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I 1.0 INTRODUCTION 

This report provides an updated charactcnza tion of the uraniumplunrc in the Great Miami Aquifkr 

beneath the southern portion of the Femald Emironmental Management Project (FEMP) praperty and a 

modeled design for the South Field Phasc II Module located in that area. The modeled design consists of 
the following components: 

0 Four additional extraction wells, one in the southern waste unit (SWU) area and three along the 
eastem edge of the on-property portion of the southern d u m  plume. 

I 0 One additional re-injection well in the SWU m a .  

~ 

0 Converting Extraction Well 31563 (EW-16) into a re-injection well. 

0 Installing and aperating one active re-injection basin to flush treated groundwater back into the 
aquifer to supplement re-injection through re-injection wells. 

OBJECWE 
The objective of the characterization work conducted in support of the South Field Phase II Module 
Design was to assure that the latest uranium plume charactenza ' tion and aquifkr characteristics were uscd 
to support the design of the aquifer mediation system. Specifically, the objectives were to: 

~ 

0 Prepare an updated characterization of the vertical and lateral extent of the uranium plume 

0 Refine the number and location of groundwater extsaction wells, re-injection wells, and 
re-injection basins that are required for the South Field Phase II Module based on groundwater 
modeling predictions using the latest uranium plume charactenza ' tion. 

BACKGROUND 
A large portion of the area being addressed in this design has had various names over the years. 

Figure 1-1 depicts the farmer location of three Operable Unit 2 waste units hown as the Inactive Flyash 
Pile, the South Field, and the Active Flyash Pile. Colleztively these units arc known as the SWUs. The 
wastes in these units have been rcmoved and the area has largely been certified as clean; and as a result, 
making way for the installation of some of the wells praposcd in this design. 

According to the Record of Decision for Remcdd Actions at Operable Unit 5 (DOE 1996), the 

Great Miami Aquifer will be remediated using pump-and-treat technology. The remediatie design 

presented in the Operable Unit 5 Record of Decision called for pumping 28 extmction wells for 

approximately 27 years. Figure 1-2 illustrates the remedy design specified m the Operable Unit 5 Record 
of Decision. 

l o  
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Subsequent to release of the Operable Unit 5 Record of Decision, the Aquifer Restoration Project adopted 
a more aggressive clean-up schedule than that specified in the report. The design for the more aggressive 

aquifer remedy is presented in the Baseline Remedial Strategy Report, Remedial Design for Aquifer 

Restoration (DOE 1997). This more aggressive design incarporated the use of re-injection to supplement 

the pump-and-treat system. Figure 1-3 illustrates the number and location of extraction and re-injection 

wells in the Baseline Remedial Strategy Report Remedy Design. A comparison of the Operable Unit 5 

Remedy Design (Figure 1-2) with the more aggressive Baseline Remedial Strategy Report Remedy 

Design (Figure 1-3) shows that the Baseline Remedial Strategy Report Remedy Design has a greater 
number of wells, including 37 extraction wells, 10 re-injection wells, and three extraction to re-injection 

well conversions in the South Field. 

A large partion of the Baseline Rtmcdial Strategy Repart Remedy Design became operat id  m 1998. 

The portions that became optmtional in 1998 in the area covered by this design report arc known as the 

South Field Extraction (Phase I) and the &-Injection Modules, as shown in Figure 14. In this and past 
aquifer remedy reports, South Field has been used to refer to a much larger area than that shown for just 
the South Field component of the SWU in Figure 1-1. The South Field Module covers the area 

sunomding the Stonn Sewer Outfall Ditch, the area beneath the SWU, and the area between the SWU 
and Willey Road. 

The more aggressive Baseline Remedial Strategy Report Remedy Design targeted a uranium plume that 

W a S C h a l W & l d  * using groundwater data collected prior to 1994. An update to the 1994 characterization 
was needed to document changes to the plume and to assess if South Field Phase II Module Design 

changes were warranted. The biggest change that had taken place since 1994 was the source removal of 
the SWUs, which was completed in 2001. The removal of the source material resulted in several deep 
excavations in the area, which made areas accessible for aquifer testing that were previously inaccessible. 

Section 2 of this report presents findings of the additional chamterm - tion work Aquif’ conditions haw 
changed since 1994. In short, it appears that a fewer number of extraction wells will be required to 

remediate the aquifer in this area. Groundwater modeling was conducted based on results of the updated 

plume characterization. Groundwater modeling is presented in Section 3 while Section 4 of this rcport 
presents conclusions. 

1-2 000008 
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2.0 CHARACTERIZATION RESULTS 

The characterization effbrt conducted to support the South Field Phase 11 Module Design consisted of the 
following activities: 

Groundwater sampling at 28 direct-push sample locations 
0 Routine sampling of Integrated Enviramnental Monitoring Plan (IEMP) (DOE 2001) wells 

Non-routine sampling at seven wells not in the IEMP program. 

Twenty-cight locations were sampled from 2000 to 2002 using a direct-push sampling tool. The 
objective was to provide an up-to-date characterization of the uranium plume to support the South Field 
Phase 11 Module Design. 

Figure 2-1 presents the results of all direct-push sampling, which has occurred to date, and the updated 
30 micrograms per liter (pa) uranium plume charactcnza ' tion for the area of interest. The 28 

direct-push sample locations sampled between 2000 and 2002 arc identified in blue and green on 
Figure 2-1, respectively. These are refmed to as "recent" direct-push sample locations in the discussion 
below. Those sampled prior to the recent sampling are identified in Figure 2-1 by color also; red for those 

l o ~ a t i ~ ~ ~  -led in 1999, and black for those locations -led prior to 1999. The fccenf direct-push 
sampling focused on four areas where the need for additional plume profile concentration data were 

warranted to support the design. 

1. 

2. 

3. 

4. 

Sixteen of the recent direct-push sample locations (12814,12815,12816,12818,12824,12825, 
12826,12827,12828,12837,12838,12839,12840,12842,12844, and 12845) were located m 
and immediately around the SWU area, as identified in Figure 1-1. 

One of the recent direct-push sample locations (12818) WILS located just south of the SWU area, 
situated west of Extraction Well 31563 (EW-16), as identifibd in Figure 2-2. 

Three of the recent direct-push sample locations (13241,13247, and 13248) were locatad m the 
area of the leading southeast edge of the South Field uranium plume, just west of the FEMP's 
South Access Road. 

Eight of the recent direct-push sample locations (12817,12819,12820,12833,12834,12835, 
12836, and 12843) were located around the east chamber of the Storm Water Retention Basin. 

The uranium concentrations that am posted in Figure 2-1 are the maximum uranium concentrations at 
each direct-push sample location, regardless of depth. Attachment A provides a complete listing of 
uranium concentration data by depth for each recent direct-push sample location. The uranium plume 
interpretation shown in Figures 2-1,2-2, and 2-4 also honors monitOring well data. Specifically: 

mdLdh 542.DOOMay 15.2002 9A1 AM 2-1 000013 
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0 IEMP groundwater monitoring well data fiom the fourth quarter of 2001 

0 Data from seven existing monitoring wells (21064,21065,2048,2065,3065,2399, and 2400) 
that were sampled, above and beyond the IEMP, in the second quartcr of 2001 to support this 
Characterization. 

Figure 2-2 shows these data, along with the locations of extraction wells in the same area. Figure 2-2 also 

shows the latest concentration data collected fiom six monitoring wells in the area of the SWU (2016, 

2047,2401,2943,2945, and 2954). These data are posted m black Some of these data were collected as 
far back as 1996. Data from Monitoring Wells 2945 and 2954 are posted to illustrate how high 
concentrations Once were in this area. 

I 
The depicted plume intapretation is conservative in that it is a projection of the maximum uranium 

I concentration measured, regardless of depth. The plume was contoured in the following manner: 

I I ;  

0 The highest representative total uranium Concentration of Type 2,3, or 4 wells sampled during 
the fourth quarter of 2001 at a cluster was posted (refer to Figure 2-2). The highest Concentration 
associated with each direct-push sample location was also posted (refer to Figure 2-1). 

0 If a fourth quarter 2001 concentration firom a well was greafer than the previously mapped 
concentration contour value at that location, then the plume was rtcantoured to honor the higher 
concentration. 

0 At some locations, the plume is migrating between the Type 2 and the Type 3 well screen. 
Therefore, if the fourth quarter 2001 concentration from a well was less than what was previously 
contoured for that location, then the new data were posted but the plume contours were not 
adjusted to honor the new data. Therefore, it is possible to see lower concentrations posted for an 
area that is contoured at higher concentrations. 

0 Ifvertical profile data provided by direct-push sampling indicated that the plume concentrations 
had decreased, then the map was rt-contoured to honor the direct-push data. 

The latest plume intapretation shows two plumes that have co-mingled as they slowly migrate to the east 
in the direction of groundwater flow. The source of one plume was &om infiltration through Paddys Run 

west of the SWUs and runoff fiom, and infiltration through, the former Inactive Flyash pile that was 

located on the edge of the glacial overburden that overlies the aquifer. The source of the second plume 

was from various locations along Paddys Run, the Storm Sewer Outfall Ditch, and runoff which 
previously flowed along the eastern edge of the South Field component of the SWU (refer to Figure 1-1). 
The two plumes appear to be commingled northeast of the Active Flyash Pile excavation boundary (refm 

to Figure 2-1). Figure 1-1 shows the location of the Active Flyash Pile excavation boundary. 

FERk3f-PHASE II\sppIFL 15.2OOZ 941 AM 2-2 000014 
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Prior to this latest characterization work, the plume fmtprint beneath the SWUs was much larger. 
Figure 2-3 illustrates the pre-charactmization interpretation. This figure depicts the plume interprkation 

in the third quarter of 2000. It appears that source removal, r e g i d  groundwater flow, continuing 
infiltration of uncontaminated water through Paddy Run, dccp surface excavations, and various points 
along the Storm Sewer Outfkll Ditch in conjunction with active pumping of downgradient extraction 

wells, have worked to flush uranium from portions of the plume. ”he result is a much smaller plume 
fmtprint today in the area of the SWU. Evidence of this occurring can be sem by comparing Figure 2-1 
to Figure 2-3. The area west of the f m e r  Inactive Flyash Pile (by dircct-push sample locations 12814 
and 12815 in Figure 2-1) is considerably cleaner today than it was in the past. 

Figure 2-4 is a cross-section location map. Nine cross sections (A-A’ through I-1’) arc provided to better 
illustrate the depth dimensions of the uranium plume beneath the SWUs and how this plume is 

commingling with a larger uranium plume to the east of it. Five of the cross-sections run cast-west 

(A-A’, B-B’, C-C’, H-H’, and 1-1’) and four of the cross-sections run north-south @-D’, E-E’, F-F’, 

and G-G‘). Figure 2-4 shows the location of each of the nine cross-sections relative to the d u m  
plume. The locations of the direct-push sampling points and monitoring wells used to collstrucf the cross- 
sections arc also posted on the figure. Each cross-section is discussed below. 

Cross-Section A-A’ 
Figure 2-5 shows cross-section A-A’. The section is oriented east-west and extends from a deep 

excavation point located along the western edge of the SWUs to Extraction Well 3 1562 (EW-21) in the 
east The section runs through the middle of the SWU area, and illustrates the laanium plume that is 

present beneath the SWU. Groundwater flow is h m  west to east. The trailing edge of the 30 pg& 

uranium plume appears to be located in the west, near direct-push sample location 12814. The area west 

of this location has bem flushed clean of contamination by the mechanisms noted above. The uranium 

plume in this cross-section is relatively thin (approximately 10 f a )  cxccpt at direct-push sample 

location 12824 where the plume is approximately 30 fett thick. During the fourth quarter of 2001, the 
water level in this arca was approximately five fett lowa than it was when Monitoring Wells 2385 
and 2065 were installed. Therefore, only the lower five fett (approximately) of the screens in these wells 

were below the water table. When installed, the 15-foot screens in these wells wcre positioned so that the 
lower 10 fett were in the saturated mne. 

2-3 00001!j 
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Cross-Secb 'on B-B' 
Figure 2-6 shows cross-section B-B'. This section is oriented east-west and extends &om monitoring 
well cluster 402 in the west to direct-push sample location 12836 in the cast. It runs through the northern 
portion of the SWU area east to a location that is downgradient of the Storm Sewer Outfall Ditch. This 
section illustrates the uranium plume beneath the SWU and the commingling of this plume with another 
plume to the east that originated from infiltration through the Storm Sewer outfall Ditch. The plume 
beneath the SWU ranges up to approximately 40 feet in thickness at direct-push sample location 12837. 
Direct-push sample location 12405 was sampled in 1999 when water levels were higher. The shallowest 
groundwater sample collected at that time had a uranium concentration of 208 pg/L. Fourth quarter 2001 
water levels are lower than 1999 levels. This implies that uranium contamination may be sorbed to soils 
above the water table. A pump-and-treat remediation strategy is only effective in the saturated zone. 

cross-section C-C' 
Figure 2-7 shows cross-section C-C'. The section is oriented east-west and extends fiom Moni-g 
Well 2016 in the west to direct-push sample location 12408 in the east. It runs through the southan 
portion of the former SWU area to a location that is east of the Stonn Sewer Outfall Ditch. It illustrates 
the uranium plume beneath the SWU and the commingling of this plume with another plume to the east 
that originated from infiltration through the Storm Sewer Outhll Ditch. During the fourth quarter of 
2001, the uranium concentration of the water pumped h m  Extraction Well 31561 (EN-20) averaged 
59 pa. The uranium plume beneath the SWU along this southern east-west trace is relatively thin, 
approximately 15 feet in thickness. The uranium plume to the east that originated &om the Storm Sewer 
Outfall Ditch is approximately 30 feet thick. 

CTOSS-SCC~~O~ D-D' 
Figure 2-8 shows cross-section D-D'. Thc section extends in a north-south direction &om Monitoring 
Well 2047 in the north to Monitoring Well 2016 in the south. It runs through the westem edge of the 
30 pg/L d u m  plume located beneath the SWU. In the past, this area of the plume has had some of the 
highest uranium concentrations. For example, in 1996 a groundwater sample collected fiom Monitoring 
Well 2945 had a uranium concentration of 1,790 pg&. This well has since been abandanad to make way 
for removal of the Inactive Flyash Pile. Although Monitoring Well 2945 is shown on the cross-section, 
the plume contours do not honor the 1,790 pg& concentration because recent direct-push sampling data 
from the area indicate much lower uranium concentrations and lower water levels. The highest recent 
uranium concentration in the section (64 p a )  was at direct-push sample location 12815. With lower 
water levels, the possibility exists that some uranium is sorbed in the aquifer sediments above the present 
water level surface. The plume in this area is relatively thin, approximately 10 feet thick. It is believed 
that the mechanisms noted above have all contributed to the rapid drop in uranium concentrations in this 
area. 

2-4 00003L6 
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Figure 2-9 shows cross-section E-E’. 7’he section extends m a north-south dinction f b m  direct-push 
sample location 12825 in the north to direct-push sample location 12841 in the south. It runs down the 
center of the wtstern portion of the SWU m a .  This area of the plume also had some of the highest 
uranium concentrations in the past. For example, Monitoring Well 2954 had a uranium concentration of 
1,670 pgjL in November of 1996. This well has since been abandoned to make way far removal of the 
Inactive Flyash Pile. Although shown on the cross-section, the contours do not honor the 1,670 pgL 
concentration. As the cross-section shows, when the screen for this well was installed, the water level 
was higher. This raises a concern that uranium contamination may be sorbed to soils above the water 
table. A pump-and treat strategy is only effective in the saturated m e .  The uranium plume in this area is 
relatively thick Far instance, at direct-push sample location 12824, it is approximately 40 fect thick 
However, the concentrations are very close to 30 pg/L for approximately 30 feet of this 40-foot thickness. 

Cross-Sectl ‘on F-F’ 
Figure 2-10 shows cross-section F-F’. The section extends from direct-push sample location 12417 in the 
north to monitoring well cluster 045 in the south. It is oriented m a north-south direction just cast of the 

center of the former SWU area. The cross-section illustrates that the 30 pgL uranium plume is th i ck  in 

the north than it is in the south. For instance, at direct-push sample location 12837, the 30 crg/L d u m  
plume is approximately 40 feet thick, while at direct-push sample location 12826, the plume is 
approximately 25 feet thick 

Section G-G’ 
Figure 2-1 1 shows cross-section G-G’. The section extends fiom direct-push sample location 12820 in 
the nor& to monitoring well cluster 049 in the south. It is arientbd in a north-south direction just east of 
the western chamber of the Storm Water Retention Basin and the SWUs. In the northern portion of the 

section (direct-push sample location 12820)’ the Cxtrrme northwest edge of a uranium plume beneath the 

Storm Water Retention Basin is shown. The eastern portion of the uranium plume that was soraced 
the SWU is shown in the middle of the section (direct-push sample locations 12844,2065, and 12845). 

The western trailing edge of a plume that originated fiom infiltration through the Storm Sewer Ou$all 
Ditch and from fllrface water runoff that f-ly ran down the east si& of the South Field component of 

the SWU is shown in the southem portion of the cross-section (Monitoring Well 2049). This surface 

water runoff would then infiltrate down into the aquifer in the vicinity of Monitoring Well 2049. The 

section illustrates that the leading edge of the plume located beneath the SWU is relatively thin, 
approximately 10 feet thick 

000017 
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Cn>ss-Secbon H-H’ 
Figure 2-12 shows cross-section H-H’. The section extends fiom Extraction Well 31564 (EW-14) in the 

west to monitoring well cluster 049 in the cast. It is oriented in an east-west direction. The objective of 

sampling in this area was to provide a status on the extent ofthe 30 pg/L uraniumplume in the area of 

Extraction Well 31563 (EW-16). As the cross-Section illustrates, the trailing edge of the 30 pg/L uranium 
plume is close to monitoring well cluster 049. This cluster is located east of Extraction Well 3 1563 

(EW-16). When operating, this extraction well pulls most of its water h m  the west. The closest 
monitoring well (Monitoring Well 2045) west of Extraction Well 3 1563 (EW-16) has shown a dramatic 
decrease in Uranium concentrations since pumping began in 1998. Figure 2-13 is a uranium concentration 

versus time plot far Monitoring Well 2045. The plot clearly illustrates the uranium concentration 
decrease that has taken place since 1998. The conclusion is that if Extraction Well 31563 (EW-16) 

continues to operate, it will only pull clean water into it from the west, as the trailing edge of the 30 pg/L 

uranium plume is now located to the east of Extraction Well 3 1563 (EW-16). 

cross-section I-I’ 
Figure 2-14 shows cross-sectiOn 1-1’. The section extends from monitoring well cluster 049 in the west to 
direct-push sample location 13247 in the east. Dircct-push sample location 13247 is one of three recent 

direct-push sample locations (13241,13247, and 13248) sampled in early 2002 to refine the definition of 
the leading edge of the plume. Figure 2-1 shows the three locations. 

Cross-section I-I’ is oriented west to east from the southeastern comer of the SWUs to just west of the 
FEMP’s South Access Road. The western trailing edge of the plume that originated ftom infiltration 

through the Storm Sewer Outfall Ditch and ftom Mltrating surface water runoff that formerly drained 

down the cast side of the South Field component of the SWU is shown on the western portion of the 

section (monitoring well cluster 049). The remaining portion of the section goes through the center then 
defines the eastern edge of the part of the plume with the highest remaining uranium concentrations that 

was sourced primarily from the Storm Sewer Outfall Ditch. 

Although the highest concentration on the cross-section for direct-push sample location 12433 is 

373 pg/L, previous concentrations in this area have bem as high as 845 pg& (Monitoring Well 62433 in 

March of 2001). This higher uranium concentration is contoured on Figures 2-1’2-2, and 2-4. 

Continuous multichannel tubing (CMT) Well 82433 was also installed in the same area as direct-push 

sample location 12433. The highest d u m  concentration m CMT Well 82433 was 475 pg/L in 

December of 200 1. 

2-6 000018 
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A concem with the existing South Field Extraction @ham I )  Module in this area is that the current 
extraction welliwill not be able to effectively remediate this eastern area of the plume due to its thickness 

and extent east of the current extraction wells. Therefore, additional extraction wells appear to be needed. 

Eight of the recent direct-push sample locations were completed around the perimeter of the east chamber 

of the Storm Water Retention Basin. An additional extraction well (33061 [Ew-251, as shown in 
Figure 2-2) has already been installed to accelerate remediation in this area. The drilling package was 
submitted to the EPAs along with the Waste Storage Area Module Design. Extraction Well 33061 

(EW-25) began pumping on May 7,2002. 

SUMMAR Y 

Uranium concentrations beneath the SWU are much lower today than they were in previous years. 
The lower concentrations are attributed to source removal, natural flow of clean groundwater h m  the 
west into the area, the continued flushing of clean water through Paddys Run to the west, increased 
flushing of clean water through deep surface excavations in the Inactive Flyash Pile, and remedial 
pumping of the extraction wells to the east of this area. 

0 The water table beneath the former Inactive nyash Pile was lower in the fourth quartcr of 2001 than 
it was in previous years, raising the conccm that uranium contamination may be sorbed to scdimcnts 
above the present surfbe of the saturated m e .  Pump-and-treat o p t i o n s  will onlyremove uranium 
from the saturated zone. Additional pumping will m e  to lower the water table wen more with the 
potential for having even more uranium out of the influence of the pump-and-treat operation. 

0 Remedy design beneath the fanner Inactive Flyash Pile will need to address variations in plume 
thickness. In the middle of the plume, which lies beneath the fanncr Inactive Flyash pile, the 30 c1B/L 
uranium plume was lneasured as being approximately 40 fket thick However, the concentrations are 
very close to 30 pg& for approximately 30 of the 40 feet Along the edges the plume thins to 
approximately 10 feet. 

Pumping rates beneath the fanncr Inactive Flyash Pile need to consider the effects of partial 
penetration in light of the plume being approximately 10 feet thick in several areas. Large pumping 
rates might h w  a lot of uncontaminated water h m  beneath the plum and lower system efficiencies 
for uranium removal. 

0 Extraction Well 31563 (EW-16) is now situatedjust west (upgradient) of the trailing edge of the 
30 pg/L uranium plume. It is an ideal candidate for collvcTsion to re-injection to accelerate 
remediation of the uranium plume east (downgradient) of the well. 

0 Extraction Wells 31565 (EW-13) and 31564 (Ew-14) are no longer situated in locations that will 
provide a pumping benefit to the aquifer remedy. Pumping should stop in these wells, and they 
should be used for monitoring the ongoing decline of uranium concentrations in this area of the 
aquifer. 
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0 Additional extraction wells will be beneficial in the southeastem edge of the South Field plume to 
address the large mass of uranium located east of existing Extraction Well 32447 (EW-23). 

0 Effds  need to be taken to keep the water level as high as possible in the SWU area. Re-injection, 
either through basins or wells, should be utilized when possible. The remedy should take advantage 
of natural aquifer flushing through the use of infiltration basins, etc. Such flushing might serve to 
release some of the UrtiZliLrm sorbed to soils above the current water table, particularly idnear the 
fmer source areas. 

r , FER\IIP_PHASE mSFP€i2 502.DOc\M.y 15,2002 941 AM 2-8 000020 
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3.0 NUMBER AND LOCATION OF EXTRACI'ION~IN~CI'ION WELLS 

3.1 INTROD UCTION 
The Baseline Remedial Strategy Report presented a rcmtdial design for the South Field area cansisting of 
two phases (Figure 3-1). The first phase consists of 10 extraction wells located east and south of the 
forma Inactive Flyash Pile and along the Storm Sewa Outfkll Ditch. Addi t id  direct-push sampling 
conducted since 1997 has resulted in installation of tlme supplemental wells to the South Field Extraction 
(Phase I) Module (Extraction Wells 32446 [EW-24],32447 [Ew-231, and 33061 [EW-251, as shown in 
Figure 3-2). Extraction Wells 32446 (EW-24) and 32447 (EW-23) arc operat id  and located on the east 

side of the South Field area; whcreas Extraction Well 33061 (EW-25) is located near the so- 
comer of the Storm Water Retention Basin, and began pumping on May 7,2002. 

Phase II of the Baseline Rcmcdial Strategy Report South Field Remedy Design consisted of nine 
additional extraction wells in the SWU area and five additional reinjection wells, three along the northern 
edge of the SWU area and two near the Starm Water Retention Basin. The Baseline Remedial Strategy 

Repart Phase II Remedy Design also called for conversion of three Phase I extraction wells to re-injection 

wells (31563 [EW-16],31564 [EW-14], and 31565 PW-131). 

As discussed in Section 2 of this rcpart, uranium concentrations in the Great Miami Aquifer have becn 
significantly reduced in the SWU area due to source removal, increased surfacc water infiltration, naW 
groundwater flow, and remedial pumping. Additional uranium contamination in the Great Miami A q d a  
has becn characterizcd between the Storm Sewer outfall Ditch and the FEMP's South Access Road. 
These changes in intaptation of plume size and shape requhe a rcviscd South Field phase II Module 

Design. 

The revised South Field Phase 11 Module Design consists of four additional airaction wells, one in the 

SWU area and three along the eastun edge of the uranium plume in the South Field area (Figure 3-2). 
The design also consists of changing South Field Extraction Well 31563 (EW-16) into a re-injecfion well 

and adding a re-injection well upgradient of the SWU area to help maintain water levels in the area. 
Surface water re-injection through existing basins in the SWU area will be used to supplement wellhead 
reinjection. 

As shown in Table 3-1, pumping and re-injection is expected to continue in the South Field and South 

Plume areas through 2006. It is anticipated that re-injection at the southern property boundary will no 

000035 
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longer be needed and that pumping in the off-property portion of the South Plume will be complete. 
However, it is anticipated that additional pumping will be required in the South Field and in the Waste 
Sturage Area Modules through 20 1 1. Pumping h m  the South Field Phase 11 Module wells will 

commence as soon as the wells are installed and the surface i n f s  are completed. 

Table 3-1 also indicates that South Plume Extraction Well 3927 (RW- 4) and Re-injection 
Well 221 11 (Iw-12) can be shutdown. 

Groundwater modeling indicates the aquifer will be remediated to the 30 pg/L final remediation 

level @U) by the end of 20 1 1. Modeling results in support of this design arc d e s c n i  below. 

3.2 CHANGES TO THE VAM3D MOD EL 
The FEMP is currently upgradmg the VAM3D modeling code to incorporate Data Fusion Modeling 

(DFM) technology into the groundwater modeling process at the FEMP (HydroGeologic, 2000). The 
DFM methodology is currently in testing and verification, and is not yet available to suppart aquifer 
remediation. However, a VAM3D zoom model constructed for the DFM process and coyefing the 

uranium plume is available and was used for this design (Figure 3-3). This smaller mom model will be 
required far fhture DFM runs to allow reasonable run times and will be used in fibre modeling activities 
for design and performance tracking. 

The zoom model is oriented in a north-south direction extending 10,000 feet fiom south of the South 
Plume Extraction Module to north of the Waste Storagc Area Module. The model extends 5,000 f a t  in 

an east-west direction fiom the western FEMP boundary to the castern edge of the former production 

area. The model consists of 101 cells north to south and 51 cells cast to west with square model cells 

100 feet by 100 ftet. In order to increase vertical resolution for transportnms, two layers h m  the large 
VAM3D model were split in the zoom model resulting in 14 layers instead of 12 (Figure 3-4). The zoom 

model layers are numbed h m  bottom to top whereas the large VAM3D model layers arc numbered 
fromtoptobottom. 

Figure 3-5 shows a side view of the top half of the mom model looking north. Model layers 8 through 14 
represent the upper h a t  Miami Aquifer above the blue clay layer. Because the uranium contamhation 

is confined to the upper Great Miami Aquifer, the bottom zoom model layers (layers 1 though 7) are not 

shown in this figure. The hydraulic conductivity zones &om the large model were incorporated into the 
mom model as shown in Figure 3-6. 

3-2 000036 
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Operational experience, sediment samples, and boring logs h m  Extraction Well 31566 (EW-15) and the 

shape of the uranium plume indicates the presence of a relatively low conductivity m e  in the top part of 
the aquifer east of Paddys Run and south of the SWU area. The horizontal hydraulic conductivities in this 
local area within modcl m e  4 wcrc changed fram 638 feet per day and 544 feet per day to 200 feet per 
day in zoom model layers 9 through 14 (original V M D  layers 1 through 4). Vertical condhvities 

were changed fiom 5 1 and 49.6 feet per day in these layers to 34 feet per day (refer to Figure 3-6). These 

values are consistent with the hydraulic conductivities in the lower half of the aquifer. 

Surface water infiltration rates in the zoom model were increased in the SWU area to account for 
additional aquifer sdhce exposed by soil excavation activities. The dashed line in Figure 3-7 shows the 
prc-excavation limit of the glacial overburden taken fiom the Remedial Investigation Rcpart fop Operable 

Unit 5,  Plate 3-3 (DOE 1995). The elevation of this prc-excavatim limit was compared with the final 
excavation &e elevations to determine the area where additional Great Miami Aquifcr mated was 
exposed by removal of the glacial overburden. Surface water infillration rates were increased from 
six inches per year to 30 inches per year for six model nodes as shown in Figure 3-7. Infiltration rates for 

exposed Great Miami Aquifer material are normally set at 15 inches per year in the model but the rate 

was increased to 30 inches per year for these six nodes to account for run on h m  the rCmaining glacial 
overburden immediately north of the SWU area. 

3.3 n o  W MODEL RESULTS 
The zoom model was designed to encompass the d u m  plume in the aquifer. Therefore, some 

extraction wells are located close to the zoom model boundaries and could give erroneous results due to 
boundary effects. The large VAM3D model was used in this design to set boundmy conditions for the 

zoom model. For each pumping scenario, the large V M D  model was run to steady state. Steady state 

head values fiom the large model at nodes closest to the zoom model boundary nodes were assigned to 

the zoom model using a Fortran program. The u ~ n n  modcl was then run to steady state with the constant 

head boundaries derived fnnn the larger model. 

The zoom model calibtion was checked against the October 1998 groundwater elevation data to confirm 

the zoom model could predict groundwater elevations to within one foot at each monitoring well. This is 
the same data and calibration criterion used in The Great Miami Aquifkr VAM3D Flow Model 
Recalibration Report (DOE 2000b). Pumping rates were set qual to the operational rates when the 
October 1998 data were collected, and constant head zoom model boundaries wcrc derived from steady 

I 

I 

I 
I 

i 
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state heads in the large VAM3D model. All residuals between the zoom model elevaticms and observed 
groundwater elevations are less than one foot as shown in Table 3-2. 

Figure 3-8 shows the modeled groundwater elevaticms and six-year particle tracks with current 
operational conditions for the South Field Phase I, South Plume, and South Plume Optimization Modules. 

The design pumping rates for the recently installed South Field Extraction Well 33061 (EW-25) (began 
pumping on May 7,2002), and Waste Storage Area Extraction Wells 32761 (EW-26), 33062 (EW-27), 
and 33063 (EW-28) (began pumping on May 8,2002) were incorporated into the pumping scenario. Also 
planned are the shutdown of Re-Injection Wells 22107 (IW-8), 22108 (IW-9), and 221 1 1 (IW-12) and the 
installation of new re-injection wells 8A, SA, and IOA. As an additional check of the zoom model, 

Figure 3-9 compares the modeled groundwater elevations for this current operational scenario &om the 
large VAM3D model and the zoom model. The figure shows the modeled groundwater elevation 

contours to be almost identical in both cases. 

As discussed in Section 3.2 of the Conceptual Design for Remediation of the Great Miami Aquifer in the 
Waste Storage and Plant 6 Areas (DOE 2000a), the large VAM3D flow model has been callhated to an 
October 1998 groundwater monitoring data set (nominal aquifer conditions). Validation was done to wet 

and dry season data sets from July 1998 and October 1999, respectively. Boundary conditions for the 
zoom model were generated from the large VAM3D model for all tfaee of these scasanal periods for the 

design pumping rates. Predicted groundwater elevations and particle tracks far the design pumping rates 

are shown for all three of these seasonal conditions in Figures 3-10 though 3-12. 

Figure 3-13 shows the additional drawdown modeled for the South Field Phase 11 Module Design. 
Contours in this figure were obtained by subtracting the predicted groundwater elevation surface with the 
design pumping wells and rates (Figure 3-10) from the cumnt operational scclllvio groundwater swfhce 

(Figure 3-8). Most of the additional drawdown occurs in the South Field area east of the S t a m  Sewer 

Outfall Ditch as expected The nominal octobcr 1998 model calibration boundary conditions were used 
for these flow runs. 

Figures 3-14 through 3-16 show the predicted groundwater elevations for years 2007 tbrough 201 1 under 
the nominal, dry, and wet boundary conditions when the South Plume Module wells and most of the 
South Field Extraction (Phase I) Module wells have been turned off. Two additional wells m the Waste 
Storage Area Module (WSA 5 and WSA 6) are scheduled to be pumping during these years after 
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excavation activities arc completed. Design details for these wells were presented in the Design for 

Remediation of the Great Miami Aquifer in the Waste Storage and Plant 6 Areas. 

3.4 TRANSPOR T MOD&RESULTS 
VAM3D transpart model scenarios were nm to estimate how the South Field Phase II Module Design 
would perform given the observed aquifer ccmca~trations (initial conditions) and the contaminant source 
terms remaining. Transport runs wcrt made with all three sets of boundary conditions correspcmding to 
nominal, wet, and dry periods. A constant Kd of 1.78 liters per kilogram was used for all groundwater 

model transportnms. 

3.4.1 InitialC onditions 

Transport model sccnarios were run with initial conditions for total uranium developed from Krigcd 

monitoring data. Monitdng well data from the first quarter of 2001 werc combined with all available 
dircct-push Sampling data though the first quarter of 2002. whcrc mort m t  direct-push -ling data 
overlapped with older data in the same position, the more recent data were used. 

The input total uranium data werc Krigcd using a 3,000 foot horizontal search radius and a 25 foot 

horizontal to vertical anisotropy ratio for an effective vertical search radius of 120 fcct. These values are 
consistent with those used for the SWIFT Grcat Ivfiami Aquifer Model Summary of Improvements Report 
(DOE 1994). Kriging results used as initial conditions for the zmm model arc shown in Figures 3-17 

through 3-21 for model layers 9 though 13. 

3.4.2 TransDart &lode1 Source Tenns 
Because the SWU area excavation is complete, Operable Unit 5 remedial hvestigatidfeasiiility study 

source tenns for this area were removed h m  the model for this design. operable Unit 5 randial 

inwstigaticm/f&asibility study source terms carresponding to sources in the Starm Sewer Outfall Ditch 
were retained in the model through year 2008. After 2008, these source terms were removed assuming 

the complete remediation of all contaminated FEMP soils. Operable Unit 5 sourcc terms corresponding 
to Paddys Run were retained in this model for all years to be conservative. 

3-5 000039 
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3.4.3 Red icted Total Uranium Can centratioas an d Perfixman ce Measurq 
Figurcs 3-22 through 3-26 show predicted total uranium concentrations in zoom d e l  layer 11 for years 

2003 through 201 1 inclusive with a two-year interval. The model was run with nominal flow boundary 

conditions cornspanding to the October 1998 calibration conditions. As seen in Figure 3-26, the total 
uranium concentrations in the aquifer tire below 30 pg/L except m a small area of appn>ximately four 
acres around Extraction Well 32446 (EW-24) and Re-injection Well 22240 (IW-11) in the South Field. 

Total uranium concentrations in this area drop below 30 pg/L before the end of year 2012. 

Concentrations are shown in zoom model layer 11 because this is the last model layer where 
concentrations drop below 30 pg/L. 

Transpart model runs wcre made with dry, wet, and nominal boundary conditions but total uranium 
concentrations were nearly the same for all three sets of boundary conditions. The final concentration 

values at the end of year 201 1 for dry and wet boundary conditions arc shown in Figures 3-27 and 3-28 
with areas of one and five acres, respectively, above the 30 pg/L FRL for d u m .  The transport run far 
wet boundary conditions takes approximately an additional year to remediate the aquifer when compared 
with the transport nms using the dry boundary conditions. 

Table 3-3 presents predicted performance measures for this design. Future predictions for total uranium 
concentrations wen made from extraction well operational data where available and from transpart model 

results for proposed extraction wells not yet operational. Predicted concentrations fbm operational data 
were made with exponential or linear fitting fimctions depending on which farm appeared to give the best 
fit to historical data. South Field Extraction Wells 3 1561 (EW-20) and 3 1562 (EW-21), and South Plume 

Extraction Well 3936 (RW-3) show concentrations in Table 3-3 above the 30 &L FRL far total uranium 
in 2006 when they are scheduled to be turned off. The 2006 cutoff date far these wells reflects transpart 

modeling results. The decision to shut these wells down or any wells will be made from consideration of 

operational data (e.g., when wellhead concentrations and surrounding areas of the plume are below the 
30 pgL FRL for total uranium). 

3-6 
000040 



. , 4 2 6 9  
52462RP-CWl FEMP-DRGMA SF PHII-DRAFTFINAL 

May 2002 
Rev. A 

TABU 3-1 

SOUTH FIELD PHASE II MODULE DESIGN PUMPING RATES 
I 

m b  Rates 0 
(-)=pUwing 

Modeling Well operations well (+)=Injection 
IdentificationNumber IdentificationNumbcr Years 2001 - 2006 Yean, 2007 - 201 1 
South Plum 3924 RW-1 -300 0 
South Plum 3925 
South Phnm 3926 
South P l m  3927 
South Plum opt; 32308 
South Plume Opt. 32309 

South Field 3 1565 
South Field 3 1564 
South Field 3 1566 
South Field 3 1567 
South Field 31550 
South Field 31560 
South Field 3 156 1 
South Field 3 1562 
South Field 32276 
South Field 32447 
South Field 32446 
South Field 33061 
South Field 3 1 
South Field 32 
South Field 33 
South Field 34 

WSA 32761 
WSA 33062 
WSA 33063 
WSA 5 
WSA 6 

Re-Injection 8A 
Re-Injection 9A 
Re-Injection 10 
RaIqjection 1OA 
Re-Injection 22240 
Re-Injection 221 1 1 
South Field 3 1563 
Basin Re-Injection 
South Field Re-Injection 1 

Pumping Rate Totals 

RW-2 
RW-3 
RW-4 
RW-6 
RW-7 

EW-13 
EW-14 
EW-15 
EW-17 
EW-18 
EW-19 
EW-20 
EW-2 1 
EW-22 
EW-23 
EW-24 
EW-25 
EW-15a 
EW-30 
EW-3 1 
EW-32 

EW-26 
EW-27 
EW-28 

Iw-8a 
IW-9a 
Iw-10 
Iw-loa 
Iw-1 1 
Iw-12 
EW-16 

IW-29 

-300 
-300 

0 
-300 
-300 0 

-1500 0 
0 
0 
0 

-275 
-200 
-200 
-200 
-290 
-300 
-300 
-300 
-300 
-200 
-300 
-300 

0 
0 
0 
0 
0 
0 
0 
0 

-300 
-300 
-300 

0 
0 

-300 
-300 

-200 -200 
-3365 -1700 
-400 
-300 
-300 

0 

-400 
-300 
-300 
-100 

0 -100 
-lo00 -1200 

200 0 
200 0 
200 0 
200 0 
200 0 

0 0 
200 0 
100 0 
100 0 

1400 0 
-4465 -2900 

H\spPHz H)2Doc\M.y IS. 2002 941 AM 

E; 

3-7 000041 



4 2 6 9  : -  , . ..4 * 

52462-RP-OOOI FEMP-DRGMA SF PHII-DRAFT FINAL 
May 2002 

Rev. A 

TABLE 3-2 

MODELED ELEVATION, AND RESIDUAL 
MOMTORING WELLS - OBSERVED ELEVATION, 

Monitoring Well Observed Elevation Feet (AMSL) Modeled Elevation Fed (AMSL) Residual Feet 
2002 514.20 514.16 -0.04 

m 

2008 
2009 
201 1 
2014 
2015 
2016 
2017 
2020 
2032 
2033 
2034 
2044 
2045 
2046 
2048 
2052 
2054 
2065 
2068 
2070 
2093 
2095 
2 1033 
2106 
21063 
21064 
21065 
2107 
2108 
2118 
2125 
2126 
2128 
2166 
2383 
2384 
2385 
2386 
2387 
2389 
2390 
2394 
2396 
2397 
2398 
2399 
2402 
2423 

521.20 
522.20 
522.20 
518.00 
5 17.70 
518.20 
518.40 
519.80 
522.30 
521.80 
522.10 
520.60 
517.60 
518.80 
518.00 
520.20 
5 18.60 
5 18.40 
517.90 
517.30 
5 16.20 
516.10 
517.50 
518.10 
516.80 
519.20 
518.80 
520.90 
522.50 
518.40 
515.00 
513.90 
513.30 
517.40 
523.00 
522.50 
518.30 
517.50 
517.40 
518.70 
518.30 
512.40 
515.70 
5 18.00 
517.40 
5 17.40 
520.00 
518.70 

52 1.26 
522.04 
522.65 
518.04 
517.64 
518.54 
518.55 
519.91 
52 1.97 
52 1.46 
521.75 
520.98 
517.68 
519.22 
518.13 
520.55 
518.65 
517.77 
518.11 
517.19 
515.97 
516.11 
517.67 
518.19 
516.62 
519.45 
518.86 
520.85 
522.3 1 
518.46 
515.29 
514.59 
513.95 
517.31 
523.02 
522.43 
518.46 
5 17.42 
517.43 
518.83 
517.81 
513.04 
515.82 
5 17.90 
5 17.32 
517.45 
520.24 
519.00 

3-8 

0.06 
-0.16 
0.45 
0.04 
-0.06 
0.34 
0.15 
0.1 1 
-0.33 
-0.34 
-0.35 
0.38 
0.08 
0.42 
0.13 
0.35 
0.05 
-0.63 
0.21 
-0.11 
-0.23 
0.01 
0.17 
0.09 
-0.18 
0.25 
0.06 
-0.05 
-0.19 
0.06 
0.29 
0.69 
0.65 
-0.09 
0.02 
-0.07 
0.16 
-0.08 
0.03 
0.13 
-0.49 
0.64 
0.12 
-0.10 
-0.98 
0.05 
0.24 
0.30 

000042 
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TABLE 3-2 
(Continued) 

Monitoring Well Observed Elevation F a t  (AMSL) Modeled Elevation Feet (AMSL) Residual Feet 
2434 517.60 517.41 -0.19 
2436 519.10 519.49 0.39 
2446 518.30 518.02 -0.28 
2544 514.20 514.25 0.05 
2545 514.70 515.09 0.39 
2546 513.60 5 14.32 0.72 
2550 5 17.80 5 17.79 -0.01 
255 1 5 18.00 517.80 -0.20 
2552 515.30 515.64 0.34 
2553 5 14.90 515.39 0.49 
2636 513.00 513.60 0.60 
2648 521.40 52 1.32 -0.08 
2649 522.40 522.31 -0.09 
2702 5 12.30 513.19 0.89 
2821 52 1.70 52 1.76 0.06 
2880 515.30 514.96 -0.34 
2881 515.30 515.05 -0.25 
2897 515.50 515.16 -0.34 
2898 5 14.90 514.33 -0.57 
2899 5 13.20 513.34 0.14 
2900 513.90 513.78 -0.12 
2949 520.80 520.90 0.10 

AVG RES ID = 0.07 FEET 
RMSERROR=0.31 FEET 
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TABLE 3-3 

PERFORMANCE MEASURES FOR THE SOUTH FIELD PHASE II MODULE DESIGN 

SouthPlum Module South Field Module 
Gallons Module Module Mass 
Pumped conceatration Annual Cumulative Pumped Coxmntration Annual Cumulative 

Gallons Module ModuleuasS 

YiXI (pounds) (Po unds) gpm F f i  (pounds) (Po unds) 
2002 1,500 40.2 278.7 278.7 3,365 59.3 967.4 967.4 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 

1,500 
1,500 
1,500 
1,500 

0 
0 
0 
0 
0 

36.0 
32.0 
28.1 
24.3 
0.0 
0.0 
0.0 
0.0 
0.0 

250.5 529.2 
223.5 752.7 
197.4 950.1 
172.2 1122.3 
0.0 1122.3 
0.0 1122.3 
0.0 1122.3 
0.0 1122.3 
0.0 1122.3 

3,365 
3,365 
3,365 
3,365 
1,700 
1,700 
1,700 
1,700 
1,700 

49.0 
40.2 
32.7 
26.2 
20.8 
15.7 
13.9 
12.4 
11.2 

794.1 
654.9 
535.5 
432.2 
177.6 
135.3 
109.5 
97.1 
87.2 

1761.4 
2416.3 
295 1.8 
3384.0 
3561.5 
3696.9 
3806.3 
3903.5 
3990.7 

FERW-PHASE msppHz Eozwc\bdry 15,2002 941 AM 3-10 000044 
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LEGEND: ----- FEMP BOUNDARY 0 PHASE I 1  RE-INJECTION WELL 
o PHASE I RE-INJECTION WELL e PHASE 11 EXTRACTION WELL 

PHASE I EXTRACTION WELL * PHASE I EXTRACTION/PHASE I 1  RE-INJECTION WELL 
F IGURE 3-1 SOUTH F I ELD DES I GN FROM BASEL INE REMEDIAL STRATEGY REPORT 
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INACTIVE EXTRACTION WELL 0 PROPOSED BASIN RE-INJECTION I 
TOTAL URANIUM CONTOURS 30 g/L* 
MODIFIED FROM FOURTH QUART& 2001 e EXTRACTION WELL -- 

A RE-INJECTION WELL 
~~ 

FIGURE 3-2. SOUTH FIELD REVISED PHASE I 1  DESIGN 
000046 , '  
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'ROPOSED FOR CONVERSION 
:ROM EXTRACTION TO R E - I N J E C T I O N  

I 

1LD: - - - - .  FEMP BOUNDARY PROPOSED RE-INJECTION WELL 
m m - 1 -  ZOOM MODEL BOUNDARY * PROPOSED EXTRACTION WELL - LOW CONDUCTIVITY ZONE TOTAL URANIUM CONTOUR I N  

MODELED CONDUCTIVITY ZONES 0 PROPOSED BASIN RE-INJECTION 

/L MODIFIED FROM FOURTH e EXTRACTION WELL LOCATION ,,I &j#RTER zoo1 
F I GURE 3-6 ZOOM MODEL HYDRAUL I C  CONDUCT1 V I  T Y  ZONES 
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LEGEND : ZOOM MODEL NODES WHERE * INFILTRATION RATE INCREASED 
FROM 6'PER YEAR TO 30'PER YEAR 

SCALE 

PRE-EXCAVAT I ON - --.I,-- 

POST-EXCAVATION 250 125 0 250 FEE1 

FIGURE 3-7. ZOOM MODEL NODES WITH INCREASED INFILTRATION peoo51 
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000052 e EXTRACTION WELL 
A RE-INJECTION WELL 
FIGURE 3-8. GROUNDWATER ELEVATIONS WITH NOMINAL BOUNDARY 

CONDITIONS AND CURRENT PUMPING CONDITIONS 
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LARGE MODEL CONTOUR 

- - - - - -  ZOOM MODEL CONTOUR 
a PROPOSED ABANDONMENT LOCATION 

. 8 EX*TRACTION WELL 
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' A RE-INJECTION WELL 
FIGURE 3-9. COMPARISON OF LARGE MODEL AND ZOOM MODEL GROUNDWATER 

ELEVATIONS - CURRENT PUMPING CONDITIONS AND NOMINAL BOUNDARY CONDITIONS 
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- - - - -  FEMP BOUNDARY PROPOSED RE-INJECTION WELL 

- - - - - -  PARTICLE TRACK ( 6  YEARS) ep PROPOSED ABANDONMENT LOCATION 
GROUNDWATER CONTOUR 

e EXTRACTION WELL 
A RE-INJECTION WELL 000054 

FIGURE 3-10. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH F I E L D  PHASE I 1  
DESIGN YEARS 2001 THROUGH 2006 WITH NOMINAL BOUNDARY CONDITIONS 
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GROUNDWATER CONTOUR PROPOSED PLUGGING AND 
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e EXTRACTION WELL * PROPOSED EXTRACTION WELL ~ o ~ o s !  
A RE-INJECTION WELL 0 PROPOSED BASIN RE-INJECTION 

FIGURE 3-11. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH FIELD PHASE I 
DESIGN YEARS 2001 THROUGH 2006 WITH DRY BOUNDARY CONDITIONS 
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FIGURE 3-12. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH F I E L D  PHASE I1 

DESIGN YEARS 2001 THROUGH 2006 WITH WET BOUNDARY CONDITIONS 
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il#kW$8 0 PROPOSED RE-INJECT 
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ABANDONMENT LOCAT I ON 

,EGEND: 
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A RE-INJECTION WELL * 0 PROPOSED BASIN RE-INJECTION 
FIGURE 3-14. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH F I E L D  PHASE I1  

DESIGN YEARS 2007 THROUGH 2011 WITH NOMINAL BOUNDARY CONDITIONS 
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e EXTRACTION WELL * PROPOSED EXTRACTION WELL 
A RE-INJECTION WELL 0 PROPOSED BASIN RE-INJECTION 

FIGURE 3-15. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH F I E L D  PHASE I 
DESIGN YEARS 2007 THROUGH 2011 WITH DRY BOUNDARY CONDITIONS 
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ND: ~ - - - - - -  FEMP BOUNDARY 0 PROPOSED RE-INJECTION WELL 

- - - - - -  PARTICLE TRACK(5 YEARS) ABANDONMENT LOCAT I ON 
GROUNDWATER CONTOUR PROPOSED PLUGGING AND 
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FIGURE 3-16. PREDICTED GROUNDWATER ELEVATIONS FOR SOUTH F I E L D  PHASE I 

DESIGN YEARS 2007 THROUGH 2011 WITH WET BOUNDARY CONDITIONS 
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FIGURE 3-17. I N I T I A L  CONDITIONS FOR TOTAL URANIUM I N  MODEL LAYER 9 
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FIGURE 3-18. I N I T I A L  CONDITIONS FOR TOTAL URANIUM I 0 EL LAYER 10 bb806Z 
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FIGURE 3-20. I N I T I A L  CONDITIONS FOR TOTAL URANIUM I N  MODEL LAYER 12 
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A RE-INJECTION WELL 0 PROPOSED BASIN RE-INJECTION 

FIGURE 3-22. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 1 1  

CFWbtFS AFTER TWO YEARS OPERATION WITH NOMINAL BOUNDARY 
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FIGURE 3-23. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 1 1  
,AFTER FOUR YEARS OPERATION WITH NOMINAL BOUNDARY CONDITIONS 
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FIGURE 3-24. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 11  

AFTER S I X  YEARS OPERATION WITH NOMINAL BOUNDARY CONDITIONS 
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FIGURE 3-25. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 11 
AFTER EIGHT YEARS OPERATION WITH NOMINAL BOUNDARY CONDITIONS 
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FIGURE 3-26. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 11 
AFTER 10 YEARS OPERATION WITH NOMINAL BOUNDARY CONDITIONS 
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F IGURE 3-27. PREDICTED TOTAL URANIUM PLUME I N  MODEL LAYER 1 1  

. AFTER 10 YEARS OPERATION WITH DRY BOUNDARY CONDITIONS pooo71 
. t .  .. . *  



0 PROPOSED RE-INJECTION WELL 

lsl ABANDONMENT LOCAT I ON 

,EG ID: 
FEMP BOUNDARY 
URANIUM CONTOUR PROPOSED PLUGGING AND 

e EXTRACTION WELL * PROPOSED EXTRACTION WELL 

- _ - - -  

A RE-INJECTION WELL 0 PROPOSED BASIN RE-INJECTION 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions of this repart include: 

A revised South Field Phase II Module Design is required. The revised design consists of four 

plume in thc South Field, just west of the FEMP South Access Road. The design also consists of 
changing South Field Extractian Well 31563 (EW-16) into a re-injection well and adding a 
re-injection well upgradient of the SWU area to help maintain water levels in the ma. Surface 
water re-injection through existing basins in the SWU area will be used to supplement wellhead 
reinjection. 

additional extractianwlls, one in the swu area and three along the eastern edge ofthc uranium 

Anadditional 1.83 acresofuraniUmcon~tionintheGrcatMiamiAquifcrhadbccn 
charactmid between the Storm Sewer OutEall Ditch and the FEMP South Access Road. 

Uranium concentrations beneath the SWU arc much lower today than they wcre in previous 
years. The lower concentrations are attributed to source removal, natural flow of clean 
groundwater fivm the west into the area, the continued flushing of clean water through Paddys 
Run to the west, increased flushing of clean water through deep surface excavations in the 
Inactive Flyash Pile, and remedial pumping of the extraction wells to the east of this area. 

The water table beneath the formcr Inactive Flyash Pile was lower in the fourth quarter of 2001 
than it was m previous years, raising the concern that uranium contamination may be sorbed onto 
sediments above the present surface of the saturated zone. Pump-and-treat operations will only 
remove uranium from the saturated zone. Additional pumping will serve to lower the water table 
evcn m m  with the potential for having cvcn more uranium out of the influence of the pump-and- 
treat apcration. 

Remedy design beneath the former Inactive Flyash Pile will need to address variations in plume 
thickness. En the middle of the plume, which lies h e a t h  the fonner Inactive Flyash Pile, the 
30 pg/L uranium plumc was measured as being approximately 40 feet thick. However, the 
concentrations am very close to 30 pg/L for approximately 30 of the 40 feet. .Along the edges the 
plume thins to approximately 10 fet. 

Pumping rates beneath the former Inactive Flyash Pile need to consider the effects of partial 
penetration in light of the plume being approximately 10 feet thick m several areas. Large 
pumping rates might draw a lot of uncontaminated water Ikom beneath the plume and lower 
system efficiencies for uranium removal. 

Remedy design should take advantage of natural aquifer flushing through the use of infiltration 
basins, etc. Such flushing might serve to release some of the d u m  sorbed to soils above the 
present day water table, particularly idnear the former source arcas. 

Based on groundwater modcling, pumping and re-injection is expected to conthe in the South 
Field and South Plume areas through 2006. It is anticipated that re-hjection at the southun 
property boundary will no longer be needed, and that pumping in the off' partian of the 
South Plume will be complete in 2006. However, it is anticipated that additional pumping will 
continue in the South Field and in the Waste Storage Area through 20 1 1. 

4-1 
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0 A Kd of 1.78 liters per kilogram was uscd for all groundwater modeling trampod runs. 
Additional Kd work is being conducted to determine if 1.78 is the most realistic Kd to usc. This 
a d d i t i d  Kd work will refine the uncertainty m predicted clean up time. 

Recanmzmdatians are as follows: 

0 Install and operate components of the South Field Phase II Module presented in Section 3 
(i.e., one re-injection well, four extraction wells, one active infiltration basin, and conversion of 
Extraction Well 31563 p - 1 6 1  to a re-injection well). 

0 Install additional monitoring wells in optimal locations based on the informatian collected for the 
design to better track remedy progress. 

0 Shut down Extracton Wells 31565 (EW-13) and 31564 (EW-14). These wells arc no longer 
situated in locations that will provide a pumpmg benefit to the aquifer remedy. Pumping should 
stop in these wells, and they should be used for monitoring the ongoing decline of Uranium 
concentrations in this area of the aquifer. 

In addition to the re-injection activities already discussed (i.e., wells and active basins) effarts 
need to be taken all over the South Field to keep the water level as high as possiile. Other 
possibilities that should be explored include infiltration ponds, the instalktion of check dams 
along the Storm Sewer hall Ditch and perhaps pulse pumping by shutting down some or part 
of the South Field Module each spring to allow seasonal warn level recovery to occur to the 
degree possible. This pulse pumping may extend the pumping times presented in Section 3. 

0 After the South Field Phase II Module Design is finalized and approved, an addendum to the 
1997 BRSR will be issued adopting the pumping schedulesh.ates pvidcd in Table 3-1 as the 
up-to-date plan for aquifkr restoration at the FEMP. The addendum would also contain revised 
performance measures, similar to those identified in Table 3-3, for all amas where groundwater 
restoratian is in progress orplanned. 
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I APPENDIX A 

~ 

The following information is provided far each direct-push sample location: 

Eastingmweycoordinste 
0 Northingsurveycoordinate 
0 Ref- surface elevation 
0 Depth (fcet) to the water table 
0 Work duration (date sampling was conducted) 
0 The total uranium sampling results for each sampling depth. 

000077 
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TABLE A-1 

GEOPROBE 12814 

Easting '83: 1347671.44 
Northing '83: 477907.64 
Refmnce Elevation: 544.4 feet amsl 
Depth to Water Table: 28.5 feet bgs 
Work Duration: 10/22/00 - 10/28/00 

Depth Below Depth Below Total Uranium Conc. 
Sam& Elevation Surfsce Water Table (0.45 micron filtered) 
POG (ft amd) (ft) (@ 515.9 feet amsl) (Pa) 
1 512.9 31.5 3 28.7 
2 505.9 38.5 10 22.9 
3 495.9 48.5 20 9.2 
4 495.9 48.5 20-D 9.0 
5 485.9 58.5 30 8.9 
6 475.9 68.5 40 15.0 
7 465.9 78.5 50 2.9 
8 455.9 88.5 60 4.4 

TABLE A-2 

GEOPROBE 12815 

Easting '83: 1347647.81 
Northing '83: 478086.39 
Reference Elevation: 558.0 feet amsl 
Depth to Water Table: 43 .O feet bgs 
Work Duration: 10/23/00 - 10/26/00 

Total Uranium Conc. 
(5IIlicranfiltcrcd) 
A 

31.5 
23.4 
9.6 
9.4 
12.2 
15.9 
3.2 
5.9 

sanq>le 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(ft amsl) 

5 12 
505 
495 
495 
485 
475 
465 
455 

Depth Below Depth Below Total Uranium Conc. 
Surface Water Table (0.45 micron filtered) 
(ft) (@ 515 feet -1) ( P a )  
46 3 62 
53 10 
63 20 
63 20-D 
73 30 
83 40 
93 50 
103 60 

22 
11 
11 
13 
8.3 
0.7 
0.6 

Total Uranium Conc. 
(5micranfiltcrcd) 
A 

64 
23 
13 
13 
13 
8.5 
0.7 
0.7 

000078 



4 2 6 9  
52462-RP-OOOI FEMP-DRGMA SF PHII-DRAFT FINAL 

May 2002 
Rev. A 

TABLE A-3 

GEOPROBE 12816 

Easting '83: 1347945.79 
Northing '83: 47772121 
Reference Elevation: 558.4 feet amsl 
Depth to Water Table: 45.0 feet bgs 
Work Duration: 10/26/00 - 11/1/00 

Depth Below Depth Below Total Uranium Cow. Total Uranium Corn. 
S-le Elevation Surface Water Table (0.45 micron filtaed) (5 micron filtered) 
Point (ft m l )  (ft) (@ 513.4 feet amsl) (lam (PI&) 
1 5 10.4 48 3 109 112 
2 503.4 
3 493.4 
4 493.4 
5 483.4 
6 473.4 
7 463.4 
8 453.4 

55 10 
65 20 
65 20-D 
75 30 
85 40 
95 50 
105 60 

69 
24 
24 
15 
10 
0.9 
1.4 

70 
24 
23 
17 
11 
1 .o 
1.5 

TABLE A 4  

GEOPROBE 12817 

Easting '83: 1349724.5 1 
Northing '83: 478725.48 
Reference Elevation: 575.1 feet amsl 
Depth to Water Table: 62.0 feet bgs 
Work Duration: 1 1/2/00 - 1 1/14/00 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(ft m l )  

510.1 
503.1 
493.1 
493.1 
483.1 
473.1 
463.1 
453.1 

Depth Below 
Surfwe 

(ft) 
65 
72 
82 
82 
92 
1 02 
112 
122 

Depth b l o w  Total Uranium Conc. 
Water Table (0.45 micron filtered) 

(@ 513.1 fett amsl) (Pia) 
3 1 .o 
10 
20 

20-D 
30 
40 
50 
60 

0.6 
0.6 
0.6 
0.8 
0.7 
0.4 
0.2 

TatalUraniumconC. 
(5micronfltered) 
A 

2.1 
0.7 
0.6 
0.6 
2.2 
1.5 
0.5 
0.2 

A-3 ', . .* . . 
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TABLE A-5 

GEOPROBE 12818 

Easting '83: 1348109.62 
Northing '83: 477099.20 
Ref- Elevatim 537.9 feet amsl 
Depth to Water Table: 25.0 feet bgs 
Work -OX 11/28/00 - 12/4/00 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Depth Below Depth Below 
Elevation Surface Water Table 
(ft amsl) (ft) (@ 512.9 feet -1) 
509.9 28 3 
502.9 
492.9 
492.9 
482.9 
472.9 
462.9 
452.9 

35 
45 
45 
55 
65 
75 
85 

10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Conc. 
(0.45 micron sltered) 

TABLE A 4  

GEOPROBE 12819 

Easting '83: 1348971.77 
Northing '83: 478+A12556.75 
Reference Elevation: 574.0 feet amsl 
Depth to Water Table: 61 .O fcct bgs 
Work h t i ~ n :  12/19/00 - 12/28/00 

A 
20 
15 
12 
12 
15 
11 
12 
1.8 

Total Uranium Conc. 
(5 I&XOII filtered) L 

21 
16 
13 
12 
15 
12 
12 
2.5 

Depth Below Depth Below Water Total Uranium Conc. Total Uranium Conc. 
Sample Elevation Surface Table (0.45 micron filtered) (5 micron fltercd) 
Poiet (ft -1) (ft) (@ 513 feet -1) (Pa) ( P a )  
1 510 64 3 2.0 2.2 
2 503 71 10 2.5 2.5 
3 493 81 20 1.3 1.3 
4 493 81 20-D 1.2 1.3 
5 483 91 30 0.8 1 2  
6 473 101 40 0.9 1.1 
7 463 111 50 0.6 0.7 
8 453 121 60 0.4 0.5 



Easting '83: 1349173.46 
Northing '83: 478798.48 
Reference Elevation: 569.6 feet amsl 
Depth to Water Table: 56.5 feet bgs 
Work Duration: 12/28/00 - 1/4/01 
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GEOPROBE 12820 
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Depth Below Depth Below Total Uranium Conc. Total Uranium colkc. 
Sample Elevation Surface Water Table (0.45 micron filtered) (5 micron M) 
Point (ft amsl) (ft) (@ 513.1 feet amsl) ( P a )  (Pa) 
1 510.1 59.5 3 63 67 
2 503.1 
3 493.1 
4 493.1 
5 483.1 
6 473.1 
7 463.1 
8 453.1 

66.5 10 
76.5 20 
76.5 20-D 
86.5 30 
96.5 40 
106.5 50 
116.5 60 

2.1 
2.9 
3.0 
1.1 
0.7 
0.5 
0.1 

2.2 
4.3 
2.8 
1.2 
0.8 
0.6 
0.2 

TABLE A-8 

GEOPROBE 12824 

Easting '83: 1348039.19 
Northing '83: 477920.70 
Ref-= Elevatia 566.7 fett amsl 
Depth to Water Table: 53.0 feet bgs 
Work Duration: 1/3/01 - 1/9/01 

sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Depth Below Depth Below 
Elevation Surface Water Table 
(ft amsl) (ft) (@ 513.7 feet d) 

510.7 56 3 
503.7 63 10 
493.7 73 20 
493.7 73 20-D 
483.7 83 30 
473.7 93 40 
463.7 103 50 
453.7 113 60 

TotalUtaniUmConc. TotdUraniumCbm. 
(0.45 micron filtered) (5 micron M) 

29 30 
19 20 
20 20 
32 34 
22 29 
1.9 2.1 
1.1 1 .o 

e*'.. 
, ' -,I, 
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TABLE A-9 

GEOPROBE 12825 

Easting '83: 1347883.87 
Narthing '83: 478236.33 
R e f m a  Elevation: 575.8 feet amsl 
Depth to Water Table: 63.0 feet bgs 
WorkDuration: 1/8/01 - 1/15/01 

509.8 
502.8 
492.8 
492.8 
482.8 
472.8 
462.8 
452.8 

Depth Below Depth Below Total Uranium Cone. 
Elevation SlKht3 Water Table (0.45 micron filtered) 

Point (fi amsl) (ft) (@ 512.8 feet amsl) ( P € m  
66 3 0.7 
73 10 
83 20 
83 20-D 
93 30 
103 40 
113 50 
123 60 

5.6 
1 .o 
1 .o 
0.4 
2.9 
1.8 
0.5 

Total Uranium Conc. 
(5 micron filtered) 

0.8 
6.0 
1 .o 
1 .o 
0.5 
3.1 
1.6 
0.5 

A 

TABLE A-10 

GEOPROBE 12826 

Easting '83: 1348115.93 
Northing '83: 477774.73 
Refmce Elevation: 568.9 feet amsl 
Depth to Water Table: 56.0 feet bgs 
W o r k h t i o n :  1/8/01 - 1/17/01 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(ft amsl) 
509.9 
502.9 
492.9 
492.9 
482.9 
472.9 
462.9 
452.9 

Depth Below 
Surfbe 
(ft) 
59 
66 
76 
76 
86 
96 
106 
116 

Depth Below Water Total Uranium Conc. 
Table (0.45 micron filtered) 

(@ 5 12.9 feet 821381) (W) 
3 424 
10 
20 

20-D 
30 
40 
50 
60 

47 
30 
31 
15 
2.0 
2.1 
0.8 

Total Uranium Cone. 
(5micronfiltered) 
A 

424 
47 
31 
31 
16 
2.1 
2.3 
0.8 

008082 



Easting '83: 1348274.17 
Northing '83: 477920.00 
Reference Elevation: 568.9 fctt amsl 
Depth to Water Table: 56.0 feet bgs 
WorkDuration: 1/18/01 - 1/24/01 
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TABLX A-11 

GEOPROBE 12827 

Depth Below Depth Below Total Uranium Cow. Total Uranium Conc. 
Sample Elevation surface Water Table (0.45 micron filtered) (5 micron filtered) 
Point (ft amsl) (ft) (@ 512.9 feet amsl) ( L a )  (W) 
1 511.9 57 1 176 180 
2 502.9 66 10 28 29 
3 492.9 76 20 22 22 
4 492.9 76 20-D 22 22 
5 482.9 86 30 24 26 
6 472.9 96 40 16 18 
7 462.9 106 50 1.1 1.3 
8 452.9 116 60 0.6 0.7 

TABLE A-12 

GEOPROBE 12828 

Easting '83: 1348328.15 
Northing '83: 477803.10 
Reference Elevation: 575.9 feet amsl 
Depth to Water Table: 63.0 feet bgs 
Work Duration: 1/29/01 - 2/5/01 

Sample Elevation 
Point (ft amsl) 
1 509.9 
2 502.9 
3 492.9 
4 492.9 
5 482.9 
6 472.9 
7 462.9 
8 452.9 

Depth Below 
k9lXfkC.C 

L 
66 
73 
83 
83 
93 
103 
113 
123 

Depth Below 
Water Table 

(@I 512.9 feet amsl) 
3 
10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Conc. 
(0.45 micron filtered) 
A 

223 
56 
19 
19 
21 
1.8 
1.8 
1.0 

Total Uranium Conc. 
(5miCronfiltcrcd) 
A 

224 
65 
19 
20 
22 
1.9 
1.9 
0.8 
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TABLE A-13 

GEOPROBE 12833 

Easting '83: 134941 1.68 
Northing '83: 478335.75 
Refcrcncc Elevation: 575.0 fcet amsl 
Depth to Water Table: 62.5 feet bgs 
WorkDuration: UlUOl -U15/01 

Depth Below Depth Below Total Uranium Corn. Total Uranium Conc. 
Elevation Surface Water Table (0.45 micron filtered) (5 micron filtered) 

Point (rt amsl) (a) (@ 512.5 feet -1) (W) ( P a )  
1 511.5 63.5 1 3 12 310 
2 502.5 
3 492.5 
4 492.5 
5 482.5 
6 472.5 
7 462.5 
8 452.5 

72.5 10 
82.5 20 
82.5 20-D 
92.5 30 
102.5 40 
112.5 50 
122.5 60 

274 
133 
135 
44 
9.7 
1.8 
1.2 

280 
135 
137 
46 
9.8 
1.6 
1.2 

TABLE A-14 

GEOPROBE 12834 

Easting '83: 134953 1.55 
Ncnthing '83: 478460.34 
Refcrcnce Elevation: 576.0 fcet amsl 
Depth to Water Table: 63.0 feet bgs 
Work Duration: no10 1 - U26/0 1 

S W k  
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(fl amsl) 

512 
503 
493 
493 
483 
473 
463 
453 

Depth Below 
Surface 

(ft) 
64 
73 
83 
83 
93 
103 
113 
123 

Depth Below 
Water Table 

(@ 513.0 feet -1) 
1 
10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Conc. 
(0.45 micron filtered) 

90 
95 
54 
56 
25 
2.2 
1.5 
1.1 

A 

Total Uranium Conc. 
(5 micron filtaed) 
A 

91 
97 
55 
63 
27 
2.6 
1.8 
1.1 
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TABLE A-15 

GEOPROBE 12835 

Easting '83: 1349678.12 
Northing '83: 478280.90 
Rcfercnce Elevation: 570.8 feet amsl 
Depth to Water Table: 58.0 feet bgs 
Work h t i m  2/26/01 - 3/1/01 

Depth Below Depth Below Total Uranium Conc. Total Uranium Conc. 
Sample Elevation Surface Water Table (0.45 micron filtered) (5 micron filtend) 
Point (ft amsl) (ft) (@ 512.8 feet -1) (Pa) ( P l m  
1 511.8 59 1 61 64 
2 502.8 
3 492.8 
4 492.8 
5 482.8 
6 472.8 
7 462.8 
8 452.8 

68 10 
78 20 
78 20-D 
88 30 
98 40 
108 50 
118 60 

6.4 
2.5 
2.4 
1 -4 
0.8 
0.8 
0.4 

6.5 
2.4 
2.3 
1.4 
0.8 
0.9 
0.4 

TABLE A-16 

GEOPROBE 12836 

Easting '83: 1349527.37 
Northg '83: 478155.77 
Reference Elevation: 574.2 feet amsl 
Depth to Water Table: 62.0 fact bgs 
Work Duration: 3/5/0 1 - 3/WO 1 

s=& 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(ft amsl) 
511.2 
502.2 
492.2 
492.2 
482.2 
472.2 
462.2 
452.2 

Depth Below 
suaface 
(ft) 
63 
72 
82 
82 
92 
102 
112 
122 

Depth Below 
Water Table 

(@ 512.2 feet amsl) 
1 
10 
20 
20-D 
30 
40 
50 
60 

Total UraniumConc. 
(0.45 micron filtered) 

Total Uranium Conc. 
(5micronfiltned) 

159 
90 
90 
30 
4.0 
2.4 
1.3 

161 
90 
91 
32 
4.1 
2.6 
1.4 
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TABLE A-17 

GEOPROBE 12837 

Easting '83: 1348348.85 
Northing '83: 478035.74 
Reference Elevation: 578.23 feet amsl 
Depth to Water Table: 66.0 fctt bgs 
Work Duration: 3/5/01 - 3/8/01 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(fi amsl) 

51 1.2 
502.2 
492.2 
492.2 
482.2 
4722 
462.2 
452.2 

Depth Below 
Surface 

(ft) 
69 
76 
86 
86 
96 
106 
116 
126 

Depth Below 
Water Table 

((2 5 12.23 feet amsl) 
1 
10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Coat. 
(0.45 micron filtmd) 

463 
62 
17 
17 
45 
30 
3.7 
1.3 

0 
Total Uranium Corn. 

(5 micronfiltemi) 

460 
62 
17 
18 
44 
31 
3.8 
1.3 

A 

TABLE A-18 

GEOPROBE 12838 

Easting '83: 1348129.11 
Northing '83: 478083.68 
Reference Elevation: 577.0 feet arm1 
Depth to Watcr Table: 64.5 f a t  bgs 
WorkDuration: 3/8/01 - 3/15/01 

Depth Below Depth Below Total Uranium Corn. Total Ur8nium Corn. 
Sample Elevation Surfice Water Table (0.45 micros filtered) (5 micron filtered) 
Point (ft d) (ft) (@ 512.5 fiet amsl) (Pa) (Na) 
1 521.5 65.5 1 422 439 
2 502.5 74.5 10 24 25 
3 -  492.5 84.5 20 18 19 
4 492.5 84.5 20-D 19 19 
5 482.5 94.5 30 12 12 
6 472.5 104.5 40 4.1 4.3 
7 462.5 114.5 50 4.7 5.0 
8 452.5 124.5 60 1 .o 1.1 

000086 



TABLE A-19 

GEOPROBE 12839 

Easting '83: 1348138.3 1 
Northing '83: 477649.75 
Reference Elevation: 569.8 feet amsl 
Depth to Water Table: 56.0 feet bgs 
Wmk Duration: 3/19/0 1 - 3/26/0 1 
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Depth Below Depth Below Total Uranium Conc. Total Uranium Conc. 
Sample Elevation Surface Water Table (0.45 micron filtered) (5 micron filtered) 
POG (ft amsl) (ft) (@ 513.8 feet amsl) (Pa) (Pa) 

57 1 7.1 7.2 512.8 
503.8 
493.8 
493.8 
483.8 
473.8 
463.8 
453.8 

66 10 32 
76 20 13 
76 20-D 13 
86 30 2.1 
96 40 1.2 
106 50 0.8 
116 60 0.7 

TABLE A020 

GEOPROBE 12840 

Easting '83: 1348362.89 
Northing '83: 477700.44 
Rcfercnce Elevation: 574.20 fett amsl 
Depth to Water Table: 60.0 feet bgs 
Work Duration: 3/15/01 - 3/21/01 

33 
13 
13 
2.2 
1.4 
0.9 
0.7 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 

509.2 
504.2 
494.2 
494.2 
484.2 
474.2 
464.2 
454.2 

0 
Depth Below 

surface 
(A) 
65 
70 
80 
80 
90 
100 
110 
120 

Depth Below 
Water Table 

(@ 514.2 feet amsl) 
5 
10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Conc. 
(0.45 micron filtffed) 

89 
35 
3.8 
3.9 
0.7 
0.5 
0.5 
0.5 

A 

Total Uranium Conc. 
(5mimmfiltcrcd) 
A 

90 
35 
4.0 
4.1 
0.8 

- 0.7 
0.5 
0.5 
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TABLE A-21 

GEOPROBE 12841 

Easting '83: 1347879.23 
Northing '83: 477609.96 
Refmce Elevation: 544.9 feet amsl 
Depth to Water Table: 30.5 feet bgs 
Work Duration: 3/27/0 1 - 3/29/0 1 

~~ ~ 

Depth Below Depth Below Total Uranium Conc. Total Uranium Conc. 
Sample Elevation SUlfhCC Water Table (0.45 micron filtered) (5 micron tiltmd) 
Point (ft amsl) (ft) (@ 514.4 feet -1) (Pa) (Ma) 
1 513.4 31.5 1 3.4 3.7 
2 504.4 
3 494.4 
4 494.4 
5 484.4 
6 474.4 
7 464.4 
8 454.4 

40.5 
50.5 
50.5 
60.5 
70.5 
80.5 
90.5 

10 
20 

20-D 
30 
40 
50 
60 

11 
12 
11 
11 
7.5 
1.6 
1.5 

12 
12 
12 
11 
7.8 
1.7 
1.7 

TABLE A-22 

GEOPROBE 12842 

Easting '83: 1348644.25 
Northing '83: 477701.42 
Reference Elevatim. 575.6 feet amsl 
Depth to Water Table: 62.5 feet bgs 
Work Duration: 3/2UO 1 - 3/29/0 1 

Depth Below Depth Below Total Uranium Conc. Total U h  Conc. 
Sample Elevation Surfice WaterTable (0.45 micron filtered) (5 micron fbd) 
Point (ft amsl) (ft) (Gj513.1 feetamsl) hm (UejL) 
1 510.1 65.5 3 136 139 
2 503.1 72.5 10 57 58 
3 493.1 82.5 20 4.4 4.4 
4 493.1 82.5 20-D 4.6 4.6 
5 483.1 92.5 30 1.1 1.1 
6 473.1 102.5 40 1.7 1.8 
7 463.1 112.5 50 1.1 1.2 
8 453.1 122.5 60 1.8 1.9 

000088 
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TABLE A-23 

CEOPROBE 12843 

Easting '83: 1349534.20 
Northing '83: 478320.20 
Reference Elevation: 575.1 fttt amsl 
Depth to Water Table: 64.0 feet bgs 
Work Duration: 4/ZO 1 - a510 1 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elmtion 
(ft amsl) 

508.1 
501.1 
491.1 
491.1 
481.1 
471.1 
461.1 
451.1 

Depth Below 
Surface 

(ft) 
67 
74 
84 
84 
94 
104 
114 
124 

Depth Below 
Water Table 

I@ 511.1 feet 811381) 
3 
10 
20 

20-D 
30 
40 
50 
60 

Total Uranium Conc. 
(0.45 micron filtered) 

Total Uranium Corn. 
(5 micron filtered) 

116 111 
56 59 
57 57 
7.0 7.2 
1.9 2.0 
1.9 2.2 
0.8 0.9 

TABLE A-24 

GEOPROBE 12844 

Easting '83: 1348862.32 
Northing '83: 478081.06 
Reference Elevation: 573.59 feet amsl 
Depth to Water Table: 60.0 feet bgs 
Work Duration: 4/24/01 - 5/1/01 

SamPk 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elmtion 
(ft amsl) 

512.6 
503.6 
493.6 
493.6 
483.6 
473.6 
463.6 
453.6 

Depth Below 
Surface 

(ft) 
61 
70 
80 
80 
90 
100 
110 
120 

Depth Below Total uranium Confz. 
Water Table (0.45 micron filtered) 

(@ 513.6 feet amsl) (I.ldu 
1 56 
10 
20 

20-D 
30 
40 
50 
60 

11 
4.3 
4.2 
2.4 
1.4 
0.8 
0.5 

Total Uranium Conc. 
(5 micron fltued) 

55 
12 
4.5 
4.2 
2.4 
1.5 
0.8 
0.5 

A 



e .  . , 

Easting '83: 1348803.74 
Northing '83: 477713.24 
Reference Elevation: 574.85 feet amsl 
Depth to Water Table: 61.5 fect bgs 
Work Duration: 4/24/0 1 - 51710 1 
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TABLE A-25 

GEOPROBE 12845 

saraple 
Point 
1 
2 
3 
4 
5 
6 
7 
8 

Elevation 
(ft -1) 
512.4 
503.4 
493.4 
493.4 
483.4 
473.4 
463.4 
453.4 

Depth Below Depth Below Total Uranium Cox. 
Surface Water Table (0.45 micron filtered) 

(ft) (@ 513.4 feet amsl) ( P a )  
62.5 1 1 07 
71.5 
81.5 
81.5 
91.5 
101.5 
111.5 
121.5 

10 
20 
20-D 
30 
40 
50 
60 

TABLE A-26 

GEOPROBE 13241 

Easting '83: 1350070.84 
Northing '83: 477048.77 
Refereace Elevation: 58 1 .O ftet amsl 
Depth to Water Table: 65.0 feet bgs 
Work Duration: 1/22/02 - 1/23/02 

6.9 
2.2 
2.6 
3.4 
2.5 
2.1 
1.6 

Total Uranium Conc. 
(5micronfiltffad) 
A 

109 
7.3 
2.0 
2.1 
3.8 
2.7 
2.7 
1.6 

Depth Below Depth Below Total UraaiUm Cone. 
Sample Elevation surface Water Table (5micronfiltcrcd) 
Point (ft d) (ft) (@ 516 feet amsl) (MIL) 
1 515 66 1 3.6 
2 506 75 10 8.7 
3 496 85 20 33 
4 496 85 20-D 33 
5 486 95 30 120 
6 476 105 40 14 
7 466 115 50 4.8 
8 456 125 60 1.4 
9 446 135 70 2.5 
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TABLE A-27 

GEOPROBE 13247 

Easting '83: 1350281.339 
Northing '83: 476939.546 
Refmnce Elevation: 583.7 feet amsl 
Depth to Water Table: 69.0 feet bgs 
Work Duratiun: 1/29/02 - 1/30/02 

Depth Below Depth Below Total Uranium CaILC. 
Sample Elevation Surface Water Table (5 micron filtered) 
Point (it amsl) (ft) (@ 514.7 feet aznsl) (P ia)  
1 513.7 70 1 1.9 

504.7 
494.7 
494.7 
484.7 
474.7 
464.7 
454.7 
444.7 

79 
89 
89 
99 
109 
119 
129 
139 

10 
20 

20-D 
30 
40 
50 
60 
70 

1.8 
2.0 
1.5 
2.0 
1 .o 
1.6 
0.7 
0.4 

TABLE A-28 

GEOPROBE 13248 

Easting '83: 1350096.574 
Northing '83: 477312.792 
Ref-ce Elevation: 581.6 fcet amsl 
Depth to Water Table: 67.0 feet bgs 
Work Duration: 2/6/02 - 2/7/02 

Sample 
Point 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Elevation 
(f€ amsl) 
513.6 
504.6 
494.6 
494.6 
484.6 
474.6 
464.6 
454.6 
444.6 

Depth Below Depth Below TotalUraniumcanC. 
Surface Water Table (5micKmfiltered) 

(ft) (@I 514.6 feet amsl) ( P a )  
68 1 7.5 
77 
87 
87 
97 
107 
117 
127 
137 

10 
20 

20-D 
30 
40 
50 
60 
70 

1.7 
1.8 
1.5 
0.9 
3.2 
1 .o 
0.5 
0.5 




