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Mr. James A. Sdc, Remedial Project Director 
U.S. Environmental Protection Agency 
Region V - 5WF-5J 
77 W. Jackson Boulevard 
Chicago, Illinois 60604-3590 

Mr. Tom Schneider, Project Manager 
Ohio Environmental Protection Agency 
401 East 5th Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

Transmittal of the Baseline Remedial Strategy Report for the Aquifer Restoration 

The purpose of this letter is to transmit, for your review and approval, the draft Baseline 
Remedial Strategy Report for the Aquifer Restoration. The purpose of the Baseline Remedial 
Strategy Report is to (1) provide the technical bmb and results for the detailed design of 
the Department of Energy, Fernald Environmental Management Project's (DOE-FEMP) 
groundwater remedy, including enhancement modeling simulations used to support the 
basis of the detailed design, and (21 recommend a final restoration strategy to serve as the 
design basis for the full-scale program. 

In summary, the enclosed Baseline Remedial Strategy Report recommends a 10-year 
baseline strategy for restoration of the Great Miami Aquifer at Fernald over the originally 
planned 27-year strategy outlined in the Operable Unit 5 (OU6) Feasibility Study and 
Proposed Plan. This significant reduction in the estimated cleanup time of the Great Miami 
Aquifer would result in cost savings of approximately 50 percent or $80 million from those 
estimated in the OU5 Feasibility Study. This aggressive groundwater restoration strategy is 
planned to be accomplished through the use of groundwater injection and addltional on and 
off-property extraction wells. This proposed baseline remedial strategy for aquifer 
restoration joins the FEMP's recent commitment to a new, accelerated site cleanup plan 
designed to complete OU waste units and facility dismantlement and disposal activitim by 
the year 2005. The DOE-FEMP is excited about this new facet of our program and we look 
forward to meeting with both of you to discuss and finalize this strategy. 
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Page 2 

Thir report also contains the most recent developments concerning the siting of weils in 
off-property locatrons. Thls is an ongoing issue that is currently bdng deliberated between 
DOE, EPA, and the respective landowner. In order to move forward with this 10-year 
strategy and the overall detailed remdial design process, the two off-property wells in 
question were placed on hold from the current design strategy until such tlme that the 
deliberatlons are completed and a resolution is achieved. 

If you or your staff should have any questions, please contact Robert Janke at (513) 
648-3 1 24. 

Sincerelv 

FEMP:R.J. Janke 

J&ny Reising 
Fernaid Remedial Action 
Project Manager 

Enclosure: As Stated 

cc w/enc: 

S. Fauver, EM425/GTN 
R. L. Nacc EM4251GTN 
G. JablOnOwSkf, USEPA-V, SHRE-8J 
R. Beaumier, TPSS/DERR, OEPA-Columbus 
M. Rochone, OEPA-Columbus 
T. Schneider, OEPA-Dayton (3 copies total of enc.) 
F. Bell, ATSDR 
D. S. Ward. GeoTrans 
R. Vandegrift, ODOH 
S. McLelian, PRC 
D. J. Carr, FDF/9 

1. Hagen, FDF/65-2 
J. Harmon, FDF/SO 

J. D. Chiou, FDF/52-5 

cc w/o enc: 

C. Littie, FDFI2 
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1.0 INTRODUCTION 

The Record of Decision (ROD) for Opetable Unit 5 at the U.S. Depatmmt of Energy's (DOE'S) 
Fernald Environmental Management Project (FEMP) was signed on January 31,1996, setting in 

motion the remedial design (RD) process for the F " s  Great Miami Aquifer groundwater 
restoration remedy (DOE 1996a). As the first formal deliverable required under the ROD, the U.S. 
Environmental Protection Agency (EPA) and Ohio Environmental Protection Agency (OEPA) 

approved the Operable Unit 5 RD Work Plan in July, 1996. The RD Work Plan outlines 11 design 
tasks and the associated design deliverables and schedule necessary to convey the design of the Great 
Miami Aquifer groundwater remedy for agency review and approval (DOE 1996b). 

Task 1 of the approved RD Work Plan requires the DOE to prepare a Baseline Remedhl Strategy 
Report that is intended to 1) serve as the technical basis for the detailed design of the FEW'S 

groundwater remedy and 2) summafize the results of the FEW'S ongoing enhancement modeling 

simulations that have been conducted following approval of the initial remedial strategy (termed the 
"base case" remedy) contained in the Operable Unit 5 Feasibility Study (FS) Report (DOE 1995a). 
This report fulfills the requirements for the Baseline Remedial Strategy Report as specified under 

Task 1 of the RD Work Plan. 

1.1 BOLE OF THE FS "BASE CASE" RaMEDY 
The Operable Unit 5 PS Report and ROD outlined the site-wide remediation strategy for restoration 

of the aquifer, including the integration of existing actions into the fhal remedy. Under this overall 
strategy, restoration will be accomp>lished using'a series of area-specific groundwater restoration 
modules and the centralized water treatment capabilities of the F E W s  advanced wastewater 

treatment (AWW") facility. Each area-specific module will be brought on line as needed during the 
life of the remedy and independently withdrawn frm service once remaW objectives within an area 

are achieved. The installation sequence and operation of the modules will follow a coordinated 

schedule that is based on the schedule and availability of access to the areas occupied by the source- 

control operable units (Operable Units 1 through 4) and the modeling projections of the duration and 
intensity of restoration actions necessary to achieve desired site-wide cleanup time fkames and satisfy 

discharge requirements to the Great Miami River. 

PER\OUS\RDBRS\RD-BRS.ocT\septermba 30,1996 21- 1-1 000012 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

21 

22 

P 

24 

25 

26 

n 

28 

29 

30 

31 

32 



" r ,: 4 
;> , * I  

m45-RDWP-BRS-3DRAFT 
October 1,1996 

In order to demonstrate the feasibility of restoring the aquifer in a reasonable time frame, the 
Operable Unit 5 FS Report i d d e d  a "base-case" system consisting of 28 conventional extraction 
wells (packaged into four discrete modules) and system-wide pumping rates of approximately 

4OOO gpm, representing the hydraulic capacity of the aquifer beneath the FEMP beyond which 
undesirable drawdown conditions would be likely. Modeling simulations for the base case system 
indicated the aquifer could be restored in an estimated 27-year time frame at a total present worth cost 
of about $16p million (of which the majority of the costs are attributed to long-term operations and 
maintenance [ O w  costs accompanying groundwater treatment). 

It was acknowledged in the FS Report and the ROD that the remedial design process would build 

upon the base case and evaluate additional scenarios that inc~rporated innovative enhancement 
technologies (such as groundwater mjection) to further reduce remediation time, pumping-rklated 
hydraulic impacts, and cost. It was also acknowledged in the FS Report that the FEMP would 
implement EPA's "learn as you go and respolad accordingly" improvement process for groundwater 
restoration that is contained in EPA's General Methods for Remedial Operation Performance 
.Evaluations (EPA 1992). As envisioned by this guidance, once a base case remedy is selected for a 

site and documented in a ROD, ongoing efforts to improve system efficiency and respond to actual 
field conditions and performance results should be extended over the life of the remedy. 

In the FS Report, DOE formally recognized the desire to incorpOrate this "learn as you go" 

philosophy into the modular, step-wise design and implunemtion strategy for the aquifer restoration 
program. Lastly, it was also acknowledged in the FS Report that the mnedial design process would 
address EPA's desire to restore the off-property portion of the plume as the l?EMP's highest 
groundwater priority. 

. .  1.2 
As the followup groundwater strategy document to the Operable Unit 5 FS and ROD, the role and 
intent of the Baseline Remedial Strategy Report is four-fold: 

1) To report on the results of the erbmemmt modeling simulations that extend beyond the FS 
base-case system, including an evaluation of grourndwater injection and the refhments 
necessary to enhance restoration of the off-property portion of the plume. 

2) To recommersd a final restowon strategy to serve as the design basis for the full-scale 
program. 
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3) To provide FEMP decision-makers with a perspective concaning the plausible range of 
estimated cleanup times and costs associated with the “in-the-field” performance of the final 
recommendad strategy. 

4) To assess the impact of recent landowner-imposed access constraints on the number and 
location of off-property extraction wells contemplated for restoring the off-property portion of 
the plume. 

As of the October 1,1996 submittal date of this report, the affected off-property landowner noted in 

Item 4 above has raised objections to two of the four off-property wells proposed in the preliminary 
baseline strategy identified in this report. To support ongoing discussions with the landowner and 
EPA and OEPA, a series of additional modeling simulations were performed to evaluate alternatives 
for addressing the landowner-imposed access constraints. These simulations are presented in 

Appendix E and are summarrzed ’ in Section 5.0 of the report, along with a proposed path forward for 

addressing the landowner concerns. 

The aquifer restoration program at the FEMP is a major activity that will take considerable time and 
resouTces to complete. As will be highlighted throughout this report, a number of factors cause 

uncertainty in the actual time and resources necessary to successfully complete the program. DOE, 
EPA, OEPA and other FEMP decision-makers need to fully understand the significance of the 
uncertainties in order to make well-informed decisions concerning how the program will be 
implemented both initially and at later stages of the cleanup. 

The assessment of the performance of the recommended strategy contained in this report is intended 
to provide decision-makers with a perspective on: the hierarchy of issues and factors that drive 
uncertainty; the general likelihood of them happening; and the overall effect of the unmtamb ‘eson 
groundwater cleanup time and cost. This assessment has been provided so that decision-makers and 

affected stakeholders are aware of the sensitivity of the groundwater remedy to changes in the factors, 

and are prepared for future decisions should changes in the factors be experienced later during full- 
scale implementation. It is important to highlight that the recommended strategy conveyed in this 
report is intended to be an improvement over the FS base-case remedy. The evaluation of the 
uncertainties associated with the performance of this improved strategy is not intended as a r&eat 
from any of the &mniments for groundwater restoration contained in the operable unit 5 ROD. 
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One of the primary motivations for the ihal strategy contained in this Baseline Remedial Strategy 

Report is the FEMP's recent commitment to a new, accelerated cleanup plan designed to complete 
sourcc-control actions and facility dismantlement and dispositioning @&D) activities by the 
year 2005. This accelerated plan, designated as the FEMp's "Ten Year Plan", is focused on reducing 
long-term site operating and maintenance costs (and therefore total costs) by completing site 

restoration on a quicker, more aggressive schedule. These long-term costs are dubbed by DOE as 
"mortgage costs" and DOE has made a progmmmatic commitment to reducing such costs as the 
cornerstone 'of a recent ten-year goal to complete environmental restoration activities at DOE'S 
facilities nationwide (Alm 1996). 

At the time the Operable Unit 5 FS was prepared, ampletion dmates for the FEMP's source-area 

remediation and facility D&D activities were in the range of 25 to 30 years, b d  on funding p r o f h  

in existence at that time. These source-area completion estimates in turn controlled the pace of 
groundwater restoration because, as demonstrated in the FS, continued source loa- from the source 

areas and physical access to the aquifier for direct groundwater extraction within the source areas were 
the key noted constraints that ultimately controlled the projections of cleanup time in the areas where 
the highest contaminant concentration levels are found. 

Also at the time of the Operable Unit 5 FS, it was recognized that the FElW's wastewater tmatmmt 
infrastructure would need to be available over a 25 to 30 year period, to support the water treatment 

needs of the FEMP's other operable units. Incremental increases in long-term O&M costs, 

attributable to the treatment of groundwater over the estimated 27 year life of the FS base case 
remedy, were concluded to be relatively insigdlcant since the infrastructure supposing groundwater 
treatment would be in place to accommodate other needs that existed over this same duration. 

Current funding profiles, however - based on the new Ten Year Plan - indicate that sourcearea 

remediation and facility D&D can be accomplished up to 15 or more years earlier than initial 
estimates. Although actual completion of the groundwater cleanup is not a formal element of the 
FEMP's Ten Year Plan, the strategy conveyed in this Baseline Remedial Strategy Report 1) 

recognizes the earlier access to the sourw-control areas that will be achievable with the FEMp's Ten 
Year Plan; and 2) intends to,Mfill DOE'S programmatic expectations to reduce long-term mortgage 
costs (consistent with the motivations of the Ten Year Plan) wherever possible by identifyii cost- 
effective measures to achieve aquifer restoration sooner. AS part of this intention, the strategy 
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recognizes that with the Ten Year Plan in place, the F E W s  long-term O&.M costs associated with 
water treatment extend@ beyond the ten year end date would be solely attributable to the 
groundwater treatment needs of the FS base case remedy. 

In accordance with these programmatic intentions, four new potential groundwater c l q  time 
targets were examined as part of the Baseline Strategy Report: 25, 15, 10, and 7.5 years. These 

targets were developed to first explore this fundamental question: "Is it possible to shorten 
groundwater restoration time to be more consistent with the Ten Year Vision that has been formdated 
for the FBMP?" If such shortening is within the realm of possibility (defined by the available 
geochemical and hydraulic data for the site), the targets would also facilitate the comparison of the 
cost implications of shortening the remediation schedule (thereby reducing long-term 08tM costs) 
against the increased capital costs necessary to accommodate the additional infrastructure needed for a 
shorter remediation time. 

Using best available existing (i.e., pre-implementation) data and cost projections, the overall objective 
of the report is to select a preferred strategy that balances up-fkont capital expenditures a g h t  the 

desired reduction in long-term mortgage costs in a manner consistent with DOE'S programmatic goals 
and available fuIlding profiles. Following the selection of the preferred strategy, an uncertarntr - 'es 
analysis was conducted to provide an understanding of how cleanup time and cost for the preferred 
strategy are Muenced by uncertainties in all of the major factors contributing to remedial 

performance. 

It is acknowledged that the preferred strategy conveyed in this report will recommend an initial set of 
remedy components (numbers of wells, locations, operating parameters, and resultant estimated area- 

specific cleanup times) that may need to be reevaluated or adjusted over the course ofthe restoration 
activity as post-implementah 'on performance data become available and actual costs are realized. 

1.3 D Y  FACTORS AFPECTING C L E W  PERFORMANCE 
As mentioned in the preceding section, the baseline strategy evaluation is being conducted using best 
available existing @ r e - i m p l m  'on) information regarding aquifer physical p r w e s  and the 
expected costs associated with the remedial elements comprising the program. Howevez, a number of 
fictors cause un&rtainty in the time and resources that will be necessary to successfully complete the 
program. TMS section summarizes the major factors that were evaluated in the report and those 
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which were spcciflcally used to conduct the sensitivity analyses aud quantitative uncertainty 

evaluations. The factors am listed under two categories: 1) those considered to be "hmnan factors" 
(and which were evaluated qualitatively) and 2) those considered to be "natural factors" (which were 
evaluated quantitatively as part of the sensitivity analyses). Both types of factors are important and 
can have similar levels of impact on overall system performance (i.e., cleanup time and cost). 

1.3.1 ~umanFacto rs 

Human factors represent those factors affecting remedy performance that can be controlled by 
engineering design, funding commitments, or 08tM procadures. They also include other manmade 
constraints associated with present or future activities conducted by other nearby parties (e.g., 
Southwest Ohio Water Company and the m s  Run Road Site). The major human factors that can 
be i n f l u d  by DOE and which were considered for the baseline strategy report are: 

Well Design and Installation (as an example, the difference in installation risk betwm 
horizontal and vertical wells) 

SourceArea Remediation Schedule (which affects the duration of source-~rc8 loading to the 
aquifer aad availability of access to the aquifer for direct groundwater extraction from "hot- 
spots" beneath source areas) 

Operation and Maintenance of the Restoration System (as an example, inefficient wells or 
tmtmcnt plant performance as a result of hadqua& capacity maintmance could reduce the 
volume of water that can be extracted from the aquifer and therefore lead to longer cleanup 
times). 

Availability of Funding (unavailability of short-term f u W g  can delay installation of system 

reduced level of operations and/or maintenance and co- longer cleanup times) 
 compo^, leading to longer cleanup times; umwilabw of long-term funding can d t  in 

The tmcermm ' 'es associated with these factors were generally evaluated qualitatively, as part of the 
initial selection process used to identi@ a preferred prelimhary baseline scenario from among the four 
new scenarios evaluated. The effect of human factors are generally represented by simpliljhg 
assumptions (which can only be confirmed "after the fact)" rather than b e i i  subject to field testing as 
for the natural factors discussed below. 

1.3.2 Natural Facton 
Natural factors represent those factors affecting remedy performance that are intrinsic to the 
environmental media where the contaminants currently reside. Natural factors cannot be easily 
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modified by engineering measures and therefore represent constraints on the engineering approach and 
system design. Examples include climatological change, physical properties of the aquifer, and the 
ongoing geochemical interactions between the contamhas and the aquifer matrix. 

I 

Two major natural factors that affect cleanup time and cost for the aquifer were considered in the 
Baseline Remedml * StrategyReport: 

The hydraulic characteristics and capacity of the aquifex, which limit total pumping rates 
based on the need to achieve desired aquifer drawdown profiles within the target cleanup zone 
and at neighboring off-property locations. Of prime concern is the need to minimi.re 
hydraulic impacts at the Paddys Run Road Site (where a second groundwater plume associated 
with that site is located) immediately south of the off-property portion of the FEMP's 
groundwater plume. 

The geochemical processes that occur within the aquifer, which control the amount of ' 

co- * mass removal 8ccomp81ying each pore volume exchange during restoration. 

Although they cannot be easily changed, both of these natural factors are amenable to field testing to 
provide necessary design information (rather than relying solely on assumptions, as with the human 
factors). . 

The Great Miami Aquifer has been well characterizad and evaluated during the come of 10 years of 
Remedial Investigation (IU) studies at the FEW. Information has been obtained in sufficient detail to 
develop a preferred remedy and evaluate its anticipated performance. However, a degree of 

uncertainty remains for precise prediction of system p e r f o m  and, at some point, it is necessary 
to implement the remedy and react to the results obtained before further insights into the aquifer 
conditions that affect cleanup time can be gained. This recognition is consistent with EPA remedy 

performance assessment guidance (EPA 1992). 

The uncertainties associated with these two natural factors were used to conduct the uncertainties 
analyses regarding the range of performance (cleanup times and cat)  anticipated for the preferred 
restoration scenario. 

1.4 PROCESS FOR FUTURE DECISIONS 
Strategy presented in this Baseline Remedial Strategy Report provides a reconnnended course of 
action based on the best understandkg of site conditions available at this time. It is important to 
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emphasize that the recommendation does not specify an exact enforceable reduction of restoration 
time frame that must be achieved at all costs. Rather, it identifies a preferred shorter restoration time 
frame based on the anticipated behavior of the aquifer and the expected performance and cost of 

additional remedial components, consistent with EPA groundwater guidance. The anticipated 
behavior of the aquifer (and the contmhation) is based primarily on groundwater modeling 
predictions. It needs to be recognized that a groundwater model, by design, is a sixqlification of the 
natural system and cannot fully represent all of the localized conditions occwriq in the aquifer such 
as preferential flowpaths and pockets of low permeability zones. These conditions may lead to 
localized differences between model predictions and actual conditions experienced. However, the 
initial remedial decisions regarding system design (i.e., remedial infrastructure and operational 
conditions) still need to be based on the best available modeling result. 

At some point in the future, as actual operatiag conditians are expcricnced and performauce rc8ults 
are obtained, the FEMP’s primary decision-makers (DOE, EPA, OEPA, and affected stakeholders) 
may be confronted with a need to modify the operating strategy of the groundwater remedy from that 
recommended initially by this report. These modifcations may be the coasequcnce of imprecise 
assumptions or representations regarding the previously d e s c r i i  key human and natural factors 
affecting remedy performance. 

, As a result of the uncertainty Bccdmpanying the key factors, the following operat@ situations (and 
accompanying remedial decisions) may develop as future performance information is compiled: 

Aquifer restoration is procaediqg at or ahead of the desired target, and hydraulic @acts 
coIlfonn to -om @ding decision: no need to modify remedy) 

Aquifer restoration is proceeding at or ahead of the desired target, but hydraulic impacts are 
greaterthandesired (Pending decision: need to reduce net extractionrates, with aresulting 
p o t d  increase in cleanup time) 

Aquifer restoration is proceeding bchind the desired target, but hydraulic impacts are less than 
anticipated and additional extraction capacity is therefore available (pesding decision: need to 
evaluate best course of action from among several alternatives: increase net extraction rates 
with existing wells; add additional wells; or extend cleanup times) 

Aquifer restoration is prowding behind the desired target, but hydraulic impacts are as 
desired and no additional capacity is available (Pending decision: may med to extend cleanup 
time as dnly viable option; if rates of progress become asymptotic, may need to pursue 
technical impracticability waiver to terminate operations) 
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These examples of conditions and situations that may be encountered in the future indicate that 
tradeoff evaluations could be necessary and that such tradeoffs will need to consider both the physical 

capabilities of the system and the most cost-effective path forward. The preferred course for some 
situations may result in adding additional infrastructure (resulting in increased capital cost) in order to 

preserve desired cleanup times and/or avoid additional long-term operational costs. In other cases, 

These decisions will need to be made on a case-by-case basis based on the physical and cost 

tempered by available funding profiles), and under the collective agreemest of DOE, EPA, OEPA, 

and affected stakeholders. 10 
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the preferred course may result in the need to extend cleanup time as the fiscally responsible decision. 

. constraints imposed (recognizing DOE’S programmatic objective to reduce site mortgage costs as a 
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2.0 OVERVIEW OF THE BASELINE REMEDIAL STRATEGY REPORT 1 

2 

3 

4 

5 

document. 6 

7 

This section provides background information on the FEMP's current retnedial design and 
m1- 'on efforts; summarizes the objectives of the baseline groundwater remedm on strategy; 
and outlines the ccmtcm of the remain@ four sections and accompanying six appendices of the 

. .  

2.1 BACKGROUND 8 

As part of the approved FS and ROD, the W ' s  groundwater rcLlpcdiation levels, acceptable 
remediation time frames, and other regulatory constraints (e.g., outfall discharge comentm 'on limits) 
have all been defined. The selected base case remedy contained in the FS and ROD i d d e d  the 
need for 28 extraction wells (see Figure 2-1), 4OOO gpm groundwater extraction rates, 2000 gpm of 

9 

10 

11 

12 

13 dedicated effective g r d w a t e r  treatment capacity, and almost 30 years to restore the aquifer. In 
concept, the base case remedial strategy demonstrated the feasibility of restoring the aquifer and 14 

15 

16 

17 

16 

19 

P 

attempted to employ the minimum number of conventional extraction wells necessary to achieve 
capture and cleanup of the FEMP's on- and off-property groundwater plumes within a reasonable time 
frame. However, such an approach is not necessarily the optimal strategy in terms of treatment 
requirements and durations (which have a profound effect on long-term O&M costs). The estimated 

present worth cost of the base case FS strategy is about $160 million, of which the most significant 

I 

I 

portion is attributed to the operation of the groundwater treatment facility. The estimated duration of I 
I 

grodwater treatment for the base case FS remedy is more than 20 years. 

In order to gain an early start on groundwater restoration, five extraction wells were installed in 1993 
at the leading edge of the off-property South Plume as part of the EPA-approved South Plume 
Ranoval Action. The onghal intention of the South Plume Removal Action was to prevent the 

further southward migration of the off-property portion of the groudwater plume, while the FBMP's. 

system has been operating since the fall of 1993 and has removed over 1.9 billion gallons of water 
and mote than 265 pounds of uranium from the South Plume to date. 

21 

P 

z1 

24 

25 

26 

ongoing RUFS and remedy selection efforts were behg finalized. The South Plume Removal Action n 

28 
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In 1996, nine new on-property extraction wells comprising the South Field Extraction System module 
were installed in the vicinity of the South Eield and the storm sewer outtill ditch (SSOD) features at 
the site, as part of an EPA-approved'early start initiative ahead of the issuance of the Operable Unit 5 
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ROD. The design of the piping network for the nine wells is currently being finalized d the 
network will be installed under the provisions of the Operable Unit 5 Remedial Action (RA) Work 
Plan. These nine wells are designed to aggressively remove groundwater c o m  on in an on- 

property area where uranium con tamination levels in the aquifer are highest. The piping network 

designs for both the South Plume Removal Action and the South Field Extraction System include 
additional tie-in points that will facilitate future rounds of expansion as appropriate. 

. .  

A number of enhaucements to the Great Miami Aquifer groundwater remediation strategy proposed in 
the Operable Unit 5 FS have been evaluated following approval of the FS and incorporation of the 
base case remedy in the Operable Unit 5 ROD. These revisiov were deemed necessary because of 
the shortened sourceara remediation schedule accompanying the FEMP's Ten Year Plan, 
e m  * 'on of additional supporting technologies (such as groundwater injection), and the DOE'S 
ongoing commitment to further enhance the restoration of the off-property portion of the South 
Plume. 

.2.2 0 B J E m  
One of the mjor objectives of this report is to suIMlfarize the predicteG performance of a wrzs of 
new groundwater remediation scenarids which have been developed and evaluated following 
completion of the Operable Unit 5 FS Report. Key technical approaches developed previously as part 
of the FS (such as the sequentidpaused operation of the extraction s)istem modules and the 

in these new potential employment of maximum net extraction rates) were generally mmtamed 
scenarios. However, the new scenarios also incorporate remedial technologies not previously 
evaluated in the FS such as groundwater injection and horizontal wells. The latest sourc+arca 
remediation schedule (based on the FEMP's Ten Year Plan) and a more realistic approach for 
modeling the transition of aquifer geochemical conditions during remdation were also used to 

develop and evaluate the new scenarios. 

In order to improve contamhut mass removal efficiency, several of the new scenarios include the 
placement of additional vertical extraction wells in groundwater "hot spots" beneath the PEMP's 
primary source areas, once source-area remediation activities are complete. One of the scenarios 

evaluates the use of horizontal wells to reach source-area hot spots prior to the completion of 
source-area remediation. This scenario also evaluates horizontal wells as an alternate means 'to 

mediate the off-property portion of the south Plume. III general, the new scenarios employ 
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additional measures to shorten restoration (and groundwater treatment) time frames and reduce the 

overall hydraulic impacts to the aquifer during the restoration activity. 

The other primary objective of the Baseline Remedial Strategy Report is to document the selection of 
the preferred groundwater remediation scenario from among the new alternatives. Four cleanup time 
targets were included in the new scenarios: 25, 15, 10, and 7.5 years. These targets were used to 

compare the cost implications of shortening the rcmediation schedule (thereby reducing long-term 
O M  costs) against the increased capital costs necessary to accommodate the additional infrastructure 
needed for a shorter remediation time. The scenario-specific performance measures, relative costs, 

inherent riskshcertainties, and operation and maintenance issues were all considered during the 
selection process. A leading strategy was selected based on the prelhimq evaluations and carried 

forward for detailed evaluation and modification. During the detailed evaluation, necessary . 
modifications to the selected strategy to accommodate off-property lamiowner collstraints and the 
FEW'S currat long-term funding profile were evaluated and incorporated into the selected strategy 
as appropriate. 

Followh selection of the rccoIMTlwdcd d o ,  a sensitivity/mcatawy ' analysis was performed to 
bracket the range of estimated cleanup times and costs associated with the recollMlcnded scenario. 

Three additional simulations were conducted to provide an understanding of how cleanup time and 
cost are influenced by uncertainties in the major factors considered. The results of the evaluations are 
provided in Appendix F and rmmmaflzfd * in Section 5.3. 

Finally, operational considerations and guidelines regarding groundwater tmtment decisions (and 
compliance with the ROD'S Great Miami River discharge limits) were developed through the remedy 
performance evaluations.. These guidelines will serve as the foundaton for the operating procedures 
to be developed in the Operations and Maintenance Plan, which will be produced under Task 2 of the 
RD Work Plan. 

2.3 PEpORT ORGANIZATIOIY 
Figure 2-2 presents an overview of the Baseline Remedid Strategy Report and the proces used to 
arrive at a final strategy. Sections 1.0 and 2.0 of the report present introductory information and 
provide an overview of the Baseline Remedial Strategy Report. Section 3.0 summafizes the 

commitments, constraints, and godsto be incorporated in the new groundwater remediation scenarios 
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along with the general smmptions used in their formulation. Section 4.0 presents the scenarios and 

provides an asses6ment of their predicted performance based on best estimates and assumptions for the 
major factors affecting remedy performance. The assessments provided in Section 4.0 also assume 

full funding and mhpeded off-property access for the implemmtat~ 'on of the scenarios. A leading 
baseline strategy is selected from among the preliminary alternatives at the conclusion of Section 4.0. 

Section 5.0 finalizes the baseline remedial strategy through the evaluation of funding-based 
implementation constraints and off-property landowner access concerns. The runedy performance 
projections associated with the final baseline remedial strategy are also presented in Section 5.0, along 
with the results of a sensitivity analysis of the factors and uncertainties affecting cleanup time and 
cost. Section 6.0 then Summarizes the conclusions and key opcptional considerations regarding the 
final baseliie remedial mtegy. 

Five appendices are included at the end of the report to present additional details of the modelihg 
approach (Appendix A), horizontal well applications (Appendix B), cost estimates (Appmdix C), 
groundwater treatment systems (Appendix D), simulations conducted to address off-property 
. landowner access concerns (Appendix E), and sensitivity analyses of the factors and Uncertainties that 
affect cleanup time and cost for the recommended strategy (Appendix F). 
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3.0 COMMITMENTS, CONSTRAINTS, AND ASSUMPTIONS 1 

2 

3 

4 

5 

6 

7 

An acceptable groundwater remediation strategy for the FEMP needs to satis@ the commitments and 
constraints that have previously been defined through regulatory agency interactions and review of 
earlier FEMP RYPS documents. The existing commitments and coI1GtrBints to be considered when 

can affect the feasibility and effectiveness of the potential remedial scenarios are also presented. 

define the major constraints as well as to evaluate the effectiveness of the groundwater remediation 
strategy. Therefore, most of the commitments, constraints, and assumptions are related to the 
distribution and behavior of uraniuin in the aquifer. 

developing the scenarios are summatlzed * in this section. General assumptions regarding factors that 

Because uranium is the predominant groundwater contamhnt at the FEMP, it has been used to a 

9 

10 

11 

3.1 CO- 

The key aquifer restoration commitments which are formally recognized for development of the 

scenarios arc discussed below. These specific commitments have their origin in the operable Unit 5 

ROD or in subsequent discussions with EPA and OEPA regarding the performance of the ejristing 

South Plume Removal Action system. 

3.1.1 Aauifer Cleagaro IN& 
TheFEMP'sfinalrcnaedratl . 'on levels (FRLs) for groundwater were premted in the operable Unit 5 

FS Report and ROD. In general, the FRLs were based on maximum co- - levels(MCLs)(or 
10' incremental l ifehe cancer risk or 0.2 hazard index when 110 MCL is available). For uranium, 
the predominant 
selected as the FRL. As required by the Operable Unit 5 ROD, groundwater remediation is to take 
place until all umstituent-specific groundwater co- '011s in the aquifer are below the established 
FRIA or until a technical impracticability (TI) waiver can be justified. 

- at the FEMP, the proposed MCL of 20 parts-per-billion (ppb) was 
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Areas of the Great Miami Aquifer exceeding FRLs will be restored primarily through groundwater I 
~ d o n  methods. The arcas of the aquifer requiring remediation are identified in Figure 3-1. As 

noted on Figure 3-1, the administrative boundary for aquifer restoration to be addressed is north of 

and/or cleanup of the Paddys Run Road Site plume, if any, would be defined separately as part of the 
Paddys Run Road Site response obligations and in accordance with the Paddys Run Road Site project 
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the Paddys Run Road Site plume. DOE'S role and involvement in OEPA's ongoing assesanent 
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schedule. Monitoring will continue south of the nrlministtah 've boundary as identified in the 
IntegratedEnvimmemd Monitoring Plan (IEMP) (DOE 1996c), until such time as the need for 
action is established and implemented. 

It is important to be clear that the FEMp's groundwater cleanup levels are c o n c a m  'on-based, rather 
than mass-based. Although mass-removal metrics provide a useful index for camparing alternative 
remedial strategies, the goal is to restore the aquik to the co- 'on-based FRLs as the final 
measure of success. Those strategies that can achieve the FRLs uniformly (i.e. achieve uniform 
concentration levels throughout the plume footprint at completion) will generally be the most resource 
efficient, although they may not necessarily -remove the most mass from the aquifer. 

. .  3.1.2 JXschar~e Outfall Lun& 
During site remediation, sisnificans amounts of both treated and untmted water will be discharged to 
the Great Miami River. Treatmens will be applied to storm water, wastewater and recovered 
groundwater to the extent necessary to limit the total mass of uraniumdischargedthroughthe FEMP 
outfall to the Great Miami River to-600 pounds per year. This mass-based discharge limit became 
effective &m issuance of the ROD. AdditiQnally,'the l f ~ ~ t ~ ~ t ~ y  treatment will be applied to these 
streams to limit the concentration of total uranium in the blended effluent to the Great Miami River to 
20 ppb. The 20 ppb discharge limit for uranium will be based on a monthly average and will become 
effective January 1, 1998. Beginning in 1998, up to 10 events per year are allowed for cmcf8cIIcy 

by-pass due to storm events (i.e., such events will be accounted for in the annual mass-based 
discharge requirement but not in the monthly average concatration dculations). 

Ongoing compliance with other NPDES requirements during the femcdi8tioll is also a wmmhent 

recognized by the FEMP: 

3.1.3 

A dedicated groundwater treatment capacity of at least 2000 gpm (including existing and new 
treatment capacities) will be made available for groundwater restoration. It is expected that this 
dedicated capacity can be achieved by adding new equipment within the confines of the existing 
AWWT facility. Additional treatment capacity beyond the 2000 gpm dedicated capacity may also be 
available during dry seasons or when the other rundation-related wastewater flows decrease. when 
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the tmtmcnt system is stabilized and additional AWWT improvements are incorporated, the 
anticipated uranium co- 'on in groundwater treatment effIuent is expected to be around 5 ppb. 

. .  3.1.4 -r T- Decisiog 
Wherever possible, the pip i i  networlcs that convey extracted growxiwater will be designed to 
connect all the new d o n  wells via double headers, with one connected to the main line to the 
treatment plant and the other to the main discharge line. The extracted groundwater can then be sent 

to either the tmtmcnt plant or directly to the discharge outfall. Through this armgcment, the 
treatment or discharge decision for each new well can be made on a well-by-well basis. The existing 
South Plume Ranoval Action wells will be handled as a unit, with the treatment decision made based 
on the combined c o m  'on occming in the existing South Plume force main. During 
remediation, only extracted groundwater with uranium co- '0118 higher than 20 ppb at iadividual 
wellheads will be treated, up to the available treatment capacity. when the extracted groundwater 
with co- 'om higher than 20 ppb c)pcceds the tteatment capacity, groundwater from wells which 
have relatively higher uranium co- 'om will be treated prefmntially. The remaining extractad 

groundwater will bypass treatment and be directly discharged under the regulatoryconstraihts noted 
above. 

3.1.5 .&@fer T W  
The 27-year projected aquifer mration time €tame associated with the base case FS remedy was 
deemed as a reasonable time frame for cleanup m the Operable Unit 5 ROD. However, shorter 
restoration time frames are preferred by EPA and OEPA, and the FS contained a commitment on the 
part of DOE to further evaluate measurts to reduce cleanup time as a part of rmedial design. 
Shortening the cleanup time can reduce the length of treatment plant operations which may rcsult in 
sipiilcant total cost savings, although a higher up-fhmt capital cost may be required. The scenarios 

developed for this report have been formulated to specifically address DOE'S commitment to evaluate 
measures to shorten remediation time frames for both the on- and off-property areas of the FEMP. 

3.1.6 

The term "South Plume optimization" was coined during EPA's review of the April 1995 South 
Plume Removal Action report and signifies the desire of EPA, OEPA, and DOE to restore the off- 
property portion'of the plume quickly and cost effectively. Bccausc the original design of the existing 
South Plume Ranoval Action was for plume contabmmt purposes rather than active restoration, a 
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review of measures to enhance the performance of the South Plume recovery well system has bean 
specilically requested by EPA and OEPA. Additional off-property extraction we4ls in the South 
f%me and groundwater injection wells along the FEMp's southem property line are b e i i  evaluated 

in the baseline scenarios to increase mass removal efficiency aod reduce the off-property cleanup 

1 

2 

3 

4 

time. 5 

In the intervening period while such meiiuures are under evaluation, c o n t h n a  of the South Plume 
will continue and potential hydraulic impacts to the acljacent Paddys Run Road Site will be kept to a 

minimum during operations. 9 

3.2 -0RMANCEGOALS 11 

In addition to the regulatory-based commitments rewgnized above, the preliminary aquifer 

6 

'I 

8 

10 

12 

13 

14 

u 
16 

Initiate groundwater remediation modules in sequence 17 

1s 

Minimize the cumdative groundwater table drawdown 19 

remediation d o s  will also strive to achieve the following specific performance goals: 

0 -  the net extraction rate 

Minimize the off-property cleanup time a0 
21 

P 
23 

24 Complete .instaliation of additional extraction wells as so011 as possible based on unconstrained 
funding and landowner access 25 

m 
Install extraction wells directly in groundwater hot spots n 

m 
Extract directly from contaminated aquifer layer 29 

30 

31 Focus the available pumping capacity in extraction wells with higher groumlwater 
CCmWlt&OIlS 32 

33 

Adjust operational co@tions with the progression of rcmcdi8tioll 34 
35 

36 

37 

Developrep- 've estimates of the extracted groundwater quality 38 
Develop representative estimates of groundwater tmtment needs 39 

0 -  the potential for suspended solids in the extracted groundwater 4 
41 

I 
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utilize aurent monitoring data to update the groundwater model 

Evaluate the monitoring data frequensly to determm * systrme!ffectivenessandptential 
problem 

utilize mocielii d t s  to help specify future monitoring 

Update the monitoring program frequently with the progression of nmcdiation 

svstem Downtime 

Incorporate preventive considerations into the system design 
Operatc within the design ewelope 
Establish effective preventive maintenance procedxlres 
Prepare for potential corrective ma&amcc =wsP=equipmens) 

Shorten the cleanup time where cost effective 
0 -  required tteatmenf capacity 

3.3 -8 
There are additional constraints imposed on the groundwater Tcmcdiation strategy due to factors such 

as aquifer chamxem ' tics, injection water sources, soil mnedhtion schedules, and funding availability. 

"hex constraints also affect the implementability of any patential rundal strategy. 

3.3.1 J3xtrsCtionRa@ 
The net groundwatex extraction rate should not.excccd the racharge rate of the regional aquifer or 
cause excessive water table drawdown. Following technical evaluation, 4OOO gpm was established as 
the limit for the net extradion rate for the aquifer in the operable Unit 5 PS Report. The maximum 
pumping rate for each individual well should not exceed 500 gpm (again based on technical 

evaluations conducted for the FS) in order to prevent excessive local drawdown and improve Uranium 
mass removal efficiencies. Hydraulic impacts to the groundwater co- . 'on plume at the Paddys 
Run Road Site south of the existing South Plume recovery wells should also be kept to a minimum. 

3.3.2 I[piection Rate ami Oua&y 

Injection may be applied to reduce groundwater drawdown and to incnaSe the groundwater flushing 
rate through the plume. Based on results of a field injcctivity test, an injection rate as high as 

P B R \ O U S R D B ~ . O C W q m & r  30,1996 212- 3-6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

zo 
21 

P 
23 

u 

25 

26 

27 

m 

29 

30 

31 

32 

33 

34 

35 

36 

37 

3 

39 

40 



~45-RDWP-BRS-3DRAFT 
October 1,1996 

450 gpm per well is achievable in the Great Miami Aquifer (DOE 1995d). However, due to areas of 

high iron concentmo '011s in the Great Miami Aquifer and the existence of iron bacteria, the issue of 

geochemicai compatibility between water types when injecting water into the aquifer needs to be 

considered in order to maintah long-term efficiency of groundwater injection in any well. The first 

short-term injection test conducted in October 1995, used untreated (not treated for iron) groundwater 

from the South Plume area and rapidly resulted in a significant well-plugging problem (DOE 1995d). 

Results of the second short-term injection test, conducted in March 1996, indicate that when treated 

. (for iron) groundwater was used, plugging did not occur after 5 days of wntinuous injection at 

200 gpm. 

No water with a total uranium concentration greater than 20 ppb should be used for injection. 

Extracted groundwater (treated and untreated) is considered the only significant source of water 

available for injection. However, mixing &e extracted groundwater from multiple wells in order to 

achieve a blended concentration less than 20 ppb for injection is not considered acceptable to the 
regulatory agencies. Therefore, the only acceptable source of injection water is the treated water 

produced by the AWWT facility. 

3.3.3 Surface Access 
Most of the groundwater plumes are located &le& contaminated soil and sourc68teB waste 

materials. However, large-scale soil and source-material ranediation will first be conducted north of 

the SSOD (i.e., in the Operable Unit 1,2, and 3 areas). Due to these rmrface remcdiation activities, 
certain areas will not be directly accessible for installation and operation of groundwater wells until 
completion of these activities. A 20-year duration was assumed for soil remediation in the Operable 

Unit 5 FS Report. A shorter soil mmdiation schedule under the Ten Year Plan will allow an earlier 

start of groundwater extraction operations directly in the groundwater hot spots. It is assumed for the 

scenarios evaluated in this report that well installations within the Operable Unit 1,2, and 3 areas can 

be initiated within seven years. 

Access issues are also important with the off-property plume. Affected landowners must be willing to 

8ccommod8te an array of remedial elements (wells, pipeli i ,  electrical tie ins, monitoring and 

maintenance activities, safety and security measures, replacemedrelocation actions, etc.) on their 

properties as part of the reitoration program. The modeling simulations conducted for the initial 

selection of the preliminary baseline strategy (Section 4.0) do yet not consider any access constraints 
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or logistical issues that may ultimately be important to off-property landowners. The modifications to 
the selected baseline strategy (presented in Section 5.0) do consider such issues or constraints, where 
kuown. 

3.3.4 Available 
With more vertical a d o r  horizontal extraction wells, certain groundwater mmcdbtion scenarios may 
be able to achieve shorter cleanup times and therefore lower total remediation cost. But it is also 
recognized that, due to matamty ' about available funds, remediation scenarios that will require 
higher up-front capital costs may not be implementable. 

Ideally, a rcsmedial strategy should be developed according to the most likely funding scenario, but 
estimation of a realistic funding scenario is difficult. Therefore, although the estimated up-front 
capital costs for certain remediation scenarios may be very high, the preliminary evaluation of 
potential strategies needs to be performed pmming sufficient funds will be available for each of the 
potential remediation scenarios (i.e., under an unconstrained funding situation). From the potential 
strategies, a preliminary remedial strategy would then be selected according to relative cost- 
effectiveness under the uncomtrahed case. Necessary modifications to the preliminary strategy 
would then be made based on the actual funding schedule (i.e., under a constrained furading case) 
when it becomes known. This was the process used to develop the final remedial strategy (presented 
in Section 5.0) from the preliminary medial strategy selected in Section 4.0. . 

3.4 GENERAL&SuMirIlONS 
General assumptions incorporated in the groundwater transport modeling that have significant impacts 

on the predicted performance of the remediation scenarios are briefly summand inthissection. 

3.4.1 Target Plumg 
As in the Operable Unit 5 FS Report, the targetplumes used in the model are consemtively based on 
t h e m a x i m u m u r a n i u m c o ~  'om mtasured in each groundwater monitoring well. Although the 

current/actual uranium plume might be smaller, this approach emures that all the evaluated 

remediation scenarios will be able to maintain full capture and to achieve the cleanup goals in time, 
with a potential tradeoff of lower estimated mass removal efficiencies (i.e., the mass of uranium 
removed per unit volume of groundwater extracted) because of well placement. Uranium 
concentration contours of the t u g d  "maximum condition" plume are shown in Figure 3-2. After 
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the preliminary evaluation, the estimated cleanup time and groundwater treatment needed for the 

selected remedial strategy can be refined using the latest "currentandition" groundwater plume data. 

. .  3.4.2 surface -on Sc.hgQ& 

The source operable unit remediation schedules a c m m p m  the FEW'S new Ten Year Plan will 

be used to develop all of the new groundwater restoration scenarios. This assumption allows earlier 

initiation of vertical well installations and operations in areas where soil radiation will take place 
first. Contaminant source loadings due to vertical infiltration through the source areas as well as 
co n&mbted surface runoff during remediation will be termhated earlier. It is assumed that all of 
the area north of the SSOD will be accessible in about 7 years and all soil remediation will be 
completed in 10 years. The direct contamhunt source loadings from Operable Units 1 and 2 will be 
terminated at the end of the 7th year (i.e., 2002) and surface runoff contaminant commtrat~ 'om will 

be reduced to postremediation conditions at the end of the loth year. 

3.4.3 Treatsnrent Cawcitv Schedul e 

The groundwater treatment capacities for the first and second years (Le., 1996 and 1997) are assumed 
to be 4o(i and 850 gpm, respectively. The expanda total effactive groundwater treatment capacity of 
2000 gpm will be available Starting from the third year (1998). If the iaitially predicted uranium 
c o n d o n s  exceed 20 ppb at the outfall line in a potential rcmcdiation scenario, the additional 
treatment capacity required to satisfy the commtrat~ 'on limit will also be estimated for scenario- 

specific cost estimation purposes. For any scenario in which additional treatment capacities are 

required, the cost of the additional capacity will be added to the scenario-specific overall cost by 

adding increments of 250 gpm tnxtmmt modules. It needs to be recognized that any scenarios that 
need such increments of treatment capacity will be requiring treatment that extends beyond the 
commitment for extended treatment capacity contained in the Operable Unit 5 ROD. The inclusion of 
the incremental treatment capacities for such scenarios are included for scenario comparison purposes 
only. 

3.4.4 

One key variable that will need to be assessed closely during the come of the remedial program is 
the mass of uranium and other contaminants of interest that arc held in the aquifer solids and 
unavailable for desorption (i.e., the chemisorbed and precipitated uranium). As discussed in 

Appendix A, there is no standard way to represent this condition in simulation modeling using the 
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conventional distribution coefficient, &. (I<d represents a simple adsorption model where a linear 

adsorption isotherm holds). Several studies indicate that simple linear isotherm models do not fit 

observations of contamhmt behavior in aquifers, as adsorption becomes less reversible as time 
increases (Lasaga 1981; Di Tor0 and Horzempa 1982, 1983; Voice and Weber 1983). When the 

co- * mass available for desorption decreases with time, less contdnant is partitioned into 
fresh groundwater drawn over the aquifer matrix during the restoration process (see discussion 

provided in Appendix A). The lower comminant concmtmt~ 'on in groundwater may be interpreted as 
an increasein the & value and a decrease in the efficiency of the restoration process, when it is 

really a decrease in the mass of the contvninant available for desorption. This is not seen as a . 

detrimental process, as the release of chemisorbed and precipitated contaminants to groundwater will 

stabilize at a concentration below the contaminant's designated clean-up level. However, assumptions 

are needed on the use of K,, to account for this behavior in the fate and transport model. 

In general, the time dependent change in the mass of contaminant available for desorption is a 

primary factor in the decreasing con tambunt recovery rates and long cleanup times that are often 

experienced with pump and treat groundwater systems. To model the time dependat change in the 

release of co from the aquifer matrix several asrmmptiolls must be made to handle the mass 
of contambnt retained by the aquifer matrix and, most difficult, the time continuum over which the 
co- ' bewmes fixed to the aquifer matrix. 

Variation in the mass of the contaminant retained by the aquifer matrix can be approached by noting 
the difference in measured adsorption ratios versus desorption ratios (see Appendix A where these 

terms are defined). Over time, the desorption ratios increase relative to the adsorption ratio as 
con tamingnt is tied up in the aquifer matrix by chemisorption or precipitation. Therefore, the 
assumption is made that the K,, is represented by the adsorption aud desorption ratios, and mmtahty 

in the cleanup cost and time associated with different adsorption and desorption ratios is evaluated by 

using these ratios to bracket the range in & values. 

The range in adsorption and desorption ratios mcBsured for uranium in the Great Miami Aquifer 

indicates that the ratios are different, with the desorption ratio generally higher in value. It is also 
important to emphasize that differences in adsorption and desorption ratios have been noted in short- 
term batch tests, although these tests are not considered definitive examples of the long-term 
geochemical processes that will & over the full time of aquifer restoration. However, directly 
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measured adsorption and desorption ratios are used to set a potential range of & values that are used 
to evaluate uncertainty in projected cleanup time and costs. Appendix A provides additional 
information on assumptions behind the use of K,, in the evaluation of rermedial strategies. Ultimately, 

the long-term impact of the selected & value on aquifer restoration needs to be assessed (and 
responded to) based on actual operating experience and sampling and adpis. 

To account for the decrease in uranium available for desorption, and to bound estimates of cleanup 
time and treatment capacities, a range in the K,, values will be used to implement simulations of the 
remediation scenarios. The K,, values are ass& to reflect represenwive adsorption and desorption 
ratios of 1.78 and 17.8, re8pectively. Additional assumptions (e.g., timing of the K., transition) 
behind the use of & in thesesimulations can be found in Appendix A. 

One expected impact of using the desorption ratio (17.8 Lkg) to represent & is lower mobility of 
uranium in the aquifer (i.e., about 10 times slower under the same hydraulic gradient). Therefore, to 
minimize the distance of uranium transport, additional extraction wells may be placed in areas of 
.former sources to recover uranium released from potentially abundant chemisorption and precipitation 
sites in these local areas. In areas where initial uranium contamination is not significant (Le., less 
than 200 ppb), the presence of chemisorbed and precipitated uranium may result in shorter cleanup 
times, because less uranium will be released from an aquifer matrix contd&g these residual forms 
and the concentration-based uranium cleanup level can be met earlier. 

Because the sandia Waste Isolation Flow and Transport (SWIFT) model can only simulate one K,, 
value in each simulation, multiple model runs and superimposition of results are required to combine 
differ* timings of transitions among the recovery well systems. A more detailed description of this 
modeling procedure is provided in Appendix A. 

As mentioned in Section 3.3.2, iron clogging of the injection wells d o r  the aquifer matrix in close 
proximity to the wells, due to geochemical interactions between the aquifer and the injected water, is 
a potential site-specific obstacle that has been evaluated with several short-term singlewell injectivity 
tests. It is assumed for the development of the baseline strategy that the potential iron clogging 
problem can be resolved and groundwater injection can be conducted with reliable long-term 
efficiency at the FEW. However, it needs to be recognizad that contingency actions may need to be 

developed and’activated in the future (such as using reduced rates of groundwater injection) should 
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the geochemical interactions become a detrhmW factor and mesolvable through further engineering 
measures. The aquifer restoration OBiM Plan (to be developed under Task 2 of the RD Work Plan) 
will address monitoring, maintenance, and operating procedures needed to track and address this 
potential factor. 4 
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4.0 PRELIMINARY EWALUATION OF POlWWML STRATEGIES 

4.1 APPROACH AND ASS- 
The preliminary evaluations were conducted to develop potwtial cost effective approaches for 
shortening the mmdiation time for the Great Miami Aquifer restoration program, to evaluate the 
effectiveness of groundwater enhancement technologies, and to aclasowladge the benefits of the 
shorter remcdiation schedules for the FEMP’s source control operable units under the accelerated (ten 

year) remedial plan. 

4.1.1 Technical Amroach 
Four timebased remedial scenarios representing a range of aquifer cleanup times (7.5, 10,15, and 25 
years) were evaluated by conduct@ model simulations to dctummc . therequidnumberof 
extraction and injection wells and required groundwater treatment capacity 11ccess8ty to satisfy the 
regulatory and technical commitments a d  constraints discussed in Section 3.0. The capital and O W  
wsts required for each strategy were estimated based on the Operable Unit 5 FS cost estimate 

tabulations and actual well installation and AWWT aperational costs eJCperienadt0dat.e whh the 
FEMP’s South Plume Removal Action. A cost-effectiveness comparison among the potential 

strategies was then performed to identify the most promising cost-efkctive strategy, in recognition of 
DOE’S programmatic goals to reduce long-term site mortgage costs wherever possible. Following 
selection, the preferred scenario is then described and compared to the original base case FS remedy. 
The description includes an identification of the necessary groundwater extraction and injection 
modules and the implementation schedule which will be required to complete the aquifer restoration in 
the designated time fnrme. 

The SWIFT GMA Model is used for simulating the threc dimensional contambut transport in the 
Great Miami Aquifer in this study. The SWIFT code is a fully coupled, transient, 3dimcnsional 
finite difference model for groundwater flow through both porous and fractured media. The mass 
transport equations solved include terms for convection, dispersion, d o n  by sorption, and decay 
or degradation of the contamhmt . The SWIFT code, originally developed by sandia National 
Laboratory in the late 1970s for the High Level Waste Program, has been revised several times to 

increase its capability and to change computer platforms. The sitaspecific SWIFT GMA model was 
originally calibhd in 1989 (DOE 1993a). The model was redesigned and recalibrated based on 
additional data including the South Plume pump test results (DOE 1993b and DOE 1994). The model 
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has been applied intensively to support all the RYPS activities at the PEMP since the campletion of 

model development. Based on results of the more recent hydraulic tests and operational data from the 
South Plume recovery well system in the past thrw years, the model generally can closely match the 

mfasured field hydraulic conditions (DOE 1995c, DOE 1995d, DOE 19964). The specific 

1 

2 

3 

4 

procedures applied in the SWIFT model simulations conducted for this report are described in 
Appendix A. 

4.1.2 B- 
In order to simplii the development of the potential remedial scenarios, the following assumptions 
were made for the preliminary evaluation: 

P l m  - The "- Uranium plume as Shnwn in F@WC 3-2 ~ 8 8  used as the 
initial plume in the groundwater and colltemjIlllIIlt fate and transport model, consistent with the 
simulation runs cmiuc&d h r  the Operable Unit 5 FS. "he admimgttah ' 've boundary for 
aquikr restoration is shown in Figure 3-1. As noted on Figure 3-1, this boumhy is north of 
the Paddy Run Road Site plume. 

- All the area north of the SSOD will be accessible in about . .  e 

7 yean and all soil runediation will be completed in 1Oyears. The direct wntdnant 80- 
loadings from Operable Units 1 and 2 will be terminated at the end of the 7th year 
(i.e., 2002) and surface runoff contambnt amcmtrations will be reduced to postremediation 
coxuiitions at the end of the loth year. 

e - The groundwater treatment capacities for the first and seumd 
years (Le., 1996 and 1997) are assumed to be 400 and 850 gpm, respectively. The baseline 
total effective groundwater treatment capacity of u)oo gpm will be available starthg from the 
third year (1998). For those scenarios requiring additional groundwater tratmmt beyond the 
expanded capacity described in the Operable Unit 5 ROD, the additional Capacity is assumed 
to be added by using increments of 250 gpm treatment modules. TreatmMlt decisions will be 
made on a well-by-well basis except for the existing South Plume Recovery Well System, 
which will be made on a combined flow basis. 

e - An area-speciflc one-time transition m the uranium IC,, from 
1.78 L/kg to 17.8 Wkg was assumed to take place after source terrmnatl * 'onandthe first few ' 

pore volumes of w mmhated groundwater have been extracted from the area. This transition 
was implemented to reflect the contiming increase ink that occurs overtime as 
chemisorption processes become prehmimnt in later stages of nmdiation. It was further 
assumbd that groundwater injection can be c o s  with reliable long-term efficiency using 
treated groundwater and that no geochemical htdemms would arise. 

Accegs - Areal access for additional off-property wells for South Plume 
optimhtion purposes was assumed available without any landowner imposed const&&. 
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- For the prelimhry evaluations, sufficient funds were assumed to be available to 
implement each of the potential remodiation scenarios, and fundiDg constraints are therefore 
not present. 

4.2 DESCRIPTION OF FQm G-WAPR W I A T I O N  S-OS 
Four additional potential groundwater remediation scenarios were developed for the preliminary 
evaluations based on the Operable Unit 5 FS base case strategy as well as the commitments, 
constraints, and assumptions previously discussed. Each scenario represents a rrmediation system 
that can achieve groundwater cleanup within a shorter time frame than was specified in the FS base 
case strategy. In order to cover a sufficiently wide range of capital and long-term OBrM costs for 
analysis, the cleanup time hmes t+rgeted in the preliminary evaluations are for 25, 15, 10 and 7.5 

years. During initial development, numerous adjustments to the numbers and locations of the 
extractiodinjection wells and subsequent modeling runs were nquired to derive the final number of 
wells and locations. At the end all four remediation scenarios as presented in this section achieve the 
intended cleanup times and are in compliance with all the regulatory requirements andcommitments. 

I 

The locations and depths of groundwater injection wells and off-property optimbatim wells included 
in these scenarios are generally based on results of previously conducsed modeling studies furnished 
to EPA and OEPA. Results of the injection modeling study (along with a preferred approach) were 
presented to the EPA and OEPA in two technical information exchange meetings held in May and 
June of 1995. In general, the modeled groundwater injection water surface profiles (referred to as 
"mounds") matchtrery well with the subsequent field injection test results conducted at the FEMP 
(DOE 1995d). 

A synapsis of the FS stmtegy is first presented as the basis of all the new potential scenarios in the 
following subsections. Summaries of the developed specifications, predicted performances, and 
important design issues related to each of the four new potential remediation scenarios evaluated in 

this study are them provided. The groundwater'model developed and applied for the RVFS process 
was used to create these scenarios. A modified.modelii approach, described in Appendix A, was 
followed to simulate the transition of uranium & values. Only the final modeling results for each 
scenario are presented. 
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4.2.1 -is of The FS SQ&gy 

Modeling conducted to support the Operable Unit 5 FS identified the Ilccd for at least 28 extraction 
wells distributed across the a&cted areas of the aquifer. These 28 wells arc divided into four 
extraction well systems and ate identified in P i  2-1. The modeling conducted also demonstrated 

that acombined maximum pumping rate of 4O00 gpm from the extraction well system will be 

required for up to 27 years to attain the final nmcdhtion. levels. A portion of the extracted 
groundwater will be treated before b e i  discharged to the Great Miami River to satis9 the outfall 

criteria. A dedicated groundwater treatment capacity of 2000 gpm will be required. 

During the development of the FS strategy, it was assumed that sitbwide soil and source-arta 
remediation will take 20 years. Groundwater extraction by mnventid vertical wells was the lead 
technology tvahllLtcd 'during the FS. It was further assumed in the FS that the vertical wells would 
not be installed through the contamhated source areas but rather along the d o w e n t  edge of the 
groundwater contamhnt plumes originating from the source areas. No additional off-property wells 
other than the exist@ South phrme Recovery Well System wcre employed in the FS scenario. 

Assuming the uranium K,, value remains the same (i.e., 1.78 L/kg) throughout the duration of the FS 
strategy, it will take about 25 years and 27 years to reach auranium re3lQedi81 level of 20 ppb for the 
off-property and on-propcrty arcas, respectively. It is expected that with the K,, transition (employed 
in this Baseline study) the cleanup time for the FS strategy will cxcccd 30 years even under the 

shorter soil remediation schedule. 

4.2.2 A Potential 25 -Year SCqggjQ 

Two mOdific83iollS (i.e., groundwater injection and South Phxnc -on) to the Operable Unit 5 

FS strategy are incorporated into this scenario. Groundwater injection operations using the five f e w  
line wells (8, 9, 10, 11 arpd 12) in the original plan and five new wells (42, 43,44,49 and 51) north 
of the inactive flyash pile ate included to reduce growhater drawdown, prevent potential impacts to 
the Paddys Run Road Site plume, and increase groundwater flushing rates through the FBMp's 
co mmimted zones. Four additional off-property extraction wells close to the center of South Plume 
(Wells 1,2N, 3N and KN) are included to improve off-property mass removal rates from the South 
Plume. Among the four scenarios evaluated, this scenario makes the fewest changes to the base case 
FS strategy; these changes are: 
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Move Well 2 from the waste pit area to the Plant 6 area 
Turn off Wells 26,27 and 28 in the South Plume area after year 2. 

4.2.2.1 Wellfie Id Patterq 
The wellfield pattern of the 25-year scenario is shown in Figure 4-1; however, Well 22 was never 

used. All the extraction and injection wells are located outside of the areas where extensive soil 
excavations will take place. The only exception is the former production area where two extraction 

wells are required near Plant 6. Locations of the four new off-property extraction wells were selected 

considering the location of the groundwater plume as well as potential access and operational 

problems. In general, these off-property wells were assumed to be situated along the edge of fields 

andimmedrate * ly away from residential dwellings. 

4.2.2.2 m o a  iection m i q g  Rate S chcdule 

The extractiodinjection schedule used to achieve the 25-year cleauup time frame is presented in 

Table 4-1. The maximum extraction and injection pumping rates are 500 and 200 gpm, respectively. 

Because no wells will be installed inside the inactive flyash pile even after soil remediation, an earlier 

start of upgradient groundwater injection is necessary to increase flushing rates throw the 

con tamba&d zone and ensure a reasonable cleanup time. Groundwater injection wells located along 

the fence line are u8od as a hydraulic barrier to prevent the plume from moving off property and to 

eliminate the effects of a groundwater stagnation zone in the South Plume area (which slows 

off-property cleanup time) that was identified in the FS strategy. Injaction along the fence line is 

considered critical for achieving an earlier cleanup of the off-property groundwater south of the 

FEW. Therefore, operation of the two groundwater injection systems starts at the earliest time 
possible, year 3 (1998). 

4.2.2.3 pedicted Performance 

System performance measures including years of groundwater treatment, extracted groundwater 
concentrations to and by-passing the treatment plant, blended outfall co- 'om, anduranium 

mass removed are listed in Table 4-2. Because of the high injection rate used in the early stage, 

additional groundwater treatment capacity (beyond that &mi in the operable Unit 5 ROD) is 
required under this scenario to maintain acceptable outfall concentrations. Groundwater treatment is 

required for 20 years. Due to the high initial concentrations in the South Field area and the transition 
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TABLE 41 

EXTMC"ION/INJECTION SCHEIDULE USED FOR =YEAR SCENARIO 

+ p .  

3to7-~~ Years8to 10 Yyyg 11 to 10 Y- 
waste pits 
waste pits 
waste pits 
waste pits 

waste pits 
Waste pits 

Totals 

Plant6 
Plant6 
Totals 

Fenceline injection wells 
Fenceline iqjection wells 
Fenceline injection wells 
Fenceline injection wells 
Fenceline in- wells 
Totals 

South ,Field 
Muth Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
Totals 

South Field injection wells 
South Field injection wells 
South Field injection wells 
South Field injection wells 
South Field iajtctiOn wells 
Totals 

South Plume 
south Phune 
South Plume 
south Plume 
South Plume optimizntion 

South Plume optimiuton 
South Plume optimization 
Totals 

South Plume optimizPtion 

Total pumping 
Total injecting 
Net aquifer extraction 

1 
3 
4 
5 
6 
7 

2 
23 

8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

42 
43 
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49 
51 

24 
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26 
27 
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3N 
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1400 
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-200 
-200 
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-200 
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150 
350 
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3200 
-m 
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250 
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0 
120 
120 
120 
120 
120 
600 

0 
0 
0 

0 
0 
0 
0 .  
0 
0 

300 
400 
400 
500 

0 
0 
0 
0 
0 

1600 

-200 
-200 
-200 

0 
0 

600 

0 
0 
0 
0 
0 
0 
0 
0 
0 

2200 
600 
1600 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
500 
500 

0 
0 
0 
0 
0 
0 

1000 

-200 
-200 

0 
0 
0 

-400 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1000 
4 0  
600 

t 

4-7 



..I 

-- - 
FEM

P-OSRDW
P-BRS-3DRAFT 
O

ctober 1.1996 

B 3 8 l I 3
 



4 2 4  
~45RDWP-BRS-3DRAFT 

occober 1,1996 
. i  

of the uranium K,, value used in the simulations, the overall cleanup time of this scenario (Le., 

25 years) is not significantly shorter than the 27 years estimated in the FS strategy. However, 

1 

2 

cleanup time for the off-property area is significantly shorter in this scenario and water table 

drawdown is reduced compared to the base case FS remedy. 

4.2.2.4 

In order to implement the 25-year scenario, the following design issues need to be addressed: 

Piping network for the two groundwater injection systems 

Maintaining long-term efficiency of the groundwater injetion wells 

Access for the four new off-property vertical extraction wells 

Need for additional treatment capacity beyond the capacity described in the Operable Unit 5 
ROD. 

4.2.3 APotentid 15 -Year S d Q  

In addition to the injection and South Plwne optimization wells included in the 25-year scenario, four 

more vertical extraction wells at the inactive flyash pile (Wells 38,41,53 and 54) and four more 
vertical extraction wells in the waste pit area (Wells 55,56,57 and 58) are needed to reduce the 

cleanup time to 15 years. Well installation should immediately follow surface remediation in these 

areas. Three initial extraction wells around the inactive flyash pile (13, 14 and 16) are converted to 

injection wells after the new extraction wells are installed. Operation of these additional 

extractiodinjection wells starts at the beginning of the 8th year (2002). 

4.2.3.J wellfield Pattern 

The wellfield pattern of the 15-year scenario is shown in Figure 4-2. Even with upgradient 

groundwater injection, extraction wells located at the center of the plume under the inactive flyash 
pile will still be much more efficient than wells located at the downgradient edge (i.e., those used in 

the 25-year scenario and the FS strategy). Therefore, after excavation and surface regrading in the 

South Field and waste pit areas, additional vertical extraction wells are installed to enhance 
remediation. Locations of these additional extraction wells can be seen in Figure 4-2. 
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4.2.3.2 Extraction5 iection Schedul e 

The extractiodinjection schedule used to achieve the 15-year cleanup is presenkd in Table 4-3. 

Because additional extraction wells will be installed in rrmainfng groundwater hot spots, injection 

upgradient of the inactive flyash pile can start later. The additional extraction wells and the 

upgradient injection wells are assumed to start operating during the 8th year. The maxbum 

extraction and injection rates are 400 and 300 gpm, respectively. After 10 years, all the extraction 

and injection wells other than those in the South Field can be removed. 

4.2.3.3 &?mh 'cted Perfoman ce 
System perfomce me8surcs including years of groundwater treatment, extracted groundwater 

concentrations to and by-passing the treatment plant, blended outfdl concentrations, and uranium 
mass removed are listed in Table 4-4. Groundwater treatment is required for 10 years and no 
additional treatment capacity above 2000 gpm is necessary. Because the 15-year scenario achieves 
groundwater cleanup in a much shorter time frame than the 25-year scenario, it actually removes less 

total uranium mass from the aquifer; however, the mass removal efficiency is higher and less uranium 
will be discharged to the Great Miami River. 

4.2.3.4 

In order to implement the 15-year scenario, the following design issues need to be addressed: 

Increased complexities of the extraction p ip i i  networks due to a larger number of wells 
Piping network for the two groundwater injection systems 
Converting extraction wells to injection wells 
Mamammg long-term efficiency of the injection wells 
Access for the four new off-property vertical extraction wells 
Effects from potential delays in the soil remediation schedule. 
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4.2.4 Potential 10-Year Sceq& 28 

Building on the previous scenario, it w b  determined that five more vertical d o n  wells (59,60, 

61,62 and 63, for a total of nine) are required in the South Field after surface remediation to further 

29 

30 

reduce groundwater cleanup time from 15 to 10 years. 31 

32 

4.2.4.1 Wellfi eld Patterq 33 

The wellfield pattern of the 10-year scenario is shown in Figure 4-3. As described in the 15-year 

scenario, all the extraction and reinjection wells other than those in the South Field area can be 

34 

35 
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TABLE 4-3 
EXTRACTION/INJECTION SCHEDULE USED FOR 15-YEAR SCENARIO 

Waste Pits 
Waste Pits 
Waste pas 
Waste Pits 
Waste Pits 
waste Pits 
Waste Pits 
Waste Pits 
Waste Pits 
Waste Pits 
Totals 

Plant6 
Plant6 
Totals 

Fenceline mjection wells 
Fenceline m m  web 
Fmcelirre injection wells 
FenceliaeiqiectionWClls 
Fenceline injection web 
Totals 

south Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
South Field 
Totols 

South Field injection wells 
South Field mjection wells 
South Field iqjaion wells 
South Field i&&m wells 
South Field injection wells 
Totals 

south Plume 
South h e  
South Phune 
south Plume 
south phyne optimization 
south Plume opthnizstion 
soutb Plume optimization 
South Plume optimization 
Totals 

1 
3 
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5 
6 
7 
55 
56 
57 
58 

2 
23 

8 
9 
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12 
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5 4 .  
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terminated after 10 years. Therefore, additional extraction wells were only added in the South Field 1 

area to achieve cleanup within 10 years. Through iterative model simulations, it was demmmed - t h a t  
nine vertical extraction wells need to be installed after the surface rmedhtion to achieve groundwater 
cleanup in the South Field area within 10 years. 

. .  4.2.4.2 -on PUmDinn Rate Schedule 

The extraction/injection schedule used to achieve the 10-year cleanup is presented in Table 4-5. As in 
the 15-year'scenario, groundwater injection upgradient of the inactive flyash pile can start later. The 
maximum extraction and injection pumping rates are 300 and 200 gpm, respectively. These rates q e  
lower than those used in scenarios with fewer extraction wells. 

4.2.4.3 mcted Pe- 
System performance measures including years of groundwater treatmerrt, extractad groundwater 

concentrations to and by-passing the treatment plant, blended outfall concentm 'om, and uranium 
mass removed arc listed in Table 4-6. Groundwater treatment is required for 9 years and no 
additional treatment capacity above 2000.gpm is nccessq. Among the three scenaiios described so 

far, the lO-yew scenario has the highest mass removal efficiency and needs to runove the least 
amount of total uranium mass to achieve groundwatcr.cleanup. Uranium mass discharged into the 
Great Miami River is about the same as in the 15-year scenario. 

4.2.4.4 
Similar to the 15-year scenario, in order to implement the 10-year scenario, the following design 
issues need to be addressed: 

Increased complexities of the extraction p i p i  nchvorks due to a larger number of wells 
wing network for the two groundwater injection systems 
Converting extraction wells to injection wells 
hhmmmg long-term efficiency of the injection wells 
Access for the four new off-property vertical wells 
Effects from potential delays in the soil remdutm * ' nschedule. 

. . .  
0 

4.2.5 APotcnbal * 7.5-Year scenarjp 

The intended cleanup time of this scenario (i.e., 7.5 years) is shorter than the soil and source-area 

remediation time frame der the Ten Year Plan. Therefore, horizontal wells were evaluated as a 
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meam to reach and pump directly from groundwater hot spots before the completion of surface 

remediation. Horizontal wells can be located outside a soil mncdhtion area and then extend 

underground into targeted groundwater plumes beneath the remdiation area. Because no horizontal 

wells have been used previously at the FEMP, their feasibility for groundwater remediaSion was 
evaluated. Major issues and the information collected during this evaluation are mmmamed ' i n  
Appendix B. The general conclusion is that horizontal well technologies can be successfid in certain 
applications at the FEMP as long as appropriate design, installation, aad mahtcmm procedures are 

employed. * 

Under this scenario, horizontal wells are nquired in the inactive flyash pile, waste pit and former 
production amas to achieve the targeted cleanup time of 7.5 years. Horizontal wells along the fence 
line, instead of the off-property vertical extraction wells used in the previous three scenarios, are also 

incorporated in this scenario for the enhanced remediation of the off-property South Plume. This was 
considered in this scenario if off-property surface access becames a problem and vertical wells cannot 

be used. 

4.2.5.1 W e m d  
The wellfield pgttern for the 7.9-year scenario is shown in Figure 44. Eight horizontal wells were 
d in both t h~  C X C W ~  and off-property  area^. Although specificaily modcleed as horizontal 

wells, the discharges from the ten vertical wells in the waste pit area and two'vertical wells in the 
Plant 6 area were combined for system performance calculations as if the discharges came from three 
separate horizonsal wells, two in the waste pit area and one in the Plant 6 area (See Appendix A). 

These three horizontal wells were assumed to have the same performance as the vertical wells in these 
areas from the 10-year scenario except for the earlier start time for the horizontal wells. Vertical 
wells, other than the existing South Plume wells, are only used in the SSOD area for extraction; 
groundwater injection operations also still use vertical wells. 

Length, locations, orientations, and extraction rates of these horizontrrl wells were det#mined using a 

the 
inflow rate distributions along various horizontal well-screen designs. Factors considered in this 

analysis included well diameter, length and depth, number of pumps, and aquifer response to 

pumping. Each of the estimated inflow rate distributions was then c o n v d  into a series of 
accumulated inflows in the SWIFT model grid blocks where the ho- well was located. Iterative 

multistep modeling approach. A pipe flow model @e., Fathom) was first used to dctmmc - 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

ia 

19 

20 

21 

P 

23 

u 

25 

26 

27 

28 

29 

30 

31 

32 

33 



1380000 

HORIZONTAL 
EXTRACT I ON WELL 

LEGEND: 
FEMP BOUNDARY -.-.- 

? 

SCALE TOTAL URAN I UM 

CONTOUR (ppb) 1100 550 0 1100 FEET 
CONCENTRATION 8 0 EXTRACTION WELL - 

0 INJECTION WELL 

FIGURE 4-4. WELL LOCATIONS FOR 7.5-YEAR SCENARIO 
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SWIFT model simulations were then conducted to predict wntamhmt transport during the 
remediation and to finalize the conceptual layout of each horizontal well design. Because a horizontal 
well can be installed by either horizontal directional drilling or Ranney technology, the advantages 

and disadvantages of these two approaches were evaluated to select the appropriate installation 

method. 

I 

l 

The major advantages of using horizontal directional drill i i  include the capabiity to install much 

longer wells (Le., with more than a 350-foot-long horizontal section) and continuous wells (i.e., wells 

with both ends open to the ground surface). The expected cost of directional drilling is lower than 
the Ranney approach. However, in order to facilitate the desired high pumping capacity (i.e., 300- to 

900 gpm), larger well diameters will need to be installed than is typically done in directional drilling 

applications. Another potential problem associated with the directional drilling is that it is often 

difficult to properly develop the well (Le., to remove fine m8teriB1s from the formation and the 

residual drilling mud used during the drilling process). There is also no assurance that, even with 

adequate well-screen diameters, effective well maintenance can be performed due to the curvature of 

the well which may preclude the use of appropriate well-cleaning devices. 

Ranney wllector wells have a better chance to obtain the high pumping capacities because no drilling 

mud is required during installation and larger or multiple pumps can be installed in the 9- to 16-foot 

caisson. Ranney wells can also have multiple lateral drains in a single caisson. In a Ranney well, 

access to the well-screens is easily made in the caisson so that proper well-cleaning equipment can be 

used to rehabilitate the well-screens, if required. However, significant amounts of soil need to be 

excavated and disposed of during installation. The required length of the horizonsal well specified in 

Figure 4-4 is much longer than is typically done in Ranney well applications (i.e., up to 350 feet). 

Installation of the large caisson and associated health and safety requirements will result in much 

higher costs for Ranney wells than for wells installed by directional drilling. 

Based on the advantages, disadvantages, and limitations of the two horizontal well installation 
technologies, the suitable installation technology for each horizontal well was selected. Directional 

drilling was selected to install the five wntinuus horizontal wells (i.e., can pump from the both 

ends) in the South Field, waste pit, and Plant 6 areas. The main reason for this selection was the 

COntamlMt ' ed soil in these areas which will preclude the Ranney approach. Due to the potentially 
lower achievable pumping rate in &h well, additional horizontal wells can be installed in these areas 
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to ensure the desired overall extraction rates, if deemed necessary. The Ranney approach was 
selected for installii the thr& horizontal wells& the South Plume area, because the overbwden is 
considered clean and higher pumping rates are required in this area. Although these selections do not 
a€fect the estimated performance measures, they will be reflected in the estimated cost of this 
scenario. 

4.2.5.2 

The extraction/injection schedule used to achieve 'the 7.5-year cleanup is presented in Table 4-7. In 
general, the extraction rate of a horizontal well is equivalent to the total extraction rate of a group of 
vertical wells used in the previous scenarios. However, the homntal wells can be operated before 
completion of soil remediation. The use of horizontal wells also enables a longer section of well- 
screen to be installed (for the same overall extraction rate) to lower the entrance velocities 'through the 
well-screen and reduce the head losses, which results in a lower plugging rate and lower maintenance 
requirements. 

.4.2.5.3 gredictea Perf 0- 

System performance measures including years of groundwater treatment, extradcd groundwater 
concentrations to and by-passing the treatment plant, blended outfall concentrations, and uranium 
mass removed are listed in Table 4-8. Due to the higher extraction rate directly from groundwater 
hot spots and operation of both injection systems, sisnificantly more groundwater treatment capacity 
(i.e., an additional lo00 gpm) will be required for this scenario. 

. .  4.2.5.4 Summarv of Sintllficant D e s ~ I s s u @  
In o a r  to implement the 7.5-year scenario using horizontal wells, the following design issues need 
to be addressed: 

Piping network for the two groundwater injection systems 
Maintaining long-term efficiency of the injection wells 
Di€ficulties associated with horizontal well installation 
Additional treatment capacity needed. 

4.3 COMPARISONS AND S&ECTION 
Based Qn the specifications of the evaluated scenarios and predicted performance measures 
S- ' in Section 3.0, this s@on compares the costcffectiveness and potential risk/mcertam 'ty 
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+) P 
'1 Well No. Y m O t O 2  

southpiUmhorizorml D1 0 360 360 
South Plume horizontal D2 0 225 225 

180 180 
135 135 

Southphunehorizontrl D3 0 
South Plume horizontrl D4 0 
Totals 0 900 900 

South Plume horitontll El 
soulhplpnaehorizoDtrl E2 
South Plume horizontal E3 
Totals 

Total pumpiag 
Total mjectiug 
Netaquiferextncao 'Il 

0 
0 
0 
0 

1400 
J O  
1400 

150 
90 
60 
300 

5300 
-2000 
3300 

150 
90 
60 

300 

3800 
-2000 
1800 
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for implement@ the evaluated remdation scenarios. Based on the comparisons, m m t i o n s  
for the new baseline groundwater ranediation strategy at the FEMP are provided. 

. .  4.3.1 BW ‘ve Cost &-on 
All four g r d w a t e r  ranediation scenarios developed in this study can satisfy all the coxmnitments 
and constraints when sufficient groundwater treatment capacity is available. A ranking based on 
relative overall costs of all the evaluated remediation scenarios is required in order to determine the 
optimal cost-effectiveness. The costs for additional treatment capacity over 2OOO gpm are also 

included for two of the scenarios (i.e., the =-year and 7.5-year scenarios). It needs to be noted that 
for both of these scenarios, the additional capacity is greater than the expanded capacity commitment 
contained in the Operable Unit 5 ROD. 

4.3.1.1 < 
Relative costs of major system components such as diffemt types of wells, well O W ,  groundwater 
treatment module, groundwater treatment operation, and groundwater monitoring activities are listed 
in Table 4-9. The relative costs are presented as ratios to the cost for design and construction of a 
typical on-property vutical extraction well and associated pump and pipi i  (i.e., about $500,000). 

These relative costs were estimated based on costs of existing systems and design packages at the 
FEW, EPA documemts, and information from vendors and represent DOE’S best estimate of the cost 
of each of the major system components. The component-speci€ic sources of information for unit cost 
estimationandtheassociatedw - aresummaru;ed * in Table C-1 of Appendix C. Uncertainties 
associated with the estimated unit costs are presented in three categories (i.e., low, moderate, and 

high). 

Duetohigherlluamm . ‘es associated with directional drilling and Ranney well installations, the 
potential ranges of relative costs for these wells were estimated. During groundwater tQllcdiation . 
relative unit costs for noncapital components are wrpected to increase with time. The reasons for the 

‘on costs assigned to the Aquifer increases include older equipment and a heavier share of adrmlustrah 
Restoration Project when the, number of other ongoing radiation projects at the FEMP gradually 
decreases. Therefore, the relative unit costs for four compxmlts (Le., O M  casts for extraction and 
injection wells, groundwater tmtment, and groundwater monitoring) are estimated separately for the 

. .  

first 10 years and beyod. 
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TABLE 4-9 

ESTIMATED RELATIYE UNIT COSTS OF MAJOR COMPONENTS 

corn- Rclative costs 
1 on-property vertical extraction well (inclding pump and piping) 1 ($500,000)' 
1 Off-property vertical extraction well (incl- condumm -0% Pump and Piping) 2 

0.75 1 Vertical injection well (including pipii) 
1 Horizomat ext[llctlo * n well (by directional drilling, includhg pump and piping) 4.5 - 6 

7.5 - 10 
4-6 

* 1 RaMcy well (including pump and piping) 
1 Additional horizonal section from a Ranney well (including pump and piping) 
OBiM per cxmction well per year (Years o-lO/ll-) 
O&M per injection well per year (Years 0-10/11-) 
Expansion of groundwater treatment capacity to 2000 gpm 
1 25O-gpm mobile groundwater tnatmmt module 

Gcneral groundwater monitoring and reporting per ycar (Years 0-lO/ll-) 
Ground- tnatmcnt per year (Years o-10/11-) 

0.07/0.1 
0.035/0.05 

7.5 
3 

618 
213 

8 E s t i m a t i n g d  . .  

4.3.1.2 'V 

Using the relative unit costs k e d  in Table 4-9 as well as compnmt specifications, cleanup times, 
and required groundwater treatment capacitia sunrmarrzed in Section 3.0, the scenario-specific 

relative overall costs (without inflation) are listed in Table 4-10 (in units of $500,000). To simplify 

the cost estimation proass, the effects of installation timing, escalation, and potenrial interest savings 

arc not considered. The potential impacts from these simpli@ing assumptions on the relative cost are 
considered small given the shorter durations of the groundwater remediation scenarios. Such 
simplifyins assumptions are also consistent with DOE'S progrannnatic evaluations of the long-term 

cost savings that may accompany implementation of the Ten Year Vision. As shown in Table 4-10, 

the annual groundwater treatment cost is assumed to be indcpdmt of treatment flow rates. More 

details of the cost calculations are included in Appendix C. Although all the simplifications are 
considered reasonable, these cost estimates are only intended for ranking and strategy selection 
purposes instead of detailed budgeting purposes. 
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TABLE 4-10 

SUMMARY OF TEE ESTIMATEI) ScENARIospEcIFIC RELATIVE COSTS' 

cost =-Year 15-Year lo-Year 7.5-Year 
Capital 

well, Pump. Piping 35 40' , 45 53 
Treatment 15 9 7 20 

Well operation & mahmmce 25 17 14 7 
Treatment operation & m a k n a m ~  140 60 54 45 

Monitoring/Reporting 65 35 20 15 
Total 280 160 140 140 - 150 

'Estimating unit is $5oo,OOo 

The wmbcr of significant digits used in the cost c a l d o n s  pnsented in Appendix C may be 
misleading regarding the expectd accuracy of the overall cost estimates. Duo tothe idmmt 
mcata&y of the relative unit costs (see Tabie C-1 of Appendix C), the scenario-specific overall 
costs may be rounded to 280,160,140, and 140-150 units for the =-Year, lS-Year, lGYear, and 
7.5-Year Scenarios, respectively. These rounded relative overall costs only reflect the uncertainty 
associated with the unit costs. Potential uncmtakty of the overall remediation cost due to uncertainty 

of the actual cleanup time achievable by the selected baseline remediaI stratqy is evaluated in 
Section 5.3.2 and Appendix F. 

Fv 4-5 shows the relationship between cltanup time and relative costs for the four evaluated 

scenarios. Capital and O&M costs (including well O&M, mataxst Q&M and monitorbg/reporting) 

are plotted separately. An average capital cost for well, pump, and pipii in the 7.5-year scenario 

(i.c., 57.5) is us~d in the figure. The cost tread for scenarios with cleanup times less than 7.5 years 

is shown by the dashed lines from 5 years to the first data point at 7.5 years. As shown in the figure, 
a longer cleanup time means lower capital but higher O&M costs; a shorter cleanup time means 
higher capital but lower 08zM costs; and a cleanup time around 10 years results in the optimal overall 
remediation cost. In the optimal-mst scenario, the capital and O M  portions of the overall 
remediation costs arc about 40 and sb percent, respectively. when the O&M or the capital cost 
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exceeds Mpercent, the overall remdation cost bcoomes higher than the optimal a t .  It is important 
to note that the cost increases are more significant in scenarios with longer cleanup times. 

' 1. 

4.3.2 

In addition to the cost, other factors that may affect the implementability of a groundwater 
remadiation scenario need to be understood when selecting the final remedial strategy. Minimizing 
the selected strategy's unavoidable implementation risks and uncertainties should be emphasized 
during the design process. When the selected strategy cannot be implemented due to unforeseen 
reasons, an alternative should be readily available for implementation. In general, the four 
remediation scenarios evaluated provide a sufficient range of potentially implementable alternatives 
that satisfy all the commitments. 

. .  4.3.2.1 Sour -Area Rcmcdmon Schedule 
Because the 10-year site-wide remediation plan is very aggressive, the possibility of significant delays 

in the schedule.is considered moderate (i.e., 50/50). Under this situation the scenarios which rely on' . 
additional vertical extraction wells inside the excavated zones (i.e., the 15-year and 10-year scenarios) 

may not achieve the predicted cleanup times and become impractical. Implementabilities and 
performances of the 25-year and 7.5-year scenarios are less sensitive to the soil remediation schedule 
because no wells need to be installed in the excavation zones. 

4.3.2.2 CaDacitv and- 
Sufkient groundwater treatment capacity needs to be available More certain proposed groundwater 
Wrtraction and/or injection rates can be implemented. This is especially importaut during the first few 
years when large volumes of co ntamh&d groundwater with higher concentn& 'Ons wil l  be exmc&!d. 

so the projected tmtmcnt capacity is sufficient for mabtah@ acqtable d l  co- 'om and 
The treated groundwater commtrat~ 'om also need to be sufficiently low (as assumed in the modeling) 

for supplying source water for injection wells. 

During groundwater remediation, if the treatment capacity and/or efficiency arc significantly lower 
than CUlTently expected, the extraction/injection pumping rate schedules may need to be reduced in 

order to maintah low outfall concatnt~ 'om. These modifications will result in longer cleanup and 
treatment times than originally predicted. 
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The possibility of a si%nificant schedule delay for bringing the expandbd AWWT capacity of 
1800 gpm on-line is low. With the expansion of the AWWT facility on-line, the total effective 
capacity for treating groundwater will be assumed to be 2000 gpm. However, the chance of getting 
any additional capacity by adding mobile treatment modules is also very low. A posential 
compromise is to use capacity freed up from surface water treatment for gmulwater treatment 

during drier seasons. However, this will require schedule changes aad lower extraction and/or 

injection rates for rcmcdiation scenarios which require higher treatmglx capacities. The possibility of 
lower treabment efficiency, resulting in higher treated groundwater co- '011s (> 5 ppb), is 

currently considered moderate. 

4.3.2.3 Well Design and btallation 
The overall perfoxmance of any groundwater -on system is highly dcpdcnt on the proper 
design, installation and aperation of all the required d o n  and injection wells. Risk and 

ullccrtainty related to design and installation of thethree.types of wells evaluated inthis study am 
summarized below. In general, other than the vertical extraction wells, there arc many lessons and 
issues which need to be learned and resolved for the injection wells and the horizontal extraction 
wells. 

V e r t i c a l m n W &  - Sufficient experience with vertical extraction well design and 
installation exists at the FEMP. Hydrogeological conditions at praposed well locations that 

groundwater coxmminmt co- '0118 and plume thidmcsses at these locations still remain 
and may not be confirmed until the wells are installed. Indlation schedules for wells in 
areas requiring soil mndiation will aepcnd on the actual completion date of the remediation. 

0 UectionWa -Designandmaintenance procedures for an injection well with a long-term 
efficiency have not been completed. Injection-specific hydraulic conditions as well as 
plugging need to be considered during the design process. The currmtly assumed 
groundwater injection rates may not be achievable if the injection well is not properly 
designed aad nraintaincd. 

may a&ct installation have been properly charactenzad * . However,uncermm - 'esin 

0 0m-n Well - Although the potential benefits of horizontal wells are very 
significant, the cats  and risks associated with them are also very high. Design and 
installation of a horizontal well is considerably more complicated than a vertical well. In 
order to achieve high pumping capacity and long operational life, mort detailed analysis of 
the geological conditions and even pht-scale field tests may be required to properly design 
the horizontal wells based on the sitaspecific wnditions. A much higher chance of 
installation problems with.a horizontal well can also be expected. An insuflticient capacity 
and/or a short operational life may result from improper imtahtion proadures. 
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4.3.2.4 ODeration and Maintenance 
A perfectly designed and installed hardware system does not automatically result in successful 
groundwater remedhtion. Proper , O W  of the system are as important as the hardware system. The 
role and contents of an Operations and Maintenance Plan for the aquifer restoration system are b e i i  

defined (as Task 2 of the Operable Unit 5 RD Work Plan). This plan will address all the important 
issues considered and resolutions obtained during the design and installation processes which may 

to be closely integrated. In order to ensure the success of aquifer restoration, guidelines for the key 
activities listed below need to be defined. 

affect the system's performance. System operation, monitoring, adjustment, and maintenan ceneeds 

- Aquifer, wellhead, and outfall coxmrhaut concentrations Svstem Perfomce Momtom 
as well as the injection and treatment efficiencies need to be monitored. All the dkisions to 
be made during groundwater remediation will rely on these monitoring results. Frequency, 
locations, and parameters for performance monitoring need to be properly selected. 

. .  

- Because treatment capacity is limited, extracted groundwater from the 
right wells needs to be treated in order to maintain the acceptable outfall concentm 'ons; wells 
showing higher concentrations should obviously have priority for treatment. Available 
capacity freed up from surface or other remddi8tioI- generated.water matmmts should also 
be used to treat groundwater when possible. 

. .  

Groundwater Iniwt~oq - Only treated groundwater and extracted groundwater with wellhead 
C o m  'om less than 20 ppb can be injectad. FUI benefits of groundwater isjection can 

hydraulic efficiency of the injection wells. In order to operate within the maximum allowable 
net extraction rate, groundwater extraction needs to be throttled down when the actual 
injection rate is lower than currently assumed. 

. .  

only be achieved by obtaining a sufficient amount of acceptable water and mahmhhg hi@ 

Svstem - The well pattern and extractiodinjection pumping rate schedule specified 
in the remedial strategy are develaped by conduct& groundwater model simulations. 
Although groundwater models are the only tool available for developing the mmedial strategy, 
it is important to note that all groundwater models have limitations when simulating the real 
world conditions. Assumptions and simplications regarding the modeled physical and 
chemical processes may lead to inaccurate model predictions. Therefore, operation of the 
remediation system should have sufficient flexibility in order to handle uncxpectd conditions. 
Frequent adjustments of the extractiodinjection pumping rate schedule, monitoring of 
performance, frequency, locations and treatment decisions may be necessary to mnintain the 
desired system performance. 

- All hardware components in the groundwater 
remediation system will require routine maintenance in order to prevent their deterioration. 
Extraction and injection wells may need periodic rehabilitation in order to recover their 
efficie&. 
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4.3.2.5 Geochemical C o d  'tio a 1 

On average the assumed uranium K,, values during gmmdwater mwdhtion are considered realistic. 
Potentially the uranium K,, value may further increase above 17.8 wb;$ resulting in lower uranium 
mobility. However, the estimated groundwater cleanup time will not change significantly due to 
lower groundwater concentrations bemuse less uranium mass will be desorbed under higher K,, 
values. Timing of the transition from lower K,, value to higher K,, values should be closely monitored 
by evaluating mass removal efficiencies in the extraction wells. This timing is iqortant for 

determining when to start groundwater injection north of the South Field in the 15- and 10-year 
scenarios. 

As a critical wmpment in all the groundwater remdation scenarios evaluated in this report, the 
feasibility of groundwater injection remains to be confirmad. Although water can be injected into the 
aquifer without much initial resistance, the problem of iron precipitation and subsequent plugging of 
the well-screen as described in the draft South Field Injection Test Report (DOE 1995d) needs to be 

resolved. An O M  procadure that can ensure long-term efficiency and injectivity of the injection 
wells is necessary. This procedure may include additional pretreabment for injection water and/or 
periodic rehabiditation of the injection wells. The second short-term injection test which used treated 
groundwater showed promising results. 

4.3.3 
Based on the overall relative costs listed in Table 4-10 and riswuncertatnty * informationdiscussedin 
Section 4.3.2, the 10-year scenario is selected as the baseline groundwater remcdisLtion strategy for 
the remedial design process. The main reasons for this selection include: 

Overall relative cost is lower 

Capital cost for well installation is distributed over 7 years 

Piping network complexities due to the additional extraction wells are considered manageable 

No additional treatment capacity beyond the planned AWWT facility expansion is necessary 

The only higher risk and 
three scenarios is the soil remediation schedule. 

associated with this scenario when ampwed to the other 

The 7.5-year scenario was not recompended due to the significantly higher up-front 'capital cost (i.e., 
70 to 84 cost units) and high risks associated with horizontal well installation. However, if current 
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h d h g  projections or techuical consmints were to indicate that the somarea  ranahtion will be 

delayed for more than 5 years and sufficient groundwater funding is available, then the 7.5-year 

scenario could potentidly be justified. As shown in Table 4-10, the estimated higher end of the 
overall cost of the 7.5-year scenario is slightly lower than that of the 15-year scenario. This indicates 
that when the groundwater cleanup time exceeds 15 years when using only vertical extnrction wells, 
ushg horizontal wells to reduce the cleanup time becomes a much more competitive alternative. It is 
important to note that the window of opportunity for initiating the horizontal well alternative is within 

the next 2 years in order to realize any significant reductions of groundwater cleanup time and overall 
cost. 

4.3.3.1 Modifications to The FS Stratem 

When compared to the ranedial strategy presented in the Operable Unit 5 FS Report, the following 
modificILtions have been included in the selected prelimhary baseline strategy: 

Groundwater injection along the fence line and north of the South Field will be used to 
improve hydraulic performance of the remediation system. The fence line system (coriverted 
from Wells 8 through 12 in the FS Strategy) will start operation within 3 years while the 
upgradient system (5 new injection weus) will start at the end of the 7th year. 

Well 17 in the FS Strategy is moved to a new location north of the SSOD. 

Well 22 in the FS Strategy is reserved as a contingent well and its location will be selected 
during remediation if determined necessary. 

Four additional off-property extraction wells and two of the existing South Plume wells will 
be used to optimize the South Plume Recovery Well System. 

Nine more vertical extraction wells in the inactive flyash pile, four more vertical extracdon 
wells in the waste pit area, and one more vertical extraction well in the Plant 6 area will be 
installed and operated immedwe * ly following completion of local surfkc resllaediation. 

Three of the initial extraction wells around the inactive flyash pile will be COIlvertdd into 
injection wells after the new extraction wells are installed. 

Overall 46 wells (i.e., excluding Well 22) are included in the selected prelimimy baseline strategy. 

The number of wells is 18 more than the number in the FS Strategy. 

4.3.3.2 a 
No groundwater treatment capacity above the planned 2000 gpm is nccesary in the new baseline 
strategy. Appendix D describes the existing and cwrearly planned trea$nenb modules in the overall 

1 

2 

3 

4 .  

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

IS 
16 

17 . 
18 

19 

20 

21 

P 
23 

% 

B 

26 

n 
211 

2 9 %  

30 

31 

32 
33 

34 

35 

36 

n 

36 

39 

Y) 

FER\WSUtDBRS\RD-BRS.- 30.1996 21- 4-33 



t 

FEMP wastewater treatmeps system. The bulk of the dedicated gmmdwater treatlmnt capacity will 

come from the AWWT facility expansion with its downrated capacity of 1500 gpm. F i  perwt of 
the downrated AWWT - Phase I capacity of 600 gpm (i.e., 300 gpm) will be dedicated to 
groundwater treatment. The interim AWWT (IAWWT) units will provide 350 gpm of dedicated 

groundwater treatment capacity annually. The south Plume interim treatment system is predicted to 
wntinue its good performance at 200 gpm for groundwater treatment. However, certain upgrades 
and/or modifications to the A W  - Phase I and the IAWWT will be massay. In summary, 

according to the current plan, over 2000 gpm of dedicated groundwater treatment capacity with an 
average effluent uranium concentmtion of 5 ppb will be available by the end of 1997. 

4.3.3.3 

F- 4-6 through 4-8 show the modeled groundwater flow patterns under the selected preliminary 
groundwater resr#diation strategy. Correspondins groundwater drawdown contours are shown in 
Figures 4-9 through 4-11. Groundwater and uranium capture zones with and without retardation 
resulting from this rumdial stnrte%y are presented in Figures 4-12 and 4-13. The projected uranium 
m- 'on contours are shown in Figures 4-14 through 4-16. 

4.3.3.4 

In the preliminary baseline tcslztdial strategy, the aquifer runedbtion would be accomplished through 
the six aquifer restoration modules shown on F i  4-17. Each module consists of from 2 to 22 

extraction and/or injection wells. 

The existing South Plume extraction wells were installed and began operation in 1993 as part of a 

removal action to stop the further southward migration of the off property portion of the uranium 
plume. The module currently operates with four wells pumping at a combined rate of 1400 gallons 
perminute. 

The South Plume @timidon Module consisting of 4 proposed d o n  wells will be installed off 
property south of the FEMP to restore the off-property portion of the d u m  plume quickly and cost 
effectively. The location and final number of wells will be finalized upon completion of negotiations 
with the af€ected landowner. 
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FIGURE 4-6. GROUNDWATER ELEVATIONS FOR 10-YEAR SCENARIO* YEARS 0 - 2 
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FIGURE 4-7. GROUNDWATER ELEVATIONS FOR 10-YEAR SCENARIO, YEARS 3 - 7 
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The Injection Demortrstratin Module along the southern fenceline of the FEMP consists of five on 
property injection wells which will help to speed the off property clean up of the uranium plume and 
help to block further off property plume movement through the establishment of a hydraulic barrier. 
Treated groundwater will be ro-injected into the aquifer at 200 gpm per well for a total injection rate 
of loo0 gpm in this module. 

The South Field Module (Phase I) consists of 9 on property extraction wells which are cwrently 

installed but which will not begin pumping until associated piping is completed. After surface 

excavations in the South Field area are completed in 2003, an additional eight extraction wells and 
five up gradiemt injection wells (Phase II) are scheduled to be installed to speed the aquifer restoration 
in this area. The South Field Module (Phases I and II) will pump the majority of the groundwater to 
be extracted from the aquifer because this area has the highest uranium commtm ‘011s on site. 

The Waste Storage Area Module consists of ten extraction wells which will become operational 
in 2004 after surface excavations are complete. These wells will.pump contamhtd groundwater 

from beneath what were the waste pits for the production operations at the FBMP. 

Finally, the Plant 6 Area Module consists of two extraction wells which will beconae operational 
in 2004 after Plant 6 has been removed. These two wells will pump uranium c o m  * e d  
groundwater from beneath this area. 

4.4 SUMMARY OF OTHER IMPOR TAN” FINDINGS IN THE P-ARY EVALUATIONS 
Other important firylinns not specifically discussed in the previous sections are presented in this 
sedion. These fuadings will also be considered when finalizing the baseline rrsnedial strategy. 

4.4.1 -on Well Lo#&g 
Mass removal efficiency of the groundwater extraction well can be greatly improved when installed in 

the hot spots instead of along ;he edge of grou@watcr plume. However, due to the soil rtmcdi8tion 
activities in the source areas, installation of extraction wells in the hot spots can not be initiated until 
completion of the soil remediation. 

The total mass requited to be recovered from the aquifer in order to achieve the concuaat~ ‘on-based 

cleanup goal is lower when more e&on wells are located directly in the hot spots. Co&equently, 
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a shorter cleampp time, a less extracted groundwater volume, and less contarmnarrt ' mass discharged to 
the Great Miami River can be achieved. 

In order to maximjzc the recovery dficicncy, certain off-property extraction wells may need to be 
located close to private houses or farming facilities. These preferred locations may not be obtainable 

because of landowner wmramts * , and secondary locations may be required. 

. .  4.4.2 Meets of -watex 
Groundwater injection along the southern property line can effectively stop further migration of the 
on-property portion of wntammnt * plume into the.off-property area. The stagnation zone in'the off- 
property area which exists in the FS strategy can be effectively eliminated by injection along the 

southem fence line. Groundwater injection can also permit higher groundwater extraction rates while 
not exceeding the net extraction rate limit of 4OOO gpm. Therefore, the grodwater flushing rate 
through the w- zone can be increased. 

Modeled plume expansions in both the horizonal and vertical directions due to groundwater.injection 

are not significant. However, proper coordination between extraction and injection operations should 
bemaimid  to prevent any significaut expansion during -on. Additional deeper monitoring 

wells around the injection wells may also ,need to be installed. 

. .  4.4.3 g3oundw- DewQn 
Under the m a t e r  trtatment decision hierarchy descrr'bed in Section 3.1.4, the combined flow 
from the existing South Plume Recovery Well System will usually be the only untreatad groundwater 
t h a t h a s u r a n i u u m c o ~  '011s above 20 ppb. Because the remaining matme& capacity can not treat 
the entire South Plume flow and it was assumed in the evaluation that the combined South Plume flow 
cannot be divided further for partial treatment, the baseline 2000 gpm treatment capacity cannot 

always be fully utilized in the scenarios, as hlicatcd in Tables 3-2,34 3-6, and 3-8. Although the 
discharge limits arc achieved in the evaluations, in order to further reduce mass loading to the Great 

Miami River (as a good management practice), it may be desirable during mnedial design to examine 
methods to pennit the splitting of the South Plume flow for partial treatmd so that the available 
treatment capacity can always be utilized. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

21 

P 

P 

24 

23 

a6 

n 

28 

29 

30 

31 

32 



? 4 2 4  
~45RDWBBRS-3DRAFT 

October 1,1996 

5.0 FINALIZATION OF THE BASELINE STRATEGY 

As presented in Section 4.0, the p r e w  baseline strategy was developed based on assumptions of 
unconstrained fundiag and unrestricted off-property access. These assmptions were made to simpw 

the overall cost-benefit evaluation process. However, before the eagieeering design can be initiated, 
the actual fimding profiles and current off-property access co- need to be considered. Also, in 
order to provide representative comparisons with the FS base case remedy, the "maximum" plume 

.configuration employed in the FS Report (representing the maxjmUm reported plume concentrations 
throughout the FEMP's historical period of record) was used to conduct all of the modeling 
simulations for the preliminary evaluations and ultimately to identify the preferred scenario. For 
detailed design purposes, the FEMP is planning to use the most recent "current condition" plume 

configuration (based on actual recent monitoring data) so that well locations are situated as (~ccu~~tely 
as possible. 

This section presents the process of finalizing the preliminary baseline strategy by considering these 
three major implcmntat~ 'on issues (fiuading profiles, off-property access constraints, and current 

condition plume configuration). The f ina l i i  baseline remedial strategy developed in this section will 

then be the basis for the remedial design. 

5.1 SUMMARY OF THE IMP-ON ISSUES 
5.1.1 Current UrrbgiygBPlume 
The initial uranium plume in all the model simulations cordwed during the prelimbuy evaluation 
process was based on the maximum concentrations mcasurcd in the FEMP's monitorixqg wells prior 
to 1994. The development procedures for this plume were presented in Aspendix F.7 of the 
Operable Unit 5 FS. This synthetic "maximum" plume is a very conservative 7 'on of the 

actual uraniumplume in terms of size and mcentmtionleveis. It was used inthe FS to ensure that 
the selected groundwater remediation system will maintain a sufficiently large hydraulic capture zone 
and that the broad response actions evaluated in the FS (no action, contahmmt , and active 

restoration) were compared fairly. However, use of this plume during the detailed design process 
could inadvertently lead to the selection of extraction well locations outside of the actual plume and 
result in lower mass recovery efficiency. Therefore, it is necessary to consider a more realistic plume 
delineation based on the most rcccnt data when finalizing the remedial system design. The realistic 
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plume may be used to fine tune the well locations and projections of the systan performance 
mca8ufcs. 

Groundwater data collected through the South Plume Design, Monitoring, and Evaluation Program 
Plan (DMEPP) in the past three years provides a more up to date delineation of thc off-property 

portion of the uranium plume. Siflcant differences between the synthetic "maximum" plume and 
the uurcntly measured off-property plume can be secn in Figure 5-1. These differences can be 

attributed to aperation of the South Plume Recovery Well System in the last 3 years as well as 
reduction of contaminated surface runoff discharged into Paddys Run. Conversely, there are few new 
data points that have been collected from the on-property area in the vicinity of the source areas since 
1993, and no rcmcdial activities have yet taken place in this area. Therefore, it was decided to 

update only the off-propcrty portion of the plume to current conditions (where most of the changes 

have occurred) for the purpose of final- the baseline strategy. Figure 5-2 shows the modified 
portion of the uranium plume. To be reasonably conservative, the MW target plume was set to be 
s l i w y  larger than the plume presented in thi DMFJPP.  his updated plume was then used as the 
new initial condition in model simulations to finalize the off-property well locations and perfomlance 
projections of the baseline remedid strategy. When the updated plume was used in model 
simulations, the time zero in the model was set at the beginning of FY97. 

. 

5.1.2 Off-proDMtv Acces~ C- 

The preliminary baselim re3aedial strategy selected at the conclusion of Section 4.0 cataim four new 
proposed off-property extraction wells to enhance the overall restoration of the off-praperty plume. 
These four new wells are identified as Wells 1,3N, 2N, and KN on P i  5-3. 

All four of the wells are situated on private property owned by Knollman Farms, Inc. The locationS 
of the four wdls wcre identified through modeling simulations and arc designed to accornambte the 
desire af EPA, OEPA and DOE to Shorten overall 0ff-p- time, improve 
removal diiciency, and minimizc the furthtr expansion of the off-property plume. With these four 
new exttaction wells in place, only the western two existing South plume rcc~vcry wells (shown as 

full hydraulic capture of the off- Wells 24 and 25 on P i e  5-3) arc neceSsary for mamtmmg 

Property Plume- 
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The locations for the four wells shown on P i  5-3 are idcaked locations used to perform the 
modeling simulations. They do not ncccs&ly consider property owner access considerations and 
localized land use constraints. It was recognized in the development of the modebg sinrulations that 
final locations would need to be djusted as appropriate to (LccoI1MbodBtt actual property owner 
constraints and desires, once successfully negotiated as part of the ongoing remedial design process. 

Recently, s e p a l  mccthgs were held between DOE, EPA, OEPA, and the prapesty owner to discuss 

property access issues of concern to the property owner. As part of the dislcussions, the nature of the 

benefits to be provided by the four new wells, in terms of off-property aquifer restoration time and 
further plume expansion, were reviewed. It was acknowledged during the discussions that two of the 
new wells (1 and 3N), which are to be placed along the main axis of the off-property plume, are key 
to shortening off-property cleanup time because they address the area where the highest off-property 
groundwater wncatmt~ 'ons are exhibited (this area was shown by the modeling simulations to be the 

off-property rataliting area). The remain@ two wells (2N and KN) function primarily to halt the 
further expansion of the plume and to increase overall mass removal dficicncy from that achievable 
.by using the existing South Plume reco\iery wells alone. These two wells do not, however, contribute 
meaninsfully to the shortening of the overall off-property cleanup time since, by W o n ,  they do not 
reside in the ratelimiting am where contaminant commtratl 'om arc highest. It was also 

acknowledged that in the absence of Wells 2N and KN, the plume would continue to expand but 
within the geographic confines of the hydraulic capture mne created by the South Plume recovery 
wells. 

As of the October 1,1996 submittal date of this report, the property owner has exlpressod specific 

C O ~  to DOE, EPA, and OEPA with Wells 2N and KN, iradicatiag that the long-term activities 
associated with the aperation of these two wells may cause unacceptable levels of disruption and 
disturbance (considering the proximity of the wells to the landowner's residential dwellings and cattle 
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breeding operations). The property owner is more agreeable to the installation of Wells 1 and 3N, 
considering their role in addressing the core of the off-property groundwater plume and their 
proposed location along the edge of a farm field away from dwellings and barns. DOE is working to 

resolve the property owner’s concerns and continues to evaluate the technical merits of Wells 2N and 
KN in light of the landowner’s concerns. 

To support the past and ongoing deliberations regarding the landowner’s concerns with Wells 2N and 
KN, a series of five new modeling simulations were conducted to further evaluate the performance of 
the wells and the merits of moving the wells to alternate on- and off-property locations. The results 
of these simulations are summarmd * in Section 5.2.1, and the details are provided in Appendix E. 
Further discussion will also be provided in Section 5.2.1 regarding the proposed path forward for 
accommodating the ongoing negotiations regarding the landowner’s expressed concerns. 

It needs to be recognized that without the property owner’s co-, it will require a lengthy 
codemnation process in order to obtain access for Wells 2N and KN. cumnrtly, DOE does not plan 
to proceed with the condemnation process if these wells are not critical to the completion of aquifer 
restoration. 

5.1.3 
In order to implement the preliminary baseline remcdiaf strategy, it will require close to 10 million 
dollars from the FEMP’s FY97 budget to complete the SouthTield Extraction Phase I System 
(remaining p ip i i  network), the South Plume optimization Module (four new wells and piping 

network), the AWWT Facility Expansion, and the fenceline Groundwater Injection Demonstration 
Module (which is W e d  separately through a DOE Headquartas technology demonstration grant). 

However, under the current funding schedule, the annual funding available for these projects in FY97 
and FY98 will be about 3 and 7 million dollars, respectively. Therefore, the components assumed to. 

be completed in FY97 under the unconstrained prelhinary baseline strategy case wil l  need to be 
constructed sequmtially over the years FY97 and FY98. currently, there is no foreseen out-year 
funding problem for installing the remaining modules of the system - South Field Phase II, Waste 
Storage Area, and the Plant 6 Area modules - in accordance with the desired schedule defined in the 
preliminary baseline strategy. 

C- for Fiscal Years 1997 and 1998 
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h o n g  all the system performance mc&purts of the Aquifer Restoration and wastewater Trcatmnt 
Projects, compliance with the outfall criteria will be given the highest priority during randation. 

the outfall c o m p l i i  when all the Sufficient wastewater tnatmmt capacity is critical for mamtamq 

FEMP remdation projects are in aperation, and for producing needed water for the Injection 
. Demonstration Module. Therefore, the AWWT Facility Expansion is selected as the lead project to 

be funded in FY97. Following construction, the expanded groundwater treatment capacity will be 
available in February 1998 as assumed in the uncomtrahcd funding case. 

The other two components assumed in the preliminary strategy to be initiated in FY97 under the 

u n w m  funding case (South Plume Optbization Module and South Field Phase I System) will 

be delayed until FY98 ,and, following construction, brought on line in FY99. 

. . .  

The ncccsmy modi&ations to the preliminary baseline strategy to accOmmOdatc the off-property 
access considerations and funding wns& for FY97 and FY98 are identified in this subsection. 

5.2.1 
Appendix E contains the results of the modelii simulations coI1[Iuctcd to support the past and 

South Plume optimization Module. Five specific d o s  involving wells 2N and KN wcrc 

evaluated in the simulations: 

ongoing hliihations regarding the Off-property land~wl&~ W- with Wells 2N and KN Of the 

e 

e 

Scenario I - Wells 2N and KN are located further to the south from their original locations 
specified in the preliminary baseline strategy shown in Figure 4-3. The new locations reflect 
the position of the leading edge of the plume at the time when these wells begin operation 
( a s s d  in the simulations to be FY99) based on current funding scenarios for FV97 and 98. 

Scenario 11 - Wells 2N and KN are inaperative in this 8-0, m w  the ~ d i t i m  
that land0-r p r e f e  result in agreement not to install the wells. 

Scenario III - Wells 2N and KN are positioned on the FEMP's property north of Willey Rd., 
and groundwater injection is delayed for a number of years to accommodate the aperation of 
the exlraction wells. This scenario was included to examine the effectiveness of Wells 2N 
and KN if they were installed at the FEMp's f e  and not on the landowner's property. 

Scenario lV - Wells 2N and KN are positioned on the FEMP's praperty north of Willey Rd., 
along with two aditional extraction wells.  his scenario was included to evaluate the option 
of using extraction wells instead of injection wells to create a full hydraulic barrier along the 
fenceline, and the resulting impads to off-property cleanup SUCCCSS. 
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Scenario V - In this scenario, Well KN is elimhatcd and Well 2N is positioned at its original 
location for the preliminary baseline strategy shown on P i  4-3. This scenario was 
included to examine the merits of installing one of the two wells at a location that attempts to 
minimhe overall disturbance to the property owner’s cattle operations. In this situation, no 
wells are located near the property owner’s residential dwelliis. 

The alternate well locations are shown for all of these scenarios on the maps provided in Appendix E, 
along with the extraction and injection rate operating schedules employed. 

5.2.i.i s ummary of the -on Res* 
The results of the simulations, presented in detail on the maps provided in Appendix E, reveal the 
following principal conclusions: 

All of the scenarios result in approximately the same degree of off-property plume expansion, 
as indicated by the position of the 20 ppb total uranium FRL ‘on contour. 

In all cases, the area of expansionresides within the capture zone of the South Plume 
recovery wells (provided South Plume recovery wells 24,25,26, and 27 shown on Figure 5-3 
remain in operation). 

0 Off-propcrty cleanup times for Scenarios I, 11, and V are nearly idcatid, although 
scenarios II and v rcmovt less co- m885 compared to scenario I, owingto the 
dissipation of the plume as it migrates southward (at ‘ODs less than the uranium 
FRL) cn-route to the South Plume recovery well field. 

Scenarios III and IV are not nearly as effective in restoring the off‘roperty portion of the 
plume (as evidenced by longer cleanup time), because these scenarios do not fully bendit 
from groundwater injection. The expansion of the plume. is about the same as the other 
scenarios, however it takes significantly longer to clean up and regional drawdown impacts 
are much more pronounced. 

These summary results wen shared in detail with the landowner aud EPA and OEPA at ameeting 
held on September 17,1996. All of the maps that were presented at the meeting are provided in 

Appeadix E. 

5.2.1.2 
Pending the outcame of the ongoing deliberations regarding the a&csed landowner’s COI~CCTIL, the 
FEMP is proceeding with tcsI1cdi81 design activities assuming that the conditions evaluated in 

Scenario 11 (i.e., interim discontimame of wells 2N and KN, until Mher notice) arc in play. This is 

necessary to met the enforceable rqncdial design schedules and document delivery dates contained in 
the Operable Unit 5 RD Work Plan. The preliminary and prdinal design packages for the South 
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Plume optimization Module will therefore include Wells 1 and 3N along with the accompanying 

piping and infras-. 

As part of the delibrations, the landowner is also considering the final -le right-of-way for the 

pipeline servicing Wells 1 and 3N. To meet the October 1,1996 document submittal date for the 

South Plume Optimization Module preliminary design package, it has been assumed that Wells 1 and 
3N will follow a new northward right-of-way access back to the FEMP property where on-property 

tie ins to the South Field treatment and bypass headers wn be accommodated. The landowner, 

however, has not yet agreed to this right-of-way access. Alternately, if the northward right-of-way is 

not agreeable to the landowner, Wells 1 and 3N will be tied in to the existing South Plume Removal 
Action pipeline (subject to approval by EPA) following an existing eastward right-of-way previously 

negotiated with the landowner. It is anticipated that the right-of-way access issue will be resolved by 

the landowner for the prefinal design package which is due to be submitted to EPA on 
January 15, 1997. 

If the ongoing technical and logistical deliberations regarding Wells 2N and KN result in one or more 
of these wells being tequited, then an additional restoration module ("South Plume optimization II") 
will be included in the FEMP's restorationprogram to accommodate this ousc~m of the 

deliberations. Design of this module would then be coductcd under a new schedule and task 
description (to be developed for EPA approval following the coleclusion of the delibrations) and 
which will be included as formal addendum to the RD Work Plan. 

In the interim, in order to 
Recovery Wells 1,2,3, and 4 (shown as Wells 24,s. 26 and 27 on earlier figures) will continue to 

bq operated while the need for the South Plume optimization II module is under collective evaluation 

full capture of the off-praperty plume, existing South Plume 

by the concerned parties. 

As discussed in the previous section, the FEMP is proceed@ with detailed remedial design by 

assuming, for the interim, that Wells 2N and KN may not be installed. This assumption will be 
utilized until the deliberations conceming landowner access constnuts ' d t  in a definitive path 
forward regarding final well locations and/or the need for the wells as part of the restoration 
program. This section reviews the r&atory considerations associated with expansion of the leading 
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edge of the plum (within the coIlfints of capture zone crcatcd by the South Plume recovery wells) if 
Wells 2N and KN arc not installed (as shown in Figure E10 of A p p d i x  E). 

Regulatory acceptance of this controlled expansion can be supported by the following points: 

The affected property owner has not granted approval for placing Wells 2N arad KN on his 
property and there are no feasible alternate locations for these wells to stop the expansion of 
the plume 

The plume will be contained in the overall hydraulic capture zone created by other extraction 
wells 

The off-property cleanup time will not be extended as a result of the action 

The uranium concumations in the expansion areame projected to remain relatively low over 
the duration of the action (greater than 20 ppb, but less than 50 ppb) 

The impacted area currently has an alternate water supply available through the new public 
water supply 

Groundwater will not be used for irrigation or other purposes during remediation 

Groundwater coditions in the impacted area will be closely monitored as part of the 
Integrated Environmental Monitoring Plan (DOE 1%). 

The above listed reasons provide sufficient justification under the guidance amtaid in EPA's 
OSWER Directive No. 9283.1-2 for approval of a limited or no action response for all or part of a 

contammat * ed groundwater zone at a CERCLA site @PA 1998). It needs to be recognized that the 
modified baseline strategy does provide a limited response for this affected portion of the.plume, as it 
is expected to atkmate within the capture ulne created by the other off-property wells, and is 
thexfore under the hydraulic control of the overall system. 

Similarly, State of Ohio groundwater antidcgration reqhmmts can be satisfied by this action 
because the projected plume qigration does not Wnstitute a "discharge"; the plume will not migrate 

to portions of the aquifer used for drinking; and,the overall contaminant levels arc low, mecling the 
tests provided in EPA's July, 1990 Guidance for Complying with State Groundwater hidegradation 
Raphmcm at CERCLA Sites @PA 1990). 

RCRA regulations provide similar approval authorities for controlled 'on of off-property 
groundwater zones at 40 CFR part 264.525 which states that "If the owncr/opcrator is unable to 
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obtain the necessary permission to undertake corrective action beyond the facility bunchy, and can 
demonstrate to the satisfaction of the Regional Administrat0 r that despite the owncr/operator’s best 

efforts, hdshe is as a result unable to achieve media cleanup standards or levels beyond the facility 

boumlary, then media clearnup ntanrta+dn or levels must be achieved to the extent practicable, as 
specified by the Re@onal Administrator.” 

5.2.2 

The imp1edumm.1 ‘on schedule for the Groundwater Injection Demonstration, South Field Phase I 
System, and the South Plume optimization Module@) will need to be wordhated with the funding 

schedule. The AWWT Expansion will be completed in early 1998 as originally scheduled. Because 
the treated groundwater is needed for injection, the Groundwater Injection Demonstration along the 

southem fence line will be initiated at the same time when the AWWT Expansion is completed. The 

ncccswy piping network for the injection operation is expected to be c o m p l e t e d  with the technology 

demonstration grant funding in FY97. The South FieldPhasc I System and the initial South Plume 

Opthization Module (Wells 1 and 3N) will be brought on line by early 1999. Implementation 

schedules for the South Field Extraction System Module Phase Ii, Waste Storage Area Module, and 
Plant 6 Module remain the sllll~t as in the preliminary baseline strategy. 

. .  5.2.3 Extraction/Intectron &g&hedule 

Table 5-1 s\mrmarizes the modified exttaction/injection rate schedule for the baseline groundwater 
remedial strat&. D@ixemxs in the rate schedule8 between the prelimiaary and finalized baseline 

strategies (see Tables 4-5 and 5-1) include necessary modifications due to modifications in the South 

Plume Optimization Module @ending the outcdmc of ongoing deliberations with the affected 
landowner) and the funding-based implementation schedule. Due to the low off-property residual 

ConCumatI ‘ons, all the off-property wells and the Southern Fence Line Injection System are also 

turned off in the 8th year in the modified rate schedule. 

5.3 B R F O W C E  P W O N S  
The projected performance indicators for the finalized baseline strategy are summnzd * inthis 

subsection. 
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5.3.1 
After incorporating the neceawy modifications described in Section 5.2, performance mcarmres of the 
baseline remedial sttategy are projected by model simulation using the updated urauium plume in the 
off-property area. As mentioned earlier, the first model year corresponds to W97 in this simulation. 
Table 5-2 sunrmarizes the important performance measures. Diffmnces between performance 
measures of the preliminary and finalized baseline strategies (see Tables 4-6 and 5-2) are due to 

elimination of wells (i.e., Wells 2N and KN), modificed implemmtat~ 'on schedule, and the updated 
off-property plume. In general the aquifer is projected to be restored in about 10 years as in the 
preliminary baseline strategy. As shown in Table 5-2, groundwater treatment capacity will be almost 
fully utilized throughout the remediation period even between years 8 to 10. This is necessary 
because the groundwater will need to be treated for iron before it can be injected regardless of the 
i u a n i u m c o ~  'on. This constraint was not imposed during the preliminary evaluation. 

Figures 5 4  through 5-7 show the modeled groundwater flow patterns under the finalized baseline 
groundwater rcmcdial strategy. Comsponding groundwater drawdown contours are shown in 
Figures 5-8 &ugh 5-1 1. The projected &tun wmmtmt~ 'on contours are shown in Figures 5-12 
through 5-16. 

In the absence of Wells 2N and KN, the baseline strategy will, in effect, be relying on a controlled 
naturala#enuatl 'on approach to address the expanding portion of the plume. The maximum extent of 

the off-property 20 ppb contour interval is depicted in Figure 5-17. This extent.was determined 
through the modeling simulations and represents a composite picture of the individual time steps of 
plume advance provided in Figures 5-12 through 5-16. This composite maximum expansion, 
however, will sti l l  reside within (and therefore be controlled by) the hydraulic capture zone created by 
the existing South Plume recovery wells. This capture zone is also indicated in Figure 5-17. No new 
off-property owners are affected by this degree of plume expansion. 

5.3.2 UncertaintV&&& 

necessary to rmccessfully complete aquifer restoration. DOE, EPA, OEPA and other FEMP decision- 

decisions concerning how the program will be implemented both initially and at later stages of the 

As described in Section 1.3, a number of factors cause mmtamty 

makers need to fully understand the significance of the uncemmh * *es in order to make well-informed 

inthcarhlnltimeandresources 

cleanup. 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

ia 

19 

P 

21 

P 

23 

3 

23 

26 

W 

28 

29 

u) 

31 

32 

33 



LEGEND: 
-.-.- FEMP BOUNDARY 9 DRAWDOWN I-N GROUNDWATER 

ELEVATION ( F T .  1 

0 EXTRACTION WELL 
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FIGURE 5-5. GROUNDWATER ELEVATION FOR THE BASELINE STRATEGY, YEAR 2 
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FIGURE 5-8. DRAWDOWN CONTOURS FOR THE BASELINE STRATEGY, YEAR 1 
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FIGURE 5-9. DRAWDOWN CONTOURS FOR THE BASELINE STRATEGY, YEAR 2 
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FIGURE- 5-11. DRAWDOWN CONTOURS FOR THE BASELINE STRATEGY, YEARS 8-10 
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WELLS. FOR THE BASELINE STRATEGY, YEAR 2 
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-FIGURE 5-15. URANIUM CONCENTRATIONS AND PUMPING/INJECTION 
WELLS FOR THE BASELINE STRATEGY, YEAR 7 
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The human factors (see Section 1.3.1) which can not be directly addressed in a quantitative 
uncertainty analysis were evaluated qualitatively when selecting the preliminary baseline strategy as 
discussed in Section 4.3.2. Impacts of the two major natural factors (Le., hydraulic characteristics of 
the gquifer and geochemical conditions as described by the & parameter in the SWIFT model) on the 

recommended baseline medial strategy as described in Section 5.2 were further evaluated in an 
uncertainty analysis which is s- in Appendix F. 

As described in Appendix F, the sensitivity of the projected system performance to aquifer hydraulic 
characteristics and geochemical conditions was first evaluated. The purpose of the sensitivity 
evaluation was to identi@ the critical parameters used in modeling to characterize these two factors. 
Critical parameters were identified based on parameter-specific matahties and expected impact to 

the modeling results within the parameter-specific uncertainty ranges. The critical Parameters were 
then evaluated in the unmtamy ’ analysis to quantify the ranges of potential cleanup time and cost. 
During the uncertainty analysis, three bounding scenarios were defined to bracket the plausible range 
of potential geochemical conditions. 

Results ofthe umcmmty * analysis indicate that the &ge of the overall groundwater cleanup time 
using the reammended baseline remedid strategy should be between 10 to 20 years. Using the 
relative unit costs presented in Table 4-9, the overall cost of t4c @fa TcmediatjoIL will be 

cleanup time. The diffmnce between the lower and upper bounds primarily includes 10 years of 
groundwater treatment operation and monitoring and reporting activities after all the other FEMP 
source remedial activities are completed. 

between 140 to 250 relative cost units (each unit is $5oO,OOO) based on the range of mxtamty ‘ i n  

Based on the best available information, the projected performance of the recommendad baseline 
remedial strategy as presented in Section 5.3.1 is considered the most l i l y  path in which the 
groundwater mediation at the FEMP will progress. Strategies for dealing with the less likely 
conditions (such as those evaluated in the uncertainty analysis), should they manifest themselves 
during the remedial operation, are discussed in Section 5.4.5. 

5.4 ~NEiRALOPERATIO NAL STRATEG Y 
In addition to the properly designed extraction/injection well systems, success of the Aquifer 
Restoration Project as part of the ov&l FEMP remediation will also rely on a realistic operational 
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strategy which considers other mjor remediation activities at the FEMP. This subsection provides 
the critical operating guidelines during aquifer restoration. 

5.4.1 General Principlq 
Requirements for achieving the performance goals of different FEW remedial actions may compete 
for the same resources or may occasionally lead to conflicting operating decisions during remediation. 
Therefore, it is important to develop a general operating priority. The main potential conflict among 

. aquifer restoration, storm water/waste water management, and wastewater treatment will be the 
treatment decision between storm water runoff and extracted groundwater. The general principles 
that will be followed to resolve these conflicts are the following: 

Compliance with the outfall criteria (NPDES and ROD Commitmenss) will be the dominant 
regulatory requirement during the FEMP remediation 

Minhhingpotentialspmdingofco ntruninants in the surface pathways (i.e., air, surface 
water, and sediment) caused by remediation activities is also one of the most important 
requirements for each of the FEW remediation projects (so supporting the surface source 
control efforts is important) 

Allow duration of surface remediation involving open excavation, construction, or storage 
activitiestobe 
impor-) 

' .  *si (so supporting the on-going surface remediation activities is 

Uncontrolled storm water runoff cOllcentratioIlS should not be worse than the current 
conditions 

Available treatment capacity should be fully utilized. 

. .. 5.4.2 Baseline Treatment h o m e  
Due to the limited storm water retention basin (SWRB) capacity (for a 10-year, %hour storm event 

over the production and parking lot areas), collection of storm water mff from areas with 

potentially higher contambmt comentrah 'om in runoff (based on soil contamhmt concamtions) 
should be given higher priority. This may involve adjustments of the storm water control area with 

the progression of the soil remediation and construction projects. Currently the storm water control 
wncentrations system covers both the production and waste pithilo areas where runoff wntammnt * 

are consistently higher than the remaining F%MP property. 

Due to the higher contamhnt 

runoff from source areas, treating remediation wastewater and storm water runoff will be given 

'om expected in remediation wastewater and storm water 
' 
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higher priority than mating the extractad groundwater. Therefore, the total grrrmidwatet extraction 

rate will be throttled down when the available treatment capacity can not handle all three types of 

inflows and satisfy the outfall criteria. When groundwater extraction rate needs to be throttled down, 

remediation of the off-property groundwater plume should have higher priority. 

currently, the combined uranium coILccMf8n 'on in the extracted South Plume groundwater is less than 
20 ppb. This extractd groundwater flow does not require treatment to satisfy the outfall criteria. 

Therefore, the baseline priority does not impact the current operation of the groundwater mediation. 

However, when the South Field Extraction System starts operation in FY99, extracted groundwater 

from this module will require treatment. Groundwater extraction rate and treatment decisions will be 
affected during the wet seasons when storm water runoff volume is significant. 

5.4.3 

Table 5-2 summatizcS the groundwater extractiodinjection rate schedule based on assumptions 
regarding available groundwater treatment capkity. ~)uring the r e o n ,  availble groundwater . . 

treatment capacity will be determined using actual treatment capacity, and after storm water runoff 

and remediation wastewater treatment needs 8fe met. Computer modeling will then be conducted to 

determine the optimal groundwater extraction rate for the extraction wells still within the uranium 
plume by maximizing the flow rate up to the originally planned rate and uranium mass that can be 
handled by the available treatment capacity and stil l  satisfy the outfall criteria. Uranium 
concentrations of the extracted groundwater and the combined outfall will be projecied in the 

modeling process. The model simulations will include groundwater injection when the injection wells 

are on-line. After the outfall criteria are satisfied, remain@ available treated groundwater will be 
- guantified and used in the injection operation. The projected capture zone and other hydraulic 

impacts will also be determined and documented. 

In order to support the extractiodinjection rate determination, validity of the Great Miami Aquifer 

groundwater model tieveloped'through the RWS process will be periodica~y evaluated ami updated 

using the groundwater monitoring data collected during the mediation. 

5.4.4 Modes OfoDerat~ 'on 
Depending on the actual treatment capacity/performanh and climatological conditions, there will be 
three major modes of operation of the groundwater remediation and wastewater treatment systems 
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' during the FEMP remediation. Operatins procedum for these three modes will be developed 
separately during the remedial design process. This subsection describes the general approaches of 
operation under these three modes. 

5.4.4.1 Normal M ode 
The expected normal operational mode is when the treatment capacity and the storm water/wastewater 
generation rate are close to the projected long-term average levels, respectively. Under the n o d  
mode, groundwater remedhtion systems can be operated as planned and the outfall criteria can be 

satisfied. The normal operational mode represents a realistically achievable operational condition and 
will be maintained as much as possible throughout the life of the FEMP remediation. 

5.4.4.2 Emeraencv Bwass Mode 
During abnormal storm events, a portion of the collected storm water runoff may need to bypass 
treatment and be directly discharged to the Great Miami River to prevent overflow of the SWRB into 
the SSOD. The current outfall criteria allow 10 days (240 hours) in each year for emergency 
discharge of high storm water runoff. Groundwater extraclion rates will be throttled down when the 
IAWWT treatment capacities need to be used for treating remaining storm water in the SWRB until 
the threat of overflow is eased. Bebuse of the higher uranium concatrations, extraction rate of the 
on-property groundwater remediation modules will be lowered first to reduce the'demand for 
treatment capacity. This will also allow the off-properly groundwater remediation schedule to be 

maintained. 

5.4.4.3 

When the 

drops significantly below the planned capacity due to technical problems for more than two weeks 
(i.e., 50 percent of the monthly evaluation period), groundwater extraction rates will need to be 

throttled down to ensure compliance with the monthly outfall criteria. The optimal lower extraction 
rates will be determined by model simulation. The technical problems will need to be corrected as 
soon as possible. 

capacity or efficiency (measured by uranium cmcatmQ 'on m the treated water) 

5.4.5 

Based on the best available infomation and the most reasonable assumptions regarding site-specific 
hydrogeological, geochemical, and groundwater contamination, the selected remedial strategy presents 
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the "optimal' starting point of the detailed engineering design process and the full-scale groundwater 
remediation at the mMP. However, due to the complex nature of groundwater coaminaa fate and 
transport processes, a continuous irnpmvement process based on EPA's 'learn as you go" guidazm 

(EPA 1992) will also be applied during the long-term operation of the remedial system. The 
Integrated Environmental Monitoring Plan (defined as Task 9 in the Operable Unit 5 RD Work Plan) 
will incorporate data collection and evaluation procedures necessary for coIltiwous performance 
assessment and system improvement. 

As described in Appendix F, although the bounding geochemical conditions sirrmlatcd in the 
uncertainty analysis are significantly different from the baseliie scenario, in order to simplify the 
uncertainty analysis only minor modifications to the original extractiodremediation rate schedule (see 
Table 5-1) using the wells included in the recommended baseline strategy and one additional 

contingent well were considered. Given the mmtamty - of system pcl.formance, the operat@ 

situations (and accompanying remedial decisions) as described in Section 1.4 may develop. At some 
point in the future, as actual operating conditions are experienced and performam% results are 
obtained, the FEMP's primary decision-makers (DOE, EPA, OEPA, and a f f d  stakeholders) may 
be confronted with a need to modify the operating strategy of the groundwater remedy from that 
rewmmended initially by this report. 

As stated in Section 1.4, tradwff evaluations could be mcemy during groundwater remediation and 
such tradeoffs will ntcd to consider both the physical capabilities of the system arad the most cost- 
effective path forward. The preferred course for some situations may result in adding additional 

infrastructure (resulting in increased capital cost) in order to preserve desired cleanup times and/or 
avoid additional long-term operational costs. In other cases, the preferred course may result in the 

need to extend cleanup time as the fiscally responsible decision. These decisions will need to be 
made on a case-by-case basis based on the physical and cost wnstrahts imposed (recognizing DOE'S 
p r o g r d c  objective to reduce site mortgage costs as tempered by avabble funding profiles), and 
under the collective agreement of DOE, EPA, OEPA, and affected stakeholders. 
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6.0 CONCLUSIONS 

6.1 SUMMARY 0 F -NDED BASW,REMEDIAL STRATEGY 

The baseline groundwater remedial strategy to be used as the basis of the remedial design process has 
been developed. The development process started with a preliminary evaluation focusing on cost- 

effectiveness of a range of potential improvements to the FS strategy with simplified assumptions 

regarding funding and off-property access. A preliminary 10-year baseline strategy was selected at 
the end of the preliminary evaluation. The baseline strategy was finalized by incorporating necessary 
modifications after considering the actual funding schedule and off-property access limitations 

imposed by the landowner. 

6.1.1 Svstem Confimuation 

When compared to the remedial strategy presented in the Operable Unit 5 FS Report (DOE 1995a), 

the following modifications have been included in the selected preliminary baseline strategy: 

Groundwater injection along the fence line and north of the South Field will be used to 
improve hydraulic performance of the rcmediation system. The fence line system (converted 
from Wells 8 through 12 in the FS Strategy) will start operation in FY98 while the upgradient 
system (5 new injection wells) will start before FYO4. 

Well 17 in the FS Strategy is moved to a new location north of the SSOD. 

Well 22 in the FS Strategy is reserved as a contingent well and its location will be selected 
during remediation if determined necessary. 

Two additional off-property extraction wells (pending the outcome of land access negotiations 
with the affected property owner) and four of the existing South Plume wells will be used to 
optimize the South Plume Recovery Well System. 

Nine more vertical extraction wells in the Inactive Flyash Pile, four more vertical extraction 
wells in the Waste Pit area, and one more vertical extraction well in the Plant 6 area will be 
installed and operated immediately following completion of lo6al surface nmediation or by 
Fyw. 
Three of the initial extraction wells around the Inactive Flyash Pile will be converted into 
injection wells after the South Field Phase II System wells are installed. 

Overall 44 wells (i.e., excluding Well 22) are included in the selected prelimimry baseline strategy. 

The number of wells is 16 more than the number in the FS Strategy. 
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To mect groundwater injection requirements and satisfy outfall discharge criteria, a g r d w a t e r  
treatment capacity of 2000 gpm will be required. This capacity will be available in early 1998 

following the completion of the AWWT expansion, which has been selected as the lead project for 

implanentatl ‘on under FV97 funding constraints. 

6.1.2 fioiectad Per€o- 
The r & o w  baseline strategy, the modified lO-ycar scenario, incorporates groundwater 

injection and additional off-property extraction wells. Shorter remediation schedules for other 
operable units under the 10-year site-wide remediation plan allow earlier starts of groundwater 
extraction Operations directly in the groundwater hot spots with additional vertical extraction wells. It 
is expected that the mminended baseline strategy can shorten aquifer restoration time by seven to 17 

years, considering geochemical uncertainties (see Appendix F for an analysis of the uncatahties 

associated with this restoration time). This is a significant reduction from the estimated 27 years 
presented in the Operable Unit 5 FS Report. .As a result the overall cost of aquifer restoration may 
be reduced by agproXimately 50 percent from that estimated in the Operable Unit 5 FS, primarily due 
.to the shorter remediation time. This reduction is partially due to a more realistic transition of the & 
values used in the groundwater model to evaluate system performance. In general, higher mass 
removal efficiency will be achieved with more direct groundwater extractions at the hot spots. The 
stress on the aquifer and potential impacts to the Paddys Run Road.Site will be reduced by using 

groundwater injection. Also, less uranium mass will be dischargzd to the Great Miami River due to 

the higher removal efficiency and the lower overall volume of groundwater needing to be exttacted. 
In summary, all the regulatory requirements and previous commitments are satisfied in the 

rtcommetlcled baseline strategy. 

6.1.3 

It is important to highlight that the lo-year, 15-year, aed 25-year scenarios do not differ in terms of 

remedial infrastructure until year seven, which is the year that source-area remediation is asstuned to 
be complete. The scenarios beginto differ at that point in terms of thenumber and location of 
followup wells and operating schedules. This consideration is important because all three scenarios 

start with the same initial remedial hardware, and followup decisions regarding out-year infrastructure 
do not need to be made until some point in the future. This preserves an additional element of 
implementation flexibility, as decision-makers arc not really e l i i  other options with the 
decision to implement the 10-year skategy as the starting baseline system. 
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On the other hand, the 7.5-year scenario eliminntcf such flexibility because it requites a commitment 
to totally different infrastructute at initial implemenm 'on. The 7.5-year scenario represents a 
bounding case to demonstrate the technical difficulties of going to a less than 10-year cleanup. 

1 

2 

3 

6.2 PATH FORWARD 
6.2.1 

Six fundamental objectives have been formulated for the Great Miami Aquifer remedial design 

process: 8 

Accommodate the need for sequential restoration modules, each independenty designed, 
installed, and operated using "learn as you go" princiiles over the life of the remedy 

Build into the remedy the necessary enhancements and improvements (i.e., injection) that 
were envisioned by the Operable Unit 5 FS and ROD Reports 

Develop a sound remedial approach that will 8ccomglish remedial action objectives within the 
aggressive time frames contained in the FEMP's current funding baseline 

Accommodate the transition of the existing infrastructure and early start actions into a 
coordinated site-wide final remedy 

Satisfy discharge limits for the release of groundwater, storm water, and remedial wastewater 
to the Great Miami River 

Restore the off-property portion of the Great Miami Aquifer groundwa!q plume as the 
FEMp's highest groundwater priority. 

In order to fulm these objectives, a remedial design process that extends over the life of the remedy 
is required. The remedial design scape of work reflects the need to prepare stand-alone design 

packages for each of the area-specific restoration modules that will ultimately be brought on line. 

The delivery dates for each of the design packages have been estimated based on groundwater 
modeling projections of the behavior of the system over the entire life of the remedy. These 
projected dates represent the DOE'S best technical estimates for when design submittals will be 

necessary. It is important to be clear, however, that the "in-the-ground" performance of the system, 
once the various modules come on line, will dictate the actual dates for when the out-year design 
packages will be necessary. 

The Amended Consent Agrement &@res preparation of a remedial action work plan to wver 
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construction activities and the establishment of an enforceable RA schedule. Initially an "umbrella" 
RA Work Plan will be submitted to provide all information raquired by the Consent Agreement and 
to convey the enforcable constnuxion schedule for the first module to be brought on line. Then an 
abbreviated addendm to the RA Work Plan will be submitted for each successive module as a means 
of providing the enforceable construction schedule for that module. The RA Work Plan addenda will 
be furnished as part of the prefinal design package for each future module and will be tailored to 

address modulespecific implementation issues and needs. 

6.2.2 

Under Task 2 of the RD Work Plan, A Inaster Operations and Mainttnance Plan will be developed as 
a means to coordinate the extraction, collection, conveyance, tmtmmt, ami discharge of all 

groundwater, storm water, and remediation wastewater generated on a site-wide basis over the life of 
the FEMP's cleanup mission. The general operational strategy for aquifer restoration discussed in 

Section 4.4 will be incorporated in this plan. Preventative and corrective maintenance mpkments 

for the extractiodiijection well systems specified in the baseline strategy will be presented in the 
plan. 

The plan will also serve as the focal point for coordinating and scheduling rcmcdial wastewater 
conveyance and treatment needs with other projects throughout the Qlration of the FEMP's cleanup 
mission. The plan will delineate the operating schedule, allowable direct and treated water 
flow rates, systun-by-system sequencin%, and other operating comtrahts required to balance site-wide 
water management needs so that the FEMP's discharge limits are achieved. The plan will be 

modified as necessary over the li€e of the remedy to accommodate expansions to the system or the 
retiring of individual restoration modules from service once area-specific cleanup levels are achieved. 
The plan will thus serve as a living guidance document to instruct operations staff in implementing 
required adjustments to the system over time. 

6.2.3 
As outlined in Section 1.4, the recommended strategy pmented in this Baseline Remadial Strategy 
Report provides a recommtndcd course of action based on the best understand@ of site conditions 
available at this time. It is important to emphasize that the recornmeadation does not specify an 
enforceable restoration time frame that must be achieved at all costs. Rather, it identifies a preferred 
restoration time frame based on the dcipated behavior of the aquifer and the expected performance 
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and cost of the remedial compo-, consistent with EPA groundwater guidance. 

At some point in the future, as actual operating conditions are experienced and performance results 
are obtained, the FEMP's primary decision-makers (DOE, EPA, OEPA, and affected stakeholders) 
may be confronted with a need to modify the operating strategy from that recommended initially by 
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this report. The type of modifications, administrative actions, and/or hardware decisions will need to 
be assessed on a case-by-case basis based on the unique physical and cost const&ts imposed. A 

costbenefit analysis (similar to the one provided in this report) can be used to help establish an 
appropriate technical or administrative path forward. That path forward may involve an extension of 
restoration time, the addition of more wells to mahtain restoration time, or the ultimate grant@ of a 

TI waiver based on the conditions experienced. 11 . 
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Mobility of uranium in the Great Miami Aquifer (GMA) is tied to the interplay of several 

physicochemical processes: precipitation, dissolution, adsorption, desorption, and ion exchange. 

Uranium may be removed from groundwater by precipitation, ion exchange, and adsorption, or 

returned to groundwater by dissolution, ion exchange, or desorption. The affinity for one process to 

OCCUI' over pother will vary within the aquifer as groundwater composition, redox potential, particle 

composition, and particle surface area vary. Therefore, propagation of a uranium plume through an 

aquifer is a dynamic event where all these processes may occur simultaneously. 

Commonly used fate and'transport models are inherently simplistic when dealing with the spectnun of 
geochemical processes involved in the fate and transport of Contaminants . The majority offate and 
transport codes use the distribution coefficient (Kd) to account for the "retardation" of a contaminant 
as it travels with the groundwater. In a strict geochemical sense, the K, establishes the equilibrium 

partitioning of a con taminant between the aquifer solid and groundwater for the special case of fast 

. and reversible adsorption (i.e., a linear isotherm). However, this is not the conceptual model that fits 
the dynamic geochemical system outlined above, and assumptions must be made when applying the 

K, concept to the fate and transport modeling of aquifer systems. 

In the remainder of this appendix, each geochemical process is discussad and assumptions are 
formulated to tie these processes to the & value in the fate and transport model. The appendix is 
concluded by summarizing how the technical considerations and assumptions are implemented in the 

modeling procedures. 

A.2.0 .-E 
Precipitation of a solute from groundwater requires that the activity product of ions in the precipitated 

phase exceed the solubility product for the phase (i.e., there is a thermodynamic afhity for 'the phase 

to form). Additionally, kinetics play a role in formation of the nucleation site and diffusion of ions to 

the nucleated phase. For the case of uranium in GMA groundwater, two secondary uranium phases 

have been identified in Fernald soil: meta autunite (Ca(UO&(P0&.4H20) and soddyite 

((0U2)2SiO4.2H20) ('Buck et al. 1994). The extent of these uranium phases within the GMA has not 

been established, but their presence in Fernald soils indicates their ability to nucleate and precipitate 

under ambient conditions over the liietime of the facility. 
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Dissolution of identified uranium phases by groundwater raquireS that the activity praduct of the ions 
comprising the precipitated phase is less than the solubility product of the phase. From a kinetic 
viewpoint, the surface area of the solid phase is the most important factor affecting the dissolution 
under ambient temperature and pressure. Additionally, uranium phases formed under ambient 

conditions are expected to have a greater affinity to dissolve in groundwater as compared to uranium 
oxides formed at high temperature (e.g., UOd, as indicated by solubility studies conducted on 
contaminated Femald soils (Lee et al. 1993). 

Adsorption refers to two distinct processes: physical adsorption and chemisorption (Lasaga 1981). 

Physical adsorption results from the intermolecular or Van der Wad's forces acting between the 
particle surface and ion. This is the initial step in removing the ion from solution. Chemisorption 
involves the formation of chemical or ionic bonds between the surface atoms and the adsorbed 
p i e s .  Although physical adsorption occurs rapidly, chemisorption is slow and raquires that the 
physically adsorbed specie "age" on the site to allow time for the bonding reaction to take place. 
Once chemisorption has occurred, additional energy is required to remove the specie from the solid. 
Therefore, adsorptioddesorption reactions tend to become .jrreversible with time (Le., only a fraction 
of what is  initially adsorbed to the solid can be removed or extracted by desorption), which is in 
contrast to the fully reversible assumption invoked in fate and transport models by the use of G. 

Ion exchange is physical adsorption that is accompanied by desorption of a different specie. The 
exchangeabiiity of an adsorbed ion depends on how it is attached to the soil particle; that is, physical 
adsorption versus chunisorption. Species physically adsorbed to the soil particle surface arc readily 
exchanged, while chemisorbed particles are more commonly exchanged only when they are on the 
corners or edges of particle fr(tsments (Lasaga 1981). 

A.3.0 -ATION OF GE-CAL PROCZE;SSHS IN FATE 

The state of the art in many areas of geochemical research is embryonic @PA 1990). For example, 
activity coefficients of ions in strongly mixed electrolytes, the thcmodymmic pmperties of clays, and 
the thermodynamics of adsorption have yet to be accurately determined. Thermodynamic data for 
many minerals and organic aqueous Species are unavailable. Therefore, much preparatory research 
must be done before suitable simulations of geochemical processes can be conducted. Although, a 
substantial number of computer codes are available to evaluate the distribution of chemical species in 
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solutions, computer codes that model mass transfer or mass transport with sinsultaneous chemical 

reactions are currently limited in availability and/or scape. 

A.3.1 COMPLEX MODELS 
Four general types of computer codes are used to model aqueous geochemistry: thermodynamic codes 

(e.g., SUPCRT and PHAS20), distributionsf species codes (e.g., SOLMNJ3Q), reaction-progress 
d e s  (EQ3/6, PHREEQE, PHREEQEP, and ECES), and combined transport des. Among these 
four types of computer codes, only the combined transport des can directly simulate groundwater 
remediation operations. 

Combined transport codes model Chemical traasport by combining  geochemistry codes with 
physical-transport des. Two major approaches have been used: integrated codes simultaneously 
solve all mass, momehtum, and energy-transfer equations, including those in which chemical reactions 
participate, for each time step in the evolution of the system; two-step models first solve mass 
momentum and energy balances for each time step and then re-equilibrate the chemistry using a 
distributionsf-species code. The CHMTRN, THCC, and CHMTRNS developed in late 80s are 
examples of integrated transport models. CHMTRN includes dispersioddiffusion, advection, 
adsoqtion of ions and complexes, aqueous complex formation, aad dissociation of water. THCC is a 
variant that simulates uranium transport with variable temperature and oxidation potential. The latest 
version, called CHMTRNS (Noorishad et al. 1983, can simulate in one dimension both homogeneous 
aqueous phase and heterogenous temperaturedependent reaction kinetics. It has been applied to a 
numbcr of simple problems involving reversible and irreversible dissolution, and oxidation-reduction 
reactions. It has not been tested with complex multicomponent systems. DYNAMIX (Liu and 
Narashhhan 1989 and 1989b) is an example of two-step transport model. It combines the transport 
code TRUMP with distribution-of-species code PHREEQE. The most recent version handles the 
thennodynamics of hydrolysis aqueous complexation, redox reactions and precipitationdissolution. 

Due to their complexities, intensive input data requirements, and diff~culties of field verifications, 

d i n e d  transport models which also simulate complex chemical reactions, such as CHMTRNS and 
DYNAMIX, are still not widely used in typical contambnt fate and transport modeling projects. 
Capabilities and major deficiencies of these complex transport codes are s- ' inaEPAreport 

@PA 1990). The sampling and analysis required to develop a site-specific complex transport model 
using these d e s  just to fine tune d i a l  system designs is prohibitive with respect to cost and 
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schedule. Therefore, it is not considered feasible or cost-efkctive to apply these codes to the 
development of remedial alternatives at the FEMP. 

A.3.2 SIMPLIFIED MOD= 
As an alternative to the complex combined transport models discussed in the previous section, most of 

the commonly applied groundwater contamrnant ' fate and transport models only incorporate simple 
partitiodngequations (Travis 1981) in a two-step approach. Wen-known examples of these types of 
models include MODFLOWMT3D, MOC, FEMWATEWPEMWASTE, and SWIFT. The models 
first solve mass, momentum and energy balances for each time step and then re-equilibrate the 
chemistry using the simple partitioning equations. These simple partitioning equations usually include 
parameters such as & to quantify the combined results of all relevant geochemical processes. These 
simpler models are used to provide estimates of the rqmmtative or conservative geochenhical 

conditions in the study area. They usually can not simulate the actual timedepmdent geochemical 
prOCeSSeS. 

. In common fate and transport models, & is used in a generic sense to include all gaochemical 
processes in the continuum of precipitation, dissolution, physical adsorption, chemisorption, 
desorption, and ion exchange; albeit many users of fate and transport models do not state this 
assumption explicitly. & in the SWIFT model employed for Operable Unit 5 RWS and Baseline 
Remedial Strategy Report is used in this generic sense, and the implications of this assumption are 
highlighted below. 

From a purely geochemical perspective, & implies equilibrium partitioning of a contamumt * between 
soil a@ groundwater, where at any. time interval the amount of umtammW ' rcmovcd by adsorption is 
equal to the amount released by dosorption (Le., adsorption and desorption ratios are equal). 
However, the release of adsorbed ions is a functjon of time (Lasaga 1981), and a$ the resident time of 

the absorbed ion increases there is a greater probability that the ion will chemisorb to ions itl the 
structure of the solid phase. Once chemisorption t a b  place, it takes a greater amount of energy to 
remove the chemisorbed ion from the solid (i.e., desorb), and there is some diminifihinn return on the 
removal of the adsorbed contambnt from the solid. 

The chemisorption process may manifest itself in measrued "apparmt" & values presentad for 
desorption batch tests reported in Attachmcxrt F.8.IV, Appendix F of the operable Unit 5 FS Report 
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(DOE 1995a). In these batch tests, the assumption was made tlpt uranium in excess of background 
was adsorbed uranium, and an increase in the "apparenth % is an artifact of the removal of some 

portion of the contaminant from the adsorptioddcsorption process. To illustrate, consider a soil with 
adsorbed uranium of 2 mg&g in equilibrium with groundwater having a uranium concentmion of 

1 mgL, with the & being equal to 2 L/kg. The groundwater is removed from the soil during 

remediation and the next volume of groundwater equilibrates at a uranium concentration of 0.1 mgL 

with soil having a uranium co- 'on of 1.8 mg/kg. The "apparent" & would be measured as 
18 L/kg. However, if the true & remains at 2 (0.2 mgkg + 0.1 w), the implication is that 
1.6 mg of uranium is chemisorbed on a kg of solid. Alternatively, the assumption that uranium in 
excess of background is adsorbed may be incorrect if chemisorbed or precipitated uranium is present. 
This situation in FEMP surface soil has been verilied and evaluated in a laboratory multi-phase 
desorption batch test study in which 30 soil samples were analyzed (DOE 199%). 

A.4.0 SITF-SPF.CIFI C C-TIONS 
The rate of uranium adsorptioddesorption processes will control potential mobility of uranium as well 
as aqueous-phase collcentratl 'om in the GMA. Therefore, estimates of the groundwater clamp time 

and the treammt reQuirrmerors during groundwater remediation are highly dependent on modeling 
assumptions regarding the uranium adsorptioddesorption processes. Because, the SWIFT model can 
only use one & value in a model simulation, the previous modeling approach (e.g., FS modcling 
[DOE 1995a1) used constant uranium % values throughout the duration of groundwater rernediation. 
The uranium & value used in a specific model simulation either represented the adsorption or the 
desorption condition. However, as described in Attachment F.3.1, Appendix F of the Operable 
Unit 5 RI Report (DOE 1995b), adsorption and desorption processes are not fully reversible and may 
have significantly different "apparent" solidniquid equilibrium ratios. 

Due to the tmninatian of source loading and removal of initial dissolved mass, it is expectd that the 
geochemical conditions will change during groundwater remediation. The adsorption domina@ 
process in the early stage of remediation will become a more desorption dominant process in the later 
stage. Because, even under the same groundwater flushing rate, the apparent releasing rate of 
residual mass during the desorption process is much slower than the original adsorption process, the 
uranium "apparent" & value is expected to increase during groundwater remediation. It is important 
to note that the ihstantaneous equilibrium assumption is still required for using the "appuent" & 
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concept in axnodel during the desorptiondominarrtprocess. Only the equilibrium ratio is cbanged in 

the transport model. 

To M e  the mass of chemisorbed or psecipitatiOn uranium on the aquifer solids, adjustments can be 

made to the mass balance calculation or "apparent" & value. A negative mass loading may be used 
to account for the uranium mass that is unavailable for desorption, or a larger "apparent" & value 
can be used to retain the uranium mass on the aquifer solids. For eithcr case, additional uncertainty 

presents itself at the point selected to begin the negative loading or increase the "apparent" &, and 
this is addressed in Section A.4.6. As a matter of cmtinuity with previous fate and transport work at 
Fernald, the "apparent" & value was changed from a lower adsorption value to a higher desorption 
value to Bccount for uI1ccTt8lllty ' in the uranium mass retain& by chemisorption or precipitation. The 
assumptions invoked for this analysis are that the higher "apparent" * 

value will: 

Account for chemisorbed or precipitated uranium that may persist for some time in the aquifer 
and 

Mimic the anticipated retention of some uranium by chemisorbed and precipitation forms after 
initial earaction of present groundwater. 

Key technical consideratiow for the'new modeling approach are described in this 8ection. These 
I considerations identify the factors and issues that need to be qmtified or resolved in the modeling 

several importrnt factors need to be properly c-. 
approach. In order to incorporate the transition of uranium & value into the modcling approach, 

A.4.1 

A uranium & value of 1.78 L/kg is representative of the ads6rption dominant conditions. This value 
was determined through the transport model calibration process which simulated the uranium loading 

(primarily through surface water infiltration) in the past 40 years (DOE 1993 and 1994) to match the. 
currcnt groundwater plume. During this period, a significant amount of uranium contdnatd 

surface runoff infiltrated through Paddys Run and the SSOD into the Great Miami Aquifer. The 
resulting groundwakr plume then migrated south and southeast from the losing scctiom of these two 

surface water bodies. Due to this continuous loading of uranim mass, the dominant prooess in the 
aquifer during the past 40 years was adsorption of uranium onto aquifer soil. During the early stage 

extracted, the dominant geochunical~process will still be adsorption. 

of groundwater rcmediation before the source loading is terminated arad initial dissolved uranium is 
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A.4.2 

During groundwater remediation, after the source loading is terminated and initial dissolved uranium 
is extracted, the dominant geochemical process will begin to shift to desorption. Residual uranium 
mass adsorbed on soil will start to dissolve when groundwater concarations are significantly reduced 
by extraction. A uranium & value of 17.8 Lkg is considered representative of the desorption 
dominant conditions. As presented in Attachment F.8.IV, Appendix F of the Operable Unit 5 FS 
Report (DOE 1995a), this value was determined through regression analysis of results from 
desorption batch tests of contaminated aquifer soil samples. 

The numerical difference between 1.78 and 17.8 Lkg may not scan to be significaut considerbig 
uncertainty usually associated with inorganic & values. However, the amount of uranium currently 
in the GMA will be 10 times higher if an initial & value of 17.8 Wkg is used directly instead of.the 

1.78 L&g value. The resultant uranium mass will significantly exceed all the independent 
of mass that may be present in the aquifer (Boback et al. 1987). Therefore, from a mass-bake 

the starting point of view the 1.78 and 17.8 Lkg & values are significantly different for dctemmng 
mass of uranium in the GMA d should present two very diffmnt geochemical conditions. 

. .  

A.4.3 TIMING OF THE W S I T I O N  
In reality, the transition between adsorption and desorption conditions will be a gradual and 
continuous process. However, the SWIFT model cannot simulate a continuous transition process. In 
order to use the SWIFT model, it is necessary to simplify the continuous process into a two-stage 
process. The first stage will simulate the adsorption dominant period while the second stage simulates 
the desorption dominant period. Conctptually, a significant variation of the uranium geochemical 
condition may occur hmediately after the source loading is terminated and the initial dissolved mass 
is extracted. Therefore, the "apparent" & transition can be assumed to happen right after both 
conditions (i.e., source termination and extraction of initial dissolved mass) are satisfied. . 

A.4.4 JblASS BALAN CE 

The mass of uranium in the aquifer before and after transition of the & value should remain the same 

in the model. Only the distribution of overall mass between the aqueous and solid phases is changed 
at the time of & transition. Predicted groundwater c o m  '011s and uranium adsorption & of 

1.78 L/kg should be used to determine the overall mass at the time of transition. The "apparent" 
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uranium desorption value of 17.8 Lkg should then be used to redistribute the uranium mass 
between the two phases. 

A.4.5 

Due to the soil remediation schedule and the need for saquential starts of groundwater extraction 
systems in different areas, transition of the "appamt" & value in Merent portions of the aquifer 
may ocicur at different times. Therefore, groundwatez plumes in -rent areas may need to be 
simulated separately. In general, multiple model runs a d  superposition of r d t s  will be required to 
combine different timings of transitions among the recovery well systems. However, a consistent 
groundwher flow model that simulates the site-wide extraction/injection rate schedule needs to be 

used as the common basis for all the separate transport model runs. Only the targeted plumes and the 
uranium geochemical condions will be varied among simulation runs for which the results are to be 

superimposed. 

A.5.0 

Based on the previous discussions, an dtemative modcling approarch using the existiag S W "  model 
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during groundwater remediation. A transition of the "apparent" uranium & value fnnn an adsorption 
dominant coalition to a desorption dominant condition during mmdiation was implemented in this 
approach. This section describes the approach as it was applied to select the new baseline 
groundwater remedial strategy. 21 
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Technical considerations described in the pnvious secticms arc implanented in the following modeling 
procedures: a, 
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The site-wide groundwater flow conditions under the specified extractiOn/injcction operation will not 
be affected by the modifications in the contamhmt fate and transport simulations. 
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Therefore, it is necessary to divide the overall groundwater plume into multipk plumes according to 

the remediation schedule. These plumes will then be modeled separately, as in Steps 3-7. 

step 3 

The timedependent hydraulic capture zone of the recovery well system operated in each individual 

plume needs to be determined using particle tracking in order to estimate the time required to extract 
the initially dissolved conmnimnt mass. Another approach is to run the fate and tramport model to 

determine the local cleanup time assuming no admptioddemption (i.e., & = 0 ukg) and no 
additional loading. 

Step 4 petexmine m e  trans ition time of IC for -vidual ~lume 

The one-step transition is assumed to happen right after the source termination and extraction of initial 

dissolved mass. Therefore, between the time required to complete source remediation and the time 
required to extract initially dissolved mass, select the longer time frame as the approximated transition 

time of geochemical conditions. 

Step 5 ComDlete the Staae I fate and m r t  s w  'on for each subarea 
Use a K, value of 1.78 L/kg to simulate the adsorption dominant period (i.e., from the current time 
up to the transition time). 

Step 6 Assiqp initial COllCentTlttiollS for Stan e 11 rn each subarea 

Redistribute the total residual mass in each model block at the end of Stage I k e e n  the aqueous and 
solid phases using a K, value of 17.8 U g .  

step 7 

Use a & value of 17.8 Lkg to simulate the desowtion dominant period @e., from the transition time 
until site-wide cleanup is achieved). 

step 8 
Superimpose the subarea-specific modelii results obtained in Steps 5 and 7 at select time points 
throughout the groundwater remediation. 
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, mtfdl 
step9 - 
Time-specific site-wide groundwater plume contours, treatment capacity requirementS 

co- 'om, and other performance measures can be obtained from the combined groundwater 
co- 0115. 

A.6.0 U N C f j l B T A I N m ~  

Modelii results need to be evaluated considering the mxrtaua ' 'cs associated with the above 
important factors. Among the important factors, uncertainty regarding timing of "apparent" Q 

transition is considered the highest because currently it is not based on any laboratory studies or 
model calibration. "herefore, model simulations with delayed transitions (i.e., assuming the - 
%pparent" 

additional pore volume) have been conducted to the impact on the groundwater remediation 
time. A no-transition scenario (Le., using a constant adsorption & value throughout the simulation 
as in the FS modeling) should provide an upper bounding estimate of the cleawp time estimate of a 

specific system design. On the other hand, a no-& scenario which assumcs all the cutrcntly adsorbed 

mass will not dissolve during remediation should provide a lower bounding estimate of the cleanup 
time estimate. Therefore, thre sensitivity runs (i.e., no-&, delayed-tramition, and no-transition) in 
addition to the baseline approach (described in Section 5.0) were conducted to bracket the cleanup 
time for a given remedial system design. 

transition will not occur hmmhate ' ly after the source terminaton and extraction of one 

Appendix F SMrmariZes the model simulations conducted for the uncertatnty * nnalysis of the Baselinc 

~emedial strate@ ~eport,'and also reviews the previous sensitivity analyses cond~ded during the 
Operable Unit 5 RUFS. 

A.7.0 SUMMAR Y 
Existing groundwater contamhut fate anal transport modding technologies still cannot eff~ciently 

simulate the dynamic, nonuniform, irreversible adsorptioddmxption p r m  in the real world. The 
modeling approach described in this appendix uses the existing SWIFT model, multiple intermediate 

model runs for subareas with different geochemical d t i o n s ,  and supahposition of these! results to 
allow a simulation of the transition of gaochemical wnciitions. ~hercfore, a more realistic prediction 
of the groundwater remediation process can be achieved. Although this approach is still a 

simglification to a very complex adsorptioddesorption process, the estimated Scenario-specific 
treatment capacity requirement , treathaesc time, cleanup time, amount of uranium recovered, and 
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impact to the Great Miami River are considered more accurate. Based on results from this modeling 
approach, the remedial strategy can be selected more appropriately. 
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B.l.O INTRODUCTION 

The feasibility of using horizontal wells for grodwater remcdiation at the FBMP was evaluated as a 
part of the process to finalize the groundwater strategy for remedial design purposes. Literature 
reviews, vendors' r& 'ons, and results of model simulations was gathered for determining 
the feasibility and relative cost of applying horiuMtal wells to groundwater remediation. Appendix B 
briefly presents the process and important findings of this feasibility evaluation task. 

B.2.0 OVERVIEW 

Specific objectives, general procedures, and deliverables of this evaluation are listed in the following 
sections. 

B.2.1 OBJECTNU 

The following objectives were first identified: 

Evaluate the feasibility of using horimntal recovery wells for groundwater rcmcdi8tion at the 
FEMP 

Determine wst and benefits 

Incorporate the collected information into the selection process for the new baseline 
groundwater remedial strategy. 

As indicated by these objectives, the two key questions to be answered by this task are about the 
feasibility and cost effectiveness of horizontal wells. 

B.2.2 IEyALUATION PROCEDURES 
A series of evaluation procedures were followed in order to cover all the important sources of 
information regarding the feasibility, cost, and performance of horizontal wells. Both qualitative and 
quantitative evaluations were conducted based on relevant general and site-specific conditions. The 
evaluation p d u r e s  can be summaflzcd by the following: 

Identify potential installation techniques 

- Directional drilling (blw well and continuous well) 
- Vertical caisson with radial collector wells (Ramey well) 

4 2 4  
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< 
Select target areas at the F%MP for applying himntal wells 

Review area-specific hydrogeological and contamination data 

Conduct literature search 

Identify and consult internal and external experts 

Estimate achievable inflow distributions and optimal well layouts by modeling 

Compare the available and normally applied installation techniques 

- List major welldesign considerations 
- Identifjr potential risks and logistical problems during installation 
- Determine the most cffkctive design and installation approach 

Define the maintenance requirements 

Estimate the relative cost of horimd wells versus vertical wells. 

B.2.3 Q&WEWLEs 
Specific deliverables of this evaluation included: 

Summary of the feasibility 
conceptualP- 'on of the most effective horhntal well design 
Costinformation. 

After completion of this task, information present& in these deliverables was then incorporated in the 

dcvelopmmt of a potential groundwater mndiation .scenario using horizontal wells. This potential 
scenario was evaluated during the selection process of the new baseline remedial strategy. 

B.3.0 IMPORTANT FINDINGS 

Important findings of this evaluation task, which will directly impact the remedial strategy selection at 
the PEMP, are described in this section. Other more general descriptions regarding horizontal well 
design, installation, and application can be found in an P A  manual @PA 1994). 

B.3.1  OFO ON DISTRIBUTIONS 
Due to the long screen length, a uniform or a transmissivity-weighted inflow pattern usually assumed 

for a relatively shorter vertical well screen is not appropriate for a horizontal extraction well. 
Therefore, a pipe flow model (i.e., Fathom) was first used to determine the inflow rate distributions 
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along various horizontal well-screen designs. Factors considered in this analysis included well 
diameter, length, depth, number of pumps, and the aquifer's rqonse to pumping. 

In this pipe model the aquifer was simulated as a series of reservoirs 25 feet (i.e., a typical vcTtic81 
well-screen length) apart along the pipe with constant water elevation equal to the average water table 

elevation before pumping. Elevation of the horizontal pipe is set at about 20 feet below the water 
table. The aquifer step drawdown test results (Le., the pumping rate versus the drawdown m e )  
were then embedded in a series of conceptual energy-loss components between each reservoir and the 
horizontal pipe. Therefore, when a specific inflow occurred between a conceptual reservoir and the 
horizonal pipe, the component linking the reservoir to the pipe caused a head loss equivalent to the 
drawdown due to pumping at the same rate. In order to approximate the accumulatdd drawdown due 
to adjacent inflows, the drawdown curve was increased by a factor of two, except for the two 
reservoirs at each end of the well-screen. Various pumping rates from one end or both ends of the 
pipe were then sirnulatad. The simulated inflow rates within each of the four quarter sections of the 
horizontal pipe were then calculated. Finally, the four sectional inflow rates were then converted into 
percents of the total inflow (i.e., normalized against the total flow). . 

The following three types of horizontal well-screen designs were simulated using the pipe model: 

- Blind well with a fixed diameter 

"we C - Continuous well (i.e., pumps at the both ends) with a ked diameter. 

- Blind well with variable (i.e., telescoped) digmeters 

, 

The estimated sectional inflow rate distribution along the length of the above three well-screen designs 
areSUIIMOBTlZed - below: 

Tvoe.A - 55,20, 10, and 15 percent (starting from the pumping end) 

3'vw B - 40,25,20, and 15 percent (starting from the pumping end) 

"we - 30,20,20, and 30 percent (pumping from both ends). 
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B.3.2 

After the potential Mow rate distributionpatterm were determined, SWIFT model simulation8 were 

conducted to predict uranium transport using various horizontal well layouts (i.e., specific types, 
lengths, locations, orientations, and extraction rates) for grouwlwater mediation. The specific 
extraction rate of a horizondal well was simulated by assigning extraction rates in multiple model grid 

blocks where the horizontal well is located. The estimated Enflow distribution pattern for the type of 

well simulated was used to determine these extraction rates. 

Figure El shows the most effective horizontal well layout evaluated for the South FieldMOD and 
South Plume areas. Five horizontal wells were used in this scenario lacludhg: 

Two Type C horizontal wells with 500-foot screens and pumping at 500 gpm each (a total of 
lo00 gpm) in the South Field 

One Type B horizontal well between the SSOD and Willey Road with a 5oO.foot screen and 
Pumpingat4oOgpm 

One Type B horizontal well with a 500-foot variable diameter screen pumping at 900 gpm 

One Type B h o r h W  well with a 375-foot variable diameter screen pumping at 300 gpm. 

Geological cross sections along each of these five well axes were prepared and evaluated to verify that 
the well type specified can be installed. Type B horizontal wells were used along the fence line 
primarily to avoid the need for off-property surface access. Although not specifically sirmulat6d, it 
was assumed that two Qpe C horizontal wells and one Type B well can also be used in the waste pit 

and Plant 6 arm, respectively. In a horizontal well remediation scenario, these three horizontal wells 

can be used to replace all the vertical extraction wells specified in the remedial strategy presented in 
the Opmble Unit 5 FS Report (DOE 1995) for these two areas. 

B.3.3 WELr, I N S T W T I O N  
Because a horizontal well can be installed by either horiunrtal directional driliing or Ranney 
technology, the advantages and disadvantages of these two approaches were evaluated to select the 

appropriate installation h o d  in the optimal layout detennined through model simulations. Other 
major design considerations regarding the horizontal wellbore specifications include: trajectory, 

diameter, casinghcreen materials and filter pack. 
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The major advantages of using horizontal ditectional drilling include the capability to install much 

longer wells (Le., with a more than 35o-foot long horizontal section) and continuous wells (i.e., wells 

with both ends open to the ground sur€&ce). The expected cost of directional drilling is also lower 

than the Ranney approach. However, in order to facilitate the desired high pumping capacity 

(i.e., 300 to 900 gpm), well diameters that are larger than is typically done in directional drilling 

applications will need to be installed. Another potential problem associated with the directional 

drilling is that it is often difficult to properly redevelop the well-screen area to remove fine materials 

and residuai drilling mud used during the drilling process from the formation. Even with adequate 

well-screen diameters, there is no assurance that effective well-maintenan cc cleaning can be 

performed if needed, due to the cuxvature of the well precluding the use of appropriate cleanitlg 

devices. 

h e y  wells have a better chance to obtain the high pumping capacities because lo drilling mud is 
required during installation and larger or multiple pumps can be installed in the 9- to 16-foot caisson. 
Ranney wells can also have multiple lateral drains in a single caisson. In a Ranney well, access to the 

well-screens is easily made in the caisson so that proper well-clcaning equipment can be used to 
rehabilitate the well-screens, if required. However, a significant amount of soil needs to be excavated 

and disposed of during installation and the required length of the horizontal well is much longer 
(Le., up to 350 feet) than is typically done in Ranney well applications. Installation of the large 
caisson and associated health and safety requirements will result in much higher costs for Ranney 
wells than wells installed by directional drilling. 

Based on the advantages, disadvantages and limitations of the two installation technologies, a suitable 

technology was selected for each horizontal well. Directional W i  was selected for installing the 

five continuous horizontal wells (Le., pumped from both ends) in the South Field, waste pit, and 
Plant 6 areas because contaminated soil in these areas which will preclude the Ranney approach. 

Additional horizontal wells can be installed in these arms to ensure the desired overall extraction 

rates, if deemed necessary by the potentially lower achievable pumping rate in each well. Stainless 

steel casing and prepacked screens are preferred for these wells. The Rarmey approach was selected 

for installing the three horizontal wells in the South Plume area because the overburden is considered 
clean and higher pumping rates are required. Although these selections do not affect the estimated 

performance measures, they will be reflected in the cost estimates. 
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B.3.4 JUSKS AND RELATIVE CO ST 
Iostallatian 
The typical cost of a horizontal well installation using directional drilling technology is about 5 to 10 

times higher than a vertical well. Following are some of the reasons for the higher installation cost 

for a horizontal well: 

Mobilization of special equipment 
Larger amount of contBmjsILtcd cuttings 

. Need for an effective guidance system 
0 Longer casing and screen 

Difficulty of filter pack installation 
Decontamination of special equipment (e.g., rig, guidance system and mud system). 

The installation cost of a Ranney well will be higher than a directionally drilled horizontal well due to 

the following factors: 

Very few contractors have Ranney well experience or capability 
Need for a large reinforced concrete'&son 
Additional soil excavation and disposal 
Health and safety requirements for the deep and confined working space. 

A major cost componeat of horizontal well installation will be for covering the risk of potential 

failure during installation and the subsequent need for rework. Contractors usually use larger safety 

factors (sometimes adding up to 200 percent to the real cost of the horizontal well installation) when 
bidding on horizontal well installation projects. Potential problems during horizontal well installation 

at the FEMP may include: 

Access to a large laydown and entrance area 
Difficulty of steering the Wing bit in unwmolidated sand and gravel 
Higher risk of wellbore collapsing in unconsolidated sand and gravel 
Side effects of the drilling fluid 
Unexpected hard materials mch as rock or concrete debris along the designed path 
Potential difficulties during well wmplction and development. 

Currently some experts in the horizontal directional drilling industry are promoting a well design and 
installation technique for horizontal wells that is standardized, low risk, and familiar to the 
contractors. Details of these proposed approaches are described in a recent paper (Wilson 1996). 
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Cost savings from using horizontal wells will be realized primarily during operation from the 
following factors: 

Smaller number of pumps 
Less complex p ip i i  network and operational procedure 
Shorter cleanup and treatment time frame. 

There are several concerns during operation of the horizontal wells: 

Need for a higher groundwater treatment capacity 
Questionable long-term performance of pumps in indined or horizonitat positions 
Curvature of the well may preclude use of appropriate well-cleming dovices 
Difficulty targetixq specific d e r  zone of residual contamhtion along the well screen. 

Estimated ranges of the relative wsts of horizontal well iastallations when cmpred to a typical 
vertical extraction well are listed below: 

lbsuawa 
One on-property vertical extraction well 

One Ranney well 

One additiod horimnal section fnrm a Ranney well 

1 

4.5 - 6 

7.5 - 10 

4 - 6  

Om horizontal extraction well 

Tb fully burdened cost (i.e., well designhtallation/development, pump and pipii) of vertical 

extraction well at the FE;LMp is about $SOO,OOO. The above-listed relative casts also include the 
piping and pump associated with the well. 

B.4.0 CONCLUSION 

The general wnclusion of this investigation is that horimntal well technologies can be succussfully 
applied at the FEMP as long as appropriate design, iostallation, and mahmawe procedures are 

employed. However, the higher up-front capital costs of horizontal wells need to be justified by 
significantly shorter groundwater cleanup and treatment times when compared with vertical wells. 
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Improvements of installation technologies which may reduce cost and risk associated with 
environmental horizontal well installation are continuously being developed by the industry. Progress 
in the industry and on-going application projects should be closely followed if horizonal well 
technologies are selected to be used at the FEW. 

It is important to highlight that horizontal wells have been discussed with the affected off-property 
landowner who has expressed concern that it is not reasonable to employ horizontal wells anywhere 
near residential dwellings. 
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TABLE C-1 . 
SUMMARY OF TEE -C PROJECT -& 

FOR ESTIMATING RELATIVE UNIT COSTS OF MAJOR COMPONWTS 

On-property vertical edractinn well (including pump and piping): Installation of the nine Phase I South 
Field Gxtraction wells. Considered to have low UIICcTtBinty. 

Of?-property vertical extracsiosr well (including codemnation, pump and piping): Installation of the 
five South Plume m v a y  wells. Considered to have moderate mmtahty. 

Vertical iqjection well: Installation of the nine Phasc I South Field extraction wells without the pump 
(based on preliminary conceptual dcs i i  injection operation will not require pumps). Consided to have 
low uncertainty. 

Horizontal eqtFadion well (by directional drilling, including pump and piping): No sitbspccific 
experience. Will be based on lhature information. Considered to have high murbhly.  

vendor information. Considered to have high uxmhty. 
Additional hor&ontal section from a Ranney Wen (incladbig pump and pipii)  No site-specific 
experitnce. Will be based on litemwe and vendor information. Considered to have highuxmhty. 

O&M per eJrtrrrdion Wen per year: Three ycars of operational data wllccted from the South Plume 
Recovuy Well System. Considered to have low mcatamy * inthetirst1Oyearsandmoderatemxtabty 
thercafkr. 

O&M per bqjection well per year: No site-specific experience. Will be based on vender information. 

Expansian of grouudwater treatmeat capacity to 2000 gpm: Installation of the A m  and SPIT 
Symms. Considered to have low mccmhly. 

250.- mobile groundwater treatmemt module: Installation of the IAWWT System. considmd to 
have low uncemul ty. 
Groundwater treatment per year: Over 2 years of operational data from the SPIT System. Considered 
to have moderate uwxTt8lnty inthefirst1oyearsandhighllnmamy - thcmxfkr. 

General gFormdwater modtoring and reporting per year: Over adccade of groundwater sampling at 
the FEMP. Considered to have low uI1ccrt81llty inthefirst1Oycarsandmodcratcuncmamy * thereafter.. 

Ranney well (includhg p u m ~  and pip@): NO sik-spccific experience. Will be b d  on li- and 

Considered to have high unccrtm * ty. 

Notes: Lowmxrtmty ’ -1096orless 
Mod#ateuncertarmy ’ -1O%to30% 
High - * ty - 30% or more 
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TABLE C-4 

SUMMARY OF THE ES'llMAm RELATIVE OVERALL GROUNDWATER REMEDIATION COSI'S 

cos( Componenu, 25-YW Scsnario 15-Ym scmrirfo 1O-Ym -0 7.5-Ym Scenario 

Capital 
well/Pump/Piping 32.5 40.5 45.5 50.5 - 64.5 

Treatment 13.5 7.5 7.5 19.5 

' wello&M * 25.44 16.72 14.77 6.97 

T-O&M 140 60 54 45 

Monitoting/Reportbg 65 35 20 15 

Total 276.44 159.72 141.77 136.97 - 150.97 

PER\WSWDBRSWtD-BRS.OCI\Scpcrmber 30,1996 3 : M p  C-4 

004)z57 



FEMP WASTEWATER TREATMENT SYSTEM DESCRIPTIONS 

000258 
1 



c 4 2 4  
~45RDWP-BRS-3DRAFT 

October 1. 19% 
- t  

D.l.O INTRODUCTION 
D.l.O JNTRODUCnO N 
During the FEMP remediation, the wastewater treatment systems will include the AWWT system - 
Phases I and II, the IAWWT system, the SPIT, and the cuffently planned AWWT expansion. The 
effluents from these systems along with Sewage Treatment Plant effluent, unwntamhkd wastewater 
(e.g., boiler plant blowdown), and bypassed (UIltreated) groundwater will combine at Manhole 176B 
to form the FEMP site’s regulated discharge of uranium to the Great Miami River. 

D.2.0 DESCRIPTION OF THE MAJOR TREATMENT SYSTEM 
Figure D-1 shows the treatment modules and simplified general wastewater flows in the overall 

FEMP centralized wastewater treatment system during remediation. The following sections descrii 
the capacity, sources of wastewater, effluent quality, and current status of each of the existing and 
planned wastewater treatment systems. ’ 

D.2.1 BWWT - PHASE 6 
This system is intended to be used primarily for the treasment of umhm-co- storm water 
runoff from the former production area; however, when no storm water is available this system will 
be used to treat the less contamhated groundwater from aquifer rembdjation efforts. This system was 
designed as a 700-gpm throughput system; and the treabment capacity of this system is 600 gpm on an 
annual average basis. This system capacity rating takes into acwunt downtime for major maintenance 

activities and unpbed  system shutdowns. 

It is estimated that approximately 50 percent of system capacity will be dedicated to treatment of 
storm water and 50 percent to treatment of groundwater (Le., 300 gpm each on an estimated annual 

average flow rate). At the present time, this system is only capable of a sustained throughput of 
approximately 400 gpm. Replacement of the existing tubular filtration system with multimedia 

filtration in the fall of 1996 will allow this system to achieve the nominal 6OO-gpm flow. 

As mentioned above, the sources to this system are conbmhted storm water runoff and extracted 

groundwater. The storm water discharges to the SWRB contain approximately 500 ppb uranium 
while the South Plume groundwater currently being pumped contains somewhat less than 20 ppb. 

This differential in concentration illustrates the need for a treatment philosophy of preferentially 

FER\OUSlRDBRS\RD.BRS.ocI\sepcemba 30.1996 2:- D-1 
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treating storm water over groundwater. However, if future groundwater remediation co- 'Om 

exceed that of storm water runoff, the priority would be reversed. 

Based on initial system operational experience, it is estimated that this tmatment system will be 
capable of 
be lower for groundwater. 

a system effluent at approximately 10 ppb of uranium for wastewater and may 

It should tie noted that during periods of exceptionally high rainfall, the AWWT Wase I may not be 
able to keep up with the inflow to the SWRB. Therdore, in order to prevent an overflow of storm 

water to Paddys Run, storm water will be by-passed directly to the oreat Miami River. This 
emergency bypass will be regulatad under the Operable Unit 5 ROD commitments. 

0.2.2 AWWT - PHASE Q 
This system is intended to treat the existing FEMP process wastewater and future remediation 

wastewater flows. The existing flows include all wastewater rquiring uranium removal that are 

Sump flows. Future mmdiation flows except the extractod groundwater are indended to be directed 
to the BSL in order to take advantage of the lagoon's 8-millim-gallon flow and concentration 

equalization capability. The Phase II system was designed as a 4oo%pm throughput system. The 
expected throughput on an annual average basis is approxhatcly 300 gpm. Of this 300 gpm 
available capacity approximately 100 gpm is expected to be consumed by existing process and future 
remedktion wastewater average annual flows. 

Currently directed to the BSL, including waste pit area storm water runoff and cmtamW& General 

The remaining 200 gpm is available for the treatment of mnedhticm flows. However, in periods of 
low flow, extracted groundwater can be directed to this system for treatmmt. Trsatment projections 
do not assume any groundwater trentment by the Phase II system. At the present time, this system is 
only capable of a sustained throughput of approximately 200 gpm. Replacement of the existing 
tubular filtration system in the fall of 1996 will allow this system to achieve the nominal 3Wgpm 
flow. 

Current flows from the BSL have a uranium co- 'on of approximately lo00 ppb and it is 
assumed that future additions of ramadiation wastewater will not alter this concentration significantly. 
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Based on initial system operational experience, it is estimated that the AWWT - Phase II system will 
be capable of maintaining a system effluent of approximately 10 ppb of uranium. 

1 

2 

3 

D.2.3 MWWT 4 -  

This treatment system was designed as a 300-gpm treabnent system to treat uranium wmmhated 

system was to be decommissioned once full treatment of storm water was achieved by the AWWT - 

groundwater treatment system, the IAWWT throughput will be increased to approximately 400 gpm. 

5 

6 

7 

8 

9 

storm water before the installation of the AWWT - Phase I system. As originally planned, this 

Phase I; however, current plans use this system for groundwater treatment. In its new role as a 

However, the annual average flow rate is expected to be closer to 350 gpm dedicated to treatment of 
groundwater. Operational experience has shown that this system can achieve an,effluent uranium 
concentration of 5 ppb. l2 

10 

11 

This system is currently still needed for treatncent of storm water runoff as the AWWT - Phase I 

system is not up to full capacity; this treatment is expected to be needed until the AWWT Multi- 
Media Filters Project is completed in the fall of 19%. At present, the flow through this system is 
limited to'approximately 250 gpm due to excessive pressure drop across the ion exchange vessels; 
however, this resin is scheduled to be changed out and the vessel strainers overhauled. It is 

anticipated that this maintenam work will return this system to its full flow capacity. 

. 

D.2.4 SpIT 
The SPIT system is a 200-gpm treatment system dedicated to 
only. This system currently has a throughput of approximately 150 gpm due to excessive dZkmthl 

pressure across the ion exchange vessels; however, this system will have the strainers overhauled and 
the resin changed out in order to achieve full capacity. 

of extracted groundwater 

The SPIT system will continue to be dedicated to treatment of extracted groundwater at 200 gpm and 
has shown that an effluent concentration of 5 ppb of uranium can be expected. 
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D.2.5 AWWTSYSTEMmAN s o  I N 30 

dedicated to extracted groundwater and a throughput of 1800 gpm. It is anticipated that this treatment 

This treatment system is currently in the design phase. The current design is for a treatment system 31 

32 

33 system will be able to process a p p r o k e l y  1500 gprn on an annual average basis. This planned 
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reduction from full capacity takes into account downtimes for scheduled maintenance and unplanned 
interruptions of flow. As this new system is very similar in design to the SPIT system, it is expected 
to perform similarly. Therefore, an effluent uranium concentration of 5 ppb can be expected. 

D.3.0 PROJECTED GROUNDW&€..R -NT W m  
The bulk of the dedicated groundwater tmtment capacity will cane fKnn the AWWT system 

expansion with its treabnent capacity of 1500 gpm. Fifty percent of the downrated (i.e., anticipated 
average capacity accounting do wntimes) AWWT - Phase I capacity of 600 gpm (i.e., 300 gpm) will 
be dedicated to groundwater treatment. The I A m  units will provide 350 gpm of dedicated 
groundwater treatment capacity annually. The SPIT system is predicted to continue its good 

performance at 200 gpm for groundwater treatment. Therefore, with the tubular filtration upgrades to 

the AWWT - Phase I and resin change out and strainer replacement to the IAWWT, over 2000 gpm 
of dedicated groundwater treatment capacity will be available during aquifer restoration. 

Based on the currtnt progress of the design and construction processes, the projected operational 

schedule of the combined groundwater treatment capacity is summamd ' inFigurcD-2. A 

gmservatively esthated effective groundwater treatment capacity of u300 gpm with an effluent 
uranium cmcentmion of 5 ppb, available by Jarruary 1998, will be incorporated as a part of the 
baseline groundwater remediation strategy. 

D.4.0 -"ION AND W N A N C R  Sllr]BBTEGY 
AmasterOperationsandMaintum cc Plan (W, d e M  as Task 2 in the operable Unit 5 

Remadial Design Work Plan [DOE 19961) will be developed to guide and wordinate the extraction, 
collection, conveyance, treatment, and discharge of all groundwater, storm water, and rcpacdi8tion 
wastewater generated site-wide over the life of the FEMP's cleanup mission. The plan will delineate 
theco- , performance goals, operating schedule, direct discharge and treated water flow 
rates, system-by-system sequencing, and other operating cornmints and priority rerqUirad to balance 
sitewide water management needs so that compliance with the FEMP's discharge limits is 
mantau&. The plan will serve to inform FEMP management, DOE, and the regulatory agencies of 
the planned operational approaches and strategies that are intmdcd to meet the regulatory agreements 
made during the Operable Unit 5 RUPS process. The plan will also serve as the focal point for 
coordinating and kheduling remedial wastewater conveyance and treatment needs with other site 

. .  

projects throughout the duration of the FBMp's cleanup mission. 
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Specifically, the plan will address the following: 

Definition and prioritization of the flow routing decisions associated with aquifer restoration 
and sitewide wastewater treatment 
Operating philosophy for groundwater extraction and injection well systems, other remsdiation 
wastewater collection systems, and groundwater and wastewater treatment systems 
systemandcomponentmaintenance requirements 
FEMP operating organization and protocols 
Notifications and reporting. 

This plan is not intended to provide specific operating instructions to operations or mainman ce 
personnel; however, it is to be used as a reference and site policy to ensure that planned modes of 
operation are consistent with regulatory requirements and FEMF commitments. Therefore, this plan 
will also provide the FEMP operating and maintenance organizations with the basis for development 
of more detailed dacuments (e.g., Standard Operating Procedures and Standing Orders). These 
existing documents will be updated (revised, combined, or eliminated) to reflect the general strategies 

and guidelines defined in this O W .  

' All environmental monitoring activities conducted in support of operations and maintenance decisions 
will be wnducted and reported through the Integrated Environmental Monitoring Plan (Task 9 in the 
Operable Unit 5 Remedial Design Work Plan [DOE 1m). The O&MP will be modified as 
necessary over the life of the remedy to accommodate expansions to the system or the rething of 
individual restoration modules from service once area-specific cleanup levels are achieved. The plan 

will also be amended as needed to address future agreements with the regulatory agencies or to reflect 
the experience gained from actual operations. These amedments will be formally issued on an 
armual basis and the plan will be revised and re-issued every 2 years. The O&MP will thus serve as 
a living guidance document to guide operations staff in implement@ required adjustments to the 
system over time. 

The first edition of the O&MP will wver specific wmponents of the existing FEMP groundwater 
recovery well system, storm water management, and wastewater treatment system as of August 1996. 

Future additions or expansions of these systems as currently defined in the Operable Unit 5 Remedial 
Work Plan (DOE 1996) and this Baseline Remedial Strategy Report will also be listed for general 
scheduling purposes. The 08zMP is scheduled to be submitted to the regulatory agencies in 
July 1997. 
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E.l.O PuRPOsE 

The preliminary baseline strategy described in Section 4.0 includes four new off-property wells (Le., 

1,3N, 2N, and KN). These four wells are located on areas owned by the same private property 

owner. As discussed in Section 5.1.2, the property owner has concerns regarding these wells. This 

appendix summarizes additional modeling results which were generated and presented to the private 
property owner during a consultation process to explain the system design options and purposes of 

each well for the South Plume Optimization Module. These modeling results also provide more 

information for the decision-makers regarding the system design issues such as funding schedule, 

piping layout, and area access for routine well maintenance. 

E.2.0 DEFINITIONS OF SCENARIOS 

The well locations and operational schedules for five additional scenarios are defined to address 
specific concerns. The operational schedules also consider the actual funding situation in FYs 97 

through 99 as described in Section 5.2.2. The main focus of each s&o is also explained in the 

following subsections. Well 64 shown in Figures E-1 through E-5 indicates a contingent extraction 

well which may be used to improve the on-property cleanup time and is not aurently simulated in all 

the modeling runs. 

E.2.1 WNARIO I 
Figure E-1 shows the well locations of SCeaario I. Wells 2N and KN are located further to the south 

from their original locations as specified in the preliminary baselii strategy shown in Figure 4-3. 

These new locations reflect the leading edge of the 20 ppb plume when these wells start operation 
in 1999. These wells are located at the leadii edge so they can intercept the complete plume. The 

off-property and fenceline extractiodmjectian rate schedule for this scenario between 1997 and 2006 
is listed in Table E-1 . 

E.2.2 SCE NARIO 9 
Figure E-2 shows the well locations of Scenario II. Wells 2N and KN are eliminated in this scenario 

assuming that they can not be installed. Four Wisting South Plume wells will therefore need to be 
continuously operated to maintain hydraulic capture of the off-property plume. The off-property and 
fenceline extraction/injection rate schedule for this scenario between 1997 and 2006 is listed in 

Table E-2. 
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E.2.3 m A R I O I I I  
Figure E-3 shows the well locations of Scenario III. Wells 2N and KN are relocated to just north of 
Waey Road. This scenario is developed to evaluate the option of first using extraction wells to 
reduce the off-property plume. The injection operation (wells 8 through 12) will be delayed to allow 
Wells 2N and KN to recover some off-property uranium mass from the on-property area until the 
projected recovery efficiency diminishes. Four existing South Plume wells will also need to be 
continuously operated to maintain hydraulic capture of the off-property plume. The off-property amj 

fenceline extractiodinjection rate schedule for this scenario between 1997 and 2006 is listed in 

Table E-3. 

E.2.4 SCENARIO IV . 

Figure E4 shows the well locations of Scenario N. Wells 2N and KN ax relocated to jukt north of 
Willey Road with Wells 8 and 10 also used for extraction. This scenario is developed to evaluate the 
option of using extraction wells instead of injection wells to create a hydraulic barrier along the 
fenceline and recovc~ the eastern portion of the off-property plume. Injection wells 9 and 11 are 

. eliminated. The off-property atxl fenceline extractiodinjjection rate schedule for this scenario between 

1997 and 2006 is listed in Table E4. 

E.2.S SCENARIO V 

Figure E5 shows the well locations of Scenario V. Well KN is elimhted in this scenario assuming 
that it can not be installed, and 2N is positioned at its original location for the preliminary baseline 
strategy. It is also assumed that Wells 2N, 1 and 3N will still start opedon in 1999. Four existing 
South Flume wells will need to be continuously operated to maintain hydraulic capture zone of the 
off-property plume. The off-property and fencelime extractionhjection rate schedule for this scenario 

between 1997 and 2006 is listed in Table E-5. 

E.3.0 MODELING RESULTS 
Sirm;llated groundwater table drawdown contours at 1999, maximum extent of the off-property plume, 
and uranium plume at year 2003 for each of the five SceDBTiOs are presented in this subsection. 
Year 1999 is when the maximum off-property drawdown is expected for each of these scenarios. 

Year 2003 is right before the "apparent" K,, transition in the South Field aaad south Plume areas (see 
Appendix A) will take place in the model simulations. After the & transition is implemented, 
differences between scenarios in the'off-property area become insignificant. These modeling results 
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demonstrate the performance of each of the scenarios in terms of hydraulic impact, plume expansion, 
and potential range of cleanup time. F i  E-6 through E20 present the modeling results of the 
five scenarios. There are three wntiguous figures for each of the five scenarios. 

As can be seen in Figures E-6, E-9, E-12, E-15, and E-18; Scenario IV has the maximum drawdown 

1 

2 

3 

4 

5 

6 in the immediate off-property area; Scenario V has the maximum drawdown around the existing South 

Plume wells; while Scenario I has the minimum overall off-property drawdown. The maximum 

the five scenarios result in similar degrees of expansion, overall. Comparatively, Scenario IV has 
less overall expansion wmpared to the others, while Scenario III shows the greatest amount of 
expansion. The differences in plume expansion between Scenarios I and 11 are relatively insignificant 
as shown in Figures E-7 and E-10. Particle tracking from the fenceline extraction wells are also 

7 

8 

9 

10 

I1 

12 

extents of the off-property plume presented in Figures E7,  E10, E-13, E-16, and E-19 indicate that 

shown in Figures E-13 and E-16. As cah be seen in these two figures, capture zones of the fenceliie 
extraction wells do not extend signifcantly to the off-property area and can not cover the entire off- 

13 

14 

1s property plume. Particle tracks from a11 the off-property wells in scenario v are presented in 
Figure E-19. 

Simulated off-property plumes at year 2003 for the five scenarios are shown in Figures E 8 ,  E-1 1, E- 
14, E-17, and E-20. Scenario 11 has the minimum off-property plume while Scenario III has the 
maximum. Locations of the off-property plumes in Scenarios 111 and IV are different from the other 
three scenarios. In scenarios with pumping operation along the fenceline, the plumes will tend to 
linger along the fenceline due to competing upgradient and downgradient hydraulic forces. 
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TABLE El 

SCENARIO I PUMPING BY AREA 

1997 1998 1999-2001 2002-2003 2004-2006 

offproperty 1400 1400 1500 1500 0 
Fenceline 0 -lo00 -lo00 -lo00 0 

~ p r a p e r t y  0 0 1300 1300 4800 

Northern kjectors 
(including 13, 14, 
and 16) 0 0 0 0 -1600 
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TABLE E 2  

SCENARIO II PUMPING SCBEDULE BY AREA 

1997 1998 1999-2001 2002-2003 2004-2006 

 property 1400 1400 2Ooo 2000 0 
Fenceline 0 -lo00 -lo00 -1000 0 

on property 0 0 1300 1300 4800 
Northern Injectors 
(including 13, 14, 
and 16) 0 0 0 0 -1600 

Notes: + =pumping 
- injecting 
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TABLE E3 

SCENARIO III PUMPING SCEXDUIZ BY AREA 

1997 1998 1999-2001 2002-2003 2004-2006 

offproperty 1400 1400 2000 2000 0 

Fenceline 0 0 0 -lo00 0 

hh.operty 0 0 1600 1300 4800 

and 16) 0 0 0 0 -1600 

Northern Injectors 
(including 13, 14, 

. .  
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TABLE E4 

SCENARIO IV PUMPING SCHEDULE BY AREA 

1997 1998 1999-2001 2002-2003 2004-2006 

offproperty 1400 1400 1200 1200 600 
0 0 800 800 800 Fenceline 

0 0 1300 1300 4200 

Northern Injectors 
(including 13, 14, 
and 16) 0 0 0 0 -1600 

Notes: + =pumping 
- = injecting 
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TABLE E-5 

SCENARIO VPUMPING SCHFdlm BY AREA 

1997 1998 1999-2001 2002-2003 2004-2006 
offprapeay 1400 1400 2200 2200 0 

Fenceline 0 -lo00 -lo00 -lo00 0 
0 0 1300 1300 4800  property 

Northern Injectors 
(including 13, 14, 
and 16) 0 0 0 0 -1600 

. 
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F.l.O INTRODUCTION 

As described in Section 1.3 of this report, a number of factors cause mrtainty in the actual time and 
resources necessary to successfully complete the Great Miami Aquifer (GMA) restoration program at 
the FEMP. DOE, EPA, OEPA and other FEW decision-makers need to fully understand the 
significance of the uncertainties in order to make well-informed decisions concerning how the program 
will be implemented both initially and at later stages of the cleanup. 

The human factors (see Section 1.3.1) which can not be directly addressed in a quantitative 
uncertainty analysis were evaluated qualitatively when selecting the preliminary baseline strategy as 
discussed in Section 4.3.2. Following the selection of the p r e f d  strategy using best available 
existing (i.e., pre-implementation) data and cost projections, uncertainty of the projected cleanup time 
of the selected baseline strategy was further analyzed. Impacts of the two major natural fhctors (i.e., 
hydraulic characteristics of the aquifer and*geochemical wnditions as described by the & parameter 

in the SWIFT model) were evaluated. The sensitivity of the projected system performance to aquifer 

hydraulic characteristics and geochemical conditions was first evaluated: The purpose of the 
sensitivity evaluation was to identify the critical parameters used in modeling to characterize these two 

factors. Critical paraxneters were identified based on pararnem-spedfic uI1cert8lnt * iesandexpccted 
impact to the modeling results within the parameter-specific uncertainty ranges. The critical 
parameters were then evaluated in the uncertainty analysis to quantify the ranges of potential cleanup 
time and cost. The overall approach for conducting the uncertainty analysis is presented in 
Figure F-1. 

This apperedix summafizes the sensitivity analysis using information from previous studies and 
provides a new quantitative uncertainty analysis. Model sirnulatiom of the mmmended remedial 
system with boWi scenarios regarding the potential geochemical conditions were amductad in the 

uncertainty analysis. . 
F.2.0 BVALU&ION 0 F P W T E R  SENSlTNITy 

Various sensitivity and uncertainty analyses on the site-specific groundwater flow and wntamhnt fate 
and transport model parameters have been historically conducted during the groundwater model 
development and 'the Operable Unit 5 WFS processes. Information available from these analyses was 
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reviewed first to identify critical parameters so the new uncertainty analysis on the rewmmended 
baseline remedial strategy can be focused an these critical parameters. 

F.2.1 REVIEW OF PRFWIOUS SENSITMTY AND UNCERTAINTY ANALYSES 
F.2.1.1 Model DweloDment Prm 
During the model development process the following hydraulic and geochemical parameters were 
evaluated in an uncertainty analysis (DOE 1994): 

Horizontal hydraulic conductivity 
Horizontal/vertical hydraulic conductivity ratio 
Effective porosity 
Longitudinal dispersivity 
Hydraulic gradient 
Mixing depth. 
Infiltration rate 
& value 

The ECTran model (DOE 1993) was used to perform Monte Carlo simulation as a part of the 
sensitivity analysis of the model performance measure (Le., exposure point concatmt~ 'om) on these 
parameters. Results of these sirmrlations supplement the simpleband SWIFT model sensitivity 
analysis by presenting the complete range of potential combinations of parameter values and 
c o m n d i n g  exposure point co- 'ons using a probabilistic approach. The ECTm model 

simulations provide a general understanding of the sensitivity of the GMA model-predictions to these 
tested parameters. . In general, the analysis indicated that &e predicted exposure point concentrations 
were more sensitive to & values than to all the hydraulic parameters. 

A total of 17 sensitivity runs were subsequently performed using the SWIFT model in a simple-band 
sensitivity analysis. The purpose of these simulations was to assess each parameter individually in the 
SWIFT model. The general conclusions of the analysis indicated that matamty ' ofthegroundwater 

flow portion of the model (i.e., groundwater elevation, flow rate, and direction) is lower than the 
transport portion of the model (i.e., contamman * tco- 'ons). The analysis of model uncertainty 

showed that defining key variables at extreme values impacts risk assessment performance measures 
(maximum concentration anywhere in the aquifer, and maximum commtrat~ 'on at the property line) in 

general, less than an order of magnitude. The ratio of potential actual value to the current best 
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estimate was defined as the uncertainty factor for quantifyhg the uncertainty. Estimated range of the 
uncertainty factor for the maximum boundwater concentration was between 0.22 to 2.2 (Table 5.4-2, 
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DOE 1W). The range of the uxumamy * factor for thc znaximpm fenceline groundwater 
concentration was between 0.28 to 1.43 (Table 5.4-2, DOE 1994). 

F.2.1.2 operable Unit 5 ET 
A sensitivity analysis of aquifer cleanup time to geochemical conditions using the analytical model was 

presented in Attachment F.8.m, Appendix F of the operable Unit 5 FS @OE 1995a). The 
relationship between the "apparent" desorption & value and residual p l m  she after extracting thc 
initial dissolved contaminant mass was first discussed. Impacts of "apparent" desorption Kd value, 
residual plume size, and groundwater flushing rate on aquifer cleanup time were then evaluated using 

an analytical model. 

The analysis indicated that although higher desorption & values may potentiaUy prolosg the aquifer 
restoration time due to lower desorption rates, they can reduce the size of plume that will require 

long-term operation of the groundwater extraction system. Therefore, after termbat@ all the source 

loading and recovering the initial dissolved mass, the total pumping rate of the aquifer extsaction 
system can be reduced and only focused on the smaller remaining plume which still has significantly 
high adsorbed-phase mcmtrations. To estimate additional time of extradion required after the initial 
dissolved-phase uranium mass has been recovered, the second part of the sensitivity analysis consisted 
of analytical model simulations to determine the relation between groundwater flushing rate and the 
requid time to reach the groundwater cleanup level. Given an initial adsorbed-phase comentmtl 'on 
of 5 mg/kg and a constant size of contamhtd aquifer volume (i.e., 500 feet by 500 feet by 40 feet) 

used in the analysis, the additional extraction time required increased with increasing & value up to a 

point where further increases in & value began to reduce the time required. This phenomenon occurs 
because at some threshold value the portion of contaminant mass that is available to distribute into the 
dissolved-phase is insufficient to exceed the co~lctntratl 'on-based groundwater cleanup level, For the 

assumed source condition, the maximum cleanup time resulted from a threshold & value around 

100 Lkg. As expected, the cleanup time decreased with higher groundwater flushing ratcs. The 
maximum additional time required was about 15 years with a groundwater flushing rate of 1500 gpm 
for & values W e e n  0 and 250 Wkg. 

The SWIFT modeling approach using a & transition was first explored in Section F.7.7.4 of the 
Operable Unit 5 FS . However, correlation between timing of the I& transition and terminaton of the 
surface source loading terms was not well defined in the p1imimu-y modtling approach. No 
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conclusive information was presented in the FS from these earlier model simulations. The lessons 
learned during the FS regarding simulating the & transition have been incorporated into the updated 

modeling approach presented in Appendix A of this report. 

Sections F.7.7 and €7.8.6 in Appedix F of the Operable Unit 5 FS (DOE 1995a) present sensitivity 
and uncertainty analyses conducted during the FS process. Geochemical conditions, hydraulic effects, 
and model limitations were all evaluated in detail. The following recommendation was presented in 
Section F.8.7.2.3: 

"The actual contamhmt desorption characteristics will affect the optimal aquifer remediation 
approach. The baseline geochemical conditions in the optimization study assumed a uniform 
uranium & value of 1.78 L/kg and fully reversible adsorptioddesorption processes. These 
assumptions allow the maximum extent of the aquifer that may require continuous pumping, the 
maximum amount of uranium mass that needs to be recovered, and the potentially longest aquifer 
restoration time (due to the larger extwt' and mass need to be remediated with a limited extraction 
capacity) to be determined. Therefore, a conservative overall cost of aquifer restoration can be 

estimated for planning purposes. 

However, the adsorption process is partially irreversible and the desorption process is usually 
slower as shown by the desorption batch tests for the South Field area aquifer soil samples. Based 
on results of the geochemical sensitivity analysis, higher & value (Le., slower desorption) will 

require higher groundwater flushing rates in some localized areas which have significant solid- 
phase corn concentrations, in order to achieve cleanup in a reasonable time frame. When 
a Q significantly higher than 1.78 Lkg is encountered, the extraction strategy will need to be 
adjusted during aquifer remediation. Because of the smaller residual plumes that will remain after 

extraction of the initial pore volume of the contaminated aquifer due to higher & value, available 
extraction capacity can then be concentrated in smaller areas to achieve higher groundwater 

flushiqg rates and achieve the same cleanup time frame (as demonstrated in the sensitivity 
analysis). Reinjection and pulsed pumping will also be considered to improve the mass removal 
efficiency. Therefore, the overall cost and remediation time frame for aquifer restoration will not 

be signifxantly affected when properly managed." 
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Although the Operable Unit 5 FS uscd a longer site-wide remediation schedule and did not include 
injection and additional off-property wells, the- general conclusions of the sensitivity analyses 

conducted regarding important factors which will affect groundwater cleanup time and cost remain 

valid. Uncertainty of the orig i i  27-year cleanup time frame due to the natural factors evaluated will 

not be significant when the extraction rate schcdule can be properly adjusted according to the actual 

conditions encountered during the ranediation, 

F.2.2 JJJENTFICATION OF FACTO@ 

Given the FEMP's new 10-Year SiteWide rclIlcdiaton schedule, the Baseline Remedial Strategy 

Report identifies a potentially shorter groundwater cleanup time frame using additional extraction 
wells and groundwater injection as part of the recommended baseline mnedial strategy. Based 011 the 
best available information, the groundwater cleanup time as indicated by moaeli simulations may be 

reduced to 10 years. However, the unce- of the achievable reduction of groundwater cleanup 
time and cost may be more significant than the uncertainty associated with the original overall cleanup 
time frame of 27 years. As mentioned earlier, although the potential cleanup time frtrme reduction 
will be very sensitive to the human factors (see Section 1.3.1), uncertainties associated with these 

factors can not be easily quantified. Therefore, the new quantitative umtamty - analysisontyfocuses 
on the natural factors. 

Based on results of additional hydraulic tests conducted since the cormpletion of the SWIFT GMA 
model developmend (DOE 199% and DOE 1995d), the groundwater flow portion of the model d l y  
matches the measured field conditions very closely. Because the recommended baseline remedial 

strategy does not increase hydraulic imp- to the GMA even when more extraction wells are 
included, the cleanup time frame will not be a f f d  significantly by the uncertainties associated with 
the hydraulic parmeten concluded by the previous sensitivity analyses conducted during the RImS 
processes and the subsequent flow model validation results. The most critical natural factors which 
may affect the estimated cleanup time reduction are the geochemical parameters such as the & value 

and timing of the "apparent" K,.J transition as defined in Appendix A. Although not evaluated in 

previous sensitivity analyses, timing of the "apparent" K,.J transition is expected to have significant 
impacts on the cleanup time. Therefore, these two geochemical parameters were selected for further 
evaluation in the new quantitative uncertainty analysis. 
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F.3.0 BOUNDING SCENARIOS OF mE UNmRTm MAL YSIS 
For this uncertainty analysis the % values and timing of K, transition described in Appendix A for all 
the model simulations presented in this report except the uncertainty analysis was termed the baseline 
scenario. In the baseline sce&o, the "apparent" adsorption and desorption % values were 1.78 and 
17.8 Lkg, respectively. Local transition between these two 

termination of the localized source loading terms (based on thq new 10-Year Site-Wide Remediation 
Plan) and extraction of one additional pore volume from each local comamimed portion of aquifer. 
Under the baseline remedial strategy, it will only take a few months to extract one pore volume from 
the contaminated portion of aquifer covered by a remedial system module. 

values was assumed to occur after 

Bounding scenarios which have different combinations of h values and timbg of & transition than 
the baseline scenario were defined to bracket the plausible range of potential conditions. Based on 
information obtained from the previous uncertainty analyses, the following three bounding scenarios 
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No-Transition Scenario - Assuming that the initial "apparent" desorption & value of 
1.78 Lkg throughout the remediation. 
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Delayed Transition Scenario - Assuming that the & transition will not OCCUT immediately after 
the source termination and extraction of one additional pore volume. 

The No-Transition Scenario should provide an upper bounding estimate of the clearmp time estimate 
and the No-& Scenario should provide a lower bounding estimate of the cleanup time estimate. 

sufficient information regarding cleanup time uncertainty of a remedial system. 
Together with the baseline scenario, cleanup time frames under these scenarios should provide n r  
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The recommended baseline remedial strategy, as presented in Section 5.2, was then simulated with 

order to simplify the analysis, only minor modificatioDs to the original extraction/mmdiation schedule 
using the wells included in the recommended baseline strategy and Well 64 (as shown in Figures E-1 
through E-5 in Appendix E) were considered in these simulations. However, during actual operation 
further improvements of the system performance by further adjusting the extractiodinjection rate 
schedule will be possible. 36 

each of these bounding scenarios in the quantitative uncertainty analysis of the cleamtp time frame. In 
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F.4.0 MODELING RESULTS 
F.4.1 CLEANUP TIME RANG& 
In order to estimate the uncertainty due to gdunica l  coxxlitions alone, the model simulations only 

focused on the South Field and South Plume areas. The modeling results for each Scenatio revealed 
the following: 

The simulated cleanup time for the No-Transition Scenario is about 20 years. 

The simulated cleanup time for the No-K, scenario is within one year after the local surface 
sourcc remediaion was assumed to be compl&ed. For example, if South Field 8uTface 
source-area remediation takes 7 years, the groundwater cleanup time will be within 8 years. 

9 The simulated cleanup time of the Delayed-Transition Scenario is within one year after the & 
transition, if the transition occurs more than one year after termination of the local source-area 
loading. For example, because the South Field surface source remcdiation is scheduled to be 
completed in 7 years under the 10-Year Site-Wide Remediation Plan, if the "apparent" & 
transition occurs at the end of 8th year, the groundwater cleanup.time will be within 9 years. 

The estimated range of groundwater cleanup time in the South Field and South Plume areas due to 
uncertainty regarding geochemical conditions alone is between 8 to 20 years. 

Although not specifically evaluated, the last two conclusions should also apply to the Waste Pit and 
produc$ion area portion of the plume. Under the No-Transition Scenario the cleanup times for the 
Waste Pit and production area should be less than 20 years, because of the lower initial co- '011s 

ami d e r  plume than the South Field and South Plume areas. It was assumed that the source 

rmrediation in the Waste Pit and the production areas will be completed within 10 years under the 
10-Year Site-Wide Remediation Plan it will take a few more months to extract one additional pore 
volume from the contaminated portion of the aquifer. Therefore, based on all the f i n d i i s ,  the range 
of the overall Great Miami Aquifer groundwater cleanup time using the r e c o d e d  baseline 

remedial strategy, considering uncertainty, should be between 10 to 20 years; . 

F.4.2 COST RANGE 
Using the relative unit costs presented in Table 4-9, the overall cost of the aquifer reDMdiation will be 

between 140 to 250 relative cost units (each unit is $500,000). The difference between the lower and 
upper bounds primarily includes 10 years of groundwater treatment operation and monitoring and 
reporting activitib after all the other FEMP source remedial activities are completed. 
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