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1.0 INTRODUCTION 

This report presents an interpretation and summary of the hydrogeologic and contaminant 
conditions in the vicinity of IHSS 119.1, OU1, Rocky Flats Environmental Technology Site 
(WETS), including: 

0 Hydrogeologic and geochemical conditions which define and control the 
release, transport and fate of Volahle Organic Compounds (VOCs) 

0 Location and release of VOCs 

Migration rate and fate of VOCs 

0 conceptual model of the area around PHSS 1 19.1. 

This information has been presented to the Colorado Department of Public Health and 
Environment (CDPKE) and the U.S. Environmental Protection Agency Region, March 16, 
1995. The presentation used an overhead-slide/oral-presentation format, and was prepared in 
response to the concerns of the CDPKE (1994) and EPA (1994) regarding the OU1 Corrective 
MeasuresFeasibility Study (DOE 1995b). The data contained in the this summary is derived 
primarily from the OU1 Phase III RFYRI (DOE 1994), with additional data obtained from the 
OU1 CMSES (DOE 1995a) and the Rocky Flats Environmental Database System (DOE 
199%). 
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2.0 HYDROGEOLOGIC CONDITIONS 

The following sections summarize the surface hydrology and subsurface hydrogeology of the 
881 Hillside in the vicinity of IHSS 119.1. 

". 

2.1 GROUNDWATER A&?) SURFACE WATER 

Steep hillside covered with grass promotes runoff rather than groundwater 

recharge. 

0 Average precipitation = 15 idyr. 

. -  40% in spring (about 2 months) 
30% in summer (about 2 months) 
30% in autumn and winter (about 8 months) 

1 

i 

I This indicates that groundwater recharge is episodic, and that a discontinuous 
saturated zone in the colluvium is to be expected. The hillside is dry at the 
surface most of the year. 

Average potential evapotranspiration (ET) = 39 d y r ;  ET >>> precipitation. 

Ths also indicates very dry hydrogeological conditions are to be expected. 1 
I Three main hydrogeologic units were identified in the Phase III RFI/RI 

(Figure 2- 1): 

- Colluvium, weathered claystone and siltstone with some sandstone 
(correlates approximately with the so-called upper hydrostratigraphc 
unit). Saturated hydraulic conductivity is about 10" c d s e c  indicative 
of silty sand. 

I 
1 

- Claystone and siltstone with some sandstone (correlates approximately 
with the so-called lower hydrostratigraphic unit and bedrock). Saturated 
hydraulic conductivity is about lo4 c d s e c  indicative of silt. 1 

I 
2 
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- Alluvium (along Woman Creek) (part of the upper hydrostratigraphic 
unit). Hydraulic conductivity is slightly greater than that of the 
colluvium. 

0 Groundwater occurrence in colluvium and alluvium: 

- Typically there are about 40% dry wells in winter and 20% in spring; 
large areas of the hllside are typically dry even in the spring 
(Figures 2-2 and 2-3, Table 2-1). 

- Well hydrographs often show dry conditions in many wells (Figure 2-4). 

- Groundwater levels fluctuate with precipitation (Figure 2-5). Thls 
indicates episodic recharge (short periods of recharge with long dry 
periods in between). 

- Saturated thickness varies by 30% or more over a typical year, 
indicating short-term dynamic conditions. 

0 Apparent vertical downward grahents (colluvium to bedrock) are indicated by 
observed water levels (DOE 1994). This is addressed further in Section 3.0. 

0 Flow is downhill from MSS 119.1 toward Woman Creek (Figures 2-2 and 
2-3). 

0 Flow is channelized due to variations in colluvium thickness (DOE 1994, 
1995a) (Figures 2-6 and 2-7). A model based on this interpretation has been 
used to calibrate a groundwater flow and transport model (DOE 1995a). More 
flow occurs through these so-called "bedrock channels" because of greater 
saturated cross-sectional area (Figure 2-6). 

From the above observations and interpretations, it is concluded that saturated flow is 
discontinuous in time and space. 
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2.0 HYDROGEOLOGIC CONDITIONS 

The following sections summarize the surface hydrology and subsurface hydrogeology of the 
381 Hillside in the vicinity of IHSS 119.1. 

2.1 GROUNDWATER ArUi SURFACE WATER 

0 Steep hillside covered with grass promotes runoff rather than groundwater 

recharge. 

0 Average precipitation = 15 idyr  

40% in spring (about 2 months) 
30% in summer (about 2 months) 
30% in autumn and winter (about 8 months) 

This indicates that groundwater recharge is episodic, and that a discontinuous 
saturated zone in the colluvium is to be expected. The hillside is dry at the 
surface most of the year. 

Average potential evapotranspiration (ET) = 39 a y r ;  ET >>> precipitation. 

This also indicates very dry hydrogeological conditions are to be expected. 

e Three main hydrogeologic units were identified in the Phase III RFI/RI 
(Figure 2-1): 

- Colluvium, weathered claystone and siltstone with some sandstone 
(correlates approximately with the so-called upper hydrostratigraphic 
unit). Saturated hydraulic conductivity is about 10" c d s e c  indicative 
of silty sand. 

- Claystone and siltstone with some sandstone (correlates approximately 
with the so-called lower hydrostratigraphic unit and bedrock). Saturated 
hydraulic conductivity is about c d s e c  indicative of silt. 
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2.0 HYDROGEOLOGIC CONDITIONS 

The following sections summarize the surface hydrology and subsurface hydrogeology of the 
88 1 Hillside in the vicinity of IHSS 1 19.1. 

2.1 GROUNDWATER AND SURFACE WATER 

0 Steep hillside covered with grass promotes runoff rather than groundwater 

recharge. 

Average precipitation = 15 idyr  

40% in spring (about 2 months) 
30% in summer (about 2 months) 
30% in autumn and winter (about 8 months) 

This indicates that groundwater recharge is episodic, and that a discontinuous 
saturated zone in the colluvium is to be expected. The hillside is dry at the 
surface most of the year. 

Average potential evapotranspiration (ET) = 39 d y r ;  ET >>> precipitation. 

This also indicates very dry hydrogeological conditions are to be expected. 

Three main hydrogeologic units were identified in the Phase IlI RFI/RI 
(Figure 2-1): 

- Colluvium, weathered claystone and siltstone with some sandstone 
(correlates approximately with the so-called upper hydrostratigraphic 
unit). Saturated hydraulic conductivity is about lo4 c d s e c  indicative 
of silty sand. 

- Claystone and siltstone with some sandstone (correlates approximately 
with the so-called lower hydrostratigraphic unit and bedrock). Saturated 
hydraulic conductivity is about loa c d s e c  indicative of silt. 

1 
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1.0 LNTRODUCTION 

This report presents an interpretation and summary of the hydrogeologic and contaminant 
conditions in the vicinity of IHSS 119.1, OU1, Rocky Flats Environmental Technology Site 
(WETS), including: 

Hydrogeologic and geochemical conditions which define and control the 
release, transport and fate of Volatde Organic Compounds (VOCs) 

Location and release of VOCs 

Migration rate and fate of VOCs 

i 
Refined hydogeologic conceptual model of the area around IHSS 119.1. 

," 

Ths  information has been presented to the Colorado Department of Public Health and 
Environment (CDPKE) and the U.S. Environmental Protection Agency Region, March 16, 
1995. The presentation used an overhead-slide/oral-presentation format, and was prepared in 
response to the concerns of the CDPHE (1994) and EPA (1994) regarding the OU1 Corrective 
MeasuresFeasibility Study (DOE 1995b). The data contained in the this summary is derived 
primarily from the OU1 Phase III RFI/RI (DOE 1994), with additional data obtained from the 
OU1 CMS/FS (DOE 1995a) and the Rocky Flats Environmental Database System (DOE 
1995~).  

1 



2.2 GEOCHEMISTRY 

The following is a summary of the geochemistry of the area in the vicinity of MSS 119.1. 

Winter (low recharge) data was analyzed in the Phase El RFYRI (DOE 1994). 

Two types of water are indicated: low total dssolved solids (TDS) and high 
TDS. 

I 

Within each of the two types, water quality is generally homogeneous 
indicative of single c o r n o n  water source (Figures 2-8, 2-9, 2-10, and 2-11). 
High TDS occurs in bedrock and colluvium; low TDS occurs in surface water, 
in colluvium at the top of the hillside and in alluvium near Woman Creek. 

Groundwater in colluvium is basically equivalent to groundwater in bedrock 
(Figures 2-8, 2-9, 2-10, and 2-11) except at the top and bottom of the hillside. 

High TDS water indlcates slow moving, older water. As water moves through 
the saturated zone, the longer it is contact with rock and sediments (longer 
residence time), the higher the TDS will be. There are no major changes in 
lithology, like rocksalt beds, that could change chemistry, Caliche, a potential 
source of soluble salts, is formed in the vadose zone in arid environments 
where recharge is episodic and groundwater is scarce except at great depth. 
Caliche is present in the subsurface at the site (DOE 1994). 

s Water at top and bottom of hillside is basically equivalent to stream water 
indicative of recharge (younger) water (Figure 2-8). At the top of the hillside, 
where the more permeable and flat-lying Rocky Flats Alluvium is present, 
recharge is more llkely to occur. The transition between the Rocky Flats 
Alluvium and colluvium is evidenced by seepage and springs at the top of the 
hillside (DOE 1994). I 

Water quality in Woman Creek is generally better than groundwater 

i 

I 

(Figure 2-8), indicating that surface water and runoff are main components of 
hydrologic cycle, and that groundwater is a minor component. Again, this 
suggests a dry, slow moving groundwater flow system). 
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0 Oxidizing conditions limit VOC degradation (DOE 1994). T ~ I S  will be 

discussed further in-Section 5.0. 
t 

2.3 SUILII\/LARY OF HYDROGEOLOGIC CONDITIONS 

The following is a summary of the previous sections. 

Low permeability colluvium, alluvium and bedrock. 

Episodic recharge with periods of dry conditions between recharge events. 
Average infiltration is zero; net discharge to land surface is indicated. 

0 Flow is channelized due to dry conditions and thicker colluvium. 

0 Slow moving groundwater flow system. Large zones of dry colluvium exist. 
Flow is discontinuous in time and space. 

0 Water source for colluvium is bedrock except during springlsummer 
high-precipitation periods. 

17 



’ .  

-1 

I 

7 

i 

3.0 DETAILED HYDROGEOLOGIC CONCEPTUAL MODEL 

Figure 3-1 illustrates the hydrogeologic conceptual bf the area in the vicinity of MSS 1191. 
Groundwater flow is downhill. Recharge is primarily from bedrock, with smaller amounts 
from Rocky Flats Alluvium and episodic recharge. Discharge is by evapotranspiration from 
land surface, to Woman Creek, and to the French Drain. 

Figure 3-2 shows how apparent vertically downward gradients could be measured at the site. 
In the figure, the two wells measure different flow lines, and the apparent vertical gradient 
does not indicate actual vertical downward flow. 

P\EGG-RWREA8\99 l\MODEL\CMWC. WP5 
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4.0 NATURE AND EXTENT OF CONTAMINATION (IHSS 119.1) 

The following is a summary of the nature and extent of contamination in the vicinity of IHSS 
119.1. 

0 Figure 4-1 is an aerial photograph which shows where suspected drums 
containing waste were stored in IHSS 119.1. 

0 Significant groundwater contamination has not been observed in bedrock 
(Figure 4-2). Significant contamination in colluvium is indicated in wells 
4387, 1074, 974 and 487 (Figure 4-3). These are the target wells. 

0 The distances from well 4387 to well 1074, and from well 4387 to well 487 
are about the same. Based on the rule-of-thumb that dissolved concentrations 
below 1% of a VOCs solubility lirmt do not inhcate the presence of a dense 
non-aqueous phase liquid (DNAPL), DNAPL is assumed to occur near wells 
4387, 974 and 1074, but not at well 487. Mobile DNAPL is not hkely because 
of the short distance to well 487. This indicates that DNAPL is immobile. 
Consideration of the available data has indicated that the suspected DNAPL is 
in a residual state. 

0 Transient fluctuations of concentrations in the target wells are shown in 
Figures 4-4, 4-5 and 4-6. Fluctuations in 4387 and 974 indicate that 
steady-state concentrations exist near the source of VOCs. Fluctuations in well 
487 indicate increasing but near steady-state concentrations. The large spike in 
concentrations in 1992 were caused by the installation of the French Drain. 
The subsequent decrease in concentrations after the French Drain was installed 
were caused by the installation of the extraction well. The French Drain pulled 
the VOC plume toward well 487, and the extraction well pulled the plume 
back. 

0 Suspected residual DNAPL zone in MSS 119.1 
_^I ~ 

- Groundwater concentrations in wells 4387, 1074 and 974 indicate the 
presence of DNAPL (Figures 4-4, 4-5, and 4-6). 

21 
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- The variation in TCE concentration versus saturated thckness for wells 
4387 and 457 are shown in Figures 4-7 and 4-8. TCE Concentration is 
inversely correlated with saturated thckness in well 4387 but not in 
well 487. It is hypothesized that residual DNAPL exists below the 
water table near well 4387, but not near 487. Constant mass transfer 
from residual DNAPL into water at well 4387 results in the observed 
correlation. At well 487, the correlation may be direct rather than 
inverse: concentrations at 487 are probably diluted by episodic recharge 
from precipitation. Ths supports the concept that recharge is episodic. 

- Concentration of VOCs in soil are shown in Figure 4-9. VOCs are 
concentrated in the bedrock channel below the water table. VOCs are 
not indicated outside the channel. Dry conditions are indicated in the 
subsurface away from the bedrock channel. 

- Concentrations of VOCs in Soil gas are shown in Figure 4-10. 
Anomalous (high) concentrations correlate well with where suspected 
drums were located (Figure 4-1). 

From this information it is concluded that there is probably a residual, immobile DNAPL 
phase in the areas where suspected drums were stored. The DNAPL is below the water table 
and above bedrock, and is confined to the area where the bedrock channel crosses through the 
IHSS 119.1 area. 
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5.0 FATE AND TRANSPORT 

This section summarizes the transport and fate of VOC contaminants in the vicinity of IHSS 
119.1. 

Decay is probably occurring but at a slow rate. Dichoroethylene, a common 
degradation product, has been detected in groundwater. Groundwater transport 
rates are probably lugh enough that concentrations at well 487 should be nearly 
equal to those near well 4387. However, this is not the case. Therefore, it is 
concluded that VOCs volatilize from the saturated zone into the vadose zone 
and escape to the atmosphere. The dissolved VOC plume is passively removed 
from the subsurface. 

Dissolution of the residual D N M L  phase is the source of dissolved VOCs in 
groundwater. The source is below water table, above bedrock and confined to 
the area where suspected drums were stored in MSS 119.1 (Figure 4-1). 

e Rate of movement of VOCs: 

Hydrogeology 3.3 to 803 Wyr (Phase III RFI/RT, DOE 1994) 

Modeling 22 ftlyr (Feasibility Study, DOE 1995a) 

French Drain < 10 Wyr [Recent monitoring of the French 
Drain has indicated that no VOCs 
have arrived at the French Drain 
according to data in the Rocky Flats 
Environmental Database System 
(DOE 1995c)l 

Mass of residual DNAPL: 

Model 24 Liters (See attached draft calculations) 

"Dissolution" 30 Liters (See attached draft calculations) 
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6.0 SUMYMRY OF CONCLUSIONS 

Site hydrogeology is well understood 

French Drain and Woman Creek are local hydrogeological boundaries 

Contamination at site is well understood 

Contaminants moving very slowly to not at all 

Plume is being passively remediated 

DNAPL is in residual state and immobile 

Maximum of 30 Liters of DNPLPL 

Residual DNAPL is beIow water and restricted to the area beneath where 
drums were stored 

Model predictions are conservative by at least one order of magnitude (DOE 
1995a). 
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