program during the period 

1989 to February 1990. Figure 15-8 presents the average total uranium concenlration of 
perched groundwater samples collected from 1000 Series piezometers located in the vicinity of 
Plant 213. In A 

groundwater samp 
s L-1 through L-7 show the total uranium concentration data of 

1000 Series wells during individual sampling rounds. 

When appropriate i 
distribution pat 
samples and waste material are used to determine if specific waste storage units can be identified as 
sources of specific areas of observed groundwater uranium contamination. If it is assumed that the 
U-238/U-234 activity ratio observed in gro er is the same as that of the source material, then 
llie source of uranium in groundwater m ified for those cases w i h  exceptional activity 
ratios. 

g sections, isotopic uranium data are used to examine uranium 
In particular, the U-238/U-234 activity ratios of groundwater 

0 
The isotopic activity of U-238 and its 
since the half-life of U-238 is much longer than the half-life of U-234. Secular equilibrium implies 
that the activity ratio U-238/U-234 is one. However, due to leaching at radiation- 
damaged sites of minerals, the observed U-238/U-234 activi only less than one in 
groundwater that contains uranium from ~ t u r a l  sources. atom present in a mineral 
decays to U-234, radiation from the decay damages the min at the site where the 
uranium atom is present. This uranium atom, which is n is more easily leached 
from the mineral relative to U-238 atoms that are present at undamaged sites. The result is that 

there would be an overabundance of U-234 atoms in solution. 

t U-234 should be in secular equilibrium 

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

~ 

The sources of elevated uranium found in groundwater at the FMPC are not n 
preferential leaching mechanism observed in natural materials would most like 
FMPC uranium sources. Possible FMPC source materials include liquids resulting 
dissolulion of feed materials and leachable solid wastes resulting from FMPC ope 
unique U-238/U-234 activity ratios are therefore possible, particularly for those release .points 

involving depleted uranium. 

~. -____ ~~ 
- _- _ _  - - _ _ _ _ ~  - 
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Production Area 

Statistically elevated total uranium concentrations are observed in perched groundwater samples from 
1000 Series piezometer located in the Production Area. The total uranium 
in perched groundwater samples from the Production Area ranges from 2 to 

A large area where total uranium concentrations are greater than 100 ugL occurs in 
tion Area (Figures 15-7 and 15-8). 

products are situated in the southern 
e Production Area, and spills and leaks of uranium-bearing materials probably occurred in 

this area. Total uranium concentrations greater than 100 ug/L are also observed in groundwater 
samples from piezo 
(Figure 15-6). 

near the scrap metaI pile and the graphite furnace/oil burner area 

Total uranium c 
a large area be 
Soluble uranium forms such as uranyl nitrate and uranium-organic extraction liquids were processed 
in these areas. Spills or leaks of the 
the likely source of the observed uranium 

ter than 1000 ug/L occur in perched groundwater beneath Plant 6, 
Raffinate Area, and the General Sump (Figures 15-7 and 15-8). 

forms from process facilities/equipment are 

Total uranium concentrations greater th 
piezometers located near the pickling 
areas, and the west side of Plant 8 (Fi 

handled in these areas. A total uranium concentration of 696,000 ug/L was detected in groundwater 
from Piezometer 1324, which is located near the southeaste 
sample contained 431,000 ug/L total uranium. The source o 
nearby sump that overflowed. 

occur in perched groundwater samples from 
side of Plant 6, Plant 2/3, and Raffmte 

8). Soluble forms of uranium were 

lant 9. A subsequent 
is considered to be a 

Waste Storage Area 
The Waste Storage Area is the restricted area that contains 
metal oxide silos, the sanitary landfiil, and Lime Sludge ponds (Figure 15-9). Total uranium 
concentrations observed in perched groundwater samples from 10oO Series we1 
Waste Storage Area vary over several orders of magnitude (Figure 15-5). Con 
from undetected, at an MDL of 1 ug/L, to 15,330 ug/L. Total uranium conce 

aste pits, Clearwell, K-65 and 

ed 

statistically elevated in all 1000 Series wells located in the Waste Storage Area, wi 
of Wells 1010, 1027, 1029, 1039,- and-1079-@Lbz-M-2). 

- ~ 

_. ._ ..~. . ____  
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Total uranium concentrations of groundwater samples from Wells 1019, 1021, 1022, 1073, 1075, 
1082, and 1084 were repeatedly greater than 500 ug/L (Figure 15-5). These wells are all located 

pits. Well 1073 is located between Pits 1 and 3, and Well 1075 is located between Pits 
bum pit. I1 is likely that the uranium observed in groundwater from Wells 1073 and 
m e  in these pits. 

Pits 4 and 6 may be the source of the elevated uranium concentrations which occur 
0-1970x1022, and 1084. The average total uranium concentration of surface water 

samples from these pits is approximately 34,000 and 1,000 ug/L, respectively (Weston 1987). 
Uranium isotopic d 
234) of groundwate 
groundwater U-2 
source. The U-2 
1.7 to 10.3, and 
Pits 4 and 6 are 3.4 and 5.7, respectively (Weston 1987). 

port this statement, since the uranium isotopic ratio (U-238/U- 
these wells matches the ratio observed in Pits 4 and 6. The 

ratio ranges from 1.96 to 5.51, indicative of a depleted uranium 
ratio calculated for waste samples from Pits 4 and 6 ranges from 
/U-234 activity ratios calculated for surface water samples from 

Enough total uranium concentration data h 
permit the analysis of the data as a functi 
time for these wells during the period 
Sources of the data are the Task C Re 
Monitoring Reports Rounds 1-5 (Dame 
and 1989 RCRA sampling. The total uranium concentration of groundwater varied greatly in each 
of the wells over the period of observation (Figures 0-1, 0 
concentration of perched groundwater in Well 1019 has fluct 
evident for the observation period. Groundwater total urani 
generally increased during the observation period. The tot 
in Well 1022 increased from February 1985 to May 1987; 
1987. Because Wells 1019, 1021, and 1022 are located around the perimeter of Waste Pit 4, the 
concentrations observed in groundwater at these wells may decrease in the future as a result of the 

collected from Wells 1019, 1021, and 1022 to 
e. Plots of total uranium concentration versus 
5 through 1989 are presented in Appendix 0. 

d Moore 1985), RCRA Groundwater 
86a, 1986b, 1987a. 1987b, 1987c), and RIPS 

The total uranium 
concentration trend is 
ns in Well 1021 have 

centration of groundwater 
decreased since May 

installation of a clay cap on this pit during the spring of 1989. 
. . . . . . . . . . . . . . . . . . . . . . . . . 

The U-238/U234 activity ,ratio calculated for groundwater samples from Wells 1025 
located near Pit 5 ranges from 0.48 to 1.18. ,The average activity ratio of Pit 5 w 

-~ .- .- - . .  
__ -. - -- calculated .as. 1 .l,-and-the-average-U-238/234--activity ratio-of- SWfacewatFrsfi -0 has been calculated as 0.93 (Weston 1987). Thus, Pit 5 may be the source of the low levels of 

uranium observed in Wells 1025 and 1080. Though the uranium concentration of surface water in 
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Pit 5 is approximately 1,000 ug/L, concentrations in groundwater samples from Wells 1025 and 

1080 ranged from only 3 to 11 ug/L. This may indicate that the leakage rate is slow due to the 
liner in Pit 5 .  

ratio of groundwater from Well 1081, located between Pits 5 and 6, was 
1.0 during the first two RI/FS sampling rounds, and then increased to approximately 

rounds. This could indicate that both Pits 5 and 6 aresources of the - 

found in Well 1081 groundwater at an average concentration of 53 ug/L. The temporal 
change in the activity ratio may be because the relative contribution from each pit is a function of 
groundwater flow c 

The U-238/U-234 a 
from Well 1031 are 
Well 1031 is locate 
from both Pit 1 and the Clearwell have U-238/U-234 activity ratios significantly greater than 1.0 

(Weston 1987). Also, the average U-238 

taken from the Clearwell was 3.1 (Weston 
While not conclusive, these findings com 
Clearwell is a likely source of (he obse 

fourth quarter 1988 and first quarter 1989 groundwater samples 
, respectively. The average uranium concentration is 35 ug/L. 
it 1 and the Clearwell (Figures 15-5 and 15-9). Waste malerial 

tivity ratio calculated for surface water samples 
signifying the presence of depleted uranium. 

pH data (Section 15.4.1.4) indicate that the 
ontamination found in Well 1031. 

Relatively low total uranium concentra 
located near the sanitary landfill, Lime Sludge ponds, and K-65 and metal oxide silos 
(Figures 15-5 and 15-9). These and 15-9) waste storage Unit 

uranium to the glacial overburden. Total uranium concentrati 
found in groundwater samples from Well 1032, however, loc 
the Production and Additional Suspect Areas Work Plan (AS 
an area of fill that is located between Paddys Run and the 
uranium in Well 1032 may be the fill material rather than the silos. 

oundwater samples from lo00 Series wells 

a current source of 
from 196 to 337 ug/L are 
the silos. As discussed in 
ell 1032 is screened in 
e source of the elevated 

The U-238/U-234 activity ratios of waste material in the K-65 silos and the m 
and 1.0, respectively, based on average values of U-238 and U-234 obtained d 
by WMCO. The U-238/U-234 activity ratio of groundwater samples from 1000 Se 
located in the viciuity of the silos is approximately 1.0. However, a definitiv 

_ _ ~  --tire ~ shom-for~ theele~ted-uranium~concentrations, sinye thFobsGved-U~23 
almost all perched groundwater samples outside the Waste Pit Area is approximately 1.0. 
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Figures presented in Appendix N show the total d u m  concentration 

versus time and groundwater elevation for 1000 Series wells located in 
in groundwater plotted 
the Waste Storage Area. 

data are from RI/FS and 1989 RCRA sampling. Based on the Appendix N 
ars that the uranium concentrations observed in lo00 Series wells are not directly 
dwater elevation. These figures indicate that the total uranium concentration of 

n Wells 1042 and 1073 has increased during the period of observation, and the total 

conclusive, however. 

Other Areas 
Although still statis 
from wells located 
the concentration o 
from lo00 Series 
1012, 1064, and 1124 located to the north and east of the Production Area, are discussed in this 

, the total uranium concentration of perched groundwater samples 
duction and Waste Storage areas are generally much lower than 
ples from wells located inside these areas. Total uranium data 
the southern half of the FMPC reservation, and Wells 101 1, 

section. Total uranium concentrations observed in perched groundwater samples collected from 
these wells were all statistically elevated r 
concentrations occurring at Well 1012. T 
MDL of 1 ug/L, to 203 ug/L (Figure 1 
during second quarter 1988 sampling o 
during fvst quarter 1989 sampling of 
uranium concentration range observed in groundwater samples from all loo0 Series wells that are 

background, with the exception of the 
concentrations ranged from undetected, at an 

r, the concentration of 203 ug/L observed 
d the concentration of 198 ug/L observed 
tliers. Excluding the outliers, the total 

located outside the Production and Waste Storage areas is less than 1 to 80 u@. 

The U-238/U-234 activity ratio calculated for the fly ash pile 

1.0 to 2.8. The U-238/U-234 activity ratio of groundwater 
these waste storage units was approximately 1.0. The acti 
samples from Well 1047 was consistently less than one. A nship between elevated uranium 
concentrations in perched groundwater and the fly ash and Southfield wastes cannot, therefore, be 
shown based on the uranium isotopic data available. 

eld wastes ranged from 
es wells in the vicinity of 

ed in groundwater 

Uranium versus time plots for Wells 1020, 1060, and 1124 are presented in Fi 
0-6. The observation period for Wells 1020 and 1060 is February 1985 to Feb 
Well3 124-ifis JGuaq-1982-toJan-- 19897 Sources of-the &6 a r e x e  
and Moore 1985). RCRA Groundwater Monitoring Reports Rounds 1-5 (Dames and Moore 1986a. 
1986b, 1987a, 1987b, 1987c), and RIPS and 1989 RCRA sampling. NLO environmental 

.- ~ 
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monitoring data (1983 to 1985) provided additional data for Well 1124. Figure 0-2  shows that, 
except for the outlier of 198 ug/L discussed above, the total uranium concentration of perched 

at Well 1020, located north of SouthTield, has remained relatively constant during the 
rvalion. The concentration of uranium in perched groundwater at Well 1060, located 
MPC, has generally decreased during the observation period 
Total uranium concentrations observed in groundwater samples from Well 1124 have 
g the observation period (Figure 0-6), with concentrations recorded during the most 

' recent sampling generally lower than those occurring in earlier sampling. Well 1124 is located to 
the northeast of the Production Area. 

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

ThOriUm 
Thorium -bearing wa 
stored in the Prod 
solids from Pits 1, 

1981). 

t in the Waste Storage Area, and materials containing thorium are 
latively high thorium concentrations were observed in waste 
Clearwell, and Silos 1 and 2 (Weston 1987; Dettorre et al. 

The UTL computed for total thorium in 
in perched groundwater samples ranged 
concentration observed in perched groun 
of Well 1021. Statistically elevated tot 
groundwater samples from Wells 1010, 1021, 1022, 1073, and 1084 (Table M-2). However, only 
at Wells 1021 and 1022 was total thorium detected during more lhan one sampling round. 

oundwater is 13 ug/L. Total thorium detections 
7.5 ug/L. The maximum total thorium 
es was from the third quarter 1988 sampling 

entrations were observed in perched 

Statistically elevated 7%-228, Th-230, and Th-232 activity c 
groundwater samples from several 1000 Series wells. As ex 
were also one-time, low-level occurrences; detections are not 
rounds. As will be indicated below, the presence and level 
specific well locations was on occasion inconsistent with th 
This is due to the variance in the analytical results combined with the fact that most readings were 
close to either the laboratory detection limit or the UTL. In other words, analy 
many sample results spanned the UTL criterion; thus, the results would not be 
statistically elevated. 

ere observed in perched 
opic thorium detections 

subsequent sampling 
um isotopes at 

tion of total thorium. 

_ _  - 
The-rn- f ~ ~ ~ 2 2 8 - i n ~ h e d g r o u n d ~ ~ i s - l : 5 p C i / L , T h - 2 2 8 a c t i v i t y . o  

perched groundwater samples ranged from less than the MDL of 1 pCi/L to 4.4 pCi/L, with the 
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maximum occurring in a sample collected from Well 1038 during fourth quarter 1989 RCRA 

sampling. Among the wells with Th-228 activity concentration greater than the UTL, only in 
, 1035, and 1055 was Th-228 detected during more than one sampling round 

Th-230 in perched groundwater is 1.7 pCi/L. Th-230 activity concentrations in 
er --__ samples ___ ranged from less than the MDL of 1 pCi/L-to-7L6_pCi/L2 with the - 

occurring in a sample collected from Well 1046 during fourth quarter 1989 RCRA 
sampling. Outliers of 23.3 and 10.3 pCi/L were observed in the first quarter 1989 sampling of 
Well 1073 and the 988 sampling of Well 1077, respectively. Among the wells with 
statistically elevated ty concentrations, only at Wells 1021, 1022, 1035, 1046, 1074, 
and 1076 was Th-2 g more than one sampling round (Appendix E). 

The UTL for Th-2 water is 1 pCi/L. Th-232 activity concentrations in perched 

groundwater samples ranged from less than the MDL of 1 pCi/L to 9.8 pCi/L, with the maximum 
occurring in a sample collected from Well 1021 during second quarter 1988 sampling. Outliers of 
23.1 and 9.9 pCi/L were observed in seco 
respectively. Only at Wells 1021, 1022, 
one sampling round (Appendix E). 

r 1988 samples from Wells 1022 and 1073, 
084 was Th-232 detected during more than 0 

The Waste Storage Area appears to be 
location of statistically elevated total and isotopic thorium detections. Due to the insolubility of 
thorium and the low concentrations detected, it is uniikely that detectable levels of thorium would 
migrate to groundwater in the Great Miami Aquifer below th 

um for perched groundwater based on the 

age Area. 

Radium-226 and Radium-228 
Radium-bearing waste material is stored in the waste pits andCkarwel1 . . . . . . . . . . . . . . . . . . (Weston 1987) and in the 
silos (Dettore et al. 1981). Ra-226 was a sigmfkant componztof the FMFT feed material that 
could not be completely removed during the formation of yellowcake ore concentrates (ASI/lT 
1987). 

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

. , . . . . . . . . . . . . . . . . . . . . . . . . . . .~ 

Although statistically elevated Ra-226 activity concentrations were detected in p 
from several 1000 Series wells, most Ra-226 detections were one-time, low-level oc 
detections were not repeated in subsequent sampling rounds. The UTL for Ra-226 
groundwater is 1 pCi/L. Radium-226 activity concentrations in perched groundwater samples 
ranged from less than the MDL of 1 pCi/L to 5.1 pCi/L, with the maximum activity concentration 

- - - - - . - - 

0 
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December 17, 1990 0 occurring in a sample collected from Well 1064 during second quarter 1989 sampling. Only at 

Wells 1020, 1031, 1053, 1073, and 1075 was Ra-226 detected during more than one sampling 

E). Based on the locations of 1000 Series Wells with multiple detections of 
aste Storage Area and possibly the Production Area are sources of radium for 

ater in the glacial overburden. 

ly-ele~atedRa~228 activity concentrations are observed in Derched p-0-undwater samples 
taken from 1000 Series wells. The UTL for Ra-228 in perched groundwater is 5.1 pCi/L. All 
Ra-228 detections were one-time occurrences and ranged from 3.1 to 5 pCi/L, with the maximum 
occurring in a samp 

Strontium-90 
Slrontium-90 (Sr- 
material received 
Sr-90 is present in the Waste Storage Area, particularly in Pits 3, 5 ,  and the Clearwell (Weston 
1987). 

om Well 1035 during second quarter 1988 sampling. 

f nuclear fission that was contained in reprocessed nuclear fuel 
I/IT 1987). Based on radiochemical analysis of waste solids, 

Sr-90 is not detected in any of the back 
Therefore, the UTL for Sr-90 in perche 
Occurrences of Sr-90 in perched groun 
third quarter 1988 sampling of Well 1032 and first quarter 1989 sampling of Well 1076, 
respectively. Both of these detections are considered statistically elevated, even though close to the 
MDL. 

r samples from the perched zone (Table 15-1). 

. is set at the MDL of 5 pCi/L. The only 
e detections of 6.0 and 5.3 pCi/L from 

The isolated, nonrecurrent nature of Sr-90 detections suggests 
storage units are not contributing signdicant amounts of the r 
groundwater. 

C and associated waste 
to the glacial overburden 

Technetium-99 
Technetium-99 (Tc-99) is a fission product detected in solids stored in the F 

(Weston 1987). The UTL for Tc-99 in perched groundwater is 30 pCi/L. The 
detected is 30.3 to 2,805 pCi/L, with the maximum occurring in a sample collected 
near Pits 1 and 3 during third quarter 1989 sampling. Statistically elevated Tc-99 a 
concentrations are observed in, perched groundwater samples from Wells 1025, 1054, 
1079, 1082, and. 1083. Repeated detections were observed in samples from Wells 1025, 1073, 

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

1075, and 1083 located in the Waste Storage Area (Appendix E). 

prrlowm.r-2/12- 17-90 15-40 
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Based on the repeated detections of Tc-99 in groundwater samples and the magnitude of the levels 

found in some wells, the Waste Storage Area is considered to be a source of Tc-99 to groundwater 
al overburden groundwater. 

of cesium-137 (Cs-137), neptunium-237 (Np-237), plutonium-238 (pu-238), 
Pu-239/240), or ruthenium-106 (Ru-106) occurred in RI/FS or 1989 RCRA 

. perched groundwater samples. 

15.4.1.2 Metals 
Aluminum 

Aluminum concentr 
second and third q 
of aluminum conc 

e collected during the second quarter 1988 RI/FS sampling and 
sampling. Because of the limited data, a statistical analysis 

Levels of aluminum in perched groundwater range from 0.0144 to 2.16 mg/L, with the maximum 
occurring in a third quarter 1989 sample 
Levels greater than 0.25 mg/L, which is t 

wells (Table 15-1), were observed in pe 
1073, 1080, 1081, 1082, and 1083. E 
of the Waste Storage Area. Well 105 

1081 north of Pit 6 near the Sanitary Landfill. 
verage aluminum concentration in background 

ater samples from Wells 1025, 1028, 1052, 
52, these wells are all located in the vicinity 
east of the Waste Storage Area. 

Based on the limited data available, it cannot be determined whether the FMPC and associated 
waste storage units are a sigruficant source of aluminum to in the glacial overburden. 

Arsenic 

. . . . . . . . 

. . . . . . . . 
The UTL for arsenic in perched groundwater is 0.004 m@. 
arsenic ranged from 0.002 to 0.122 mg/L. The maximum 
third quarter sample from Well 1040, which is located off-FMPC property to the northwest. 
Concentrations of arsenic which are statistically elevated relative to background 
Wells 1010, 1011, 1078, and 1080 located within the FMPC reservation, and 
located northwest of the reservation in the Shandon Tributary (Figure M-2). 
wells are shown in Figure 15-5. 

luding outliers, detections of 
concentration observed is from a 

- - -  _ _ _  __  __ ~- -~ 
~ 

Because detections of arsenic were isolated, nonrecurrent, and of low concentration, it appears that 
the FMPC and associated waste storage units are not contributing arsenic to groundwater in the 
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glacial overburden. The highest levels of arsenic were detected in an off-FMPC well not 
hydraulically connected to the Waste Storage or Production areas. 

perched groundwater is 0.125 mg/L. Detected barium concentrations ranged from 

Well 1039 located in the southwest comer of the Waste Storage Area near the Lime Sludge ponds. 
Statistically elevated barium concentrations occurred in perched groundwater samples from many 
1000 Series wells 1 

barium concentrati 
Wells 1040 and 10 

around the Waste Storage Area (Table M-2). Statistically elevated 
served in Production Area Well 1053 and in Shandon Tributary 
ated off-FMPC property. 

Elevated barium c 
related to the waste material in this area. Elevated barium concentrations occurring in Wells 1039 
and 1040 may be related to the materi 
because two off-FMPC 1000 Series wells a 
the natural variability of barium in perch 
background data and there may be no r 
occurrence of barium in 1000 Series w 

rched groundwater beneath the Waste Storage Area may be 

ined Lime Sludge ponds. However, 
wed statistically elevated barium concentrations, 

ater may be greater than predicted by 
een the FMPC waste material and the 

Cadmium 
The UTL for cadmium in perched groundwater is 0.011 rng/L. Excluding outliers, the range of 
detected cadmium concentrations was 0.002 to 0.031 mg/L. 
occurred in perched groundwater in the first quarter 1989 s 
Pit 5 and the Waste Storage Area. Statistically elevated con 
in perched groundwater samples taken from lo00 Series well 
quarter 1989 RCRA sampling. 

cadmium concentration 
ell 1025 located north of 
f cadmium did not occur 

g FU/FS sampling or third 

Based on the paucity of cadmium detections and the low concentrations when detected, . . . . . . . . . . . . . . . . . . . . . .  the FMPC 
and associated waste storage units do not appear to contribute siflicant m o  to 

the groundwater in the glacial overburden. 

........ _ _ ~  Calcium- - - . ~ . .. .- __ ~ . ......... - __  .. . - - - -- ................. ................ .............. -~ 

........ ......... ........ ....... ................ : ................. 

During FMPC operations, lime (calcium oxide) was utilized to neutralize process waste"so1ids 
(Battelle 1981). Fly ash, which contains calcium, is also a documented material stored in the 
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Waste Storage Area, and spent lime from FMF’C Water Treatment Plant operations is stored in the 

Lime Sludge ponds ( A S W  1987). 

calcium in perched groundwater is 141 m a .  Excluding outliers, the range of 
ntrations detected is 12.9 to 1800 m a ,  with the maximum concentration occurring in 
989 sampling of Well 1075 located south of Pit 5.  Statistically elevated calcium 

Storage Area and from Well 1016, which is located immediately south of the Inactive Fly Ash area. 

It appears that the 
to the glacial ov 
may be due to con 

g wastes stored in the Waste Storage Area are contributing calcium 
ater. The elevated calcium concentration observed at Well 1016 
the fly ash in the Inactive Fly Ash area. 

Chromium 
Groundwater samples collected during the RIPS and 1989 RCRA programs were analyzed for total 
chromium. The UTL for total chrom oundwater is 0.035 ug/L. Excluding 
outliers, the range of detected total c 027 to 0.066 mg/L. The maximum total 
chromium concentration found in perched er samples is from first quarter 1989 sampling 
of Well 1025. Only three 1000 Series 1030, showed statistically 
elevated chromium concentrations relati 

Most chromium detections were isolated and of low concentration; therefore, the FMPC and 
associated waste storage Units do not appear to be signifcant sources of chromium to groundwater 
in the glacial overburden. 

Couuer 
The UTL for copper in perched groundwater is 0.043 mg/L. 
detected copper concenlrations is 0.01 to 0.06 mg/L; the max 
quarter 1989 sample from Well 1075. Statistically elevated concentrations of copper were not 

tliers, the range of 
concentration occurred in a first 

present in perched groundwater samples taken from lo00 Series wells during th 89 
RCRA sampling. 

Based on the isolated, nonrecment, and low-level nature of copper detections in per 
......... __ --.- - -~ _ _  - -.:.:.:.:.:.:.:.:. _ _  ~ .. - . . - _ _ - -  groundwater, t h i  FMPC a d  aFs?%iafd -wa<te stoiiigC-UniEue not significant source@& .:.;.:.;.:.=; copper to 
...... ............... 

the glacial overburden. 
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The UTL for iron in perched groundwater is 4.2 mg/L. However, the coefficient of variation for 
1.0 in groundwater samples from the background wells. This implies that the 
ta are not normally distributed. Dissolved iron concentrations are often bimodally 
ce iron solubility is highly sensitive to the level of dissolved oxygen in groundwater. 
water, dissolved iron will probably not be detected; however, in anaerobic waters 

ygen, dissolved iron will be present in detectable concentrations. 

Detected iron concentrations ranged from 0.005 to 27 mg/L. The maximum iron concentration was 
observed in the fir 
Area. High iron c 
dissolved form may 
can enhance the mo 

sampling of Well 1011 located northwest of the Waste Storage 
uch as detected in Well 1011, indicate that iron attributed to the 
esent in groundwater in colloidal form. Colloids in groundwater 
metals and radionuclides. 

Since almost all iron detections in perched groundwater samples were below the UTL, it appears 
that the FMPC and associated waste 
in the glacial overburden. 

t significant sources of iron to groundwater 

Lead 
The UTL for lead in perched groundw 
from 0.002 to 0.118 mg/L, and the m 
sample from Well 1064, located near (he eastern boundary of the Production Area. Statistically 
elevated lead concentrations in perched groundwater were ob 11s 1010, 1029, 1048, 
1064, 1079, and 1080 (Table M-2). However, only at Well 1079, and 1080 was lead 
detected during more than one round of sampling (Appendix 

- 
/L. Detected lead concentrations ranged 

on occurred in a second quarter 1989 

Based on the isolated, nonrecurrent, and low-level nature of s in most perched 
groundwater samples, it appears that the FMPC and associated waste storage units have not 
contributed signifkant levels of lead to the perched zones in the glacial overburden. 

Magnesium 
Magnesium fluoride (MgF2) is among the waste materials disposed in the Wast 
(Battelle 1981 and ASI/IT 1987). The UTL for magnesium in perched ground 
The- rGge 6f -detected rnXMeSiUm concearationc-is 5T68 to698mfi: --Th&-mG& 

was observed iu a third quarter 1988 sample from Well 1075, located south of Pit 5 .  Magnesium 
concentrations in perched groundwater were statistically elevated relative to background at several 

~- ~ 

. .  . 
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1000 Series well locations in and around the Waste Storage Area (Table M-2). Magnesium 
concentrations in samples from these 1000 Series wells range from 70 to 698 m a .  

distribution of elevated magnesium concentrations, the Waste Storage Area is a likely 
esium to perched groundwater in the underlying glacial overburden. 

~ _ _ _  ~ _ _ _  _____ _ _ - _ _ _ - - ~ -  __ ___- __ _ _  

for manganese in perched groundwater is 0.150 mg/L. Manganese, like iron, is redox 
sensitive and may be bimodally distributed. Detected manganese concentrations ranged from 0.003 
to 38 mg/L in perc 
quarter 1988 sampl 
observed during R 
wells located in 
manganese (Table 

er. The maximum manganese concentration occurred in a third 
75, and was much higher than other manganese concentrations 
RCRA sampling. Groundwater samples from several 1000 Series 

aste Storage Area contained statistically elevated concentrations of 

Waste material may be the source of the statistically elevated manganese concentrations found in 
groundwater samples collected in and aro 
certainly is the case. However, other sta 
dissolution of manganese-bearing miner esent in the glacial overburden. RI/FS 

analyses of overburden solids indicate 3.0 mg/L of manganese can be leached from 
the solids using an acidic leaching pr infiltration through waste material may 
produce localized areas of chemically reduced and possibly acidic groundwater in the perched 
water-bearing zone. Naturally occurring manganese-bearing ome unstable in these 
areas, dissolve, and contribute manganese to'the perched gro 

aste Storage Area. For Well 1075, this almost 
ated manganese concentrations may be due to 

Mercury 
The UTL for mercury in perched groundwater is 0.00037 m 
mercury in 1000 Series wells ranged from 0.0002 to 0.0012 
concentration in perched groundwater samples was from first quarter 1989 sampling of Wells 1038 
and 1082. 

outliers, detections of 
. The maximum mercury 

Statistically elevated mercury concentrations occurred in perched groundwater from 
Series wells which are located on the FMPC reservation. However, among these 
was detected in more thiw one sikplhig round only at Wells 1020,-1064, and 
are widely spaced throughout the FMPC and c m o t  be related to a single source. Based on the 
distribution of wells in which statistically elevated concentrations of mercury were observed, it 

- - 
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0 cannot be determined whether the FMPC and associated waste storage units are a source of mercury 

to groundwater in the glacial overburden. 

molybdenum in perched groundwater is 0.02 mg/L. Detections of 
ged from 0.008 to 0.678 m&, with the maximum concentration occurring in a 

ple from Well 103 1. Statistically elevated molybdenum concentrations 
in perched groundwater samples from 1000 Series wells located in the Waste Storage 

Area, Production Area, and off-FMPC to the northwest. Repeated detections of statistically elevated 
molybdenum occurr 
highest statistically 
Wells 1031, 1038, 1 

Storage Area. 

Based on the distribution of 1000 Series wells showing statistically elevated concentrations of 
molybdenum, it appears that the Waste Stor 
of the low levels of molybdenum observed 
statisfically elevated molybdenum in wells 
the natural variation of molybdenum in 
the tolerance limit calculation for back 

ated in the Waste Storage Area and Production Area. The 
denum concentrations, greater than 0.030 mg/L, were observed in 

82, and 1084 (Table M-2), which are all located in the Waste 

a and possibly the Production Area are sources 
hed groundwater. However, the detection of 

rthwest of the FMPC reservation suggests that 
water is greater than that accounted for in 
S. 

Nickel 
The UTL for nickel in perched groundwater is 0.026 mg/L. Detected nickel concentrations ranged 
from 0.0138 to 0.981 mg/L, with the maximum concentratio 
sample from Well 1028 located in the northwest comer of th 
elevated concentrations of nickel were observed in perched 
1000 Series wells located in and around the Waste Storage 
eastern boundary of the Production Area. The highest statistically elevated nickel concentrations in 
perched groundwater, greater than 0.1 m a ,  were observed in Waste Storage Area Wells 1028, 

a second quarter 1989 
age Area. Statistically 

samples from several 
and from Well 1064 along the 

1030, 1073, 1074, and 1075. The locations of these wells are shown in Figure 15-5. 

The waste material in the Waste Storage Area appears to be the source of the statistidly . .... . . . . . . . . . . . . . elevated 
nickel concentrations observed in perched groundwater in the underlying glacial overdGaen. .. . . . . . . . . . . . . . . . . .,._ . . 

.... >:.:.:.:.:.: 

~- ~ ~ ~- ~ 
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The UTL for potassium in perched groundwater is 33.1 mg/L. Potassium concentrations (excluding 
d from 0.34 to 455 mg/L in perched groundwater. The maximum potassium 
occurred in a third quarter 1989 sample from Well 1031. Statistically elevated 

concentrations observed at Wells 103 1 and 1075. However, elevated potassium concentrations are 
not widespread in the glacial overburden beneath the Waste Storage Area. 

Selenium 
The UTL for seleni 
ranged from 0.002 
1988 sample from Well 1055 in the Production Area. Statistically elevated selenium concentrations 
were observed in perched groundwater samples from several 1000 Series wells which are located 
within the FMPC reservation. However, o 
than once. Figure 15-5 shows that these 

groundwater is 0.002 mg/L. Detected selenium concentrations 
, with the maximum concentration occurring in a second quarter 

ells 1016 and 1046 was selenium detected more 
located in the Inactive Fly Ash Storage Area. a 

Based on the isolated, nonrecurrent, an 
associated waste storage areas are pr 
groundwater in the glacial overburden. However. the repeated low-level selenium detections 
observed at Wells 1016 and 1046 may be due to the prox 
Ash Storage Area. Selenium contamination of groundwater 
Spencer and Drake (1987). 

e of selenium detections, the FMPC and 
g significant levels of selenium to the 

ells to the Inactive Fly 
s been documented by 

Silver 
The UTL for silver in perched groundwater is 0.050 m 
concentrations ranged from 0.01 to 0.174 mg/L. The maximum concentration was from second 
quarter 1988 sampling of Well 1022. The silver concentration of perched gro 
statistically elevated only at Well 1022. 

lien, detected silver 

Based on the lack of statistically elevated silver concentrations and the isolated, no 
15w-lWel iEitWeXf thFdeti%tionitheFMPC andksoCiated-wastF storage e--- contributing signilkant amounts of silver to perched groundwater in the glacial overburden. 
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Sodium 
Sodium carbonate, Na2C0,, was used at the FMPC to treat the organic solvent utilized in the 

action process (Harrington and Ruehle 1959). Sodium hydroxide, NaOH, was used to 
of aqueous waste streams resulting in waste sludges (Battelle 1981). Sodium-bearing 
these processes are present in the Waste Storage Area. 

perched groundwater is 66.2 m a .  Detected sodium concentrations ranged 
from 1.6 to 1300 mg/L in perched groundwater, with the maximum concentration occurring in a 
first quarter 1989 sample from Well 1075. Statistically elevated sodium concentrations occurred in 

perched groundwat eight 1000 Series wells in the Waste Storage Area (Table M-2). 
Statistically elevat also occurred in Well 1012, which is located on the hillside to 

the north of the Pr Sodium concentrations were repeatedly greater than 100 mg/L in 
samples from the rage Area wells and Well 1012. 

The Waste Storage Area appears to be the source of the elevated sodium concentrations observed in 
perched groundwater in the underlying glac 
and may be impacted by runoff containin 
groundwater sampled at Well 1012 ma 
predominantly shale (Section 11.1). gro 
high sodium concentrations. 

burden. Well 1012 is located near a paved road 
ed salts from road deicing. Alternatively, 

derived from bedrock. As the bedrock is 
tact with the bedrock may contain relatively 

Vanadium 
Vanadium concentration data were collected only during the 
quarter 1989 RCRA, and third quarter 1989 RCRA sampling 
a statistical analysis of vanadium concentration data was not 

r 1988 RIPS, second 
awe of the limited data, 

The MDL for vCmadium in perched groundwater samples is 
concentrations ranged from 0.0043 to 0.51 m a ,  with the maximum concentration occurring in a 
third quarter 1989 RCRA sampie from Well 1080. 

etected vanadium 

Based on the limited data, it is difficult to determine whether the FMPC and th 
facilities are contributing vanadium to perched groundwater in the glacial overburden 

-. ~ ~ ~- _ _  - __ - - ~~ ~~ -..&> ,r,~--- ~ - - - - . - 
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Zinc concentration data were also collected during the second quarter 1988 RIPS, second quarter 
, and third quarter 1989 RCRA sampling rounds. Because of the limited data, a 
lysis of zinc concentration data was not performed. 

zinc in perched groundwater samples is 0.01 m a .  Detected zinc concentrations 
0.0~048-to-0.5-01-m_o_l_mg/L. with the maximum concentration observed in a third quarter 

' 1989 RCRA sample from Well 1081. Levels of zinc greater than 0.04 mg/L occurred in perched 
groundwater samples from Wells 1029, 1052, 1048, 1075, 1076, 1081, and 1082 (Appendix E). 

Based on the b i t e  
groundwater in the den. 

'ars that the waste storage units are contributing zinc to perched 

1 5.4.1.3 Organics 
Total Organic Halides 
Total organic halides (TOX) is a parameter that indicates the presence of halogenated hydrocarbons 
in groundwater. Chlorinated solvents were 
FMPC waste stream included dry cleanin 

degreasing operations at the FMPC, and the 
containing tetrachloroethene (ASIDT 1987). 

The UTL for TOX in perched ground 
from 0.0039 to 0.896 mg/L, with the 
1989 sample from Well 1031 located south of the Clearwell. Statistically elevated concentrations of 
TOX occurred in perched groundwater samples from Wells 1 
1075 (Table M-2). TOX was repeatedly detected only at W 
(Appendix E). Concentrations detected in these four wells r 

g/L. Detected TOX concentrations ranged 
oncentration occurring in the first quarter 

019, 1031, 1073, and 
31, 1073, and 1075 

0.09 to 0.896 m a .  

The distribution and occurrence of TOX in perched ground 
Storage Area is a source of halogenated hydrocarbons. 

indicate that the Waste 

Volatile and Semivolatile Organics, Pesticides, and PCBs 
Table 15-5 presents the concentrations of organic compounds detected during R 
RCRA sampling of groundwater from 1000 Series wells. Sampling was condu 
second quarter 1988 through third quarter 1989. Compounds associated with meth 

........... ---_ . . . .  ........... - ...... ..... ...... 

contamination are excluded in Table 15-5. 
........ ......... ........ ........ ......... ........ ......... - - - - . - - - ___ - ................. ................ ......... ........ >:.:.:.:.:.:.:.: ........ ................. ............ ......... ........ ......... ... 
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December 17, 1990 e Prior to fourth quarter 1987, RCRA groundwater samples were collected using methods and QNQC 

procedures inconsistent with the subsequently approved RI,/FS QAPP. In addition, the analytical 
on these samples, including fourth quarter 1984 samples, were performed by a 

participating in the U.S. EPA Contract Laboratory Program (CLP). CLP 

ing QNQC protocols, were not followed. Table 15-6 lists organic compounds 
the early RCRA sampling; Le., third quarter 1985 through fourth quarter 1987. The 

cussion-of-detec ted-organic-compounds-is-based-only-on_dat ted-d-dag-RIF3 
RCRA sampling, which were generated using procedures outlined in the QAPP 

(Table 15-5). 

Volatile organic co 
detected in several 
detected in perched 

s) and semivolatile organic compounds (semi-VOCs) were 
Us. No pesticides or polychlorinated biphenyls (PCBs) were 

Several volatile compounds were detected during a second quarter 1988 sampling of Well 1019. 
Concentrations ranged from 2 to 25 u compounds are 1,l -dichloroethane, total 
1,2-dichloroethene, acetone, methylene chl vinyl chloride (Table 15-5). 

Various volatile and semivolatile compo 
sampling (Table 15-5). Concentrati 
This well is located in the vicinity of 

tected in Well 1031 from third quarter 1989 
c compounds ranged from 2 to 530 ug/L. 

may intercept leakage from this source. 

Detections of volatile compounds 1 ,l-dichloroethane, 1.1,l-trichloroethane. l,ldichloroethene, and 
semivolatile butyl benzyl phthalate occurred at Well 1073 d 
sampling (Table 15-5). Concentrations ranged from 2 to 76 

nd quarter 1988 RI/FS 

Given the detections of various volatile and semivolatile c 
which are located in the Waste Storage Area, this area may be contributing trace amounts of 
organic compounds to the underlying perched groundwater. 

ells 1019, 1031, and 1073, 

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

15.4.1.4 General Chemism 
Alkalinity 
The UTL for alkalinity, reported as bicarbonate, is 549 mg/L. Alkalinity measure 
groundwater raagedfrom 196 to 1161 mg/L, with the maximum measurement obs 
quarter 1988 sample from Well 1075. Statistically elevated alkalinity measurements occurred in 

perched groundwater samples from several 1000 Series wells which are located on the FMPC 

-_ _ _ _  - _ _  - - - _ _  - - - _ _ _  - 
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December 17, 1990 0 reservation. Alkalinity measurements exceeding 600 mg/L were observed at Wells 1011, 1016, 

1048, 1075, 1076, 1078, and 1081 (Appendix E), See Figure 15-5 for the locations of these wells. 
Storage Area appears to be the source of the elevated alkalinity in groundwater in the 

den. As discussed in Section 15.4.1.2, sodium carbonate was used at the FMPC to 
c solvent extract, and residue from this process may be present in the waste storage 
alkalinity levels observed at Wells 1016 and 1048 may be related to fly ash wastes 

ored_in_the_vicinity-of_thee-wells._As_alkal~~es measured during the RI/FS program 
were total alkalinities, dissociated organic acids may be contributing to elevated alkalinity values. 

Ammonia 
to digest uranium-bearing feed material, and ammonia was used 

in the uranium red 

The UTL for 
ammonia concentrations ranged from 0.1 to 253 mg/L, wilh the maximum concentration occurring 
in a fourth quarter 1988 sample fro 
occurred in Wells 1012, 1031, 1053, 1073 
and in Wells 1040 and 1058 which are 
While the ammonia concentration of pe 
and 1058 ranged from 0.4 to 4.5 mg 
from 36.6 to 253 mg/L. The latter group of wells are located in the Waste Storage Area 
(Figure 15-9). 

groundwater is 0.614 mg/L (reported as nitrogen). Detected 

stically elevated ammonia concentrations 
75, which are located on the FMPC reservation 

st of the FMPC in the Shandon Tributary. 
ter samples from Wells 1012, 1040, 1053, 

ion at Wells 1031, 1073, and 1075 ranged 

0 

Based on the high ammonia concentrations observed in well 
appears that waste material is contributing nitrogen, in the 
underlying glacial overburden. 

e Waste Storage Area, it 
onia, to groundwater in the 

Chloride 
The UTL for chloride in perched groundwater is 45.57 mg/L. Detected concentrations of chloride 
ranged from 0.5 to 6300 mg/L, with the maximum value occurring in a first 
from Well 1075. Statistically elevated chloride concentrations were observed 
groundwater samples from several 1000 Series wells located in and adjacent t 

Area. Chloride concentrations exceeding 1000 mg/L were observed in groun 
Wells 1019, 1025, 1031, 1039, 1073, and 1075 (Appendix E). Statistically elevate 
concentrations were also observed at Well 1012, located along the northern property boundary of 
the FMPC. 

... - . . . - - -~ .. - - ~ ~ ~ . .~- ~ ~ ~. ~~ ~ ~ ~ . ~ _ _ _ _  .~ ______ ~ ~~ 
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Deccniber 17, 1990 0 Waste material in the Waste Storage Area is probably the source of the elevated chloride 

concentrations observed in perched groundwater samples from the underlying glacial overburden. As 

scussed, Well 1012 may be impacted by dissolved road salt from an adjacent paved 
dwater sampled at this well may receive chloride as it flows through shale bedrock. 

entntion_data_were-collected_only_during_the_second_quarter_l988-RI/FS-and-second 
quarter 1989 RCRA sampling rounds. Because of the limited data, a statistical analysis of cyanide 
concentration data was not performed. 

Cyanide was dete 
at Well 1031. Cy 
1000 Series wells. 

tion of 0.0794 mg/L from second quarter 1989 RCRA sampling 
etected in any other perched groundwater sample collected from 

Fluoride 
Fluoride was used in two steps of the 
magnesium fluoride (MgF2), and green salt 

n process (Battelle 1981), and both 
are waste constituents of the waste pits. 

The UTL for fluoride in perched ground 
ranged from 0.1 to 7.25 mg/L, with the 
from Well 1073 in the middle of the Waste Storage Area. Statistically elevated fluoride 
concentrations were observed in perched groundwater samples from Wells 1021, 1031, 1073, and 
1075 (Table M-2). As shown in Figure 15-5, all of lhese w in the Waste Storage 
Area. 

mg/L. Detected fluoride concentrations 
0 

e occurring in a first quarter 1989 sample 

Although concentrations are low, it appears that the waste pit 
fluoride concentrations in perched groundwater samples. 

e source of elevated 

Nitrate 
Nitric acid was used at the FMPC in the feed material digestion process. The Characterization 
Investigation Study (Weston 1987) reports that nitrate concentrations greater th 
lo00 m a  were detected in surface water samples collected from Pits 5 and 6. 

_ _ ~ .  ~~ . - ~- - __ ~- . __ . - 
The UTL for nitrate in perched groundwater is 0.33 mg/L (reported as nitroge 
concentrations of nitrate range from 0.012 to 197 mg/L, with the maximum concentration occurring 
in a first quarter 1989 sample from Well 1073. Statistically elevated nitrate concentrations were 

0 
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December 17. 1990 0 observed in perched groundwater samples from several 1000 Series wells located in the Waste 

Storage Area and Wells 1016, 1054, and 1064 (Table M-2). Nitrate concentrations were repeatedly 
in. wells surrounding the waste pits and Well 1054 adjacent to Plant 6. Nitric acid 

component of Plant 6 operations. 

orage Area and possibly the Production Area appear to be sources of the elevated 
ntrations-observed-in-perched-groundwater in the glacial overburden. 

pH 
The tolerance inte 
samples from many 
two-sided pH toler 
in perched groun 
not exhibit any s 
where groundwater pH was consistently greater than 9, is the pH considered to be significantly 
different than background. 

of perched groundwater is 7.13 to 7.27. The pH of groundwater 
ells were statistically different from background. However, the 

ay be too narrow and not representative of the actual range of pH 
ed by FMPC operations. The pH data from 1000 Series wells did 

no high or low pH plumes were observed. Only at Well 1031, 

0 The pH of surface waters collected from 
11.7, based on data gathered during the 
However, other than at Well 1031, ab 
samples from wells located in p 
dilution of waste pit leachate occurs as the leachate infltrates into the glacial overburden. This 
also further indicates that Well 1031 is receiving leakage dir 

5 and 6 and the Clearwell ranged from 9.0 to 
on Investigation Study (Weston 1987). 

values were not observed in groundwater 
s may indicate that significant buffering or 

e adjacent Clearwell. 

PhosDhorus 
The UTL for total phosphorus in perched groundwaler is 0.1 
of total phosphorus ranged from 0.02 to 7.4 mg/L, with the 
second quarter 1988 sample from Well 1055, located in the 
total phosphorus concentrations occurred in groundwater samples from the majority of the 
1000 Series wells which are located on the FMPC reservation. High tota 

concentrations of greater than 0.5 mg/L are repeatedly observed in perched 
from Wells 1025, 1035, 1038, 1064, and 1081 (Appendix E). Total phosp 
fluctuated greatly from one sampling round to the next. 

cluding outliers, detections 
um concentration occurring in a 

ea. Statistically elevated 

-~ ~- 

0 The FMPC and associated waste storage units may be a source of phosphorus for perched 
groundwater in the underlying glacial overburden. Tributyl phosphate was used at the FMPC in the 

Prrpw/rS.l-ylz- 17-90 15-57 
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December 17, 1990 0 ' uranium extraction process (ASI/TT 1987). However, though statistically elevated, the widespread 

low-level total phosphorus concentrations may also be due to natural variation. 

puted for sulfate in perched groundwater is 198.2 mg/L. Detections of sulfate ranged 
mg/L, with the maximum concentration occurring in a second quarter 1988 sample 

22.-Statistically elevated sulfate concentrations occurred in perched groundwater 
from several wells in the Waste Storage Area and Wells 1055 and 1064. Average sulfate 

concentrations of greater than 300 mg/L were observed in samples from Wells 1022, 1028, 1032, 
1073, 1075, 1081, 1 

wells are located in 
(Table M-2). With the exception of Well 1089, all of these 
the waste pits (Figure 15-9). 

Although sulfate is 
appears that the W 
perched groundwater in the glacial overburden. 

eports or literature which describe the FMPC waste streams, it 
and possibly the Production Area are sources of sulfate for 

15.4.1.5 Summ 

The chemistry oTthe perched groundwate 
in the vicinity of the Waste Storage Ar 
area/Southfield. Uranium concentration kground were observed in perched 
groundwater in the Waste Storage and Production areas. The concentration of some inorganic 
constituents and a small number of volatile organic compounds were also elevated in perched 

cial overburden is impacted by FMPC activities 
ion Area, and possibly the fly ash 

groundwater in the vicinity of the waste pits. 

The total uranium concentration of perched groundwater sam 

statistically higher than the UTL. Total uranium concentratio 
perched groundwater below much of the southern half of 
15-8), beneath isolated locations in the northern half of t 

beneath parts of the Waste Storage Area (Figure 15-5). Total uranium concentrations exceeding 
1000 ug/L were observed in perched groundwater beneath parts of the southern 
Production Area (Figures 15-7 and 15-8), and in several samples collected from 
vicinity of the waste pits (Figure 15-5). Total uranium concentrations greater than 1 
were observed in perched groundwater below the Production Area in the vicinity of 
8, and the Raffrnate Area (Figures 15-7 and 15-8). 

ost lo00 Series wells was 
100 ug/L occurred in 

(Figures 15-7 and 
gure 15-6), and 

-- - -- __._ - - T -- -~ --- - .  _ -  - ------ - . .  -~ _.__ ~- .- 
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Total uranium concentrations occurring in lo00 Series wells located outside of the Production and 

Waste Storage areas were slightly elevated relative to background. However, these concentrations 
were lower than those in wells located in the Production and Waste Storage areas. 

C and the associated waste storage units are contributing uranium to the glacial 

- 

n Area, and infiltration of leachate containing uranium from the waste pits and Clearwell. 
The leakage of contaminated materials from the fly ash area and Southfield is suspected, but not 
proven, given the a Leakage from the silos is not substantiated by the groundwater 
data. 

Repeated detections 
vicinity of the Was 
in a few 1000 Series wells located in the Production Area. This indicates that the FMPC Waste 
Storage and Production areas are probably contributing various radionuclides other than uranium to 
perched groundwater in the glacial overb 
uranium are relatively low, and detections 

d radium concentrations occurred in perched groundwater in the 
. Repeated detections of Th-228 and Ra-226 were also observed 

wever, concentrations of radionuclides other than 
ated in occurrence. 

Statistically elevated concentrations of 1 constituents were observed in groundwater 
samples from 1000 Series wells locat of the Waste Storage Area and some 
1000 Series wells located in the Production Area. These chemical constituents include alkalinity, 
ammonia, barium, calcium, chloride, fluoride, magnesium, m 
phosphorus, potassium, sodium, and sulfate. Elevated levels solved constituents were 

confirmed by high conductance measurements in perched gro 
the Waste Storage Area and Wells 1010 and 1041 located al 
Area (Table M-2). Infiltration of soluble waste constituents 
chemicals used in FMPC operations are considered to be the sources of the statistically elevated 
concentrations of inorganic constituents observed in glacial overburden groundwater in these areas. 

num, nickel, nitrate, 

les from wells located in 

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

Statistically elevated concentrations of selenium that occur in groundwater at W 
may be related to the fly ash stored in the vicinity of these wells. Also, the s 
alkalinity levels observed at Wells 1016 and 1048 may be due to the proximity of 

~ _ _  - -  _ _  
wGk materials stored-in Southfield. 
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December 17. 1990 0 Elevated pH values and the presence of detectable levels of many chemicals in Well 1031 provide 
evidence of direct leakage from the Clearwell. However, the near-neutral pH measured in 

from the majority of 1000 Series wells appears to indicate that significant buffering or 
ste leachate occurs in the glacial overburden. Elevated total dissolved solids found in 
water samples could be the result of buffering reactions between leachate and glacial 

- 

at Wells 1012, 1040, and 1058 are likely not related to FMPC activities. 

Repeated detections 
which are all locate 
were detected or est 
1073, 1074, 1078, 3, and 1088 (Table 15-5). Based on the limited detections of 
TOX, volatiles, and semivolatile compounds, the Waste Storage Area is probably the source of 
localized, low-level releases of organic 
overburden. 

rched groundwater occurred at Wells 1019, 1031, 1073, and 1075, 
of the waste pits. Various volatile and semivolatile compounds 

le samples from Wells 1010, 1016, 1019, 1025, 1031, 1052, 

rched groundwater in the underlying glacial 

15.4.2 Great Miami Aquifer 
The 2000 Series wells are screened at 
and are used to sample groundwater fr 
potentially Millrate from perched groundwater in the glacial overburden to the Great Miami 
Aquifer. As discussed in Section 12.5, contaminant-bearing s can also infiltrate directly * 

to the Great Miami Aquifer in areas where Paddys Run and 
Sewer Outfall Ditch, have eroded through the glacial overb 
present east of the FMPC in the Great Miami River flood pl 
sediments overlies the Great Miami Aquifer. Contaminan 
the Great Miami Aquifer in this area. 

0 
of the Great Miami Aquifer (Section 6.1.2.1) 
st part of the aquifer. Contaminants can 

cularly the Storm 
1 overburden is also not 
nly a layer of flood plain 

e water may also reach 

As discussed in Section 6.1.2.1, 3000 Series wells are screened in the Great Mi 
immediately above a semiconfining clay interbed. In those areas where the int 
present, 3000 Series wells were screened at the elevation where the interbed would 
expected. It was thought that the major clay interbed, if present, would hydrogeolo 

installed to evaluate whether contamination had reached and concentrated wilhin the portion of the 
Great Miami Aquifer that is immediately above the clay interbed. 

- - -  _ _ _  
geochemically-retardthe doxward-migration- ofany- contamination. - Thus; 3000 -S Ils-were- -~ . _ _ _  0 
m ~ w / r s . l  -VI 2-17-90 15-60 
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The 4000 Series wells are screened immediately above the contact between bedrock and the 
outwash sands and gravel of the Great Miami Aquifer (Section 6.1.2.1). Where these wells are 

low the clay interbed, it is assumed here is a poor hydraulic communication with 
aminant sources. 

11s 2026, 2121, and 2122 were used to generate the UTLs for statistical comparisons 

. Data from Wells 3063, 3099, and 3100, in addition to the three 2000 Series wells, were 
used to calculate the background UTLs for statistical comparisons of groundwater from the 3000 
Series wells within 
compute the UTLs 
associated with the 
used to construct th 
in the Dry Fork Se 

. Data from Wells 2050, 2056, 2066, and 2105 were used to 
omparisons of groundwater from 2000 and 3000 Series wells 

t q .  Groundwater data from Wells 2036, 2057, and 2123 were 
UTLs for statistical comparisons of 2000 and 3000 Series Wells 
wngradient wells, and all 4000 Series downgradient wells. 

15.4.2.1 Radionuclides 
Uranium 
Two well-defined uranium plumes are pre 
originate under the Waste Storage Area 
Plume, appears to have originated alon d the Storm Sewer Outfall Ditch, and is 
extending to the south of the FMPC reservation. The South Plume appears to be predominantly 
due to historical releases of uranium, while contamination under the Waste Storage Area appears to 

e Great Miami Aquifer. One plume appears to 
g to the east. The other one, the South 

a 

be due to continuing releases. 

The UTLs for total uranium are as follows: 

Ross 2000 Series 1.5 ug/L 
Ross 3000 Series 1.5 ug/L 
Shandon 2000 and 3000 Series 2.3 ug/L 
Dry Fork 2000 and 3000 Series 1.0 ug/L 
4000 Series 1.0 ug/L 

2000 Series Wells 
Statistically elevated total uranium concentrations were observed in groundwater sam&ei .:.:.>> ........ from many 

2000 Series wells. Total uranium concentrations in groundwater samples from dowr&@dient ........ ......... 

......... 

........ ........ ......... 
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Figures L-8 through L-14 show the total uranium concentration of groundwater samples collected 
from 2000 Series wells during second quarter 1988 to fourth quarter 1989 RI/FS and RCRA 

mplete contours are not constructed because of insufficient data in Figures L-12 
which show uranium concentrations in 2000 Series wells from second to fourth 
Figure 15-10 shows the average total uranium concentration of groundwater in 2000 
lculated from the RI/FS and RCRA sampling data. These figures show that 

with totd uranium concentrations exceeding 1 ug/L is present at the water table of the 
------__- ~- 

ami Aquifer over a large area. This area underlies the Waste Storage and Production 
areas, much of the southern half of the FMPC reservation, and an area to the south of the 
reservation boundary 

Total uranium conce 
a large part of the 
Paddys Run. As il 
Storage Area and extends southward, paralleling Paddys Run. An area of total uranium 
concentrations in groundwater greater 
Miami Aquifer beneath the southeastern co 
Miami Aquifer with groundwater uranium 
extends southward from Well 2046. 
extends off the FMPC property. 

er than 10 ug/L are present in groundwater at the water table in 
st side of the reservation, beneath and immediately east of 
e 15-9, the area exceeding 10 ug/L begins beneath the Waste 

so present at the water table of the Great 
e Production Area. A narrow area of the Great 
ions exceeding 100 ug/L at the water table 

near the southern facility boundary and 

Total uranium concentrations observed in 2000 Series wells located in the Waste Storage Area 
ranged from undetected, at an MDL of 1 ug/L, to 78 ug/L. Total uranium concentrations observed 
in 2000 Series wells located in the Production Area ranged 
While most wells located in these areas showed statistically 
they were orders of magnitude lower than concentrations obs 

Waste Storage and Production areas. This implies that durin 
the infiltrating water and associated uranium are either phys 
Physical attenuation may be due to low hydraulic conductivity in the glacial overburden, resulting 
in very slow infiltration to the regional water table and subsequent dilution. Ch 
may be due to precipitation reactions or adsorption of uranium onto overburden 

e MDL to 36 ug/L. 
uranium concentrations, 

groundwater in the 
port to the Great Miami Aquifer, 

If dilution is the dominant reason for the decrease in uranium concentrations, th 
&e concentration of other-constiiiients should bC proportional to the decrease in-urani _ _  - 

concentrations. However, this is not the case. Concentrations of other constituents in groundwater 
from 2000 Series wells located in the Waste Storage and Production areas were generally no more 

I",UW/IS.l -VI 2-17-90 15-62 
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than one order of magnitude less than concentrations observed in perched groundwater. This 

implies that chemical attenuation of uranium is occurring in the glacial overburden or unsaturated 
outwash sands and gravels. 

Figure 15-10, elevated total uranium concentrations were observed in Wells 2009, 
4 located immediately east of Paddys Run. This provides confirmatory evidence that 

g the stream is a pathway for contamination reaching the Great Miami 
. As discussed above, uranium concentrations may be attenuated during infiltration through 

the glacial overburden. However, because Paddys Run flows directly on the Great Miami Aquifer 
along the southern 
without the benefit 
ratio of groundwate 
surface water. This 

(Figure 15-3), indic 
Paddys Run channel. Historic sources of uranium in Paddys Run water were most likely 
uncontrolled runoff from the Waste Storage Area and possibly part of the Production Area, and the 
past discharge of groundwater pumped fr 

1972 ACCR). In addition, in Novem 
overflowed and leaked from the K-65 w 
ACCR). Uncontrolled runoff from the 
Run water (Section 14.1.2). 

e facility (Section 12.5.2), uranium may directly enter the aquifer 
tenuation by the glacial overburden. The U-238/U-234 activity 

and 2014 is similar to the ratio calculated for Paddys Run 
the high total dissolved oxygen concentrations in these wells 

e water is directly entering the Great Miami Aquifer through the 

11s located in the Waste Storage Area (NLO 
thousand gallons of liquid reportedly 
nch and ran off into Paddys Run (NLO 1977 
an ongoing source of uranium in Paddys 

The U-238/U-234 activity ratio of groundwater samples from Wells 2009 and 2014 ranged from 
1.23 to 1.59 and was consistently greater than one. Both of are located immediately 
east of Paddys Run, in an area of the regional aquifer which ltration from the stream. 
The average U-238/U-234 activity ratios of RI/FS surface wa from Paddys Run 
Locations W-7, W-10, and W-11 (Figure 14-1). were 1.82, 2 , respectively (ASl/IT 
1990). The source of at least some of the uranium observed m groundwater at Wells 2009 and 
2014 is therefore, likely to be Paddys Run stream water. 

The highest concentrations of uranium found in the Great Miami Aquifer were 
elongated plume which begins near Well 2046 north of Southfield and stretche 
the reservation boundary to at least Well 2061 (Figure 15-10). The elevated 

Storm Sewer Outfall Ditch beds. Peak discharges of contaminated water to the Storm Sewer 
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Outfall Ditch occurred from 1958 to 1969 (NLO 1962; NLO 1965-1970). The elevated total 

uranium concentrations observed in groundwater from Wells 2045 and 2046 are probably not due to 
of uranium-bearing water from the Storm Sewer Outfall Ditch. These wells are 
the area of the aquifer that would receive recharge from the Storm Sewer Outfall 
ed uranium concentrations in groundwater from these wells may be due to infiltration 
d, leakage from abandoned farm drain tiles (NLO 1972 ACCR), or the past 

ce water from Paddys Run at locations 
ell 2046. The vali l-tiiEi5f groundwater 

from Paddys Run to Well 1046 in relation to the earlier periods of maximum uranium release. 

Figure 15-10 show 
sampling of ground 

ly elevated uranium concentrations occurred during FUFS 

Total uranium co 
Well 2127 is located south of New Haven Road, immediately west of Paddys Run. The uranium 
observed in this well is most likely du 
water from Paddys Run. 

ed in this well ranged from 6 to 37 ug/L (Appendix E). 

d infiltration of uranium-bearing surface 

Plots of groundwater total uranium conc 
presented in Figures 0-7 through 0-16 
long record of total uranium data.. S 
1985), RCRA Groundwater Monitoring Reports Rounds 1-5 (Dames and Moore 1986a, 1986b, 
1987a, 1987b, 1 9 8 7 ~ ) ~  and RIPS sampling. The longer peri 
2060, and 2061, from early 1982 to mid-1989 (Figures 0-7, 

availability of additional data (NLO 1983-1986; WMCO 19 
Health Risk Assessment Report data (IT 1986) were also 
for Wells 2013, 2060, and 2061 Figures 0-8, 0-15, and 0-1 

us time for the period 1985 to mid-1989 are 
those 2000 Series wells with a sufficiently 

are the Task C Report (Dames and Moore 

ation for Wells 2004, 
-16), are due to the 
rim Air, Soil, Water, and 
entration versus time plots 

Uranium concentrations in groundwater have been relatively steady with time in most of the 
2000 Series wells. The total uranium concentration of groundwater at Well 2015 has increased 
from 132 to 186 ug/L during the observation period (Figure 0-lo), which cod 
movement of north-south trending plume that originated in Paddys Run in the 
The uranium concentration of groundwater at Well 2060, has generally ranged 
300 ugz .  However, from April to October 1987, concentrations measured at 
than 300 ug/L (Figure 0-15). The reason for this apparently temporary increase in uranium 
concentrations is not known. The totd uranium concentration of groundwater at Well 2061 was 

PrrflWfRi 1 -?J12-17-#) 15-65 
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greater than 400 ug/L from early 1982 to mid-1983 (Figure 0-16). Since mid-1983, the uranium 

concentration of groundwater at Well 2061 has been less than 400 ug/L, and generally less than 
otal uranium concentrations in this well have generally decreased over the period of 

hich could reflect the passage of the maximum concentration plume. 
N-64 (Appendix N) again show the groundwater total uranium concentration plotted 

selected 2000 Series wells. Also plotted on these figures is groundwater elevation 
ation between uranium level and groundwater elevation. The total 

’ uranium data plotted are from RIPS and 1989 RCRA sampling. The uranium concentrationin 
groundwater at most 2000 Series wells does not appear to be related to groundwater elevation. 
However, the total 
distributed (Figures ). This implies that short-term changes in groundwater elevation, 
flow direction, or may greatly affect the uranium concentration of groundwater in 
these wells. Such uld be true if the plume had a high concentration gradient in 
the horizontal and ns. Well 2049 is located on the northern edge of the South 
Plume, and Well 2010 is located in the Waste Storage Area (Figure 15-10). 

tion at Wells 2010 and 2049 appears to be bimodally 

The U-238/U-234 activity ratio of groundw 
the Waste Storage Area ranged from 1.49 
activity ratio of waste material in Pit 1 

than one. Possibly one or both of thes 
observed in groundwater at Well 2004. 

ples from Well 2004 along the western edge of 
discussed previously, the U-238/U-234 
ell was observed to be significantly greater 
units are contributing to the uranium 

A U-238/U-234 activity ratio of 3.22 was obtained from second quarter 1988 groundwater sampling 
of Well 2021, which is located south of Well 1084 in the vic 
similar to that observed in samples from Well 1084. In subs 
uranium concentrations were much lower, and the U-238/U-2 
calculated. Thus, even though evidence exists that uranium 
oi Pits 4 and 6 is reaching the regional aquifer, tllis cannot be substantiated. 

4 and 6. This ratio is 
ling of Well 2021, 
atio could not be 
oundwater in the vicinity 

3000 Series Wells 
Slatistically elevated total uranium concentrations were observed in groundwater 
than half of the 3000 Series wells. All, except three, of these wells are located 
property boundary. The three off-FMPC wells are located in the South Plume area. 
concentrations in groundwater samples from downgradient 3000 Series wells ranged - - _  

undetected, at a MDL of 0.1 ug/L, to 490 ug/L. The maximum concentration, from first quarter 
1989 sampling of Well 3013, was determined to be an outlier. Excluding this outlier, the total 
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uranium concentration at Well 3013 from second quarter 1988 to fourth quarter 1989 ranged from 4 

to 12 ug/L. Excluding outliers, the maximum total uranium concentration observed in groundwater 
the 3000 Series wells was 218 ug/L from second quarter 1988 sampling of Well 3084 
Waste Storage Area near Pits 4 and 6. 

through L-21 show the total uranium concentration of groundwater samples collected 
wells during second quarter 1988 to fourth quarter RI/FS and RCRA sampling. 

are not fully developed for Figures L-19 through L-21, whithyhow uranium 
concentrations from 3000 Series wells from second to fourth quarter 1989, because of insufficient 
data. 

Figure 15-11 shows 
calculated from the 
concentrations great 
3000 Series wells. This area underlies much of the FMPC reservation and extends off-FMPC to 

the south. However, t h i s  area is not as extensive as the area defined by 2000 Series wells. 

otal uranium concentration of groundwater in 3000 Series wells 
R4 sampling data. A large area with total uranium 
is present in the portion of the Great Miami Aquifer sampled by 

Several areas of the aquifer contain gro a1 uranium concentrations in excess of 10 ug/L 
at the horizon sampled by 3000 Series g from north to south in Figure 15-11, these 
areas are located in the Waste Storage ell 3108, near the confluence of the Storm 
Sewer Outfall Ditch with Paddys Run, and off-FMPC in the South Plume. These areas are much 
smaller and more discontinuous than the areas with uranium concentrations greater than 10 ug/L 
tliat are delineated by 2000 Series wells. 

0 

Average total uranium concentrations greater than 30 ug/L in 
Wells 3019 and 3084, located near the waste pits; Well 310 
Run; and Well 3062, located off-FMPC in the South Plume 

wells occurred only in 
the west side of Paddys 

Total uranium concentrations in 3000 Series wells located in the Waste Storage Area were generally 
higher than those in 2000 Series wells. The average total uranium concentratio 
from both Wells 3019 and 3084 was 35 ug/L. The magnitude of the vertical 
that would be necessary to transport uranium from the pits downward to the point o 
the middle of the Great Miami Aquifer is much higher than would naturally occur. 

- -  . _ .  

least one test well located near the waste pits was pumped from 1965 to 1974 - _  0 attempt to prevent contamination of the Great Miami Aquifer (NLO 1965-1974). Induced 
downward transport due to this pumping of the test wells could be responsible for the observed 

000070 
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uranium levels in Wells 3019 and 3084. As illustrated by Figures L-15 through L-21, groundwater 

containing elevated uranium concentrations may be moving slowly eastward from beneath the Waste 
Production areas in the Great Miami Aquifer at the 3000 Series level. However, 
evated concentrations are not observed at Well 3051, indicating that uranium 

ot yet reached the eastern FMPC boundary. 

es from Wells 3019 and 3084 near Pits 4 and 6 showed similar patterns of 
-234 activity ratios. The activity ratio observed in ground%Z&Ffr~Eoth-wells-was 

significantly higher than 1.0 in samples from the second quarter 1988 and first quarter 1989 
sampling rounds. 
wells had a U-238 
observed in adjace 
uranium found in g 

dwater from third and fourth quarter 1988 sampling of these 
ratio approximately equal to 1.0. This similar behavior was 
Wells. Based on these observations, a possible source of elevated 
Wells 3019 and 3084 is the waste in Pits 4 and 6. 

The U-238/U-234 activity ratio of several 3000 Series wells located in the Waste Pit Area is 
slightly less than 1.0. The activity ratio of Wells 3001, 3003, 3004, and 3010, located in the 
western and northeastern portions of the W rage Area, ranged from 0.66 to 0.98. This 

indicates that the predominant sources of 
since, as discussed in Section 15.4.1.1, 
was much higher than one. 

und in these wells are other than Pits 4 and 6, 
ctivity of waste material from Pits 4 and 6 

Dissolved oxygen concentrations measured in 3000 Series wells (Figure 15-4), show that infiltrating 
surface water is reaching the middle of the Great Miami Aquifer in some areas near Paddys Run. 
Statistically elevated total uranium concentrations in groundw 
3000 Series wells further indicate surface water infiitrates to 
of Paddys Run. Except at Wells 3108 and 3014, uranium c 
located along Paddys Run were lower than those observed in 

from the same 
of the aquifer along parts 

in 3000 Series wells 

The U-238/U-234 activity ratio of groundwater samples from Well 3014 ranged from 1.23 to 1.37. 
As discussed previously, the activity ratio of Paddys Run stream water is significantly greater than 

1.0. The elevated U-238/U-234 activity ratio observed at Well 3014 is indicati 
source due to the infiltration of stream water into the regional aquifer. 

f a  

- . -  
Statistically elevated total uranium concentrations were observed off-FMPC .property 

.~ .~ 

Wells 3062, 3095, and 3125. As discussed above, most uranium in the South P1ume"ispresent 
near the water table of the Great Miami Aquifer. Well 3062 is a production well for Albright & 

~ ~ W / l S . 1 - 2 f 1 2 - l 7 - 9 O  15-69 C O U O 7 9  
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0 Wilson Co. Groundwater containing elevated uranium concentrations may flow downward into the 
middle of the aquifer due to pumping of this well. 

-234 activity ratio for samples from many 3000 Series wells could not be calculated, 
um activity concentrations were below the MDL in these wells. The U-238/U-234 

f groundwater from most 3000 Series wells was approximately equal to one. The 
located in the South Plume was 

also approximately one. The activity ratio of groundwater sample~fiT1iiWell~3062; 3095;and 
3125 ranged from 0.81 to 1.47. 

Plots of total ur in groundwater versus time from early 1981 to 1989 for the 
3000 Series wells ata are presented in Figures 0-17 to 0-26. Sources of the data 
are the FMPC envir oring program (NLO 1983-1986; WMCO 1987-1989), the Task 
C Report (Dames RCRA Groundwater Monitoring Reports Rounds 1-5 (Dames 
and Moore 1986a, 1986b, 1987a, 1987b, 1987c), and RI/FS sampling. The period of observation 
for Wells 3013, 3014, and 3019 is shorter, 
0-25), due to the inavailability of FMPC e 

Also, data from the Interim Air, Soil, Wa 
also used in the concentration versus tim 
0-26). Uranium concentrations in gro 
wells presented in Appendix 0. The total uranium concentration of groundwater at Well 3001 has 
increased slightly during the observation period (Figure 0-17), while the uranium concentration at 

ly 1985 to 1989 (Figures 0-23, 0-24, and 
ntal monitoring data during the earlier years. 
alth Risk Assessment Report (IT 1986) were 

ells 3013 and 3062 (Figures 0-23 and 
tively steady in most of the 3000 Series 

Well 3010 has decreased during the same observation period (Figure 0-22). 

Figures N-32 to N-64 show total uranium concentration and 
selected 3000 Series wells. The total uranium data plotted ar 
sampling. The uranium concentration of groundwater at mo wells does not appear to 
be related to groundwater elevation as would be expected due to the location of the sampling points 
in the middle of the aquifer. Relative to the uranium concentration of the companion 2000 Series 
well in each well cluster, the uranium concentration observed in the 3000 Series and 
less variable. However, the total uranium concentration groundwater at Wells 3 3084 
are generally greater than the concentration observed in the companion 2000 Series 
(Figures N-37, N-41, and N-56). 

elevation versus time for 
S and 1989 RCRA 
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4000 Series Wells 
Statistically elevated total urauium concentrations were observed in groundwater samples from 

* ly half of the 4000 Series wells. Total uranium concentrations in groundwater samples 
lls ranged from undetected, at an MDL of 0.1 ug/L, to 86 ugL. The maximum 

outlier, detected during second quarter 1989 sampling of Well 4013. Excluding 
e maximum uranium concentration observed in groundwater samples from 4000 Series 

in Well 4013. Only at Wells 4008, 4013, and 4097 was uranium detected -- 
y (Appendix E). With reference to Figure 11-3, the clay inEbTd-tiiiCEiess-at these-wells 

was approximately 10, 0, and 10 feet, respectively. Areas west and upgradient from Well 4097 

have no clay interb 

Figures L-22 throu 
from 4000 Series 
sampling. Figure average total uranium concenlration of groundwater in 4000 
Series wells calculated from the RI/FS and RCRA sampling data. 

the total uranium concentration of groundwater samples collected 
ond quarter 1988 to fourth quarter 1989 RI/FS and RCRA 

Appendix 0, Figures 0-27 to 0-31, are 
groundwater samples from Wells 4001, 
through late 1989. Concentrations vary 
wells has not noticeably increased or d 

tal uranium concentration versus time for 
4102, and 4103 for the period early 1982 

wever, the uranium concentration of these 
the period of sampling. 

Uranium isotopes were detected in only a few groundwater samples from 4000 Series wells. Due 
to the paucity of isotopic uranium data, uranium activity ratios in groundwater from 4000 Series 
wells could not be calculated. 

Thorium 
The UTLs for total and isotopic thorium are as follows: 

Total Thorium Th-228 Th-230 Th-232 
ugL p c a  p c a  pCiL 

Ross 2000 Series 13 1.0 . 1 .o 
Ross 3000 Series 13 1.1 1 .o 
Shandon 2000 and 3000 Series 13 1.6 1 .o 

4000 Series 13 1 .o 1 .o 
Dry Fork 2000 and 3000 Series 13 1 .o 1 .o 

- .  -. ~~ 
.~ .~ - -  .. . .~ 
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N o  statistically elevated total thorium concentrations were observed in Great Miami Aquifer 
r sampled by 2000 Series wells. Only five nonrecurrent total thorium detections, 

3 to 13 ug/L, occurred during R W S  sampling. The detections were-not spatially - 

stically elevated Th-228, Th-230, and Th-232 activity concentrations were observed in 
amples from several 2000 Series wells (Table M-3). Th-228 detections ranged from 
i/L-in-groundwater-samplesfrom 2000 Series wells. Repeated detection of Th-228 

was observed only at Well 2049. 

Th-230 detections r 
The only repeated 

0 to 2.5 pCi/L in groundwater samples from 2000 Series wells. 
-230 were observed at Wells 2004, 2042, and 2065. 

Th-232 detections r 
No detections of 

1 to 1.6 pCi/L in groundwater samples from 2000 Series wells. 
led in previous or subsequent sampling rounds. 

Given the paucity of total and isotopic thorium detections, and given the low-level, nonrecurrent 
nature of the few detections observed, the 
contributing significant amounts of thori 
sampled by the 2000 Series wells. 

d associated waste storage units are not 
reat Miami Aquifer at the depths and locations 

3000 Series Wells 
No Statistically elevated total thorium concentrations were observed in regional aquifer groundwater 
sampled by 3000 Series wells. Total thorium levels of 2 
The detections were not spatially related. Only at Well 306 
once. 

rium detected more than 
r 

Statistically elevated Th-228, Th-230, and Th-232 activity c 
groundwater samples from several 3000 Series wells (Table M-4). Except for the repeated 
occurrence of Th-230 in Well 3044, all isotopic thorium detections were nonrecurrent. 

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

Given the low-level, nonrecurrent nature of the few detections of thorium isoto 
associated waste storage units are not contributing sigmficant amounts of thori 
Miami Aquifer at an elevation slightly above the clay interbed. 

and 

- -  ~- - ---- -. - - - -  - -  - .-- - _-  _ _  - 
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No total Lhorium is detected at or above the IDL of 13 ug in samples from any 4000 Series 
nly statistically elevated Th-228 concentration from 4000 Series wells was observed at 

ere no clay interbed is present. This nonrecurrent detection occurred during first 

/Fs sampling. 

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

contributing a signif!cant amount of thorium to the bottom of the Great Miami aquifer. 
_lo.w,le~el,_nonrecurrent,-tho~.~-de~ec~io~ from 4000 Series wells, the FMPC is not 

The UTLs of radi downgradient 2000, 3000, and 4000 Series wells are as follows: 

Ra-226 Ra-228 
pCi/L pci/L 

1.1 4.3 
Ross 3000 Series 1.1 4.1 
Shandon 2000 and 3000 Series 3.0 
Dry Fork 2000 and 3000 Series 3.0 
4000 Series 3.0 

2000 Series Wells 
Statistically elevated Ra-226 activity co re found in groundwater samples from only 
six 2000 Series wells. The six wells, 2014, 2015, 2044, 2060, 2094, and 2095, are all in the Dry 
Fork downgradient well group near and beyond the southern boundary of the FMPC (Figure 6-3). 
Repealed Ra-226 detections were observed only at Wells 2 The maximum Ra-226 
activity concentration detected in groundwater sampled by 2 lls was 6.3 pCi/L from 
third quarter 1988 sampling of Well 2094, which is located s 
(Figure 6-3). 

Statistically elevated Ra-228 activity concentrations were o dwater from several 
2000 Series wells. However, for the majority of these wells, the statistically elevated status is 
assigned because of a low-level, nonrecurrent Ra-228 detection. Only at Wells 
Ra-228 detected during more than one sampling round. The maximum Ra-228 
concentration observed in groundwater sampled by 2000 Series wells was 5.9 pCi/L 
quarter 1988 sampling of Well 2052, located north of the Production Area. 

- -- - - - - - - - - _ _  - _ .  _ _  _ _  _ _  - - - - - - - - _.  - - - - - - - - - - - 

The locations of 2000 Series wells in which radium isotopes were detected indicates that the 
observed low-level activity of radium may be related to the infiltration of Paddys Run stream water. 
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0 The presence of radium in Well 2094 would be difficult to justify as a result of the historically- 
formed South Plume, because radium would not be expected to migrate more quickly than uranium 

r 16.0). It should be noted that Well 2094 is also downgradient of several industrial 
ng Paddys Run Road. In genera!, based on the isolated, nonrecurrent, and low-level 

gnificant quantities of radium to the portion of the Great Miami Aquifer sampled by 

3000 Series Wells 
Statistically elevate ‘ty concentrations were observed only at Wells 3043 and 3094 
(Table M-4). The -226 detection occurred in Well 3055. Statistically elevated 

Ra-228 activity co 
Ra-228 detections 

re observed in Wells 3005, 3018, 3043, and 3094. Repeated 

The lack of recurrent Ra-226 and Ra-228 detections shows that the FMPC and associated waste 
storage units are not contributing si dium to the Great Miami Aquifer at the 

depths and locations sampled by 3000 Seri 

4000 Series Wells 
Statistically elevated Ra-226 activity co 
Wells 4015 and 4101, but the low-level detections are nonrecurrent. No clay interbed is present at 
Well 4015, but a 16-foot layer of clay was found at Well 4101. 

re observed in groundwater samples from 

Statistically elevated Ra-228 activity concentrations were obs 
Wells 4091, 4101, and 4103. The detections of Ra-228 in 
nonrecurrent. The Ra-228 detections ranged from 3.0 to 4.3 

dwater samples from 
ere low-level and 

Based on the isolated, nonrecurrent, and low-level detection 
the FMPC facilities are not contributing a signifcant amount of radium to the bottom portion of the 
Great Miami Aquifer. 

Ra-228, it appears that 

S trontium-90 
The UTL of Sr-90 is 5.0 pCi/L for the downgradient wells from all background ar 

...... .... ................... . . -. - -. . - - - -. . . 
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2000 Series Wells 

Statistically elevated Sr-90 activity concentrations were detected in groundwater from 2000 Series 
021, and 2109 (Table M-3). Only at Well 2021 was Sr-90 detected during more than 
round. Sr-90 detections in groundwater sampled by 2000 Series wells ranged from 

with the maximum observed in fourth quarter 1988 sample from Well 2021 
middle of the Waste Storage Area. 

As discussed for 1000 Series wells, Sr-90 was reported in samples of waste material stored in the 
waste pits, and this is probably the source of the Sr-90 repeatedly detected at Well 2021. 

3000 Series Wells 
Sr-90 was not detec 
associated waste sto 
sampled by 3000 S 

e 3000 Series wells. This indicates that the FMPC and the 
not contributing Sr-90 to those levels of the Great Miami Aquifer 

4000 Series Wells 
Sr-90 was not detected in any 4000 Series 
not contributing Sr-90 to the lowest depths 
sampled by 4000 Series wells. 

us, the FMPC and the associated facilities are 
t Miami Aquifer where groundwater is 

Technetium-99 
The UTL of Tc-99 for all downgradient wells is 30 pCi/L. 

2000 Series Wells 
Statistically elevated Tc-99 activity concentrations were detect 
Wells 2019, 2021, 2022, 2043, and 2109 (Table M-3). Exce 
were recurrent and ranged from 166 to 5510 pCi/L. The m 
quarter 1988 RIPS sampling of Well 2021. 

dwater samples from 
2043 and 2109, detections 

detection occurred in third 

The source of the repeated Tc-99 detections in 2000 Series wells is most likely 
Tc-99 is a documented constituent of FMPC waste solids. It should be noted 
relatively mobile radionuclide and detectable quantities of Tc-99 were also obs 
overburden beneath the Waste Storage Area. 

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

........... .......... ............ .............. ..... ........ ........ .... :.:...:...:.: 
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Statistically elevated, but nonrecurrent Tc-99 activity concentrations were detected in Wells 3009 
The lack of detection shows that the FMPC and the associated facilities are not 

c-99 to the Great Miami Aquifer at the depths where 3000 Series wells are screened. 

yelevated Tc-99 activity concentration was detected in groundwater from any 4000 
ells. Thus, there is no indicalion that the FMPC and the associated waste storage units are 

contributing Tc-99 to the bottom of the Great Miami Aquifer. 

Pu-238, Pu-239/240, or Ru-106 were observed in groundwater 
ned in the Great Miami Aquifer during RI/FS and 1989 RCRA 

15.4.2.2 Metals 
Aluminum 
As discussed in Section 15.3.2.2, alumin 
Assessment Report (IT 1986) were used 

m the Interim Air, Soil, Water, and Health Risk 
UTLs for various downgradient well groups. 

No aluminum UTL was developed for 
from wells located in the Ross background area were analyzed for aluminum. The UTL of 
aluminum is 0.19 mg/L for downgradient 2000 and 3000 S 
Insufficient aluminum concentration data were available from 
Haven Trough to create UTLs for Dry Fork downgradient 2 
Series wells. 

n well group, since no groundwater samples 

Shandon Tributary. 
Section of the New 

Series wells, and 4000 

2000 Series Wells 
Limited data were available for aluminum in groundwater from 2000 Series wells. Samples 
analyzed for aluminum were collected during RI/FS and second to third quarter 
sampling rounds. 

Statistically elevated aluminum concentrations were observed in groundwater co 
2000 Series wells. Among these wells, aluminum concentratib- greater than 0.20 
observed in groundwater samples from Wells 2008, 2014, 2016, 2027, 2045, 2084, and 2109 
(Appendix E). The aluminum concentration of groundwater from 2000 Series wells ranges from 

- - - - 
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less than the MDL of 0.1 mg/L to 0.755 m a ,  with the maximum concentration from the second 

quarter 1988 sampling of Well 2014, located near the confluence of Paddys Run and the Stom 

evated aluminum concentrations in groundwater from 2000 Series wells may be 
FMPC and associated waste storage units. However, due to the lack of data, the 

ation of wells with statistically elevated-conc_entrations,-and-the-low-concentrations, 
correlation to the FMPC is uncertain. 

3000 Series Wells 
Aluminum in 3000 
1988 RIPS, second 
rounds. 

as analyzed only in some samples taken during second quarter 
er 1989 RWS, and second to third quarters 1989 RCRA sampling 

Statistically elevated aluminum concentrations were observed in Wells 3019, 3037, 3055, and 3084 
(Table M-4). Aluminum concentration wells ranged from 0.0199 to 
0.224 mg/L, which is only slightly above 
sample from Well 3037 in the third quarte 

. The maximum concentration occurred in a 

Given the limited data and the low-lev 000 Series wells, there is no clear evidence 
that the FMPC is contributing to aluminum concentrations in Great Miami Aquifer groundwater at 
the elevation where 3000 Series wells are screened. 

4000 Series Wells 
Groundwater samples from seven 4000 Series wells were uminum. Average 

aluminum concentrations of greater than 0.10 mg/L were obs 
4064, and 4101 (Appendix E). Aluminum concentrations in 
to 0.238 mg/L, with the maximum concentration observed during third quarter 1989 RCRA 
sampling of Well 4013. 

11s 4001, 4008, 4013, 
Series wells ranged from 0.0144 

Given the limited data for aluminum concentration from 4000 Series wells, no 
FMPC and associated facilities is possible. 

he 

_ _  ~ - ._ - ..- ~~ . . . . . .~ 
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Ross 2000 Series 1.004 mg/L 
Ross 3000 Series 0.639 mg/L 
Sliandon 2000 and 3000 Series 0.060 mg/L 

Fork 2000 and 3000 Series 0.006 mg/L 
0.006 mg/L 

0 

2000 Series Wells 
Statistically elevat 
and 2104. With th 

portion of the reg 
low concen Ira t ion. 
0.275 mg/L. The 
Well 2094. 

trations were observed in groundwater samples from Wells 2094 
the repeated detection of arsenic at Well 2094, detections in the 
pled by 2000 Series wells were isolated, nonrecurrent, and of 

liers, arsenic detection in 2000 Series wells ranged from 0.002 to 
c concentration was from fourth quarter 1988 sampling of 

As discussed earlier, Well 2094 is downgr 
Road, which may be the source of the ele 

several industrial sites located along Paddys Run 
nic found in groundwater from the well. 

3000 Series Wells 
Statistically elevated arsenic concentrat served in any 3000 Series downgradient 
well. Arsenic detection in 3000 Series wells ranged from 0.002 to 0.31 mg/L. The maximum 
concentration is an outlier and was excluded from the data analysis. Excluding outliers, the 
maximum arsenic concentration occurring in 3000 Series do 
from Wells 3001, 3054, and 3097. Recurrent detections of 
only at Well 3043 and were below the UTL for the associat 

undwater was 0.02 mg/L 

Given the isolated and low-level detections of arsenic in 
3000 Series wells, the FMPC and associated waste storage units are not contributing significant 
amounts of arsenic to the aquifer at the depth where water is sampled by 3000 Series wells. 

4000 Series Wells 
Statistically elevated arsenic concentrations were observed in two 4000 Series 

- 4091: Arsenic detections from 4000 Series wells -ranged-from-0.002 to-0.015 

from Well 4067 was tested only once for arsenic during the RI/FS and R 
thus, the concentration reported in Well 4067 may not be representative. The source of the 

- 

CEOOOGi 
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consistently elevated arsenic concentrations observed in Well 4091 is not known; however, the well 

is in an area that has been used for agriculture and is adjacent to State Highway 128. Therefore, 

of arsenic in this well may not be related to FMPC operations. 

barium are as follows: 

Ross-2000-Series 0.079-mgL 
Ross 3000 Series 0.077 mg/L 
Shandon 2000 and 3000 Series 0.900 mg/L 

0.048 mg/L 
0.048 mg/L 

2000 Series Wells 
Stat istically elevated ntrations were observed in groundwater samples from several 

uthern portion of the reservation and off-FMPC to the 
southwest and south. Among these, Wells 2046, 2065, 2070, and 2093 lie within an area of the 
aquifer which may receive water from both 
concentrations from these wells were consi 
Fork Section background data with a muc 
ranged from 0.014 to 1.25 mg/L, with th 
Well 2094. 

don Tributary and Dry Fork Section. Barium 
tistically elevated when compared to the Dry 

. Barium detection in 2000 Series wells 
observed during first quarter 1989 sampling of 

The FMPC and associated waste storage areas do not appear to contribute significant barium to the 
portion of the aquifer sampled by 2000 Series wells. Elevated barium concentrations in 

groundwater samples from 2000 Series wells, except for Well low enough to be due to 
natural variation. Barium concentrations at Well 2094 were c 
however, these concentrations appear to be due to contaminati 
FMPC. Well 2094 is downgradient of industrial sites located s Run Road. The 
elevated barium concentrations at the wells located in the fluctuation area may be due to mixing of 
groundwater from the Shandon Tributary and Dry Fork Section and not due to FMPC-related 

greater than 1.0 mg/L; 
source other than the 

contamination. Elevated barium concentrations observed in 1000 Series wells located in the Waste 
Storage Area were not found in samples from the corresponding clustered 2000 

3000 Series Wells 
Statistically elevated- barium concentrations were observed in groundwater sa 
3000 Series wells. Wells 3018, 3020, 3065, 3070, and 3093 lie within an area of the aquifer 
which may receive water from both the Shandon Tributary and the Dry Fork Section. Barium 

_ _  - 
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concentrations in these wells were considered statistically elevated when compared to the lower- 
UTL Dry Fork background data; however, concentrations are not considered elevated when 

o the Shandon Tributary UTL. Barium detection in 3000 Series wells ranged from 
3 mg/L, with the maximum observed during the second quarter 1989 sampling of 

may be due to 

g of groundwaters from the Shandon Tributary and Dry Fork Section and not due to 

FMPC-related contamination. Other statistically elevated barium concentrations in groundwater 
samples from 3000 
natural variation. 
than that from the 
to operations at the 

except for Well 3094, were low enough that they may be due to 

centration at Well 3094 is almost an order of magnitude higher 
. The elevated barium concentration in Well 3094 may be due 

lities that are located along Paddys Run Road south of the FMPC. 

4000 Series Wells 
Statistically elevated barium concentrations were observed in almost all  4000 Series wells. 
However, the natural variation of barium 
4000 Series wells ranged from 0.028 to 0 
to the east of the waste pits, Wells 401 
are higher than twice that of the UTL. 

red greater than the UTL. Barium detection in 
Four wells located directly downgradient and 
, and 4101, indicate barium concentrations that 

The lower barium concentrations observed in 3000 Series wells located in the vicinity of the waste 
pits suggest that groundwater chemistry near the bottom of the aquifer may be influenced by 
bedrock more so that surface releases of waste constituents. 
concentrations may be due to natural variation and not the o 

Cadmium 
The UTLs for cadmium are: 

Ross 2000 Series . 0.005 mg/L 
Ross 3000 Series 0.008 mg/L 
Shandon ZOO0 and 3OOO Series 0.006 mg/L 
Dry Fork 2000 and 3000 Series 0.005 mg/L 
4000 Series 0.005 mg/L 

- .- - .~ .. ~ - -~ . . . .~ . . . . . . . 
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Statistically elevated cadmium concentrations were observed in groundwater samples from 
wells that are located in the southern half of the Production Area, near the fly ash piles 
, and Well 2094 (Table M-3). Among these wells, repeated detections occurred only 
, 2048, 2053, 2094, and 2109. Cadmium concentrations in groundwater from 
ells ranged from 0.002 to 0.045 m a .  The maximum reported concentration was 

- quarter 1989 sampBg-of Well 2055 in the Production-Area,-and-was-nonrecurrent. 
this observation, the maximum cadmium concentration in the 2000 Series wells was 

0.0118 mg/L from the second quarter 1989 sampling of Well 2094. 

Given the low ca 
that the FMPC and 
portion of the Great 
cadmium in Well 
than the FMPC. 

ions from most 2000 Series wells, it is reasonable to conclude 
te storage areas are not significant sources of cadmium to the 
r sampled by 2000 Series wells. The occurrence of elevated 
ted to the industries operating along Paddys Run Road rather 

3000 Series Wells 
Statistically elevated cadmium concentrati 
Series wells (Table M-4). Cadmium det 
0.032 mg/L, with the maximum concen 
Except for Wells 3015, 3084, and 3094, statistically elevated cadmium concentrations represented 
nonrecurrent delections in each well. 

d in groundwater samples from several 3000 

0 Series wells ranged from 0.002 to 

third quarter 1988 sampling of Well 3034. 

The low concentrations and nonrepeated detections of cadmi 
clear evidence that the FMPC and associated facilities are co 
cadmium to the portion of the Great Miami Aquifer sampled 

Series wells provide no 
cant amounts of 

4000 Series Wells 
Stalisrically elevated cadmium concentrations were observed in several 4000 Series wells 

(Table M-5). No recurrent elevated cadmium concentration was observed in th 
detection in groundwater from 4000 Series wells ranged from 0.0021 to 0.012 
maximum from second quarter 1989 sampling of Well 4013 and fourth quarter 
Well 4015. 
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’ Based on the nonrecurrent, low-level cadmium concentrations in 4000 Series wells, the FMPC and 
associated facilities do not appear to contribute siccant amounts of cadmium to the bottom part 

Ross 3000 Series 112.30 mg/L 
Shandon 2000 and 3000 Series 108.58 mg/L 
Dry Fork 2000 and 3000 Series 104.38 mg/L 
4000 104.38 mg/L 

2000 Series Wells 
Statistically elevate tions were detected in groundwater samples from many 
2000 Series wells 1 and off-FMPC property (Table M-3). The calcium 
concentrations of approximately half of these wells are close enough to the UTLs that the 
concentrations can be ascribed to natural variation. However, groundwater samples containing 
substantially elevated calcium concentration so found in several 2000 Series wells located in 
the Waste Storage Area and southwestern the Production Area. Calcium concentrations 
in 2000 Series wells ranged from 10.1 g/L, with the minimum an outlier and the 
maximum from third quarter 1989 sam 027 located in the northeast comer of the 
Waste Storage Area. 

Elevated calcium concentrations observed in 2000 Series wells located in the vicinity of the waste 
pits are probably due to the downward movement of perched 
calcium levels or direct leakage from the waste pits. Elevat 
2000 Series wells located in the southeast portion of the Pr 
dissolution of calcium-bearing minerals, chiefly calcite and 
overburden. Spills of acidic solutions, such as those used in PIant 6 pickling operations, would be 
neutralized by reaction with these minerals, increasing dissolved calcium concentrations. Elevated 

containing elevated 

may be due to the 

calcium concentrations could also be due to the leaching of concrete within the Production Area. 

3000 Series Wells 
Statistically elevated calcium concentrations were observed in groundwater sampled 
3000- Series wells located within the FMPC reservation (Table M4).- Groundwater 
containing elevated calcium concentrations were found in 3000 Series wells located immediately 
east of the Waste Storage Area and extending into the norfhem portion of the Production Area. 

mmwm. 1 -211 2- 11-90 15-83 UOOQ89 



December 17, 1990 

Wells 3017 and 3070, which are located at the southern boundary of the reservation, were also 
found to contain moderately elevated calcium concentrations. Calcium concentrations in 

samples from 3000 Series wells ranged from 7.9 to 337 mg/L, with the maximum 
om fourth quarter 1988 sampling of Well 3010 located along the eastern boundary 

ations in 3000 Series wells located east of the waste pits are probably due 

stward and downward movement of groundwater which carries calcium-bearing solutions 
from the waste pits. Elevated calcium concentrations observed in Well 3017 may be due to the 
intiltration of surfac 
observed in Well 3 
pile. Large quantili were disposed in Southfield. 

e fly ash area/SouWield. The elevated calcium concentration 
used by groundwater flow from SouWield or the Active Fly Ash 

4000 Series Wells 
Slatistically elevated calcium concentrations were observed in five 4000 Series wells, 4013, 4015, 
4016, 4064, and 4101. Calcium concentrations in 4000 Series wells ranged from 68.5 to 

270 mg/L, with the maximum concentratio 
located at the eastern edge of the Produc 

d quarter 1989 RCRA sampling of Well 4013 
ere the clay interbed is absent. 

The elevated calcium concentrations obs 
and may be due to natural variation. 
4064 and 4101, which are located in the Production Area, are correlated with the locations of 
elevated calcium concentrations observed in 2000 and 3000 S 

operation of the Waste Storage Area and/or the Production 

4015 and 4016 are very close to the UTL 
elevated calcium concentrations observed at Wells 4013, 

and may be related to the 

Chromium 
All chromium concentrations given in the following discussio hromium concenfrations. 

The UTLs for total chromium are: 

0.020 mg/L . . . . . . . . . . . . . . . . . . . . . . . . . Ross 2000 Series 
Ross 3000 Series 0.027 mg/L 
Shandon 2000 and 3OOO Series 0.028 mg/L 
Dry Fork 2000 and 3000 Series 0.029 mg/L 
4000 Series 0.029 mg/L 

. . - .  . .  - _  ._ - - -  . .  . -  ~~ . .~ 
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Statistically elevated total chromium concentrations were observed in groundwater samples from 
0 Series wells (Table M-3). Elevated, repeated detections of total chromium were 

ells 2017, 2048, and 2065 in the southern portion of the reservation; Wells 2027 and 
aste Storage Area; Wells 2006, 2007, 2054, 2053, 2055, and 2109 in the Production 

C Wells 2098 and 2127. In these wells, total chromium detections ranged from 
18~mg/L,~with~the~maximum~detection~from~second~quarter~l989~sampling~of~~ell 

2109 located near Plant 6. 

The Waste Storage 
concentrations in 2 
relative to the toler 
concentrations; how 
Miami Aqurfer. 

areas may be the source of the elevated chromium 
in these areas. Based on the concentrations of chromium 

on the widespread distribution of wells exhibiting elevated 
rtain whether the FMPC has contributed chromium to the Great 

3000 Series Wells 
Statistically elevated chromium concentrati 
Wells 3019, 3024, 3037, 3055, 3084, 306 
(Table Ma). Among these wells, rep 
3024, 3037, 3055, 3065, and 3084. H 
analyzed for chromium, the detections in.ihese welk'were not consistent. Excluding outliers, 
chromium detection in 3000 Series wells ranged from 0.0071 to 0.0774 mg/L, with the maximum 
detection from second quarter 1989 RCRA S ~ D ~ J Z  of Well 3084. 

observed in groundwater samples from 
8 located within the FMPC reservation 

of chromium only occurred in Wells 3019, 
for Well 3065, where only two samples were 

. . . . . . . . * -  

The Waste Storage Area and Production Area may be the so 
concentrations observed from 3000 Series wells. However, 
low-level chromium detections, the correlation is uncertain. 

elevated chromium 
on the inconsistent and 

4000 Series Wells 
Statistically elevated chromium concentrations were .observed in two 4000 Series wells, Wells 401 3 
and 4064 (Table M-5). Chromium detections observed in groundwater samples 
wells ranged from 0.0072 to 0.062 mg/L, with the maximum detection from s 
sampling of Well 4013. The average chromium concentrations calculated for Wells 
are less than twice the Uc. 

_ _  - _ .  . .~ . -  ~. - .. - 
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As discussed previously, groundwater chemistry at the base of the aquifer may be differenl from the 
upper portion of the aqwfer due to the influence of the bedrock. The slightly elevated chromium 

concentralions observed in Wells 4013 and 4064 do not geographically correlate with chromium 
observed in 2000 and 3000 Series wells. Thus, the source of chromium observed in 

064 may not be related to the FMPC facilities. 

. The UTLs for copper are: 

Ross 2 0 0  Series 0.227 mg/L 
0.168 mg/L 
0.010 mg/L 
0.039 mg/L 
0.039 mg/L 

Series wells was calculated based on a coefficient of variation 
greater than 1.0. 

ZOO0 Series Wells 0 Statistically elevated copper concentratio 
located in the Shandon Tributary well gr 
2000 Series wells ranged from 0.0046 
quarter 1988 sample from Well 2021. 

water were observed in 2000 Series wells 
-3). Excluding outliers, copper detected in 

with the maximum detection in the second 

Most 2000 Series wells in the Shandon Tributary group exhi elevated copper 
concentrations. However, only Wells 2054, 2084, 2097, and repeated detections 
(Appendix E). The average copper concentrations calculated 
downgradient wells are all below 0.02 mg/L, and are therefor 
Shandon Tributary. Thus, the total variations of copper co 
greater than accounted for in the Shandon Tributary UTL, 
are probably not a source of copper for the portion of the Great Miami Aquifer sampled by 
2000 Series wells. 

ater from 2000 Series 
wice the UTL for the 

oundwater may be 
d associated waste units 

3000 Series Wells 
Statistically elevated copper concentrations were observed in many 3000 Series wells 
reservation and several 3000 Series wells off-FMPC (Table M4). Except for 
these wells showed consistently repeated and significant copper concentrations. The !wo samples 

- -  
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taken from Well 3106 showed results of 0.015 and 0.100 mg/L. Wells 3065, 3070, and 3108, 

which are located in the area that may receive groundwater from the Shandon Tributary and/or the 
ection of the New Haven Trough, show elevated copper concentrations only when 

e Shandon background copper concentration. Copper detections in groundwater from 
ells ranged from 0.0057 to 0.1 mg/L, with the maximum concentration from second 

S sampling of Well 3106. 

n areas may be due to 
groundwater flows from the Dry Fork Section, which has a higher background copper concentration 
than groundwater fr 
copper concentratio 
observed in backgro 
and associated was 
the Great Miami 

utary. Also, as discussed above, the natural variabiIity of 
Aquifer groundwater may be greater than the variability 

en the nonrecurrent and low concentrations of copper, the FMPC 
are probably not contributing significant amounts of copper to 

led by 3000 Series wells. 

4000 Series Wells 
Statistically elevated copper concentrations 
concentrations in 4000 Series wells rang 
concentration from fourth quarter 1988 
represents background conditions. 

t detected in any 4000 Series wells. Copper 0 51 to 0.104 mg/L, with the maximum 
ell 4023 which is located in Ross and 

. . . . . . . . . 

The FMPC and the associated waste storage units are not contributing copper to the lower portion 
of the Great Miami Aquifer where groundwater is sampled by 4000 Series wells. 

- Iron 
The UTLs for iron are: 

o. o5 $gMgL o. 27ma/L . . . . . . . Ross 2000 Series 
Ross 3000 Series 
Shandon 2000 and 3000 Series 3.948 rnb 
Dry Fork 2000 and 3000 Series 0.043 mg/L 
4000 Series 0.043 mg/L 

It is noted that the UTL for the 3000 Series Ross Section wells was calculated 
coefficient of variation greater than one. 

Iron concitra,ions are sensitive to idox  conditio:. As discussed previously, groundwater in the 
Shandon Tributary is most likely chemically reduced, which allows higher iron concentrations and 

- - 

0 
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therefore a higher UTL. Given the behavior of iron in the aquifer and the complexity of surface 

water and groundwater interactions in the study area, the statistical analysis for this parameter is of 

evated iron concentrations were observed in groundwater samples from approximately 

- Series wells -(Table M-3). Iron levels in all but two of these-wells were 
lly elevated only when compared to the UTL calculated from the Dry Fork Section 

background data. Iron in 2000 Series wells ranged from below an MDL of 0.005 mg/L to 
21.2 mg/L, with the 
far to the south of 

ncentration from first quarter 1989 sampling of Well 2094 located 

Iron concentrations 
contained less than 
1.0 mg/L were commonly observed in 2000 Series which contained greater than 1.0 mg/L of 
dissolved oxygen. Thus, in areas of 
the area immediately downgradient from Pa 
due to the oxidation of ferrous iron (Fe' 
the matrix of the aquifer. Over short 
Therefore, iron may be fixed in the aq 
remobilized. 

0 mg/L were commonly observed in 2000 Series wells which 
ssolved oxygen, while iron concentrations much less than 

eive recharge from surface water, such as 

(Fe+3) and subsequent precipitation within 
un, iron concentrations generally are low. This is 

few years, this reaction is reversible. 
s of a year, or for several years, and then 

Because of the behavior of iron in the aquifer, the contribution, if any, of the metal from the 

FMPC and associated waste storage units cannot be assessed 
21.2 mg/L from Well 2094 should be considered anomalous 
operations in the area. 

oncentrations of 15.8 to 

due to other industrial 

3000 Series Wells 
Statistically elevated iron concentrations were observed in groundwater samples from many 
3000 Series wells (Table M4). Iron levels in all but three of these wells were 
only when compared to the UTL calculated from the Dry Fork Section backgro 
outliers, iron concentrations in 3000 Series wells ranged from 0.02 to 16.9 m 
maximum concentration from fourth quarter 1988 sampling of Well 3037. 

- - - 

Given the behavior of iron in nature, the elevated iron concentrations observed in groundwater 
samples from most western downgradient wells can be attributed to natural variation. However, 

000090 
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0 slightly elevated iron concentrations in Wells 3017, 3062, 3095, and 3106 may be related to the 
leaching of waste materials in Southfield into the aquifer through surface water infiltration. The 

concentration observed at Well 3094 is probably related to the operation of the 
lilies along Paddys Run Road. Sigdicantly elevated iron concentrations observed at 

d 3055, which are located downgradient from the Waste Pit Area, may be due 
d downward groundwater flow from the waste pits. 

Statistically elevated iron concentrations were observed in all 4000 Series wells (Table 5-M). Iron 
concentrations in 4 
concentration from 

Is ranged from 0.03 to 9.64 mg/L, with the maximum 
89 sampling of Well 4013. 

Groundwater at th 

surface water infil 
portion of the aquifer. The elevated iron concentration observed in the majority of 4000 Series 
wells is most likely due to the chemi 
aquifer. However, sigdkantly elevated ir 
4064, 4067, and 4101, which are located 
to releases from the waste storage units. 
2000 and 3000 Series wells that are 1 

regional aquifer receives the least amount of direct stream or 
is chemically reduced relative to groundwater in the upper 

e of groundwater in the deeper portion of the 
entrations observed in Wells 4001, 4010, 4013, 

ent from the waste pits, may be partially related 
orted by the elevated iron concentrations from 

ty of the waste pits. 

Lead 
The UTLs for lead are: 
- 

0. Ross 2000 Series 
Ross 3000 Series 
Shandon ZOO0 and 3000 Series 
Dry Fork ZOO0 and 3000 Series 
4000 Series 

2000 Series Wells 
Statistically elevated lead concentrations were observed in groundwater samples from Wells 2017, 
2018, 2044, 2045, and 2046 within the reservation and Wells 2002 and 2093 o 
Among these wells, repeated detection of lead occurred in groundwater sampl 
Wells 2044, 2045, 2046, and 2093. The lead concentrations were statisticall 
comp&on with Dry Fork background well data (Table Mi3). Excluding b 
2000 Series wells ranged from 0.002 to 0.026. The maximum concentration was observed during 
fourth quarter 1988 sampling of Well 2017. 

008091 
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Decmibcr 17. 1990 0 Based on the nomecurrent and low-level nature of lead detections, it appears that the FMPC and 

associated waste storage units are not contributing significant quantities of lead to the portion of the 
r sampled by 2000 Series wells. Repeated detections of lead in samples from 

2046 may be related to historic infiitration of contaminated stream water through 
bed or infiltration bough Southfeld or the fly ash area. 

__- 
d lead concentrations were observed in groundwater samples from several 

3000 Series wells (Table M-4). Among these wells, repeated detections of lead occurred only in 
Wells 3016, 3062, 3 . Excluding outliers, lead detected in 3000 Series wells ranged 
from 0.002 to 0.078 e maximum concentration from fourth quarter 1988 sampling of 
Well 3017. 

Based on the isolate , and low-level lead detections, the FMPC and associated waste 
storage units are not contributing significant amounts of lead to the Great Miami Aquifer at depths 
where groundwater is sampled by 3000 Series wells. 

0 4ooo Series wells 
Statistically elevated lead concentrations 
(Table M-5). However, no recurrent el 
Excluding outliers, lead concentrations detected in 4000 Series wells ranged from 0.002 to 
0.05 mg/L, with the maximum concentration from second quarter 1988 sampling of Well 4103. 

in Wells 4014, 4096, 4102, and 4103 
centrations were observed in these wells. 

Based on the low-level, nonrecurrent lead detections in 4000 
associated facilities are probably not contributing significant 
Great Miami Aquifer. 

the FMPC and the 
ead to the bottom of Lhe 

. . . . . . . . . 
Magnesium 
The UTLs for magnesium are: 

Ross 2000 Series 40.90 mg/L 
Ross 3000 Series 38.87 mg/L 
Shandon 2000 and 3000 Series 34.86 mg/L 
Dry Fork 2000 and 3000 Series 27.88 mg/L 
4000 Series 27.88 mg/L 

~. - .  ~ - - - .  .. - -  - - .  . .~ 

. ,.... 
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Statistically elevated magnesium concentrations were observed in groundwater samples from several 
wells (Table M-3). Magnesium concentrations in approximately half of these wells 

the UTL and may be due to natural variation. However, magnesium concentrations 
les from Wells 2065 and 2094; Waste Storage Area Wells 2022, 2027, and 

duction Area Wells 2054, 2109, and 2118 are higher than can be ascribed to natural 
g outliers, magnesium concentrations in groundwater from 2000 Series wells 

om 18 to 100 mg/L, with the maximum concentration from third quarter 1989 RCRA 
sampling of Well 2084 located east of Pit 5. 

As discussed earlier 
the Waste Storage 
leakage from the 
Wells 2022, 2027 

esium concentrations were found in perched groundwater beneath 
ard movement of groundwater from the perched aquifer or direct 
ontribute to the statistically elevated magnesium concentrations in 

Elevated magnesium concentrations in the regional aquifer beneath the southeastern comer of the 
Production Area may be due to the Plant 6 
could result in the dissolution of native 
or exchange of magnesium absorbed on 
therefore, is an indicator that the effects 

erations. Neutralization of an acidic plume 
g minerals or concrete, or the desorption 

. The presence of magnesium under Plant 6, 
the plant area have impacted the aquifer. 

Elevated magnesium concentrations observed in Well 2094 may be related to the industrial facilities 
along Paddys Run Road. 

3000 Series Wells 
Statistically elevated magnesium concentrations were found 
(Table M4). The magnesium concentration in groundwater 
from 0.5 to 232 mg/L. The minimum observed concentrati 
concentration, from Well 3108, appears to be a data transcription error that could not be 
substantiated. Excluding this value, the maximum magnesium concentration wa 
second quarter 1989 RCRA sampling of Well 3084, which is located east of Pi 

Series wells 
g from 3000 Series wells ranged 

The maximum 

The correlation between the locations of 2000 and 3000 Series wells which 
rnagn&ium concentrations indicates that gro&dwakrmoving downward and 
glacial overburden and the aquifer beneath the waste pits is contributing magnesium to Wells 3010, 
3013, 3037, 3051, and 3084. Elevated magnesium concentrations observed at Wells 3018 and 3095 

0040.93 
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may be ascribed to natural variation, and the anomalous magnesium concentrations observed at Well 

3094 may be due to the operation of the industrial facilities along Paddys Run Road. 

d magnesium concenfrations were found in Wells 4010, 4013, 4064, and 4101, 
Uie Production Area (Table M-5). Magnesium concentrations observed in 

ples from these wells ranged-from-28.5-to-91.7- ma.-Magnesium-concentrations 
4000 Series wells ranged from 18 to 91.7 mg/L, with the maximum 

concentration from the third quarter 1989 sampling of Well 4013. 

The correlation bet 
contain elevated gro 

11s of 4000 Series wells, and 2000 and 3000 Series wells that 
sium concentrations, suggests that the anomalous magnesium 
10, 4013, 4064, and 4101 may be derived from the Waste 

Manganese 
The UTLs for manganese are: 

Ross 2000 Series 
Ross 3000 Series 
Shandon 2000 and 3000 
Dry Fork 2000 and 3000 
4000 Series 

0.004 mg/L 
0.015 mg/L 
0.134 mg/L 
0.919 mg/L 
0.919 mg/L 

It should be noted that the UTL of 0.919 mg/L, calculated for the Dry Fork Section, was based on 
a coefficient of variation greater than one. The variation of ncentrations in Dry Fork 
background groundwater is very high because of high concen rved at Well 2057. This 
leads to a high UTL for the Dry Fork well group. 

Similar to iron, the manganese concentration in the aquifer is sensitive to groundwater redox 
conditions. Thus, the application of statistical analysis to manganese data is not as straightforward 
as for other parameters. 

2000 Series Wells 
Statistically elevated manganese concentrations were detected in the majority of 2000 
the ShGdon Tributary group (Table M-3). Excluding outliers, manganese concen&i 
Series wells ranged from 0.001 to 1.86 mg/L, with the maximum concentration being from the 
second quarter 1989 satlipling of Well 2109. 
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0 As with iron, interpretation of the dissolved manganese distribution is complicated by the presence 
of relatively reduced and oxidized areas within the Great Miami Aquifer. Despite the added 

of redox sensitive behavior, it appears that the FMPC and associated waste storage units 
cant source of manganese for the portion of the aquifer sampled by 2OOO Series 

aced in the vicinity of Plant 6, were observed 
t contributions from the FMPC. 

Statistically elevated manganese concentrations were found in groundwater from a majority of 
3000 Series wells downgradient well group (Table M4). Manganese concentrations 
in 3000 Series we 0.006 to 4.32 mg/L, with the maximum from fourth quarter 1988 

RWS sampling of 

Given the behavi 
concentrations may be due to natural variation. However, the significantly elevated manganese 
concentration of groundwater in Wells 
the waste pits, may indicate a contributio 

in the aquifer, the majority of the elevated manganese 

3084, which are located in the vicinity of 

4000 Series Wells 
A statistically elevated concentration o s found only in groundwater from Well 4016 

(Table M-5). Excluding outliers, manganese concentrations in 4000 Series wells ranged from 0.009 
to 1.02 mg/L, with the maximum manganese concentration from first quarter 1989 sampling of 
Well 4016. 

The average manganese concentration of 0.939 mg/L in Well 
UTL. Because of the relatively reduced conditions present 
value is not considered an indication of FMPC-related cont 

y slightly greater than the 
r portion of the aquifer, this 

Based on the manganese concentrations observed in 4000 Series wells, the FMPC and the 
associated facilities are not contributing manganese to the area of the Great Miami Aquifer sampled 
by 4000 Series wells. 

Mercury 
T ~ ~ U T L S  for merc-iy are: 

- - - 

Ross 2000 Series 0.20 ug/l 
Ross 3000 Series 0.32 ug/l 
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Shandon 2000 and 3000 Series 
Dry Fork 2000 and 3000 Series 
4000 Series 

0.76 ug/l 
0.20 ug/l 
0.20 ug/l 

d mercury concentrations were found in several 2000 Series wells in the Dry 
ent group and at Well 2098 (Table M-3). Among these wells, repeated detections 

curred-on1y-at-Wells-2014~2016;-2018~and-2~-wit~-the-reservation-boundq, 
and Wells 2094, 2095, and 2096 off the FMPC. Excluding outliers, mercury detected in 2000 
Series wells ranged from 0.2 to 2.6 ug/L, with the maximum mercury concentration from first 
quarter 1989 sampli 

Recurring statisticall 
wells. These may 
seven wells are loc 

Elevated mercury concentration was also detected in Well 2094, located downgradient of the Paddys 
Run Road industrial sites. Because most m 
FMPC and associated waste storage areas 
portion of the Great Miami Aquifer samp 

rcury concentrations were observed in seven of the 2000 Series 
infiltration of surface water from Paddys Run, since five of the 

ortion of the aquifer where surface water infiltration occurs. 

detections are nonrecurrent and low-level, the 
y not a significant source of mercury for the 

3000 Series Wells 
Statistically elevated mercury concentrations were found in a majority of the Dry Fork 3000 Series 
wells (Table M-4) and four wells located in the fluctuation area (Figure 15-2), Wells 3018, 3020, 
3093, and 3108. Among these wells, mercury was recurrent1 * Wells 3014, 3017, 3018, 
3044, 3095, and 3108. Excluding outliers, mercury detected 
to 7.5 ug/L, with fhe maximum concentration from second q 

wells ranged from 0.2 
sampling of Well 3108. 

Because most mercury detections were low-level and did n 
associated waste storage facilities are probably not contributing a significant amount of mercury to 

the Great Miami Aquifer at depths where groundwater is sampled by 3000 Series wells. 

cur, the FMPC and 

4000 Series Wells 
Statistically elevated mercury concentrations were observed in several 4000 Series w 

- (Table M-5). - Recurrent mercury detections occurred - only at Well 4014. Merc 
groundwater from 4000 Series wells ranged from 0.2 to 6.4 ug/L, with the maxim 
from the first quarter 1989 sampling of Well 4014. 
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Elevated mercury concentrations were also observed in Wells 2014 and 3014, located near the 
confluence of the Storm Sewer Outfall Ditch and Paddys Run. Thus, the elevated mercury 

s in Well 4014 may be related to the vertical migration of contamhated surface water. 

molybdenum are: 

-Ross-2000-Series 0.04-mgL- 
Ross 3000 Series 0.06 mgL 
Shandon 2000 and 3000 Series 0.03 mg/L 

0.02 mg/L 
0.02 mg/L 4000 

Dry 

2000 Series Wells 
S (a tistically elevated 
Wells 2021, 2064, 
FMPC (Table M-3). Molybdenum detections were not recurrent in any 2000 Series well. 
Molybdenum detected in the 2000 Series wells ranged from 0.003 to 0.057 mg/L, with the 
maximum concentration from fourth quart 

concentrations were observed in groundwater samples from 
within the reservation and Wells 2061, 2097, and 2104 off the 

pling of Well 2098 which is receiving water 
from the Ross area. 

Based on the paucity of molybdenum d 
of the detections, the FMPC and associated waste storage units are not a source of significant 
molybdenum to the upper portion of the Great Miami Aquifer that is sampled by 2000 Series wells. 

e isolated, nonrecurrent, and low-level nature 

3000 Series Wells 
. . . . . . . . . . . . . . . . 

Statistically elevated molybdenum concentrations were observ 
3094, and 3106 (Table M-4), but molybdenum detections we 
Molybdenum detected in 3000 Series wells ranged from 0. 
concentration from the third quarter 1988 sampling of Well 3064. 

3013, 3044, 3049, 3064, 
ent in any of these wells. 
, with the maximum 

Elevated molybdenum concentrations in Wells 3013 and 3064, which are located around the eastern 
boundary of the Production Area, are possibly due to the location of these well 
the Waste Storage and Production areas. The elevated molybdenum concenlrati 
Wells 3049 and 3106 may be related to groundwater flow and stream infiltrati 
piles and Southfield. However, given the lowllevel and nonrecurrent detections of 
any relationship between the operation of the FMPC facilities and the observed elevated 
molybdenum concentrations is uncertain. 

_ _  
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4000 Series Wells 
Statistically elevated molybdenum concentrations were observed in Wells 4001, 4008, 4013, 4015, 

and 4103 (Table M-5). Among these wells, repeatedly elevated molybdenum 
occurred only in groundwater samples from Wells 4001, 4008, 4013, and 4101. 

4000 Series wells ranged from 0.004 to 0.06 mg/L, with the maximum 
om the first quarter 1989 sampling of Well 4013. 

- 

molybdenum concentrations observed in Wells 4001, 4008, 4013, and 4101, which are 
located directly downgradient from the Waste Storage Area, may be related to the eastward and 
downward groundw of molybdenum-bearing groundwater from this area. However, 
given the low-level 
not be contributing 
sampled by 4000 S 

tections of molybdenum, the FMPC and associated faciIities may 
uantity of molybdenum to the portion of the Great Miami Aquifer 

Nickel 
The UTLs for nickel are: 

Ross 2000 Series 0.020 mg/L 
Ross 3000 Series 0.024 mg/L 
Shandon 2000 and 3000 0.020 mg/L 
Dry Fork 2000 and 3000 0.020 mg/L 
4000 Series 0.020 mg/L 

2000 Series Wells 
Statistically elevated nickel concentrations were detected in groundwater samples from several 2000 
Series wells (Table M-3). However, only at Wells 2027, 204 4, 2084, 2094, and 2109 
was nickel detected in more than one sampling round. Excl , nickel detected in 2000 
Series wells ranged from 0.0105 to 0.084 mg/L. The maxim ation occurred during third 
quarter 1989 sampling of Well 2014, which is the only time 1 was detected in that well. 

Repeated nickel detections in Wells 2054 and 2109 may be due to contributions from the 
Production Area. The repeated detection of nickel at Well 2094 may be related to location of the 
well, downgradient from industrial facilities situated along Paddys Run Road. It 
FMPC and associated facilities are not si@icant sources of nickel for the porti 
Miami Aquifer sampled by 2000 Series wells. 

- 
. ......... - -  . .  - . - - - - . -.. ~ . ~- -~ . ~- - - 
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Statistically elevated concentrations of nickel were observed in several 3000 Series wells 
, but recurrent nickel detections only occurred in Wells 3084 and 3094 (Appendix E). 

iers,.nickel detected in 3000 Series wells ranged from 0.0105 to 0.066 mg/L, with 
oncentration from fvst quarter 1989 sampling of Well 3094. 

went and low-level detections of nickel in 3000 Series wells, other than Well 
--_ ost likely-not contributing a significant amount of nickel to the Great Miami 

t depths where groundwater is sampled by 3000 Series wells. The nickel detected in Well 

3094 may be due to the operation of the industrial facilities located along Paddys Run Road. 

4000 Series Wells 
Stat is tically elevate 
4015, and 4064 (Ta 
outliers, nickel det 
concentration from second quarter 1989 WFS sampling of Well 4013. 

ntrations were observed in groundwater samples from Wells 4013, 
recurrent detection occurred in any of these wells. Excluding 

eries wells ranged from 0.014 to 0.0365 mg/L, with the maximum 

Because of the nonrecurrent, low-level det 
the associated facilities are most likely n 
portion of aquifer that is sampled by 

of nickel from 4000 Series wells, the FMPC and 
ing signifcant amounts of nickel to the lower 

Potassium 
The UTLs for potassium are: 

ROSS 2000’ Series 3.55 
Ross 3000 Series 3.29 
Shandon 2000 and 3000 Series 2.24 
Dry Fork 2000 and 3000 Series 1.96 
4000 Series 1.96 

2000 Series Wells 
Potassium concentrations in groundwater samples from most 2000 Series wells were statistically 
elevated relative to background (Table M-3). Only at Wells 2021, 2022, 2084, 
average potassium concentration greater than 5.00 mg/L. Except for these four 
potassium concentrations observed in groundwater saniples from 2000 Series wells 
natural variation. Potassium concentrations in 2000 Series wells ranged from 0.16 
The minimin concentration is an outlier. The maximum potassium concentrati 
fourth quarter 1988 sampling of Well 2094. 0 
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Statistically elevated potassium concentrations observed at Wells 2021, 2022, and 2084 are most 
likely due to the downward movement of potassium-bearing groundwater from the glacial 

r direct leakage from the waste pits. Samples of surface water from Waste Pits 5 and 
well contain potassium concentrations ranging from 26.0 to 230 m a  

y elevated potassium concentration at Well 2094, which averaged 199.8 m a ,  does not 
occur in samples from any other 2000 Series well. The source of this potassium is located 
downgradient of the FMPC. 

3000 Series Wells 
Statistically elevate 
Excluding outliers, 
with the maximum 
3010, 3013, 3019, 3037, 3053, 3054, 3055, 3084, and 3094, where potassium concentrations were 
consistently greater than 3.0 mg/L, the concentrations were most likely due to 
natural variation. 

centrations were found in most 3000 Series wells (Table M-4). 

ntrations in 3000 Series wells ranged from 0.479 to 230 m a ,  
third quarter 1988 sampling of Well 3094. Except for Wells 

Elevated potassium concentrations in 30 
and Production areas are most likely du 
concentration observed in Well 3094 appears to be related to the industrial facilities along Paddys 
Run Road, which are downgradient of the FMPC. 

s located downgradient of the Waste Storage 
these areas. The elevated potassium 

4000 Series Wells 
Statistically elevated potassium concentrations were detected 
(Table M-5). Potassium concentrations in 4000 Series wells 
the maximum concentration from fourth quarter 1988 sampl 

0.85 to 8.75 m a ,  with 

Except for Wells 4001, 4013, and 4101, the slightly elevated potassium concentrations in the 
4000 Series wells can be attributed to natural variation. The elevated potassium concentrations in 
Wells 4001, 4013, and 4101 appear to be related to sources in the Waste Stora 
supported by the presence of elevated potassium concentrations in the adjacent 
Series Wells. 

is 

- .  ~ ~- .~ .. -. . .- 

. .  .... 
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With the exception of an outlier, selenium was not detected in groundwater samples from any 
well, Consequently, the UTL for selenium is 0.002 mg/L for all 2000, 3000, and 

owngradient wells. - - 

ples from several 
es wells (Table M-3). However, selenium was not detected during more than one 

sampling round at any 2000 Series wells except for Wells 2091 and 2098, where average selenium 
concentrations were mg/L, respectively. Selenium detected in groundwater samples 
from 2000 Series w 
fourth quarter 1988 

0.0018 to 0.022 m a ,  with the maximum concentration from 

Based on the low-1 
facilities are not sources of sigmficant amounts of selenium to the portion of the Great Miami 
Aquifer sampled by 2000 Series wells. 

nt nature of selenium detections, the FMPC and associated 

3000 Series Wells 
Statistically elevated selenium concentrat 
3000 Series wells (Table M-4). Howe 
except for Well 3014, where the average selenium concentration was 0.003 mg/L. Excluding 
outliers, selenium detected in groundwater samples from 3000 Series wells ranged from 0.002 to 

d in groundwater samples from several 
f selenium in these wells were not recurrent 

0.017 mg/L, with the maximum concentration from fourth quarter . . . . . . . . . . . . . 1988 . . . . . . . . . . . . . sampling . . . of Well 3054. 

.... .. 

Given the low-level, nonrecurrent detections of selenium in 
associated facilities are not contributing significant levels of 
deptlis where groundwater is sampled by 3000 Series wells. 

wells, the FMPC and 
the Great Miami Aquifer at 

. . . . . . . . . 

4000 Series Wells 
Statistically elevated selenium concentrations were found only in Wells 4014 and 4097 
(Table M-5). However, selenium detection was not recurrent in these two well 
detected in 4000 Series wells ranged from 0.002 to 0.003 mg/L, with the maxi 
from first quarter 1989 sampling of Wells 4014 and 4097. 
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Given the low-level, nonrecurrent detections of selenium in 4000 Series wells, the FMPC and 

associated waste storage units are not contributing sigmficant amounts of selenium to the lower 
0 

Ross 3000 Series 0.023 mg/L 
Shandon 2000 and 3000 Series 0.013 mg/L 
Dry Fork 2000 and 3000 Series 0.034 mg/L 
4000 0.034 mg/L 

2000 Series Wells 
Statistically elevate 
Series wells (Table 
which silver was d ore than one sampling round. Excluding outliers, silver detected 
in 2000 Series wells ranged from 0.01 to 0.034 mg/L, with the maximum silver concentration from 
second quarter 1988 sampling of W 
section of the New Haven Trough (Figure 

trations were detected in groundwater samples from eleven 2000 
tion Area Wells 2007, 2053, and 2055 are the only wells in 

7 is a background well in the Dry Fork 

Based on the locations of the three well 
Production Area may be a limited so 
sampled by the 2000 Series wells. However, other areas of the FMPC facility, including the Waste 
Storage Area, are probably not contributing sigruficant amounts of silver to the upper portion of the 

d, statistically elevated silver detections, the 
the upper portion of the regional aquifer 

0 

Great Miami Aquifer. . 

3000 Series Wells 
A statistically elevated average silver concentration was obse dwater only at Well 3034 
(Table M-4). However, silver detection was not recurrent in ......... well. Silver detection in 3000 
Series Wells ranged from 0.01 to 0.024 m a ,  with the max&um concentration from the second 
quarter 1988 sampling of Well 3034. 

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

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

Based on the low-level and nonrecurrent detections of silver in 3000 Series we1 
associated facilities are not contributing significant amounts of silver to the G 

depths where groundwater is sampled by 3000 Series wells. 
........ ......... ................. - . .  ........ ........ ........ ........ ..... ......... ......... ......... .......... ........... .......... ........ .............. ................. ........ .. :.:. .... :... ..: 
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4000 Series Wells 
Statistically elevated silver concentrations were not found in any 4000 Series well (Table M-5). 

tions in 4000 Series wells ranged from 0.0103 to 0.09 m a ,  with the maximum 

from the second quarter 1988 RI/FS sampling of Well 4103. 

ytical results of groundwater samples from 4000 Series wells, there is no evidence 
Cadassociated waste storage units are contributing silver to the bottom of the Great 

Miami Aquifer. 

Sodium 

The UTLs for sodi n are: 

34.66 mg/L 
24.55 mg/L 
59.33 mg/L 
4.85 mg/L 

4000 Series 4.85 mg/L 

The UTL of sodium calculated from the S 

order of magnitude greater than that from 
butary background well data is more than one 

ork Section background well data. 

2000 Series Wells 
If compared with the sodium UTL of 
downgradient group would be statistically elevated (Table M-3). However, no wells in the Shandon 
Tributary group exceeded the UTL of 59.3 mg/L. 

Dry Fork Section, every well in the 

Sodium concentrations in groundwater samples from 2000 S 

20 mg/L. Sodium concentrations greater than 20 mg/L wer 
2021, 2022, 2027, and 2084 located in the Waste Storage 
than 20 mg/L were also found in Wells 2043, 2068, 2092 
sodium concentrations from 2000 Series wells ranged from 4.28 to 82.7 mg/L, with the maximum 

re typically less than 
undwater at Wells 2019, 

Sodium concentrations of greater 
Excluding outliers, 

concentration from the fourth quarter 1988 sampling of Well 2092. 

The waste pits may be the source of the elevated sodium concentrations observ 
the regional aquifer water table in the Waste Storage Area. Rock salt used to deice 
winter months may be a source of the elevated sodium concentrations observed at 
2068, and 2092. Wells 2093 and 2094 are located downgradient from both major roadways and 
commerc idfindustrial facilities. 
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Statistically elevated sodium concentrations were found in every 3000 Series well in the Dry Fork 
M-4). Sodim concentrations of greater than 40 mg/L were detected in Wells 3010, 

37, 3055, and 3084 located downgradient from the Waste Storage and/or Production 
mg/L also occurred in Wells 3108 and 
es wells ranged from 2.9 to 

uarter 1988 sampling of Well 3010. 

The waste pits may be the source of significant amounts of sodium in groundwater from 3000 
Series wells located owngradient of the area. The high sodium concentration in Well 

3108 was a one 90.6 m a ,  during the first quarter sampling of 1989; the elevated 

result was not c samplings. The elevated sodium concentration found in Well 
industrial facilities along Paddys Run have an impact on the 

Well 3094. 

4000 Series Wells 
Statistically elevated sodium concentrations 
wells (Table M-5). Average sodium conc 
4010, 4013, 4064, and 4101, which are 
Sodium concentration in 4000 Series w 
the second quarter 1989 sampling of Well 4013. 

etected in almost all 4000 Series downgradient 
of greater than 20.0 mg/L were found in Wells 

radient from the Waste Storage Area. 
3.93 to 70.7 mg/L, with the maximum from 

Elevated sodium concentrations in a majority of the 4000 Series wells may be due to natural 
variation. However, the elevated sodium concentrations obse 
4101 are probably related to the waste pits. This conclusion 
concentrations observed in the associated 2000 and 3000 Seri 

4010, 4013, 4064, and 
by the elevated sodium 

Vanadium 
Groundwater data from the Interim Air, Soil, Water, and Health Risk Assessment Report (IT 1987) 
were used to supplement background data for vanadium. Groundwater samples 
background wells were not analyzed for vanadium; therefore, no UTL was deve 
Section wells. The UTL for vanadium is 0.042 mg/L for 2000 and 3000 Series S 
wells. Vanadium concentration data from the Dry Fork Section were insufficie 
U%-fOr2000-ikd 3000 Series-Dfy Fork wells, aid 4000 Series well? however,-by 
vanadium data from wells located near the divide with the Shandon Tributk background, a UTL 

of 0.032 mg/L was determined. 

- - - - - -_ _ _  
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Limited data are available for vanadium in groundwater from 2000 Series wells. Samples analyzed 

were collected during second quarter 1988 to third quarter 1989 RYFS sampling and 
d quarter 1989 RCRA sampling rounds. Statistical analysis of vanadium concentration 

Series Ross Section wells was not performed due to the absence of background 

detections in 2000 Series wells ranged from 0.0034 to 0.0548 mg/L, with the maximum 
from the second quarter 1989 sampling of Well 2084. A statistically elevated vanadium concen- 
tration occurred onl 

Based on the limite 
due to contribution 

d that the observed vanadium concentrations are 

3000 Series Wells 
Groundwater samples from 3000 Serie 
and two RCRA sampling rounds. Groun 
not analyzed fur vanadium. Statistically 
3000 Series well (Table MA). Vanadi 
mg/L, with the maximum concentration 
3084. 

yzed for vanadium only during three R4FS 
ples from 3000 Series Ross Section wells were 

3000 Series wells ranged from 0.01 to 0.049 
nd quarter 1989 RCRA sampling of Well 

anadium concentration did not occur in any a 

4000 Series Wells 
Groundwater samples from only eight 4000 Series wells wer 
statistically elevated vanadium concentration occurred only at (Table M-5). Vanadium 
detection in 4000 Series wells ranged from 0.0136 to 0.038 
from second quarter 1989 RCRA sampling of Well 4013. 

rvanadium. A 

the maximum concentration 

Based on the limited data, it appears that operations of the FMPC are not signifkantly impacting 
vanadium concentrations in the aquifer. . . . . . . . . . . . . . . . . . . .  

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

............... ............. x. 

Groundwater data from the Interim Air, Soil, Water, and Health Risk Assessment R e p  ............... (IT 1987) 
....... ............ ..:: _. _- 

were used to supplement background dah for zinc. Groundwater samples from-RosZWtion :.:e.:.:.:.:.:.: 

background wells and downgradient wells were not analyzed for zinc. The UTL of .znc 
concentration for 2000 and 3000 Series Shandon wells is 0.12 mg/L. Zinc data from Dry Fork 

15-103 000105 
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Section background wells were insufficient for UTL calculation. The only zinc data available from 

the Dry Fork Section background is a reading of 0.17 mg/L from the Interim Risk Assessment 
which is equivalent to RyFS Well 2057. This value is wed for the statistical 
downgradient 2000 and 3000 Series Dry Fork Section wells, and 4000 Series wells. 

in groundwater samples collectecby 2000 Series wells ranged from 0.0119 to 
0.268 mg/L. The maximum zinc concentration was observed during first quarter 1989 RIPS 

sampling of Well 2109. A statistically elevated zinc concentration was detected only at Well 2109, 
but t h i s  is based on 

Based on the limite 
facilities have impa 
2000 Series wells. 

is difficult to conclude whether the FMF'C and associated 
ntrations in the upper Great Miami Aquifer sampled by 

3000 Series Wells 
Zinc was analyzed in groundwater samples 
A statistically elevated zinc concentration 
in the 3000 Series wells ranged from 0. 

second quarter 1989 RCRA sampling o 
exhibited a zinc concentration of only 0.039 mg/L during the third quarter 1989 RCRA sampling. 

d from eleven 3000 Series downgradient wells. 
y at Well 3037 (Table M-4). Zinc detected 

, with the maximum detection from the 
0 

e other analytical result from Well 3037 

Given the limited zinc data from 3000 Series wells, it is diffi 
and associated waste storage facilities have influenced zinc c 
Great Miami Aquifer sampled by 3000 Series wells. 

ine whether the FMPC 
in the portion of the 

4000 Series Wells 
Groundwater samples from five 4000 Series wells were analyzed for zinc. Detections of zinc in 
these wells ranged from 0.0156 to 0.108 m a ,  which are less than the only an 
background well, 0.17 mg/L. Consequently, the FMPC facilities do not appear 
on zinc concentrations in the lower portion of the Great Miami Aquifer that is 
4000 Series wells. 

_ _  _ _  - - 

0 
15-104 



December 17. 1990 a 15.4.2.3 Organics 
Total Organic Halides 

was not detected above the MDL of 0.05 mg/L in any background well, the UTL of 
0.05 mg/L for the 2000, 3000, and 4000 Series downgradient wells. 

Eated TOX concentradons were detected in groundwater f r E  Wells 2014, 2043, and 
ble M-3). Total organic halide concentrations in these wells ranged from below the MDL 

of 0.05 mg/L to 17.7 mg/L. Detection of TOX from all 2000 Series wells ranged from 0.0015 to 
45.1 mg/L. The m 
2095 and is an out 
from Well 2095. 
known. Excludin aximum TOX concentration in 2000 Series downgradient wells 
was 17.7 mg/L. 

oncentration was from second quarter 1989 sampling of Well 
oncentration of 2.9 mg/L was measured in a duplicate sample 
the wide range of TOX concentration at a single well is not 

The sporadic and nonrecurrent detection of TOX in groundwaler indicates that halogenated 
hydrocarbon compounds are probably not 
table, except in a few isolated areas. Th 
Well 2014 is not known, but could be r 
Paddys Run. The chemistry of ground 
concentrations in this well may be the mdustries downgradient from the FMPC. 

groundwater at the Great Miami Aquifer water 
the repeated TOX detections observed in 
fly ash piles, Southfield, or infiltration from 

2094 is anomalous; rhe source of the TOX 

3000 Series Wells 
Statistically elevated TOX concentrations were found in gro 
3019, and 3037 (Table M-4). TOX concentrations in these 
0.05 mg/L, to 1.31 mg/L, with the maximum concentration fr 
sampling of Well 3014. Except for Well 3014, detections 
recurrent. 

Wells 3013, 3014, 3017, 
om below the MDL of 

t quarter 1989 RI/FS 
Series wells were not 

Based on the isolated and nonrecurrent TOX detections, the FMPC facilities are 
contributing halogenated hydrocarbon compounds to the Great Miami Aquifer t 

groundwater is sampled by 3000 Series wells. One exception is Well 3014. The-s 
slightly elevated TOX concentration in Well 3014 may be the fly ash or Southfeld 
or infiltration of s a a c e  water from Paddys-Run. 

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

. ..... 

000687 
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December 17. 1990 0 4000 Series Wells 

Statistically elevated TOX concentrations were detected in groundwater from Wells 4013 and 4067 
. However, the detections in these two wells did not recur. The TOX detection in 

om 4000 Series wells ranged from 0.0135 to 0.07 mg/L, with the maximum 

Production Area. 

Based on the low-level, isolated, and nonrecurrent detections of TOX in groundwater from 
4000 Series wells, the FMPC and the associated facilities are apparently not contributing a 
significant amount hydrocarbon compounds to the lower Great Miami Aquifer. 

2000 Series Wells 
Table 15-7 presents organic compounds detected during RWS and 1989 RCRA sampling of 
groundwater from 2000 Series wells. Note that detections associated with method blank 
contamination have been excluded from Ta 

Table 15-8 lists organic compounds det 
collected during third quarter 1985 thro 

procedures were not followed during 
with the results (Section 15.4.1.3). The following discussion of detected organic compounds is 
based only on data collected during RWS and 1989 RCRA s 

water samples from 2000 Series wells 
er 1987 RCRA monitoring. CLP and QAPP 

analysis and qualifiers were not included 

Volatile and semivolatile organic compounds were detected 
2000 Series wells, and pesticides were detected in a sample 
were not detected in groundwater samples collected from 2 ries wells. Various volatiles and 
semivolatiles were detected at Well 2011 during second qu g (Table 15-7). 
This well is located northwest of the Waste Storage Area. Volatiles toluene, carbon disulfide, and 
methylene chloride, and semivolatiles 3-nitrOaniline. isophorone, and N-nitrosodi 
detected in Well 2011 at concentrations near or below the contract required qu 

(CRQL). Only acetone was detected at a concentration greater than twice the 
is a common laboratory contaminant. 

er samples from several 
Series well. PCBs 

- - - - - - - - -. - - - - . _... - ._  - -. . 
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A low-level detection of l,l,l-trichloroethane occurred in a groundwater sample from second quarter 
1988 sampling of Well 2015 (Table 15-7). which is located near the southem boundary of the 

ation. This well has a water supply submersible pump installed in it. 

or, and alpha-BHC were detected in a sample from Well 2022 at low concentrations 
, and 0.1 ug/L, respectively. The source of these contaminants, which are common in 

ethylhexy1)phthalate was detected at Well 2037 near the Sanitary Landfill during second quarter 
1988 and again during third quarter 1989 sampling. In both cases, the compound was detected 
atestimated concen 

Total xylene was r 
(Table 15-7). To 
ethylbenzene we 
located downgradient of several industrial facilities along Paddys Run Road. The detection of 
VOCs at Well 2094 may be attributable to 

at Well 2094 during third and fourth quarters 1988 
only during third quarter 1988 sampling and benzene and 

quarter 1988 sampling of Well 2094. Well 2094 is 

Based on the limited data available, wi 
facilities are the likely sources of the v 
groundwater samples from 2000 Series 

of Well 2094, the FMPC and associated 
trations of organic contaminants observed in 
, these detections were spatially and 

temporally dispersed, and no single event or facility can be targeted as a continuing source of 
organic compound release. 

3000 Series Wells 
Table 15-9 presents the organic compounds detected during 1 
of groundwater from 3000 Series wells. Note that detections 
contamination were excluded from Table 15-9. 

d 1989 RCRA sampling 
th method blank 

Table 15-10 lists organic compounds detected during third quarter 1985 through fourth quarter 1987 
RCRA samplings. As addressed previously, CLP and the QAPP were not follo 
sampling and/or sampling analysis conducted during early RCRA monitoring. 
discussion of detected organic compounds is based only on data collected dun 

- RCRA -sanlplbg (Table- 159). _ _  - - - - - - - - - - - - - - - - - - - - - _- - - - - _ _ _  - _  

Excluding possible false detections due to laboratory contamination, detections of organic 
compounds occurred only in groundwater samples from Wells 3001, 3010, 3019, 3037, and 3043. 
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As shown in Table 15-9, most organic compounds were detected at estimated concentrations below 
the CRQL. The two exceptions were toluene at 10 ug/L in Well 3001, and phenol at 17 ug/L in 

1989 sampling of Well 3037. Well 3037 was also sampled during second quarter 
no1 was not detected. 

organic compounds in groundwater samples from 3000 Series wells were isolated and 

t--BZElWthi liiiiiEd-diitaZail~bl~i tappears-that-the-FMPC-~~-asso~i ated-w as te 
storage units are not conuibuting volatile, semivolatile compounds, pesticides, or PBCs to the 
portion of the regio 

4000 Series Wells 
Table 15-1 1 presen 
were not followed 
toluene has been d 
is an estimated concentration and is below the CRQL. 

sampled by the 3000 Series wells. 

pounds detected prior to 1988. The CLP and QAPP procedures 
RCRA sampling. Since the beginning of RI/FS sampling, only 
in Well 4001 during the second quarter 1989 sampling. This 

Based on the limited data available, it 
the portion of the regional aquifer samp 
storage units are apparently not contribu 
bottom of the Great Miami Aquifer. 

no significant levels of organics are present in 

eries wells. The FMPC and associated waste 
e quantities of organic compounds to the 

15.4.2.4 General Chemistry 
Alkalinity 
All alkalinity measurements are reported as bicarbonate. 

Ross 2000 Series 
Ross 3000 Series 
Shandon 2000 and 3OOO Series 
Dry Fork 2000 and 3000 Series 
4000 Series 387.9 mg/L 

2000 Series Wells 
Statistically elevated levels of alkalinity were measured in groundwater samples 
2043. 2046, 2065, 2084, and 2118 within the FMPC property, and Wells 2092 and 

- reservation (Table M-3). Excluding outliers, alkalinity-measurements at these-wells 
227.5 to 808.4 mg/L, with the maximum measurement from fourth quarter 1988 sampling of 

Well 2094. 



FMpcMx)4-2 
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TABLE 15-11 

DETECTED ORGANIC COMPOUNDS (ugh) 
IN GROUNDWATER FROM 4OOO SERIES WELLSa 

- -  

4001 4008 4428 

e 

Volatile Organic Compounds 

1, l  ,l-T$ChlOrOethan 2 
Acetone 15.6 

Carbon W i d e  
Butanol 

Cyclohexane 20 
21.3 30.8 
12 

32.3 
180 

%bird quarter 1986, second 
P r o g r a m .  

d quarter 1989 results from RCRA sampling 

bAlso known as 2-Propanone. 
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The elevated alkalinity at Well 2084 may be due to the downward movement of high alkalinity 
groundwater from the perched zones beneath the Waste Storage Area. The elevated alkalinity at 

y k due to the dissolution of the carbonate minerals, calcite and dolomite, by acid 
Plant 6. Groundwater chemistry of Well 2094 is probably controlled more by the 
well, downgradient from several industrial facilities, than by FMPC releases. 
ated alkalinity in Wells 2017, 2043, 2046, 2065, and 2092 are not readily 

al i~t iesasrea-dunng~e-RVFS~~ogram were ttit~-alk%liiiitiKdiSiEiZEd 
organic acids may be contributing to elevated alkalinity values. 

3000 Series Wells 
Statistically elevated 
3037 within the 
3000 Series wells 
sampling of Well 

mg/L. The maximum is from second quarter 1989 sampling of Well 3094. 

es were measured in groundwater samples from Wells 3013 and 
d Well 3094 off the reservation (Table M-4). Alkalinity in 

to 784.9 mg/L. The minimum is from third quarter 1988 

ier. Excluding outliers, the minimum alkalinity is 210.2 

The elevated alkalinity measured at Wells 3 
downward movement of high alkalinity g 
Storage Area. The highly elevated alkali 
facilities upgradient from the well. 

3013 may be caused by the eastward and 
m the glacial overburden beneath the Waste 

3094 is probably related to the industrial 

4000 Series Wells 
Statistically elevated alkalinity values were measured in Wells 
which are located downgradient from the Waste Storage Area 
4000 Series wells ranged from 260.3 to 581.2 mg/L, with the 
quarter 1988 sampling of Well 4023 and first quarter 1989 s 

4013, 4101, and 4102, 
The alkalinity from 

d maximum from third 
g of Well 4013, respectively. 

Elevated alkalinity values in the vicinity of the waste pits and Production Area are probably related 
to the waste materials stored in the pits. Elevated alkalinity values in the 2000 and 3000 Series 
wells located in the same vicinity provide evidence of these =-related sour 

Ammonia 

Ammonia concentrations are _reported as. nitrogen. -The UTLs for- ammonia are: . - _ _ _  . _  - 

Ross 2000 Series 0.19 mg/L 
Ross 3000 Series 0.18 mg/L 
Shandon 2000 and 3000 Series 6.19 mg/L 

0001%8 
l"KW/TS.1-2Jl2-17-90 15-1 16 
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Dry Fork 2000 and 3000 Series 0.20 mgL 
4000 Series 0.20 mg/L 

onia concentrations in the Shandon Tributary background wells may be due to the 
cialized bacteria that convert nitrate to ammonia in low oxygen environments. 
of nitrate in these wells were very low when compared to other background areas. 

calized-contamination-by-septic-systems-an~or-agricultural-practices-may-contri bu te-to- 
the relatively high ammonia concentrations observed in these wells. 

2000 Series Wells 
in groundwater samples from Wells 2022, 2094, 2107, and 2108 
background (Table M-3). In addition, the average ammonia 
, 2043, and 2084 exceeded 1.0 mgL and are also considered 

elevated. Ammoni observed in any single well were highly variable. Ammonia 
concentrations in 2000 Series wells ranged from 0.029 to 11.7 m a ,  with the maximum 
concentration from fourth quarter 1988 sam 
Storage Area. 

are statistically eleva 

Well 2022, located in the middle of the Waste 

Downward movement of groundwater co 
from the waste pits is probably the sou 
2000 Series wells in the Waste Storage Area. Elevated ammonia concentrations present in 
groundwater near the reservation boundaries or beneath areas used for grazing dairy cattle may be 
related to agricultural activities. Wells 2107 and 2108 are in 
grazing areas can be intmduced to the aquifer as infiltration 
The groundwater chemistry at Well 2094 is most likely influ 
from the FMPC. 

ammonia concentrations or direct leakage 
ammonia concentrations in the 

surface water runoff from 
Run and its tributaries. 

s located downgradient 

3000 Series Wells 
Statistically elevated ammonia concentrations were observed in Wells 3037, 3094, and 3107 
(Table Ma). In addition, Wells 3043 and 3055 showed average ammonia con 
and 5.09 m a ,  respectively, and are considered elevated. Ammonia detections i 
ranged from 0.04 to 18.8 mg/L, with the maximum concentration from fourth 
sampling of Well 3037. 

Well 3107 is located in an area that may receive groundwater from Shandon Tributary and/or Dry 
Fok Section of the New Haven Trough. The ammonia concentration observed in Well 3107 is 

.59 

wells 

- - - - - - _ _  - - - - - .- - - - _ -  _ _ _ - _  - - - _ _  - - - - _ - - - - - - - - - - 

0 
15-1 17 



* 66otj j 
Fh4PC-o004-2 
December 17. 1990 

elevated only when compared to Dry Fork background data. Thus, the slightly higher ammonia a 
concentration in Well 3107 may be due to the mixing of groundwater from the two background 

ammonia concentrations in Wells 3037 and 3055 may be related to the vertical 
ntaminants released from the waste pits. The elevated ammonia concentration in 

ntration in Well 3094 is likely related to other industrial facilities or the application 
related to the agricultural activities along the reservation boundary. The 

e7gricatural-fiZld3Gdjacent to the well. 

4000 Series Wells 
Statistically elevate 
4067, 4101, and 41 
1.0 mg/L were fo 
east boundaries of 
to 6.63 mg/L, with 
Well 4101. 

centrations were found in Wells 4001, 4008, 4010, 4013, 4064, 
. Among these wells. ammonia concentrations of greater than 

s 4010, 4013, and 4101, which are located along the west and 
rea. Ammonia detection in 4OOO Series wells ranged from 0.1 

concentration from the fourth quarter 1988 sampling of 

Nitrogen, in the oxidized form of nitrate, 
This is shown by the lower nitrate 
4000 Series wells. Given this condition 
ammonia concentrations, the Waste 
elevated ammonia concentrations observed in 4000 Series wells. Nitric acid and ammonia are both 

reagents used in FMPC operations. The historic agricultural use of the FMPC property could also 
represent a source of nitrogen components to the aquifer. 

uced to ammonia at the bottom of the aquifer. e ed in groundwater samples from 
bution of the wells that contain elevated 
tion areas are most likely the source of 

Chloride 
The UTLs for chloride are: 

Ross 2000 Series 63.52 
Ross 3000 Series 60.17 mg/L 
Shandon 2000 and 3000 Series 91.85 mg/L 
Dry Fork 2000 and 3000 Series 21.60 mg/L 
4000 series 21.60 mg/L 

Similar to sodium, the UTL calculated from the Shandon Tributary background 
greater than that from the Dry Fork Section. - - 

a 
15-118 
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Statistically elevated chloride concentrations were detected in groundwater from Well 2084 and most 

trations of greater than 60 mg/L were found in Wells 2022, 2027, 2084, 2092, 2093, 
eries wells located in the Dry Fok downgradient p u p  (Table M-3). Average 

ells ranged from 45.99 to 250 m a ,  with the 
centration from third quarter 1989 RCRA sampling of Well 2084. 

Elevated chloride concentrations in the 2000 Series wells located in the Waste Storage Area are 
probably due to the downward movement of chloride-contaminated groundwater from the glacial 
overburden or direct 
another indication 
the elevated chlorid 
deicing road salt a 
Wells 2093 and 2094. 

the waste pits. The elevated chloride detected in Well 2094 is 
groundwater chemistry observed in that well. The sources of 
at Wells 2092 and 2093 are not known; however, the effects of 

11 2092, and could influence the chloride concentrations in 

3000 Series Wells 
Statistically elevated chloride concentratio 
located in the vicinity of the waste pits 
downgradient group (Table M-4). The 3000 Series downgradient wells have 
average chloride concentrations less th 
greater than 50 mg/L were detected in Wells 3010, 3013, 3019, 3037, 3051, 3055, and 3084, which 
are located immediately downgradient from the Waste Sto 
outliers, chloride concentrations in the 3000 Series wells rang 
maximum chloride concentration from the third quarter 1989 

Elevated chloride concentrations downgradient from the was 
movement from the perched zone or direct leakage from the 
elevated chloride concentrations in Well 3094 is likely either the upgradient industries or the 
application of road salt to New Haven Road. 

cted in groundwater samples from two wells 
the 3000 Series wells in the Dry Fork 

wever. average chloride concentrations of 

ell 3094. Excluding 
to 250 m a ,  with the 

of Well 3037. 

may be due to groundwater 
pits. The ultimate source of 

4000 Series Wells 
Statistically elevated chloride concentrations were found in Wells 4001, 4010, 4013, 
and 4102, which are located downgradient from the Waste Storage and/or the- 
Well 4015, which is located within the South Plume area. Average chloride concen 
greater than 35 mg/L are obsewed in groundwater from Wells 4010. 4013, 4064, and 4101. @ 

0002ik'.l 
PlT~/lS.1-2n2-17-90 15-1 19 
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Chloride concentrations in 4000 Series wells ranged from 3 to 472 m a ,  with the maximum 
0 

concentration from second quarter 1989 sampling of Well 4013. 

de concentrations in the vicinity of the Waste Storage and Production areas may be 
m the waste storage units and/or the Production Area. 

Cyanide was not measured in samples from any background well. Thus, a statistical analysis was 
not performed for cyanide concentration in the Great Miami Aquifer. 

2000 Series Wells 
A limited number o 
cyanide. Well 205 
RUFS sampling, 

samples from 2000 Series wells were collected and analyzed for 
yanide concentration of 0.0013 mg/L from first quarter 1989 
anide detection in 2000 Series wells. 

Based on the paucity of cyanide detections * 

storage units are probably not contributing 
by the 2000 Series wells. 

3000 Series Wells 
The only sample analyzed for cyanide 
program. No cyanide was detected. 

4000 Series Wells 
A sample from Well 4101 was the only sample analyzed for 

Fluoride 
The UTLs for fluoride are: 

Series wells, the FMPC and associated waste 
to the portions of the regional aquifer sampled 

3001 during the second quarter 1988 

o cyanide was detected. 

Ross 2000 Series 0.44 mg/L 
Ross 3000 Series 0.38 mg/L 
Shandon 2000 and 3OOO Series 1.42 mg/L 
Dry Fork 2000 and 3000 Series 0.48 mg/L 
4000 series 0.48 mg/L 

- - - _ _  ......... ......... 
......... ......... 
........ ........ ......... ....... ......... ....... ........ 0 2000 Series Wells ........... 

Statistically elevated fluoride concentrations were detected in groundwater from Wells 2017 and 
2060 uable M-3). In addition to these wells, average groundwater fluoride concentrations of 

FIT~/IX.l-ylZ 17-90 

ObO.%Z2 
15-120 
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greater than 0.50 mg/L were found in Wells 2022 and 2043. Excluding outliers, fluoride detections 
a 

in 2000 Series wells ranged from 0.1 to 1.25 m a ,  with the maximum concentration from third 
sampling of background Well 2056. 

ncentrations were at or near background levels in groundwater samples from 

E t h e  waste piFHowever, in general, the FMPC and associated waste storage 
wngradient wells. The source of slightly elevated fluoride concentrations at 

- 

units are probably not contributing significant quantities of fluoride to the Great Miami Aquifer. 

3000 Series Wells 
Statistically elevated 
Fluoride detections i 
concentration from 

ntrations were detected in groundwater from Well 3017. 
wells ranged from 0.06 to 1.9 m a ,  with the maximum 

1988 FU/FS sampling of Well 3024. 

Most fluoride concentrations from 3000 Series wells were at or near background levels. Based on 
the statistical comparisons, the FMPC and waste storage facilities are most likely not 
contributing significant amounts of fluorid Miami Aquifer. 

4000 Series Wells 

Statistically elevated fluoride concentra 
Fluoride detections in 4000 Series wells ranged from 0.62 to 0.74 mg/L, with the maximum 
concentration from third quarter 1988 RI/FS sampling of Well 4091. 

The slightly elevated fluoride concentrations in Wells 4010 
immediately downgradient from the waste pits, may reflect na 
1.42 mg/L in 2000 and 3000 Series wells in the Shandon Tri 

in Wells 4010 and 4013 (Table M-5). 

ch are located 
ons given the UTL of 

that feeds the Production Area. 

Nitrate 
All nitrate concentrations are reported as nitrogen. The UTLs for nitrate are: 

Ross 2000 Series 15.40 mg/L 
Ross 3000 Series 13.27 mg/L 
Shandon 2000 and 3OOO Series 0.10 mg/L 
Dry Fork 2000 and 3000 Series 19.42 mgR. 

- 4000 Series - 19.42-mgL - 

The UTL calculated from the Dry Fork Section background data is based on a coefficient of 
a 

variation greater than 1.0. 

R T ~ ~ . 1 - 2 n ~ 1 7 - 9 0  

000123 
15-121 
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Nitrate concentrations correlate positively with dissolved oxygen content Groundwater in the a 
Shandon Tributary background area is lower in dissolved oxygen relative to the Dry Fork Section 

icates that the more reduced forms of nitrogen will dominate; thus. the background 
and UTL for nitrate in the Shandon Tributary area are exceptionally low. It should 

ammonia UTL calculated for the Shandon background wells was high compared 
und areas. The application of statistical analysis to nitrate concentrations may not 

y-valid-if -thidiSKoliEd oxygen level-~d;th~doxpotential, changes 
between upgradient and downgradient wells. 

2000 Series Wells 
Because the UTL c 
most downgradient 
(Table M-3). Ni 
throughout the v 
nitrate was also observed in the uppermost regional aquifer where the glacial overburden has been 
removed by the Great Miami River near the site boundary. In areas where nitrate was not 
detected or was detected in low concentra oxygen was absent or existed in low 
enough concentrations to allow nitrate to ammonia by bacteria that live in 
anaerobic environments. Excluding outl d in the 2000 Series wells ranged from 
0.014 to 38.6 m a ,  with the maximum m the second quarter 1989 sampling of 
Well 2021. Most nitrate concentrations t 2000 Series wells were lower than those 
present in Paddys Run stream water. indicating that infiltration of surface water could be the source 
of the elevated nitrate concentrations. However, nitrate conce Wells 2019 and 2084 
ranged from 2.8 to 24.6 mg/L, which exceeded nitrate cone  nd in surface water. These 
levels may be due to contamination from the waste pits. 

3000 Series Wells 
Statistically elevated nitrate concentrations were observed in groundwater from most 3000 Series 
downgradient wells, including four wells located in the area that may receive water from either the 
Shandon Tributary and/or the Dry Fork Section (Table M4). This exceedance 
of wells is due to the use of the Shandon Tributary UTL for the statistical corn 
nitrate concentrations in Wells 3010, 3019, and 3084 significantly exceeded the 

Excluding outliers, nitrate detections in 3000 Series wells ranged from 0.012 to 22.8 
maximum nitrate concentration from second quarter 1988 sampling of Well 3010. 

e 2000 Series wells in the Shandon background area is so low, 
statistically elevated groundwater nitrate concentrations 
at greater than 1.0 mg/L in upper portions of the aquifer 

, where direct recharge of oxygenated water occurs. Elevated 

, with the - 

15-122 
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The Waste Storage Area may be contributing nitrate to the Great Miami Aquifer, as illustrated by 
the elevated nitrate concentrations observed in Wells 3010, 3019, and 3084. 

elevated nitrate concentration was obsemed in any 4000 Series well (Table M-5). 
en, nitrate detections in 4000 Series wells ranged from 0.1 to 7.2 m a ,  with the 

- 

Given the low concentrations of nitrate in the 4000 Series wells. the FMPC is not contributing 
significant amounts e bottom portion of the regional aquifer. However, chemically 
reducing conditions portion of the aquifer may allow the transformation of nitrate 
influxed from the u the aquifer to reduced nimgen forms, such as ammonia. 

pH 
The computed tolerance intewals for pH are: 

Ross 2000 Series 7.02 - 7.24 
Ross 3000 Series 7.00 - 7.23 
Shandon 2000 and 3OOO 6.66 - 7.63 

7.06 - 7.33 
4000 Series 7.06 - 7.33 
Dry Fork 2000 and 3000 

It is expected that the natural variation of pH in the aquifer may actually be greater than the 
calculated tolerance intervals. 

2000 Series Wells 
The pH of groundwater samples from several 2000 Series W 
background (Table M-3). The pH of groundwater from 2 
and the average pH calculated for these wells ranged from 6. 
a plume, was evident from the pH data for the 2000 Series wells. 

stically different than 
es wells ranged from 6 to 8.1, 
7.68. No spatial trend, such as 

The mineralogy of the glacial overburden and the proglacial sands and gravels 
the pH of the groundwater. Evidence of this buffering capacity may be found 
aquifer below the southeast comer of the Production Area, where elevated co 
calcium, magnesium, and bicarbonate may have resulted from the neutralizati 
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The pH of groundwater samples from several 3000 Series wells was statistically different than 

from 4.50 to 8.82. The lowest pH was measured during second quarter 1989 in 
able M-4). The pH value measured in groundwater from 3000 Series downgradient 

s appeared to be an emneous reading since there was no reason for low pH 
occur south of the stormwater retention basin. The other measurement in 

_- 
diifinifirst quarter 1989-GZ-73. 

Based on the pH measurements from 3000 Series wells, the pH of the aquifer at the locations 
sampled by these 
attributable to the 
gravel sediments. 

ficantly affected by the Fh4PC facilities. This is most likely 
ity provided by the glacial overburden and the aquifer sand and 

4000 Series Wells 
Statistically different pH values were only measured in Wells 4001, 4102, and 4103 (Table M-5). 
However, the tolerance interval of pH used 
values in Wells 4001, 4102, and 4103 
Series wells ranged from 6.75 to 7.92, 
sampling of Well 4097 and the most b 
of Well 4096. 

Series wells may be too M ~ W .  Average pH 
7.39 to 7.55. The pH measured from all 4000 

t acidic measurement from second quarter 1989 

nt taken from the third quarter 1988 sample 

0 

Given the pH measurements from 4000 Series wells, the pH at the bottom portion of the aquifer is 

not affected by the operation of the FMPC and the associat 

Phomhorus. Total 
The UTLs for total phosphorus are: 

Ross 2000 Series 
Ross 3000 Series 0.06 mg/l 
Shandon 2000 and 3000 Series 0.20 mg/l 
Dry Fork 2000 and 3000 Series 0.22 mg/l 
4000 Series 0.22 mg/l 

The natural variation of total phosphorus concentration in the aquifer may actually 
calculated UTLs. In addition, sources other than the FMPC, such as agricultural a 
influencing the distribution of phosphorus in the regional aquifer. 

- 

0 
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Statistically elevated total phosphorus concentrations were found in groundwater samples from 
Series wells (Table M-3). As they did in 1000 Series wells, total phosphorus 
in samples from 2000 Series wells varied greatly from one sampling round to the 
g outliers, detections of total phosphorus in 2000 Series wells ranged from 0.01 to 

th the maximum concentration from the second quarter 1989 sampling of Well 2055. 
___ - 

Total phosphorus concentrations were repeatedly greater than 0.5 m a  in Wells 2006, 2007, and 

2053, which are in 
leaks of tributyl p 
excess of 0.5 m a  
Wells 2095, 2107, 
from Paddys Run 
in these wells ma 

on Area. These elevated concentrations may be related to spills or 
Plant 213 area. Total phosphorus concentrations repeatedly in 
cted in several wells located in the vicinity of Paddys Run; Le., 
ause the total phosphorus concentration in surface water samples 
0.1 mgL (ASVrr 1990), the source of the elevated phosphorus 
es that are no longer detectable in Paddys Run surface water. 

Total phosphorus concentrations exceeding 
samples from Wells 2094 and 2127. Thes 

were repeatedly observed in groundwater 
downgradient from several industrial sites 0 south of the m. 

3000 Series Wells 
Statistically elevated total phosphorus concentrations were detected in several 3000 Series wells 
(Table M4). Excluding outliers, total phosphorus detected in 3000 Series wells ranged from 0.01 

to 1.5 mgL, with the maximum concentration from the third 

Statistically elevated total phosphorus concentrations in We 
due to the agricultural activities located upgradient from the 
concentrations in downgradient 3000 Series wells, except for 
variation. Total phosphorus in Well 3094 ranged from 0.88 mg/L to 1.50 mg/L during the third 
quarter 1988 to the second quarter 1989 sampling programs. The phosphorus in Well 3094 is most 
likely due to the industrial sites upgradient of the well and/or agricultural activi 

4000 Series Wells 
Statistically elevated total phospho- concentrations-were found in Wells 4008, 401 
and 4103. Excluding outliers, total phosphorus concentrations in 4000 Series wells 
0.02 to 0.54 mg/L, with the maximum concentration from the third quarter 1988 sampling of 
Well 4008. 

sampling of Well 3094. 

, and 3043 are probably 
. Elevated phosphorus 
3094, can be ascribed as natural 

- 

000327 
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The elevated phosphorus concentrations observed in 4000 Series wells were very close to the UTL. 0 
and may be due to natural variation. Because elevated phosphorus concentrations in 4000 Series 

close to the UTL, the FMPC and the associated facilities may not be contributing 
unts of phosphorus to the lower Great Miami Aquifer. 

forsulfate=: 

Ross 2000 Series 87.22 mgfl 
Ross 3000 Series 91.03 mg/l 

12.15 mgfl 
49.39 mgfl 
49.39 mgfl 

The natural variatio 
downgradient from 

centration may exceed the calculated UTLs, particularly in wells 

2000 Series Wells 
Statistically elevated sulfate concentrations ected in almost every 2000 Series well, 
indicating that the computed UTLs are p 

Average sulfate concentrations in gm 
in wells located north of and in the Production Area, compared to wells located in the South Plume 
area and southern and western poxtions of the FhPC resewation. 

Average sulfate concentrations of approximately 50 m a ,  ar to those in Paddys Run 
surface water, were observed in groundwater from the 2000 located in the relatively 
oxidized groundwater zone beneath and east of Paddys 3). Average sulfate 
concentrations of greater than 100 m a  were found in wells d in the Production Area, wells 
located immediately northeast of the waste pits, and Wells 2017, 2051, 2065, 2068, 2096, and 
2097. Sulfate detected in 2000 Series wells ranged from 1 to 837 m a .  The maximum was from 

wells were generally higher 

. . . . . . . . . second quarter 1989 sampling of Well 2109 near Plant 6. 

Elevated sulfate concentrations in perched groundwater beneath the Waste Storage 
leakage from the waste pits represent the probable source of elevated sulfate concen 
Wells 2027 and 2084. The Production Area is also probably a source of elevated s 
concentrations in the uppermost regional aquifer. Elevated sulfate concentrations at Well 2065 may 

direct 
at - 

0 
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be due to infiltration of surface water from the Storm Sewer Outfall Ditch or the storm water 
0 

retention basin. 

vated sulfate concentrations were observed in a l l  3000 Series wells, except for 
3098 (Table M-4). Average sulfate concentrations greater than 200 mg/L were 

- 
3084. These - 

wells are located beneath or east of the Waste Storage Area. Wells 3053, 3054, 3064, 3067, 3068, 
and 3091, located in 
Production Area, e 
located in the Dry 
sulfate concentratio 
ranged from 4.75 
sampling of Well 3013. 

portion of the Production Area and to the southeast of the 
sulfate concentrations ranging from 73.7 to 112.5 m a .  Wells 
ells 3003, 3004, 3011, 3018, 3106, and 3095, had average 
71.8 to 95.7 m a .  Sulfate detected in a l l  3000 Series wells 

th the maximum concentration from the second quarter 1988 

The elevated sulfate concentrations observed 
Waste Storage Area is probably due to the 
zone beneath the waste storage units. 
elevated sulfate concentrations observed 
concentrations from the wells located 
ponds may be related to stream and surface water infiltration. 

Series wells located downgradient of the 
of contaminated groundwater from the perched 0 Area may also be contributing to the 
r from 3000 Series wells. Elevated sulfate 

and south of the storm water retention 

4000 Series Wells 
Statistically elevated sulfate concemtions were observed in 
wells (Table M-5). Average sulfate concentrations greater th 
4013, 4016, 4064, and 4101. Sulfate detected in 4000 Sene 
with the maximum concentration from the second quarter 198 
also exhibited the highest concentration of chloride. Located in the northeast comer of the 
Production A m ,  elevated anionic constituents indicate that the well is directly downgradient from a 

facility using or storing inorganic salts, such as the Waste Storage Area. 

Elevated sulfate concentrations at Wells 4013, 4064, and 4101. which are located in 
Production A m ,  are probably due to the downward and downgradient moveme 
from the Waste Storage and/or the Production areas. 

half of the 4000 Series 
were found in Wells 
from 5 to 355 m a ,  

pling of Well 4013. This well 
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2000 Series Wells 
Figure 15-10, total uranium concentrations greater than 100 ug/L were detected in 
045, 2046, 2060, 2061, and 2095, which are located in an area extending from 

entrations is called the South Plume. Total uranium concentrations of greater than 
on off the southern boundary of the reservation. This area of elevated 

m the 2 0 0 0 - S S e s l l s l o c a t e d i n e  Waste Storage Area, along and 
~ _ _ _ ~ -  _.- - 

immediately east of Paddys Run, and the southeastern quarter of the Production Area. The elevated 
total uranium conce 
bearing water from 
the fly ash piles/So 

The sources of elev 
pits and possibly 
wells along Paddys Run atl= due to stream water infiltration; Paddys Run receives uncontrolled 
runoff from the Waste Storage Area 
uranium concentrations in the 2000 Series 
is a pathway for contaminants. Generall 
areas, total uranium concentrations obse 
significantly lower than those observ 
likely contributed to the chemical attenuation of uranium. 

the South Plume atl= probably related to the discharge of uranium- 
d the Storm Sewer Outfall Ditch and also possibly leakage from 

d fann drain tiles. 

ncentrations in the Waste Storage Area are most likely the waste 
e elevated uranium concentrations which occur in 2000 Series 

f the Production Area. Elevated total 

0 ng Paddys Run indicate that stream infiltration 
inity of the Waste Storage and Production 

r table of the Great Miami Aquifer are 
overburden The glacial overburden has most 

In addition to uranium, statistically elevated concentrations o 
Sr-90, and Tc-99 were found in several 2000 Series wells. 
radionuclides were only observed at a few wells, as listed be 

topes, radium isotopes, 
current detections of these 

Th-230 Well 2065 
Ra-226 Wells 2014 and 2094 
Ra-228 Wells 2044 and 2094 
Sr-90 Well 2021 
Tc-99 Wells 2019. 2021. and 2022 

Based on the location of these wells, the repeated detections of Th-230 from 
due to historic releases of stormwater prior to the construction of the retention bas 
recurrent detections of Ra-226 and Ra-228 in Wells 2014 and 2044, respectively, m 
with stream infiltration from Paddys Run. The repeated detections of Ra-226 and 
Well 2094 may be related to the industrial facilities south of the FMPC. The repeated Sr-90 and 
Tc-99 detections in the Waste Storage Area axe associated with leaching of the waste materials 

0 
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stored in the pits. Thorium and radium isotopes are naturally occumng, and most detections, even 
repeated detections, are slightly abve  the minimum detection level. This implies that most 

these isotopes are not related to the FMPC and associated facilities. 

vated concentrations of various chemical constituents were detected in various 2000 
in the southeast portion of the Production Area, including calcium, chromium, 

ckel, alk-aty, and sulfate. The anomalous chemistry in this area is also ______- 

reflected by higher conductance measurements from the uppermost portion of the Great Miami 
Aquifer. The sou 
pickling operation 
to the release of a 

emical constituents is most likely the Production Area, mainly the 
the dissolution of geologic materials in the glacial overburden due 

Elevated conce , magnesium, potassium, sodium, alkalinity, ammonia, chloride, 
arious 2000 Series wells located directly beneath and east of the 

Waste Storage Area. These findings are consistent with the observed chemistry of perched 
groundwater beneath the waste pits, indicati the FMPC waste pits are contributing various 0 chemical constituents to the uppennost Great Miami Aquifer. 

Elevated concentrations of lead in We 
infiltration from Paddys Run or wastes eld and the fly ash area. Repeated 
detections of vanadium from Wells 2047 and 2048 may be related to the waste materials in 
Southfield and the fly ash area. 

The elevated concentrations of calcium, magnesium, alkalini 
cadmium and chromium, and the corresponding high conduc 
related either to leakage of the storm water retention basin 
runoff prior to the construction of the retention basin. 

6 may be associated with surface water 

, repeated detections of 
ell 2065 are probably 
ases of contaminated 

Statistically elevated sodium concentrations from Wells 2043, 2092. 2093, and 2094, and chloride 
concentrations from Wells 2092 and 2093 may be related to contamination fro 
to deice roads in the vicinity of the FMPC. Well 2043 is located adjacent to Paddy 
Well 2092 is situated along Route 128, and Wells 2093 and 2094 are downgradient 
Road and New Haven Road, respectively. 

The source of consistently elevated concentrations of arsenic, barium, cadmium, iron, magnesium, 
mercury, nickel, potassium, sodium, alkalinity, ammonia, chloride, and phosphorus, and the 

0 
ClUOatz i  
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corresponding high measurements of conductance in Well 2094 is probably the industrial facilities 
situated along Paddys Run Road and New Haven Road. Agricultural land use between the FMPC 

may also contribute some of these chemicals to the regional aquifer. 

uppermost portion of the Great Miami Aquifer is not affected by the operation of 
ilities. The pH buffering capacity of the glacial overburden and the sand and gravels 

_ _  __ -~ ~ . - . -  to-ffset the effects of any acidic discharges. 

Statistically elevated TOX concentrations were observed in groundwater from Wells 2014 and 2094. 
In addition, various 
Most detections w 

. aldrin, heptachlor, 
No P a s  were det 
compounds, semiv 
cannot be conclusively determined. The statistically elevated TOX concentrations and the detections 
of the VOCs in Well 2094 likely have the urce or sources as the abnormally high inorganic 
chemical concentrations observed in this w 

unds were periodically detected in various 2000 Series wells. 
and only a few detections were above the CRQL. The pesticides 

re detected in Well 2022 during the second quarter of 1988. 
Series well. The source for the detections of volatile 
and pesticides in the vicinity of the Waste Storage Area 

3000 Series Wells 
As shown in Figure 15-11, statistically 
than half of the 3000 Series wells. Total uranium concentrations greater than 10 ug/L in 
3000 Series wells produced a more discontinuous pattern than in the 2000 Series wells. Readings 
greater than 10 ug/L occurred at the Waste Storage Area, W 
Storm Sewer Outfall Ditch and Paddys Run, and also in the 
wells, total uranium concentrations greater than 30 ug/L occu 
3108, and 3125. The unexpectedly high uranium concentrati 
were higher than those from Wells 2019 and 2084, can po 
hydraulic gradient induced by the pumping of test extraction wells near the waste pits from 1965 to 

1974. The sources of elevated total uranium concentrations observed in the 3000 Series wells are 
analogous to those contributing uranium to the portion of the Great Miami Aq 
2000 Series wells. However, the middle portion of the aquifer monitored by 
less extensively contaminated than the uppennost portion of the aquifer. This may 

um concentrations were detected in less 

the confluence of the 
area. Among these 

Wells 3019, 3062, 3084, 
Wells 3019 and 3084, which 

be attributed to the vertical 

chemical attenuation of uranium in the aquifer, or may indicate that the plum . _  0 migrated vertically. 

f"SWITS.1-221% 17-90 15-130 
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Except for uranium isotopes, most of the statistically elevated concentrations of other radionuclides 
in 3000 Series wells were low-level, isolated, and nonrecurrent. Thus, the FMPC facilities are not 

ignificant amounts of radionuclides, except for uranium, to the middle and lower 
_ _  

Great Miami Aquifer. 

ter chemistry observed in Wells 3010, 3013, 3019, 3037, 3055, and 3084 is 
-byelevated concentratiEE5f CalCium, magnesium. potassii i i i i3&di~cN~~e,and 

sulfate. Elevated concentrations of iron, manganese, alkalinity, ammonia, and nitrate are also 
observed in some o 
Storage Area and w 
various constituents 
a variety of inorg * 

3000 Series wells. 

These wells are located directly downgradient from the Waste 
e Pmduction Area. Based on the magnitude and distribution of 
, the waste pits and the Production Area appear to be contributing 

the portion of the Great Miami Aquifer sampled by the 

Elevated concentrations of total phosphorus in Wells 3004, 3011, and 3043, which are located along 
Paddys Run, may be related to agricultural 
of the FMPC facilities. Elevated sulfate 
3106, and 3095 east of Paddys Run are 

s to the north of the site and not the operation 
ons observed in Wells 3003, 3004. 3011, 3018, 

to stream water infiltration from Paddys Run. 

Elevated concentrations of various chern 
potassium, sodium, alkalinity, ammonia, chloride, total phosphorus, and sulfate are observed in 
groundwater at Well 3094. The abnormal chemistry obse 
the industrial facilities situated south of the FMPC. The an0 
Well 3094 is similar to that observed in Well 2094. 

, including barium, iron, magnesium, nickel, 

is apparently related to 
istry of groundwater from 

The pH values measured in groundwater immediately abov 
FMPC facilities are not influencing the pH of the Great Mi 

ay interbed indicate that the 
quifer at this level. 

Repeated detections of TOX'are observed in Well 3014, which is located south of the fly ash piles 
and SoutNield. The source of the TOX is probably the waste materials dispose 
surface water infiltration Other than at this location, volatile and semivolatile 
detected in 3000 Series wells were isolated and nonrecurrent. No pesticides or 
in any 3000 Series wells. -Thus, theBvIPC_and_the associate&waste storage- units 
contributing volatile organics, semivolatile compounds, pesticides, or PCBs to 
the aquifer. 

- 
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4000 Series Wells 
Radionuclide detections in groundwater samples from 4OOO Series wells were all low-level and 

Thus, it appears that the FMPC and the associated waste storage units are not 
y radionuclides, including uranium, to the bottom portion of the Great Miami 

n i m t i o m 3 f  VanGWZch~i%lconStituiits were dEtetSl-iii Wd.lS-4010,40 1 3 7 4 0 6 4 7  -___- 

and 4101 located immediately east of the waste pits. These chemical constituents included barium, 
calcium, imn, ma sium, sodium. alkalinity. ammonia, chloride, fluoride, and sulfate. 

vated concentrations of chemical constituents can be related to 
ons in the 2000 and 3000 Series wells. Elevated barium 

wells may be due to barium dissolution from bedrock, since 
FMPC waste mate 

no correlative bari 
Barium would li 

existed in the corresponding 2000 and 3000 Series wells. 
ted in the upper wells if Pit 4 was the source. 

The pH at the bottom of the Great Miami 
background; thus, the pH at the base of 
associated facilities. 

r shows no significant difference from 
is probably not affected by the FMPC and 

No significant levels of any organic 
4000 Series well sampled during RI/FS and 1987 RCRA monitoring. It appears that the FMPC and 
the associated facilities are not contributing significant quantities of volatiles, semivolatiles, PCBs, 
or pesticides to the Great Miami Aquifer. 

observed in groundwater from any 

... . . 

15-132 



FMPC-Ooo4-2 
December 17, 1990 

16.0 GEOCHEMICAL PARAMETER ESTIMATION 

ry, l i t e m  and modeling studies were conducted to obtain estimates of the 
dues required for the FMPC solute transport modeling, geochemical, and 

programs. Because of the dominance of uranium as a contaminant of concern at 
undwater and related modeling studies were initially --------* focused on the nature 

extent, and potential migration of uranium plumes. A geochemical program was developed in a 
separate 1988 work plan to address distinct issues of importance to the understanding of uranium 
behavior within the ent. These issues were intended to address: 

om in glacial overburden and Great Miami Aquifer 

of uranium present in these solids 

The distribution of uranium valence in groundwater 

The uranium distribution coefficient applicable to the site-specific 
characteristics of the Great 

Appendix P contains a more complete d 
geochemical program. Results obtain documented in detail in Appendix P. 

these issues within the context of the 

The subsequent issuance of new lU/FS and risk assessment guidance by the EPA redefined the 
concept of contaminants of concern and required that numerous radionuclides and hazardous 
chemicals be more fully analyzed in the FMPC RVFS. As a 
modeling associated with the risk assessment program requi 
information on the retardation of additional contaminants by 
overburden. Geochemical modeling also had to be e ate concentrations 
intmduced into the regional aquifer from the waste units 1 through 4. 

This chapter will focus on the geochemical studies used to support the groundwater modeling and 
risk assessment programs. 

, the fate and tmsport 
searches to obtain 

- 

16.2 FIELD ANALYTICAL, PARAMETERS 
Observed total uranium and U4 concentrations were used to evaluate uranium 
(redox) reactions in groundwater. - A redox reaction can be described as a g 

(oxidation) of electrons between constituents in groundwater. A complete redox re 
involve both reduction and oxidation half-reactions, as the total number of electrons in the 
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groundwater must remain constant to maintain electrical neutrality. Other general water quality 
parameters such as pH and dissolved oxygen are discussed in Chapter 15.0. Analytical d t s  for 

and U4, and a more detailed discussion of these results, are provided in Appendix P. 

methods for obtaining the fraction of U4 and total uranium from groundwater 
n discussed in Section 6.3.7. Table 16-1 presents the results of several methods 

the Eh of groundwater. Based on these results, the Eh range determined by 
m e a s u r e m e n t 3 i t h ~ l ~ e l e c t r o d e a n d  the Eh range calculated using the NHt/N03' ratio are 
inagreement. Ho calculated from the U /U ratio appears to be too low. 
The low Eh values ratio are attributed to the adsorption of U4 species, 
like UO~(COA-~, 
particles with diam 
bearing colloidal p 
filter used in the s 
analyzed for U4 (Appendix P). This led to unrepresentatively high concentrations of U4 being 
measured in groundwater and, ultimately, 
ratio. 

4 4  

oidal particles. Colloidal particles are widely deiined as 
0.001 micron (um). Consequently, a fraction of the iron- 
U4 species would not have passed through the 0.1 um 

and would have become a portion of the filtered residue 

44-6 vely low Eh values based on the U /U 

16.3 LABORATORY STUDIES 
Thirty-one subsurface solid samples o cores and Cuttings during the installation 
of monitoring wells underwent testing to characterize physical and chemical properties of the glacial 
overbuden and aquifer sands and gravels. The solids were characterized by measuring the 
following parameters: total organic c m n  (TOC); total cati capacity (CEC); grain-size 
variation; leachable fraction of uranium, iron and manganese; (only 13 of 31 samples 
were tested); and Werentid leaching of uranium (only 7 of were tested). These 
analytical parameters were measwed to evaluate uranium a ubsurface solids and to 

support the estimation of a uranium adsorption coefficient ami Aquifer. The 
analytical approach and methods have been presented in Section 6.3.7. 

The principal conclusion reached by these studies was that less than 3 ugkg (p 
adsorbed onto the subsurface solids tested. Analytical d t s  for these parame 
amunt  of the results, can be found in Appendix P. 

WaS 

ed 

16-2 



PMPC-oO04-2 
December 17. 1990 

TABLE 16-1 
COMPARISON OF METHODS USED TO OBTAIN GROUNDWATER Eh VALUES 

Eh (millivolts) - 

+75 to 4 5 4  
+324 to +350 - __- 
-120 to -160 +4 4- u /u ratio __-- 

. ..... 
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0 Based on a sieve analysis of the subsurface solids, clay comprised greater than 50 weight percent of 
the glacial overlmden and major clay interkd samples, and silt plus clay comprised less than 

of the regional aquifer samples. The leachable fraction of iron, manganese and 
majority of subsurface-solid samples, and the amount of TOC, were not a function 
size. The range of values for these parameters was similar for glacial overburden 
and outwash sands and gravels. This observation suggests that the majority of iron 

e solids contacted by the groundwater are present as oxyhydmxide coatings along - 
. ffEWWh-ie-flGd~fl<~path, rather than as detrital grains or surface coatings on the individual 

particles (see Appendix P for details). 

Oxyhydmxide coa 
have a net positive 
adsorb to these pos 
and manganese ve 
oxyhydroxide coatings may not be occurxing in the aquifer. Another key observation of these 
studies was the correlation of high eachable iron values, which implies that 
iron is associated with or adsorbed on o 

The CEC of a soil or sediment is depe 
from less than 0.01 meq/g for quartz 

and organic matter (Carroll 1960, 1 

indicated that CEC is a direct function of the silt and clay content of the aquifer. Samples 
containing less than 25 weight percent of silt and clay had a total CEC of less than 

0.04 milliequivalents of charge per gram of material (meq/g), samples with greater 
than 50 weight percent silt and clay had CEC values of up 

- 

anganese are of interest because their surfaces will generally 
a pH of 8, and anionic forms of uranium (e.g., U02(C03)i3 can 
However, a lack of correlation between the sum of leachable iron 

indicates that adsorption of uranium on iron- and manganese- 

als in the aquifer solids. 

eralogy and size of the particles, and varies 
ater than 1 meq/g for vermiculite, zeolites 
results on the CEC of the aquifer solids 

0 

. 16.4 LITERATUlZE STUDIES 
A literam search was conducted to obtain estimates of ads 
(Table 16-2), which are used to quantitatively describe for contaminant retardation along the flow 
path through the glacial overt>urden. Note that the adsorption distribution coeffi 
based on site-specific data, and details of the development of this value are pre 
Appendix P. The adsorption distribution coefficient is commonly referred to 

units of liter per kilogram (wkg). It is defined as the ummntration of an element a 
solid (mg/ltg) divided by the concentration of the element in solution ( m a ) .  

I 

- 
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TABLE 162 

ADSORPTION COEFFICIENTS K ,  
FOR CERTAIN INORGANIC ELEMENTS . . . . . . . . . . . . . . . . . 

Reference 

56 Hawkins (1964) 
---Cd- 500- Ge-mtse3tXI( 1982) 

cs 1800 
Pb 3000 
Pu 1700 
Ra 696 
Sr 10 
Tc 0.118 
U 1.8 

Gillham et al. (1981b) 
Genitse et al. (1982) 
Glover et al. (1976) 
Gillham et al. (1981a) 
Gillham et al. (1981b) 
Balogh and Grigal (1980) 
Appendix P 

. . . . . . . . . 
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The literature search was focused on adsorption studies conducted with soils that had physical and 

chemical properties similar to those of the glacial overburden, as measured by the fraction of sand, 
pH, CEC, and TOC. When a range of & values was reported for a given soil, the 
re most conservative, value was chosen. The lowest & is considered most 

ause, when input into a transport model, it will result in the relatively highest peak 
f a contaminant, and the peak will occur after the relatively shortest time interval, 

om the waste source. Addit ion~ly ,_~e- l~terature_search~ 
attempted to focus on studies conducted with solutions that were similar in composition to 
groundwater in the glacial overburden. Reasonable matches between documented studies and 
conditions at the F 
documented studies 
spiked with the con 
"simple" laboratory 
Nevertheless, K, v 
contaminant retardation in the glacial overburden. Excluding uranium, the & values represent 
literature values derived from batch sorption 
properties similar to solids in the glacial 
capacity, etc.). However, it was not p 
solutions to groundwater in the glacial o 
to overlap the pH range reported for 
solutions did not contain all the ligan 
etc.) found in the groundwater. Therefore, the 
reflect competition among ions for available sorption sites, an 
Kd for the given contaminants. At this time, the site-specific 
remove the uncertainty associated with literature values; but, 
P-1 contains the best available data. 

d for the soil properties, but not for the solutions. Most of the 
utions that were made by adding a small volume of acid solution 

t, such as uranium in nitric acid, to distilled water. These 
t simulate the groundwater composition at the FMPC accurately. 

these experiments were useful as initial estimates of 

with solids that have physical and chemical 
(e.g., weight fraction of clay, cation exchange 

chemical composition of laboratory 
general, the laboratory solutions were found 

acial overburden, but the laboratory 
, etc.) and metals (e.g., NA', K', Mg+2, 

values in Table P-1 (except uranium) do not 
ues may overestimate the 

ts are being planned to 
ts are completed, Table 

Uranium & values were reported for the glacial overburden and regional aquifer in Appendix P. 
The literature value was discarded in favor of Appendix P because the latter value is derived from 
site-specific data on leachable uranium and uranium speciation in groundwater. 
value of 1.8 was selected for uranium and was used in the modeling. Further r 
values was achieved through model calibration and additional studies are planned. 
will include laboratory measurements of K, using soils and groundwaters from the 

.............. ............ - - 

............... ................ ............ ......... 
........ ......... 
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?'he & values for organic chemical constituents were calculated by using the following empirical 
formula (Mills et al. 1985): 

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

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

................... ............................. ..................... ::::<.:.:.:...:. .. :.'.:.' ......................... ............... ...................... . . . . . .  ..................... hW = octanol-water-partition-coefficient- 
f = mass fraction of silt or clay 

X,, = organic carbon content in sand fraction 
Xfoc = content in silt-clay 

For the organic co 
Volumes I and II 
(Howard 1990). 
The calculated K,, values are shown in Chapter 22.0. 

16.5 GEOCHEMICAL MODELING 
Geochemical modeling was conducted to 

UO;2, UOzF', U02(CO&-2, and U02( 
concentrations that could develop at th 
overburden. The results obtained speciation in groundwater were used 
to estimate the retention of uranium by adsorption onto subsurface solids. Leachate concentrations 
derived from the modeling are being used as input data to fa rt modeling to estimate 
the contaminant dose received at the 100-year (off-FMFC) -FMpC) human receptor 
sites. 

speciation such as the distribution of 
undwater, and to estimate leachate 

aste unit and the base of the glacial 

16.5.1 Geochemical Computer Codes 
Geochemical modeling was conducted with the EQ3/6 geoc lery 1983; 1984) and 
was restricted to inorganic systems, because thermodynamic data on organic constituents of interest 
are not available. The discussion which follows is focused on the derivation of 
concentrations. The speciation study is addressed and documented in Appendix 

EQ3/6, an industxy-standard geochemical code, performs solubility, speciation, and 
calculations. Solubility and speciation calculation3 reveal the maximum co 
can have in solution and the aqueous form(s) of that con taminant for a specific solid/liquid/gas 
system. Reaction-path calculations enable a solution to migrate through, and equilibrate with, 

16-7 
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0 different solids. This can be used to simulate groundwater that moves through compositionally 
distinct stratigraphic horizons. 

kage was developed at Lawrence Livermore National Laboratory for pxdicting the 

base containing the thermodynamic pmperties of 47 elements, 686 aqueous species, 

, radionuclides, and other contaminants in the natural environment. The code 

, and 11 gases. This data base includes 49 uranium-bearing aqueous species and 

behavior of uranium in natural waters. EQ3/6 has been validated using standard geochemistry 
problems, such as 
(Bowers et al. 198 
(Jackson 1988). B 
been performed by 
Kemsk (1981). 

m E i - ~ ~ - e ~ n s t i t u t i . n g  the most complete data base available for modeling the - 

f sea water (Nordstrom 1979), basalthea water interactions 

arisons with the results of similar codes (e.g., PHREEQE) have 
3), Nordmm (1979), Kincaid and Morey (1984), and 

comparisons with experimentally determined mineral solubilities 

The PHREEQE (Parkhurst et al. 198 
speciation calculations for waste constitue 

been validated against standard geoche 

16.5.2 Limitations and Assum~tions 
The geochemical codes used to develop the estimates of leachate concentrations were based on the 

following limitations and assumptions: 

e was used to carry out solubility and 
ntained in the EQ3/6 thennodynamic data base, 

0 such as cadmium and molybdenum. an industry-standard program which has 

Only inorganic systems can be modeled, and 
estimates of leachate concentrations for some 
complexation is significant 

Mineral phases reacted with the leaching 
to qntsent the actual solid phases in the 
overburden 

Dissolution and precipitation kinetics are assumed to be instantaneous, 
which can lead 
low 

h a t e s  of concentrations that are too high or 

. . . . . . . 

Adsorption (includes ion exchange) processes are not considered 

Modeled concentrations are site-specific solubility limits, and in most 

in solution 
Rain water, or groundwater, is assumed to enter the waste Units to act 
as the leaching fluid 

- - cases these concentrations are the highest Concentrations which can exi a 
p1TxiwIIs.l-Zn2.17-90 16-8 



FMPC-odo4-2 
December 17, 1990 

The first four limitations and assumptions intmduce the greatest uncertainty in the calculated 
leachate concentfations and merit further discussion. With respect to the first assumption, for 

ng trace amounts of tributyl phosphate will contain a greater 
ative to a solution with no tributyl phosphate. If a contaminant is 

, amorphous form rather than a crystalline mineral, using a mineral phase for 

hases generally wntain shorter and stronger element bonds relative to amorphous solids, 
ally lead to low estimates of the contaminant concentration. This occurs because 

solubility for the crystalline phase. Dissolution of crystalline solids is 
m l y  instanmaus or complete in the natural environment, except for some highly soluble salts 
like sodium chlorid lead to overestimates of contaminant concentrations. On the 
other hand, the as 
estimates of eleme 
and crystallize in 
may be too high 

some contaminant concentrations substantially below the calculated solubility limit. 

eous precipitation of mineral phases can lead to low 
. This is particularly true if the mineral is difficult to nucleate 

mnment. Fiially, the calculated concentrations of soluble species 
ons are not considered. Adsorption processes could lower 

16.5.3 

Geoche geochemical code to estimate leachate 
concentrations at the base of each de 
glacial overburden. Leachate values at 
long-term fate and transport modeling (Chapter 22.0) to estimate the contaminant dose received at 
the 100-year (off-FMPC) and 500-year (on-FMPC) human receptor sites. 

within an operable unit and at the base of the 
glacial overburden were used as input to the 

16.5.3.1 Develomnent of the Conceptual Model 
The conceptual model, as illustrated in Figure 16-1 accounts 
groundwater into the waste storage unit, its reaction with in0 
and subsequent reaction of the leachate derived from the w 
glacial overburden. For some waste units, solution analyses were available to describe the actual 
leachate derived from the waste unit, and only the reaction of the leachate with the glacial 

n of rain water or 
solids present in the unit, 

rals in the underlying 

overbuden mineralogy was modeled. 

The path used by the rain water or groundwater to enter the waste unit is not an is 
geochemical modeling and is not addressed here. Once the rain water or groundw 

the 
reached 

.... ............... .~ ~ . . . . . . . . . . . . . . . .  -- ........ ........... ............ ..... .... ....... ........... :.:: :. .. y...: ...... 
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the waste, it is assumed that the water instantanmusly equilibrates with the waste solids. This 
assumption is a requirement of the mathematical model because kinetic data on the waste solids are 

to assess the time-dependent equilibration. As the initial solution equilibrates with the 
it acquires the characteristics of a leachate. This leachate exits at the base of the 
here it is referred to as Leachate A (Figure 16-1). Leachate A continues to migrate 

ly equilibrate with the minerals in the glacial overburden. Again, this assumption is a - 

reqmment of the mathematical model because of the lack of kinetic data on minerals in the 
glacial overburden. Along this portion of the flow path, Leachate A is free to react with minerals 

ugh the glacial overburden underlying the waste unit, and is assumed to 

- -- ~- 

y reducing the concentration of contaminants by precipitation of 
overburden, the modified leachate is referred to as Leachate B 
of contaminants in Leachate B axe then used as input to the fate (Eigure 16-1). The 

16.5.3.2 Develoment of the Leachate Commsition at the Base of the Waste Unit 
Two different scenarios were used to estimate the composition of Leachate A. The first scenario 
involved the simulated titration of mineral 
or groundwater to develop Leachate A. 
solution in their molar proportions. Fo 
into solution, the mass of calcium and 
carbonate by two moles. A second s 

within the waste unit to represent Leachate A. Because the second scenario required no modeling 
to develoD Leachate A. only the first scenario is discussed 

For the simulated titration, waste characterization data were 
within each waste unit. The data consisted of descriptions o 
waste, general descriptions of the waste forms, elemental 
actual data on the mineral phases within the waste. AU 
waste unit and, in general, the data were not adequate to conclusively determine the mineralogy of 
the waste. Therefore, to account for waste solids represented by the elemental 
waste, many mineral phases had to be assumed to be present. The assumed m 
chosen based on the elemental concentrations reported for the waste, and were form 
combining metals and radionuclides with reported ligands such as bicarbonate, s 
phosphate. For example, barium was combined with sulfate to form the mineral 

resent in the waste unit into modified rain water 
the process of adding mineral constituents to a 
ne mole of dolomite, CaMg(CO&, is titrated 

solution increases by one mole and 
m i d  analysis of water obtained from 

estimate the mineralogy 
ses which generated the 

of the waste, and, infrequently, 
not available for each 

PlT~/lS.1-2/lZ17-90 16-11 
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After selecting the waste-bearing mineral phases, the minerals were numerically titrated into rain 
water or pundwater at rates proporlional to their molar abundance in the waste. The molar 

the mineral in the waste was determined k t l y  from analytical data by converting 
ntrations to molar concentrations. The titration step was used to increase the 
of dissolved constituents in solution, As solution concentrations increased, solubility 

- 

and solid phases were precipitated from the solution. When the system reached 
e modeling was stopped. The solution composition at the termination of modehg - 

was assumed to r epmnt  the leachate composition at the base of the waste unit, except for the 
metals Ag, As. Ba, 0, Hg. Pb and Se, which were estimated using the maximum value obtained 
from EP toxicity or 

16.5.3.3 
The leachate com e of the waste unit, Leachate A, was modified by simulating its 
reaction with the m to be present in the glacial overburden. Minerals in the glacial 
overburden underlying the waste units were assumed to be similar to analyses of glacial overburden 
material recovered from a texminal lobe of s 

assumption was required because mineral0 r the glacial overburden at the FMPC site was 
not available. It should be noted that any uced by this assumption are not significant 
relative to the conservation in the res the assumptions and limitations outlined in 
Section 16.5.2. 

age in South Dakota (Barari et al. 1987). This 

The minerals in the glacial overburden were numerically titrated into Leachate A at rates 
proportional to their molar abundance. As the titration p position of Leachate A 
was modified by the dissolution of minerals in the glacial ov precipitation of both 

glacial overburden and secondary mineral phases. The sec phases represent solids 
that are stable in the presence of leachate and glacial ove ch are not present in the 
glacial overburden prior to the introduction of leachate. reached equilibrium, the 
modeling was stopped. The modified leachate composition at the termination of modeling was 
assumed to r epmnt  the leachate composition at the base of the glacial ovehrden, and is referred 
to as Leachate B (Figure 16-1). 

16.5.3.4 Modeling Results 

Leachate concentrations derived from the geochemical modeling are given in Section 22.1.3. It is 
reemphasized that these concentrations were derived with conservative assumptions, and they 
represent estimates of the maximum concentrations expected in leachates present at the base of the 
waste unit and at the base of the glacial ovehurden. Actual values would likely be lower than 

16-12 
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these model results; however, it is extremely unlikely that the actual values will be higher than the 
model predictions. 

. .  

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

-- 

.. . . . . . . . . . . . . . . .  
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17.0 OPERABLE UNIT AREA HYDROGEOLOGY 

1 through 4 are potential sources of contamination to the glacial overburden and the 
quifer. Chapter 17.0 presents the features of these operable units, including a 

ption of the glacial overburden and the perched water system underlying each 

___-- .. . . .  . __--- - 

' 17.1 OPERABLE UNIT 1 

any of the waste disposal units which lie to the west-northwest 
of the Production 1 a~ the six waste pits, the bum pit, and the Clearwell 

mcted over a 27-year period, from 1952 to 1979. A brief 
description and history of each follows: 

Waste Pit 1, constructed in excavated into an existing clay lens 
and was lined with clay exc m the bum pit (H&R 1986). The 
bottom of Pit 1 is estimate elevation of 558 feet, Expansion of 
the pit in 1957 provided a of 40,OOO cy. The waste material 
that was disposed in the d primarily of neutralized waste 
filter cakes, producti depleted slag, scrap graphite, 
contaminated brick, e quantity of uranium disposed in 
the pit is estimated to 00 lbs). Waste Pit 1 was closed 
in 1959, backfilled, and covered with clean fill dirt (NLO 198%). Surface 
water runoff is divexted to the Clewell  prior to its discharge to the Great 
Miami River. 

Waste Pit 2 was constructed in 1957 and was o 
(H&R 1986). This pit was constxucted in a s 
and was lined with a compacted clay layer (D 
bottom of the pit is estimated to be at an elev 
Pit 2 received primarily dry, low-level radio 
neutralized waste filter cakes, sump cakes from 
depleted slag, scrap graphite, contaminated brick, sump liquor, and 
concentrated ramate residues. The pit holds approximately 13,000 cy 
of wastes that contain about 1,206,000 kg (2,653200 lbs) of uranium 
and approximately 400 kg (880 lbs) of thorium. The waste pit ha 
covered with clean fill and graded to provide surface drainage to 
Clearwell for subsequent discharge to the Great Miami River. 

Waste Pit 3 was constructed in 1959 by excavating through the glacial 
overburden and placing a layer of clay along the pit walls (Dames and 
Moore, nd.). The estimated pit bottom-elevation is at an elevation of 
548 feet. Waste Pit 3 was operated as a settling basin, from 1959 to 
1968, receiving wet waste streams consisting of lime-neutralized waste 
solution from the FMPC production plants (H&R 1986; NLO 198%). 

PITIGW/IS.l-U1217-90 17-1 OOG648 
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From 1975 to 1977, the waste pit was used to dispose slag leach 
residue, filter cakes, fly ash, and lime sludges. The pit contains an 
estimated 227,000 cy of wastes, including 129,000 kg (285,600 lbs) of 

400 kg (880 lbs) of thorium. The pit was retired in 1977 
was placed over the area Surface water runoff is diverted 

the Clearwell prior to discharge to the Great Miami River. 

Waste Pit 4 was constructed in 1960 and was used until May 1986. This 
pit was constructed similar to Pit 3, but with a bottom elevation of about 

-560 - f e e t ; - W a s t e - P i t - 4 - r i v e d - p ~ ~ i d ~ , f i l t e r c a k e s ,  Xurne6 
raff i~ tes ,  graphite, barium chloride waste sludges (received from RMI from 
1981 - 1983), noncombustible trash, and asbestos (H&R 1986; NLO 198%). 

estimated 563,000 cy, including more than 3.million kg 
ranium and 61,800 kg (135,960 lbs) of thorium. 
presence of barium, an interim RCRA cap was placed 

1968 and was operated from 1968 to 1983 
bottom elevation is 558.5 to 
a 60-mil-thick Royal-Seal EPDM 

Elastomeric Membrane. This liner has had occasional joint failures and 
tears (NLO 198%) which have been repaired. Like Waste Pit 3, this 
waste pit received liquid w s from the Refinery and the 
Recovery Plant, including te solids, slag leach slurry, 
sump slumes, and lime sl volume consists of 
approximately 102,500 cy, 309 kg (1 10,680 lbs) of 
uranium and 17,000 kg (3 orium (H&R 1986). Between 
1983 and 1987, Pit 5 rece decant from the General 
Sump, filtrate from the R nradioactive slumes, such 
as blowdown from the Boiler Plant and Water Treatment Plant. Only 
rainfall has entered Pit 5 since it became inactive in 1989. 

Waste Pit 6 was constructed in 1979 and opera 
It was constructed in the same manner as Was 
similar synthetic liner, although no joint failures 
(NLO 198%). The bottom of Pit 6 is at an ele 
wastes, including green salt, filter cakes, an 
elevated levels of ul-dnum, have been dispo pit. Rainfall that is 
collected in the pit is pumped to Waste Pit 
the Clearwell. The current waste volume i 
consists of 843,142 kg (1,854,972 lbs) uranium (H&R 1986). No materials 
have been added to the pit since April 1985. 

been obsewed 

The bum pit was first used as a clay borrow area to line Waste 
and 2. The resulting excavation was subsequently used to dispose 
laboratory chemicals and to bum combustible materials, including 
pyrophoric and reactive chemicals, oils, and other low-level mixed 
combustible materials (H&R 1986). The actual inventory of materials 
chemicals that was disposed in the bum pit is unknown. The 
boundaries and bottom elevation of the bum pit are also unknown. 

The Clearwell was first used in 1954. It continues in use as a temporary 
holding facility for stom water runoff. It has a bottom elevation of 

- 

O O O X O  
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548 feet. The Clearwell served as the second solid settling tank in the 
FMPC liquid waste treatment system and also receives m o f f  from the 

River through the main effluent line. The Clearwell was 
cally dredged to remove accumulated solids. The actual amount 

ral site area Effluent from the Clearwell is discharged to the Great 

r inventory of materials or chemicals that remain in the Clearwell is 

- 
- c - r e l i e f - o f - t h e - O U l - ~ - i s - m o d e r a t e ~ w i t h ~ ~ ~ ~ f - ~ ~ l O - f ~ t  across the Waste 

Storage Area. The original topography has been highly modified by pit construction and capping, 
including filling and 
Waste Pits 3 and 5. 

a tributary to Paddys Run which once flowed in the vicinity of 

17.1.2 
Depositional chara 
Unit 1 Glacial Overburden Fence Diagram (Plate Q-1, Appendix Q). The Geologic Cross Section 
Location Map (Figure 17-2) shows -M’ (Figure 17-3) and Cross Section N-N’ 

(Figure 17-4) pass orthogonally through OU 
sections are based on lithology and colo 
correlate with depositional units descri 
1988; Brockman 1988; Hendry 1988). 

acial overburden specific to OU1 are shown on the Operable 

stratigraphic descriptions given on the cross 
in borehole samples. The units generally 
archers (Leggett 1976; Cravens 1987; Barari 

The glacial overburden unwnformably overlies the sands and gravels of the Great Miami Aquifer 
and ranges from 29 to 43 feet thick in OU1. The gray and brown clays and silts represent the 
Wisconsin glacial till. The variations in color indicated in P1 
weathering of the unit rather than depositional differences. B 
U.S. Army Corps of Engineers’ boring program conducted du 
near-surface brown silts represent either lacustrine deposits as 
postglacial retreat loess deposits. Sand and gravel Stringers and beds found within the glacial 
overburden are undifferentiated glaciofluvial outwash deposits. 

ue to differential 
descriptions found in the 
nstruction. it appears that 

a glacial lake, or 

The depth of weathering in the glacial overburden varies across the Waste Stora 
to east. In the western portion of the operable unit, the weathered zone extend 
feet deep, nearly to the top of the regional aquifer, as seen in Wells 3004, 103 
This is because Paddys Run has eroded a channel almost to the base of the gl 
drains almost the entire thickness of the glacial overburden. One the eastern side of the operable 
unit, typical weathering depths are 7 to 15 feet and the gray unweathered clay is relatively thick. 

(2(50%59 
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Weathered zones typically have an enhanced bulk hydraulic conductivity with respect to 
0 

zones due to the presence of joints and fractures. 

~ - . __ stribution-bf ww.edversuS-cwea;ihered- fill -- the -primary b-G-dwair-- ~ - 

the glacial overburden is within the upper half of the unit, except along the 
, where the groundwater is relatively free to move throughout the section. The 

- ~ . . - - .. . - ~- 
. 

~~ distribution of infiitrating-surface-water is likely to- be-as follows:-- ~ 

Evapotranspiration over the entire operable unit 

vement and subsequent discharge along the east 

ugh the glacial overburden and direct recharge of 
r, especially in the western portion of the area 

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

A minor component of glacial overburden is silt of either glaciolacustrine or aeolian origin. At the 
FMPC, silts were deposited near the top of 
eroded. They are not extensive across OU1 
portion of the area in Wells 1081, 1082, 
(Plate Q-1 and Figure 17-3). These de 
glaciolacustrine silt or postglacial loess. 
depth and, thus, have a substantial secondary permeability. 

tigraphic section but have been subsequently 
found only at the surface in the northeastern 

and 3084, and in the west in Well 1028 
certain origin and may represent either 

0 
jointed and weathered throughout their 

Within the glacial overburden, beds and stringers of glaciofluv 
Some of the glaciofluvial beds are locally continuous and can 

nearby wells, as seen in Plate Q-1. A 7-foot-thick bed of s 
correlated to a 6-foot-thick bed of sand and silt in Well 
parts of Wells 3019 and 2027 appear to be continuous. 
and 1031 show one or more interbeds of silt, sand, and 
overburden, but overlying the Great Miami Aquifer. This zone may represent a water-lain sequence 
deposited in front of the advancing glacier and is likely to be significantly more the 
overlying clayey glacial till. 

Some of the glaciofluvial beds are recharged by infiltration through overlying w 
Unless these beds are laterally continuous, however, lateral groundwater movem 
constrained. Many of these perched zones are being monitored, and their latenl extent has been 
inferred from water-level recovery times during well-purging operations. Most OU1 wells in the 

glacial overburden recovered sufficiently within 24 hours to be sampled, but typically did not 

gravels are pervasive. 
between two or more 

1 in Well 2027 has been 

1079, 3019, 1076, 2027, 

0 
mmm.1-m2-17-90 17-8 000%58 
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recover fast enough to be sampled the same day as purging. The exceptions were Wells 101 1, 0 
1079, and 1083. The permeable zones monitored by these wells may be more 

those in the majority of OU1 wells. Wells 1011 and 1079 probably have 
__ ~ _ _  -~ ~. - - ~ .~~ 

ater-bearing-zones(P1ate Q;l).--Welh 1019, -1021, .-gnd-l083are all in the eastern 
unit south of Pits 4 and 6. The relatively rapid recharge of these wells, 

significant total uranium concentrations (see Section 17.1.4). suggests that these 
~ . . ~- ~~ ~- - -  . ~~~ 

~ - .  -wells may-also be interconnected and-receiving water from-Pit 6:- - 

Because most of the 
materials, slug tests 
within the glacial ov 
order of 1 ft/day, or 
Well 1025 is compl 
completed in weathered clay, with only the lower poxtion of the screened zone intersecting a sand 
and gravel bed. These wells, adjacent 
of 7.1 x Wday (2.5 x lod c d s )  and 5. ft/day (1.8 x cm/s), respectively. 

Groundwater within the glacial overbu 
clays and silts and within the more pe 
units do not yield significant amounts 
zones with very limited potential for lateral groundwater flow. Groundwater elevations within OU1 
tend to be highest in the vicinity of Pits 4 and 6. There i 
the area, although water levels drop off sharply toward Paddy 
follows the general topography of the area and implies at 1 
overburden at the western margin. 

17.2 OPERABLE UNIT 2 

onitoring wells are completed in zones composed of glaciofluvial 
reflect the high end of the range of hydraulic conductivities 
ical values of measured hydraulic conductivities were on the 
than lo4 cm/sec. Two exceptions are Wells 1025 and 1079. 
of weathered clay with a trace of gravel. Well 1079 is also 

7 4 ,  yielded hydraulic conductivity values 

within the weathered and/or fractured 
gravel lenses and beds. Because these 

nsidered to be discontinuous perched 

gradient across most of 
immediate area. This 

w through the glacial 

17.2.1 ODe rable Unit Features 
Operable Unit 2 (OU2) consists of the solid waste units at the FMPC. These 
LandfU, the North and South Lime Sludge ponds, and the Inactive and Active Fly A 
areasJSouthfield. A brief description and history of each follows. 

Sanitary Landfill 
The FMPC Sanitary Landfill, which was in operation from about 1954 to 1986, was used for the 
disposal of cafeteria wastes, rubbish, and other wastes from nonprocess areas. Materials~m&f L. 
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reportedly accepted at the landfill include nonburnable, nonradioactive sanitary wastes generated on 0 
active, constnrction-related rubble (Weston 1987b); and double-bagged and bulk 

nradioactive asbestos (DOE 1988). Radionuclide-contaminated materials such as 
- _ _ _  - -- 

e and Soil once uGI to-cov&exp&xi wastesmay -& have been disposed of in - - 

E 1988). 

~- - _ _  - - 
- The Sanitary Landfii is located on a tiin%-acrC tract in the northeast corner of the Waste Storage 

Area. The facility is organized into 17 individual cells; five are full and out of service, and the 
remaining 12 were 
occupy approxima 
Each of the five ce 
deep (Weston 1987b 
Therefore, the total 
to be 16,000 to 18,000 cubic yards. 

after issuance of an OEPA pennit. The five filled cells 
land and are covered by a two-foot-thick layer of compacted soil. 
to be approximately 225 feet long by 25 feet wide by 10 feet 
rial was also disposed of in an area adjacent to the five cells. 

believed to be contained in the Sanitary Landfill is estimated 

Surface drainage in the Sanitary Landfill 
general drainage pattern within the landfill 
drainage flows to an apparently altered 
northern portion of the landfill. This ch 
western boundary of the FMPC. 

n convolled by topography recontouring. The 
is to the north and west. The surface 

channel passing westward along the 
discharges into Paddys Run near the far 

Lime Sludge Ponds 
The two Lime Sludge ponds are located near the western bo 
approximately midway between the north and south boun 

lime alum sludge from the FMPC water treatment plant opera 
disposed of in the Lime Sludge ponds (Weston 1987b). 
include aluminum, calcium, imn, magnesium, manganese, and potassium (Weston 1987b). 

Production Area, 
Storage Area. Spent 

plant blowdown were 
of the spent lime 

The North Lime Sludge Pond is an active, unlined pond approximately 200 feet long by 100 feet 
wide by 6 to 8 feet deep. Total volume is about 5,000 cubic yards, and the po 
90 percent full and partially covered with water (Weston 1987b). The water volume 
conservatively estimated to be about 60,000 gallons. 

The South Lime Sludge Pond is also an unlined pond that, until recently, had a dry surface with no 
standing water. The pond was reactivated recently by WMCO and again receives spent lime 

ately 

0 
sludge. It is located directly south of the North Lime Sludge Pond. The South Pond is 

cb(EO%CB 
AfxiWIIs.l-Zn217-#) 17-10 



December 17. 1990 

approximately 200 feet long by 100 feet wide. The depth of the pond, as indicated by borehole 
0 

on (weston 1988), is approximately 11.5 feet, with an estimated volume of 11500 
The South Pond remains deked  as a topographical depression because of the elevated 
- - - - _ _  _ _ -  _ _ _  - -- -- - - - - -- - - - - - -  

topography in the vicinity of the ponds slopes very gently to the west as a result of 
- _  _ _  - - -  

- g during construction of the ponds and the natural slope to the land. The-finds are 
bemed in a manner consistent with unlined surface impoundment construction practices of the 
preregulatory era. 
ponds includes moi 
that falls within th 

ponds is a central east-west oriented dike. Water entering the 
in the waste material delivered to the ponds and precipitation 

This area comprises the Inactive Fly Ash Disposal Area, the Active Fly Ash pile, and Southfield. 
The Inactive Fly Ash Disposal Area i 
Area and adjacent to Paddys Run The Ac 
south of the Production Area and adjacent 
approximately 11 acres between the A 

ately 2,000 feet southwest of the Production 
Ash pile is located approximately 2,000 feet 
rm Sewer Outfall Ditch. Southfield covers 

le and the Inactive Fly Ash Disposal Area. 

Bituminous fly ash and bottom ash fro 
Fly Ash Disposal Area, and are currently being disposed of in the Active Fly Ash pile. A 
spectrochemical analysis performed on ash composite indic 
were aluminum, calcium, iron, magnesium, silicon, and titani 

uranium indicated concentrations ranging from < 5 ppm to 
precipitator ash, and electrostatic precipitator ash (Bogar 1987 

The Inactive Fly Ash Disposal Area is estimated to contain 5 cubic yards of fly ash. Elevated 
levels of uranium were found during sampling activity performed in the CIS, so it is suspected that 
waste oils containing uranium were sprayed on the pile as a dust suppressant. 
1,000 kg of uranium may be present in the Inactive Fly Ash Disposal Area. B 
as concrete, gravel, asphalt, masonry, and steel rebar also were discarded at this site. 

The Active Fly Ash pile contains approximately 38,000 cubic yards of fly ash. It h 
reported that waste oils were periodically sprayed onto the Active Fly Ash pile as a means of dust 
control (DOE 1988a). Elevated levels of radiological contaminants have been found in surface 

iler plant were disposed of in the Inactive 

or constituents in the ash 
87). An analysis for 

ttom ash, mechanical 

such 

0 
samples. 000169 
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Southfield was reportedly used as a burial site for construction rubble that contained low levels of 0 ‘  
including debris from the razing of the old administration building. Other wastes may 

sited in this area as well, although supporting records are not available. 

rface water runoff patterns in the area are to the southwest and southeast. The 
ented Range Road serves as the drainage divide between the two patterns. Fiu and 

__ - - -_ __ - - - - - - --- -- - -  -- -- - - 

- -  _ .  -- - 
- rationS in the centrid portion of Suthfield have resulted in-a gradual slope to the 

southwest, culminating in significantly steeper grades that indicate the extea of fiu and grade 
activity. The northe 
drainage leading to 

pile flows into a sm 

All three disposal 
which is either Paddys Run, the Storm Sewer Outfall Ditch, or the flood plain of Paddys Run. 

e Inactive Fly Ash Disposal Area was constructed over an old 
e local runoff from the working face of the Active Fly Ash 

annel that empties into the Storm Sewer Outfall Ditch. 

d by relatively steep slopes on the downgradient sides, below 

17.2.2 Glacial Overburden 
Fence diagrams detailing the chmcteristi 
Sanitary Landfill (Plate 4-2). the Lime late 4-3), and the Fly Ash AredSouthfield 
(plate 4-4). Additional information is s Section M-M’ (Figure 17-3). which 
intersects the Sanitary Landfill, and Cm (Figure 174), which crosses the Lime 
Sludge ponds. The stratigraphic descriptions are based on lithology and coloration as observed 
from borehole samples. The units generally correlate with described by other 
researchers (Leggett 1976; Cravens 1987; Barari 1988; Bnx: 

The glacial overburden unconformably overlies the sands and 
The gray and brown clays and silts represent the Wisconsin 
indicated in Plates 4-2, 4-3, and Q4 are due to differential 
depositional differences. Based on the descriptions found in the U.S. Army Corps of Engineers’ 
boring program conducted during plant construction, it appears that silts represen 
deposits associated with a glacial lake or postglacial retreat loess deposits. Sand 
stringers and beds found within the glacial overburden are undifferentiated glaci 
deposits. 

0 cial overburden have been prepared for the 

e Great Miami Aquifer. 

ering of the unit rather than 

e 

The depth of weathering is variable across each of the areas within OU2. At the Sanitary Landfill 
(Plate 4-2), the weathered zone is 13 feet thick in the immediate vicinity of the landfill and 
thickens to the southwest to 24 feet at Well 1081. The weathered zone in the Lime Sludge Pond 

I 

000Q62 
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afea (mate 4-3) averages 11.5 feet in thickness, with no systematic trends. In the immediate Fly a 
Ash Area/Southfield (Plate Q4), the glacial overburden has been largely removed through erosion 

msion %ne. -~n Well-Zi; the weathe&- material extends to the top of the 
Sewer Outfall Ditch and Paddys Run. The weathered zone is typically about 10 feet 

_ _  _ _  - -- - -  
- 

, while in Wells 1045 and 2049 fhe glacial overburden is composed entirely of 
In OU2, the distribution of weathered versus unweathered till suggests that the 
ater movement within-the B-cial overburden &within the upper half ofthe unit, 

_ _  - - - _ _ _  
- -  

except in the areas immediately adjacent to major surface drainages, where the groundwater is able 
to drain from the e 

In the area of the S 
and 1083. The Lim 
intermittently, as 
beds are pervasive in the Fly Ash AreaBouWield. They are thickest in Well 1048, thinning and 
laterally intefmgering with clays toward Wells 1046 and 2065. These are likely to represent 
deposits from the formation of periodic gla 

Some of the glaciofluvial beds are locally 
nearby wells, as seen in the Sanitary L 
Sludge Pond area (Plate 4-3, Wells 10 
(plate 4-3, Wells 1048, 1046, and 2065). These sand and gravel beds are potential pathways for 
contaminant migration within the otherwise low permeability clays and silts. 

(Plate 4-2). silts are seen to the southwest in Wells 1081, 1082, 
s do not have any silt at the surface, but a bed appears 
10, 1229, and 2008. Compared to the mt of the FIvlPC, silt 

s or morainal debris. 

and can be correlated between two or more 
4-2, Wells 1035 and 1038). the Lime 
2). and the Fly Ash Area/SouWield 

........ 

Well recovery rates for OU2 wells completed in the glacial o 
generally good to excellent, allowing sameday sampling in 
remaining wells were either always dry, remained dry after 
necessitating nextday sampling. 

ere observed to be 
nt of the wells. The 
d poor -very, 

In the Sanitary Landfill area, Wells 1035 and 1038 both demonstrated good recovery after purging, 
indicating that the sand layer in the two wells (Plate 4-2) had a significant late 
Well 1037 did not recover, and purging notes indicated that grout was found in 
filter pack may be clogged. Wells in the Lime Sludge Pond area all had good 
These are Wells 1039, 1041, and 1042. which are completed in a laterally extensive Sm layer 

(Plate 4-3). 
:.:. ..:.: :.:.:.: ........ ......... ........ ......... ............ a 
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The Fly Ash AIWSouthfield had the highest percentage of wells with poor or no recovery. 
onstrating good recovery were Wells 1016, 1046, and 1048. Well 1016 is actually 

la& between the two wellF(PliiEiFQ4) ani is laterally extensivC------ - 

available for Wells 1008 and 1041 in the Lime Sludge ponds area indicate that the 
nductivities of the perched zones are about 0.34 Wday (1.2 x lo4 cds) .  The-cnes- 

Great Miami Aquifer. Wells 1046 and 1048 monitor a silt and sand sequence 
_- __ - 

- _ _  _ _  

. monitored by Wells 1008 and 1041 may be interconnected, but insufficient data exist to make a 
conclusive determina raulic conductivities in Wells 1046 and 1045 in the Fly Ash 
Area/Southfield rang ay (1.6 x 10" c d s )  to 0.19 Wday (6.8 x cm/s). 

. 17.3 

17.3.1 ODe rable Unit Features 
Operable Unit 3 (OU3) generally encompasses the soils and perched groundwater underlying the 
production Area. This operable unit also in 

Production Area 
The production of uranium metal produ 
metallurgical conversions that occurred 
achieve a manageable technical framework for the OU3 RVFS. The Production Area was separated 
into four distinct quadrants, as shown in Figures 7-1 and 7-2, which are: 

involved a series of chemical and 
plants within the production Area to 

Northwest Quadrant 

Plant 1 and Drum Storage Pad. principal activi materials 
sampling, analysis, and storage. 

Northeast Quadrant 

Plant 9, Decontamination and Decommissioning Facility, Maintenance 
Building, and Metal Scrap Pile. Principal activities included special 
uranium products Casting, thorium processing, decontamination and 
decommissioning of equipment, equipment maintenance, and metal 
storage. 

Southwest Ouadrant 

Plants 2/3, Plant 8, and General Sump. F'mcessing activities included 
uranium digestion in the refinery, uranium recovery and oxidation, and 
wastebastewater treatment. 
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Pilot Plant and Laboratory. Activities included uranium reduction, pilot- 
scale operations, sample testing, and analysis. 

Southeast Ouadrant 

Plants 4, 5, 6, and 7. Processing activities included metals production, 
fhkat ion,  and machining. 

Main electrical substation of the plant and the garage. 

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

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

Suspect Areas 
Areas classified as 
or were identified 
a w a r e :  threeru 
the Clearwell to 

areas, and a small 

ither are suspected of having contamination due to past activities, 
inated through field testing within the FMPC boundary. These 
e K-65 sluny line, the main effluent line, the pipeline connecting 
incinerator area, one area in the buffer zone, the fire training 
flagpole (Figure 17-5). 

The three rubble mounds describe areas of discarded consuuction materials and soils. The 
Clearwell to Manhole 175 pipeline is a p 
runoff that enters the Clearwell. The b 
uranium were discovered in surface soil 

process line which now canies surface water 
olves an area where unexpected levels of total 

17.3.2 Glacial Overburden 
Fence diagrams showing correlations and relationships between units within the glacial overburden 

have been developed for.each of the four quadrants of the 
Quadrant is shown on Plate Q-5, the Northeast Quadrant on 
Plate 4-7, and the Southeast Quadrant on Plate Q-8. In addi 
characteristics are shown on Glacial Overburden Cross Sectio 
Figure 17-7), which transect the Production Area, at locatio 
stratigraphic descriptions are based on lithology and colo 
The units generally correlate with depositional units described by other researchers (Leggett 1976; 
Cravens 1987; Barari 1988; B m h a n  1988; Hendry 1988). 

The glacial overburden unconfoxmably overlies the sands and gravels of the G 
and ranges from about 23 to 40 feet thick beneath the production Area, as Seen on 
sections (Figures 17-6 and 17-7). The gray and brown clays and silts represent the 
glacial till. The variations in color indicated in Figures 17-6 and 17-7 and Plates Q-5 through Q-8 
are due to differential weathering of the unit rather than depositional differences. Based on the 
descriptions found in the U.S. Army Corps of Engineers' boring program conducted during plant 

The Northwest 

wn in Figure 17-2. The 

17-15 ocio16;5 
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consauction, it appears that near-surface brown silts represent either lacustrine deposits associated 0 
lake or postglacial retreat loess deposits. Sand and gravel stringers and beds found 

ial overburden are undifferentiated glaciofluvial outwash deposits. In OU3, the depth 
~e ~ c i a  overbuiden-is VSTriable, ~typiiiiilyranging -Gm -7 to14 Feet. mere is 

v’ariation, and the weathered thickness may be relatively constant over small areas. 
is found only below unweathered till in the northwest-central portion of the 

.. - ~- - -  - -  

- 
. - 

The most consistent 
northeast quadrant 
the glacial overburd 
in this area showed 
FMPC. the weathe 

glacial ovehrden with respect to depth of weathering is the 
Area (Plate 4-6). In the north-central portion of this quadrant, 

primarily of clay with relatively few sand or silt beds. Borings 
eathering to be between 9 and 12 feet. In other portions of the 

as thin as 2 or 3 feet or as thick as 20 feet. 

A minor component of the glacial overburden is silt of either glaciolacustrine or aeolian origin. 
Surficial silts were only found in BoMgs 1 
(plate Q-5). These silts are joined and w 
secondary permeability. 

38, and 2055, in the northwest quadrant 
ughout their depth and have a substantial 

Silts within the glacial overburden are 
(Plates Q-5 and 4-7) than in the eastern half (Plates Q-6 and Q-8). In the east, only two 
significant silt deposits were found in Borings 1112 and 13 
the western half, the silts become thicker and more laterally e 
the silts are commonly associated with sand beds. The silt 
glacial lakes dammed by recessional moraines which were ov 

Areas with laterally extensive sand beds are as follows: 

the western half of OU3 

laterally extensive. In 
e south. In this area, 

rs may represent small 
r glacial advances. 

In the north-central part of the Production Area (Plates 0-5 and 
..... 

4-6) is a sand bed from 9 to 13 feet thick in Borings 1287. 1336, and 
1339. 

. . . . . . . . 
In the southwest portion of the Production Area (plates Q-5 and 
4-7). 2- to 3-foot-thick and 4- to 5-foot-thick sand beds are pervasive 
both at the surface and within the upper 15 feet of the glacial 
overburden 

In the eastern part of the Production Area (Plates Q-6 and Q-8). thin 
sand beds of limited extent are scattered throughout the section; at best, 
these can only be correlated between 2 to 4 wells 
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Six wells in or near the Production Area have well yield records (Wells 1010, 1020, 1053, 1054, 0 
). Of these, Wells 1054, 1055, and 1064 had relatively poor recovery. These three 
mpleted in clays or silts; there are no significant sand or gravel layers noted in 
Wells 1020-and-1053 aK lo&ited-in% kar-the buthweskrn quadrant (Plate 4-7). 
any laterally extensive sand layers which could explain the rapid recharge observed 

- - -  _ - -  

Slug test data are available for two lo00 Series monitoring wells located near the Production Area. 
Well 1035 (immedia west of the Production Area) and Well 1041 (immediately to 
the west of the completed in fine-grained units within the glacial ovehurden. 
Well 1035 is scree f unweathered clay with some silt, but the sand pack extends into 
interbedded poorly Well 1041 is completed in unweathered clay with some silt. 
These wells yielded 
(1.1 x lo4 cm/s), respectively. 

vity values of 0.071 Wday (2.5 x lo-' cm/s) and 0.31 Wday 

Groundwater elevations within the Productio 
the south. There is a very low gradient a a, approximately 0.8 percent. Discharge 
points for this perched groundwater are 

sand and gravel beds within the glacial 

tend to be highest in the north and decrease to 

depend largely on the overall continuation of 

17.4 OPERABLE UNIT 4 

17.4.1 ODe rable Unit Features 
Operable Unit 4 (OU4) consists of four large concrete silos. 
storage silos are located south of the Waste Storage Area on 
(F@m 7-1). The silos are 80 feet in diameter, constructed 
over an 8-inch layer of gravel containing an underdrain sys 
which drains to a collection sump. Below the gravel is a 2-inch-thick layer of asphaltic concrete 
underlain by 18 inches of compacted clay. The walls are 26 feet high and are constructed of 
8-inch-thick concrete with a 0.75-inch-thick gunite coating on the exterior. The 
from 8 inches thick at the silo walls to 4 inches thick at the apex. 

The silos were constructed to provide storage for the residues resulting from pro 
Congo pitchblende ore to extract its uranium content The tern "K-65" refers specifically to 

various radium-bearing raffinate wastes generated in the processing of pitchblende and other 

and 1952, these waste 
of the FMPC 

oors of 4-inch-thick concrete, 
iameter slotted pipe 
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radium-bearing ores which were placed in Silos 1 and 2. Other wastes, however, are also contained a 
.in ,silo. 2. 

~- -~ - -  __  - _ _  -- ~ - -  ~~ - - - - -- 
- . __ ~- 

cted in mid-1952 and was designed to receive dry materials only. Slumes from 
ons were dewatered in an evaporator and spray calcined to produce a dry waste form 
Silo 3. The waste was blown under pressure into the silo. Silo 4 was also 

~ - .  ~~ - - - - -  - -  

ifmid4952 however, - ~ s  silo was never used. -. -- - 

In 1964, gunite tenor surfaces of the K-65 silos was repaired and a waterproofing 
membrane was appli ntly, an earthen embankment was built to the top of the walls of 
Silos 1 and 2 to pro m tensile stress that had developed within the walls. This 
embankment also p protection, a reduction of radon emissions, and increased 
shielding from . The embankments were originally constructed on a slope of 
1S:l; however, the slope was subsequently modified to 3:l in 1983 to reduce soil erosion 
(Grumski 1987% Boback et al. 1987). Vents in the silos were sealed in 1979 (Cannargo 1986). In 
late 1985, the FMPC had a temporary dom 
installed to span across the deteriorated 

In 1987, an Interim Stabilization Project 
CERCLA section of the FFCA ( G m s  
measures to control radioactive emissions from the FMPC. Work performed as part of the Interim 
Stabilization Project included: 

eters (30 feet) in diameter, designed and 
n of the concrete domes. 

ted at the K-65 silos to comply with the 
pliance required that DOE take immediate 

a 

Implementation and periodic operation of a clo 
system which removes radon from the air and 
into the silos. 

Application of a layer of rigid polyurethane fo 
exterior of the dome surfaces of Silos 1 and 2. 
designed to reduce weathering, temperature changes within the silos, and 
radon gas emissions. 

Topographic relief of the OU4 area is moderately high, with variations of about 
area. The original topography has been highly modified by silo and berm co 
constituting approximately 30 feet of relief. Surface water drains from much 
Paddys Run. 
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5 6 0 6  

characteristics of the glacial overburden specific to OU4 are shown on the Operable 
Overburden Fence Diagram (Plate Q-9). The stratigraphic descriptions are based on 

- _-  _ -  - 

- __ - lohtion-iis ~een in borehole samples~Theunitsgenerally-cOnelate with 
ts described by other researchers (Leggett 1976; Cravens 1987; Barari 1988; 

The glacial overburden unconformably overlies the sands and gravels of the Great Miami Aquifer 
and ranges from 20 
Wisconsin glacial 
weathering of 
U.S. Army corps of 
near-surface bro 
remat loess deposits. Sand and gravel stringers and beds found within the glacial overburden are 
undifferentiated glaciofluvial outwash deposits. 

The depth of weathering in the glacial ov 
from 7 to 15 feet deep, with an 
end and an exceptionally thick, 
latter boring has interbedded unw 
directly overlying the Great Miami Aquifer. In OU4, the distribution of weathered versus 
unweathed till suggests that the primary groundwater mov 
within the upper half of the unit, except to the north of the si 
relatively free to move throughout the section. 

. Silts are not extensive across OU4, and were found at the 
the area in Wells 1029 and 1032 (Plate Q-9). These deposi 
represent either glaciolacustrine silt or postglacial loess. The silt in the upper few feet of 
Well 1032 is probably artificial fill, since this well is located within a suspected 
Silts within OU4 were observed in Wells 1031, 1032, 1033, and 2008. Only in 
is interconnection possible. These silts are probably proglacial lake deposits which 
subsequently o v e m  during a readvance of the glacier. 

Within the glacial overburden, beds and stringers of glaciofluvial sands and gravels are found in the 
southern and western portions of the area (Plate Q-9). A 3- to 4-foot-thick sand bed under the 
silos is relatively continuous and can be correlated between Wells 2008, 1032, 1033, and 2034. 

in OU4. The gray and brown clays and silts represent the 
in color indicated in Plate Q-9 are due to differential 

epositional differences. Based on the descriptions found in the 
ring program conducted during plant construction, it appears that 

r lacustrine deposits associated with glacial lake or postglacial 

es across the silo a m .  The typical range is 
t-thick section in Well 2034 at the south 

Well 1031 to the northwest of OU4. The 
9-foot-thick unweathered silt and clay layer 

glacial overburden is 

of uncertain origin and may 

wells 

(380169 
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Their lateral extent could be inferred from water-level recovery times during well-purging 
The glaciofluvial sand beds underlying OU4 are recharged by Witration through 

ered till. Whether the 3- to 4-foot-thick sand bed under the silos is laterally 
-~ ~~ -ioile--on Pddys Run > r ~  i6..~b-uw remains *o-mI-ms perched------- ~ ~~ 

by Wells 1032, 1033, and 1034. 

Well -1032 -exhibited poor yield, -but- that well only has -a 2:foot screen. Wells-1033-and 1034 have - 
. . . . . . . . . . . . . . . . . . 

- 

shown moderately good recovery, indicating that the sand layer in which the wells are screened has 
some lateral continu 
1029, and 1072. 
unweathered clay. 

There are slug te 

r wells for which purge records are available are Wells 1008, 
d slow recovery, and the last was dry; all three are completed in 

r Well 1034, located immediately south of Silo 1. Well 1034 
is completed in a layer consisting of clay, fine sand, and some silt and gravel. It yielded a 

hydraulic conductivity value of 0.071 ft/day (2.5 x lo-’ cds).  

.. . . .  
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PART lV. GROUNDWATER MODELING 

-- FMPC groundwater report provides the formulation, testing, _ _ _ _ _ -  and results of -- regional -~ 

a$ well as the procedure for the long-term modeling related to each operable unit. 
- __  ~~ 

ents a schematic of the overall structure of the FMPC groundwater studies 
in this report. The data obtained and interpreted via the literature - search, field - - _ _  _ -  - -- - - - - - - - -_ _ _  - - - - - _ _  

investigation program, and data analysis are used as input data into the groundwater models to 
provide spatial and temporal variation of regional and site hydrogeology and groundwater quality. 

Therefore, Part N between most direct observation and projections. 

chapters. The purpose and scope of modeling are discussed in Part IV has been di 
ign of the modeling study is presented. The groundwater 

discussed in Chapters 20.0 and 21.0, respectively. The 
procedure for modeling the long-term miption potential pertinent to each operable unit is 
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18.0 PURPOSE AND SCOPE a 
modeling studies were initiated to support interim activities and different aspects of the 

ated risk assessment. The wok plan covexing these studies was developed by TI' 
8a).-This re~5 d&kribeSthe construction, calibration, and some initial 

- - _ -  . - -- -- - 

finite-diffemce groundwater flow and solute transport models developed for use 
RI/FS. Model construction is the development of computer input files that constitute 

el. Model calibration is the adjustmentof parameters in the inputfile u n ~  the model is an 
- 

_. 

adequate representation of the real system. 

Two successive sol 
developed before geochemical modeling were available. It was a provisional 
calibration that was in supporting a removal action for mitigating contamination 
south of the FMPC action under the FU/F'S. The second calibration was completed 
when the results of the geochemical modeling were available. The second calibration produced a 
more refined model that benefited from the 
concentration data that had become availabl 
used to support ongoing ws activities. 
total dissolved uranium only, since 

for this designation a~ presented in 

el calibrations are reported herein. The first calibration was 

ical results and from additional uranium 
degree of calibration is higher, and it will be 

0 transport model calibration was completed for 
pal contaminant of concern The reasons 

The swpe of the report is limited to a description of those modeling activities, data, and results 
necessary to establish the validity and applicablity of the model to FMPC conditions. It excludes 
such technical details as descriptions of a l l  minor data prepro stpmcessing computer 
programs and procedures, descriptions of numerous individu 
routine modeling activities and technicalities. These details 
computer files stored on magnetic tapes. 

ration runs, and other 
in project files and 

18.1 CURRENT SITE CHARACTERIZATION 
The hydrologic regime impacted by the FMPC activities encompasses a large area with complex 
geologic and hydrologic conditions. The development of the model was necess 
direct field observations so that the combined informational base would be 
undemanding of the current situation in the RI, the projection of future conditions 
health and environmental risk assessment, and the evaluation of the remedial action 
the FS. The specific support pv ided  to these activities is described in Sections 18.2 through 18.4. 0 
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The field observations, including groundwater monitoring, establish whether contamination is present 
at a specific location and to what level. Groundwater modeling provides a systematic means to 

between and extrapolate beyond the field observations of the contaminant concentration 
area of interest. In particular, the infomation from the modeling is used in 

th-ava&ble field observations to: 

Estimate the location and value of the maximum uranium concentration 

- _ _  - - - .. - - -  

- - - _  - 
- - *  Estimate the mass of the contaminant present in the aquifer - 

Explain the occurrence of the field observations 

not any field observations should be considered as 

for additional data 

c, and geochemical issues are addressed by the models described 
in this report: 

Groundwater flow rates and 
Area, waste discharge areas, 

aquifer and the principal 

COntarmnan * t sources 

relative to the FMPC Waste Storage 
of postulated releases 

Recharge to the regional intenelationship between the 

Relationship between w identified potential 

The relative importance of the identified sources in terms of uranium 
loading rates to the aquifer 

The effects of geochemical variability in the 
contarmnant ' mobility 

as it relates to 

18.2 SUPPORT TO REMEDIAL INVESTIGATION 
The purpose of the RI is to determine the nature and 
hazardous or radioactive substances, pollutants, or contaminants, and to gather all necessary data to 
support the FS. The RI is intended to satisfy the following specific objectives 
by the groundwater modeling: 

, or threat thereof, of 

Identify and characterize any sources of radiological and chemical 
contamtnatl ' 'on 

Determine the nature and extent of radiological and chemical contam 
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Identify the pathways and mechanisms for radiological and chemical 
constituent migration, and conduct public health risk assessments and 
environmental impact studies 

Develop, validate, and apply various site models to augment the current 
Wersmgiing-of the site-envhnment-and-to predict-fbture impacts with- -- - - - -- 

and without remedial actions 

Provide necessary information for the identification, evaluation, and selection 
of the most environmentally and economically acceptable alternatives in the - _ _  - - _ -  - - _ _  - 

- FS - - - -  

pal use of the groundwater flow and solute transport models is 
e nature and extent of the contamination. Significant pathways 
leases are evaluated to refine the assessment of current risk posed 
key application of the model is to augment the existing data base 

to develop an unde 
associated with past 

fill in the gaps between the single-point observations. 
Prediction of the locations of the maximum concentration resulring from the integration of the 
contributions from multiple sources, as 
plumes, represent the types of information 
of the models. It is these types of info 

ximate extent of coalesced contaminant 
be most effectively generated via the application 
are critical to the evaluation of current and a future risk 

As presented in Chapter 15.0, uranium as the principal contaminant of wncem 
at this time and is the only coMaminant selected for detailed modeling. If deemed necessary at a 
later date, other contaminants wuld be considered through an appropriate adjustment of parameters 
in the solute transport model. 

18.3 SUPFQRT TO RISK ASSESSMENT 

The baseline risk assessment evaluates the no-action altemti considering both the 
radionuclides and indicator chemicals. The baseline risk asse is comprised of an assessment 
of the exposure pathways and an evaluation of the risk posed by the intake of the contaminants of 
concern by hypothetical off-FMPC individuals or population groups. 

An evaluation of the no-action alternative requires the prediction of future con 
risks if a l l  sources and pathways are unaltered from their current status. S 
field observations cannot yield such predictions directly, the results of the 
input to the no-action assessment. The groundwater flow and solute transport mode 
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to predict whether concentralions in groundwater at critical receptor locations will increase and 
whether additional receptors will be impacted to a significant extent. 

tion for the no-action model is equated to the model output in the evaluation of- __ 

ons, thus the effects of any past releases are accounted for by existing concentrations 
water. Cummt and potential future releases are quantified as sources to the extent 
available data. The specific application of the model to the risk assessments for 

~ _ _  -~ - - -  ~ __  - _ _  ---- -- - - --- 

~~ ~~ ~ . ~~- - - -  ~ - .  - -  - - .  - . . . . . . . . . . . . . . . . 

-diffen%t-opefible -units is presented in Chapter 22.0. . -~ - 

elop and evaluate remedial action altematives to protect public 
ironment from releases or threatened releases of hazardous or 

radioactive sub at or from the FMPC. The groundwater flow 

the FS. 
to support the evaluation of the remedial action altematives in 

One application of the model in the FS 
models to evaluate the technical feasibili 
and pumping rates of extraction wells, 
water for any potable water replaceme 
groundwater levels through pumping 

ing the groundwater flow and solute transport 
dial actions, including evaluating the locations 

the areas that could serve as sources of 
odification of pathways by depressing the 

water flow can also be accounted for in the 
groundwater flow modeL The resultant flow field, however, influences contaminant transport 
patterns; thus, impacts at receptor locations must be further examined by application of the solute 
transport model. 

The second type of model application in the FS involves the 
prediction of future conditions under various remedial action 
control measures are simulated by eliminating current or 
However, since full source conaol is rarely realized in practice, the model is also used to assess the 
effects of incomplete source control and to evaluate various source reduction m 
the most cost-effective program. The temporal and spatial variations of urani 
resulting from the different remedial actions are predicted. 

The groundwater flow model also finds use as a tool for the wnceptual desi 
For example, the flow model can be used to determine the number, location, orientahon, and 
pumping rates of w e b  to most cost-effectively capture a contaminant plume. 

port model for the 
ves. Actions that are source 

the model input. 
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19.0 DESIGN OF MODELING STUDY 9 
groundwatersysten-thg-- __ - 

of models are available. 
models range from the solution of simple equations to very complex computer 
general, the more complex the model, the closer its behavior approaches that of the 

m using higher-order numerih simkkons; -Therefore, more complex models tend to 

- _ _  - _ -  

_ -  _ _  _ -  - -  - - - - 

produce better estimates of the actual behavior of the system than simpler models since the physical 
systems and proces 
is guided by the co 
and the degree of 

In the case of the 
repmentation of the aquifer system is required due to the importance of the decisions that will be 

completely =presented. The selection of a groundwater model 
real aquifer system, the amount and quality of data available, 

is complex, numerous data are available, and a good 

at least partially based on model results. The complexity of the aquifer system is caused by the 
following site conditions: 

Location of the site over a 
aquifer in a bedrock valle 

Presence of horizontal 

y-permeable, hgularly-shaped 
eability walls. 

ons in hydraulic conductivity. 

Presence of a clay interbed beneath the site that separates the aquifer into 
upper and lower parts, but does not extend far from the site. 

Presence of several potential con- so 
strengths and periods of release. 

Presence of water supply wells that sewe pote 
from various depths within the aquifer. 

The irregular come of the Great Miami 
location 

and draw water 

A river and aquifer interrelationship that involves flow from the river to the 
groundwater near the collector wells and flow of water from the 
groundwater to the river in other reaches. 

Presence of the collector wells, which influence the groundwater flow 
large area 

Presence of large changes in horizontal hydraulic gradients across the 
m. 
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Presence of significant vertical hydraulic gradients within the study area. 

Variation of areal recharge through different surficial materials composed of 
glacial overburden, flood plain, and alluvial deposits. 

Presence-of periodic significant recharge to-the aquifer from Paddys -- -- - - - - ~ -- - 
Run. 

0 

radiological contaminants associated with the FMPC site have been introduced to the 
- - Great Miami Aquifer from one or more of-the following: - 

Leakage from the waste pits in the Waste Storage Area 

akage from Paddys Run 

akage from the Stom Sewer Outfall Ditch 

ills in the Production Area as well as from "suspect 
c site 

Facilities in the production Area used for the storage, containment, or 
transfer of radiological or che 

Seepage from Southfield, sani 
ponds 

dfill, fly ash piles, and Lime Sludge 

Figure 2-1 shows the FMPC site and urce areas. 

The computer code used to simulate the complex groundwater system at the site utilizes the finite- 
difference method in modeling technique. This computer modeling method involves setting up a 
grid which divides the subsurface of the modeled area into re lumes, called cells. For 
flow modeling, a water budget that satisfies mass conservatio 
a series of complex differential (finitedifference) equations, i 
increase in water stored within the cell. Inflow and outfl 
faces in response to different hydraulic heads in adjacent 
streams and seepage that results from rainfall and snowmelt. Outflow includes pumping of any 
water well drawing water from a cell and groundwater discharge into smams. Hydraulic head is 
the only quantity in the water budget equation that is not given a value in m 
related to seepage from streams, pumping, etc., are supplied. Consequently, the 
budget equation and one unknown (hydraulic head) for a large number of cells in 
system of equations results which may be solved simultanmusly to obtain the hy 
each cell. Simply stated, finite-difference flow modeling calculates hydraulic 
system by solving a large set of simultaneous equations. 

for each cell. Through 

wing across the cell 
w also includes seepage from 

equal to outflow plus the 

0 
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Fiitediffemce solute transport modeling utilizes the results of the flow modeling and sets up 
another set of finitedifference equations that describe the movement and conservation of dissolved 

sponse to various factors. These factors include rate of supply of the matter at the 
ent of the matter with the groundwater, dispersion of the matter as it moves through 

re system of the aquifer, and adsoption of the matter onto the aquifer matrix in 
th the concentration in the water. This set of equations is solved for solute 

- 
- 

- 

In practice, many of the parameters that have to be supplied to these equations, such as hydraulic 
conductivities, rec leakage factors, solute source ram, dispersivities, and 

ly known and vary with location and time. Usually the 
ncentrations in some cells are known. Pumping rates may be 

known. Conseque develop a model that approximates the known hydraulic 
heads and solute to try different values for the parameters within an acceptable, 
physically meaningful range until the model produces hydraulic heads and solute concentrations that 
best match the known values across the area of interest. In the process, the model calculates 
hydraulic heads and solute concentrations ' throughout the model in accordance with basic 
physical laws. Since the model is a sim erical representation of the actual aquifer 
system, it is not practical for the mod 
concentrations perfectly. 

h the hydraulic heads and solute 

Calibration is the process of selecting parameters for successive trial computer runs until the field- 
measured hydraulic heads and solute concentrations are adequately approximated. The calibration 
process involves choosing parameters that are reasonable w hydrologic and geologic 
conditions of the area are considered. Calibration does not 
the problem of repnsenting the actual system, because mo 
may cause hydraulic heads and solute concentrations to be a 
does produce a realistic solution for a complex problem. 
solution, judgment must be used to decide whether the model calibration process should be 
continued in an effort to find a better solution. The objective of the calibratio 
of a model that is capable of satisfying the objectives of the modeling. In the 
objectives are the following: 

uce a unique solution to 
mbination of parameters 

ated equally well. However, it 
modeler finds an acceptable 

To characterize the groundwater system by supplying groundwater flo 
and directions, supplying rates of recharge via infiltration of 
and stream water, relating contamination to possible sources 
supplying contaminant source loading rates, estimating uranium 
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COXUXlDah 'ons between monitoring wells, and evaluating uranium 
mobility in the system. 

To evaluate the need for additional groundwater monitoring and field 

_. - -- _ _  - _ _  ~ __ -- ---- - -  - -- 

o estimate fuhm concentrations at potential receptor locations under the 
no-action remedial alternative. 

To evaluate the feasibility of different remedial actions. 

To estimate temporal and spatial variations in uranium concentration that 
would result from different remedial actions. 

- - - _ _ _ -  -- - _ -  

g, minimum requirements for the model code were determined to 

odeling capability. This capability is necessary to 
account for possible vertical flow m u g h  the clay interbed at the FMPC site 
and to simulate the effects of vertical hydraulic gradients caused by pumping 
at depth. 

The capacity to quanti 
locations as necessary 
Therefore, only codes w 
attenuation/retardation pm 

Adequate verification of the code and previous applications under similar 
project settings. 

The availability of the modeling code and acco 

concentration at receptor 
ents of the RUFS. 
transport and associated 

Other criteria were applied to selecting the model code to re 
to the specific site conditions and study requirements. These 

on process with respect 

The capacity to model water table aquifer 

The capacity to model decay chains. Although the study of uranium does 
not require the consideration of daughter products, this would become a 
consideration if other radionuclides are found to be important. 

The abiity to represent adsorption and decay processes so as to p 
flexibility in the range of constituents that can be modeled. 

The option to consider density variations and temperature or con 
effects on fluid viscosity. Although not considered necessary at this 
this option could be beneficial to best simulate certain critical p rom 
(e.g., leakage -ugh the river bed). 



The convenience of model application based on features such as 
preprocessing and postprocessing capabilities, user documentation, mesh 
generation, solution method, restart capability, applicability to available 
computer systems, and user familiarity. 

determined to best satisfy the full set of selection criteria. Therefore, a decision 
SWIFT 111 as the code for use in the hydrogeologic investigation of the FMPC 

. . , . . . . . . . . (IT Corporation 1988b). - .  _ _  ~~ ~- -. ..- - -  ~ .. ~ . 
. ~- ~. - 

19.1.2 Model Code Verification 
The SWIFT code eveloped by Sandia National Laboratories for the Nuclear 
Regulatory Commis the high-level nuclear waste isolation program. The first 
extension of the S made by Geotrans, Inc. (Geotrans), and was given the title 
SWIFT II. 

Comparisons of results from the SWIFT 11 model code and analytical solutions appear in many 
documents. Results of the SWIFT 11 
collected in numerous field studies. The c 
the model are numerically correct and p 
groundwater system behavior. Applic 
reports, including those appearing in 
summaries of the model verification comparisons. Particularly noteworthy are 
previous applications of the SWIFT I1 code to the FMPC (Geotrans 1985) and to a nearby site with 
a similar hydrogeologic setting (Ward et al. 1987). 

have also been compared with data 
ons provide evidence that the equations solved in 

the physical processes controlling 
e to actual sites have also appeared in several 

and Reeves, et al. (1986), which are 

- - - 

. . . . . . . . 
Modifications to the SWIFT II code were made by Geotrans 

changing the code from FORTRAN N to FORTRAN 77, an 
and output routines. The resulting model was termed the S 

e modifications included 
odifications in data input 

Pursuant to the modifications, Geotrans and IT conducted verification work that tested the validity 
of several features of the SWIFT III code. The ~ s u l t s  of Geotrans' most mnt model code 
verification work are pnsented in "SWIFT 111 Quality Assurance Benchmark 
Fiche" (Geotrans 1988). IT'S verification program included comprehensive 
SWIFT III features of importance to the FMPC. Both the groundwater flo 
components of the SWIFT 111 code were tested against analytical solutions 
other established numerical models for a wide range of hypothetical conditions. The results of the 
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IT verification pmgram found no significant problems with the model. The IT code verification 
work is documented in a separate report (IT Corporation 1990). 

- - - - - - - - - ____  - - 

ro&ss, using the SWIFT III code, are a regional three- 
undwater flow model and a local three-dimensional solute transport model. The 

ch these models were constructed followed a progressive development that passed 
_ _  

simpler two-dimensional numerical and analy6d.models to mve at the final, more 

They had short computer execution times and required no 
were used in the early stages of model development because 

of their relative 
runs, and the computer input and output files were relatively 

ently, the simpler models were used both to develop a general 
to generate initial estimates of input parameters for 

. Also, the two-dimensional models provided a relatively easy 
way to obtain information on the sensitivity of model results to variations in the values of input 
parameters. 

The SWIFT 111 numerical code was used 
2DFLOW and 3DFLOW are used to 
flow modeling utilizing the SWIFT III 
notations 2DSOL and 3DSOL are used to represent the two- and three-dimensional modeling 
simulations. 

eling effort for this study. The notations 
ation of the two- and three-dimensional 

olute transport modeling effects, the 

The modeling progression is fully explained in Chapter 20.0 arized as follows: 

A p r e l i m i i  two-dimensional regional flow 
previously completed hydrogeologic study 
Miami River (lT Corporation 1988b), was 
collected field data to establish the initial 
(2DFLOW). The finite-difference grid used in the previous study was not 
changed. (Hereafter, the previous study will be referred to as the Zone of 
Influence Study.) 

A three-dimensional flow model (3DFLOW) was produced b 
five model layers, thereby representing the aquifer system as 
mnes in the vertical direction. River stages and well pumping rates w 
imported from 2DFLOW. Hydraulic conductivities, boundary heads, 
recharge rates, and river leakage factors from 2DFLOW were used to 
provide initial estimates of the related parameters in 3DFLOW. 
rates in this report =fer to recharge due to infiltration of rainfall 
snowmelt as well as seepage from Paddys Run, unless another source is 
specifically mentioned.) OQiOIB2  
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Two-dimensional analytical solute transport models were pmduced to mughly 
simulate and better understand the uranium plumes that are present in the 
groundwater system downgradient from the Waste Storage Area and within 
and downgradient from the southwest portion of the FMPC. 

produced. It covered a smaller area than 2DFLOW and 3DFLOW and had 
much smaller cells in the finite-difference grid. Boundary heads, recharge 
rates, and hydraulic conductivities were imported fmm equivalent cells in 
2DFLOW. An initial estimate for the uranium distribution coefficient was 

. - -obtained from the two-dimensional analytical modeling. -- - - - - 

-A tw~ensional_lx&@fference solute transport-model _(2DSOL) .was -- ~- 

_ _  _ _  - 

A three-dimensional finitedifference solute transport model (3DSOL) was 
, recharge rates, and hydraulic conductivities were 

cells in 3DFLOW. Initial estimates of 
g rates (rate of discharge of uranium to the 

n coefficient for uranium were obtained from the 

This model develo 
previous studies. The purpose of the review was to make the model consistent with available 
infoxmation on the site!. Parameter values 
model calibration. SWIFT III code verific 
accompanied the model development w 
and geochemical modeling studies were 
model as they became available. 

ed by a review of pertinent literature and reports of 

aintained within reasonable ranges during the 
rk (IT Corporation 1990) preceded and 

results of c o n m n t  geochemical analyses 
the calibration of the solute transport 

Radioactive decay is not considered in the present modeling. While uranium is radioactive and will 

decay to other radioisotopes and ultimately to stable lead, th 
and -234 isotopes are 4.9 x lo9, 7.04 x lo8, and 2.47 x los 
been present in the regional aquifer less than 40 years, a tim 

to the reported half-lives. Therefore, modeling of uranium conducted without 
considering radioactive decay, and it can be concluded that 

aquifer will not decrease significantly as a result of radioactive decay during any period of interest. 

the Uranium-238, -235, 
vely. The uranium has 

is inconsequential relative 

tal mass of uranium within the 

Only two models, 3DFLOW and SDSOL, are being applied to the FU/FS and 
analytical models and the two-dimensional flow and solute transport models we 
parts of the procedure for constructing the three-dimensional models and facili 
analyses. The 3DFLOW and 3DSOL models are better representations of the 
Nevertheless, the results of the models should be treated as estimates. Conse 
models should be confined to treating the results as estimates and taking appropriate action to 
accommodate any emr in the estimates. Such action could include monitoring the groundwater 
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0 system murid extraction w e h  to see if they are producing the expected results, monitoring 
uranium c o m  '011s at receptor locations, and continuing the sampling of selected existing 

- - - -- - 
- - -  

ti transport models were used to project the long-term migration potential of waste 
y stored in the source operable units. This type of long-term predictive 

mode- is r e f e m  to as fate and transport modeling and is described in detail-in chapter 22.0. 
The development of a fate and transport model progresses from the development of a conceptual 

mathematical re conceptual model. Groundwater and vadose zone systems are 
history and hydmgeology of a site to the formulation of a 

of simplification to numerically represent these systems. An 

understanding of the assumptions and limitations of the 
results of the fate and transport analysis, the assumptions, 

limitations, and uncertainties must be considered. 

A combination of analytical models and a model were selected for projecting the long- 
term fate and transport of constituents ial overburden. Since the primary receptor 
in both cases is a user of groundwater Miami Aquifer, the basic Wuirement for the 
glacial overburden model was to project uld take a constituent to migate from a 
source unit through the glacial overburden to the Great Miami Aquifer and the concentration of the 
constituent reaching the aquifer over time. 

The two major processes important to groundwater co 
site involve the leaching of solid contaminants and the peml  
the underlying aquifer. Within the FMPC, spills and leaks o 
documented during active operations. However, unde direct discharge of 
fluids is not likely and the leaching of the solid was 
source of contamination. Solid material itself does not migrate through the porous medium. 
Therefore, it is necessary for a liquid such as precipitation, surface water Nn-on 
contact the waste and leach a portion of the available constituents from the soli 
transport the resulting leachate to the aquifer. Groundwater contamination by 
the recharge rate and the solubility of the solid constituents. 

Contaminant migration from the waste source to the receptor involves flow through both an 
unsaturated zone (vadose zone) and saturated zones (regional aquifer, perched zones). Flow in 

be expected at a waste 
contaminated leachate to 
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these zones is controlled by Darcy's Law which states that the volumetric flow is proportional to 
the product of the driving force, the material's abiity to transmit water, and the cross-sectional m a  

the flow direction. The driving force for the flow is the hydraulic gradient, which 
in the energy or head between two points divided by the distance between those 

vadose zone, however, the matrix is not saturated and the physical affinity of water 
surfaces and capillary pores greatly affects water movement. Therefore, Darcy's 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~_ - -- ___ ~ 

modified to account for both hydraulic gradient and the matrix suction forces. 

Unsaturated hydraulic conductivity increases, gradually at first and then more rapidly, as the degree 
of saturation incre 
Because of this rel 

saturation, but is 

- - --- _ _  atiirated hydraulic conduiliviij it residual.moistUre & n E t  i svef j  small; 

idual moisture content to the saturated moisture content. 
ted hydraulic conductivity changes with the degree of 

n of the saturated hydraulic conductivity. 

The movement of c 
(advective flow) and dispersion. Dispersion can be further described by mechanical dispersion and 
diffusion. Mechanical dispersion in arily caused by varying pore sizes, varying 
path lengths, variation in velocity gradients the pore space, and flow splitting around matrix 
particles. The first three factors are longitudinal dispersion, while flow splitting 
causes transverse mixing. Molecular will produce both longitudinal and transverse 
dispersion, is the major component of 
cause significant dilution of a plume. 

groundwater can be described by the gross fluid movement 

-grained deposits such as till, but does not 

Because of the above factors, the magnitude of longitudinal dispersion is much greater than 
transverse dispersion in groundwater systems. The dilution o 
transverse dispersive mixing with clean water is, therefore, o 
hand, longitudinal dispersion can cause dilution of a co 
with clean water a h d  of and behind the plume. Such longi 
effective for short-tern releases of a contaminant slug 
releases such as those being modeled in this case, only the leading edge of a long plume effectively 
mixes with clean water and the overall amount of plume dilution is relatively small. 

ence. On the other 

dispersive mixing is most 
ng-tern continuing 

In addition to dispersion, both attenuation and retardation should be considered in 
models. Attenuation is the irreversible loss of the con taminants from the plume. W e  the mass 
of the contaminant is not changed, a certain percentage of the total contaminant will be; removed 
from the solution and no longer be available for transport. Attenuation mechanisms can include 
hydrolysis, complexation, oxidation/reduction reactions, acidbase reactions, radioactive decay, and 
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chemical precipitation. For the FMFC, the anenuation process is accounted for by a combination of 
chemical modeling to &tennine a solubility-co-ed leachate concentration along the potential 

the use of decay constants for the radionuclides. 

mists of reversible reactions that slow the arrival of a constituent, but do not act as a 
inants. Many types of reversible mctions can cause retardation in groundwater 

r, two mechanisms, organic retardation and cationic retardation, are generally used 

materials in the matrix. Cationic retardation refers to charged ions being attracted to ionic particles 
within the matrix. retardation is reversible, and, over time, contaminants can reenter 

causes the development of a plume shape that has a long tail 
on which will be present for extended time periods following the 
xption processes have a substantial potential to alter the 

, in situations with high partitioning coefficients, may be the 

________-____- ~ _ _ . _ _ ~  - 

- -  . ~ . _  _ _  
r g d c  retarddon is e sor66g-of hyh-phobic comfiunds-ont6 the organic 

segment of decreas 
removal of the so 

dominant influence on the transport process. 

The distribution coefficient (Kd) is the p 
tum is used in the model to numerically 
movement. The & formulation of the 
assumptions and uncertainties associ 
formulation pmvides a practical means of incorporating the reaction process into transport models. 

sed to derive a retardation factor (%>, which in 
slowing down of the velocity of contamhunt 
f the transport equation has numerous 
rtheless, these are widely recognized and the 

19.2.1 Model Code Selection 
Models were selected based upon the need to account for th 
process, a two-stage evaluation was used. Initially, the co 
screening model to determine if the constituents would even 

. the time period of interest under consewative conditions. 

the aquifer, a more detailed evaluation was then conducted. 

. In order to expedite the 

at Miami Aquifer within 
ents that would reach 

STlD and ODAST are both based on the solution originally developed by Ogata and Banks (1961) 
and can also be found in Fmze and Cherry (1979) and van Genuchten and 

solution was modified to account for retadation of contaminants, (STlD) 
depletion, and source decay (ODAST). The computer code ODAST whi 
final results calculates the normalized concentrations in a steady-state flo 
having varying concentrations. As outlined above, the source in the lower layers varied as a result 

080%636 
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of the changing input from the previous layer. STlD has been verified against STRIPlB 
(IT 1990) and GEOFLOW (l" 1986). 

of the analytical model was based upon the following factors: 

Based on the fine-grained nature of the deposit, transverse dispersion is 
limited; thenfore, the onedimensional solution matches the physical 
flow system. 

The-computerie should pG&ie-flexibility to kiform numerous 
iterations in a shorter time. One-dimensional computer codes such as 
ODAST satisfy this requirement. 

__ - 

- - _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - 

stent with approaches used for similar radionuclide 
as the flow portions of PRESTO (U.S. EPA, 

studies @chart et al. 1989). 

ution is well documented and the code has been 

The model code used for the analysis of contaminant transport in the regional aquifer i.e., Great 
Miami Aquifer, is SWIFT III. The S 
difference model which solves the coup1 
model has been applied at the site as 

To estimate concentrations at the 
at varying retadation factors for a 500-year period. These runs assumed that the only contaminant 
loading to the aquifer was coming from the waste unit in qu 
analysis that compared the concerntion produced by the 
estimated from the vadose zone modeling was used to 

19.2.2 Overview of Technical Amroach 
To account for the various components of contaminant 
taken to model the long-term migration potential of the constituents of concern at the individual 
operable units: 

e is a fully transient, three-dimensional, finite- 
for flow and transport in geologic media. The 

III, a series of unit loading runs were made 

these runs, a ratio 

tion at the receptor. 

9 Based on the site-specific geologic setting, a conceptual hydmgeo 
model was developed. 

The hydrologic parameters determining fate and transport of the 
constituents were determined or estimated for each hydrostratigraphic 
unit within the conceptual model. 
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The available information on the specific waste unit was reviewed to 
estahlish the characteristics of the waste. 

Geochemical modeling was completed to partially account for 
attenuation by determining the chemical speciation that would result 
from the reactions of infiltrating water - with __ the waste.rn3terials and the - .~ 

atrix of the @&iii-overb-derii- _ _  

Estimates of cationic retardation were completed based on partitioning 
coefficients that were selected from the literature. 

Estimates of organic carbon retardation were developed based upon the 
grain-size distributions and organic cxukn present in the glacial 

- - _  - -  -~ 

a 

ted to determine the effects of dispersion and 
leachate concentration at the receptor 

A moredetailed di 
migration is presented in Chapter 22.0. 

approach to modeling long-term contaminant release and 

. . . . . . . . . . 
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20.0 GROUNDWATER FLOW MODEL e 
ional flow model (2DFLOW) was developed by refining the model that was used in 
uenG Study (IT-l988b).- The-refih<men~we6based~n a n - i n c a g  data base 
some degree of modification to all features of the model except the grid and the 

. -~ - 

applied to cells representing the Great Miami River. The refinements included 
- _ _  - 

adjusting well pumping rates and bedrock elevat ions include vTaues-obtahd subsequent to & e  
Zone of Influence Study. A more refined calibration was also performed, which involved 
successive trial c conductivity, recharge rates, river leakage factors, and 

hydraulic heads that achieved a better fit to hydraulic heads 
meaSured hydraulic heads were from water level data gathered 

May 1988. A sensitivity analysis was also performed. The 

measured in the 
in a comprehensive 1986. An independent check of model performance was 

construction, calibration, and sensitivity analyses of the preliminary flow model are described below. 

Study is shown in Figure 20-1. The exterior 
boundary lines of the grid are located 

Great Miami River, and important fe 

study area The Shandon Tributary is a bedrock valley that enten the model north of the FMPC 
and the Paddys Run Outlet is a bedrock valley south of the FMPC 
included in the model The groundwater conditions in the S 
northern part of the FMPC, and the Paddys Run Outlet c 
FMPC southward toward the Great Miami River. 

the site to include the collector wells, the 
ck valleys. The boundaries are considered 

that affect the flow regime within the 

11-1). Both valleys are 
affect flow under the 

ater flowing from the 

-l 

The model grid is oriented 30 degrees west of north to approximately align it with the axis of the 
main bedrock valley. This orientation also aligns the grid with the axes of the New Haven Trough 
and Shandon Tributary, which are roughly normal to the main valley. In the 

direction, the grid extends from about two miles west of the FMPC to appro 
of Ross. In the grid north-south direction, it extends from about 3/4 of a mile so 
about 1/2 mile south of New Baltimore. The exterior boundary of the grid 
32,000 feet by 25,000 feet (6.1 by 4.7 miles). The grid coven an area of appro 
miles. 

20-1 OOOfi&S 
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0 The cell sizes in the grid vary from 250 feet by 250 feet in the vicinity of the collector wells to 
2,000 feet by 2,000 feet at the northeastern and northwestern corners of the grid. This m g e m e n t  

ely small cells where the hydraulic gradients are highest. Using large cells in 
of the model, where the cell size has little effect on-the-mocjeling, rtgIuces the total 

that must be handled. 
- - - - -  

stem in the glacial overbuden which overlies the Great Miami Aquifer across much of 

systems and provides limited e to the Great Miami Aquifer by downward percolating water. 
The effects of the 1 overbuden are included in the model by using lower values for 
recharge where the overbuden is present than in areas where it is not present. 

The bedrock under1 nal aquifer has a much lower permeability than the Great Miami 
Aquifer. The born 

Vextical faces representing bedrock at the exterior model boundaries were also treated as no-flow 
boundaries. Constant-head boundary condi re supplied at cell faces representing the Great 
Miami Aquifer at the exterior boundaries ode1 grid. These aquifer boundary conditions 
were subject to change during the calib 

20.1.2 b u t  Data 
Stratigraphic data and other infomation related to the model input were obtained from the reported 
results of previous investigations in the area (Ferneman 1916; Durrell 1961; Dove 1961; Spieker 
and Noms 1962; Spieker 1 9 6 8 ~  Watkins and Spieker 1971; 

information were also obtained from boring logs of wells co 

A map of the elevation of the top of the bedrock that had 
Study was refined by incorporating additional bedrock data 
and some additional preexisting bedrock data Also, cells treated as bedrock in the model were 
redefined as those that contained less than 25 feet of saturated Great Miami Aquifer, which resulted 
in minor modification of the bedrock distribution in the model. 

not included in the model. The overburden contains only localized flow 

cells within the gxid system were treated as a no-flow boundary. 

Pertinent data and 
the RI. 

for the Zone of Influence 
new wells constructed for the RI 

The assigned discharge rates for the Collector Wells 1 and 2 were 8.68 Mgdeach fo 
April, 1986, based on an approximate equal distribution of flow among the wells 
Conservancy District unpublished data). The collector well pumping records fo 
1952 through 1989 indicate that an equal allocation of the discharge ram would also be realistic 
for average long-tern conditions. Flow rates for the other production wells within the study m a  

m~/l’S.l-zIIZl’I-Q 20-3 000%91 
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were based on estimates obtained from well owners by WMCO. No production rate records were 
supplied. The combined discharge rate for the Albright & Wilson Co. wells (Well 3062) in 

estimated at 100 gpm. This rate was changed in subsequent models as new 

292 gpm, which is the average pumping rate for the period from March 26 through 
e available. The rate for the FMPC production well P3 (also referred _ -  to _ _  - - - - _ _  - - - -  - -  

(WMCO 1986). Residential water wells were not included in the model, because 
rates are too small to significantly affect flow in the highly permeable G m t  Miami 

en the pumping rates of the Albright & Wilson Co. wells and the FMPC 
- - _ - - -  - -  - 

- -  

production wells were found not to have a significant effect on the flow. 

derived from a calculation of the water surface profile of the 
flow conditions using HEC-2, a surface water flow code. These 

e flow conditions, cross-sectional geometry, starting water surface 
elevation, reach lengths, and energy loss coefficients. All input data for the Great Miami River 
were obtained from the U.S. Axmy , Louisville District (1987). Stages for each 
river cell chosen to represent the influence river were calculated by interpolation between 
river mss sections used in the HEC-2 m The river cells are shown in 
Figure 20-2. 

A steady-state groundwater flow optio 
considered adequate since short-term fluctuations in configuration of the hydraulic head distribution 
in the aquifer are not representative of the long-term behavior of the 
behavior is of principal interest in the application of the mo 

contoured maps of hydraulic head in the gmundwater system 
in the general configuration of groundwater elevations for 
maps are shown in Figures 12-1 through 12-3. 

of Influence Study. The input for the HEC-2 program included 

was used for the modeling. This option is 

r, and the long-term 
rt-term fluctuations are 

. caused by temporary changes in well pumping rates, stream stage. Monthly 
area show little change 

nod of observation. Three such 

During monthly monitoring from January 1989 through July 1989, a seasonal rise in hydraulic head 
was identified near Paddys Run for the period March to June 1989. This rise 

hydrographs and monthly groundwater elevation maps over an extended period 
rise in water levels, which is due to recharge along Paddys Run, is an annual o 
varying duration up to five or six months. An investigation of the effect of this se 
potentiometric surface configuration shows that it causes very little deflection of the normal 

K-13 through K-19 in Appendix K and in the hydrographs in Appendix N. An 
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long-term movement of a solute that is subject to retardation processes in groundwater. This 
investigation involved plotting the track of a particle moving over a succession of one-month 

a 

the average rates of flow indicated by the monthly groundwater elevation contour maps, 
ation factor set at 12. The resultant tracks are shown in Figures 12-10 and 12-11. 
cle deviates only slightly from the long-term path movement as a result of the 

a result of the slow movement of solutes in groundwater. 

_ _ _  - _ _  - __ ~ - _ _  - _ _ _  - - - __ __ - 

in hydraulic head under Paddys Run. The observed lack of a large effect by transient 

_ _  _ _ _  - - 

20.1.3 Model Calibration 
The purpose of m 
that behaves in a 
the same values fo 
that were used in 
the parameters we 
computed hydraulic heads and hydraulic heads observed in monitoring wells that represent 
conditions in the Great Miami Aqui 
observed hydraulic heads at each well and 
residuals; Le., observed head minus comp 
respect to xwonable changes in hydro1 
revised for the succeeding run. The g simulation were then analyzed, and 
the process was repeated until model results adequately matched the field data in accordance with 
prescribed statistical criteria. 

is to produce a realistic representation of the groundwater system 
to the real system. The 2DFLOW model calibration started with 
ductivity, recharge rate, river leakage factor, and boundary heads 
on runs of the Zone of Influence Study modeL Subsequently, 

successive trials to produce an improved match between 

olved comparing computed and 
g the magnitude, distribution, and sign of 

These residual values were analyzed with 
logical parameters. The input was then 

Evaluating the adequacy of the match was aided by the use 
examining the goodness of fit of groundwater modeling data 
yields nine statistical measures. Five of these measures we 
model calibration. The criteria were stated prior to (lT Corporation 1988a), 
and were satisfied by the calibrated modeL Furthe nts of the criteria, the 
acceptability of the calibration was also based on the judgment of engineers and geologists working 
on the project. 

, a statistical program for 
on 1987). GEOSTAT 
stical criteria for flow 

. . . . . . . . . . . . . . . . . . - -  

. . . . . . . . 

A brief summary of the statistics used as predetermined criteria for flow model cali follows: 

Mean Residual: A negative value indicates that computed hydraulic 
are, on the average, greater than observed hydraulic heads. A posi 
has the opposite meaning. The value of this parameter must be reaso 
close to zero, otherwise bias exists in the computed hydraulic heads. The 
predetermined criterion was +OS foot. 
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Mean of the Absolute Values of the Residuals. This parameter is a meawe 
of the average difference between the observed and computed values without 
regard to the sign of these deviations. The optimal value is zero. The 
predetermined criterion was 22 feet. 

Residual standard Deviation:--This is a measure of the de- of variance of 
the residuals from their mean. The optimal value is zero. The greater the 
value, the poorer the fit. The predetermined criterion was 3 feet. 

Remession Coefficient Between Measured and Comuuted Values: This is a 

corresponding measured hydraulic heads i n c m .  The optimal value is one, 
indicating a 1:l correspondence between computed and measured values. 

- ~- - _- - - - measure of the tendency of-computed hydraulic heads to increase as - - - - - - - - - - - 

riterion was 0.95. 

0 

Other statistics were inspected for evidence of poor fit. They included mean observed head, mean 
computed head, coefficient of skewness of iduals, error variance of the residuals, correlation 
coefficient between computed and observed 
between residuals and computed heads. 

The performance of the model was als 
head and flow vectors, an example of 
elevation contom shown in Figure 20-3 and all other potentiometric contour maps of computer 
model results were produced by SURFER, Version 4 

All of the contouring options of SURFER were tested, and ced the most accurate 
contom for these particular maps. The vectors sho 
postprocessing programs written by IT to prepaxe d 
plots. Each vector points in the direction of horizontal gro 
its length is proportional to the horizontal compo 
beneath the FMPC are so low compared to velocities in the Paddys Run Outlet and near the 
collector wells that they appear as dots on the map. 

In Figure 20-3, the flow directions and the hydraulic head distribution around 

and correlation and repssion coefficients 

aluated by examining the map of hydraulic 
in Figure 20-3. The groundwater 

. 1989), using Kriging. 

III for AutoCad vector 
r movement at that location, and 

shown to be reasonable. Flow is directed toward the wells and accelerates as it appmhes  the 
wells. The channeling of flow in the Paddys Run Outlet results in a relatively high hydraulic 
gradient and large flow vectors. Differences between this map and the hand contoured map in 
Figure 12-2 are a result of the smoothing effect of allowing model heads at the observation wells to 
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deviate from the field measurements as long as the deviations are within the guidelines discussed 
above. Local and temporary anomalies that are not repMntative of steady-state conditions are also 

t of the model results. 

_ _ ~ -  
___ - -- of the model was-also checked-by-calculating-a-water balance for a-lafge E a - - -  

area included in the balance covered the entire width of the bedrock valley from the 
ctor wells. This balance was performed for the 1986 calibrated run described 

- -  e-astern boundary of the FMPC to the western edge of Ross. The calculated inflows and o u ~ o w s -  
are reported in Table 20-1. The inflow/out€low ratio is 1.OOO2, or within 0.02 percent of a perfect 
flow balance. This a successful check on the performance of 2DFLOW. 

1986 data for model calibration was that a large number of 
water level mea 
representativeness of these water level data is indicated by the hydrograph shown in Figure 12-4. 
This hydrograph is for Well 02E, located ghway 128 about a half mile north of Waey 
Road, over 2,000 feet from the Great Miam and over 4,000 feet from the nearest collector 
well. It is far enough from the river and r wells that neither would likely dominate the 
water level fluctuations and cause the presentative of the general area. Inspection 
of the hydrographs shows that a medi water level prior to the 1987-1988 drought is 
about 520.5 feet. The water level at this well during the period of measurement (March 27 through 
April 11, 1986) was about 1.5 feet above the medial level. This 1.5-foot difference is small and 
should have very little effect on the application of the calib avenge conditions in the 
aquifer. Water levels meawed in the drought of 1987 and 1 
levels. As such, the May 1988 water levels provide an exce 
of model validation. 

ive area were made at that time. The degree of 

representative water 
e for an independent test 

Initial values for hydraulic conductivity supplied to the model 
were differentiated according to hydrogeologic zones described by Spieker (1968a). The zones for 
the present model were numbered as shown in Figure 20-2. Zone I is an area 
Miami Aquifer is not overlain by clayey overburden. It is located in the easte 

mund Ross. Zone II is also an area where clayey deposits do not overlie 
Aquifer, located in this case along the Great Miami River where it bends southw 
of New Baltimore. Zone III is the upland area around the FMPC and west of the 
the Great Miami Aquifer is covered by glacial overbuden. Zone IV is in the Shandon Tributary 
and Zone V is an anza near New Baltimore. The Great Miami Aquifer contains an abnormal 

start of the calibration runs 

00019'-9 
RTDW/TS.1-2n2.17-90 20-9 
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TABLE u)-1 

WATER BALANCE 
INTHEVICINITY . . . . . . . . . . . . . . . . . . . 

F THE SOUTHWESTERN OHIO WATER COMPANY COLLECTOR WELLS 
... ~~ ~ FORTHEIWO-DDIENSIQNfi _!%Q!-KOUrn-- -~ - ~ ~ ~ _ _ ~ ~ ~ ~  

Inflow Rates 
-. . - - - -  (Cubic Feet Per Day) - - ~ - - (Mgd) - 

West Boundary, I - 18 1,358 
East Boundary, I = 292509 
North Boundary, I 1 26,886 
Great Miami River 1,788,381 
Recharge 308.227 
Total M o w  2,597,361 

1.36 
2.19 
0.20 

13.38 
- 2.30 

19.43 

Outflow Rates 
Outflow Locations 

South Bo~dary,  I = 21-32, J = 10 0.76 
Collector Wells 17.33 
Discharge to Gmt Miami River 
Total Outflow 

117,603 
2536,728 

- 0.88 
18.97 

.... . 

RTxiWIIs.1-2n 1-17-90 20-10 
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number of clay interbeds in Zones N and V. Zone VI is where Paddys Run has eroded through 
the clayey glacial deposits to the Great Miami Aquifer. The initial value for hydraulic 

assigned to Zones I, 11, and N was 400 Wday (1.4 x lo-' cm/s). A hydraulic 
f 300 Wday (1.1 x 16'  cm/s) was assigned to Zones III and VI, and 150 Wday 

ivity and stratigraphy, as modified by model calibration in the Zone of 
y. Bedrock was assigned a hydraulic conductivity of 0.003 Wday (1.0 x 10" cm/s), 

is in the lower part of the-range for limestone and above the range for shale given by Fxeeze - 

and Cherry (1979, p. 29). 

Initial values for 
river cells was assi 
area, where the acial overburden, was assigned a value of 6 in/yr. These 
values came from Study. The value of 14 Wyr for the alluvial area is 
generally consistent with the value of 12 in/yr estimated by Dove (1961) and the slightly high 
monitoring well water levels mentioned 

The initial value assigned to the river le 
to all river cells. This value was imp0 
that study was set at about three orders 

ed to these same zones. Recharge in Zones I, 11, VI and the 
14 inches per year ( i i ) ;  and recharge in the remainder of the 

was 0.35 dai'. The same value was assigned 
Zone of Influence Study. Its initial value in 

low the aquifer hydraulic conductivity. 

Initial values for hydraulic heads at the exterior boundaries of the model grid were imported from 
the Zone of Influence Study, where they were estimated by e ydraulic heads from the 
hand-contoured groundwater elevation map of April 1986. f estimating the boundary 
heads avoided introducing sharp changes in hydraulic gradient boundary and the nearest 
monitoring well. The external boundaries of the model in were treated as no- 
flow boundaries in the regional models. 

Initial parameter values imported from the Zone of Influence Study were reviewed and refined by 
successive hials during the model calibration runs. The degree of calibration 
runs is indicated in Figure 204, which shows the magnitude and distribution of 
aim of the calibration was to produce small residuals, without producing clus 
negative values. Further reduction of the residuals would not have increased the re 
of the model significantly. The predetermined statistical criteria previously describe 
were also satisfied with minor exceptions, as shown in Table 20-2. 

20-1 1 
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20.1.4 Model Results 
- 

Model Results for  AD^ 1986 Data 
on of hydraulic conductivities resulting from the model calibration is shown in 
The hydraulic conductivities in the Shandon area and in an area near the New 
tlet south of the FMPC were reduced to 30 Wday (1.0 x 

more clay interbeds in the aquifer, so this reduction not only benefited the 

cm/s). These areas are 

ut is defendable in relation to observed conditions. 

Miltration rates are shown in Figure 20-6. Changes weE not needed for calibration. The river 
leakage factor was .5 day' for all river cells. This change was needed to improve 
the calibration ne 
were modified to p 
Aquifer are sho 

The simulated groundwater flow system that resulted from the model calibration is shown in 
Figure 20-3. Featms of the flo 

ells. Some hydraulic heads at external boundaries of the model 
calibration. Ranges of boundary heads in the Great Miami 

Groundwater flo C comes from the Shandon Tributary 
and the Dry Fork o . Groundwater leaving the 
northern part of the toward the collector wells. 

Groundwater leaving th er of the FMPC moves toward 
the Great Miami River Run Outlet, where a high 
hydraulic gradient and high velocities result from the constriction of the 
flow within the bedrock trough. 

Other groundwater flow from the FMPC moves 
River south of the collector wells. 

Potentiometric contours swing around the coll 
have a pronounced effect on the flow system. 

The effects of the FMPC water well and the 
on the potentiometric contom are small and 

& Wilson Co. wells 

A high hydraulic gmdient is indicated in the Shandon Tributary to 
compensate for the low hydraulic conductivity where the aquifer material is 
relatively high in clay content as compared to the main valley. 

Model Results for May 1988 Data 
The model was also tested against the May 1988 water level data, which inclu 
of water level measurements ma& during a Severe drought The use of these 
of model performance when hydrologic input is significantly different from that of the calibration 0 

20-14 
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conditions. A large amount of water level data were available for this month. The hydrograph for 

Well ME shown in Figwe 124 demonstrates that the groundwater level was abnormally low 
water levels in the preceding years. These low water levels are clearly not 
of long-tern conditions. - 

- 
~ 

successful in matching the 1988 drought data without changing the values of 
ductivities or any other basic parameters. Matching the drought conditions only 

Infiltration rates were reduced to 10 in/yr where they had been 14 
infiltration rates, the Great Miami River stage, and external boundary heads. 

River stage was reduced 3.6 feet in accordance with the 
n April 1986 and May 1988; and extemal boundary heads 

were reduced 3.5 with the average reduction in water levels in monitoring wells 
compared with the The pumping rates of the collector wells were also changed to 

The combined pumping rate of the collector wells (1 and 2) 
was increased from 12,052 gpm (17.35 Mgd) in the 1986 period to 12,844 gpm (18.55 Mgd) in the 
1988 period. The change was an inc 

The de- of calibration is indicated by 
related to the size of the residuals are s 
negative residuals. The clumping is co 
small, and further refinement of the parameter values is not necessary for verification of the model. 
This model of drought conditions will not be used in future applications. 

and to 4 in/yr where they 

.2 Mgd), or about 7 percent. 

results presented in Table 20-2. The criteria 
r results indicate clumping of positive and 

e in this case because the residuals are 

These results show that the model is capable of adequately 
hydrologic conditions, while leaving parameters related to un 
This verification step, which demonstrated model performance 
different than those used in the model calibration, provides 
model applications that involve changing hydrologic input. 

different sets of 

20.1.5 Sensitivitv Analysis 
The sensitivity analysis applied to 2DFLOW investigated the effects of varying 
significant parameters. These parameters included hydraulic conductivity, recharge 
leakage factor. The purpose of the sensitivity analysis was to determine the effect.0 
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uncertainty on the representativeness of i e  calibrated model. Consequently, the degree to which 
the parameters were varied was based on the degree of uncertainty associated with each parameter. 

the sensitivity analysis applied to the model of 1986 conditions are shown in 
y are summarized as follows: 

Variation of hydraulic conductivity within the range of likely regional values 
has only a minor effect on model calibration. Consequently, even though 
varying hydraulic conductivity may be used to refine model calibration, 
further changes in hydraulic conductivity would not result in a significantly 

rates within the range of likely values also has only a 

water system. 

on. Consequently, further changes in the 
t in a significantly better representation of the 

f river leakage factor is difficult to establish 
Hydraulic heads calculated by the model are 

shown to be very sensitive to this factor when the value assigned is low. In 
addition, because model results are not very sensitive to variation of other 
parameters within reasonable there is little freedom in the selection 
of the river leakage factor. the model itself can be used to 
establish a reasonable alues since values outside of this 
range produce meanin sensitivity of this particular model 
to the river leakage factor i the effect of the collector wells, 
which obtain much infiltration from the river. 
When the induced ecreasing the leakage factor, 
drawdown due to pumping the wells increases greatly. Since the wells have 
been operaling for more than 35 years, the river bed clogging should not 
increase significantly in the future. Therefore, the river leakage factor 
considered to best represent the real system b results is not 
expected io change. 

The results of the sensitivity analysis applied to the model of tions are shown in 
Table 204. These results merely confirm that the model is ve to river leakage factor. It is 
also noteworthy that the model is sensitive to hydraulic hea to the Great Miami Aquifer 
at extemal boundaries. Consequently, if the model is used to simulate drpught conditions or other 
extreme events, the extemal boundary heads must be changed in addition to recharge rates and river 
stage. In this regard, it should be noted that any diffemces between the assi 
at the boundaries and what may actually occur in the prototype (Le., real system 
on calibration results in those parts of the model area of principal concern in subs 
applications. These parts are the FMPC area and the areas hydraulically down@ 

FMPC, extending southward from the FMPC to the Great Miami River and eastward 
FMPC to the collector wells and the Great Miami River. 0 
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TABLE 20-3 

RESULTS OF THE SENSITIVITY ANALYSIS 
FOR THE TWO-DIMENSION& FLOW MODEL 

BA~ED~ ON APRIL 1986 DATA 
UTILIZING RUN 2DFLOW 

.~ .~ ~- 

. . . . . . . .  Sensitivity R U ~ ~  
statistics 

Mean 
Sensitivity Sensitivity Mean Absolute 

2DFLOW RUn Residual Residual RUII 
Number 

2 Hydraulic Conductivity .400 600 0.023 1.099 
.:.~.:...:.:.:.:.~.:. 

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

Zone I (fvday) 
........... ............ 

Hydraulic Conductivity 
b Zone III (ft/day) 

3 

4 

200 0.466 1.127 

Hydraulic Conductivity 200 -0.447 1.36 
Zone VI (ft/day) 

5 River, Bed Leakage Factor 0.5 0.05 3.694 3.839 
(day 1 

6 River, Bed Leakage Factor 0.5 0.745 1.240 
(day 1 

(day 1 

(day ) 

(day 1 

7 River, Bed Leakage Factor 0.5 -0.284 1.186 

8 fiver, Bed Leakage Factor 0.5 -0.638 1.416 

9 Rive? Bed Leakage Factor 0.5 50.0 -0.729 1.494 

See footnotes at end of table. 

uouz@7 
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TABLE 20-3 
(continued) 

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

Semi 

N U m k  Parameter 

Sensitivity R U ~ ~  
statistics 

Mean 
Sensitivity M a  Absolute 

2DFLOW RUD Residual Residual 
Value Value (ft) (ft) 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

. .  

14 20 

6 8 

6 8 

Recharge Rate Zone V 8 
(hw 
Recharge Rate Zone VI 20 
<*I 

Recharge Rate Zone I 14 10 
(*I ................... 

Recharge Rate Zone III 6 
(*I 

(*I 
Recharge Rate Zone V 6 4 
<*) 

Recharge Rate Zone IV 6 

........ 

Recharge Rate Zone VI 14 10 (m) 

2DFLOW STATISTICS: 

-0.434 1.301 

1.117 

1.077 

is the mean of the differences between observed heads and calculated heads. Mean absolute residual 
is the mean of the absolute differences between observed heads and calculated heads. 
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TABLE 20-4 

RESULTS OF THE SENSITIVITY ANALYSIS 

BASED ON MAY 1988 DATA 
UTILIZING RUN ZDFIBW 

FOR THE TWO-DIMENSIONAL FLOW MODEL 

sensitivity R U U ~  
Statistics 

Mean 
Sensitivity Sensitivity M a  Absolute 
R U  2DFLOW RWl Residual Residual 

3 River Bed Leakage Factor 0.5 0.'625 -0.082 0.872 

4 River Bed Leakage Factor 0.750 -0.200 0.923 

River Bed Leakage Factor 1 .o -0.354 1 .OM 

cs: 0.088 0.805 

h e a n  Residual is the mean of the differences between observed heads 
is the mean of the absolute differences between observed heads and 

heads. Mean Absohte Residual 

. . . . . . . . . . . 
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20.2 THREE-DIMENSIONAL FLOW MODEL 

el (3DFLOW) was developed by using the 2DFLOW grid and 
vertical extent of the aquifer into five distinct layers. The layers were designed in 

the following guidelines: 

Simulate the hydrologic effects of a clay interbed that is present beneath 
much of the FMPC property. 

yers for realistic three-dimensional simulation of 
originating from sources at the ground surface. 

g wells and monitoring wells to be screened in more 
e the SWIFT III code can handle pumping wells that 

als in more than one layer, model construction is 
article tracking (Section 20.2.5.1) works better if each 
ne layer. Calibration is also simpler if each monitoring 

well is assigned to a single layer. 

The layers were developed through the use 
Section 11.5, taking care to maintain consi 
fairly consistent thickness and elevation 
thicknesses and elevations resulting fro 
layer were then interpolated between c 

rsecting cross sections, described in 
ss adjacent sections. The result was layers of 0 model, but with some variation in layer 

delines. The elevations of the base of each 
entered into the model input data. 

Figure 20-7 shows the locations of Cross sections Q-Q' and R-R'. The layers created for the 
model are shown in Figures 2G8 and 20-9. The top layer, 

present beneath the FMPC. Where the clay is not present, 
material of the Great Miami Aquifer and assigned an 
represents the lower part of the upper aquifer, which 
Layers 4 and 5 divide the lower aquifer into two parts to realistically simulate the part of the 
aquifer serving the pumping wells, and to provide for better simulation of vertical contaminant 
dispersion. 

The layout of grid rows and columns used in 2DFLOW (Eigure 20-1) was also 
3DFLOW. Values for the Great Miami River stage, water well pumping ram, bo 
elevation of the bedrock surface, and hydraulic conductivity of the bedrock we 
calibrated 2DFLOW modeL The combined pumping rate for the Albright & Wilson Co. wells was 

sents the upper part of 

d as sand and gravel 
the Great Miami Aquifer that contains the water table. Layer the clay interbed that is 

0 
OUOL10 

PlTm/lS.1-2/l217-m 20-22 
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changed from 100 gpm to 445 gpm to 225 gpm during the come of the modeling as new 
information was received. The value used for final calibration was 225 gpm. Initial values for 

c conductivity, recharge rates, and river leakage factor were also derived from 
hydraulic conductivity and recharge rates were subsequently changed, as 

3DFLOW calibration. 

as given an initial horizontat hydraulic conductivity of 0.0003 Wday 
a vertical hydraulic conductivity of O.ooOo3 Wday (1 x 10% cds) .  The value 

for horizontal hydraulic conductivity was estimated from published information on the range of 
hydraulic conductivi ay (Freeze and Cherry 1979, p. 29; Fetter 1980, p. 75; Todd 
1963, p. 53). The vertical to horizontal hydraulic conductivity was assumed to be 
1/10 throughout the value resulted in adequate simulation of the vertical hydraulic 
gradient across the ratio was based on typical published values and was subject to 
calibration and s e d  , as described below. 

20.2.2 Model Calibration 
Calibration of 3DFLOW was performed 
2DFLOW. The calibration procedure w procedure followed for 2DFLOW. 
Each observed monitoring well water le to the computed hydraulic head in the 
appropriate cell in the layer that rep 
residuals were assigned to their loc layer of the model. Well completion 
data on Wells 3001 and 3126 were not available to ascertain the well depth or screened interval. 
The completion depths of these wells were assumed, there midpoint between the 
base of the aquifer and the water table. The statistical criteri for the adequacy of 
calibration were the same as those used for 2DFLOW, and 
geologists working on the project was sti l l  applied. 

The distribution of hydraulic conductivities upon calibrati 
the five layers in F i e  20-10 through 20-14. The figures show the increase in hydraulic 

conductivity and the decrease in width of the bedrock valley with depth. 

In general, hydraulic conductivities were inmased compared to those in 2DFLOW. 
no direct way to determine why the increase was necessary for improved mod 
features of 3DFLOW that would tend to affect hydraulic conductivity are (1) the e 
interbed, which inhibited the efforts of recharge in the FMPC area and movement of water coming 
from the Shandon Tributary; and (2) hydraulic head losses due to vertical flow components that are 

e April 1986 data that were used for 

of the well or screened interval; that is, 

of the engineers and 

model are shown for 
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December 17, 1990 

not represented in 2DFLOW. Hydraulic conductivities were increased more in the lower layers than 
in the upper layers. This redistribution helped avoid clustering of negative residuals at the FMPC 

cated that calculated hydraulic heads were too high. The distribution also helped to 
rtical hydraulic gradient across-the clay i n t e W  and decrease the hydraulic head in 

r. The latter condition resulted in a better hydraulic connection between the lower 
collector wells and other downgradient discharge locations. Changes in hydraulic 
the upper part of the Great Miami Aquifer produced small modifications in the 

c gradient, thereby effecting a better match between calculated and observed water levels 

- 

within the FMFC site. 

Recharge ram we 
site. The recharge 
todrainfromthea 
observed levels. 
the site. Factors reducing recharge include water canied away from the site by stom sewers 
draining m f e d  and paved areas, precip 
roads, and increased runoff and evaporation 
site. The recharge rates used in the calib 

help remove clustering of negative residuals across the FMPC 
the site was reduced to 2 Wyr so that less water would have 

clay interbed to maintain the hydraulic head values near 
simulated nxharge rate is consistent with the industrial use of 

lined ponds, runoff and evaporation from 
ils compacted by the industrial activities at the 

are shown in Figure 20-15. 

Some small refinements were made ary of the model intersects the Shandon 
Tributary. Boundary heads were lo the bedrock configuration was modified 
to produce a more ~ealistic valley cross section. These changes were in conjunction with changes 
in hydraulic conductivity in the tributary to refine the calib 
The recharge heads elsewhere in the model remained at the s 
leakage factor remained at 05 day”, unchanged from 2DFLO 

The residual heads achieved by the calibration runs are indica Figures 20-16 through 
20-18, which show the magnitude and distribution of the residuals. Further reduction of the 
residuals was not warranted. The predetermined statistical criteria described in Section 20.1.3 were 
satisfied. as shown in Table 20-2. 

rthem part of the FMPC. 
in 2DFLOW. The river 

In addition, a water balance was calculated for the same area covered by the water b .....-,..,..,, 

2DFLOW. The calculated inflows and outflows are shown in Table 20-5. The 
is 0.9998, again within 0.02 percent of a perfect balance. This result provides a suc 
on the accuracy of 3DFLOW in satisfying the conservation of mass across the model area. 
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TABLE 20-5 

WATER BALANCE 
INTHEVICINITY 

SOUTHWESTERN OHIO WATER COMPANY COLLECTOR WELLS 

M o w  Rates 
(Cubic Feet Per Day) (Mga 

West Boundary 235,128 
East Boundary, 327,720 
North Boundary, I 26,67 1 
Great Miami Ri 1,693,089 
Recharge 308,227 
Total Inflow 2,590,835 

1.76 
2.45 
0.20 
12.66 
- 2.31 
19.38 

outflow Rates 
Outflow Locations 

South Boundary, I = 21-32, J = 10 I 0.76 
Collector Wells 

Discharge to Great Miami River 

Total Outflow 

2,3 17,307 
166.676 

2,585, 

. . . . . . . . 

17.33 
- 1.25 
19.34 

000225 
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The model results were also compared to field data by checking computed versus observed vertical 
hydraulic gradients. Hydraulic heads measured at different depths in monitoring well clusters were 

calculated heads at those depths. Seven suitable well clusters were available for this 
This cluster had a-well- - e was in the-area of the clay-interbed at the FMPC site. _ _  

the clay layer at the depth of model Layer 2 and another well completed below 
at the depth of Layer 5.  The head difference measured in the field was 0.65 foot. 
ding computed head difference was 1.04 feet. Given the greater complexity of the 

system compared to model system, this result indicates that vertical gradients are beiig 

adequately represented. The other clusters were outside of the area of the clay interbed. For these 
clusters, measured were very low because the vertical hydmulic conductivity of the 

gradient is not required to maintain vertical flow components. 
The maximum m ad difference in these clusters was 0.38 foot. The computed 
head difference at zero. This result may be due to the presence of some minor 

to simulate. Comparisons between observed and computed head 
differences were better at other clusters. In summary, the model is adequately representing vertical 
head differences, and further calibration to match local influences on vertical hydraulic gradient is 
not warranted. 

0 20.2.3 Model Results 
The simulated groundwater flow system 
for Layers 1 through 5 in Figures 20-1 

automatically deleted from the vector maps to improve their appearance and legibility. Such 
anomalies occur in areas near the collector wells and in the P 
tails of the vectors indicate the vertical velocity component. 
proportional to the rates of vertical movement. Over much o 
low that the circles are not discernible. Features of the sim 

m the 3DFLOW model calibration is shown 
respectively. Some large vectors were 

utlet. The circles on the 

vertical velocities are so 

* following: 

Most of the groundwater in the Great Miami 
interbed at the FMPC comes from the Shandon Tributary, while the 
groundwater in the Great Miami Aquifer below the interbed comes from 
the main bedrock valley to the west. 

Groundwater flow directions above and below the clay interbed be 
FMPC are different. For example, the dimtion of the horizontal corn 
of flow in a representative cell in the Waste Storage Area diffe 
60 degrees bemeen Layer 1 and Layer 4, which are above and 
clay interbed, respectively. Further south, the difference decreases, 
as great as 20 degrees under much of the FMPC. 
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The horizontal hydraulic gradient above the clay interbed is slightly higher 
than the horizontal gradient below the intehed. 

The hydraulic head difference across the clay interbed ranges to more than a 
foot, with the hydraulic head above the interbed being greater than the head 
below (Le., downward flow Component). 

_ _  -- _- - - -~ - _  

flow directions above and below the clay interbed has a noteworthy consequence 

direction in Layer 1 in the Waste Storage Area is found to be about 35 degrees different from the 
corresponding flow direction in 2DFLOW. Furthermore, consideration of vertical variants results in 
a simulated source- nship in 3DFLOW that is different from that of 2DFLOW. The 
2DFLOW model 
moving toward the ; but 3DFLOW shows much of the water from beneath the Waste 

to the vertically integrated results of the 2DFLOW model. That is, the flow 

of the groundwater from beneath the Waste Storage Area 

at Miami River downstream from the collector wells. The 
d t s O f t h e 3  
the 2DFLOW results. Other features of 3DFLOW m similar to those of 2DFLOW. 

FMPC m a  m more representative of the natural system than 

20.2.4 Sensitivity Analysis 
Sensitivity analysis for 3DFLOW was pe 
prior to completion of the calibration 
the effect of parameter changes on mo 
planning further calibration efforts for 
calibration even better. The results of the sensitivity analysis applied to 3DFLOW 
Tables 20-6 and 2G7. They may be summarized as follows: 

two interim calibrated runs that were available 
analysis not only provided information on 

o provided information pertinent to 
cing minor improvements that make the 

shown in 

A large increase in hydraulic conductivity 
and 5 )  resulted in both a greater variation 
undesirable clustering. This indicates that a 
conductivity in the lower part of the aquife 
calibration (Le., the model performance) to 

Variation of the vertical hydraulic conductivity of the clay interbed by an 
order of magnitude had no significant effect on the overall model 
calibration. Indeed,pcreasing the vertical hydraulic conductivity to 
0.4 ft/day (1.4 x 10 cm/s)had no significant effect on the overall 

Decreasing the ratio of vertical to horizontal hydraulic conductivity b 
order of magnitude had a small adverse effect on model calibration. 
the vertical hydraulic conductivity equal to horizontal hydraulic cond 
had negligible effect on the degree of calibration. 

Variation of recharge rates within the area of the clay interbed beneath the 
FMpc site also had negligible effect on overall model calibration. However, 

20-44 000232 
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TABLE 20-6 

0.50 0.35 0.29 1.11 2 River Bed Leakage Factor 

3 Recharge Rates in the 4 0.05 1.08, 
Northwest Comer of the 
FMpc (in/yr) 

FMpc Cin/yr) 
2 0.23 1.06 4 Recharge Rates across the 

542 541.5 0.21 1.06 5 Boundary Condition along 
North Boundary (ft) 

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

3DFLOW STATISTICS 0.04 1.08 

?Mean Residual is the mean of the differences between observed head andcalculated heads. Mean Absolute Residual 
is the mean of the absolute differences between observed heads and calculated heads. 
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TABLE 20-7 

RESULTS OF TEE SENSITIVITY ANALYSIS 
FOR THE THREEDIMENSIONAL FLOW MODEL 

. .  - ~ ~~ . -~ . ~ ~ .  
-UTILIZING RUN 3DFIJOW ~~ ~ 

.~~ ~ . . . 

sensitivity ~ ~ n a  
statistics 

M a  
Sensitivity Sensitivity Mean Absolute 
R U  3DFLOW RUn Residual Residual 

7 Vertical Hydraulic O.ooOo3 0.003 0.38 1.05 
Conductivity Through 
clay Interbed (ft/day) 

8 Ratio of Vertical to 1/100 1.03 1.45 
Horizontal Hydraulic 
Conductivity &&,) 

9 Ratio of vertical to 1 0.19 1-04 
Horizontal Hydraulic 
Conductivity &&,) 

3DFLOW STATISTICS: . . . . . . . . . . . . . 0.36 1.06 

%lean Residual is the mean of the differences between observed heads 
is the mean of the absolute differences between observed heads and c 

ed heads. Mean Absolute Residual 
ds. 
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it did result in impmved model performance near the FMPC, which is 
an important part of the model. 

One test of sensitivity to river leakage factor was performed, and the result 

sensitive to- reductionof the river-liiakage factor: - 

increasing and decreasing the pumping rates of the collector wells by 25 percent are 
w in connection with initial model application The mean residual and the mean 

absolute residual that resulted from increasing the pumping rate were 0.73 and 1.19 feet, 
respectively. The mean residual and the mean absolute residual that resulted from decreasing the 
pumping rate were feet, respectively. The historical mrds indicate 
no significant trend r decreasing pumping rate versus time since 1967 

(Elgure 20-24). Th no reason to expect that there will be future changes in the 
. pumpingratesof ould have a significant effect on any projections of contaminant 

movement based els. Even if the pumping rates of the wells should increase by 
25 percent, the effect on flow velocities would be less than 20 percent beyond a distance of 750 
feet from a collector well. 

20.2.5 Initial Amlication 

- WL similar to the results obtained in 2DFLOW. That - is, __- the model - -~ is - _ _ _ -  - 

The initial application of the pundwa  
understanding of the site conditions. 
described in fume lU/FS reports. 

had as its objective the refinement of the 
cribed below. Other applicants will be 

20.2.5.1 Particle Tracking 
Steady-state flow paths away from source location areas of th 
tracking map presented in Figure 20-25. Particle tracking w 
computer code (Geotrans 1987). Particle tracking is a tec 
three-dimensional movement of groundwater in a finite- 
investigation, it involved processing output from 3DFL 
particles moving in the direction of flow and at the average linear velocity (Freeze and Cherry, 
1979, p. 71) of water in the Gmt Miami Aquifer. The average linear velocity de 
velocity in the aquifer pores and varies along the flow path. The horizontal 
are shown by lines that depict particle paths over 5-year time increments. Vertical 
the particles is shown by changing path symbols when the particle moves to a 
of movement is proportional to the distance between successive five-year particle lo 
rate of horizontal movement between successive particle locations may be calculated by dividing the 
distance traveled by the travel time. The effects of vertical velocity components on particles 

shown by the particle 
using the STLINE 

ining and depicting the 
del. In the present 
successive positions of 
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@ moving toward the collector wells a~ shown in Figure 20-26. Rate and direction of flow is also 
shown for individual cells by the vectors included in the potentiometric surface maps 

~ ~ _ _  -~ _ - - - -  - _ _  - ~ _ -  _ -  ~ - _ - _  

king shown in Figure 20-25 and the vectors shown in Figures 20-19 through 20-23 
pumping rates of the Albright & Wilson Co. wells and the FMPC production well 

Great Miami Aquifer. Reasonable variation of their pumping rates should not produce any 
significant changes in rate and direction of groundwater flow. 

have any significant effect on the rate and direction of groundwater flow in the 

pumping rates of the collector wells by 25 percent in 
foot of drawdown in Layer 1 at distances as great as 760 feet 
velocities increased by about 20 percent at this distance. An 

produced at distances as great as 7,250 feet from Collector 

3DFLOW resulted 
from Collector Well 

Well No. 2. Darcy velocities incmed about 13 percent at this distance. The general 
configuration of the potentiometric surfaces 

Sensitivity runs made by decreasing the 
represents the lowest pumping rate 
distance as g m t  as 1,425 feet from Co 
14 percent at this distance. A reduction of 0.1 foot in the drawdown occurred at distances as great 
as 8,200 feet. D m y  velocities decreased by about 12 percent at this distance. The general 

ode1 layers did not change. 

of the mllector wells by 28 percent (which 
a one-foot reduction of drawdown at a 

. 2. Darcy velocities decreased by about 

configuration of the potentiometric surface in the model layers did not change. 

20.2.5.2 Water Balances at Maior Pumping Wells 
A water balance was established for the collector wells by us 
sources of water that enters the wells, in combination with m 
water is supplied from each source. This water balance di 
Section 20.2.2 in that it includes only water that enters the wells, including all water that flows into 
and out of a specified region of the model. The water balance at the wells is 
the regional water balance because source areas derived from particle tracking 
defined as source areas specified at the boundaries of a region. 

tracking to identify the 
to calculate the rate that 
balance reported in 

as 
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The water balance results are presented in Table 20-8. This balance shows that about 3.3 percent 
of the water pumped fium the collector wells comes from beneath the FMPC site. About half of 

comes from the part of the aquifer above the clay interbed. The main source 
of water for the collector wells is the Great Miami River. The particle tracking 
the travel time for groundwater from the Waste Storage Area to the collector wells is 
. If the retardation factor applied to uranium transport is 12, which corresponds to 

n coefficient selezted for use in the solute transport model (Chapter 21.0), then the 
travel time for uranium from the Waste Storage Area to the collector wells would be 420 years. 

~ 

es that enter Albright & Wilson Co. wells come from the Great 
None of the water is drawn from Paddys Run. The combined 

ated at only 225 gpm, and particle tracking with and without 
wells have no important effect on flow rates and flow directions 

production rate fro 
the wells operating 

Particle tracking in the vicinity of 
of the well at a pumping rate of 292 gpm 
tracks downward through the clay inte 
entering the FMPC well comes from 
The ultimate source! of the water is up 

well yields similar results. The simulation 

ts indicate that virtually all of the water 
Aquifer to the northwest of the FMPC site. 

to the northwest of the well. 

s effects that are too small to deflect particle 

20.2.5.3 Interaction with the Great Miami River 
Model results show that the Great Miami River is a gaining smam receiving groundwater along 
most of its come through the model area. However, near ping wells, the river 

loses water at a rate of 13 Mgd and provides 64 percent o 
Particle tracking similar to that shown in Figure 20-26 shows 
River that would receive water fmm beneath the FMPC g 
637,000 fi3/day (4.8 Mgd). This amount is about 32 percent of the total discharge to the total 
reach of the Great Miami River included in the modeled area 

ped from the wells. 
h of the Great Miami 

When the pumping rates of the collector wells increased by 25 percent, induced 
Great Miami River increased 27 percent and extended an additional 500 feet upstre 
pumping ram of the collector wells were decreased by 28 percent, induced 
Great Miami River decreased 31 percent. 

20-52 080240 
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TABLE 20-8 

ORIGIN OF WATER DISCHARGED 
SOUTHWESTERN OHIO- WATER COlMpANy COLLECTOR m L L S  . ~~ . -  

Total 
FMPC Upgradient River Infiltration 

Layer Effluent Groundwater Recharge From (cubic feet 
Precipitation Per day) (Mgd) 

5 18,462 134,168 N/A N/A 152,630 1.14 

TOTAL: 95,808 554,618 303,965 2,683,988 20.08 
(3.6%) (20.7 8) (1 1.36) (loo.O%) 

. . . . . . . . . 
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When the pumping rate of the collector wells is increased by 25 percent, the Great Miami River 
loses water at the rate of 16.5 Mgd by induced infiltration. When the pumping rate of the collector 

water at the rate of 9 Mgd by 
- 

~ 

uction well comes from the Great 
aquifer above the clay interbed is too 

small to be detected. Particles intmduced into the particle tracking routine immediately above the 
interbed and radiall 
moved southeastw 
itself is sealed throu 

ell were not drawn downward into the interbed. They simply 
no deflection toward the well. The model assumes that the well 

The pumping well nsequential effect on the groundwater system that reasonable 
increases or decreases in the pumping rate will have no significant effect on the configuration of 
the potentiometric surface or on 
clay interbed is very small. The gradient 
vertical hydraulic conductivity has been 
the flow amss the intertxxi is 
well. This amount of water is 

ay interbed. Simulated seepage through the 
interbed at the well is 0.00056 We. Since the 
due of O.ooOo3 Wday (1.0584 x lo-* cm/s), 

- 8 3  0 ft /day/ft2 into the cell that contains the 

20.2.5.5 Effects of V a w i n m  
Changes in river elevation and recharge 

duration. As discussed above, in connection with using the 
changes have no significant effect on the long-term behavior 
simulated by the model. 

necessarily transient conditions of relatively short 
tion, such transient 

ater system being 

20-54 
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21.0 SOLUTE TRANSPORT MODEL 

- - _  

preceded by the development of an 

two areas: (1) the Waste Storage 
Area; (2) the South Plume area, which contains elevated uranium concentrations on and south of 
the FMPC. The analytical models only heat solute transport under simplified conditions. Due to 
the need to achieve 
concentrations for a 
Consequently, they 
models. The degree 
estimates for use in 

transport model to provide a prelimhary evaluation of parameters for the numerical 

ematical solutions, analytical models can only calculate 
that is a highly simplified representation of the real system. 
an efficient transition to the more complex finite-difference 

of the analytical models is adequate only for initial parameter 
al finite-difference solute transport model. 

21.1.1 ADproach 
For the purposes of this analytical modeling 
the primary direction of groundwater flow 
the distance of obsewation wells away 
determining uranium concentrations at 
The two-dimensional analytical modeling was based on the following assumptions: 

w directions of the models were aligned with 
a where the modeling was applied. Because 

the natural plume is a significant factor in 
mensional analytical models had to be used. 

Groundwater flow is uniform 
............................. 

Effective porosity, longitudinal and transverse di and retardation 
factor are constant 

The aquifer is infinite in all directions (i.e., no 

A line source of uranium is perpendicular to th 
flow ......... 

The source is continuous through the thickness of the aquifer 

Molecular diffusion is negligible 

The contaminant concentrations are initially zero 

The models were developed using the STRIPlB and STRIPlFBCG computer codes. 
were developed by IT and have been extensively verified with the use of IT’S 
groundwater flow and solute transport code, GEOFLOW (IT Corporation 1986). and the Princeton 0 

000243 
21-1 



6 6 0 6  

c 
I 0 o. 
Y 

Y 

6 
m 
I 

n 
n 

(Y 

fi 
0 

1.00 

Z 
0 
i= 
4 
fY 
I- 
Z 
W 
0 
Z 
0 
0 
I 
3 
Z 
4 
E 
3 

W 
N 
-J 
4 x 
fY 
0 
Z 

- 

n 
- 

0.60 

0.40 

0.20 

0.00 
0 

/ / r 2 B  = 350 ft 

1000 2000 

X (FEET) 

3000 

LEGEND: 
C o  = 78pg/L 

U = 0.64 ft/day 

= 100 ft 

OlT = 10  ft 

0 OBSERVED NORMALIZED 
CONCENTRATION 

MIEL 
COMPUTER FILE NAME STRIP1FBCG.OUT 

000244 

FIGURE 21-1 
ANALYTICAL SOLUTE TRANSPORT MODEL 
OBSERVED AND PREDICTED NORMALIZED 

URANIUM CONCENTRATIONS 
FOR NORTH PLUME AREA 
VARYlNG SOURCE WlDTHS 



LEGEND: 

__1 .......... AREA WASTE STORAGE 

----- FMPC SITE 
BOUNDARY 

-*-*-SOLUTE 
TRANSPORT MODE’ 
GRID BOUNDARY 

PUMPING WELL 

u = 0.64 f t /day 

aL= 100 ft 

9= l o  ft 
28 = 400 ft 

NOTE: 
COMPUTER 
FILE NAME: 
STRIP1 FBCG.OUT 

SCALE - 
0 2000 4000 FEET 

FIGURE 21-2 
ANALYTICAL SOLUTE TRANSPORT MODEL 

DISTRIBUTION FOR WASTE STORAGE AREA 
IN 1988 

PREDICTED NORM ALlZED URANIUM CON CEN TR ATI ON 000245 



December 17. 1990 

Transport Code (FTC) developed at Princeton University (Babu 1987). The verifications, as well as 
the theoretical bases for STRIPlB and SllUPlFBCG, are published in the technical literature (Batu 

van Genuchten 1990). 

direction of flow and the average hydraulic gradients were determined from hand- 
contoured potentiometric surface maps that were available at the time of the analytical modeling. 
Using Dmy’s Law, preliminary estimate of hydraulic conductivity of 400 Wday (0.14 cm/s) was 
used to calculate an 
selected was 100 fee 
for longitudinal dis 
scientific literature. 
longitudinal dispersi 
graph yields a longitudinal dispersivity of a little over 100 feet. The tranmerse dispersivity was held 
constant at 10 feet, because the ratio 1 

reported in the scientific literature (walton 

A line source was placed at the Waste S 
assumed to be 1955, and the measured 
Therefore, a total simulation period of 
width perpendicular to the groundwater flow field was unknown, and the retardation factor was also 

unknown. Successive trials were used to calibrate the model b 
retardation factor. The calibration targets were the wells lis 1-1. The calibrated result 
was a source width of 400 feet and a retardation factor of 3. 

chapter, the results of subsequent geochemical modeling and 
increased the retardation factor to 12.) 

dwater velocity of 0.64 ft/day. The longitudinal dispersivity 

ased on information on scale-dependent dispersivity in the 
(Figure 2.16) presents a graph of mean travel distance versus 

travel distance in the plume area is 2,500 feet, Walton’s 

erse dispersivity was taken to be 10 feet. The use of 100 feet 

to transverse dispersivity is commonly 

The starting time of the uranium release was 
orresponded to 1988 WS sampling data. 

for the model. An appropriate source 

the source width and the 

be discussed later in this 

rt model calibration 

Figure 21-1 shows the relationship between retardation factor, source width, and the degree of 
calibration relative to two wells that are located about 250 feet from the axis of the simulated 
plume. Figure 21-2 shows the normalized concentration in the simulated plume 
Table 21-1 shows the comparison between measured and calculated concentratio 
vicinity of the plume. The calculated concentrations are based on a source con 
uranium of 78 ug/L, which was a preliminary value measured at Well 2010 at the 
into the regional aquifer. The value of 78 ug/L was the highest previously measured at Well 2010. 

000246 
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a .  TABLE 21-1 
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COMPARISON 

FOR SHALLOW WELLS IN "HE WASTE PIT AREA 
IF THE MEASURED AND PREDICTED CI NCENTRATIONS 

Measured Predicted 
Concentration Concentration 

Well No. (Pi@) (PG) 

2042 4 

2037 4 

2013 < 1  

205 1 3 
2068 3, < 1 

< 0.08 

< 0.08 

< 0.08 

< 0.08 
< 0.08 

2064 2.6 
2010 24.4 

%sed on R ~ F S  data that have not 

%or 400-foot source width. 

.... 

. ..... 
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21.1.3 Results: South Plume Area 

A representative groundwater velocity of 1.33 Wday was calculated for the southern plume area 
od described above for the Waste Storage Area. The value of 3.5 for the rctarda- 

ined for the Waste Storage Area was used for the southern plume area because 
r is involved. Values for dispersivity were also kept the same. The source location 

to be the Storm Sewer Outfall Ditch. The source concentration and source width 
were unknown. These quantities were estimated as described below. 

As can be seen in 
Storm Sewer Ou 
Ditch between 1961 

hich was developed from reported estimates of discharge to thc 
21-2). the mass of uranium released to the Storm Sewer Outfall 

y be represented by the following formula: 

M(t) = M,e$ (1) 

where M(t) is the uranium mass (kg), t is time (days), and M, and y (day-’) are paramctcrs. Two 
. . . . . . . . . . 

fitted curves are shown in Figure 21-3. 
and y equals O.OOO4 day’. Therefore, Eq 

fit is the case in which M, equals 1200 kg 

(2) 
0 

Equation 2 corresponds to the period of 1961 to 1984 and describes the reduction in the rate at 
which uranium was discharged to the Storm Sewer Outfall Ditch. With the assumption that thc 
source concentration decreases in the same form as Equation ing expression can bc 
written: 

C,(x = 0, z, t) = %e v (3) 

in which C, is the source concentration, C, is the maximum concentration corresponding to the 
situation in 1961, and B is half the length of the line source. Equation 3 is the source condition 
used in the STRIPlB computer program. 

. . . . . . . . 
Successive trials using different source widths were used to find a plume configurat 
roughly equal source concentrations to be back-calculated from measured concentrat 
Wells 2060 and 2061. The result was a source width (2B) of 1,OOO feet, and an initial 
concentration (CJ corresponding to 1961 of about 4,500 ug/L. Figure 214  shows the normalized 

. 

0 
concentration in the plume at the simulation period of 33 years. 

FlT~/lX1-2n2-17-90 21-6 
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TABLE 21-2 

ESTIMATED URANIUM LOSS TO STORM SEWER SYSTEM 
AND STORM SEWER OUTFALL DITCH -_  - -  

Recorded ASSUmed 
Annual Annual 

uranium Loss LOSS to Loss to 

Year Sewer System Outfall Ditch Outfall Ditch Source 
to storm Stom Sewer Stom Sewern 

obs) (W (W 0%) 
... . 

1956 , 

1959 6.300 
1960 11,200 
1961 11,800 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 a 

14,760 
12,180 

9,600 
7,070 
9,490= 

4,190 
4,080 

5368 
2,976 
4,184 

2384 
2,605 
1,752 
1,51Mh 
-- 
-- 
-- 

See footnotes at end of table. 

373 
538 

1,118 

1 ,400 
2,OOo 
2,600 
2,624 
2,580 
2,470 

1,464 
1,863 

867 

540 
395g 
725' 
194 
320 
95 

154 

169 
244 

507 

635 
907 

1,179 
1,190 
1,170 
1,120 

664 

845 

393 
383 
523 
282 
393 
243 
245 

179 
. . .  . 

b 

b 

b 

b 

b 

b 

C 

d 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

j 

J 

j 

j 



1980 16.4 33 15 J 

1981 4.3 9 4 j 

1982 42.7 24 11 j 

. 1983 98.5 97 44 j 

1984 124.8 123 56 j 

1985 -- 85.4 85.4 k 

21.85 percent of the annual loss to the Storm Sewer System. The 21.85 percent figure is the average ratio 
of the recorded aunual loss to the Storm Sewer Outfall Ditch to the recorded loss to the Storm Sewer System 
fur the years 1959, 1960, 1961, and 1966. 

NLO Report of FMFC Ground Contamination Study Committee, 

NLO Aquifer Contamination Control Reports, dated January 21, 

%ah for 1963 are not available. Value presented is the average 

"value presented is calculated based on a loss of 8,700 pounds 
1966. 

'Value presented is calculated based on a loss of 2,200 pounds for the period J 
1966. 

'For January-November 1974, uranium loss to the Storm Sewer Outfall Ditch was 21.85 
to the Storm Sewer System. For December 1974, the uranium loss to the Storm Sewer 
100 percent of the loss to the Storm Sewer System. Value presented is calculated 8cc 

hValue presented is calculated based on a loss of 132 pounds per month for the 

b 

C 

e period January 1 to November 30, 

%or January-June 1975, uranium loss to the Storm Sewer Outfall Ditch was 100 percent of the.loss to the 
Storm Sewer System. For July-December 1975, the uranium loss to the Storm Sewer Outfall Ditch was 21.85 
percent of the loss to the Storm Sewer System. Value presented is calculated accordingly. 

O ~ O Z S ~  
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TABLE 21-2 
(continued) 

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

mental -Monitoring Report .for- 1976-1984--Values presented are converted-hm -Ci- to- - . . - 

vironmental Monitoring Report for 1985. Value presented is converted from Ci to pounds 
................ 

. . .  
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21.2 TWO-DIMENSIONAL, SOLUTE TRANSPORT MODEL 
e of the two-dimensional solute transport model (2DSOL) was to provide a transitional 

e 'three-dimensional finitedifference solute transport model (3DSOL). This 
p was included to promote efficiency in the dFvelopmentof 3DSOL, which is-more 

- -  _ _ _  - 

uired more intensive use of labor and computer resources. Estimates of model 
ere made by calibration of 2DSOL, and then these estimates were supplied as initial 

n the three-dimensional model. Application of the 2DSOL model also provided valuable 
insight into the processes affecting uranium concentration so that key geochemical studies could be 
planned and initiate 

21.2.1 
The grid for the sol model covers a smaller area around the FMPC site than the flow 

justified by the fact that uranium migration occurs at a much slower rate than groundwater flow 
due to various retardation processes. The model area was reduced to the area that would be 
expected to maximize the value of inform 
this end, the grid area was made as small 
would be used in the calibration with o 
simultaneous calibration of all contami 
more than one source area coalesce. 

ed relative to the level of modeling effort. To 
le while including all monitoring wells that 

concentrations. This procedure allowed for 

el grid is shown in Figure 21-6. 
s, which is important in case plumes from 

The cell size also had to be reduced to ensure numerical stability. It was chosen to conform to 
guidelines presented by Reeves et al. (1986). The critical cri 
more than twice the longitudinal dispersivity. This is the ov 
criterion for finite-difference equations that are centered in ti 
The CIT-CIS difference scheme is provided to reduce nume 
chosen cell size was 125 feet. This cell size had several advantages: 

at cell dimensions be no 
rshoot (see Glossary) 

in space (CIT-CIS). 
in model solutions. The 

It allowed for some deviation from the original estimate of 100 feet for 
longitudinal dispersivity. The guideline for overshoobdershoot would 
remain satisfied for longitudinal dispersivities as low as 62.5 feet. 
be noted that the overshoot/undershoot criterion is only a guidelin 
may be possible to use smaller dispersivities without introducing si 
convergence problems. 

21-12 
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It allowed the grid to cover the desired area without introducing so many 
cells that computer run times and the size of input and output files would 
become intolerable. 

flow model cell sizes were multiples of 125 feet; thus, each flow model 
corresponded exactly to four or more solute transport model cells. This 

ondition facilitated importing pressures from the flow model to the 
orresponding boundary cells of the solute transport model, and it facilitated 

importation of bedrock elevation from one model to the other. It also 
facilitated comparison of pressures in a l l  of the cells of the two models to 
verify that the flow system in the solute transport model was successfully 
imported from the flow model. 

1990 

The 125-foot-by-12 
outside of the area 
no way to substanti 
If overshoot did oc 
up a model of this size uses a large amount of labor and computer resources, the reduced risk 
associated with smaller peripheral cells see 

was used throughout the model. While using larger cell sizes 
rest would allow the model to be spatially extended, there was 
ch large cells would cause overshoot prior to running the model. 

se errors to be propagated throughout the model. Since setting 

utweigh the advantage of covering a larger area. 

0 A constant head external boundary con& 
condition, SWIFT I11 sets a convective 
was the transport option used in the 
balance that includes the cumulative flux across the external boundary. 

ed in the solute transport model. For this 

condition on radionuclide transport, which 
. The output contains a contaminant mass- 

21.2.2 Initial Conditions 
The solute transport is modeled as a transient process using ow conditions. Initial 
uranium concentrations throughout the aquifer are set at the 

reasonably close to the average background value of about 0 concentrations 
reported for observation wells that are not located downgradi the FMPC are given in 
Table 21-3. These wells are located west of the FMPC, no 
the village of Ross. The values 2.7 and 1.7 ug/L test as statistical outliers using the methods 
described by Grubbs (1969). When these are rejected, the highest remaining 
1.1 ug/L. Values reported as less than 1 ug/L are not informative and were no 
statistical calculations. Other nondetection limits in the table were included in the 
the limiting value, which would tend to cause the representative background conce 

of zero, which is 

, and in the vicinity of 

overestimated. 0 
21-15 

.............. 
:.:.: ........... ................ .......... 
.......... ............. ........... ............ 
....... 
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TABLE 21-3 

BACKGROUND URANIUM CONCENTRATIONS 
. . . . . . . . . . . . . . . . . . 

Uranium Concena-ation, pg/L 
(through March 1989) 

2026 < 1, 0.3, < 1, < 1 

2036 < 1, 0.3, 0.3, c 1 

2056 
2057 
2105 
2121 
2123 

. . . . . . . . . . . . . . . . . < 0.03, 0.18, c 1, < 0.1, < 1, 2.7 

0.30, < 0.25, < 1, 0.3, 0.1. 0.2 
< 0.07, < 0.04, < 1, < 1, c 0.1, < 0.1 

< 1, 0.9, 0.6, c 1 

0.30, < 1, 0.4, 0.3, c 1 

3063 
3099 
3100 
4023 

< 1, 0.4, < 1, 0.6 
< 1, 0.5, 0.6, < 1 
. . . . . . . . . . 
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nductivities, bedrock elevations, recharge rates, and pumping rates were imported from 
nce one cell in the flow model corresponds to four or more cells in the solute 
1, simple computer programs were written to create relevant parts of the solute 
1 input files from the flow model input files. The smaller cell size allowed the 
ilson Co. wells to be represented individually in different cells and the 225 gpm 

pumping rate was divided equally by assigning 112.5 gpm for each well. The flow 
model calibrated to the April 1986 data was used because this model was a better representation of 
average conditions 
calibrated to the M 

er system. As mentioned in Section 20.1.4, the model 
resents abnormal drought conditions. 

The time increment 
overshoot and und 
the model to the time increment was tested by lowering it to 60 days. The result was that the 

distribution pattern of calculated uranium tions did not change, the mass balance ratio 
improved from 0.92 to 0.99, and computer n time was greatly increased. The small 
increase in accuracy was not sufficient to 
runs. Many routine computer runs with 
closer to 1. Shorter time increments w 
early-time transient results are impo 
(maximum difference in concentration at any cell between successive iterations) of 1 ug/L was 
adequate for calibration runs. 

was 180 days. This increment satisfies the guideline for 
dwater velocities up to about 0.5 foot per day. The sensitivity of 

extra computing time in routine calibration 
ment set at 180 days had mass balances 
ended only for model applications where 
owed that a convergence criterion 

21.2.4 Model Calibration 
Calibration of 2DSOL involved successive trials in which ur 
distribution coefficient were modified within acceptable ran 
observed and calculated uranium concentrations. No direct ation on the rate of seepage of 
uranium to the aquifer was available. Consequently, source loading rates were made part of the 
calibration of the model. 
the following steps: 

e loading rates and the 
h a match between 

The procedure to generate the initial estimates of sou olved 

Calculating an initial estimate of the total amount of uranium pre 
plumes. 

Reviewing available documents containing information related to possi 
source locations and uranium discharge rates. 

Choosing source mas based on the above review. 

PlTGW/TS.l-2n 2-17-90 21-17 
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Estimating the proportion of the uranium in the plume south of the Storm 
Sewer Outfall Ditch, and assigning that uranium to the Storm Sewer Outfall 
Ditch source area and Paddys Run immediately downstream from the Storm 

ewer Outfall Ditch 

ssigning the remaining uranium to other potential source areas, as 
llows: 

- Dividing the discharge time into periods when uranium discharge to 
the aquifer was probably significantly different from preceding and 
succeeding periods. 

t of uranium from the various sources to the time 

Calculation of initial 
isoconcentration plot 

which corresponds to the retardation factor of 3.5 selected for use in the preliminary analytical 

solute transport modeling. The distribution 
uranium between the soluble form and that 
1979, for a detailed definition.) An estim 
Albright & Wilson Co. wells was also 
obtain an initial estimate of the total 
various source areas. This initial estimate was 4,749 pounds. The estimate was only for initiating 
calibration and was expected to be superseded by values generated during model calibration. 
Although these initial estimates could be very inaccurate due 
felt that starting with logically derived estimates would tend 
than starting calibration with completely arbitrary estimates. 

the amount of uranium in the plumes was generated from an 
ranium data. The volume of the aquifer was estimated by use of 

used; and the distribution coefficient was taken as 0.005 ft?/lb, 

ent is a representation of the partitioning of the 

onto the solid matrix. (See Freeze and Cherry 
ranium historically removed by pumping the 

to the estimated amount in the plume to 
to be introduced into the aquifer by the 

a 

direct information, it was 
r results after calibration 

The documents reviewed to obtain information related to sou and loading rates included 
Dames and Moore (1985); Eye (1961); Facemire (1959); Geotrans (1985); Hartsock (1960); Spieker 
and Noms (1962); Thatcher and Phoenix (1987); U.S. Energy Research and Development 
Administration (ERDA) (1977); and WMCO (1987). The potential soufce areas 
inclusion in the model were the Stonn Sewer Outfall Ditch area (including the fly 
Southfield), Paddys Run downstream from the Storm Sewer Outfall Ditch, Padd 
Storm Sewer Outfall Ditch and the Waste Storage Area, the Waste Pit Area, the 

the silos area, the biodenitrification surge lagoon a m ,  the Lime Sludge Pond area, 
abandoned incinerator area at the sewage treatment plant The biodenitrification surge lagoon and 
the Lime Sludge Pond areas were assigned zero discharge rates in the initial run. No record of 

21-18 000260 
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' radiological materials being placed in the Lime Sludge ponds was found, and there is no significant 
radioactivity in the Lime Sludge ponds (Thatcher and Phoenix 1987). The biodenitrification surge 

ouble liner system that should prevent significant loss of uranium to the underlying 
en, and no significant amount of uranium would be expected to pass through the 
reach the Great Miami Aquifer within the short period of operation. Figure 21-7 

ations of the source cells used in the models. 

The proportion of uranium in the plume south of the Storm Sewer Outfall Ditch was estimated 
from the isoconcen 
to the Storm Sewer 
Ditch was based on 
these areas toward 

e assignment of loading cells for the uranium in this plume area 

and the reach of Paddys Run just below the Stonn Sewer Outfall 
ector maps from 3DFLOW, which showed water moving from 
cation of the plume. 

The period of loading was divided into four source loading periods in the model. These periods 
correspond to periods of time when uranium-bearing water discharged to the Storm Sewer Outfall 
Ditch and Paddys Run was estimated to be 
periods. The time periods were establis 
the Storm Sewer Outfall Ditch as pre 
and represents the early years of plant uranium discharge rates to the Storm Sewer 
Outfall Ditch were relatively low and o aste pits had been constructed. The second 
period is 1959 through 1966, an eight year period when the rate of uranium discharge to the Storm 
Sewer Outfall Ditch was greater than during any other pen0 
into operation, including Waste Pit 3. The third period is 19 

when discharges to the Storm Sewer Outfall Ditch were mod 
Waste Pit 3 was closed. The fourth period is 1976 through 

. discharges to the Storm Sewer Outfall Ditch. Retention bas 

antly different from preceding and/or succeeding 
estimated amounts of uranium discharged to 

21-2. The first period is 1952 through 1958 

975, a nine-year period 
the preceding period and 
ear period of lowest total 

Outfall Ditch near the end of this period. These periods were for initial calibration runs and were 
changed as required for calibration of the model. 

Initially, the percentages of the total uranium discharged to the Great Miami Aq 
source loading periods were 8, 60, 27. and 5 percent for Periods 1,  2. 3, and 4, re 
These amounts were later superseded by calibration of the solute transport models. 
used as reasonable starting values to begin the calibration runs. 

Uranium data collected from monitoring wells beginning in 1985 and continuing through August 0 
1989 were used for calibrating the model. These data were from FMPC environmental monitoring 

Pn~W~s.1-m 2- 17-90 
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data from NLO and WMCO, RCRA Sampling Rounds Nos. 1 through 5 (Dames and Moore 1986a. 
1986b, 1987a, 1987b, 1987c), IT data (IT Corporation 1986b), lU/FS data, and data from 

in uranium concentration variation with time was found in these data. That is, the 
ntration in each well was sufficiently stable that any general, area-wide, temporal 

ay exist was too small to separate from the scatter of the data. Consequently, the data 
at each well were treated as random sampling from a normal distribution, and calibration was based 
on this type of data 
variations in rech 
combined with m 

of the data at each well is thought to be due to short-term 
ading rates, and geochemical variability of the aquifer system 
tions in flow direction and rate. 

The objective of to reduce the difference between the uranium concentration 
calculated by the model at each well and the mean concentration of the actual population. The 
population means for the wells are not known; however, for wells where many concentrations have 
been measured, the sample means were ass 
where only a few concentrations have bee 
the population means. Consequently, 
wells where the number of measuremen 
such conditions in the 2DSOL model. 

' 

be close to the population means. For wells 
, the sample means may be very different from 

ibrated model might show large residuals at 
d some large residuals were allowed under 

a 

The criteria for calibration were: (1) to avoid bias indicated by too many residuals having the 

same sign; (2) to avoid clustering of residuals of the same si 
that were too high to be acceptable representations of actual 
to closely match each mean concentration because this would 
rather than the underlying representative concentration. Fu ral concentration 
gradients in the South Plume are very high. Consequently, a 
simulated isoconcentration lines can cause a large difference between measured and simulated 
concentrations at a point, even though the overall concentration distributions wi 
very similar. 

avoid creating residuals 
. No attempt was made 

tching random variation 

difference between natural and 

During the 2DSOL calibration, the longitudinal dispersivity was held constant 
transverse dispersivity was held constant at 10 feet. The use of 100 feet for longitu 
dispersivity and 10 feet for transverse dispersivity was based on information on dispersivity in the 

scientific literature, as described in Section 21.1.2. Higher ratios (1/5, for example) are also 
reported, but since SWIFT 111 does not differentiate between lateral and vertical dispersivity and 

a 
OOOZ,4;3 
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. vertical dispersivity tends to be low, the value 1/10 was considered to be most representative. The 
use of scale-dependent dispersivity values was necessary in this model because it is not possible to 

te the minor spatial variations in hydraulic conductivity which are thought to cause 

n included trials with distribution coefficients of 0.005, 0.026, 0.0053, and 0.010 @Ab 
corresponding to retardation factors of 3.5, 14, 4.13, and 6. Uranium source loading rates were 
also varied. The best calibration obtained without changing the longitudinal dispersivity from 
100 feet was obtain 
This calibration was cient for the purposes of 2DSOL; further refinement was 
postponed until the SOL. A map of the plume produced by this transitional model 
is presented in Figu map shows the concentrations calculated at the end of the last 
time period (1978-1 

ribution coefficient of 0.010 ft3Ab; Le., a retardation factor of 6. 

Experience with this model showed it to be most sensitive to the value of the uranium distribution 
coefficient and to the amount and location loading. The results of the trials showed that 
increasing the distribution coefficient shri of the plume and changes the concentrations 
in the plume if other factors are held co 
increases the area of the plume and the 
Consequently, various combinations of 
similar plumes. However, when the dispersion coefficient is held constant, the distribution 

ing source loadings at all  source cells 
f other factors are held constant. 
g and the distribution coefficient can yield 

coefficient controls the concentration gradients in the plume and the choice of parameters that yield 
a good calibration is limited. 

to provide a useful 
representation of the transport of uranium in the groundwater system in the vicinity of the FMPC. 
Once achieved, the model could then be used to predict the future migration of uranium under a 
no-action condition and the effects of various remedial alternatives for dealing 
contamination. The 3DSOL model is a better representation of the groundwater 
2DSOL for the following reasons: 

It allows source loading to be applied to the upper layer of 
provides a better representation of the effects of adding the 
the water table where it will spread downward as well as 1 
moves away from the sources. Consequently, it allows the concentrations 
near the bottom of the simulated aquifer to be smaller than concentrations at 
the top, which is the known condition in the natural aquifer. ~ 0 0 ~ 6 4  

PlTKW/lX. 1 -m2- 17-90 2 1-22 
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It contains an explicit representation of the clay interbed that is present 
beneath the FMPC site. The bed impedes the downward movement of the 
contaminant, and it affects groundwater flow directions. 

t provides better estimates of source loading rates. In the two-dimensional 
odel, concentrations had to be uniform with depth in the aquifer, whereas, 
the three-dimensional model, concentrations decrease with depth. Most of 

e monitoring wells used for calibration are in the upper part of the aquifer. 
onsequently, the calibrated two-dimensional model contains more uranium 

in any vertical column of aquifer than the calibrated three-dimensional 
model; and the simulated plume in the two-dimensional model contains more 

in the equivalent three-dimensional model. Since 
in the plume has to balance with the mass of uranium 

urce loading rates in the two- 

the feasibility of removing 
ction wells than 2DSOL. because it will not tend 
nt of uranium in the aquifer, as noted above. It 

because it can simulate the effectiveness of partially penetrating wells in 
pulling water up from the low 

th required for extraction wells 

layers were added in the vertical direction. 
These layers are the same as those of 3 

the preceding models to be complex. The computer files to be generated were very large; 
therefore, data manipulation and transfer had to be done by 
produce various pans of the 3DSOL input file. Solute trans 
on a Prime EXL325 computer were required for each calib 

Boundary heads were imported directly from 3DFLOW. The 
boundary cell in the solute transport model was taken directly 
contained the boundary. This was done for each layer so that the boundary head in the transport 

model varied with depth in accordance with the results of the flow model. Ag 

ere imported from corresponding cells, of 
which caused the importation of data from 

ter programs to 
times of 3 to 12 hours 

at the boundary face of each 
the cell in the flow model that 

head boundary condition resulted in a convective flux boundary condition for R 

Initial uranium concentrations throughout the aquifer were set at zero. as in 2DSOL. 

21.3.2 Input Data 
Hydraulic conductivities, bedrock elevations, recharge rates, and pumping rates were imported from 
3DFLOW. However, bedrock elevations were changed near Paddys Run along the western edge of 
the Paddys Run Outlet. The purpose of this change was to more accurately simulate the effects of 
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’ Paddys Run. In the previous models, Paddys Run was simulated as crossing bedrock cells in this 

area. even though it is actually on thin alluvium. The latter condition could not be more 
mulated until accommodated by the small cell size and layering in 3DSOL. The 
ze permitted simulating thin alluvium on a gradually sloping bedrock surface beneath 
After this change was made, a special computer program was used to compare 

ds calculated in 3DSOL with the corresponding heads in 3DFLOW to demonstrate that 

simulated flow was not significantly affected in the model, especially in the plume areas. 

Along with the ch 
also refined. In 
solute transport mod 
the floor model was 
compensate for 
volume of recharge to Paddys Run matched that used in the flow model. This resulted in 
increasing the recharge rate from 14 i 
Run. The hydraulic heads in the model w 

around Paddys Run, the recharge rates along Paddys Run were 
nput file from the flow model grid with large cell sizes to the 
aller cell sizes, much of the area occupied by Paddys Run in 
tream was more accurately depicted by the smaller cells. To 

harge to the smaller stream cells was increased until the total 

compensate for the loss in area in Paddys 
ked again after this change was made. 

Well No. H-115 (Rutgers-Nease chem 
pumping rate of 2.5 gpm. Again, the 
new well caused no significant change. 

was added to the model and assigned a 

in the model were checked to verify that the 

The time increment used in the transient solute vansport modeling was maintained at 180 days. 

21.3.3 Model Calibration 
Calibration of 3DSOL involved successive trials in which ur 
coefficient, longitudinal dispersivity, and transverse dispersiv . Itwasfoundthat 
decreasing dispersivity increased concentration gmdients by 
the effect was somewhat similar to the effect of increasing the distribution coefficient. This 
condition allowed an acceptable calibration to be achieved through a range of d 
coefficients and dispersivity values by finding a balance between source loadin 
coefficient. and dispersivities. Consequently, additional information became needed 
representative combination of these factors. During early stages of the modeli 
information became available from preliminary results of geochemical modeling. 
stages of the solute transport modeling, the geochemical modeling had been completed and final 
results were available (IT Corporation 1989). This progressive change in the amount of 
geochemical data available resulted in the distribution coefficient being progressively i n c d  to 

e rates, distribution 

read of the plume, and 
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0.016, which corresponds to a remiation factor of 9, and then to 0.022 @fib, which corresponds to 

n factor of 12. A preliminarily calibrated model, based on a distribution coefficient of 
as used for the determination of locations of additional monitoring wells required to 

contaminant plume, and for the evaluation of an interim removal action to mitigate 
gration pending final action under the RI/FS. More recent RUFs work is using the 
ed calibration that was accomplished with a retardation factor of 12. 

Preliminary Calibration 
The preliminary C a l i  

dissolved uranium i 
adsorption and low 
factors close to 1 

groundwater as ne quently, a representative model would have a low distribution 
coefficient while maintaining a reasonable dispersivity. Information in the literature suggests that a 
scale-dependent dispersivity of less than 40 uld be marginal in a system as large as the one 
treated in the present model. For example, (1985) shows representative longitudinal 
dispersivities for areal models of alluvial 
39 and 200 feet. The strategy, therefore 
use a low distribution coefficient that 
greater than 40 feet. 

ed on early geochemical results, which indicated that the 
ith neutral and negative charges. Such charges imply low 

efficients. Note that Walton (1985, p. 50) estimates retardation 
nitrates and less than 10 for arsenic, which are present in 

d glacial deposits to be between 
g a representative model for the FMPC was to 

ration with a longitudinal dispersivity 

The calibration process was begun by importing initial sou 
and dispersivities from the transitional 2DSOL model. The 
calibration were also used for 3DSOL. and additional new da 
The most recent data used for calibration were collected in 
wells from which all samples contained uranium above the 
calculations of nondetect means and other statistics. Wells 
nondetected uranium were treated as locations where calculated concentrations should be minimized, 
without attempting to actually match a mean concentration. Excluding these we 
eliminated the problem of what concentration value to assign to such samples. 
these "nondetect" wells. For the purposes of calibration, the measured con 
well with detectable concentrations were tested for outliers following the methods de 
Grubbs (1969). Concentrations that tested as outliers at the 2.5 percent si 
included in the calculation of means used for model calibration. The purpose of eliminating the 
outliers was to make the model more representative by not including unlikely data in the 

ll data used for 2DSOL 
as they become available. 
For calibration, only 

elded any samples with 
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calibration. The statistical procedure provides an objective method of identifylng the unlikely data. 

ata are listed in Table 214. The wells used in the calibration are shown in 
In the calibration, the observed concentrations were compared with the 
calculated for the model layer in which the well was completed. 

alibrate the model using a distribution coefficient of zero (Le., where there is no 
n) were not successful. A simulated plume that matched field data could not be produced 

because the simulated plumes proved to be too broad and too long even with longitudinal 
dispersivity as low 
in al l  runs. This pl s not in accordance with monitoring well data. A residential 
well located south 
movement of the pl 
is in the range of 
concentration at this residential well would still be present because the source is still present. 
Consequently, the evidence indicates that th 
attempted with longitudinal dispersivity set 1 
iterative procedure used to solve the simul 
Another observation for the zero distribu 
values in the simulated plume were ma 
concentrations in successively deeper 1 
the observed concentration profile. The evidence from numerous computer runs using a distribution 
coefficient of zero indicates that an acceptable calibration c 
transport model supplies convincing evidence that significant 
natural system. 

rthennore, most uranium exited the south boundary of the model 

on of Route 128 and New Haven Road, in the direction of 
uranium concentration below a detection level of 1 ug/L, which 
s. If a plume had extended to this area, the elevated 

has never extended to this area. Runs 
an 30 feet (15 and 10 feet) diverged. The 
uations does not approach the solution. 

t case was that when the higher concentration 
te observed values, the highest 
ard. No evidence for such shift exists in 

d, and the solute 
uranium occurs in the 

As noted in Section 21.2.1, any longitudinal dispersivity le 
on grid size needed to avoid overshoot and undershoot. 
than 62.5 produced some negative concentrations in low concentration cells, interpreted as 
undershoot. This undershoot appeared to have only a minor effect on the pl 
because the plumes produced at slightly higher dispersivities with no negative 
very similar to the plumes containing evidence of undershoot. Experience with these 
that significant undershoot is easily identified in this model by the appearance of neg 
concentrations. The observation that undershoot is identifiable in the results 
at least one other modeler (Frind and Palmer 1980). 

violates the guideline 
tudinal dispersivity less 
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Runs with the distribution coefficient set at 0.002 and 0.004 e b b  (retardation faiors of 2 and 3, 
so resulted in most of the uranium loaded at the source cells exiting the boundary of 

the end of the 37-year simulation period. That is, the main body of the plume 

dary. Again, the background uranium concentration recorded in Well 5382 indicates 
never extended beyond its present terminus. Therefore, the evidence shows that a 

efficient of 0.004 ft?/lb or less will not produce a representative model. Con- 

simulation runs at distribution coefficients at 0.010 e / lb  (retardation factor = 6) and higher 
result in less than 20 percent of the input uranium flowing out of the system. This amount of 
adsorption causes a in the South Plume area that resembles the observed plume. 

Attempts to calibra ng a distribution coefficient of 0.010 ebb  began by importing 
source loadings fro nsional solute transport model, which was roughly calibrated with 
this distribution co with longitudinal dispersivity of 100 feet and transverse 
dispersivity of 10 feet resulted in a plume with too much spread and was centered too far 
southeast. These results were judged 
calibration moved on to a coefficient of 0 
geochemical program. 

Calibration runs with the distribution c 16 P/lb (retardation factor = 9) began with 
the longitudinal dispersivity set at the f 100 feet and the transverse dispersivity set 

at 10 feet. The plume produced by using 100 feet for the longitudinal dispersivity had too much 
spread; however, it was close enough to matching field concentrations that runs were made with 
lower dispersivity values in an attempt to refine the calibratio 
distribution coefficient. An acceptable calibration was accom 
longitudinal dispersivity of 50 feet and a transverse dispersi 
dispersivity was needed to make the concentration gradients 
the plume sharp enough) to match the high concentrations n 
matching very low concentrations at the edge of the plume a short distance east of the axis. The 

50/1 dispersivity ratio was needed to increase the sharpness of the plume and in 

concentration with depth near the source areas, since the model uses transve 
vertical dispersivity. This calibrated model is called 3DSOL9. 

stribution coefficient was too low, and 
that was consistent with interim findings of the 

0 

A comparison of the mean observed concentrations at 41 individual wells and the c 
concentrations in the model cells containing the wells is presented in Table 21-5. As mentioned 
above, the mean of observed concentrations at a well where only a few concentrations have been 
measured may not be an accurate estimate of the most representative value for that well; 000293 
PITK3V/rS.l-Ul~17-W 21-31 
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TABLE 21-5 

INLIER CONCENTRATIONS 

SOLUTE TRANSPORT MODEL 
RETARDATION FACTOR 9 

CULATED BY THE THREE-DIMENSIONAL FINITE-DIFFERENCE 

Number 
of Observed Observed Concentrations (urn) Calculated 

No. Concentrations Concenuations (pg) 
I J K  Minimum Maximum Mean 

EMR-13 40 42 1 

EMR-16 49 57 1 

2008 4 0 8 4  1 4 5 22 15.3 11.7 
2009 29 80 1 4 17 24 20.5 18.5 
2010 48 87 1 4 21 12.3 16 

29 55 1 8 35 27.1 45.1 
30 48 1 8 200 176 168 
29 62 1 8 22.0 18.1 29.1 2016 

2022 42 92 1 4 10 6.3 19.4 
2024 47 97 1 4 2 6 4.5 0.1 
2034 34 83 1 4 15 24 20.5 21.5 
2042 43 80 1 4 2 2.8 6.9 
2044 23 67 1 3 1 1.33 0.3 
2045 31 56 1 3 278 301 19.7 
2046 10 32 1 3 232 464 23.3 
2047 11 32 1 3 9 11.3 19.2 

a ;::: 

2049 33 54 
2054 55 69 
2060 28 47 
2061 21 39 
2065 39 59 
2069 35 38 

45 93 
26 49 

6 
2 

55 
57 
5 
5 
4 
2 

2.5 
21 

105 
208 

7 
6 

16 
16 

175 
23 

410 
378 

11.5 
14.8 
21 
61 

78.1 14.6 
22 1.5 

44 

80 
0.7 
5.3 

14.4 
38.5 75.4 
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TABLE 21-5 
(continued) 

of observed Observed Concentrations (UEL) Calculated 
CanCeaaationS Concentrations (pa) 

Minimum Maximum Mean 

,2107 28 71 1 2 32 37 34.5 0.1 
21 09 59 71 1 

21 18 57 68 1 

2127 5 5 1  
3003 36 95 2 
3009 29 80 2 

34 
16 
37 
4 
4 

18 
12.5 
19 
3.3 
2.8 

0.7 
1.1 

0.4 
0.1 
1.4 

3010 49 87 2 4 15 20 17 4 

3019 45 90 2 4 20 45 32 4.4 
3014 29 54 2 9 38 26.7 13.5 

29 62 2 8 11 8.8 6.5 m g  18 35 2 46 76 49.9 42.5 
3084 45 93 2 4 218 90.5 0.9 
3095 21 42 2 4 13 7 32.3 
4096 11 62 5 4 0.5 2 0.98 0.1 

j 

H-112 24 82 4 2 
Tw-3 7 2 8  2 3 
Tw-5 8 29 1 4 

0.43 0.48 0.46 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.1 1.53 
0.45 0.58 

. . . . . . . . . 

0.1 
0.1 
0.1 

21-33 
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consequently, such means were not matched more closely than their representativeness warranted. 
Instead, the model calibration emphasized (1) avoidance of excessive clustekg of positive or 

uals (observed mean minus calculated concentration), and (2) keeping the absolute 
siduals reasonably low. 

criterion is examined by calculating the unit normal deviate from a modification of 
(IT Corporation 1987). A value greater than 1.645 indicates a nonrandom distribution of 

residuals at the 0.05 level of significance. The optimal value is zero. The value calculated for the 
calibrated run was 0 

The reasonably low 
may be examined b 
at an observation w 
the well. The statistical testing procedure used for this purpose followed methods described by 

s of residuals corresponding to the second calibration criterion 
stical procedure to determine whether the calculated concentration 

improbable amount from the mean concentration observed at 

Grubbs (1969). This method of testing goodness of fit is more informative than simply measuring 
deviations from means because it includes 
observed concentrations at a given well. s deviation from means of large samples 
and/or samples with little variation ter deviation from means based on only a 
few samples and/or means based on s 
simply comparing computed concentr ed means, judgment must still be used in 
interpreting the results with regard to goodness of fit. However, the statistical p r o d u n  provides 
information upon which to base that judgment. 

Calculated concentrations that tested as being improbable in 
of 2.5 percent are listed in Table 21-6 along with the observ 
concentrations, and the range of the observed concentrations. 
calculated concentration within the main plume was significantly different from the observed mean 
for the well in that cell (Well 2095). 

nty related to the representativeness of the 

e variation in values. As is the case when 

em at a significance level 
e number of measured 
ts show that only one 

The remaining 15 wells with calculated concentrations that exhibit statistically s 

from the observed means (Table 21-6) are all located peripherally to the main 
are all cases where both the observed and calculated concentrations are very 1 

difference between observed and calculated concentrations is also low. The effect 
of the model is negligible, and it is not practical to attempt to match these data more closely. 
Such additional calibration might be very difficult for the following reasons: 

000276 
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TABLE 21-6 

OUTLIER CONCENTRATIONS 

SOLUTE TRANSPORT MODEL RETARDATION FACTOR 9 
CULATED BY THE THREE-DIMENSIONAL FINITE-DIFFERENCE 

N U m k  
of Observed Observed Concentrations CunlL) Calculated 
Concentrations Concentrations (pg/L) 

I J K  Minimum MaXimum MtX3.U 

EMR-11 
EMR-14 
EMR-20 
EMR-21 
EMR-22 
EMR-29 
EMR-30 

2027 
2095 
3001 
3004 
3005 
3013 
3108 
Tw4 

Tw-6 

22 53 1 

59 38 1 

19 15 4 
2417 2 
22 62 1 

1 7 4 6  4 
1 8 6 6  4 

48 92 1 
22 43 1 

41 89 2 
35 93 2 
36 90 2 
65 78 2 
3084  2 
13 31 1 

15 34 4 

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

12 
19 
4 
4 

3 
4 

3 
3 
2 
3 
4 

0.9 
0.7 
0.1 
0.2 
0.6 
1.7 

3 
4 

31 
1.71 
1.08 

1.8 
1.7 
0.8 
0.7 
1.6 
2.2 
0.8 
6 

202 
15 
13 
3 
4 

1.46 
1.09 
0.34 
0.43 
1.07 
1.9 
0.6 
6 

173 
15 
11.3 
3 
4 

32 
1.82 
1.13 

0.1 
0.1 
7.6 
3.6 
0.1 
0.1 
0.1 
5.3 

349. 
3.6 
0.1 
0.9 
0.1 

0.1 
0.1 
0.1 

. . . . . . . . 
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Concentration gradients on the flanks of the southern plume are high, and 
the finite-difference approximation may be causing a slight undershooting of 
the real values where the concentrations are approaching zero near the edge 
of the main plume. 

ome of the statistically significant deviations may be caused by rounding 
ff the concentrations reported for the samples. Some observed 
oncentrations are reported as onedigit integers, which tends to hide the true 

variation of the concentration and cause the statistical procedure to 
underestimate the range of likely concentrations. 

Wells 2096, 2108, 3108, 2044, 3044, 2104, 2017, 3017, and 2127 located 
yielded observed concentrations that were above 
lls are at nine different locations. The highest 

any of them was 37 ug/L in Well 2108. These 
are thought to be caused by temporary seasonal 

gradient near Paddys Run. Such reversals could 
amounts of uranium a short distance westward 
y cannot be simulated by the steady-state flow 

model. 

It is noteworthy in Table 21-6 that Wells 2 
considerably below their mean observed c 
wells do not test as outliers due the small 
the observed concentrations. The source 
be investigated in the RIPS. 

2046 have calculated concentrations 
s. The calculated concentrations for these 
observed concentrations and the large range in 

the wells remains uncertain and continues to 

Final Calibration 
The FU/FS geochemical' investigation (IT Corporation 1989 
distribution coefficients calculated from results of an iron- an 
higher than the distribution coefficient 0.016 @fib used in th 

Consequently, use of a higher distribution coefficient in the 
final results of the geochemical investigation, although not 
allowed the distribution coefficient to be increased to 0.022 ft/lb (retardation factor 12). so that the 
longitudinal dispersivity could be increased back to the preferred value of 100 feet. 

solute transport modeling. 
consistent with the 
s geochemical finding 

Values of the distribution coefficient greater than 0.022f?Pb were not conside . . . . . . . . . 

occurrence of uranium in neutral and negatively charged complexes indicates a lo 
preferred, as previously discussed in this section. Other evidence for a low distributi 
is that Well 2060 has yielded high uranium concentrations since February 1982. 
indicates that an unretarded particle would require over two years to move from the nearest source 
(Paddys Run) to this well. Since the FMPC had only been operating for 30 years by 1982, the 

2 1-36 0002'78 



concentrations at this well imply a retardation factor 
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less than 15. The available evidence points to 
The value of 12 is, therefore, a preferred value a retardation factor greater than 9 and less than 15. 

f the acceptable range. 

distribution coefficient of 0.022 f13/lb (retardation factor of 12) was more refined 

.016 ft3/lb. As mentioned in Section 21.2.3, the calibration aimed at reducing the 
between the uranium concentration calculated by the model at each well and the mean 

concentration of the actual population Consequently, an appropriate goal for calibration is to 
attempt to put as m concentrations as possible within the 95 percent confidence 
interval of the true tion of confidence intervals for the mean is described in Mood 

and Graybill (1963, This test is a more restrictive one than the outlier test used in 
the preliminary cal quently, its application to the final calibration resulted in a more 
refined model. He rcent confidence interval for the true mean concentration at a 

well will be called the "range." 

The result of the calibration was that all of 
into range except the concentration at We 
from any known sources. These upgrad 108, 2024, and H-112. Several 
concentrations at wells screened in lowe 
are presented in Table 21-7. Figures 21 
concentrations from the mean of measured concentrations at the wells. Concentrations that are out 
of range are underlined. Uranium data from domestic wells screen depths have not 
been included in this analysis. However, they have been i that they contain no 
concentrations that are inconsistent with the solute transport reported herein. 

Since the uranium concentration decreases with depth, it is to match concentrations 
in Layer 1 than in lower layers, because this layer contains on of the total mass of 
uranium in the ground. The degree of matching obtained required detailed study of particle tracks 

connecting sources to monitoring wells and very refined adjustment of source lo 
adjustments had to bring concentrations at one well into range while not causin 
Concentration at another well near the same track to fall outside of the range. The 
source loading as well as its location had to be considered. 

culated concentrations in Layer 1 were brought 
the concentrations at a few wells upgradient 

uld not be brought into range. The results 
how the deviations of calculated 

The concentration at Well 2061 could not be brought into range because the measured 
concentrations at that well are higher than the concentrations at Well 2095, which is upgradient on 
the same particle track. The wells are only about 375 feet apart. The concentration at Well 2061 

c)bcOJb5~ 
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can be brought into range while keeping Well 2095 in range by taking advantage of lateral 
dispersion from Paddys Run downstream from Well 2095. However, source rates at cells 

Well 3062 (Albright & Wilson Co. well) must be increased and the concentration 
ould increase tm much. Breaking the source periods into smaller increments and 
loadings to get a downgradient increase in concentration was not attempted, because 

close together and longitudinal dispersion would probably be too great to allow the 
ent of a sufficient increase in concentration between the two wells. While this possibility 

remains untested, it is more likely that the anomalous concentration in Well 2061 is the result of 
preferential fingering 
Freeze and Cherry ( 
fingering in a finite- 

inant front through the porous matrix in the manner described by 
It is not practical to attempt a detailed simulation of such 

Wells 2108 and H11 

from Paddys Run can occur due to the temporary reversal of groundwater flow direction caused by 
water table mounding under the stream during heavy runoff periods. However, the steady-state 
flow model cannot simulate such water mov Since the calculated concentrations at these 
wells are less than 2 u g / ~  below the rang sentativeness of the model is not affected. 

Well 2024 is upgradient from any kno 
calculated concentration at that locatio 
below the range, and the representativeness of the model is not affected. 

from Paddys Run. Minor westward movement of uranium 

source, so it is not possible to raise the 
culated concentration is less than 2 ug/L 

The calculated concentration at Well 2017 is too high. This 
Paddys Run. The lack of fit here is related to the finitediffe 
Paddys Run. A source cell in the model is closer to the we 
calculated concentration is 28 ug/L out of range and does n 
model. 

e upgradient side of 
ation of source cells along 
tream actually is. The 

- presentativeness of the 

Several concentrations for wells screened in Layers 2 through 4 are out of range. Calculated 
concentrations tend to be too low in the northern part of the area and too high 

of the area. A few concentrations are in m g e  in both areas. All of the concen 
than 17 ug/L out of range, except the deviation at Well 3095 where the calcul 
110 ug/L above the range. These deviations are interpreted to be caused prim 
vertical fingering in the contaminant plume. Since wells that are in range are scattered north-south 
through the model in Layers 2 or lower, the model is adequately simulating vertical dispersion even 
though the precision of the simulated vertical dispersion is not great enough to get all of the 

. 

0 
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calculated concentrations in range. Since the wells monitoring the different layers axe in clusters at 
the s e e  location, transverse dispersivity would have to be varied throughout the model to bring the 

in the lower layers into range without causing the corresponding concenmtions in 

f sensitivity analyses for the models described in previous sections also apply to 3DSOL. 
No new parameters were introduced into 3DSOL. However, since varying the dispersivities may 
have a different effe 
analysis. The mod 
analysis. The resu Table 21-8. Increasing dispersivities caused the plume to spread 
and decreasing dis 
in model calibrati 

than they did in 2DSOL, they were subjected to sensitivity 
bution coefficient set at 0.016 (3DSOL9) was used for the 

opposite effect. This property of the model was insmenta l  

The effect of increasing the hydraulic conductivity of the clay interbed beneath the FMPC was also 
checked. It was found to have virtually no n model calibration (Table 21-8). The change 
in the calculated vertical head difference a lay was from 0.90 to 0.05 feet at the location 
of Wells 2008 and 3008 in 3DSOL9. vertical hydraulic gradient was associated 
with a decrease in hydraulic head abov and an increase below it. 

The effect of varying transverse dispersivity was performed as a sensitivity analysis for final 
calibration of 3DSOL at a distribution coefficient of 0.022 ft3/lb (retardation factor 12), while the 
source loading rates in the model were held constant. Decre 
10 feet to 5 feet without adjusting other parameters was 
three-dimensional solute transport model. Although it did no 
horizontally, it resulted in higher concentration gradients in 
the vertical dispersivity was designed to vary consistent wi 
As a result, the calculated concentrations increased significantly in Layer 1 and decreased 
moderately at a few wells in Layer 2. This variation toward a lower transverse 
the concentrations in most of the wells in Layer 1 to fall outside the range. Th 
of the model was. therefore, adversely affected. Nevertheless, calibration could be 
using a transverse dispersivity of 5 feet if a very refined adjustment of source loadin 
as well as location is made in the model. A further decrease of transverse di 
to 2 feet, with all other parameters remaining unchanged, was also tested. The plume d t i n g  
from this variation spread wider and generated a steeper concentration gradient in the center of the 
South Plume. Calculated concentrations at some major wells in Layer 1 were raised to relatively 

tly affect the calibrated 

I'lTmm. 1 -2/3 2- 17-90 2145 
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TABLE 21-8 

RESULTS OF THE SENSITIVITY ANALYSIS 

SOLUTE TRANSPORT MODEL 
RETARDATION FACTOR 9 

FOR THE THREE-DIMENSIONAL FINITE-DIFFERENCE 

Sensitivity RUII~ 
statistics 

Meall 
Sensitivity 

RUII 

2 Longitudinal Dispersivity 50 ft 50 ft 29.67 32.23 
Transverse Dispersivity l f t  25 ft 

3 Longitudinal Dispersivity 300 ft 27.29 33.34 
Transverse Dispersivity 6 ft 

4 Clay Interbed 0.4 17.68 28.16 
Horizontal Conductivity ft/day 
clay Interbed 0.4 
Vertical Conductivity 

3DSOL STATISTICS: 17.85 28.16 

%lean Residual is the mean of the differences between observed co 
Absolute Residual is the mean of the absolute difference between obs 

calculated concentrations. Mean 
om and calculated concentrations. 

. .. 
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high values, while the calculated concentrations at most of the wells in the lower layers were 
antly. The large deviations from the means of measured concentrations in this 

ode1 much less representative. These results were judged to indicate that the 
rsivity of 2 feet was too low to accomplish the calibration. 

w model parameters in the flow modeling sensitivity analysis did not significantly 
affect the flow field within the solute transport model area. Consequently, the sensitivity of the 
solute transport model to these parameters was not investigated. Experience with the present model 
suggests that the Cal i  

affected by variation e parameters. 
imensional solute transport model would not be significantly 

convincing evidence that significant adsoqtion occurs within 
the aquifer system underlying the FMPC. Over eighty percent of the estimated mass of uranium 
lost to the groundwater system is still 
solute transport model grid. 

The solute transport model is sensitive to 

and to the amount and location of sour 
similar plumes. However, when the d eld constant, the distribution 
coefficient controls the concentration gradients in the plume and the choice of parameters that yield 
a good calibration is limited. 

site within the boundaries of the local 

the dispersivities and distribution coefficient 
ese three parameters can yield 

The model was successfully calibrated with two different dis 
0.022 ft3/lb (retardation factors 9 and 12, respectively). The 
refined. Nevertheless, this result demonstrates that calibratio 
distribution coefficients, if compensating adjustments are m 
rates. Longitudinal and transverse dispersivities of 50 feet and 1 foot, respectively, were used to 
calibrate with a distribution coefficient of 0.016 ft3/lb, but these could be incre 
values of 100 feet and 10 feet for calibration with a dispersivity of 0.022 ft3/lb. 

loading rates for each period that resulted from the preliminary calibration with a di 
coefficient of 0.016 ft3/lb are shown in Figures 21-13 through 21-16, and are s u m  
of loading rates and total mass loadings in Tables 21-9 and 21-10. The source lo 
resulted from the final calibration with a distribution coefficient of 0.022 ft3/lb are shown in Figures 
21-17 through 21-21. and are summarized in Tables 21-11 and 21-12. As shown in 

cients, 0.016 ft3/lb and 

0.022 ft3/lb was more 
be accomplished using different 

ties and source loading 
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TABLE 21-9 

URANIUM LOADING RATES FOR SOURCE AREAS 

SOLUTE TRANSPORT MODEL 

AND TRANSVERSE DISPERSIVITY 1 FOOT 

IN THE THREE-DIMENSIONAL FINITEDIFFERENCE 

ARDATION FACTOR 9, LONGITUDINAL DISPERSIVI'IY 50 FEET, 

. . . . . . . . . . . 

Uranium Source Loading Rates (lb/day) 

Period 1 Period 2 Period 3 Period 4 
Source Loading Area 1952-1 958 1959-1 966 1967-1 975 1976-1 988 

Paddys Run: 
North of Waste Storage O.oooO286 0.000373 0.000372 0.000372 

Waste Storage Area to 
Outfall Ditch 0.00319 0.0602 0.0559 0.0559 

Storm Sewer Outfall Ditch to 
Albright & Wilson Co. Wells 
South of Albright & Wilson Co. Wells 

easte storage k e a  
Waste Storage Silo Area 
Biodenitrification Lagoon 

Sludge Ponds 
Production Area 
Sewage Treatment Area 
Storm Sewer Outfall Ditch 

TOTAL 

0.0875 
0.0192 
0.0209 
0.000197 
0.0000000 

0.0000000 0.0000000 
0.00178 0.00178 

0.000593 
0.000521 

0.0123 

1.68 
0.00769 
0.0209 
0.000197 
0.0000000 
0.0000000 
0.00178 
0.000593 
0.001960 

1.77 

0.332 
0.00101 
0.0209 
0.000197 
0.0000000 
0.0000000 
0.00178 
0.000593 
0.000252 

0.413 

. . . . . . . . . . . . . . . 
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TOTAL URANIUM LOADINGS FOR SOURCE AREAS 
IN THE THREEDIMENSIONAL FINITJGDIFFERENCE 

SOLUTE TRANSPORT MODEL 

AND TRANSVERSE DISPERSIVLTY 1 FOOT 
ARDATION FACTOR 9, LONGITUDINAL DISPERSIVITY 50 FEET, 

Total Uranium Source Loadinns (Ib) 

Period 1 Period 2 Period 3 Period 4 
Source Loading Area 1952-1958 1959-1966 1967-1975 1976-1988 Total 

Paddys Run: 

North of Waste Storage 
Waste Storage Area to 
Outfall Ditch 
Stom Sewer Outfall Ditch to 
Albnght & Wilson Co. Wells 5510.00 1580.00 7347.00 

South of Albright & Wilson Co. Wells 7.47 25.30 4.81 93.60 

Waste Storage Silo Area 0.648 0.937 2.66 

Bidenitrification Lagoon 0.00 0.00 0.00 
Sludge Ponds 0.00 0.00 0.00 0.00 0.00 

Sewage Treatment Area 1.51 1.73 2.81 8.00 

Storm Sewer Outfall Ditch 1.33 10.00 1.20 19.00 

mate storage k e a  68.80 99.40 236.00 

Production kea  4.54 5.19 5.84 8.43 24.00 

TOTAL 31.40 568.00 1964.00 8378.00 

21-53 
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TABLE 21-12 

TOTAL URANWhl LOADING FOR SOURCE AREAS 

SOLUTE TRANSPORT MODEL 

AND TRANSVERSE DISPERSIVITY 10 FEET 

IN THE THREEDIMENSIONAL FTNITE-DIFFERENCE 

ATION FACTOR 12, LONGITUDINAL DISPERSIVITY 100 FEET, 

Uranium Source Loadings Ob) 

Source Loading Area Period 1 Period 2 Period 3 Period 4 Period 5 Total 

Paddys Run 
North of Waste Storage 

Waste Storage Area to St 
Sewer Outfall Ditch 17.45 1956 

Storm Sewer Outfall Ditch to 
Albright & Wilson Co. Wells 117.3 1571 24.16 4385 

South of Albright & Wilson Co. 
wells 25.3 526.7 14.93 630.4 

Waste Storage Area 9.56 114.8 8.43 132.8 

Waste Storage Silo Area 4.60 9.49 0.35 15.52 

Biodenitrification Lagoon 

Sludge Ponds 

Production Area 

Sewage Treatment Area 

Storm Sewer Outfall Ditch 

Total 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

4.55 5.20 231.6 17.81 419.4 

1.52 1.73 . . . . . . . . . 2.8 1 0.22 8.23 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1.42 30.33 3 1.96 . .:;:;:;;;q)* . . . . . . . 1 g 0.01 0.01 

1410 2880 490 2710 116 7606 

..... . 
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Figures 21-11 and 21-12, a fifth period was added to represent the year 1989 in the final 
calibration of the model to update the uranium discharge into Paddys Run. This also allowed a 

for the high concenrration in Well 2045 which is just east of Paddys Run. These 
rates differ for several reasons: 

Source loading must be increased when the distribution coefficient is 
in- to effect a calibration, providing all  other parameters remain 
unchanged. Concentratons of dissolved uranium in a calibrated plume must 
be roughly the same regardless of the distribution coefficient, so more 
uranium must be supplied at the source cells to accommodate increased 
adsorption at higher distribution coefficients. 

gs may shift backward in time (i.e., earlier releases) at 
cients because the retardation effect must be 

cells may shift closer to affected monitoring wells at 
efficients because the retardation effect must be 

These source loading rates do not represent a unique solution to the problem of estimating the 
historical loss of uranium to groundwater 
following considerations: 

. However, they are constrained by the 

Concentrations in the mo stent with concentrations measured 
e concentration values in the model 

ate of the amount of uranium in 
in the field. Therefore, c 
results in plumes that co 
the groundwater system, including that which is adsorbed. 

0 

wells. Therefore, the total source loading will 
distribution coefficient. 

curate for a given 

The distribution of simulated source loading in -time and space is severely 
limited by the constraints of calibration. Uranium must be introduced via 
source cells at the proper place at the proper time to have the desired effect 
on the calculated concentration at a monitoring well site. 

Consequently, freedom in choosing location and time variation in source loadin 
found to be limited if the distribution coefficient is held constant. The evide 
uranium to the groundwater system was in the vicinity of the confluence of 
Outfall Ditch and Paddys Run is very strong. The corollary is that the loss of 
Waste Storage Area and other axeas of the FMPC site to the regional aquifer has 
small, unless such losses involve discharge to Paddys Run that would then be accounted for under 0 
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the assumed principal source in Paddys Run. The source loading rates also indicate that uranium 
discharge to the Great Miami Aquifer was much greater in the past than it is now. 

ting from the p r e l i m i ~ ~ ~  calibration at distribution coefficient 0.016 is shown for 
vertical layers in Figures 21-22 through 21-26. The plume resulting from the final 
stribution coefficient 0.022 fi3/lb is shown in Figures 21-27 through 21-31. As 

toring wells are installed in the fume, it may be necessary to make minor 
in this model to accommodate those data. The magnitude and location of the peak 

om in the plume may not be exactly as shown by the model. Some unknown sources 
may exist, and they could be added to the model if they were discovered by field investigation. 

to simulate the future spread of the plume in the case 

source period and the run was extended to include 70 
. Source loading rates were unchanged from those given in 

Table 21-11 for 
years into the future. The concentrations that result after 70 yeam are shown in Figures 21-32 
through 21-36. The 30 ug/L contour exten 
area, due to a continuing supply of uranium downward to the aquifer from the glacial 
overburden. The plume in the southern uced, due to a reduction in the supply of 
uranium from Paddys Run and the Sto 

This reduction is related to the constxu 

ut 400 feet farther southeast in the northern plume 

Ditch relative to the historic loading rates. 
water retention basins. 

21.3.5.2 Loading to the Great Miami River 
The final calibrated run was also used to estimate the rate of discharge of uranium into the Great 
Miami River. This simulation involved the assumption of pl een the southern boundary 
of the model and the river. The rate of movement of urani e face of each cell along 
the south boundary of the model was calculated from model ncentration and velocity. 
Particle tracking results were used to estimate the retarded time between each cell and the 
river. Uranium inflow to the river was then calculated by using the retarded mvel time to convert 
flow rate across the boundary to flow rate into the river. The results shown in Figure 21-37 are 
for the case where uranium source rates from the fifth source period are extend 

future. 

the 

.. . . . 
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22.0 MODELING OF LONG-TERM MIGRATION POTENTIAL 

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

tives for the analysis of the long-term migration of chemical constituents through the 
.~ 

to: 

Provide input for the baseline risk assessment and for the operable unit 
remedial investigations 

Aid in the preliminary evaluation of alternatives for the operable unit 
feasibility studies 

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

To complete the bas 
fate and transport o 
to the regional aqui 
portions of the anal 
under two risk-based scenarios: 

ssment for each operable unit, it was necessary to evaluate the 
concern through the groundwater pathway from the waste units 
y to the receptor. The focus of the RI and risk assessment 
mine the extent and magnitude of groundwater contamination 

Scenario 1 assumes that institutiosal controls are active on the site for the 
next 100 years and that the 
boundary 

Scenario 2 assumes that 
and 'the hypothetical rece 
waste site for up to 500 

tical receptor is located at the FMPC 

ntrols will be lost after 100 years 
is located directly at the 

For the feasibility study, it was necessary to establish the potential for future contamination from 
the waste source to evaluate the need for remediation and the 
acceptable. This type of analysis established the no-action al 
evaluating other alternatives. 

In th is  chapter, the procedure and methodology for long-term 
Waste Pit 1 of Operable Unit 1 as an example. The results of the analysis for the rest of Operable 
Unit 1 and other operable units are presented in each operable unit FU report. 

ediation that will be 
Wing point for 

ntial is presented for 

22.1 SUMMARY OF APPROACH 
......... 

The fate and transport model progressed from the development of a conceptual mo 
the depositional history and hydrogeology of a site, to the formulation of a mathe 
tion of the conceptual model. Groundwater and vadose zone systems are complex 
simplification was required to represent these systems. Simplifications were bound to basic 
hydrologic principles. In application of the fate and transport results, the assumptions. limitations, 
and uncertainties of the model were considered. 000320 
I"KW/l3.1-2/lZ17-90 22-1 
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Based on available data and work completed to date, an analytical model, ODAST, was selected for 
e fate and transport of constituents in the vadose zone and a numeric model, 

selected for the flow analysis of the Great Miami Aquifer. Since the primary 
cases is a hypothetical groundwater user of the Great Miami Aquifer, conservative 

d constituent concentrations were calculated. The numeric solution combined with 
odeling provided a conservative order of magnitude estimate of the constituent 

concentrations. 

The conceptual flow 
of the underlying g 
the available RIFS 

ch operable unit varied based upon the site-specific charactenstics 
. These characteristics were developed based upon a review of 

ix A), appropriate cross sections (Figures 11-7 through 
fence diagrams (Appendix Q) for the various operable units. 

The conceptual source-pathway-receptor relationship for Operable Unit 1 is shown in Figure 22-1. 

As this figure depicts, after the contamin 
vertically through the glacial till. The lea 

from the waste unit, it moves downward 
t migrates through the till, will undergo 

geochemical reactions, changing the e leachate. Subsequently, the leachate will 

n of the buried channel sediments, resulting 
onal changes. Most of the chemical 

migrate through the unsaturated sand 
in further geochemical reactions and le 
constituents present in the leachate will be retarded, causing delayed amval. Travel times will also 
be controlled by hydrogeologic characteristics of the 
Miami Aquifer, contaminants will migrate in the direction of 
dispersion, decay, and geochemical reactions. Contaminant profiles for different 
locations and different times were computed based on these p 

For the simulation of contaminant concentration at the receptors, the following tasks were 

fter reaching the Great 
le undergoing dilution, 

peIf0lTIled: 

The constituents of concern were identified 

A conceptual hydrogeologic model was developed for each waste 

Leachate concentrations and attenuation reactions were estimated thro 
the use of geochemical modeling for inorganics and partitioning 
coefficients for organics 

Retardation of constituents was estimated using partitioning coefficients 
and the hydrogeologic characteristics 

22-2 



a 

a 

P a 
I 
R 
0 
E a a a 

C 
k 

b 
7 

P a 
R 

a 

I 
0 
E 

a a 

OPERABLE UNIT ONE 

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

RECEPTOR WELL 
500 YEARS 

I RECEPTOR WELL 
100 YEARS \ 
(5000 FEET FROM 

UNDIFFERENTIATED 
GLACIAL OVERBURDEN (nu) 

i 

VADOSE ZONE 

SAND AND GRAVEL 

POTENTIAL 
CONTAMINANT PATHWAY 

-- 
GREAT MIAMI AQUIFER 

FLOW 

SAND AND GRAVEL 

CLAY INTERBED 

FLOW - 
BEDROCK 

. . . . . . . . . 

"NOT TO SCALE" 

FIGURE 22-1 
OPERABLE UNIT 1 

CONCEPTUAL GROUNDWATER FLOW 

O(PQ3.22 



FMPC-o004-2 
December 17. 1990 

Analytical modeling was used to determine the movement of constituents 
through the vadose mne 

Numerical modeling was used to estimate the movement of constituents 
through the Great Miami Aquifer 

characteristics and inventory of the wastes were estimated based on production history, 
production description, and waste composition. The waste inventories are reported in the operable 

presented in Table 2 le contains constituents of concern, their concentration, and total 
amount of available 

inventory profiles for Waste Pit 1 of Operable Unit 1 are 

The models used for flow evaluation were STlD (IT 1990). a one-dimensional analytical solution; 
ODAST (Javendel et al. 1984), a one-dimensional analytical solution; and SWIFT I11 (Geotrans 
1988), a finite-difference three-dimensional STlD was used for the initial screening of 
constituents for mobility. ODAST was 
constituents in the unsaturated zone, whil 

The initial source concentration was dev 
geochemical modeling for other consti 
was analyzed separately with the concentrations from the upper layers acting as the input 
concentrations to the lower layers. The depletion of the waste source over time and radioactive 
decay were taken into account in the vadose zone modeling. 

The model codes STlD and ODAST used for contaminant m 
on the solution originally developed by Ogata and Banks (1 The ODAST code can account 
for retardation of contaminants, sou= changes, and decay. computer codes calculate the 
normalized concentrations of a given constituent in a uniform flow field from a source having a 
constant or varying concentration in the initial layer. STlD and ODAST have been extensively 
verified against STRIPlB (Batu 1989 and Wilson and Miller 1978). 

The model code used for the analysis of contaminant transport in the regional a 
SWIFT III. The SWIFT 111 code is a fully transient threedimensional, finitediffere 
which solves the coupled equations for flow and transport in geologic media. The 
applied at the site since 1988 and has been extensively calibrated against the existing uranium 
groundwater contamination. The SWIFT III programs consists of a main routine and about 

mining fate and transport of the remaining 
was used for flow in the regional aquifer. 
achate data, where available, and 

Each layer in the conceptual flow system 

the vadose zone are based 

PlTx;wnS. 1 -yl2 17-90 22-4 
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TABLE 22-1 

CONSTITUENT AND LEACHATE CONCENTRATION 
WASTE PIT 1, OPERABLE UNIT 1 

Concentration mg Leachate (mgn) Leach Rate Depletion In 
Available (SOL) (mgDaY) Years 

u-&4 
u-235 
U-238 
Th-228 
Th-230 
Th-232 
Tc-99 
CS-137 
Ra-226 

Magnesium 
ilver 3 . rnthracene 

Benzo(a)anthracene 
Benzo(b) fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)py rene 
Chrysene 
Ethylbenzene 
Fluoranthene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 
Toluene 
Acetone 
2-Butanone 
Aroclor-1248 
Aroclor- 1254 
Aroclor-1260 
DDT 
Bis(2-Ethylhexy1)phthalate 
Di-n-butyl Phthalate 

Phthalate 
oroform 

dethylene Chloride 
Tetrachloroethene 
1 , 1 , 1-Trichloroethane 

9.75E-02 

1.27E-08 
3.35E-05 

2.72E+04 
8.90E+00 

2.28E-02 
5.88E-02 
1.46E-01 
3.60E-02 
3.60E-02 
2.0 1 E 4  1 
2.56E-02 
2.49E-01 
5.20E-02 
1.88E-02 
7.23E-01 
1.71E-01 
3.86E-02 
2.50E-01 
2.62E+00 
7.04E-02 
4.70€+00 
1.40E+00 
3.20E-0 1 
4.12E-01 
7.42E-02 
3.07E-0 1 
9.18E-02 
1.32E-01 
1.90E-02 
3.59E-02 

5.23E+06 
1.50E+09 
3.39E+11 
7.13E-01 
2.28E+06 
5.74E+09 
5.17E+04 
6.81E-01 
1.79E+03 

1.93E+06 
1.93€+06 
1.08E+07 
1.37E+06 
1.34E+07 
2.79E+06 
1.01E+06 
3.88E+07 
9.18E+06 
2.07B+06 
1.34E+07 
1.40E+08 
3.77E+06 
2.52E+08 
7.51E+07 
1.72E+07 
2.2 1 E+07 
3.98E+06 
1.64E+07 
4.92E+06 
7.09E+06 
1.02€+06 
1.92€+06 

22-5 

1.26B-08 
3.62E-06 
8.18E-04 
7.28E- 19 
7.31E-13 
1.84E-09 
8 . 7 4 ~ 0 5  
9.96E-11 
1.03E-06 

1.41E+Ol 
2.38E-04 

7.2 1E-05 
1.30E-05 
3.23E-06 
4.56E-07 
3.19E-06 
4.4%-05 

6.98E-03 
3.88E+01 
1.28E3+02 
6.24E-06 
4.16E-04 
6.60E-03 
2.84E-03 
1.82E-04 
4.16E-05 
1.72E-04 
8.72E-02 
6.58E-01 
2.21B-03 
1 .O8E-02 

8.07E-05 
2.32E-02 
5.24E+00 
4.66E- 15 
4.68E-09 
1.18E-05 
5.60E-01 
6.38E-07 
6.60E-03 

9.03E+04 4.43Et04 
1.52E+00 8.57E+05 

4.62E-01 7.24E+03 
8.34E-02 1.04E+05 
2.07E-02 1 .ME+06 
2.92E-03 1.8 1E+06 
2.04E-02 2.59E+05 
2.85B-01 1.04E+05 
1.04E+01 3.62E+02’ 
4.16E-01 8.83E+04 
4.07E+00 1.88E+03 
4.64E+00 5.97E+02 
1.41E41 7.5 1 E+03 
4.86E-01 5.18E+04 
4.47E+O 1 1.27E+02 
2.48E45 1.48E-01 
8.2 E+05 4.67E-0 1 

2.59E+05 
2.59E+05 
4.87E+03 
2.60E+03 
5.18€+04 
4.09E+04 
4.08E+04 

5.58E+02 2.42E+0 1 
4.21E+03 4.6 1 E+OO 
1.42€+01 1.97E+02 
6.90E+01 7.62E+O 1 

.OO,OO,O.3.24 
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. 70 supporting subroutines. The SWIFT III code and its application is fully outlined in 
and 21.0 of this report. 

needed to perform the long-term migration analysis could be divided into flow 
d contaminant transport parameters. Flow parameters affect the overall hydraulic flow 

the velocity of groundwater movement. The contaminant transport pmmeters affect the 
rate of migration and the fate of the contaminant. 

Whenever possible, 
contaminant concen ypothetical receptor location. However, certain parameters were 
not available for 
of the FMPC studies 
of various chemical constituents. However, as the feasibility study process extends into the 
selection of a viable alternative, it will be necessary to collect site-specific data to verify the 

validity of the estimated values. 

ues were used for the analysis and calculation of the 

and estimates had to be made from the literature and the results 
r concentrations provided a basis for comparing the relative risk 

22.5.1 Flow Parameters 

The primary parameters that affect flow 
moisture content, hydraulic conductivity porosity. The value of these parameters 
for Waste Unit 1,  OU1 is given in Table 22-2. 

ose zone and the saturated zone are 

Moisture Content of the Vadose Zone 
The moisture content is the amount of moisture held within 
This moisture content, or degree of saturation, will vary con 
paths. It is an important characteristic that affects both the 
(hydraulic conductivity) and the force that keeps water within the material (matric suction). This 
moisture content can vary from saturation to a condition known as air dryness (Hillel 1982). 

ne at any given time. 
time and along flow 

rial to pass fluids 

At the site. no measurements were made of soil or vadose zone moisture conte 
estimation techniques were used. Both of these techniques require several sim 
as follows: 

Moisture content was evaluated as an average, steady-state condition 

The unsaturated moisture content cannot exceed the saturated 
moisture content 
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TABLE 22-2 

LONG-TERM FATE AND TRANSPORT MODEL 
INPUT DATA 

WASTE PIT 1, OPERABLE UNIT 1 

. . . . . . . . . Unsaturated 
Parameter Till Sand and Gravel 

...... 

Hydraulic Conductivi 
Horizontal (Wday 
Vertical (Wday) 

Thickness (feet) 

450 
45 

20 

Porosity (%) 34 39 

Specific Yield (%) 

Bulk Density (g/cc) 

Field Capacity (96) 

0.25 

1.60 

14 

Dispersivity (Wsq. /day) 0.0012 0.00187 

Organic Content (96) 4 4 

Fines passing less than 
200 mesh (5%)  16 

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

22-7 
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The amount of infiltration cannot exceed the saturated hydraulic 
conductivity 

The saturated moisture content approximately equals the porosity 

The minimum moisture content equals the residual water content 

The residual water content closely corresponds to specific retention 
or field capacity 

The first technique is based upon Clapp and Homberger (1978). as presented in U.S. EPA (1988). 

8 

Q, = saturated moisture content 

q = infiltration or recharge ra 
I<b = saturated hydraulic cond 
b = soil-specific exponenti stimated from U.S. EPA (1988) 

= moisture content in the vadose zone 

The second technique is based upon the relationship that: 

Sy + er = n 

where: 
Sy = specific yield 

= specific retention or residual water content 
n = porosity 

For each layer within the conceptual flow model, the moisture content was esti th 

techniques. 

Hydraulic Conductivity 
Perhaps the most important difference between unsaturated and saturated flow i 
conductivity. When the matrix is saturated, all of the pores are water-filled and conducting, so that 

conductivity is at its maximum. When the matrix dries, some of the pores fill with air and the 
conductive portion of the unconsolidated material decreases. The larger, more-conductive pores are 
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the first to drain, leaving only the smaller, less-conductive pores available for water movement. 
Furthermore, as the water drains, the matric suction that attracts water to the particles within the 

ns, the transition from saturation to maturation generally entails a steep drop in 
ctivity, which may decrease by several orders of magnitude as the matrix dries and 

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

suction increases. As the degree of saturation decreases, the conductivity may drop so low that 
very long times are required for any appreciable seepage to occur as the saturation begins to 
increase. 

At saturation, the mo 
pores, such as sands; 
However, under uns 

interconnected pore spaces drains quickly and suction rapidly increases, thereby rapidly decreasing 
hydraulic conductivity. In a material with 
even under significant suction, so that the h 

Because of this, the hydraulic conductivity 
layer under unsaturated conditions. 

unconsolidated materials are those with large interconnectcd 
t are those with small micropores, such as silts or clays. 
ns, the opposite may be true. Material with large 

res, many of the pores retain and conduct water 
conductivity does not decrease as quickly. 
r clay may approach or exceed that of a sandy 

Because the hydraulic conductivity is de 
material, measuring unsaturated hydraulic conductivity in the laboratory or field is extremely 
difficult. As the degree of saturation or water content chang 
path, the unsaturated hydraulic conductivity will vary co 
hydraulic conductivity cannot be determined (Everett et al. 19 

r content and matric suction in unsaturated 

er the length of a flow 
re, a unique value for 

The unsaturated hydraulic conductivity is commonly estim 
the soil moisture curve and saturated hydraulic conductivi 
van Genuchten (1978). However, at the FMPC, no measurements of water content, matric suction, 
or unsaturated hydraulic conductivity have been completed. Therefore, it was ne 
direct measurements of saturated hydraulic conductivity for the hydraulic conduc 
zone. When these estimates were applied in the calculation of velocity, they w 
reflect partial saturation. The use of the saturated hydraulic conductivities will 
the movement of fluids through the vadose zone. 

relationship between 
such as found in 

A series of slug tests were performed in water-bearing zones of the till at the FMPC. This 
0 

provides a conservative estimate of hydraulic conductivity since the anticipated hydraulic 
OS.kO.328 

22-9 PrrmrrS.l-211 z 11-90 
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conductivity in the till would be an order of magnitude less (Noms 1962). Hydraulic conductivity 
measured in wells closest to Pit 1 was 0.147 foot per day (5 x 10' cds);  Vertical hydraulic 

beneath Pit 1 was assumed to be 5 feet. 
were calculated by dividing the horizontal hydraulic conductivity by 20. The 

ydraulic conductivity of the Great Miami Aquifer is 450 feet per day. As described 
aquifer is divided by a clay interbed approximately 120 feet below the surface. The 

receptor pathway considered for this analysis is the upper part of the Great Miami Aquifer, above 
the clay interbed. 
have the same 450- 
conductivity was c 
conductivity by 10. 

turated section of the unsaturated sand and gravel was assumed to 
16 cm/s) hydraulic conductivity. The vertical hydraulic 
5 feet per day (0.016 cm/s) by dividing the horizontal 
of unsaturated sand and gravel is 20 feet. 

Specific Yield 
The storage coefficient is a measure of the amount of water that is released from storage as the 
water level in an aquifer declines. For the 
the estimation of the moisture content of 
were derived from published tables fo 
(1990). 

of this analysis, the specific yield was used for 
one material. Estimates for the specific yield 
d Johnson (1967) and van der Leeden et al. 

. .. 

Porosity 
The porosity of a material is a measure of the void volume or pore space within a material as 
compared to the total volume. Porosity is important in dete 
saturated zones and in estimating values for the moisture con 
obtained from published tables found in Moms and Johnson 
Leeden et al. (1990). 

ocity of fluids in 
tes for porosity were 
U (1986). and van der 

22.5.2 Contaminant Transwrt Parameters 
Dispersivity 
Dispersion is the spreading of contaminants due to flow-related mechanical dis lecular 
diffusion. With the exception of fine-grained material, the mechanical dispersion is 
process for the types of materials at the FMPC. In subsurface systems, longitudinal 
spreading in the direction of flow, is much more important than transverse dispersio 
analysis of flow through the vadose zone, only longitudinal dispersion was calculated using the 
techniques outlined in Mills et al. (1985). 

22-10 
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which is used in the calculation of retardation factors, is the dry particle mass per 
soil. Estimates of bulk density were taken from ASI/IT (1989) and Moms and 

coefficients (&) are used to account for the reactive portion of the transport equation. 
The use of & values is subject to several important assumptions and considerations, as follows: 

onship between the solid and solution-phase 

s assumes that the isotherm that describes reactions 
and the solids in the matrix is linear and passes 
. Ideally, sufficient Kd values should be 
e shape of the isotherm. This is particularly 

important in the design of groundwater treatment projects where the use 
of improper Kd and retardati will have a major effect on the 
projection of pumping and c es for a contaminant plume. For 
initial modeling efforts, it is o ssary to use published or 
calculated & values; rent problems associated with 
these values must be 

& values are highly in the major chemistry of the 
solution phase. It is. that the values be measured or 
estimated under conditions that will represent, as closely as possible, 
those of the contaminant plume. It is also important to note that the 
major geochemistry of the plume could change over time if affected by 
multiple solutes that are present in any waste di 

Under conditions of diffusive transport, the ad 
with a linear reaction term appears to give an 
the transport process. This provides further ev 
predictability of solute transport in fine-grained 

Although the & values and more general formulations of the reaction term have numerous 
assumptions and uncertainties associated with them, they nevertheless provide a practical means of 
incorporating the reaction process into the transport models. The alternative of 
thermodynamic modeling of potential plumes originating from waste sites is ge 
and is likely to represent further uncertainties. 

cal 

Kd values were estimated using two techniques. The first technique, which was appl 
inorganics and radionuclides, involved the analysis and selection of published values. & values 
found in the literature search were carefully screened to select those values that were derived under 
conditions that approximated those at the F " C  (Chapter 16.0). Planned geotechnical studies at thc 

FlT,CW/rS. 1 -2n2 17-90 
~ 0 0 0 ~ 8  22-1 1 
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FMPC could refine these values prior to the application of the model to the*detailed evaluation and 
dwater remedial alternatives. The distribution coefficients for radionuclides and 

given in Table 22-3. The second technique which was used for organics involved 
mulas (Mi et al. 1985) that relate the m o l - w a t e r  partitioning coefficient to 

n partitioning coefficient &J. The & value was combined with the amount of 
e size distribution of the vadose zone matrix to estimate a Kd value. The governing 

equation is given in Chapter 16.0 and composited values are presented in Table 224. 

Retardation Factor 
The retardation fact al constituents were calculated using the following equation: 

R, = 1 + 8 KJf, 

where: 
& = retardation factor (dimensionless) 
8 = bulk density of solid ma 
I(d = distribution coefficient ( 
f, = field capacity (dimensi 

The values of the above parameters s 22-3 and 224. 

22.6 MODEL APPLICATION 

Initially, the STlD program was used to eliminate the chemi 
the Great Miami Aquifer within 500 years. This was accom 
the base of the vadose zones using input parameters given i 
factors and thicknesses. Subsequent to the identification of 
concentration was calculated by the ODAST program. Initi 
the base of Layer 1, and then the results of Layer 1 were input to Layer 2 for concentration 
calculation at the base of Layer 2. The results were concentration versus time 
contaminant. An example of such a computation is shown in Figure 22-2. 

concentration of the Uranium 234 for Waste Unit 1 of Operable Unit 1. Si 
prepared for other waste units and operable units. 

ts which will not reach 
alculating concentrations at 

and different retardation 
nstituents of concern, the 
e concentration was calculated at 

22-12 
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TABLE 22-3 

PARTITIONING COEFFICIENT AND RETARDATION FACTOR 
FOR RADIONUCLIDES AND INORGANICS 

WASTE PlT 1, OPERABLE UNIT 1 

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

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

Constituent 
Rd Rd Rd 

Kd Vadose 1 Vadose 2 Aquifer 

u-234 8.38E+00 

U-238 2.16€+01 8.38€+00 
Th-228 3.69€+04 6.63€+04 2.38€+04 
Th-230 3.69E+04 6.63€+04 2.38€+04 
Th-232 
Tc-99 
CS-137 

. Ra-226 

Magnesium 
Silver 

5.80€+03 3.69€+04 6.63€+04 2.38€+04 
1.18E-01 1.75€+00 2.35€+00 1.48€+00 

2.17€+04 7.80€+03 
7.96E+03 2.86E+03 

1.38E+02 5.02E+01 
2.06€+03 7.39E+02 

.......... 

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

........ 
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. . . . . . . . . 
NOTE: 

CmCENTRATlON IS CALCULATED BENEATH THE 
WASTE UNIT AT GREAT MIAMI AQUIFER. 

.. . . 

flGURE 22-2 
COMPUTED CONCENTRATION OF URANIUM 234 FOR WASTE PIT 1 

OPERABLE UNIT 1 i0.Q 0,334 



An additional step in the model application was the use of the 
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alibrated SWIFT III program. In 
this application, a normalized source loading was applied at each waste area, and normalized 

were calculated at the Great Miami Aquifer for different times, especially for 100 

the ODAST and SWIFT 111 program results, the maximum concentrations at 100 and 
500 years at the receptor locations were calculated. 

22.7 RESULTS 

As an example, the 
Table 22-5. The res 
Generally, the analy 
radionuclides and m 
organics axe also projected to reach the aquifer. However, the biodegradation of these organics, 
which can be significant in the vadose zone, was not considered. 

aste Pit 1 located in Operable Unit 1 are presented in 
remaining sites can be found in the respective FU reports. 
at uranium and technetium are the most mobile of the 

will reach the Great Miami Aquifer. The highly soluble 

. . . . . . . . 
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TABLE 22-5 

Constituent 

COMPLETED CONCENTRATIONS 
AT RECEPTOR LOCATIONS 

WASTE PlT 1, OPERABLE UNIT 1 

Years To Receptor Concentration Receptor Concentration 
Reach Aquifer Maximum 0 - 100 Years Maximum 100 - 500 Years 

u-234 
U-235 
U-238 
Th-228 
Th-230 
Th-232 
Tc-99 
(3-137 
Ra-226 

Over 500 
Over 500 

Magnesium 

Benzo(a)anthracene 
Benzo(b) fluoranthene 
Beme)  fluoranthene 
Benzo(a)pyrene 
Chrysene 
Ethylbenzene 
Fluoranthene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 
Toluene 
Acetone 
2-Butanone 
Aroclor-1248 
Aroclor-1254 
,Aroclor- 1260 
DDT 
Bis(2-Ethylhexy1)phthalate 
Di-n-butyl. Phthalate 

n-octyl Phthalate 

.viethylene Chloride 
Tetrachloroethene 
1 , 1 , 1-Trichloroethane 

1 S4E- 1 1 
4.81E-09 
1.09E-06 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

1.1 OE-07 

Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 

Approx. 150 
Approx. 10 
Approx. 15 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 
Over 500 

Approx. 75 
Approx. 25 
Over 500 
Over 500 

NA 
NA 
NA 

. . . . . . . . . . . . . NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.29E-05 
8.76E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.89E-05 
4.42E-05 

1.40E-06 
NA 

3.9%-09 
1.28E-06 
2.95E-04 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.45E-05 

4.80E-04 
2.12E-03 
2.24E-02 
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PART V. CONCLUSIONS 

FMPC groundwater report presents the results and conclusion of the groundwater 
izing groundwater flow systems, source-pathway-receptor relationships, and the 
of contamination. The uncertainties associated with groundwater programs are 

Figure V-1 presents the rationale and logic of the overall report. The report conclusion relys 
heavily on Parts III 

development of Parts 

Parts I and II have provided the fundamental data for the 

Part V includes Cha 
given in Chapter 23. 
receptor relationship are presented in Chapter 24.0. 

24.0. The summary of the FMPC groundwater flow systems is 
and extent of contamination along with the source-pathway- 

v-1 
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23.0 GROUNDWATER FLOW SYSTEMS 

g to groundwater flow systems are derived primarily from data and discussions 
ters 12 and 20, which contain significant detail concemhg p&dwater flow at 

conclusions concerning the groundwater flow system are discussed in the 

Rate and Direction of Groundwater Flow, Section 23.1 
Surface Water Interaction with the Great Miami Aquifer, 23.2 
Influence of the Production Wells, Section 23.3 
Area the FMPC, Section 23.4 

The hydrogeologic 
Miami Aqufer) whi 
about one-half mile 
bottom, and steep valley walls. Bedrock is predominantly flat-lying shales with thin interbedded 
layers of limestone. Thick deposits (exceeding 200 feet) of glacial outwash material composed of 
coarse sands and gravels, with mterbeds of d clays, N1 the buried channel. Overlying this 

regional aquifer in places are variable 
glaciofluvial deposits (glacial overburden 

Hydrologic, geologic, and cultural 

study area is composed of a buried chamel aquifer (Great 
cised into bedrock. The buried channel varies m width from 
iles and has a U-shaped cross section with a broad, relatively flat 

loess, glacial till, glaciolacustrine, and 

t groundwater flow in the regional aquifer 
are: 

The compl.ex, irregularly shaped buried channel 

The thick, highly permeable aquifer with varia 
and vertical hydraulic conductivity 

The location of major pumping centers which 
elevations and flow over large areas 

Pumping at depth (partially penetrating wells) within the regional aquifer 

Large changes in horizontal hydraulic gradients across the study area 

The presence of vertical hydraulic gradients within the study area, 
possibly induced by local pumping 

Complex river, stream, and aquifer interactions 

Variable areal recharge through overburden, flood plain, and alluvial 
deposits 

23-1 
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Groundwater flow within the glacial overburden is influenced by local variations in hydraulic 
conductivity, local recharge, varying depositional thicknesses, and cultural features (e.g., drains, 

DIRECTION OF GROUNDWATER FLOW 
in the vicinity of the FMPC occurs in the glacial overburden, and sand and gravel 

the Great Miami Aquifer. Groundwater also occurs to a limited extent in bedrock. The 
bedrock beneath the FMPC lies at great depth and below the other sand and gravel units. The 
bedrock is essentiall 
further. 

in comparison to the aquifer and therefore will not be discussed 

The glacial overb 
glacial till, but also 
Consequently, the glacial overburden has a wide range of hydraulic properties, ranging from more 
highly permeable glaciofluvial layers (silt, s 
glacial till (sand through boulders in a ma 

clay). Perched mnes of groundwater wi 

iderably in thickness and lithology. It is composed primarily of 
glaciolacustrine deposits, and glaciofluvial deposits. 

d gravel) to relatively impermeable mnes of 
ay and silt) and glaciolacustrine deposits (silt and 

ial overburden are often associated with 
discontinuous layers of glacioflwial 

The perched groundwater system wi 
water supply, fits the regulatory definition of an aquifer in some locations and is important as a 
potential contaminant pathway to slnface water comes and the underlying regional aquifer. 

urden, while not representing a practical 

The Great Miami Aquifer is the principal aquifer within the 
thick sequences of sand and gravel deposits located in a deep 
New Haven Trough. Contained within the sand and gravel 
unit, the clay interbed. Where present, the clay interbed 
upper and lower sand and gravel units. The Great Miami Aquifer is the principal aquifer of 

FMPC and consists of 
valley known as the 

atively continuous clay 
Aquifer into 

concern in the FMPC study'area and it could yield a signifhnt quality of water. 

23.1.1 Glacial Overburden 
Perched groundwater occurs in localized discontinuous mnes within the glacial ove Small- 

scale fluvial and beach deposits interbedded within the till form layers of relatively hydraulic 
conductivity. The hydrogeologic characteristics of the overburden vary widely throughout the study 
area. At the FMPC, depth to perched groundwater in the glacial overburden may range from 
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1 to 15 feet. The seasonal fluctuation of a perched water table is up to 10 feet, with the highest 
water levels occuning during the early spring and lowest during the late fall. Based on falling 

1000 Series wells (Table 12-1). hydraulic conductivities in perched zones of the 
en at the FMPC range from 0.009 to 0.85 ft/day (2.8 x lo4 to 3.0 x lo4 cm/s). 
ed glacial till and glaciolacustrine deposits of silt and clay act as aquitards in this 

. Perched groundwater in the glacial overburden occurs primarily under unconfined conditions; 
however, due to the 
movement in the vi 
Paddys Run and the 

. shallowperchedzon 
toward local surface 
variations in recharge, with localized patterns often dependent on location-specific features such as 
leaky storm sewers. Shallow groundwater flow may also be influenced by the presence of 
agricultural drain tiles installed prior to the 
flow within the glacial overburden is disc 

patterns cannot be established. 

materials, local confined conditions may occur. Groundwater 
C in the perched system is to the south and west, toward 

Outfall Ditch, and vertically downward. However, because the 
o ~ e ~ t e d  across the facility, the movement of fluids is likely 
flow patterns within perched zones vary seasonally due to 

ction of the FMPC. Consequently, groundwater 
d nonuniform across the F " C  and site-wide 

23.1.2 Great Miami Aquifer 
Groundwater elevation contour maps, developed from the 2000 and 3000 Series wells in the FMPC 
Study Area, are presented in Appendix K. The maps represent groundwater flow patterns for the 
period of January 1988 through April 1990. In addition, regi ater maps for August 
1982, April 1986, and May 1988 are presented in Figures 12 d 12-3. The generalized 
regional groundwater flow pattern is shown in Figure 2-6. 

Groundwater enters the FMPC study area from three directio 

In the northeast, groundwater moves southwest from the Ross area into 
the portion of the New Haven Trough now occupied by the Great 
Miami River. 

The second source of groundwater is the Shandon Triiutary to the no 
of the W C ,  a tributary of the New Haven Trough that lies under 
Shandon. The majority of the groundwater from the Shandon Tribu 
flows under the Waste Storage Area and the Production Area and leav 

23-3 
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along the eastern boundary of the FMPC to discharge into the Great 

large pumping wells, located m the "Big Bend" meander on the Great 
ami River east of the FIWC, produce a pronounced and persistent cone 

This cone of depression creates an induced eastward flow of 
the northern and central portions of the FMPC 

igures 12-2 and 2-6). resulting in a groundwater divide trending northwest to 
southeast across the southem portion of the FMPC. 

The third source of groundwater is from the west. The recharge from 
Whitewater River, located about two miles west of 

undwater to move to the east toward the FMPC. 
under the southern part of the FMPC and 
River in the glaciofluvial deposits under the 
un. A portion of the groundwater from the 

reaches the Great Miami River via this Paddys 

Paddys Run affects local groundwater flow along the western boundary and in the area south of the 
FMPC. During dry seasons, when there is e to the regional aquifer, groundwater flows 
southeastward. During periods of high fl 

Miami Aquifer and creates a trong southward gradients. In the northern 
portion of the study area, the mound al reversal causing northward flow. Both of 
these flows are transient conditions which only last for the duration of high flow in Paddys Run, 
and do not appear to significantly affect long-term contaminant migration patterns. 

ys Run, stream water infiltrates the Great ' 
Bedrock highs south of the FMPC also control groundwater 
western bedrock highs force groundwater to flow due south 
channel between the two bedrock highs, the groundwater gr 

In addition to dominant regional groundwater direction, as 
flow patterns dominate the regional flow system; however, short-term variations in groundwater 
flow direction do occur. Examma ' tion of the historic groundwater data from J 
April 1990 shows the transient effects that occurred due to both drought and w 
features are prevalent throughout the 2000 Series groundwater elevation maps 
although they can be seen in the 3000 and 4OOO Series maps as well. Based 
elevation maps, the following trends and conditions can be seen: 

. Theeasternand 
t Miami River. In the 

preceding general 

~ ~ W ~ . 1 - 2 / 1 2 - 1 7 - 9 0  23-4 
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Flow conditions across the FMPC generally trend east to southeast. 
These flow patterns are relatively stable, although they tend to shift 
northward during periods of extended recharge (e.g., April-May 1989). 

Peak groundwater levels generally occur during the spring and early 
summer months, which are also the major groundwater recharge months. 
For the period of record, the highest groundwater contours occurred 
during the month of June 1989, when unusually large amounts of 
rainfall caused groundwater elevations to rise approximately 4 to 5 feet 
above their mean levels. Wells proximal to Paddys Run exhibited 
elevations increase as much as 10 feet over their n o d  values, due to 

groundwater recharge entering from Paddys Run 
hydrographs). 

ter levels generally occur during the late fall and 
of the year. This corresponds with the dry season 
hich generally starts in late summer or early fall 

For the January 1988 through April 1990 time 
period, minimum groundwater levels occurred during the months of 
November 1988 through January 1989. Levels during this time were 
unusually low due to drought conditions that occurred during the 
summer and fall of 1988. groundwater levels to fall 

o m  seasonal lows. approximately 2 to 3 feet 

Recharge events were observed in May-June 
1989 and March 
cause a "mound tes through the stream 
bed and enters the gro 
although it appears to occur on an annual basis as part of the recharge 
during the spring and early summer months (Section 1252). 

m Paddys Run can be seen to 

s effect is transient, 

. 

23.2.1 Great Miami River/Groundwater Interaction 

interaction with the Great Miami Aquifer. The Great Miami River is a perennial river, while 
Paddys Run is an intermittent stream. 

The Great Miami River is a gaining stream which receives groundwater along 
through the study area. However, near the collector wells, the river loses w 
13 Mgd and provides approximately 64 percent of the water pumped from the wells. 
tracking shows that the reach of the Great Miami River that would receive 

se 

mrpwlrs.1-yl217-90 23-5 
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beneath the FMFT gains water at a rate of about 637,000 f?/day (4.8 Mgd). This amount is about 
the total discharge to the total reach of the Great Miami River included in the 

rates of the collector wells were increased by 25 percent, induced infiltration from 
ami River would increase by 27 percent to 16.5 Mgd. The reach influenced by the 

wells would extend an additional 500 feet upstream. If the pumping rates of the collector wells 
were decreased by 
31 percent, to 9 Mg 

on from the Great Miami River would decrease by 

in several ways that affect groundwater flow 
and discharge. Paddys Run has eroded through the glacial overburden and into the top of the Great 
Miami Aqurfer from its confluence with the 
oxide silo (Figure 11-5). It is, therefore, 
generally loses water to the regional aquife 
the vicinity of the FMPC, the stream is 
rainfall and snow-melt events. Sustain 

and spring and by stream gaging statio 
recharge is relatively high where the bed of the stream is on the sand and gravel of the Great 
Miami Aqurfer. Farther north, Paddys Run is underlain by clayey glacial overburden. Therefore, 
relatively little recharge of the Great Miami Aquifer occurs in 

Groundwater elevation contour maps for the 2000 and 3000 
through K-56) show that the regional water table near Paddys as much as 10 feet 

during the period January 1988 to June 1989. This fluctuati dered extreme, since 
the FMPC experienced drought conditions from spring 1988 to early winter 1989, followed by an 
extended period of higher than average precipitation from late winter to early summer 1989. A 
similar pattern has been observed in the winter of 1989/1990. As shown in Fi 
there is a high degree of correlation between the Paddys Run hydrograph and the re 

hydrograph. As the Paddys Run water elevation peaks, the groundwater shows a 
later, which indicates the direct hydrologic coxmection between the stream and the 
Aquifer. 

Miami River to about the position of the metal 
nnected with the Great Miami Aquifer and 

is perched above the regional water table. In 
except during runoff periods following 

observed in Paddys Run during the winter 
g the RI. During flooding periods, 

(Appendix K, Figures K-1 

, 
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previously, the Storm Sewer Outfall Ditch is a tributary of Paddys Run that enters the 
ve the southwest boundary of the FMPC. The bed of this stream is on sand and 
reat Miami Aquifer, to about as far upstream as the storm water retention basins. 
in the Storm Sewer Outfall Ditch can directly infiltrate into the underlying aquifer. 

ewer Outfall Ditch once carried excess storm water and associated contaminants from 
the Production Area prior to construction of the two retention basins, and is considered to be a 
significant source of historic uranium releases to the Great Miami Aquifer during the years of 
FMPC operations. er Outfall Ditch stil l  drains nearby uplands during sustained 
rainfall events and 
the event of overtop 

spring snowmelts, and serves as the conveyance channel in 
tention basins. Otherwise, the ditch is typically dry. 

23.3 INFLUENCE OF PRODUCTION WELLS 

A water balance was established to detemnine the effect of collector wells on groundwater flow 
direction and rate. The results of this anal 

influence the groundwater water flow dire 

the water pumped from the collector well 
amount comes from the part of the aq 
source of water for the collector wells i 
are presented in Table 20-6. 

cate that the collector wells significantly 
same results show that about 3.3 percent of 
m beneath the FMPC site. About half of this 

lay interbed. As indicated earlier, the main 

River. The results for the collector wells 

0 

23.4 AREA OF INFLUENCE OF THE FMPC 
Modeling results showed that water entering the FMPC p 
Miami Aquifer northwest of the site. Any influence on the a 
small to be detected. Particles seeded immediately around the well 

during particle tracking analysis were not drawn downward in 
southeastward and showed no deflection toward the well. 

omes from the Great 
e the clay interbed is too 

interbed. They moved 

The pumping well has such a slight effect on the groundwater system (pumping 
292 gpm) that reasonable increases or decreases in the pumping rate will have no s 
on the configuration of the potentiometric surface or on seepage through the clay in 
Simulated seepage through the clay interbed is negligible. 
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24.0 SOURCEPATHWAY-RECEPTOR RELATIONSHIPS 

herein was to further the understanding 
of contaminant release to the Great Miami Aquifer, the transport of contaminants to 

the groundwater pathway, and the risk posed to those receptors as a result of exposure 
to contaminated groundwater. As indicated by the schematic in Figure 24-1, the FMPC 
groundwater program was designed around the concept that the Great Miami Aquifer is the primary 
pathway by which 
analysis of the aqui 
the groundwater and 
contaminants and 

eased from a source unit are transported to a receptor. The 
y not only had to consider the advective and dispersive flux of 

ntaminants, but also the geochemical reactions between the 
that effectively attenuate contaminant migration. 

For purposes of the comprehensive groundwater study, however, the Great Miami Aquifer also had 

to be viewed as a source of contaminants 
condition for the evaluation of potential 
as potential sources of contamination. Th 
evaluated under a no-action scenario. 
evaluated under both present and futu 

environmental receptor, independent 
of the groundwater. 

The contribution of the various tasks of the groundwater p 
pathway-receptor xelationships at the FMPC is also s 
figure indicates that information provided by each of sev 
program found widespread use in the integrated analysis of 
(pathway), and risk (receptor) associated with the groundwater medium. 

environmental receptor. In establishing a baseline 
the existing contaminant plumes were treated 
ed migration to as yet unaffected areas was 

els of contaminants in groundwater were also 
s of the degradation of the aquifer as an 

an receptors would be impacted by use 

erstanding of source- 
24-1. In particular, the 

of the groundwater 
inant release (source), transport 

In the case of contaminant release, the site history and previous studies that inv 
the waste materials provided the most direct evidence of sources and the charac 
materials and leachate. RI/FS field observations served primarily as documentation 
release to the Great Miami Aquifer. or at least to perched groundwater, which coul 
continuing source, had or had not occurred. The groundwater quality data also 
analyses (e.g., isotopic ratio analysis) that contributed information as to the potential source or 
sources of any observed contamination. The groundwater flow and solute transport models provided 
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additional input as to the most Likely sources and time frames of historic and continuing releases. 
plished by utilizing the model to "recreate the past"; that is, to model the time 

r of historic release scenarios until the most plausible scenario that satisfactorily 
currently observed plumes was found. On the other hand, the potential for 
ture releases from the same sources was quantitatively addressed through the 

rogram and the long-term fate and transport model. 

The analysis of the Great Miami Aquifer as an environmental pathway focused on the modeling 
tasks, as supported 
conditions" against rformance was evaluated. Whereas groundwater elevation data 
and water quali evidence of actual field conditions at specific points in time 
and space, the grou port models allowed for the systematic interpolation 
between and ex point observations. In short, the models provided spatially 
continuous views and future predictions of groundwater conditions at the FMPC. The long-term 
fate and transport model provided a similar 
longer time frame, but with less certainty. 
program to account for the expected atten 
receptor. In the case of the pathway an 
historic record against which the N/FS 

designed. 

ations that provided both the input data base and the "actual 

sm for predicting future conditions over a 
el extracted data from the geochemical 
plume as it is transported fmm a source to a 0 

history and previous studies provided a 
ing efforts would be more effectively 

The groundwater program provided the basic data for many e 
was accomplished through a combination of field observatio 
provided the most direct evidence of elevated concentrations 
potential receptor locations, whereas the predictive capacity 
both existing concentrations at monitored locations and fu 
Through the various data interpretation and modeling studies, the following types of information 
were generated: 

e risk assessment. This 
ling. Field observations 
ical constituents at 

nditions at al l  critical locations. 

Receptor locations potentially at risk based on source locations an 
groundwater flow pattern 

Chemical species that would likely be dominant in the groundwater 
environment 

Approximate maximum concentration to which a receptor may be exposed in 
the future 

Time at which the maximum exposure would occur 

000.348 
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24.2 POTENTIAL SOURCES OF RELEASE TO THE GREAT MIAMI AQUIFER 
text of the source-pathway-receptor relationship conceptualized in Figure 24-1, the 

een the source and the pathway is the point at which contaminants enter the 
Great Miami Aquifer. This conceptualization adds complexity to the source 

eral different source scenarios can be developed from a single point of contaminant 
such scenarios are shown in Figure 24-2, with each scenario further divided into a 

number of subpathways between the initial point of release and the eventual entry of a contaminant 
into the Great Miami 

Four different release 
Figure 24-2. These i 
episodic releases (e.g 
contaminated process 
from a waste storage or operating unit. Releases via storm water runoff are further differentiated 
by the initial and subsequent receptors of th 
release through the storm water retention 
pathways taken by these releases can vary 
presence of perched groundwater zones 
release to the regional aquifer, and the 

m the source units into the environment are identified in 
uspension of surface contaminants into storm water runoff, 

onto the ground surface, the release of permitted discharges of 
water from the main effluent line, and subsurface leakage 

, with special consideration given to the possible 
e Storm Sewer Outfall Ditch. The interim 

on. Two noteworthy variations are the local 
termediate collection points pending future 

as a collection point that is susceptible 
to leakage directly into the underlying sand and gravel aquifer. 

The initial sources of contaminant release shown in the lefhn 
generally unchanged from those identified at the time of 
the groundwater study, however, the likelihood of past, prese 
from each of these units was more firmly established so that 
developed and prioritized. In particular, the following 
relation to the source scenarios shown in Figure 24-2 and discussed in the following section: 

Figure 24-2 remain 
preparation. Through 
releases of contaminants 

priate remedial actions could be 
ulted from the RIPS in 

Scenario la: Both historic and continuing releases of contaminants into 
storm water runoff have been documented in the Waste Storage A 
Production Area. The infiltration of these releases into the under1 
perched groundwater and the Great Miami Aquifer is likely, but 
evidence is masked by other types of releases in these same are 
other hand, the historic release of contaminated storm water runoff to 
Great Miami Aquifer via Paddys Run and the Storm Sewer Outfall Ditc 
considered to be the principal cause of much of the groundwater 
contamination in the southwest portion of the FMPC and in off-FMPC areas 
to the south. 

24-4 
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Scenaxio Ib: Contaminated stom water runoff from the fly ash 
area/Southfield has also been obsexved, but is considered to be of secondary 

rtance to groundwater contamination when compared to releases from 
te Storage Area and the Production Area. Contributions from 
areas and other areas of the FMPC as a result of storm water runoff 

o not appear to be significant. 

Scenario 2: The contribution of leakage from the Storm Sewer Outfall 
Ditch to groundwater contamination is in evidence both to the east of the 
outfall ditch (Le., in the immediate downgradient direction) and 
downgradient from the confluence of the outfall ditch with Paddys Run. 

was evidenced by groundwater quality observations, 
tion was confirmed both by direct observations and by 

lute transport model to recreate the most likely 
of historic sources. 

e contribution of storm water xunoff to groundwater 
reatly reduced in recent years by capital 
uding the storm water retention basins. Planned 

Paddys Run, and thus to the 
removal actions are expected to eliminate the release of contaminated storm 
water runoff from the 
Great Miami Aquifer. 

releases are difficult release mechanisms. 
Exceptions to this are s 
observed contamination 
spills, leaks, tank ove onal problems. The elevated 
concentrations of uranium and other organic constituents observed in 
2000 Series wells beneath the southern portion of the Production Area are 
also considered to have their origin in such singular events. 

Scenario 3: Localized effects r quality resulting from episodic 

the Production Area, where 
water has been linked to singular 

Scenario 4: The scenario of groundwater con 
discharges into the Great Miami River is 
the river that recharge the aquifer, with e 
zone of influence of the production wells 
of the FMPC outfall on groundwater quality in 
effects would be indistinguishable fmm natural 
the observations. Consequently, this source scenano is not considered 
significant. 

ches within the 

Scenario 5a: There is substantial evidence from groundwater quality 
observations and the modeling study that the release of contamin 
leachate has occurred and continues to occur from the individual 
within the Waste Storage Area. Although exact sources are difficult to 
substantiate, analyses of isotopic ratios and upgradientldowngradient 
relationships provide evidence that the principal sources are the waste 
and the Clearwell. Evidence also exists that the effects of these 
extend to the regional aquifer underlying the Waste Storage Area, 
considerable attenuation does occur as contaminants migrate vertically 
through the till. 
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Scenario 5b: Subsurface releases have also been substantiated in several 
areas within the Production Area. Total uranium concentrations in excess of 

ug/L were observed in perched groundwater in the vicinity of 
2/3, 6, 8, and the Raffinate Area. Whereas these levels of 

ination can be tied back to specific buildings or 
specific sources of more widespread contamination of perched 
neath the M u c t i o n  Area to levels exceeding 100 ug/L 

nitized. Total uranium concentrations in the uppermost 
portion of the Great Miami Aquifer were significantly lower than those in 
the glacial overburden within the Production Area. 

there is limited evidence that subsurface releases 
e Sanitary Landfill and the Lime Sludge ponds, it has 

any effects remain limited to the overburden and 
. There is no substantial evidence that the underlying 
r has been affected. 

vidence exists that the fly ash area and Southfield have 
been a source rface releases to the Great Miami Aquifer. Much of 
this evidence is based on elevated concentrations of inorganic species 
characteristic of fly ash leachate and other materials potentially disposed in 
Southfield (e.g., high alkalinit indicative of concrete debris). Other 
potential impacts, in partic 
masked by the location of 
Paddys Run known to con 
aquifer. 

release of radionuclides, are 
gradient from those reaches of 

nants directly into the underlying 

Scenario 5e: There is no significant leakage has 
occurred from the K-65 s of waste storage. Elevated 
radium concentrations that would fingerprint the silos as a source have not 
been observed in groundwater, whereas elevated concentrations of uranium 
observed in perched groundwater near the silos to be the result 
of a suspect area in the same vicinity. 

Scenario 5f: The results of a recent study indi 
line to the Great Miami River leaks along po 
measurable impacts on groundwater quality h 
nearby wells. Additional monitoring of gro 

24.3 THE GREAT MIAMI AQUIFER AS A CONTAMINANT PATHWAY 
The basic requirement of a groundwater source-pathway-receptor relationship is 
interest be hydraulically connected to a given source via the groundwater pathw 
receptor be hydraulically downgradient from the source. If this is not the case, 
link between the source and receptor is nonexistent and no pathway analysis w 
regardless of the magnitude and duration of the release. For a given source and re 
at the FMPC, this issue would be resolved solely by consideration of the groundwater flow patterns 
in the Great Miami Aquifer, as presented in Chapters 12.0 and 23.0. 

mTxiw/Ts.l -2fl2-17-90 24-7 
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With reference to the source scenarios illustrated in Figure 24-2, the pathways of key interest to the 

Aquifer are those that originate in the following areas: (1) Waste Storage Area; (2) 
(3) fly ash aredSouthfield; (4) the reach of Paddys Run from approximately the 

Great Miami River, and (5) the Storm Sewer Outfall Ditch. Based on the RWS 
dy, the following conclusions have been made: 

Releases from the Waste Storage Area will migrate to the east, with a slight 
northern component of flow during seasonal periods of high recharge. 

r would be either to the Great Miami River 
to the SOWC collector wells. 

roximately 35 years has been estimated for 
Storage Area to reach the collector wells. 

n effects would extend this travel time considerably, 
estimated travel time of 420 years for uranium at a 
2. The leading edge of a uranium plume would, in 

s in a somewhat shorter time period due to 
dispersive effects. 

In accordance with the eastwa nent of flow, the Production Area is 
located immediately down the Waste Storage Area. The 
migration of contaminants e Production Area would, therefore, 
mirror the pattems from the e Area with a reduction in the 
travel time to reach the co the river. Due to the upgradient/ 
downgradient relationship ntamination from the Waste 
Storage Area would mix ing releases from the Production 
Area prior to reaching the Great Miami River and the collector wells. 

The fly ash area and Southfield lie within a zone of transition from eastward 
groundwater flow to southerly groundwater flo 
influences caused by groundwater mo 
expected that the southern component 
flow pattern in this area such that any 
eventually be diverted to the south 

The groundwater gradient in the i 
area/SouWield is relatively flat, 
order of one foot per day. With a retardation value of 12, the migration 
rate of uranium would be approximately 30 feet per year. This would 
indicate that contaminant releases from Paddys Run within the ea 
plant operation could be currently impacting groundwater quality 
vicinity of the fly ash aredsouthfield. 

The long-term migration pathways of contaminants released from Paddy 
Run to the Great Miami Aquifer vary depending on the specific locat 
the release. The northernmost impacted reaches would be associated 
eastward component of groundwater flow, in which case a plume wou 
flow to the east across the FMPC and discharge to the Great Miami River 
to the east-southeast of the site. The central reaches, considered to be the 
most important historical sources of contaminant release, would have a slight 
eastward- component of flow, but would be dominated by a southerly flow- 
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component. The resultant plume would have a net southern movement 
toward the westemmost bedrock valley (as evidenced by the existing plume 
south of the FMPC), with eventual discharge to the Great Miami River west 

Baltimore. The velocity of this plume would be expected to 
by an approximate factor of three to five as the hydraulic gradient 

teepens through the narrow bedrock valley. A southerly flow from Paddys 
un directly to the Great Miami River would occur in the lower, east-west 

oriented reach of the stream. 

Groundwater quality data indicate that some contaminant migration occurs to 
the west from Paddys Run. This is considered to be the result of seasonal 

table immediately beneath the stream. Based on 
solute transport model, the extent of this transient 
in time and space, and eastward or southern plume 

into the aquifer from the Storm Sewer 
t-southeast toward the Great Miami 
An exception would be infiltration 

from the lower reaches of the outfall ditch, which would likely be 
dominated by the southerly component of flow toward the bedrock valley 
underlying Femald. An east ving plume from the outfall ditch 
would have a velocity less r day due to the relatively flat 
piezometric gradient in this that any such plume would not 
yet have reached the FMPC 

24.4 GROUNDWATER RECE€TORS 
Once a hydraulic connection between a source and a pathway is established, the key issues revert to 
the time required for contaminants to reach a receptor, the potential duration of the exposure, and 
the concentration distribution over time at the receptor locatio 

FMPC, consideration had to be given to both the future mi 
contaminant plumes and the potential for future releases that 
create new plumes of groundwater contamination. The bas 
was established by a combination of groundwater quality ob 
quantification of future releases and the resultant future behavior of the plumes had to be based 
solely on the predictive capability of the various models. These models were developed and 
calibrated to site conditions to secure confidence that the results are representati 
conditions at the FMPC. 

address these issues at the 
ting groundwater 

r sustain existing plumes or 
(i.e., the existing plumes) 

ons and model results. The 

The potential receptors at risk must also be considered from two vantage points--h 
receptors assumed in the performance of the risk assessment in accordance with 
guidance, and actual receptors based on current land use in the vicinity of the FMPC. The risk 
assessment was performed based on the assumption that DOE’S institutional control of the FMPC 

0 
000354 
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would remain in effect for at least 100 years. Under this assumption, the most critical groundwater . 

be hypothetically located at the FMPC property boundary at a point immediately 
m a given source. One exception is the most critical receptor for the South 
case the maximum plume concentration is already located beyond the FMPC 
expected to remain so under anticipated contaminant release patterns. Within this 

ost critical potential receptor would be located at the predicted point of maximum 
concentration in the plume. 

Based on the results 
current users of gro 
the regional aquifer 
migrating) plume a 

would eventually rea 
river, causing a significant increase in the number of potential industrial receptors through the 
associated water distribution system. As indi 
be expected to occur for well over 100 ye 

undwater study and the associated baseline risk assessment, no 
FMPC locations are at risk as a result of FIWC discharges to 
that would be initially exposed to the northern (eastward 
rs to the east of the Fh4PC along Route 128. This plume 

n wells located within and adjacent to the "Big Bend" in the 

in the previous section, however, this would not 

Model predictions of plume migration 
terns of both the hypothetical and a m  case of the northern plume, the 
simulated spreading of the uranium plume for the next 70 years under a no-action scenario indicates 
that the 30 ugL contour would migrate about 400 feet to the east-southeast (Figure 21-32). This 

degree of movement implies that the 30 ug/L contour would n 
70-year time frame. Predicted uranium concentrations at the 
less than 10 ug/L. These results mitigate any concern for eve 
FMPC boundary within the assumed period of institutional 

xposure period provide important results in 

FIWC boundary in a 
ary after 70 years are 
etical receptor at the 

The South Plume, as it is currently configured based on water quality observations and model 
predictions, would continue to migrate to the south under the no-action alternative. The velocity of 
plume migration would increase in relation to historical trends, however, due to 

the piezometric gradient through the namw bedrock valley. This continued mi 
the residences and commercial establishments along New Haven Road at maxi 
70-year period of exposure. Groundwater users south of New Haven Road to 
River would also be at potential risk at a later point in time, but continued 
lower the maximum uranium concentration to which these individuals would be exposed. 0 
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The predicted movement of the South Plume would be approximately 5.000 feet over the next 
to the point where it would enter the Great Miami River (Elgure 21-32). The 
of the plume would be expected to reach New Haven Road in about 5 years; 

uld take approximately 20 years for the projected center of the plume to reach this 

predicted uranium concentration in the center of the plume would be 100 ug/L at the 
aches New Haven Road. Future plume development and migration would remain at 

levels below the existing South Plume due to the drastic decreases in the supply of uranium from 
Paddys Run and the Storm Sewer Outfall Ditch relative to historic loading rates (Figures 21-27 and 
21-32). It is also n model predictions indicate that the highest levels of uranium will 

remain in the uppe 
time frame. 

' 

of the Great Miami Aquifer (2000 Series wells) over the 70-year 

Once the assumed 
free to reside at any point within the FMPC and to use groundwater at that location. Under this 
scenario, the location of the hypothetical cri 

tional control ends, it is considered that an individual would be 

ceptor would be at the point where a release 
from a given source enten the Great Mi r, prior to plume dispersion and further mixing 
with less-contaminated groundwater. 

The long-term effects of the waste uni nuing sources of contaminants to the Great 
Miami Aquifer are evaluated using the long-term migration model described in Chapter 22.0. 
Because future releases from the individual waste units are most critical to the maximum exposure 

that would hypothetically occur under a noninstitutional con 
model was used to predict receptor exposures for the post-7 
more likely that such releases will be controlled at the sou 
aquifer. the RUFS strategy has been to address the long-te 
of the source operable units rather than under Operable Unit 

e long-term migration 
. Further. because it is 
once they enter the 

e within the framework 

As indicated in Chapter 22.0, the analysis of long-term release and migration is continuing on an 
operable unit-by-operable unit basis. This analysis of fate and transpon is cu 
limitations around which future field investigations are planned. Only prelimin 
be drawn at this time. In general, the results of the long-term migration mo 
highest future concentrations of the radionuclides and chemicals of concern 
beneath waste units. Leachate formation will be controlled by the form an 
the waste materials, whereas the rate of vertical migration will be controlled by the retardation 
factor and thickness of the geologic units, specifically the till underlying most waste units. The 

000356 
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analysis indicates that d u m ,  technetium, and soluble organics are most likely to reach the Great 
first. The existing data base on waste materials and the preliminary model results 
that the source of some contaminants will be depleted earlier into the future under 

ve, while other radionuclides and chemicals will continue to leach throughout 

24.5 UNCERTAINTIES 
The principal objective of the groundwater program, as indicated earlier, was to further understand 
the sources of co 
receptors via the 
to contaminated gro 
and summarized in 
development of technically sound, effective remedial actions in the FS. 

to the Great Miami Aquifer, the transport of contaminants to 
ay, and the risk posed to those receptors as a result of exposure 

sults of the groundwater program, as presented in this report 
met this objective to the degree necessary for the 

Nevertheless, as is the case with any study 
can only be remotely monitored (i.e., the 
regardless of the scope of the program 
important uncertainties that remain with 

with the Great Miami Aquifer are dis 

rical and future effects on an environment that 

groundwater environment), uncertainties remain 
de of the available data. The most 

urces, pathways, and receptors associated 

24.5.1 Source Uncertainties 
The identity of the principal source areas at the FMPC is w 
incorporated into the RWS operable unit strategy. These pri 
Figure 24-2. Source uncertainties remain, however, in two ge 
of long-term leachate formation and release. 

are identified in 
as and in the modeling 

One geographic a m  of continuing concern is north of the Southfeld in the vicinity of Wells 2045 
and 2046. Uranium levels in excess of 100 ug/L have been observed in groundwater in this area 
with no source being finnly identified. One possible explanation is that large re 
from Paddys Run historically occurred over a short span of time such that a hi 
plume was formed and migrated eastward. A plume formed in the late 1950s 
be expected to be located in the vicinity of Wells 2045 and 2046 today. The 
supposition is the apparent discontinuities in the high uranium levels south of these 
high variability of observed uranium concentration in these wells from sampling period to sampling 

period. Both of these arguments would be countered if the plume was very n m w  in width; thus, 
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a qualifier was added that a high rate of release would have had to occur over a short period of 
lution of this issue is important to the selection of a remedy for the groundwater 
nly in terms of its effect on the cleanup times and the volume of water requiring 

ertainty is the strength and distribution of source terms within the Production Area. 
The RI within the h.oduction Area was planned and conducted toward an objective of identifying 
the most critical continuing sources for remediation on a priority basis. Whereas the most 
important historic ources have been identified and related to the areas of highest 
groundwater contam ve areas with uranium concentrations exceeding 100 ug/L have 
likely resulted of point and dispersed sources. Future studies will continue to 
define sources wi Area, and the eventual decontamination and decommissioning 
of the facilities nuing sources. In the meantime, progress will be made 
toward the remediation of both known sources and areas of highly contaminated perched 
groundwater that would otherwise serve as uing release to the Great Miami Aquifer. 

m e  uncertainties associated with the m 
both uncertainties in the input paramete and the lack of field data for model 
validation. In the former case, the in modeling needs into the field investigation 
focused on uranium as the principal contaminant of concern. As EPA’s guidance changed, 
however, numerous other constituents had to be considered in the long-term migration model to 
fully satisfy the risk assessment needs. Certain geochemical 
example site-specific retardation factors, were not available 
results of geochemical modeling and published literature valu 
model predictions of long-term concentrations at receptor lo 

An option to the lack of definitive information on site-specific model parameters is to establish an 
acceptable range of input values through the calibration of the model against known field 
conditions. In the case of the long-term transport model, however, many of the 
concern have not actually been detected in groundwater or have been detected 
concentrations. Consequently, the model predictions of future hypothetical con 
compared to current field observations to ascertain the reasonableness and rep 
results. 

chate formation and release are associated with 

e other constituents, as for 
established based on the 

ultant uncertainties in 

f 
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24.5.2 Pathway Uncertainties 
existing literature and direct field observations, as supported by the groundwater flow 

R models, the hydrogeology of the Great Miami Aquifer is considered to be well 
rtainties remain, however, in the understanding of the perched groundwater 

unit is discontinuous and its hydrologic properties vary considerably throughout the 
, interpolating between and extrapolating beyond direct observations at a limited 

. number of points is difficult. This difficulty results in uncertainties in the selection of the 
hydrologic properties 
rate and potential ex 

draulic conductivity in the till. as well as in the prediction of the 
inant migration through perched groundwater units. 

Another uncertainty of pathway migration is the retardation factor for many of the 
radionuclides and c . Whereas the site-specific retardation factor for uranium is 
considered to be w r values had to be based on literature values as supported by 
the results of geochemical models of chemical speciation. In addition, the geochemical properties 
of the aquifer materials vary across the site, 
based on a single retardation factor. 

24.5.3 ReceDtor Uncertainties 
Both the groundwater flow pattern and 
Aquifer are well understood. Therefore, there is a high degree of certainty in determining both 
current and future critical receptor locations. The principal uncertainty is associated with the long- 
tern release and transport of contaminants under the no-actio 
issue is limited, however, in that it becomes important only 
is expected that appropriate source control actions will occur 

A secondary uncertainty is the extent of uranium contam 
Paddys Run. There is a high degree of confidence that the cause of these observations is known, 
and that the effects are transient and limited in spatial extent. These conclusions are supported by 
the model results. 

increasing the uncertainty in model results 

extent of contamination in the Great Miami 

The criticality of this 

s well into the future. It 

r to the west of 
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