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DETAILED CROSS SECTIONS FOR GLACIAL OVERBURDEN 

The cross sections are interpreted from the qualitative field descriptions of field geologists contained 

in the visual classification of soil forms (Appendix P). The cross sections described here 
(Appendix Q) portray the subsurface geology of the waste storage area (Figures Q-1 through Q-lo), 

former production area (Figures Q-11 through 4-29), fire training area (Figures 4-30 and Q-31), 

sewage treatment plant area (Figures Q-32 through 4-34), and the storm water retention basin area 

(Figures 4-35 through Q-38). Each cross section includes the preconstruction land surface as well as 
the existing topography, above-grade additions such as buildings or fill, and below-grade 

modifications such as pits or structural foundations. Lateral correlations of color and grain size were 

made only for undisturbed strata. The following are descriptions of the cross-section sets. 

Waste Storwe Area Cross Sections 

The waste storage area cross sections D-D’ through S-S’ (Figures Q-1 through Q-10) portray the 

subsurface between the waste pits. Before construction of the waste pits, the waste storage area was 

eroded by several small tributaries to Paddys Run. The waste pits are constructed both above and 

below original land surface. The soil that was added above the original surface to form the pit berms 

between or bounding the waste pits was imported from excavations elsewhere at the FEW. 
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Consequently, all fill above the preconstruction topographic surface shown in the cross sections is 
reworked loess, till, or lacustrine material. The fill is largely clay and silt-size material but contains 
scattered and discontinuous pockets of sand and gravel. 

pits. Details of the pit liners and pit contents are included in the Operable Unit 1 RI Report (DOE 
1994g). 23 
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P 

No distinct liners are shown for the waste 21 
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25 The eastern third of cross sections J-J’, K-K’ and N-N show the presence of discontinuous sand 

which is discussed in detail in Section 3.5.1. The pumping test was performed just east of Waste Pit 

4 m d  revealed a narrow 20-foot channel running roughly north-south. A similar small channel 

feature could also be present at other locations across the site. Therefore the sands in thii area are 

shown as discontinuous. Many of the detailed cross sections show sediment correlations extending for 

influence of channel features indicates that many of these extended correlations may be in error. In 

terms of fluid and contaminant movement, long correlations are conservative. 

lenses. These are shown as isolated lenses because of the results of a pumping test in Well 11214 m 
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Cross sections L-L' and M-M show that the lacustrine sediment of clay, silt and sand are present 

south of the waste pits. In the immediate area of the waste pits there are only individual isolated sand 
and silt lenses. Cross sections 0-0' and P-P' show the east-west extent of the lacustrine sediment and 

illustrate how the basin widens to the south. Cross section P-P' also illustrates the effect of erosion 

along Paddys Run valley which has exposed the western edge of the lacustrine sediment, increasing 

the potential for lateral migration of contaminants to Paddys Run. 

Former Production Area Cross Sections 

br ings  in the former production area were drilled on an approximate 250-foot grid. Additional 

brings were placed where process knowledge indicated a potential contaminant source existed and to 

investigate findings from the grid borings. To use the maximum amount of data, the 19 cross 
sections for the former produkion area were drawn along the grid lines. The cross sections portray 

the following: 

The thickness of fill in the southwest half of the production area, which was emplaced in 
1952 during initial grading of the site 

The locations of buildings 

The maximum depth of foundation footers for buildings 

Correlations of color and grain size for undmbed  strata. 

The preconstruction topography of the former production area was graded to create level surfaces for 

construction of the buildings. As much as 15 feet of glacial overburden sediment was removed in the 

north half of the former production area, and as much as 8 feet of fill was placed in the southwest 

quadrant of the former production area. Fill thickness was determined from the preconstruction 

topographic map and the field descriptions in the boring records. 

Because construction activity can change natural conditions in the subsurface, the following 

information was taken into consideration in preparing the cross sections. Most buildings constructed 
before 1980 at the FEMP were constructed as slabs on grade, with deep structural footers placed only 

under load-bearing walls or slabs designed for heavy production machinery. Material that was 

backfilled against foundations was generally native soil, and slabs were generally poured on a thin 

gravel pad over native soil. The depths of footers portrayed in the cross sections were obtained from 
a set of drawings entitled "Footer and Foundation Depths," produced by the Executive Resource 
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Associates in 1992. Utility trenches are also present in the former production area and, like the 

foundation excavations, were backfilled with native soil originally excavated from the trenches. Most 

streets and many areas between buildings have multiple utility trenches at depths ranging from 4 to 7 

feet below grade. To reduce clutter in the cross sections, the trenches are not shown. Details of 

trench locations and depths are available in utility plans maintained by the FERMCO drafting 

department. 

Cross section T-T' is oriented north-south and is located in the Southwestern comer of the production 

area under the pilot plant. This section was drawn to illustrate the thickness of the lacustrine 

sediments. It would appear that this sediment would be an ideal location for pumping perched 

groundwater. A yield test in Well 1259 located approximately 70 feet east of Well 1260 (which is on 
the cross section T-T') indicated that the high silt content of the lacustrine sediment limited the yield 

to less than a gallon per minute. Sections T-T' through X-X' show that under the northern half of the 

production area the coarser grained units are isolated pods and lenses. This is confirmed by pumping 

and yield tests which are discussed in Section 3.5.1. These sections also show that the extent of the 

lacustrine sediment decreases from west to east. Cross section X-X' shows a diminished thickness 

and regularity of the lake sediment and cross section Y-Y' shows that the lacustrine sediment is no 
longer present. Sections Y-Y' through CC-CC' show that within the till there are a number of 

irregular and apparently isolated silt and sand bodies. 

The east to west cross sections DD-DD' through HH-HH' show that the northern portion of the 

production area is underlain by till with scattered lenses of silt and sand. Some of the lenses are 

longer in the east-west sections than they appeared in the north-south sections, indicating that their 

elongation is somewhat closer to their east-west than north-south axis. Cross section HH-HH' shows 

the lake sediment under the westem thiid of the production area. Moving south from cross 

sections 11-II' through LL-LL' the lake sediment becomes more extensive, reaching as far east as the 

green salt plant in cross section KK-KK'. The eastern edge of the lake sediment moves back to the 

wkst in cross section LL-LL'. 

Fire Training Area Cross Sections 

The fire training area contains no subgrade structures deeper than 2 feet. The cross sections show 

subsurface correlations of color and grain size. Both cross sections MM-MM' and NN-NN' indicate 

that the fire training area is completely underlain with till with only small scattered sand lenses. 
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Sewape Treatment Plant Cross Sections 

The cross sections show subsurface correlations of color and grain size. As was indicated in the 

fence diagram in Plate 3 4 ,  the sewage treatment plant area is on the eastern side of the FEMP where 

the subsurface material is predominantly till with scattered sand lenses. The north-south cross 
section 00-00' and the east-west cross section PP-PP' indicate widely scattered sand lenses are 

present at different elevations in each cross section. Cross section QQ-QQ indicates more sands are 

present along this section; however, br ings 1448, 1444, and 1443 clearly show that the relatively 

thick sand in brings 1448 and 1443 do not connect because there is no sand in Boring 1444. 

Storm Water Retention Basin Cross Section 

Four cross sections for the storm water retention basin are presnted that show subgrade structures 
and correlations of color and grain size. Estimates of subgrade structures were made from the 

detailed 1987 Weston topographic map (1-foot contour interval). Cross section RR-RR' shows that 

the west chamber of the storm water retention basin was excavated into the top of the Great Miami 

Aquifer. Although not shown in the cross section this is also true for the east chamber. In both 

cases clay was imported from elsewhere on the FEMP to construct a protective barrier between the 

plastic liner in the pit and the underlying aquifer. The remaining three cross sections show that the 

east chamber of the storm water retention basin was excavated through the lacustrine sediment. 
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Mass of Total Uranium from Uranium Radioactivity 1 

2 

3 The conversion of activity in pCi to mass in milligrams requires use of the fundamental relationship 

between activity and the number of radioactive atoms: 4 

5 

where: A = activity inpCi 

X = radioactive decay constant, second'' 

tl/j = radioactive half-life, seconds 
N = number of radioactive atoms for a particular radionuclide 

The mass of a particular radionuclide requires the use of Avogadro's number and the gram atomic 

weight: 

3.7 x 10'O(atoms/sec)/Ci x CilpCi x A@CO x MW x Id mglg Maslr,mg = 
a(=-') x 6.0221367 x id3 atomsim~k 

The mass of total uranium from the activity of different uranium activities becomes: 

z38 A..MFY. 
= 6.144 x [ * )'i '1 

i-234 

The values for radioactive decay constants and the gram atomic weights are summarized below: 
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urani'um Isotope Radioactive Decay Constant, Gram Atomic Weight, 

U-234 2.445 x l d y  8.983 x 234.040951 

U-235 7.038 x lo8y 3.121 x l(ri7 235.043928 

U-236 2.3415 x 107y 9.3805 x 1@ 236.045566 

U-23 8 4.468 x l@y 4.916 x l@" 238.050788 

Half-life(') h Sec" grams/moleQ, MW 

The radionuclide-specific constants enable a simple conversion from pCi to mass in milligrams to be 

made: 

Uranium Isotope 

u-234 

U-235 

U-236 

U-238 

Milligramdpci 

1.601 10-7 

1.5460 10-5 

4.627 x 104 

2.975 x lo3 

This indicates that the radioisotopic data for uranium-238 can be used to calculate the total uranium 

without the use of the other uranium isotopes for uranium associated with FMPC activities (e.g., 

natural uranium, depleted uranium, and lowenrichment uranium). For example, the total uranium in 
milligrams per kilogram is simply 3 x ='u p c i g  without serious error. 

1. David C. Kocher, "Radioactive Decay Data Tables," U.S. Department of Energy, Technical 

Information Center. DOE/TIC-11026, April 1981. 

2. F. William Walker, et al., "Chart of the Nuclides," Thirteenth Ediion, San Jose, California: 

General Electric Co. (Nuclear Energy Operatiom), 1984. 
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Mass of Total Thorium fiom Thorium Radioactivity 1 

2 

The conversion of activity in pCi to mass in milligrams requires use of the fundamental relationship 
between activity and the number of radioactive atoms: 

3 

4 

5 

where: A = activity h p C i  

h = radioactive decay constant, second-' 

T, - - radioactive half-life, seconds 
N = number of radioactive atoms for a particular radionuclide 

I 

The mass of a particular radionuclide requires the use of Avogadros's number and the gram atomic 

weight: 

10 

11 

12 

13 

14 

15 

3.7 x 10'o(atoms/sec)/Ci x CilpCi x A(pCi) x MWx Id mg/g Mass, mg = 
a(=-') x 6.0221367 x id3 L U O R R S ~ ~ ~ ~  

16 

A i * W i  
= 6.144% [ ] 

i-Pr 

The values for radioactive decay constants and the gram atomic weights are summarized below: 
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Thorium Isotope 

Th-227 

Th-228 

Th-230 

Th-23 1 

Th-232 

Th-234 

Radioactive 
Half-life(') 

18.718d 

1.9135 

7.7 x lo4y 

1.405 x 101% 

25.52 h 

24.1od 

Decay Constant, 

4.286 x lr7 

1.148 x 10-8 

2.853 x l@13 

x sec-1 

7.545 x 10-6 

1.563 x l@'* 

3.329 x lC7 

Gram Atomic Weight, 
grams/mole@), MW 

227.027708 

228.02873 

230.033 132 

23 1.03 

232.038054 

234.04 

Of the thorium isotopes associated with materials processed at the FMPC, only thorium-232 and 
thorium-230 need to be considered in converting activity to mass: 

Thorium Isotope MilligramdpCi 

Th-227 3.254 1 ~ 1 4  

Th-228 1.220 x 1@'2 

Th-230 4.955 x 10-8 

Th-23 1 1.881 x l@15 

Th-232 9.119 x lC3 

Th-234 4.320 x l@14 

1. David C. Kocher, "Radioactive Decay Data Tables," U.S. Department of Energy, Technical 
Information Center. DOE/TIC-11026, April 1981. 

2. F. William Walker, etal., "Chart of the Nuclides," Thirteenth Edition, San Jose, California: 
General Electric Co. (Nuclear Energy Operations), 1984. 

This indicates that the radioisotopic data for thorium-232 can be used to calculate the total thorium 

without the use of the other thorium isotopes associated with FMPC activities with the possible 

exception of thorium-230, which may be significant if this isotope has b n  concentrated in waste 
products from uranium ores and the thorium-232 activity is relatively low. As an example, the total 

thorium in milligrams per killogram is simply 9.1 x % pCi/g without serious error. me 
comrersion factor may be rounded to 10 for ease of calculation for simple comparisons to chemicaI 

analysis data. 
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ARRANGEMENT OF RADIONUCLIDE A- 

Radionuclides associated with FEMP activities are categorized as follows: 

e Decay series 
e Uranium activation products , 

0 Fission products 

The decay series co&ists of three series: 

e The Uranium Series 
0 The Actinium Series 
e The Thorium Series 

Table F.4-1 gives the members in each of the decay series, the radioactive half-life, and the principal 

decay mode. The significance of a decay series with the initial member having the longest half-life is 

that progeny members in secular equilibrium cannot have activities that are significantly greater than 

the activity of the initial member because of the fundamental relationships in radioactive decay. As 
an example, a simple radioactive decay series consisting of two members would have the following 

relationships: 

1. Radioactive decay of "A" to "B": 

A * b B  

where: f = fractions of total decays of "A" to "B." 

2. The number of atoms of "A" at time "t": 

R-5 
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where: NA = 
W A ) O  

XA = radioactive decay constant for "A" 

number of atoms of "A" at time "t." 
- - number of atoms of "A" at time t=O. 

lei! 

VldA = 
t = time in units corresponding to those 

- - - 
<T?A 

radioactive half-life of "A" 

for XA 

3. The number of atoms of "B" at time "t": 

= f (NJ0 eAAt - I, NB 

Symbols are as previously defined for "A," as applied for "B." 

4. Parentdaughter relationships in units of activity: 

a. A = A e N  

b. A~ = aA N~ 

C. 

d. 
AA = @A)o e'* 

A, = AB N, 

4 

12 
13 
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17 
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20 
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zz 

n 
where: A,-, = initial activity of "A" at t = 0. x 

25 

26 

n 
28 

W 

Bo = initial activity of "B" at t = 0. 

Similar relationships for other progeny members can be developed. The salient feature of the parent- 

progeny relationship is that the activity of the long-lived parent defines the activity of the progeny, as 
shown by the simple decay of "A" to "B" (AA < < AB, t >  >O): 
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A, - f (AA& e'*' 

As long as the half-life of the initial member in a decay series is longer than that of progeny 

members, the activity of progeny members will be approximately that of the initial member for long 

decay times: 

A -  B- C-  D- E,&. 

A,, AB A, AD AB etc. 

This is an example of secular equilibrium. 

Activities in decay chains should be arranged in order of the decay series as provided in Table F.4-1. 

Inspection of radionuclide data arranged in this order allows one to perform a simple check of the 

data. Natural decay series activitia not showing the secular equilibrium relationships can be 

1 

2 

3 

4 

5 

- 6  

7 

8 

9 

10 

11 

explained by the following: 

13 

a 
a 
a 
0 

The data are not valid. 
The material has been processed to remove progeny activities. 
Processing has enriched selected progeny activities. 
Natural processes have removed selected progeny activities (e.g., selective 
leaching or emanation of radon from material). 

Arranghg radionuclides by mass number (e.g., all uranium radionuclides, all thorium radionuclides, 

all radium radionuclides, ea.) does not enable simple checks to be made. 

The total uranium could be given after a tabulation of activities in the uranium and actinium series or 

could be given after uranium-238 since essentially all of the total uranium in material processed at the 

FEW is uranium-238. Likewise, the mtal thorium could be given after a tabulation of activities in 

the thorium series or it could be given after thorium-232. The contribution of other thorium activities 

to the total thorium is insignificant unless thorium-230 has been enriched by processing. 
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The activation products result upon irradiation of uranium by a neutron flux, as shown in 
Table F.4-2. No particular relationship exists among the uranium activation products, since activities 

will depend on irradiation time and processing. The uranium-236 does not exist in nature and is 

reported in combination with uranium-235, since the alpha spectrometry method most commonly used 

in environmental samples around the FEW did not resolve the alphas from these two radionuclides. 

Likewise, the plutonium-239 and plutonium-240 are reported in combination because of the lack of 

resolution in the alpha spectrometry method used. 

When uranium is irradiated by a neutron flux, both activation and fissioning OcCuT. The principal 

fissioning species are uranium-235 (thermal fissions), uranium-238 (fast fissions), and plutonium-239 

(thermal fissions). More than 200 fission products have been identified. The important ones in 
material processes at the FEW have long half-lives and are carried with the uranium, which is 

recycled in the gaseous diffusion plants. Table F.4-3 identifies principal fission products and 

daughter products in materials associated with recycled material processed at the FEMP. No 

particular relationship exists for these fission products, since processing would invalidate the 

relationship defined by fission yields. The most significant fission product in Table F.4-3 is 
technetium-99 because of its long half-life (2.13 x 16 years) and volatility. The technetium-99 is 
carried through the enrichment stages along with uranium hexafluoride in the gaseous diffusion plants. 

The fission products can be arranged in any order because of the lack of a relationship in the material 

recycled at fhe FEW. Fission products are in the background from fallout from weapons testing in 
addition to material processed at the FEW. 
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TABU R-1 

MEMBERS OF DECAY SERlES IN MATERIALS ASSOCIATED WITH FEMpa 

~ ~ ~ -~ 

Radioactive 
Decay Series Member Half-Lifeb Decay ModeC Progenyd 

Uranium Series U-238 

Th-234 

Pa-234m 

Actinium Series 

Pa-234 

U-234 

Th-230 

Ra-226 

Rn-222 

Po-218 

Pb-214 

Bi-214 

PO-214 

Pb-210 

Bi-210 

Po-210 

Pb-206 

U-235 

Th-23 1 

Pa-23 1 

Ac-227 

Th-227 

Fr-223 

Ra-223 

Rn-219 

Po-215 

4.468 x l@y 

24.1Od 

1.17m 

6.70h 

2.445 x l d y  

7.7 x lo4y 

16ooY 
3.8235d 

3.05m 

26.8m 

19.9m 

1 6 3 . 7 ~  

22.26y 

5.013d 

138.378d 

Stable 

7.038 x 1 6  

25.52h 

3.276 x l@y 

21.773y 

18.71 8d 

21.8m 

11.434d 

3.96s 

1.778111s 

cy 

B 
B 
IT 

B 
cy 

cy 

cy 

cy 

cy 

B 
B 
cy 

B 
B 
cy 

cy 

B 
cy 

B 
cy 

cy 

B 
cy 

cy 

cy 

Th-234 

Pa-234m 

U-234 (99.840 % ) 

Pa-234 (0.160%) 

U-234 

Th-230 

Ra-226 

Rn-222 

PO-218 

Pb-214 

Bi-214 

PO-214 (99.979%) 

Pb-210 

Bi-210 

Po-210 

Pb-206 

Th-23 1 

Pa-23 1 

Ac-227 

Th-227 (98.620%) 

Fr-223 (1.380%) 

Ra-223 

Ra-223 (99.994%) 

Rn-219 

Pu-215 

Pb-211 
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TABLE R-1 (Continued) 

Radioactive 
Decay Series Member Half-Lifeb Decay ModeC Progenyd 

Thorium Series 

Pb-2 1 1 

Bi-211 

Tl-207 

Po-21 1 

Pb-207 

Th-232 

Ra-228 

Ac-228 

Th-228 

Ra-224 

Rn-220 

PO-226 

Pb-212 

Bi-212 

Po-212 

Tl-208 

Pb-208 

36. lm 

2.13m 

4.77m 

0.516s 

Stable 

1.405 x 10'5 

5.75y 

6.13h 

1.9132~ 

3.62d 

55.61s 

0.146s 

10.643h 

60.55m 

0 . 2 9 8 ~  

3.053m 

Stable 

B 
a 

B 
B 
a 

a 

B 
B 
a 

a 

a 

a 

B 
B 
a 

a 

B 

Bi-211 

Ti-207 (99.727%) 

PO-21 1 (0.273 %) 

Pb-207 

Pb-207 

Ra-228 

Ac-228 

Th-228 

Ra-224 

Rn-220 

p0-2 16 

Pb-212 

Bi-212 

Po-212 (64.07%) 

Tl-208 (35.93%) 

Pb-208 

Pb-208 

%avid C. Kocher, "Radioactive Decay Data Tables," U.S. Department of Energy, Technical 
Information Center, DOE/TIC-11026, April 1981. 
by = years, m = minutes, s = seconds, ms = milliseconds, ps = microseconds. 
'a = alpha decay, 
dBranching is shown (percent of total decays) if decay is not 100% to daughter. 

= beta decay, l" = &mal transition. 
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TABLE R-2 

ACTIVATION PRODUCTS OF URANIUM BY A NEUTRON FLUX - FEMP 

Radionuclide Radioactive Half-Life%b Decay Mode' Principal Production Mode 

U-236 2.3415 x 107y 

Np-237 2.14 x l e y  

Pu-238 87.75 

Pu-239 24131y 

Pu-240 656% 

PU-241 14.4~ 

Am-241 4 3 2 . 2 ~  

Am-242m . 152y 

Am-242 16.02h 

Cm-242 163.2d 

Pu-238 87.75y 

a! 

a! 

B 

a! 

rr to 242Am 

a. 82.7% to *2Cm 

b. 17.3% to *2Pu 

a! 

a! 

235 n u +  $1- zu 
a. mu+ &- z u  
b. 92u , N P + B  

a. !&P+ $1- =* 

236 

237 2 3 l  

237 238 

238 238 mNP - W f i  + b. 
2.117d 

23a 239 a. a U +  $(- *u 
239 239 
92u 9 3 N P + B  

mlvi) - W A C +  

b. 

239 239 
C. 

2.35Sd 

8David C. Koch=, "Radioactive Decay Data Tables," U.S. Department of Energy, Technical 
Information Center, DoE/TIC-11026, April 1981. 
by = years, d = days, h = hours. 
'a! = alpha decay, /T = beta decay, lT = internal transition. 



TABLE R-3 

SIGNIFICANT FISSION PRODUCTS IN MATERIAL PROCE!3SED AT FEMP 

Daughter Product by Beta Radioactive Half-Life of 
Fission Product Radioactive Half-Life%b Decaf Daughterb 

Sr-90 

Tc-99 

Ru-106 

28 .6~ Y-90 

2.13 x l d y  Ru-99 

368.U Rh-106 

64. lh 

Stable 

29.92s 

CS-137 30.17~ Ba-137m (94.6%) 2.552m 

%avid C. Kocher, "Radioactive Decay Data Tables," U.S. Department of Energy, Technical 
Information Center, DOE/llC-11026, April 1981. 
by = years, m = minutes, s = seconds, ms = milliseconds, ps = microseconds. 

= beta decay, IT = htemal transition. = alpha decay, 
dBranching is shnown (percent of total decays) if decay is not 100% tc, daughter. a 
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1 

As previously discussed in Section 2.0, the FEMP employed a phased characterization process for the 

completion of the RI field investigation. Additional field programs were deferred and implemented 

on the basis of the progressive review of the results of ongoing field studies. Figure S-1 provides a 

listing of the major field programs supporting the RI, RCRA, and site removal actions as well as a 

2 

3 

4 

5 

summary level schedule of the time period in which these programs were conducted. 6 

7 

The following presents a brief summary of the scope and analysis of the subsurface soil and 

groundwater programs. More detailed information on the individual plans are available in the 

Administrative Record. -. 10 

8 

9 

11 

Table S-1 provides a cumulative summary of the programs identified in Figure S-1. Table S-2 12 

presents a summary of the surface soil sampling programs discussing the type and number of samples 

collected. 

investigations, subsurface sampling as part of monitoring well installations, perched groundwater 

13 

Similar tables are provided as Tables S-3 through S-7 summarizing glacial overburden 14 

15 

investigations, Great Miami Aquifer investigations, and biological measure investigations, 

respectively. 

Acronyms preceed the executive summary section of this report. 
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DESCRIPTION OF PROGRAMS 

SUBSURFACE SOIL PROGRAMS 

Production Area and Additional SUSD- Areas Work Plan (PASA) 

A total of 182 borings were drilled into the glacial overburden under this program. Soil sampling 

was carried out for all borings as well as for the piezometers installed under this plan. Total uranium 

and thorium analyses were requested at particular depths in all of the piezometers and borings and 

analyzed at the onsite laboratory. Selected soil samples were sent to an offsite laboratory for one or 

more of the following: full radiological, HSL, tributylphosphate, PCBs/pesticides, organo- 

phosphorous pesticides, and dioxin and furans when contamination by these materials was suspected. 

In addition, 12 trenches are included within the total number of borings. All 12 trenches have two 

end points and a center point identified by a four digit boring number. Samples were collected from 

a vertical sequence in the trench wall similar to boring samples. In July of 1992, two additional 

trenches were excavated to the north of the Southfield by Operable Unit 2 using procedures from this 

plan. More information on the PASA program can be found in the Monitoring Well Installation 

Programs section of this Appendix. 

Paddvs Run Road Site RUFS 

Soil samples collected from the wells installed for this RVFS were sent to an offiite laboratory. The 

following parameters were sampled for: CLP organics, CLP inorganics, CLP pesticides, CLP P a s ,  

ammonia, chloride, m e m e ,  total phosphorous, potassium-40, sulfate, total alpha radiation, total beta 

radiation, and uranium. 

Outfall PiDeline BorindManhole 180 

This program began in February 1990. It was to determine if leakage from the outfall pipeline had 

occurred and whether any contamination had reached the Great Miami Aquifer. A total of eleven 

borings were drilled under this program. Soil samples from these borings were to be analyzed for 

total uranium, total thorium, technetium-99, and a radionuclide scan by gamma spectroscopy. 
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SUBSURFACE SOIL PROGRAMS (Continued) 

Additional Sampling Activities for ODerable Unit 2 

This plan covered sampling from all five Operable Unit 2 subunits. A total of 24 borings were 

completed, including two redrills, under this program. Soil samples from these borings and the two 

Type 1 monitoring wells installed under this program, were analyzed for one or more of the following 

and sent to an offsite laboratory: full radiological, full HSL, extended HSL, TOC, Appendix E, or 

TCLP. 

K-65 Silo Berm Vertical Boring and Analvsis Plan 

The e s t  boring for this program was started during the summer of 199 1. The primary objective of 

this project was to evaluate potential releases from the decant ports by sampling the berms that were 

constructed around the K-65 Silos and their corresponding decant ports. A total of 5 borings were 

installed under this program. The berm soils were sampled for geotechnical, full HSL, full 

radiological, lead-210, and TCLP paramars and were sent to an approved offsite laboratory. 

K45 Silo Subsoils and Perched Groundwater Sampling and Analysis Plan (Slant Boring Propram) 

This program began in July 1991. The borings were to sample the subsurface soil to determine and 

verify the extent of contamination from possible leakages into the soils surrounding and underneath 

the K45 Silos. A total of 5 low angle borings were completed for this program. Soil samples from 
specified intervals were analyzed for full radiological and full HSL parameters. In addition, the 

samples were analyzed for lead-210, polonium-210, actinium-227, protactinium-23 1, and TCLP 

organics and inorganics. These samples were sent to an offsite laboratory. 

ODerable Unit 1 Waste Pit Soil SamDles/ODerable Unit 1 Groundwater 

A total of three borings were driiled for is program. The three borings were to collect new samples 

to replace original samples that had exceeded their holding times during the original sample 

collection. Soil sampling was performed in these borings as well as in the monitoring wells installed 

under this plan. Selected soil samples were sent to an offsite laboratory for one or more of the 

following: full radiological, full HSL, general chemistry, dioxin, furans, semivolatiles, TCLP, 

volatiles, TOC, and grain size analysis. 
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Work Plan Addendum to the Perched Water Removal Actions. FMPC Recoverv Well Installation and 
Svstem Water Sam~ling SUDDOXT Plant 2/3. 6. and 8 Recovery Wells) 

Subsurface soil was used for geologic characterization only. No soil samples were retained from this 

1 

2 

3 

program. 4. 

Work Plan Addenda - FMPC Plant 8 Core Sam~ling; 

5 

6 

In September 1991, the fist boring under this program was completed. This project was needed to 

to support foundation design for the sump and crusher installation within Plant 8. 

borings were installed for this program. Soilnsamples collected from these borings were analyzed for 

full HSL and radiological constituents, TCLP parameters, and total uranium and thorium. In 

7 

assess the presence of hazardous and radiological substances for subsurface soil characterization and 8 

A total of 12 - 9 

10 

11 

addition, geotechnical analyses were performed on soil samples to support foundation design. 

Soil Investigation Plan for Dike Stabilitv Analvsis of Waste Pits 3 and 5 and the Clearwell 

A total of 15 borings were installed under this program. Soil sampling was performed in these 

borings as well as in the monitoring wells installed under this plan. These samples were obtained for 

visual classification and laboratory geotechnical index property testing. Additionally, samples were 

tested for geotechnical physical properties. 

a 
Enpineered Waste Management Facilitv (EWME) S A P  

A total of 20 borings were drilled in the glacial overburden for this program. Soil sampling was 

performed in these borings as well as in the monitoring wells installed under this plan. Selected soil 
samples were sent to an offsite laboratory for one or more of the following: geotechnical, 

geoche&d, full HSL, and full radiological parameters. 

Operable Unit 2 RUFS Re~am~ling Activities 

All borings were completed for this program in February 1992. The borings soil samples were 

collected to fill data needs identified in the review of the analytical data from prior Operable Unit 2 

sampling activities. A total of 9 borings were drilled in the Southfield, Solid Waste Landiill, Active 

Flyash Pile, and Inactive Flyash Pde'areas. Selected soil samples were analyzed for one or more of 

the following: TCLP volatiles and semivolatiles, extended HSL, TOC, full radiological, Appendix 
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M, HSL volatiles and semivolatiles, SRLP metals, general chemistry, and radionuclides, ignitability, 
corrosivity, and reactivity, 

5 Additional Borings and Two Wells for the Engineered Waste Management Facilitv (Em 
Promam 

A total of 5 borings were driiled in the glacial overburden for this program. Soil sampling was 

performed in these borings as well as in the monitoring wells installed under this plan. Selected soil 

samples were sent to an ofiite laboratory for geotechnical and geochemical parameters. 

RCRA/CERCLA Backmound Soil SamDlin~ Plan 

This program began in March 1992. This program was designed to provide a statistically valid 

background characterization of the concentration of metals and radionuclides in soil. The results of 

this plan’s borings will help determine the effectiveness of any soil removal program onsite. A total 

of 30, 4.5 feet deep, hand augered borings were completed as part of this program. 

a Soil samples from 0.0 - 0.5 ft., 3.0 - 3.5 ft., and 4.0 - 4.5 ft. were collected and sent to an offsite 

laboratory and analyzed for the following parameters: actinium-227, cesium-137, protactiniUm-23 1, 

lead-2 10, radium-224, radium-226, radium-228, strontium-90, technetium-99, thorium-228, 

thorium-230, thorium-232, uranium-234, uranium-235, uranium-238, potassium-40, ruthenium-106, 

aluminum, arsenic, antimony, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 

manganese, mercury, molybdenum, nickel, selenium, silver, thallium, vanadium, and zinc. 

SamDlinp and Analvsis Plan of Boring/MonitOrin~; Well 1433 in the Southfield 

Continuous soil samples were collected for this monitoring well. The soil sample displaying the 

highest radiological screened value from the unsaturated material above the perched water zone was 

analyzed for full radiological parameters. All other soil samples were archived for possible future 

analysis. 

Field S U D D O ~ ~  for Uranium Soils Inteerated Demonstration 

In August 1992, the field activities for this program began. It was to assess the remediation 

technologies for removal of uranium from soils. The borings were used to test a gamma spectrometer 
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in cased holes. A total of 8 borings were drilled and temporarily cased with PVC pipe. Soil samples 

were collected into sample boxes for future reference. 

ODerable Unit 5 Work Plan Addendum for Excavation of Trenches in the Northeast Area at the 
FEW 

A total of three trenches were completed for this project. Soil samples were sent for HSL plus 

analysis when an HNu reading of 5 ppm for 10 seconds was detected. When a soil sample had a 

radiological reading of 15% above background levels, the sample was sent for full radiological 

analysis. If no readings were found, one sample was collected at the fill/soil interface. No samples 

were taken if only undisturbed native soil was observed. 

Sampling and Analvsis Plan for RIFS Work Plan Addendum - ODer able Unit 2 

There were 107 subsurface soil and hydropunch borings completed for this task. The monitoring 

wells that were installed during this program also had soil sampling associated with them. The 

sampling program varied from boring to boring. These parameters included total uranium, full HSL, 
full radiological, miscellanmus radiological, total organic carbon, TCLP plus copper, iron, 
manganese, and zinc, as well as various gmtechnical tests. More information on this program can be 

found in the Monitoring Well Installation Programs section of this Appendix. 

South Plume Groundwater Rec~very System - Desien. Monitoring. and Evaluation Promam - Pump 
Test Work Plan 

Some subsurface soil samples were collected while this program’s wells and piezometers were being 

drilled. The samples were sent to an ofkite laboratory for sieve analysis and other geotechnical 

parameters. 

Great Miami Riverbank Characterization 

This program began in July 1993. Its objective was to determine the nature and extent of 

contaminated soil and debris that are present along the west bank of the Great Miami River in the 

vicinity of the FEW discharge line. A total of 18 borings were completed for this project. The 

samp€e with the highest radiological field reading from each boring was sent to an offsite laboratory 

for full radiologid analysis. The remaining soil samples from each boring were analyzed for total 

uranium and thorium. 
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Surface and Subsurface Soil SamDling Investipation 

A total of 73 borings were completed for this program. The soil samples within the production area 

were analyzed for HSL inorganics, volatile , and semivolatile organic compounds, pesticides and 

P a s ,  and isotopic uranium, thorium and radium. The soil samples west of the K-65 Silos were 

analyzed for HSL inorganics and full radiological parameters plus lead-210 and polonium-210. 

ODerable Unit 4 Onsite DisDosal Alternatives 

In August 1993, drilling activities began for this project. The purpose of the investigation was to 

identify perched zones within the glacial overburden, to determine the size, continuity, and thickness 

of the perched zones, and to investigate any potential interconnection with the underlying Great 

Miami Aquifer. This would support the evaluation of an onsite facility for the disposal of waste 
generated through Operable Unit 4 remediation activities, 

A total of 7 borings were drilled for this program. Grain-size distribution hydrometer analysis was 

performed for each lithologic change. Shelby tubes samples were also collected for geotechnical 

analysis. 
0 

FEMP Glacial TillNadose Zone Hvdraulic Investipations Work Plan 

Soil samples were collected during the drilling of the wells, piezometers, and the two packer test 

borings by split spoon samplers and Shelby tubes and sent to an offsite laboratory for various 

geotechnical analyses. 
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MONITORING WELL INSTALLATION PROGRAMS e 
RI/FS Work Plan 

The initial RVFS monitoring well program began in August 1987. The well locations were selected 

to fill data gaps that were found from review of existing information. Each well addressed at least 

one of 17 unresolved technical issues which were identified during the data quality objectives process. 

A total of 95 monitoring wells were installed under this program. Forty-two Type 1 wells were 

completed within the glacial overburden. Additionally, twenty-five Type 2, twenty-five Type 3, and 

three Type 4 wells were installed within the Great Miami Aquifer under the initial RVFS monitoring 

well program. 

Groundwater samples were collected for each well on a quarterly basis. The parameters sent offsite 

for analyses were general groundwater quality that were being used by the ongoing RCRA program 

and full radiological analysis that included radionuclides handled at the FEW. 

Dnun Baling Area Investigation 

In March 1988, drilling commenced for this project. The program was to investigate the presence of 

a suspected burial trench in the northeast comer of the production area. Six Type 1 monitoring wells 

were installed within the glacial overburden. 

All groundwater samples were analyzed offsite for full radiological, HSL organics, volatile and 

semivolatile organics, and P a s .  

24 - Well Promam 

The first well in this program was initiated in November 1988. The monitoring wells’ placement in 
this program was meant to further refine the location and boundaries of plumes, determine the vertical 

migration, and delineate source areas. These were identified from the results of the initial RUFS 
groundwater sampling program. 

A total of 24 monitoring wells were installed under this program. One Type 1 well was installed 

within the glacial overburden. In addition, twelve Type 2, five Type 3, and six Type 4 wells were 

completed within the Great Miami Aquifer. 
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Groundwater samples were collected from each well for total uranium and general groundwater 

quality parameters and sent to an offsite laboratory for analysis. The wells were sampled twice under 

this program. 

Production and Additional Suspect Areas Work Plan (PASA) 

In November of 1988 field activities began for the production area and Additional Suspect Areas 

Work Plan. The plan was to define the nature and extent of both vertical and lateral groundwater, 

surface soil, and subsurface soil contamhation associated with production facilities and identified 

suspect areas. This plan also was written to gain a more refined understanding of the hydrogeologic 

system and groundwater flow patterns throughout the glacial overburden underlying the former 

production area. Geochemical and geotechnical brings were also included in the general program. 

A total of 193 Type 1 piezometers and five Type 2 monitoring wells were installed under this 

program. This program also included brings and trenches. a - 
Groundwater samples were collected twice from the piezometers and analyzed for total thorium, total 

uranium, and nitrate. Several samples were also sampled for full HSL parameters. The two Type 2 

monitoring wells were sampled twice for full radiological and full HSL parameters. One well was 

also sampled for PCBs. 

10 - Well Promam 

Drilling operations commenced for this program in March 1989. These wells were installed off- 

property, south of the site to define the nature and extent of the uranium plume south of the faciiity. 

A total of 10 monitoring wells were completed under this program. Six Type 2 and four Type 3 

wells were installed within the Great Miami Aquifer. These monitoring wells were sampled for full 

radiological and general groundwater quality parameters for two rounds of samples. 

Paddvs Run Road Site RVFS 

In June 1989, drilling operations began for this project. The RI investigations were intended to define 

the nature and extent of constituents of concern in the groundwater, surface water, sediment, and soil 
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within their study area. It was to define one or more groundwater panes which contain inorganic 

and organic chemicals and radionuclides that extend southward from their site area in the direction of 

groundwater flow. 

A total of 74 monitoring wells were installed for the RI. Fifty-one Type 2, fourteen Type 3, and nine 

Type 6 wells were installed within the Great Miami Aquifer. 

Groundwater samples were collected from these wells and sent to an offsite laboratory. The 

following parameters were sampled for during the first round: CLP organics, CLP inorganics, CLP 

pesticides, CLP PCBs, ammonia, chloride, chemical oxygen demand, cumeme, MBAs, total 

phosphorous, potassium-40, sulfate, total dissolved solids, total alpha radiation, total beta radiation, 

and uranium. 

The sample parameters list was shortened after each round of groundwater sampling based on 
analytical results of the previous round. 

31 - Well Promam 

The first well under this program was started in January 1990. The monitoring wells were to 

investigate contamination downgradient from Plant 6 and to evaluate the Paddys Run recharge area, 

the Southfield, and the Storm Sewer Outfall Ditch. 

A total of 19 Monitoring wells were installed under this program. There were sixteen Type 2 and 

three Type 3 wells completed within the Great Miami Aquifer. 

Groundwater samples were collected for two rounds and analyzed for full radiological and general 

groundwater quality parameters under this program. 

Additional Monitorinp Well Promam 

The first monitoring well in this program was drilled in May 1990. These wells were proposed due 

to the water table evaluation and the initial sampling of the wells in the 31 Well Program. 0 
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MONITORING WELL INSTALLATION PROGRAMS Continued) 

A total of 7 monitoring wells were completed under this program. Two Type 2 and five Type 3 

wells were completed within the Great Miami Aquifer. 

Groundwater samples were collected for two rounds and analyzed for full radiological and general 

groundwater quality parameters under this program. 

Addendum - 6 Additional Wells 

In June 1990, drilling operations commenced for this program. These wells were needed to 

determine the vertical and lateral extent of contamination in the South Plume area. 

A total of 4 monitoring wells were installed under this program. There were one Type 2, one 

Type 3, and two Type 4 wells completed within the Great Miami Aquifer. 

Groundwater samples were collected for two rounds and analyzed for full radiological and general 

groundwater quality parameters under this program. 

Additional MonitorinP Well 3032 

This monitoring well was drilled in September 1990. It was installed to define the vertical extent of 

uranium contamination that appeared in 2032 which is at the same location. One Type 3 well was 
installed in the Great Miami Aquifer for this investigation. 

Groundwater samples were collected for two rounds and analyzed for full radiological and general 

groundwater quality parameters under this program. 

8 Additional Groundwater Monitoring Wells 

The first monitoring well in this program was initiated in September 1990. These wells in the waste 

storage area were installed to investigate the nature and extent of potential hazardous waste in the 

glacial overburden and underlying Great Miami Aquifer. 
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MOIUJTORING WELL INSTALLATION PROGRAMS Continued) 

A' total of 8 monitoring wells were completed under this program. Four Type 1 wells were install+ 

within the glacial overburden. In addition, three Type 2 and one Type 4 were completed within the 

Great Miami Aquifer. 

All monitoring wells were sampled twice under this program. All groundwater was analyzed for a set 

of radiological parameters that include radionuclides or materials handled at the FEMP. These 

parameters were consistent with those of the RCRA monitoring program with the addition of total 

thorium and the deletion of gamma spectal analysis. All samples were also analyzed for the following 

parameters that were being used as indicators of drinking water quality under the RCRA program: 

pH, specific conductance, chloride, manganese, phenols (total), sodium, sulfate, gross alpha, gross 

beta, alkalinity as CaC02, Carbonatehicarbonate, copper, nickel, potassium, phosphate, arsenic, 

barium, cadmium, chromium, fluoride, iron, lead, mercury, nitrate, selenium, silver, ammonia, total 

organic nitrogen, molybdenum, calcium, and magnesium. 
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Paddvs Run South Seaage Investigation 15 

16 Drilling operations commenced in October 1990 for this program. This investigation was to provide 

sampling points for water level measurements and water quality data south of the site. 

Twelve Type 2 monitoring wells were installed under this program. Additionally, three Type 3 

contingency monitoring wells also were completed. 

Groundwater samples were collected from the newly installed wells plus from existing wells. Wells 

were analyzed each month for radionuclides and every third month for general groundwater quality 

parameters for a period of one year. 

Add-on to PASA Work Plan 
This program began in March 1991. The wells under this program were necessary as partial 

fulfillment of OEPA P'll monitoring requirements for the coal pile runoff collection basin. Also soil 

and groundwater samples were needed to provide information as to the presence or absence of HSL 
constituents in the coal pile area soils and perched groundwater. e 
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Two Type 1 piezometers were installed-within the glacial overburden for this program. Groundwater 
/ samples were collected once for full HSL parameters. Two groundwater samples from each 

piezometer were sampled for total uranium, total thorium, and nitrates. The piezometers were also 

sampled for pH, conductivity, chloride, sulfate, and total dissolved solids. 

Additional SamDlinz Activities for ODerable Unit 2 

The first well under this project was started in May 1991. This program was to characterize the 

nature of contamination and to define the limits of the waste units in Operable Unit 2. These waste 

units include the Solid Waste Landfill, Inactive Flyash Pile, Active Flyash Pile, Lime Sludge Ponds, 

and the Southfield area. 

A total of two Type 1 monitoring wells were completed under this program. This program also 

included borings. 

Groundwater samples were collected and analyzed for extended HSL parameters, including P a s ,  

dioxins, and furans, as well as general groundwater, full radiological, and Appendix M constituents. 

ODerable Unit 1 Waste Pit Soil SamDkdODerable Unit 1 Groundwater 

In July 1991, drilling operations began for this project. This program was designed to collect 

leachate from within the lower portions of the Waste Pits, to assess the geochemical properties of the 

waste materials, and to support the remedial alternative selection process of the FS with geotechnical 

and treatability testing. 

A total of thirteen Type 1 monitoring wells were installed under this program. This program also 
included borings. 

All groundwater samples were collected and analyzed for full radiological, full HSL, dioxins and 

furans, general chemistry, and Appendix M parameters. 
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Work Plan Addendum to the Perched Water Removal Actions. FMPC Recoven Well Installation and 
Svstem Water SamDlinz S U D D O ~ ~  (Plant 2/3.6. ana 8 Recovery Wells) 

The first well in this program was started in August 1991. This was a removal action that was 

initiated to mhhize the potential for uranium contaminated perched groundwater to infiltrate the 

underlying aquifer. 

A total of eight Type 1 monitoring wells were completed for this program. The wells were sampled 

to evaluate the potential presence of tributyl phosphate, full HSL and full radiological constituents. 

Additional groundwater samples were collected each time the batch treatment system was operated the 

first year and analyzed for the same parameters. The wells also were sampled annually for the same 

parameters. 

Soil Investigation Plan for Dike Stabilitv Analvsis of Waste Pits 3 and 5 and the Clearwell 

This program began in September 1991. This project was to evaluate the structural integrity of the 

Waste Storage Area dikes around Waste Pits 3 and 5 and the Clearwell. 0 
A total of two Type 1 piezometers were installed for this program. This program also included 

borings. No groundwater samples were taken for this program. 

Miscellaneous Additional Wells for ODerable Unit 5 

Drilling operations commenced in November 1991 for this program. The wells in this program were 

to help delineate the extent of several different uranium plumes at the FEMP and ensure that a 

complete monitoring network was in place. The need for this program was the result of changing 

environmental conditions over the course of the RI investigations. 

A total of 16 monitoring wells were completed under this program. Eleven Type 2 and five Type 3 
wells were installed within the Great Miami Aquifer. Two rounds of groundwater sampling were 

specified in the work plan. The samples were analyzed for full radiological and general groundwater 

parameters. 
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MONITORING WELL INSTALLATION PROGRAMS Continued) 

Engineered Waste Management Facilitv CEWMF) SAP 
The field activities began in December 1991 for this program. The main objective of the program 

was the siting, design, and construction of a sitewide disposal/storage facility to receive all operable 

unit waste. The monitoring wells installed under this plan were to support risk assessment efforts by 

identiqing potential fate and transport mechanisms as they relate to the geologic conditions of the 

study area. Geotechnical sampling was to better characterize the variability of the subsurface soils 

beneath the study area. This program also was to address the geochemical properties of natural 

barrier materials of the study area. 

8 

A total of 5 monitoring wells were installed for this program. Three Type 1 wells were installed 

within the glacial overburden. Also, two Type 2 wells were completed within the Great Miami 

Aquifer. This program also included borings. No groundwater sampling was required in this work 

plan. 

5 Additional Borings and Two Wells for the Enpineered Waste Management Facilitv (EWMF) 
Promam 

This program began in March 1992. This program was initiated after data from the original EWMF 
Program identified data gaps in the northern part of the study area. The same geotechnical and 

geochemical sampling was done as in the first EWMF program. 

A total of two monitoring wells were completed under this program. One Type 1 well was installed 

in the glacial overburden and one Type 2 well was installed in the Great Miami Aquifer. This 

program also included five borings which will be discussed in the subsurface soil programs section of 

this Appendix. No groundwater sampling was required in this work plan. 

4 RCRA Well Propram 

The first well drilled for this program was started May 1992. These wells were installed to 

investigate and define the vertical and lateral extent of a plume of radiological and chemical 

contaminants that was emanating from the Clearwell in the Waste Storage Area. 
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A total of three monitoring wells were installed under this program. Two Type 2 wells and one 

Type 3 well were completed within the Great Miami Aquifer. Hydropunch 11 groundwater samples 

were collected under this program. The hydropunch samples were analyzed for HSL VOCs and 

metals. After the wells were installed, two rounds of groundwater sampling were completed. The 

water samples were analyzed for general groundwater, Appendix IX, and full radiological parameters. 

ODerable Unit 5 RIDS Work Plan Addenda 

Field activities for this plan began in June 1992. The addenda was comprised of five separate work 

plans. Each work plan addressed a different data need or concern. Summaries for the individual 

work plans follow: 

Work Plan Addendum for the Investigation of Potential Soil and Groundwater 
Contamination in the Plant 1 Pad Area - The purpose of this program was to define the 
down gradient limits of radiological contamination in perched groundwater under the 
Plant 1 Pad and to determine if that groundwater is contaminated with nonradiological 
substances. Groundwater samples from existing wells were collected and analyzed for full 
HSL and full radiological parameters. There were two rounds of sampling. 

Work Plan Addendum for the Investigation of Perched Groundwater Contamination in the 
Southeast Ouadrant of the Production Area - This program was to define the down 
gradient limits of the perched groundwater contamination south of the production area and 
determine if the subsurface soils and perched groundwater underlying the 
administratiodservice area are contaminated. The three new wells were sampled for total 
uranium for two rounds. One existing well was sampled for HSL parameters. 

Work Plan Addendum for the Investieation of Contamination Adiacent to the Fire 
Training Area - The purpose of this program was to investigate the extent of surface soil 
contamination due to past fire training activities and to characterize soils in the drainages 
where potentially contaminated runoff would have been channeled away from the site. 
The two newly installed wells were sampled twice in approximately 60 days for the 
following parameters: full radiological, full HSL, dioxins/furans, and 
organophosphorus/pesticides . 

Work Plan Addendum for the KC-2 Warehouse Area. ScraD Metal Area. and the 
Electrical Substation - This program was to sufficiently characterize the KC-2 Warehouse, 
Scrap Metal, and Electrical Substation areas so as to provide for a knowledgeable 
selection of remedial alternatives for the feasibility study. Surface soil sampling was the 
only activity for this plaq. 
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Work Plan Addendum for the Investigation of Potential Soil and Groundwater 
Contamination Resulting from the K-65 Slum Line and Clearwell Line - The objective of 
this investigation was to determine the nature and extent of soil and perched groundwater 
contamination due to past and present leaks along the course of the pipelines. The wells 
drilled under this plan had two rounds of groundwater sampling for full radiological, full 
HSL, and general groundwater quality parameters. 

A total of thirteen Type 1 piezometerdmonitoring wells were completed within the glacial overburden 

under this program. This program also included borings which will be discussed in the subsurface 

soil of this Appendix. In addition, surface soil samples were collected under some of these work 

plans. 

SamDling and Analvsis Plan for BoringMonitorinP Well 1433 in the Southfield 

This monitoring well was drilled in July 1992. It was to provide additional information on 

leachatidperched groundwater that was expected to be present in the Southfield area. Also, the well 

was to provide possible source information on uranium contamination found in Monitoring 
well 2046. 

One Type 1 monitoring well was installed within the glacial overburden for this program. It was 
sampled one time for limited parameters due to an extremely slow recharge rate. It was to have been 

sampled for full HSL, full radiological and groundwater quality parameters. 

Work Plan for the Northern and Southern Rows of the HvdroDunch II Borings. South Plume 
Groundwater contamination Removal Action. Part 5 

In July 1992, the first boring for this program was started. The information obtained from this plan 

will be used to defme the extent of the uranium plume, the nature of mixing between the FEMP and 

Paddys Run Road Site plumes, and to evaluate the nature of groundwater contamination downgradient 

of the proposed FEMP extraction wells. 

A total of 15 borings were completed under this plan. No soil samples were collected. 

Hydropunch II groundwater samples were taken from the Great Miami Aquifer during the drilling of 

the borings. The water samples were analyzed for volatiles, phosphorus, total uranium, arsenic, 

sodium, and potassium. No monitoring wells were installed for this program. 
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Operable Unit 5 Work Plan Addendum-for Excavation of Trenches in the Northeast Area at the 
FEMP (Mametic Anomalies) 

This project began in August 1992. Excavation trenches were needed to provide visual 

characterization of magnetic anomaly sources that were identified from a previous geophysical 

investigation in the northeastern part of the site. A total of three trenches were completed. One 

water sample was collected from a trench and sent to an offsite laboratory for general groundwater 

quality, full radiological, and HSL plus analysis. 

RCRA Phase I Perimeter Well Installation Promam 

In September 1992, drilling activities began for this program. The purpose of the well installations 

was to monitor downgradient groundwater quality along the southern and eastern site boundaries. 

Also, two of the monitoring wells were replacement wells for Monitoring Wells 2019 and 3019, 

A total of 23 monitoring wells were installed under this program. Eight Type 2, ten Type 3, and five 

Type 4 wells were completed within the Great Miami Aquifer. Hydropunch II groundwater samples 

were taken in the deepest well in each cluster. 

The hydropunch samples were analyzed for total uranium at the onsite laboratory. No post 

installation water samples were required in this plan. 

Installation of One Monitoring Well at Location 0166 
This monitoring well was drilled in September 1992. The objective of this project was to further 

detect and assess the increasing uranium concentration in the Great Miami Aquifer, along Willey 

Road, between Monitoring Wells 2398 and 2069. 

One Type 2 monitoring well was installed within the Great Miami Aquifer under this program. 

Hydropunch XI groundwater samples were collected during drilling and the results were used to 

determine the screened interval depth. The hydropunch samples were analyzed for total uranium at 

the onsite laboratory. After well installation, two rounds of samples were collected and analyzed for 

full radiological and general groundwater quality parameters. e 
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MONITORING WELL INSTALLATION PROGRAMS (Continuedl 

Work Plan Addendum for the ODerable-Unit 5 Outfall Line Investigation Groundwater SamDling 
Program 

In December 1992, drilling commenced for this project. The proposed well installation hoped to 

determine if there was groundwater contamination associated with the potential pipeline leak between 

Manholes 179 and 180. 

. 

One Type 2 monitoring well was installed within the Great Miami Aquifer for this program. 

Hydropunch 11 groundwater samples were collected during the drilling of this well. The hydropunch 

samples were analyzed for total uranium at the onsite laboratory. Two rounds of groundwater 

samples were collected after well &tallation, and analyzed for full radiological, full HSL, and 

general groundwater quality parameters. Some of the HSL parameters were omitted from the second 

round because they were below detection limits. 

RCRA Phase II - Waste Pits and Production Area Well Installation 

This program began in January 1993. The purpose of the well installations was to monitor 

downgradient groundwater quality along the waste pit and production areas eastern and southern 

downgradient boundaries. 

A total of 9 monitoring wells were installed under this program. Four Type 2, one Type 3, and four 

Type 4 wells were completed within the Great Miami Aquifer. Hydropunch 11 groundwater samples 

were taken in the deepest well in each cluster. The hydropunch samples were analyzed for total 

uranium at the onsite laboratory. No post installation water samples were required in this plan. 

Additional Characterization of Vadose and Perched Water in the K-65 Area 

The first monitoring well driiled under this program was begun in March 1993. This program was to 

characterize the presence, extent, and quality of vadose and perched groundwater in the glacial 

overburden immediately to the west of K-65 Silos 1 and 2. It was also to assess the contamination in 
the unsaturated (vadose) zone of the glacial tills and to assess the probability of leakage into the 

subsurface from potential source areas, including the K-65 Decant Sump Tank. 
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A total of seven Type 1 piemmeters/monitoring wells were completed within the glacial overburden 

for this program. One of these was a contingency well. Three lysimeters were also installed for this 

project. Hydropunch II groundwater samples were taken in the well closest to the Silos 1 and 2 

decant sump. The hydropunch samples was analyzed for radium-226, uranium-238, limited HSL, 

general groundwater quality, and full radiological parameters and sent to an offsite laboratory. 

Fluorescein dye was analyzed for at the onsite laboratory. Groundwater samples were collected from 

two existing monitoring wells in addition to four of the new wells. These wells were analyzed for the 

same constituents as the hydropunch sample. 

South Plume Groundwater Recovery Svstem - Desim. Monitoring. and Evaluation Promam - Two 
Traverse Lines of Monitoring Wells with Corresponding HvdroDunch SamDlinp North and South of 
the P ~ O D O S ~  Recoverv Well Field Part 5. Phase II 
In March 1993, well drilling commenced for this program. The purposes of this project were to 

assess the vertical extent of uranium contamination and the chemical properties of the groundwater in 
the South Plume Area, to provide additional lithologic and geophysical data, and to support the South 

Groundwater Contamination Plume Removal Action. 

A total of 12 monitoring wells were installed under this task. Six Type 2 and six Type 3 wells were 

completed within the Great Miami Aquifer. Hydropunch 11 groundwater samples were taken in the 

deepest well in each cluster and sent for analysis for gross alpha and beta, TOC, TOX, and TON. 

Samples also were analyzed for total uranium. Type 3 groundwater samples were collected for full 

HSL, full radiological, gross alpha and beta, total thorium, and general water quality parameters. 

Type 2 groundwater samples were collected for the same constituents as the Type 3 wells plus 

potassium4 and cumene. 

Sam~ling and Analvsis Plan for H/FS Work Plan Addendum - Ouerable Unit 2 

This program began in April 1993. This program was to complete the characterization of the nature 

and extent of contamination in wastes, soil, sediments, surface water, and groundwater for fate and 

transportlrisk assessment and source control remedial alternative development. Additionally, it was to 

establish/quantity the waste subunit impacts on perched groundwater and the upper Great Miami 

Aquifer. 0 
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A total of 24 monitoring wells were installed under this program. Eleven Type 1 wells were 

completed within the glacial overburden. Thirteen Type 2 wells were installed within the Great 

Miami Aquifer. This program also included borings. Some of the borings had Hydropunch II water 

samples taken for onsite laboratory total uranium analyses. This plan also included surface water, 

sediment, and surface soil sampling. 

Groundwater samples from new and existing wells were collected and analyzed for full HSL, full 
radiological, and general groundwater quality parameters. Onsite total uranium water samples were 
also collected. 

South Plume Groundwater Recoverv Svstem - Design. Monitoring. and Evaluation Promam - PumD 
Test Work Plan 

Field activities for this plan began in May 1993. Five of the wells for this program were installed as 
recovery wells for the South Plume Groundwater Recovery System. The remaining wells were 

piezometers that were installed for the pump test. The purpose of the pump test was to determine the 

hydraulic conductivity, storage capability,and anisotropic conditions of the Great Miami Aquifer in 

the vicinity of the proposed recovery wells field. This program helped set screened intervals of the 

recovery wells and establish initial pumping rates for the recovery system as well. 

A total of 16 monitoring wells and piezometers were installed under this program. Five Type 3 

monitoring/recovery wells, nine Type 3 piezometers, and two Type 4 piemmeters were completed 

within the Great Miami Aquifer. Groundwater samples were collected from the pump test wells for 

volatile organic compounds, TOX, TOC, extractable organic compounds, total metals, dissolved 

metals, phenols, cyanide, sulfate and chloride, turbidity, nitrate and ammonia, and radionuclides. 

Additional Monitoring Well Installation and Well Abandonment 

The first monitoring well for this project was started in May 1993. This plan specified the 

installation of replacement wells or damaged and/or defective wells which were located in areas where 

additional data was needed to support the RI Report. In addition, several new wells were proposed in 

order to fill data needs identified as a result of a thorough review of available well data. 
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MONITORING WELL INSTALLATION PROGRAMS (Continued) 

A total of 27 monitoring wells were installed under this program. There were twenty-one Type 1 

wells completed within the glacial overburden. Four Type 2 wells, one Type 3 well, and one Type 4 

well were installed within the Great Miami Aquifer. Hydropunch Il groundwater samples were taken 

in the deepest wells and the onsite laboratory total uranium results from these samples were used to 

determine well screen placement. 

AI1 groundwater samples from the newly installed wells were collected and analyzed for radiological, 

HSL inorganics, volatiles and semivolatile organics, and general water chemistry constituents. 

Surface and Subsurface Soil SamDlinrr Investipation 

Activities for this program were started in July 1993. This plan was to assess contaminant 

concentrations in surface and subsurface soils at locations on and off the FEMP property during the 

spring of 1993. A total of 13 Hydropunch II water samples were collected from borings and analyzed 

for HSL volatile organic compounds. 

FEW Glacial TillNadose Zone Hvdraulic Investigations Work Plan 

In September 1993, the first field activities began for this project. This program hoped to obtain the 

degree of saturation and hydraulic interconnection between various geologic materials within the 

glacial overburden. It also helped to pinpoint the relationship between the hydraulic conductivity of 
geologic materials and the degree of saturation in the glacial overburden. 

A total of 15 monitoring wells and piezometers were installed under this program. Fourteen Type 1 

piezometers and one Type 1 pump test monitoring well were completed within the glacial overburden. 

Additionally, seven lysimekrs were installed for this project. This program also included borings. 
I 

Two existing and one newly installed pump test wells groundwater were sampled near the end of each 

pump test. The analyses performed were total uranium, general chemistry, and VOCs. Water 

samples were also collected from the lysimeters for total uranium and aniodation analysis. 

Slug tests, yield tests, pump tests, and packer tests were conducted in an effort to better understand 

the hydraulic conductivity of the materials within the glacial overburden. 
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Westinghouse Environmental Monitoring Promam 

This program began in the early 1980s and continues today. The program was to supply groundwater 

data for the FEMP site. It includes onsite wells as well as offsite private wells. Radiological, metals, 

and several general groundwater parameters were analyzed. 

RCRA Groundwater Detection and Monitoring Promam 

The disposal of barium chloride in Waste Pit 4 from 1980 to 1983 necessitated the beginning of 

groundwater monitoring under RCRA at the FEMP during 1985. Six rounds of groundwater 

sampling at the FEMP from 1985 to 1987 were conducted to characterize groundwater quality and to 

identify RCRA regulated hazardous radiological constituents in the groundwater. Round 1 through 4 

were conducted by Dames & Moore, Round 5 was done by WMCO, and Round 6 was completed by 

ASI/IT. Forty-one were included in this sampling. Radiological and chemical parameters were 

analyzed for the different rounds. 

WEMCO RCRA Groundwater SamDlhg 

This sampling was from November 1987 to March 1988. It was part of the groundwater detection 

and monitoring program. 

RCRA Groundwater Oualitv Assessment Promam 

This is an ongoing program designed to determine the rate and extent of contamination in the vicinity 

of Waste Pit 4. It began in May 1988. Each well in this program is sampled quarterly. The 

particular wells and their total number have changed through the years but the network remains. 

WEMCO Off-Site Groundwater 

This sampling program has occurred from 1988 through the present time. Private landowners and 

companies drinking water wells located near the FEMP were sampled and analyzed for total uranium 
to gain additional information about local groundwater quality. The program was developed to 

determine the presence of contaminants in groundwater and to track the movement of any 

contaminants found. These wells are sampled on a monthly basis. 
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GROUNDWATER SAMPLING PROGRAMS (Continued) 

WEMCO RCRA Groundwater Sampling 

The groundwater wells were sampled from June to September 1989 as part of the RCRA groundwater 

detection and monitoring program. The wells were to be sampled for chemical and Appendix IX 
parameters. From November 1989 to April 1992, water samples were collected and analyzed for 

chemical and radiological parameters for the RCRA program. 

Bench-Scale Groundwater Permeabilitv Study 

Bench-scale treatability studies were initiated for uranium removal from water. Monitoring 

wells 2045, 2046, 2060, and 2061 were sampled in June 1989. Five gallon samples and sent to the 

offsite laboratory for treatability analyses. These wells were selected because of their historically 

high uranium levels. 

Environmental Monitorin9 Sampling 

Under this program, monitoring wells 2006,2118, and 2054 were water sampled and analyzed for 

benzene, toluene, xylene, and lead. Monitoring wells 2007, 2064, 2067, and 2019 were sampled and 

analyzed for benzene, toluene, xylene, lead, tetrachloroethylene, 1 , 1 , 1-trichloroethane, methylene 

chloride, and trichloroethylene. In addition, wells 1113, 1172, and 1173 were analyzed for 

benzene, xylene, lead, and petroleum hydrocarbons. 

South Plume Groundwater SamDling Plan 

This plan specified the sampling of 51 existing wells in the South Plume area. The sampling began in 
March 1990. The objective of the program was to collect groundwater quality data with respect to 

the South Plume. The samples were analyzed for full radiological and general groundwater 

parameters. 

Additional Groundwater SamDlinp for Full HSL Andvses in SUDDO~ of the Perched Groundwater 
Removal Action 

This work was conducted to provide additional support to the groundwater removal action for the 

Plant 2/3, 6, and 8 recovery wells. It involved sampling eight existing wells for HSL parameters and 

total dissolved uranium. The sampl& were collected in June 1992. e 
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SnaDshot MonitorinP Well SamDlhv and Surface Water and Sediment SamDling 

Sampling for this plan began in late April 1993. This program was a means to assess current 

con taminant concentrations in groundwater, surface water, and sediments at locations on and off 

FEMP property during the Spring of 1993. The data will supplement existing data and will be used 

in the site characterization, groundwater modeling, and risk assessments for the Operable Unit 5 RI 
Report. 

The wells were sampled for HSL inorganic and volatile organic parameters, total and isotopic 

uranium and thorium, isotopic radium, and general groundwater chemistry. In addition, 

technetium-99 was collected for some of the wells. Both filtered and unfiltered samples were to have 

been collected. Surface water and sediment samples were also collected and analyzed for this task. 

N/FS Work Plan Addendum - ODerable Unit 1 

This program started in June 1993. It was to provide additional data to fdly determine migration 

pathways and flow rates to potential receptors. Additional radiological and chemical analyses were 

needed to obtain data to load into the fate and transport modeling for the baseline risk assessment for 

Operable Unit 1. A total of 26 ground water samples were collected and analyzed to HSL and 

radiological parameters. Surface water and surface soil samples were also collected for the project. 
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TABLE S4 

SUBSURFACE SOIL SAMPLING OF SELECTED 
MONITORING WELL INSTALLATION PROGRAMS 

Work Plan Title 
sampling 
Sequence 

RUFS Work Plan 

Drum Baling Area Investigation 

S w e l l  Program 
Production & Additional Suspect Areas Work Plan (PASA) 

10-Well Program 
31-Well Program 
Additional Monitoring Well Program 
Addendum - 6 Additional Wells 

Additional Monitoring Well 3032 
6 Additional Groundwater Monitoring Wells 

Paddys Run South Seepage Investigation 
Add-on to PASA Work Plan 

Miscellanmus Additional Wells for OU5 
4 RCRA Well Program 
OU5 RUFS Work Plan Addenda 

RCRA Phase I - Perimeter Well Instaliation Program 
Installation Additional characterization of Vadose & Perched Water in the K-65 Area 
Work Plan Addendum for the OU5 Outfall Line Investigation Groundwater Sampling h g r a m  
RCRA Phase II - Waste Pits & Production Area Well Installation 

Additional Characterization of Vadose & Perched Water in the K-65 Area 
South Plume Groundwater Recovery System - Part 5, Phase II 
Additional Monitoring Well Installation & Well Abandonment 

A 

C 

A 

B 
A 
A 

A 

A 

A 
A 

A 
B 
A 

C 

B 
C 
C 
C 
C 
C 
C 
B 

A - Continuous sampling was by split-spoon sampler to bottom of glacial overburden, then sampling with 
split-spoon sampler every five feet in the Great Miami Aquifer to the bottom of the boring. The highest 
radiological screened d t s  from glacial overburden, upper portion of the Great Miami Aquifer, lower 
portion of the upper Great Miami Aquifer, and lower portion of the Great Miami Aquifer were sent to the 
laboratory for radiological analysis. Some geotechnical and geochemical sampling was also done. 

B - Continuous sampling was by split-spoon sampler to 20 feet or to first clay layer beneath perched water 
zone. Samples for total d u m  and thorium were sent to on-site laboratory at the following approximate 
depths: 0.0 to 0.5, 2.0 to 2.5, 5.0 to 5.5, 10.0 to 10.5, 15.0 to 15.5, and 19.5 to 20.0 feet. Selected 
shallow samples were sent off site for full HSL and/or radiological analysis. 

C - Continuous sampling was by split-spoon sampler to bottom of glacial overburden, then samphg with 
split-spoon sampler every 5 feet in the Great Miami Aquifer to the bottom of the boring. All samples were 
archived for possible future analysis. a 
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