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1.0 Introduction

This report was prepared at the request of the Rocky Flats Ficld Office Environmental Restoration
program (RFO ER). The purpose of the evaluation was to examine how well the data presented in the
QU4 Solar Evaporation Pond Interim Measures/Interim Remedial A ction Environmental A ssessment
Decision Document support the conclusions of the document, especially those pertaining to the
groundwater flow system. A consistent, defensible conceptual model of the groundwater flow system
is critical for designing the compliance well network for post-closure monitoring of the Solar
Evaporation Ponds at Operable Unit No. 4 (OU4) to assure that important contaminant migration
pathways are monitored. The assurance of adequate monitoring 1s important for gaining regulatory
concurrence on, and public acceptance of, the present closure plan. In addition, the site conceptual
model will determine the perception of remaining data gaps and additional work needed to fill those
gaps. It will also strongly influence the exposure pathways addressed in the baseline risk assessment
(BRA) for the site. The results of the BRA will determine the perceived level of risk related to the
sitc and drive further remedial actions.

Despite the importance of the conceptual model of the saturated flow system, the discussions of it in
the decision document are unfocused, and the model is not adequately supported by the data
presented. Conclusions regarding the nature of the saturated flow system at OU4 are inconsistent
among the various volumes of the decision document (Parts I - VI). Definitions of hydrostratigraphic
units vary among the volumes, and hypothesized preferential flow paths are often inconsistent with
hydrostatic unit definitions within the same volume. In addition, the data presented do not provide
adequate support for the conclusions about the flow system and the existence of preferential flow
pathways. In some cases adequate data appear to be available, but are not presented in a systematic
way in the report. In other cases, the data either do not exist or appear to support conclusions
contrary to those of the report.

Section 2 presents discussions of inconsistencies and deficiencies in the decision document with
respect to definition of the saturated flow system model and how they may affect the proposed post-
closure monitoring plan and Phase II investigations. It also identifies data gaps and makes specific
recommendations about additional data analysis and systematic presentation that would make the
conclusions of the decision document more consistent and defensible.

2.0 Saturated Zone Flow Model
2.1 Definition of the Upper Hydrostratigraphic Unit

The following are three definitions of the upper hydrostratigraphic unit (HSU) quoted from the
decision document. The first is from Part I of the decision document (Introduction, Section 1.4.7.2, p.
1-46). This volume summarizes site characteristics.

"Two HSUs (designated upper and lower units) have been identified at the site. The unconfined
groundwater occurs in the upper HSU within the unconsolidated geologic material. The upper HSU
includes the Rocky Flats Alluvium, which is present on broad topographic highs, colluvium along the
valley slopes, and the valley fill alluvium present in modemn strecam drainages. ..."

The second definition of the upper HSU is from Part II of the decision document (Phase I Remedial
Investigation Report, Section 11.5.3.3, p. 11.5-14). This scction is a description of the saturated flow
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system in the conceptual modecl and fate and transport scction.

"The saturated ground water zone immediately underlying the vadose zone at QU4 is termed
the upper hydrostratigraphic unit (HSU). This unit i1s comprised of both Rocky Flats Alluvium
and associated soils, and weathered bedrock lithologies. ..."

The third definition is from Part VI of the decision document (OU4 Phase II RI/RFI Work Plan,
Section V1.3.3.1, p. VL.3-32), which summarizes groundwater hydraulics.

"The Upper HSU consists of unconsolidated sediments. In arcas where the underlying
Arapahoe Formation is sandstone, it is included in the Upper HSU. .."

The following statement occurs on p. VI.3-33.

"Common usage equates the Upper HSU, the unconsolidated unit and the alluvial untt. The
Lower HSU refers to the bedrock unit, excluding bedrock sands in contact with the Upper
HSU.

This description of the hydrogeologic system does not specifically identify the weathered
claystones and siltstones of the bedrock as an important water-bearing unit. ... Results of the
RCRA monitoring program have shown that the weathered bedrock and the uppermost
bedrock sands may act as pathways for contaminant migration. ..."

The apparent confusion about which geologic units should be considered part of the upper HSU is
obvious from the discrepancies in the above definitions and occurs throughout the six volumes of the
decision document. It makes descriptions of the flow system unnecessarily complicated and confusing
and affects perceptions of migration pathways. See the example of the post-closure monitoring plan
described below.

Properly defined the upper HSU should include all geologic units in direct hydraulic communication
within the watertable aquifer. There is very good evidence that these units include at least the
unconsolidated materials, the weathered bedrock, and the near-surface Arapahoe sandstones. The
evidence includes watertable maps, hydrographs, hydraulic conductivity data, vertical hydraulic
gradients, seismic refractions results, and the occurrence of contaminants in bedrock. The upper HSU
could also include deeper bedrock, but data are insufficient to assess that possibility. The available
data, thus, are sufficient to define units belonging to the upper HSU and to identify an important data
gap. These data, however, need to more completely analyzed than has been done in the decision
document, reinterpreted in some cascs, and presented in a more systematic manner to provide the basis
for a consistent, defensible definition of the upper HSU.

2.2 Existence of Preferned Migration Pathways

Related to the confusion over the definition of the upper HSU, the decision document discusscs flow
in the alluvium and the bedrock scparately and hypothesizes at least four preferred migration
pathways. For example, the following statement is made in the summary to Scction I11.3.5 (Section
11.3.5.5, p. 11.3-124) of Part II. This scction describes the geological characterization results.
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"Bascd upon the geological investigations within QU4, four potential contaminant pathwayvs
were identified. These pathways are the incised bedrock channels which are often filled with
material (alluvium Lithofacies 1 and 2) that exhibit a relatively higher value of hvdraulic
conductivity (~107“ to 107 cm/sec) than other alluvial or bedrock units, the semi-consolidated
“weathered" bedrock zone identified by borchole and refraction seismic data, a sandy lens
beneath the area of pond 207-C, and fractures within the bedrock.”

2.2.1 Existence of Preferred Flow in Incised Bedrock Channels

Alluvial materials in the bedrock channels are stated to be important preferred groundwater flow
pathways throughout the volumes of the decision document, with the exception of Part V, the post-
closure monitoring plan, where they are not explicitly considered when siting wells. Fig. 1 shows a
conceptual model of {low in the hypothesized bedrock channels as descnibed in the decision document.
Fig. 2 shows the inferred locations of the bedrock channels as shown in the decision document.

The first lines of evidence presented in the decision document for preferred flow in the bedrock
channels are topographic and stratigraphic. The topography of the top of the bedrock (defined by the
alluvium/colluvium-bedrock contact) is interpreted to contain the incised channels. The topography of
the bedrock surface is inferred from boring logs and seismic refraction data. However, the existence
of the channels is not supported by the borehole and seismic data. First, lithologic control in the
critical area, the northern hillside, is very poor and cannot support the dctailed top of bedrock contours
drawn on decision document figures (e.g., Fig. [1.3.5-14). Second, lithologic cross scctions presented
in the decision document either do not show any evidence of the incised channels at the mapped
locations or do not show coarse-grained lithofacies in channels where there may be some evidence of
their existence (Fig. 3).

The interpretations of the scismic refraction data presented in decision document Figs. 11.3.5-20 to
11.3.5-26 do not support the existence of the channcls either. First, neither the original seismic data
nor a detailed analysis of the data is presented, and the lines are not tied into actual boring logs in the
report (only locations are shown). Therefore, the validity of the interpretations cannot be confirmed.
In addition, there are indications that the geophone spacing and the methodology for elevation
determination may not have produced the resolution necessary to map the detail shown on the seismic
interpretations. The discussion in Section 11.3.5.4.2 states that vertical accuracy is estimated to be one
to two feet and horizontal accuracy is estimated to be five fect. Many of the features mapped,
including depressions in the weathered bedrock surface, are of the order of five feet or less. In
addition, there are no seismic lines in critical areas on the hillside.

Sccond, even the interpretations presented do not appear to support the existence of the bedrock
channels. For example seismic lines 2, 5, 6, and 7, which are perpendicular to the hypothesized
channcls, do not show significant relicf or indicate large seismic velocity differences at the alluvium-
bedrock contact (e.g., Fig. 3 and Fig. 7). They do indicate some relicf and large velocity differences
at the weathered bedrock-competent bedrock contact, indicating there may be some confusion about
where the channels are supposed to be. In any case the cvidence provided by the boring logs and
scismic data nced to be rcanalyzed and interpretations carefully checked.

The sccond line of cvidence to support preferred flow in the alluvium in bedrock channels is
cssentially hydrologic and is based on the contention that alluvial materials in the channcls have
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significantly higher saturated hydraulic conductivitics (K) than underlying lithologics (i.e., K
>> chaihcrcd bcdrock)' Tl.mis contcn'ti(.)n is not well supported py the data. Rcsu1t§ ova . -
measurements are presented in the decision document for three different methodologies: insitu BATTM
tests and Guelph permcameter tests, and laboratory determinations from "undisturbed samples". None
of these methods can be expected to provide really accurate determinations of K; however, on a
rclative basis all methods indicate that Ks for alluvial and bedrock materials overlap (Fig. 4 and Fig.
5). The BAT™ data plot scparately on Fig. 4, and appear to be anomalously low, indicating that the
data from that method may not be comparable to data from other mcthods. Aquifer test data from
QU4 and other Rocky Flats OUs also indicate overlapping K values for alluvium and bedrock,
especially for depths less than about 60 feet (Fig. 6).

alluvium

The decision document claims that Rocky Flats Alluvium Lithofacies 1 and 2 have the highest Ks, and
perhaps these could be distinguished from most bedrock Ks. However, the data in the decision
document are not prescnted in such a way that K differences between lithofacies are obvious, and
further analysis is necessary to test this claim. Additional problems with the interpretation of K
differences between alluvium and bedrock is that the coarse-grained alluvial facies do not appear to
occur in the mapped bedrock channels (e.g., Fig. 3), and most of the length of the mapped bedrock
channels is on the northemn hillside which is underlain by fill and colluvium. It is, thus, not clear that
measured K values for the facies of the Rocky Flats Alluvium are relevant to transport pathways on
the hillside.

2.2.2 Other Preferred Flow Paths

The definition of the other preferred flow pathways does not appear to be very meaningful based on
available data. The pathways are defined as the weathered bedrock, the uppermost Aprapahoe
sandstone, and fractures within the bedrock. As discussed under definition of the upper HSU above,
the evidence is very good that the weathered bedrock and the Aprapahoe sandstone are in direct
hydraulic communication with the alluvium and with each other when they are physically juxtaposed.
There is some evidence provided by oxidized fractures within the bedrock that fractured bedrock is in
hydraulic communication with the other units. Consequently, as discussed above, the data indicate
that the alluvium, the weathered bedrock, and the Arapahoe sandstone should be considered one
hydrologic unit. Contrary to the impression created by mapping alluvial and weathered bedrock
contours separately, as is done in the figures in Section I1.3 of Part II, the elevation of the watertable
is simply gravity controlled and is independent of geologic unit.

Possible evidence for the existence of preferred flow paths 1s the occurrence of seeps along the
northern hillside. These secps are not adequately considered in the decision document. Section II1.5
cross sections do not clearly indicate the contact at which these seeps occur. It may be very useful to
review available data to attempt to determine the origin of the seeps. The extent of communication
with the fractured bedrock needs to be investigated further via hydrographs, decper borings,
monitoring wells, and aquifer testing.

2.3 Relationship of Conceptuat Flow Model to Post-Closure Monitoring and Phasce II Investigations
The post-closure monitoring plan does not appcar to be based on a consistent definition of the upper
HSU or on the four preferred migration pathways proposed in Part II of the decision document.

The post-closurc monitoring plan defines the upper HSU as the unconsolidated material and the
weathered bedrock, but then describes wells as alluvial, weathered bedrock, and upper HSU, as if
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these were three scparate hydrologic units. In addition, it docs not discuss the possible existence of
preferred migration pathways and specifically docs not proposc wells in mapped bedrock channels, the
uppermost Arapahoe sandstone or in bedrock below the weathered zone (Fig. 7). Thus, the
monitoring plan does not appear to have taken into account the conclusions of the Phase I Remedial
Investigation Report. As discussed above, these particular conclusions are not necessarily correct;
however, to be defensible the post-closure monitoring plan needs be based on some clearly definable
conceptual model that is supported by data.

The locations and depths of proposed Phase II monitor wells should refiect the conceptual flow model
and identified data gaps. Part VI (Phase 1I Work Plan) describes the locations of 11 new alluvial
wells and 17 new weathered bedrock wells. Preliminary review indicates that siting of the wells
appears to be related primarily to spatial coverage of the area, although a statement is made that if
bedrock channels are found at least one well will be sited in each. The plan separates wells into
alluvial and weathered bedrock with no recognition that both belong to the upper HSU. One obvious
deficiency in the investigation is the lack of proposed wells in the bedrock underlying the weathered
zone, although fractured bedrock has been identified as a flow pathway.

Few details about proposed slug tests and pump tests are given. For example, no locations are
provided for the slug tests. From the descriptions of the pump tests it is not clear that they will
provide critical data on hydraulic communication between units. For example, no tests are proposcd
for bedrock below the weathered zone. It would be uscful to analyze the locations of proposed
monitoring wells and the design of aquifer tests in more detail in relation to valid flow models and
identified data gaps.
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