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ABSTRACT 

The focus of this paper is to develop a conceptual 
model and a hydrogeologic analysis plan for remedial 
alternatives being considered for the remediation of a 
ground water contaminant plume consisting of chiefly 
nitrate and uranium. The initial step in this process was to 
determine the adequacy of the existing data from the vast 
database of site information. Upon concluding that the 
existing database was sufficient to allow for the 
development of a conceptual model and then constructing 
the conceptual model, a hydrogeologic analysis plan was 
developed to evaluate several alternatives for plume 
remediation. The plan will be implemented using a 
Combination of analytical and simple numerical ground 
water flow and contaminant transport models. This allows 
each portion of the study to be addressed using the 
appropriate tool, without having to develop a large three- 
dimensional numerical ground water flow and transport 
model, thereby reducing project costs. The analysis plan 
will consist of a preliminary phase of screening analyses 
for each of the remedial alternative scenarios, and a 
second phase of more comprehensive and in-depth 
analyses on a selected subset of remedial alternative 
scenarios. One of the alternatives which will be analyzed 
is phytoremediation (remediation of soil and ground water 
via uptake of chemicals by plants) because of the potential 
for relatively low capital and operation and maintenance 
costs, passive nature, and potential to provide long-term 
protection of the surface water. The results of these 
hydrogeological analyses will be factored into the 
selection of the preferred remedial alternative, or 
combination of alternatives, for the contaminant plume. 

I. INTRODUCTION 

The Rocky Flats Environmental Technology Site 
lats Plant, is located 

approximately 25 kilometers northwest of Denver, 
Colorado and until 1992 was involved in activities such as 
manufacturing the plutonium component of nuclear 
weapons. The mission of WETS has since changed to 
focus on environmental restoration, waste management, 
decontamination and decommissioning, and economic 
development.' As part of the overall WETS remediation 
program under the Rocky Flats Cleanup Agreement 
(RFCA), the ground water plume (Solar Ponds Plume or 
SPP) emanating from the five Solar Evaporation Ponds 
(SEPs) is scheduled for implementation of remedial 
activities during fiscal year 1999. The ponds, which are 
located on a mesa above and approximately 200 meters 
south of North Walnut Creek (Figure 1 and 2), were used 
to store and evaporate process wastes containing low 
levels of radioactivity and high concentrations of nitrates 
and treated acidic wastes from the 1950s to 1986. The 
SPP, which extends approximately 350 meters from the 
ponds to the creek, encompasses a zone of ground water 
contaminated primarily with nitrate and uranium, although 
elevated levels of other metals and the presence of some 
dissolved organic chemicals have also been detected. 

The original evaporation ponds were placed into 
operation in 1953. The construction of the current lined 
SEPs began in 1960 during which period drainage tiles 
and sumps were installed to intercept and prevent surface 
seeps. Between 1971 and 1974, a series of six trenches 
was installed in the unconsolidated alluvium on the slope 
between the Solar Ponds and North Walnut Creek to 
remove ground water. This system was taken out of 
service in 1981 and an Interceptor Trench System (ITS) 
was put in place in order to remove excess ground water 
from the hillslope.* Ground water collected in the ITS 
was recycled to the SEPs until 1993 when three 1,893 
cubic meter (500,000 gallon) modular storage tanks were 
installed to hold the ITS prior to treatment. The ITS 
effectively dewaters the alluvium in the hillslope area, but 
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may not completely contain contaminated ground water 
moving in the underlying weathered bedrock zone because 
the trench system was not keyed into bedrock along its 
entire length. 

To establish a short list of remedial alternatives for 
the SPP to be carried forward for analysis, an evaluation 
of eleven remedial alternatives was c~nducted.~ Three 
remedial alternatives were retained for further analysis, 
and a fourth no action alternative was included to provide 
an evaluation baseline. The retained remedial alternatives 
that will be analyzed include (1) managed release of ITS 
water to Pond A 4  (an on-site holding pond linked to 
North Walnut Creek), (2) treatment of ITS water at 
Building 995 (an on-site water treatment facility), and (3) 
phytoremediation. This paper documents the steps taken 
in evaluating the adequacy of the existing database, 
formulating a conceptual model and analysis approach, 
and planning the analyses of the SPP remedial 
alternatives. This paper is a companion paper to 
“Evaluation of Remedial Alternatives for the Solar Ponds 
Plume, RFETS” submitted under Section 3.3 of this 
conference. 

II. GEOLOGY AND HYDROGEOLOGY 

RFETS is located approximately 6 kilometers east of 
the Front Range section of the Southern Rocky Mountain 
province, along the western margin of the Colorado 
Piedmont section of the Great Plains Physiographic 
Province! The Industrial Area (IA) of RFETS is situated 
on an alluvial covered pediment, with the upper surface of 
the alluvium sloping one to two degrees in an easterly 
direction. Several ephemeral streams, generally running 
towards the northeast, dissect the area (Figure 1). The 
regional flow of ground water is reportedly controlled by 
the slight easterly dip in the bedrock.’ 

A. Bedrock 

The upper surface of the bedrock pediment beneath 
and in the vicinity of the SEPs is irregular, both in 
topography and in subcropping lithofacies. Beneath SEP 
207-C and a small portion of SEP 207-A, a sandstone of 
the Arapahoe and Laramie formations is in contact with 
the overlying unconsolidated material.2 Although no 
ground water samples were collected from directly 
beneath the SEPs, samples collected within the weathered 
bedrock 15 to 60 meters north of the SEPs show elevated 
concentrations of nitrate. This zone of hydraulic 
connection between the alluvium and permeable bedrock 
represents a possible avenue by which contaminated water 
from the SEPs may have entered the upper weathered 
portion of the bedrock.2 Also, isolated sandstone lenses 
subcrop between the SEPs and North Walnut Creek and 

draulically connected to the overlying 

unconsolidated material. Such heterogeneities in the 
bedrock may have some local influence on the movement 
ofthe contaminant p~umes .~  

The geometric means of hydraulic conductivity 
values for the weathered claystone, siltstone, Arapahoe 
formation sandstone, and Laramie formation sandstone are 
8 . 8 2 ~  1 O-’, 2 . 8 8 ~  1 O-’, 7 . 8 8 ~  1 0-4, and 3 . 8 9 ~  1 0-5 cdsec,  
respectively.6 Beneath the site, the low vertical hydraulic 
conductivity (5 .8~10.~ cdsec)  of the unweathered portion 
of the Laramie formation is thought to provide an effective 
barrier to the downward migration of contaminants, 
barring the presence of preferential flow paths through 
interconnected fractures or faults.’ 

B. Alluvium and Soil 

The surficial unconsolidated unit at RFETS consists 
of the Rocky Flats Alluvium, colluvium, and valley-fill 
alluvium. The Rocky Flats Alluvium is a Quaternary age 
alluvial-fan deposit that is heterogeneous, but is 
dominantly composed of angular to subrounded, poorly- 
sorted, coarse, bouldery-gravel with a clay and sand 
matrix. It ranges from a thickness of close to 30 meters at 
its western edge, to less than one meter to the east. 
Beneath the central portion of the site, it is approximately 
5 to 8 meters thick. The colluvium and valley fill 
alluvium are younger and are derived from the Arapahoe 
and Laramie formations as well as older alluvial deposits. 
They commonly flank the Rocky Flats Alluvium, 
extending to the lower parts of the slopes along the 
principal drainages. 

The unconsolidated material directly beneath the 
SEPs has a thickness of approximately 3 meters. In the 
area surrounding the SEPs, this thickness varies from 
slightly less than 1.5’ meters in isolated spots to 
approximately 6 meters. The variation is largely a result 
of the underlying bedrock topography. North of the SEPs, 
the unconsolidated materials may represent either 
landslide colluvium or fill used during the installation of 
the ITS.* The geometric mean of hydraulic conductivity 
values measured for samples of Rocky Flats Alluvium, 
colluvium, and valley-fill alluvium are 2 .06~1 04, 
1 . 1 5 ~ 1 0 ~ ~  and 2.16~10” cdsec,  respectively.6 

111. SOLAR PONDS PLUME 

The SEPs are situated on a plateau, with a relatively 
steep slope (1:lO) trending downward to North Walnut 
Creek immediately to the north. A separate shallow swale 
or valley leads southeast from the ponds to South Walnut 
Creek (Figure 2). A ridge lies immediately to the east of 
the ponds separating the two drainages. The plume of 
nitrate and uranium contaminated ground water 
originating from beneath the SEPs consists of a major 



zone of contaminated ground water located north- 
northeast from the SEPs in the direction of North Walnut 
Creek and a smaller lobe of the plume extending 
approximately 300 meters southeast from the SEPs, 
toward South Walnut Creek. This configuration is the 
result of ground water flow in the SEP area. 

The SPP has been shaped, and will continue to be 
controlled, by a number of different factors. The overall 
mass of contamination in the plume was controlled by 
leachmg and infiltration from the contaminant source, and 
by any degradation or decay processes that might have 
been occurring within the ground water system. The 
contaminant plume has been transported by ground water 
flow, with possible interactions between the dissolved 
contaminants and the rock and soils. The contaminant 
plume has followed the ground water flow path, and 
discharged both to manmade collection systems (ITS) and 
surface water bodies (North and South Walnut Creeks). 

A. Nitrate Plume 

The most complete recent depiction of the extent of 
contaminated ground water in the vicinity of the SEPs is 
provided by data fiom ground water samples collected in 
early 1998. Background concentrations of nitrate were 
found to range from 0.52 to 1.14 mg/L, for ground water 
discharging into streams and seeps, respectively, in areas 
of WETS unaffected by the industrial processes at the 
site.7 The concentrations of nitrate in the northern plume 
ranged from background levels to 5,400 rng/L.’ The 
highest concentrations were found in the weathered 
bedrock in a zone extending from immediately north of 
the SEPs to the ITS and in wells screened in both alluvium 
and weathered bedrock near the SEPs. The concentrations 
in the weathered bedrock were attributed to the downward 
hydraulic gradient that exists between the unconsolidated 
materials and the weathered b e d r ~ c k . ~  

The lateral extent of the nitrate ground water plume 
was greater within the unconsolidated sediments than in 
the weathered bedrock. Ground water samples taken 
adjacent to North Walnut Creek suggest that nitrate 
concentrations in ground water exceeding 100 m a  may 
be discharging to the creek. Adjacent to North Walnut 
Creek, concentrations within the weathered bedrock were 
generally lower than those within the unconsolidated 
sediments. 

A smaller zone of nitrate-contaminated ground water 
also extends a short distance in a southeasterly direction 
from the SEPs towards South Walnut Creek. Based on 
current data, the concentrations of nitrate in this lobe of 
the plume are generally less than 100 mgL. 

B. Uranium Plume 

The background activity-concentrations for 233U and 
U in ground water at WETS vary from non-detect to 

200 pCf i ,  and from non-detect to 136 pCi/L for 238U.7 
Fewer sampling data are available to characterize the 
extent of uranium contamination, but the existing data 
indicate that all isotopes of uranium are present in ground 
water samples taken north of the ITS, between the trench 
system and North Walnut 
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Recent ground water samples analyzed for total 
uranium indicated activity-concentrations of between 20 
and 58 p C f i  in the unconsolidated materials adjacent to 
North Walnut Creek. Samples from the weathered 
bedrock near North Walnut Creek had total uranium 
activity-concentrations of 105 pCi/L and of 140 pCi/L. 
Total uranium activity-concentrations are highest in the 
alluvium beneath the SEPs, where values reach 1,600 
p c f i .  

IV. ADEQUACY OF EXISTING DATA 

Prior to development of the analysis approach, the 
existing data base for the SPP and Solar Ponds area was 
reviewed and evaluated to assess adequacy of the data for 
developing a hydrogeologic conceptual model and ranges 
of required parameters. A procedure was employed in 
which the key features of each conceptual remedial design 
to be analyzed, and the key design and performance 
factors that were to be considered in the evaluation, were 
used to determine a data needs list for each remedial 
alternative. The existing data base was evaluated against 
the data needs list to identify the completeness, quality, 
and adequacy of each type of data. Using this approach, 
data gaps were identified early in the study. In addition, 
the data review was used to develop a more detailed 
conceptual model of the hydrogeologic system 
surrounding the SPP, the nature and the extent of the SPP 
itself, and the effectiveness of capture of the ITS in the 
various potential flow zones. 

A phased approach was developed to address the data 
needs. Initially, an attempt was made to locate additional 
data in previously unreviewed sources. The search was 
successful in identifying a substantial amount of additional 
information from the large volume of existing site data 
and technical reports. Secondly, the practicality of 
gathering further field data that may supplement the 
existing base of knowledge was considered recognizing 
that any problems posed by gathering further field data 
should be weighed against the benefit that these data will 
provide in reducing uncertainty in the conceptual model. 
For the purposes of these analyses, it was determined that 
additional sampling was not warranted. Finally, in the 
absence of additional data, assumptions and estimates 



were developed as needed based on the existing database 
and published literature in order to support the conceptual 
model design and the subsequent remedial alternatives 
analyses. 

V. CONCEPTUAL MODEL 

The SEPs are located in the northeast corner of the 
Industrial Area, above North Walnut Creek, at an 
approximate elevation of 1,820 meters above mean sea 
level (MSL). A nearly uniform 1:lO slope extends from 
the ponds northward approximately 200 meters to North 
Walnut Creek, which is located at an elevation of 
approximately 1,786 meters MSL. 

The SEPs began as the Original Ponds in 1953 and 
evolved to a configuration of five ponds covering 
approximately 27,000 m2 and extending to a depth 
approximately 1.5 meters below the elevations of the 
surrounding berms. The SEPs operated from 1953 
through 1993 and received wastes including low-level 
radioactive process wastes containing high nitrate 
concentrations, neutralized acidic wastes containing 
aluminum hydroxide, and additional wastes containing 
sanitary sewage sludge, aqueous lithium solution, sodium 
nitrate, femc chloride, lithium chloride, sulfuric acid, 
ammonium persulfates, hydrochloric and nitric acids, 
hexavalent chromium, and cyanide solutions. No solvents 
or other organics were reported to be routinely discharged 
to h e  SEPs. The SEPs were drained and sludge materials 
were removed between 1986 and 1995. This current 
conceptual model has been developed for the 
hydrogeologic system surrounding the SEPs and for the 
nitrate and uranium components of the SPP that will form 
the focus of the analysis efforts designed to support 
remedial alternative selection. 

The shallow hillslope aquifer system between the 
ponds and the creek is comprised of a thin layer of 
approximately 1.5 to 6 meters of alluvium overlying a 
slightly irregular sandstone and claystone bedrock surface 
(Figure 3). A thin saturated ground water flow zone has 
been identified over much of the hillslope, and, prior to 
installation of the ITS in the lower portion of the hillslope, 
seeps were observed at several locations on the hillslope. 
Operation of the ITS has lowered shallow ground water 
levels to the elevation of the bedrock surface in the 
vicinity of much of the trench system. 

The uppermost portion of the bedrock is weathered, 
creating a 4 to 18 meter thick zone of intermediate 
permeability separating the higher permeability alluvium 
from the low permeability underlying bedrock. The upper 
zone of the competent bedrock is fractured and transmits 
ground water flow. Fracture number, spacing, and 
aperture decrease with depth, and the hillslope aquifer is 

conceptualized as being essentially impermeable below a 
depth of approximately 12 to 30 meters. 

A large component of the ground water influx to the 
SPP area is underflow from the plant proper area. This 
water originates from natural underflow to the plant area, 
natural recharge of water in the plant area itself, and 
releases of water from various plant operations and 
processes. Surface recharge from precipitation in the 
vicinity of the SPP has been estimated at 1.0 to 5.5 
centimeters per year.g 

The majority of ground water flowing through the 
shallow hillslope aquifer from the higher elevation area 
beneath the ponds moves downgradient toward the natural 
discharge point provided by North Walnut Creek. A 
localized portion of the ground water flow extends toward 
a small swale that forms the headwater area of South 
Walnut Creek. For the main portion of the saturated zone 
flowing north to North Walnut Creek, the majority of the 
flow in the shallow alluvium is captured by the ITS. A 
portion of the flow reportedly bypasses the trench system 
near the eastern end of the ITS where the trench system is 
not keyed into bedrock. The effectiveness of the ITS in 
capturing ground water flow in the upper bedrock zone 
has not been completely determined. The portion of 
ground water flow moving toward South Walnut Creek 
occurs as underflow beneath the headwater swale, and 
apparently discharges to the creek at some point 
downgradient. 

Hydraulic conductivity of the alluvium material 
ranges from lo4 to 10” c d s ,  while hydraulic conductivity 
of the fractured upper bedrock zone ranges from lo-’ to 
lo4 c d s .  Horizontal hydraulic gradients extending from 
the SEPs north to North Walnut Creek range from 0.01 to 
0.12. It is estimated that ground water velocities in the 
overburden range from 1 . 1 5 ~ 1 0 - ~  to 2 . 5 9 ~ 1 0 ~  c d s ,  and 
from 8 . 8 ~ 1 0 ~  to 9.46~10” cmls in the upper bedrock. 
Lesser horizontal hydraulic gradients of 0.01 to 0.07 
between the SEPs and the headwater area of South Walnut 
Creek would result in estimated ground water flow 
velocities of 1 .15~10-~  to 1 . 5 1 ~ 1 0 ~  c d s  in the overburden 
and 8 . 8 ~ 1 0 - ~  to 5.51~10” c d s  in the upper bedrock. 
Vertical gradients indicate downward flow from the 
overburden to the bedrock over much of the flow system, 
with upward flow gradients measured near North Walnut 
Creek. 

The nitrate component of the SPP extends 
approximately 350 meters along the ground water flow 
direction from the SEPs to North Walnut Creek. The zone 
in which nitrate levels exceed 10 mg/L is approximately 
400 meters wide at its maximum width approximately 
half-way down the slope from the SEPs. Nitrate 
concentrations within f 



contamination range from background to 5,400 mgL. A 
small zone of nitrate contamination extends in the 
overburden approximately 300 meters from the SEPs to 
the southeast toward South Walnut Creek. The extent of 
nitrate contamination in bedrock within this smaller lobe 
of the plume has not been completely delineated, but is 
expected to be localized. 

The extent of uranium contamination appears similar 
to that of the nitrate plume. Uranium concentrations in the 
shallow hillslope aquifer north of the SEPs have been 
determined at individual sampling locations, but specific 
zones of contamination or uranium plume concentrations 
contours have not been delineated. In general, uranium 
concentrations range from background levels to 1,606 
pCdL, with the highest values being in the alluvium 
beneath the SEPs. 

In summary, the conceptual model for the SPP is one 
in which, for nitrate and uranium, a zone of ground water 
contamination exists in a relatively shallow localized area 
between a known source location and known discharge 
locations. The contamination is confined to a shallow 
hillslope flow system overlying relatively impermeable 
bedrock. The plume likely remains in the upper portion of 
the flow system due to the low permeability of the 
competent bedrock, and the hydraulic flow pattern 
induced by discharge to North Walnut Creek. 
Permeabilities of the aquifer materials are relatively low, 
and flow rates and ground water fluxes are also 
correspondingly low, although the steep gradient in the 
hillslope aquifer does provide a driver for natural flushing 
of the system. This conceptual model, and the more 
detailed information will form the basis for the analyses of 
the remedial alternatives that are outlined below. 

VI. REMDIAL ALTERNATIVES ANALYSES 

The next phase of work involves the analysis program 
in which the performance of the conceptual designs for the 
remedial alternatives will be characterized, and sensitivity 
of calculated performance to key parameters will be 
examined. The sections below describe the remedial 
alternative scenarios that will be analyzed, the models that 
will be used and the methodology that will be followed in 
performing the analyses, and the scope for the planned 
sensitivity analyses. 

A. Remedial Alternative Scenarios 

The performance of four remedial alternatives 
currently being considered for the SPP will be analyzed. 
These alternatives are: 

0 No action (baseline conditions: no ITS) 
Capture of ground water with managed release 

Phytoremediation 
Capture of ground water with treatment and release 

The no action alternative is being analyzed as a baseline 
situation for comparison to the capture and 
phytoremediation alternatives. For each of the ground 
water capture alternatives, the performance of the system 
is to be analyzed in a manner that will simulate future 
remedial activities. These analyses will therefore include 
the addition of a SEP cap in 2005. In addition, these same 
capture alternatives will be analyzed both with and 
without enhancement of the ITS to determine if ground 
water capture of the system can be optimized. 
Enhancements to the ITS may include keying it to bedrock 
along its entire length or extending its length to increase 
ground water capture. Thus, the complete set of remedial 
alternatives to be analyzed is: 

0 

No action (baseline conditions: no ITS) 
Capture of ground water with managed release 
- existing ITS 
- enhancedITS 
Capture of ground water with treatment and release 
- existingITS 
- enhancedITS 
Phytoremediation 

For the purposes of this hydrogeologic evaluation, the 
capture with managed release alternative and the capture 
with treatment and release altemative are identical with 
respect to analyses that will characterize containment and 
mass removal by the ITS. Therefore, the information 
required can be generated by analyzing the remedial 
alternative scenarios described in Table 1. These six 
remedial alternative scenarios will form the basis for the 
analyses that will be performed to characterized the 
potential performance of the four remedial alternatives 
currently being considered. 

Table 1 
Remedial Alternative Scenarios to be Analyzed 

1. Baseline conditions (no ITS, no SEF cap) 

2. Existing ITS ground water capture 

3. Enhanced ITS ground water capture 

4. Phytoremediation 

B. Analysis Objectives 

Specific information regarding the resultant 
hydrologic system of each remedial alternatives will be - -  
necessary to support the remedial alternative selection 



process. This information, which will define the analysis 
objectives for the work to be performed, includes the 
following: 

Extraction rate through time (for ITS extraction only; 
plant root extraction rate will be estimated in a 
separate phytoremediation study); 
Ground water levels through time; 
Ground water fluxes through time; and 
Ground water quality through time. 

The analyses performed will be designed to provide, 
as output, the information noted above. In addition, the 
selection of the final alternative will be partly based on the 
maximum concentration of compounds as set forth in the 
Rocky Flats Clean-up Agreement (RFCA)." The 
established surface water quality standard for nitrate is 10 
mg/L, with an interim standard of 100 mg/L in place 
between 1999 and 2006. The current surface water quality 
standard for uranium is 10 pCi/L, but may be increased if 
a health-based standard (most recently proposed at 30 
pCi/L) is adopted. ' I 

C. Analysis Methodology 

The analysis program will use one- and two- 
dimensional analytical and numerical models to analyze 
the future performance of the remedial alternative 
scenarios listed in Table 1. Appropriate simplifications 
will be made to the SPP flow system to allow the models 
to be used as individual models, or as linked models, to 
analyze system performance. Modeling outputs will be 
used to evaluate the alternatives based on relative 
comparisons of the identified scenarios. 

Two types of models will be required to meet the 
objectives outlined in the section above. Ground water 
flow models will be used to calculate ITS extraction rate, 
ground water levels within the SPP hillslope aquifer 
system, and fluxes of ground water within the aquifer and 
to nearby surface water bodies. Plume flushing and mass 
transport models will be used to calculate the water quality 
within the hillslope aquifer system and to estimate the 
time required to reach certain specified concentrations. 

TWODAN, a two-dimensional analytical flow model 
was selected to perform preliminary analyses of ITS 
capture in the horizontal plane, and may be used in 
vertical profile mode to analyze underflow of the trench 
system at locations where underflow is thought to be 
occurring.'2 MODFLOW-SURFACT will be used, with 
MODPATH, to perform flow and particle analyses in a 
vertical plane oriented from the ponds to the creek along 
the axis of the SPP.I3 Flow rate information derived from 
the models will be used in simple analytical plume 
flushing models, or in the transport module of SURFACT 

to analyze removal of mass from the ground water system. 
PRINCE, a suite of analytical flow and transport models, 
may also be used to analyze mass transport within the 
SPP.I4 If calculations are required for soil infiltration and 
vertical water and mass flux in the soil zone, the HELP 
and HYDRUS models will be 

Preliminary analyses will be conducted to screen the 
proposed remedial alternatives, and additional in-depth 
analyses will be conducted for a selected subset of the 
alternatives. Output will be generated for each remedial 
alternative scenario to support further evaluation of the 
proposed remedial alternatives. In addition, sensitivity 
analyses will be performed to provide mformation on the 
effect of key parameters on calculated performance for 
each alternative. 

A preliminary round of screening analyses will be 
conducted for each of the six remedial alternative 
scenarios. Information will be generated regarding ITS 
extraction rate, ground water levels, ground water fluxes, 
and ground water quality. Based on the results of the 
screening analyses, a subset of the scenarios will be 
selected for a second phase of more detailed analyses. 
Sensitivity analyses will be performed during the second 
phase of analyses to characterize the effects of changes in 
input parameters on the calcu1ate;d performance of the 
analyzed alternative scenarios. 

During phase two of the analysis program, a more 
comprehensive and in-depth set of analyses will be 
performed for a selected subset of remedial alternative 
scenarios. Additional refinements may be made to the 
models used in the first round of analyses, and a greater 
level of integration will be imposed on the models that 
will be linked to perform each analysis. These 
refinements and enhanced linkages will require greater 
time to perform each analysis, but will result in additional 
accuracy and detail in the analysis results. 

Upon completion of the phase two analyses for the 
selected remedial alternative scenarios, sensitivity 
analyses will be conducted for key parameters. Key 
parameters will be identified and a range of values will be 
identified for each key parameter. Sensitivity analyses 
will be performed by varying each parameter 
independently over its identified range to characterize its 
effect on the output values of interest. 

VII. DISCUSSION AND CONCLUSIONS 

Based on the conceptual model of the system, the 
adequacy of the available data, and the stated goals of the 
alternatives evaluation study, an analysis program plan 



remedial alternatives. The plan will be implemented using 
a combination of analytical ground water flow and 
contaminant transport models. This allows each portion of 
the study to be addressed using the appropriate tool, 
without having to develop a large three-dimensional 
numerical ground water flow and transport model, thereby 
reducing project costs. Because the goal of the analysis is 
to provide comparative engineering analyses of the 
various alternatives, analytical models provide the 
necessary flexibility in analyses without the need for a 
three-dimensional model calibrated to site-specific 
conditions. 

Phytoremediation (remediation of soil and ground 
water via uptake of chemicals by plants) had been 
identified at the outset of this study as the most promising 
of the retained alternatives because of its relatively low 
capital cost and O&M costs, passive nature, and potential 
to provide long-term protection of the surface water in 
North Walnut Creek. One of the most challenging aspects 
of the remedial analysis study will be the required 
interaction between the hydrogeologic analysis team and 
the phytoremediation design team. The phytoremediation 
design team requires information regarding the subsurface 
soil and water chemistry, depth to ground water, vadose 
zone moisture content, and the extent and magnitude of 
contaminant levels in ground water to be remediated. The 
hydrogeologic analysis team requires information on the 
length of initial growth period, likely depth of root zones, 
rate of evaporative losses, and estimated chemical uptake 
or binding rates by the selected plant species. This 
information will then be used to assess the 
phytoremediation alternative. 

Finally, a Performance Monitoring Program Plan will 
be developed for each of the remedial alternatives. The 
purpose of each Performance Monitoring Program Plan 
will be to ensure that the potential alternative will meet the 
Rocky Flats Clean-up Agreement (RFCA) objectives for 
the SPP. To meet these objectives, each plan will be 
developed to include a performance monitoring network 
identifying the monitoring frequency and the criteria that 
will be used to evaluate the monitoring data and 
demonstrate performance of the remediation system. The 
results of this study will be factored into the selection of 
the preferred remedial alternative, or combination of 
alternatives, for the SPP. 

Available results from the noted analyses will be 
presented during this conference. This paper is the second 
paper in a series of three technical papers dealing with the 
selection of a remedy for the SPP. The final paper, which 
is currently in preparation, will contain the results of the 
remedial alternatives analyses, a more in-depth look at the 
phytoremediation alternative, and information from the 
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Figure 1 - Map showing areas within the Rocky Flats 
Environmental Technology Site. 

I 
Figure 2 - Location of Interceptor Trench System (ITS) as 
wells as the Solar Evaporation Ponds (SEPs) and the 
configuration of the nitrate plume in 1995. 
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Figure 3 - Illustration of the conceptual model for the Solar Ponds hillslope aquifer system and initial boundary conditions 
which will be used in the modeling analyses. 


