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1.0 
INTRODUCI'ION 

The Environmental Restoration (ER) Program for the Rocky Flats Plant (RFP) is designed to 
investigate and remediate contaminated sites at RFP and indqpes the following five major 
activities: / f 

Activity 1 Installation Assessments 
Activity 2 Remedial Investigations 
Activity 3 Feasibility Studies 
Activity 4 Remedial Designs/Remedi@"Actions 

$" '9.. 
I r4 

k *$ 
Activity 5 Compliance 8" 11' 

\ 
3 ,  

A' g /*".ro 
<\ *bk$, g3  / 

a, k. 
This report presents the results of the Oper_able Unit No. 2 (OU-2) Phase 11 Resource 
Conservation and Recovery Act (RCRA) Facility Investiga$on/Comprehensive Environmental 
Response, Compensation and LiabGtyAct -1 (CERCLA) RexT$dial Investigation (RFI/RI), which 

-7 
is one component of Activity 2 not above. 

, '\ / 4--\3* 

\ * ;  ., 
Activity 2 at OU-2 (also known as the'k903 Paa, Mound, and East Trenches Areas) includes 
Phase I and Phase 11 remFdial.investigatio*nsh A Phase I field program was completed and a 

", > \  
draft remedial investigationfeport RockwelUnternational 1987c) prepared in 1987. Based on 

+f 2' 'VN 
the results, Phase 11,FWI"/RI Wor Plans.,(gOE 1991a, 1991b, and 1993a) were submitted to 

1 ' )  
U.S. Environmentaf'Protetion $ge-ncy-(EPA) and Colorado Department of Health (CDH) in 
1991 and 1993 and Phast 11 fi@d work performed in 1991 through 1993. 

-% 

-"c - 
* -- 
".. 4 

*'s. kg ,-" 

a -.. 
'*., "i.; 

e field.ac$vities performed during the Phase 11 alluvial and bedrock 
\, \\ 

field investi&tions; char"ac<$rizes the contaminant sources, defines the nature and extent of 
surface water, sediments, air, and 

characterizes the environmental setting; and 
These results are used to develop remedial action includes a 

objectives. 

This section provides an introduction and presents the organization of the Phase I1 RFI/RI 
report; the investigation objectives, a brief discussion of the background of RFP including plant 
operations, OU-2 Individual Hazardous Substance Site (IHSS) locations and descriptions, a 
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summary of previous investigations; and a summary of Phase I1 RFI/RI work plans and 
technical memoranda. 

1.1 REPORT ORGANIZATION 

‘t The OU-2 Phase II RFI/RI Report is organized into ten maior &ions including references, 
r f  and appendixes: f /’ 

/ \ 

summaries of workplans and tech&+ memoranda. 

/* I?%. %., Section 1.0, Introduction, describes thejreport orga@zation, presents the 
detailed investigation objectives and backgroukd”inforrnation;,a>d%provides i, 

\$ 
d 

scope of the Phase II alluvial 
ctivities performed, sampling 

uments deviations from the 
ing sitewide investigations that 
ata from OU-2 that will be used - in the site chara 

b Section 3.0, Physi ics of OU-2, describes the existing physical 
conditions,,m*e’tZorqlogy, gy, soils, geology, hydrogeology, surface water 

mination, describes the nature and 
bsurface soils, groundwater surface 
n begins with a description of the 

validation process, how data are 
equently detected compounds are 
re and extent of contamination in 
s: (1) 903 Pad Area, (2) Mound 
theast Trenches Area. However, 

the discussion relating to groundwater will be addressed on an OU-2-wide basis 
and discussed separately. 
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Section 5.0, Contaminant Fate and Transport, discusses the factors that affect 
the  movement and persistence of the contaminants identified in Section 4.0. 
This section also discusses the OU-2 potential routes of contaminant migration, 
and includes a summary of the fate and transport modeling performed to 
support the risk assessment. 

Section 6.0, Baseline Health Risk Assessmentppresents a summary and the 
results of the Baseline Health Risk Assess'ment Report specific to OU-2 (the 
complete Baseline Health Risk Assessment,Report+k presented in Appendix H). 

Section 7.0, Environmental Assessment, presents a summdry of the evaluation 
of the nature and extent of conhmination in biota, its relationship to abiotic 
sources, and the tem, community, 
population and ind izations (the complete 
Environmental Evaluation re 

,̂ ) 

'\./ \\".t, 

4 p 
/4,, 

/ 1 '"g, \ 

/'\, a- / 
-r J 

Section 8.0, Summa 
of the report and r 

Section 9.0 contains t 

s a brief summary of the fiidings 
objectives (RAOs). 

b ,# / ---e- 

," 1 /-*7x*+--- B - gr Appen&es A, B,Ti C provide supporting geologic, hydrogeologic, and 
% 

analyti& data, respectively. -.\ %\\ 

/+@@----%* N,, "\ 
/rF<4----% AQpendih-fkesents %, the details of the surface soils investigation and ./ J 

, = ' i  $8 rethti. 

ndix E provides the detailed methodology, assumptions and results 
groundwater modeling. 

Appendix F provides the detailed methodology, assumptions, and results 
of the surface water modeling. 
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Appendix G provides the detailed methodology, assumptions, and results 
of the air modeling. 

- Appendix H is the Baseline Health Risk Assessment Report. 

*% ..i' Determme the extent of saturation of and groundwater flow directions for the 
unconfrned flow system both spatially and temporally. 

Describe the interaction between the surface water and groundwater pathways. 
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b Determine the hydraulic connection between surficial deposits and bedrock and 
quantify material properties. 

b Delineate the Arapahoe Formation sandstones. 

Fh, 
,<+ *x 
i '  

Characterize Contaminant Sources 
/ ,b" 

8%, \\& d 

4 
b Characterize the nature and distribution of wa&t*materials remaining on site. 

f *eA / ''*-\:''. 
b (/ h ".i, Characterize soils beneath wastes as weWas soils at sites where wastes have been 

removed as potential contaminantsources. 
,/)' 

b Identify which sites are sourcy'o@oundwater and surface water contamination. 2 \, <. \%/' /" 
"t. Characterize the Nature and Extent of Contaminatidn 

b Determine the horiz3ntal.a of radionuclide contamination in 
surficial soils due t 

b Determine the nature ter contamination. 

b 

b 

Provide Data 

public health and the environment from the no action 

b Develop RAOs 
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Provide Data for Environmental Evaluation 

0 Assess the bioavailability and toxicity of the contaminants to the flora and fauna. 

The specific Phase I1 RFI/RI objectives for the bedrock program as presented in the Revised 
Bedrock Work Plan (TM8) (DOE 1993a) are presented below! 3' ,/ i't 4" 

$4 Evaluate the presence or absence of conta<maation in LHSU units and if 

Estimate the permeability of LHSU units containing contdmination to evaluate 

\ \  present, the source, nature, and vertical-extent of xptaminants in the LHSU. 
1 * ,  ,' "\\ +-\b\, 

""+\ 3 
0 

' 2 
whether viable migration pathwayyto human receptors exist, or if the LHSU 
units have sufficient well production capability to supply an on-site resident. 

i: %* 
1 e- 

'\ ", .." f 
*. "\vc* ' 

This TM8 field program is a refinement of tke.program previously described in the Bedrock 
Work Plan (DOE 1991b) using the "observationalXkp&achn methodology. 

"v, 'Y 

14*\4' "4 ~ 

, b-\'.* 

The TM8 field program focused on gathering *c_ data-to-?ufficiently verify that contamination . 
+*+" - 

associated with potential LHSU exposde, eathways-ishnited and that the LHSU exposure 
pathway is an incomplete pathway to human r&eptors. 

4, \\ 2 

\ P  

-*e--- lP / ,{ f 
The following sections'descrikjggEneralfthe plant operations at RFP and summarize the 
historical activities at each IHSS \- located within OU-2. 

*9\ k8 ' 

RFP l&tedd\northwest of Denver, Colorado, (Figure 1.3- l), is a government-owned, contractor- 
operated facility,hwhich is part of the nationwide nuclear weapons production complex. RFP 
was operated fo"r,the".U.S,/Atomic Energy Commission (AEC) from its inception in 1951 until 
the AEC was dissol$edfin January 1975. At that time, responsibility for RFP was assigned to 
the Energy Research and Development Administration (ERDA), which was succeeded by the 
Department of Energy (DOE) in 1977. Dow Chemical U.SA., an operating unit of the Dow 
Chemical Company, was the prime operating contractor of the facility from 1951 until June 30, 
1975. Rockwell International was the prime contractor responsible for operating RFP from 

'*%. ".* 
"h, \ 2 19 

b 
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July 1, 1975, until December 3 1, 1989. EG&G, Rocky Flats, Inc., became the  prime contractor 
at RFP on January 1, 1990, and currently operates the facility. 

The primary mission of RFP was to fabricate nuclear weapon components from plutonium, 
uranium, and other non-radioactive metals (principally beryllium and stainless steel). Parts 
made at RFP were shipped elsewhere for assembly. In addi t ionrwP reprocessed components 
after they were removed from obsolete weapons for recove4 of plutonium. 

Both radioactive and nonradioactive wastes were generatepm the,production process. Current 
waste handling practices involve on-site and off-site rtkyciing of h a i a f d b s  materials, on-site 
storage of hazardous and radioactive mixed was!ei>and off-site disposal*of solid radioactive 
materials at another DOE facility. However, ,both storage and disposal of hazardous, 

.p ,/ radioactive mixed wastes occurred on site @ !he past. Preliminary assessments under the 
Y P 2, 

Environmental Restoration Program identifiedtsome yf the past on-site storage and disposal 
".., "'w? locations as potential sources of environmentaI%contamination. 

132 

C '  
fl <\*\ 

,d -< 

; -\ "%, 
%, 'b 

* 4 
'\\ 3 

I 

"., \\ 
%\ k"!<> 

OU-2 Individual Hazardous"SubstaqSites (IHSS) '% Locations 

ou-2 contains the 903 Pad, 

-lr, 

----"", 
%\ 

kf Y-------p 
Mound, and k NortheyCTnd.$utheast k*f Trenches IHSS Areas located 

on the east side of the RFP protected a r b  (P&f The boundaries of OU-2 are shown on Figure 
1.3-2. Several IHSSs are included\in each IFSS. area because of their physical proximity to each 
other. Each IHSS was Bsigned\aA\IHSS reference number by Rockwell International (1987a) 
The IHSSs and their ,respectivyreferense.numbers are presented in Table 1.3-1. Figure 1.3-3 
shows previously Zfentified "fHsrs" b3undkies and revised IHSS boundaries. The IHSS 
boundaries were revised\m th," Historical Release Report (HRR) (DOE 1992a) based on 

-% 4 

/ /r, \ 
B d 4 kf 

,4* .@ 

\ \J /  
reevaluation oCarea1-p 

i p 

nd other historical records of waste disposal practices in 
f 

ou-2. /' / /--* 
I' /,t 

Because tlfeJ99 1 field investigations were performed prior to revision of the IHSS boundaries 
in the H R R  thbwell and'bgrehole locations specified in the alluvial program work plan (DOE 
1991a) were based onethyprevious IHSS boundaries. However, when the wells and boreholes 
were located in the field; their locations were adjusted, within limits allowed by the work plan, 
based on visual evidence of trench locations in the field (Le., depressions or mounding). A 
comparison of the revised IHSS boundaries relative to the wells and boreholes drilled during 
the 1991 field program, indicated each identified revised IHSS location was adequately 

'characterized by boreholes and wells, with the following exceptions. 

a4'\ 't. >,, 2 

"*., 

'\+.& ".., B f 
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Additional information reported in the HRR indicates that two previously unidentified trenches 
and a spray field are located in OU-2 (Figure 1.3-3). One trench is located west of IHSS 111.6 
(Trench T-9) in the Southeast Trenches Area, beneath the present East Access Road. This 
trench has been designated as Trench T-12. The second trench (designated as Trench T-13) is 
located approximately 500 feet east-northeast of the Inner East ,Gate guard station and south 
of IHSS 111.8 (Trench T-11). The spray field is located north'ofXentral Avenue and east of 
Trenches T-4 and T-10. The spray field has been designatedAas the East Spray Field (IHSS 
216.2). Because these two trenches were identified after bmpletion of the 1991 field 
investigation, they were not specifically addressed during the investigatien. However, a review 
of borehole data for OU-2 indicates that the Trench T212 location was t\ d>;Ued and sampled as 
part of the Well Abandonment and Replacement'&ogram (WARP) $2992. That program 
performed soil sampling and analysis activitiesh,the borehole for well 46792 that are similar 
to those performed for the alluvial field program. Thus, comparable data are available for 
characterizing Trench T-12 as are availableffor'the other trenches. Those data are included in 
this Phase I1 RFI/R.I Report and were used'h,the.characterization of nature and extent of 
contamination (Section 4.3.4.6). 

The second trench, Trench T-13, ,has<-?ot,&en specifiplly investigated due to its location 
beneath Central Avenue, which makes, it,i.ina&i%sibfe for drilling. However, based on 
information presented in the HRR, it &,believed that the waste disposed of in Trench T-13 is 
similar to that disposed of.iri"ih"eaother Northeast Trenches Area IHSSs @e., primarily sewage 
sludge, Section 4.3.3.5):. Therefore, the nathefand extent of potential contamination in this 
trench is expected to,& &nilart0 ttiatmbserved for the other trenches. Because this trench is 
similar to the other\ trenches in the N'ortheast Trenches Area, and sufficient groundwater 
monitoring wells are present <ip this area to adequately characterize any potential effects to 

necessary a t  this tune to meet theweeds of the Phase I1 RFI/RI Report, and, therefore, it was 
not performed. 

, '  

k i  

t '*> "1% 

"\ 

h, 

a, fi" 

-*.\ he, 
-'* '?\\ "=, *, 

i - x ,  --"*,.* '.\;* " -"- = ..*- - 
"*, &'" ,.r 

I *: f @% ' 

,? ,! .."-?,- B 

t*\ -w ,J 

groundwater from-thisdTench, .% 'b., it was judged that specific investigation of this trench is not 
P @ar"r"l..* a, &. 

a s /' <" 

(IHSS 216.2), has not been specifically investigated during the Phase II 
'* \ * #  

investigation. HoTever,,two plume characterization wells (05391 and 12391) were installed 
beneath this IHSS andJaybiased surface soil plot was located within this IHSS. Spray irrigation 
at IHSS 216.2 was similar to irrigation at IHSS 216.3, therefore the subsurface soil samples 
collected from beneath IHSS 216.3 will be used to characterize IHSS 216.2. 
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Site descriptions presented in the following sections are taken from the RFP Comprehensive 
Environmental Assessment and Response Program (CEARP) Phase 1 Report (DOE 1986a), 
the RCRA Part B Operating Permit Application (Rockwell International 1987a), and the HRR 
(DOE 1992a). These descriptions are based on historical records, aerial photography review, 
and interviews with RFP personnel. Further characterization of each site based on other 
historical reports and the Phase I RFI/RI results is also inc1uded;in the following discussions. 

132.1 903 Pad Area 

Five sites are located within the 903 Pad Area 

* % .  

B 
0 

0 

Gas 

Descriptions of each site within 

903 Drum Storage Site (IHSS 

in the following sections. 

-\a *\ 
7. P T <  ,""-s, "a The 903 Drum StoragyS$e, alsp referred to%t,s$the 903 Pad, is located southeast of RFP PA. 

s--.,. This IHSS was activedfrom the summer of-1928 to January 1967 for storage of drums containing 
radioactivelyantaminated ods and solvents: Presented below is a description of drums stored 
at the drum storage site %fFomcCalkins (1970). 

d P- "rr.- '4 

%\ %f ,d 

d to the field were nominal 55-gallon drums, but 
a'sijnificant number were 30-gallon drums. Not all were completely full. 

%Approximately threeifourths of the drums were plutonium-contaminated, while 
%, %..& 

mosthof thq balakce&ontained uranium. Of those containing plutonium, most 
were l&he+oolant'consisting of a straight-chain hydrocarbon mineral oil (Shell 
Vitrea) andkirbon tetrachloride in varying proportions. Other liquids were 
involved, however, including hydraulic oils, vacuum pump oil, trichloroethylene, 
perchloroethylene, silicone oils, acetone still bottoms, etc. Originally, contents 
of the drums were indicated on the outside, but these markings were made 
illegible through weathering and no other good records were kept of the 
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contents. Leakage of the oil was recognized early, and in 1959 or possibly 
earlier ethanolamine was added to the oil to reduce the corrosion rate of the 
steel drums." 

Drum leakage was noted at the 903 Drum Storage Site in 1964 during routine handling 
operations (Dow Chemical 1971). Corrective action consisted"of- transferring the contents of 
leaking drums to new drums and fencing the area to restrictdaccess (Dow Chemical 1971). 
Approximately 420 drums leaked to some degree, and of. thes;,-aq estimated 50 leaked their 
entire contents (Dow Chemical 1971). An estimated,5,000 g&on>of li uid (Freiberg 1970) 
containing 86 grams (g) (5.3 curies [Ci]) of plutonium IeaLd into the soil (Dow Chemical 1971). 
A heavy rainstorm in August 1967 spread contaminants to a ditch south and southeast of the 
drum storage site (Dow Chemical 1971x however-tthe location of the ditch is not provided in 
this reference. During an investigation conducted by, the AEC Health and Safety Laboratory 
(HASL), it was estimated that approximately 125 gramSof _ I *  Pu-239 were released from the 903 
Drum Storage site and redistributed by winds(Krey ayd Hardy 1970). 

Drum storage at the 903 Drum Storage-site occurred p r h b i l y  in the northern and eastern 
----..% 

portions of the area. Drums were not stored$ thekwthwest portion where Building 903 was 
constructed in 1967, and were only briefly stored at"the southeast corner. It appears that the 
drums stored south of the fenced area were p iced  at this location during cleanup operations 
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because they appear only,h"?~l968 aerikl Z b  photos. 
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The shipment of drumsd%o the'903""Drum-Storage Site ended in January 1967 when drum 
removal efforts began?\Removd o f - i d r u m s  and wastes was completed in June 1968. 
Presented below is a chrqnology of the 930 Drum Storage Site remediation as described by 
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map showing locations of the buildings identified 
below. 

'; a, 
1967, through March 10, 1967, uranium oil drums that were 
were transferred to Building 774 and processed. 

0 On March 10,1967, Building 903 started processing oil drums. This building was 
designed to prefilter the oil prior to transferring plutoniumcontaminated oil to 
Building 774 for fiial processing. 
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e From March 10, 1967, through May 18, 1967, there were a total of 191 drums 
of plutonium contaminated oil filtered and shipped to Building 774. 

e On May 18, 1967, operations at Building 903 were discontinued due to the 
amount of time this process was taking. 

, T\  

,' + 
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e Drum-to-drum transfer in the field began Mav18, 1967, and the drums were 
shipped to Building 774 without prior fiitr&<%-Building 903. 

$8 '% 
z %\ \%* 

e From March 17, 1967, through May ig''1967, in kdditikn/ to the. plutonium 
9% 

minated Ak-Tri waste shipped 

e al of 4,826 drums, containing 
and processed. 

e e were 650 drums from Building 
776 current genera 
from Building 775 to 

4 for processing. A pipeline installed 
d this additional oil drum generation. 

e oted that at the bottom of all drums a 
oval of oil. This sludge varied in depth 

from ,172+hch to'3 ikcRes-and;averaged approximately 1 inch. By drum counter 
results the\:judge withm the empty drums contained a total of 5,152 grams of 
plutonium. Th&e empty drums were later disposed of by adding Oil Dry and 
MiEE3Cel to absorbthe sludge. The drums containing the plutonium sludge and 

/ flAbsorbent were theneincased in plastic, placed in boxes, and shipped to the burial 
,$ +' 1' *' grounds. me location of the burial grounds is not provided by Freiberg (1970). 

There we>e*origin$ly a;otal' of 5,237 drums at the drum storage site when cleanup operations 
began in 1967:h,fte&transfer of the contents to new drums, 4,826 drums were transported to 
Building 774; of thckexdrums, 3,572 drums contained plutoniumcontaminated oil. This leaves 
unaccounted the contents of 411 drums. The most probable explanation for this discrepancy, 
according to Freiberg (1970), is a combination of the following factors: 
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e AU of the drums originally sent to the storage site were not completely full. 
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a Some of the volume was taken up by the sludge which was discarded with the 
empty barrels. 

a Leakage out of the barrels and onto the ground occurred. 

Information provided by Freiberg (1970) indicates that an est&ated 5,000 gallons of oil leaked 
from drums onto the ground at the storage site. This estimate,was based on the memory and 
knowledge of those involved in site operations (Freiberg 19+70J?kBased on oil samples taken 
from barrels, the average plutonium concentration was 4.54 x 10;; grams per liter (g/l) (9280 
microcuries per liter [pCi/l]). Thus, approximately &g (5.3 Ci) of*plutonium were released 
to soils at the drum storage site (Freiberg 1970). 

In November 1968, site grading began at the9032Drum ?torage Site in preparation for applying 
an asphalt cap over the area. This work&cfud@moving 8. "slightly" contaminated soil from 
around the fenced area to inside the fenced'area (EFeiberg 1970). A total of 33 drums of 
radioactively contaminated rocks were removed from-the-area in May 1969, and two courses of 
clean fill material were placed ovei'"the..site during theglate summer of 1969. The disposal 
location of the 33 drums was not provided by~FreibZrg(-l~70) and is unknown. The asphalt was 
applied in October 1969, and in Februa$lWO[addifional road base coarse material was applied 
to soils directly east and south of the asphalt pad due to soil contamination (Freiberg 1970). 
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The asphalt containment' y v e r  5 ripangularand *w oriented north-south (370 feet) and east-west 
(395 feet). The pad/lopks slightly""tbwthenortheast at a drop of one foot per 100 feet. The 
asphalt cover is ap;roh,atel( eGF"EZTitim*eters (an) (3.2 inches) thick and it is underlain by 
approximately fifteen cm46 mches) of loose gravel and eight cm (3.1 inches) of fill dirt (Navratil 
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eanup activities associated with the 903 Drum Storage Site, winds 
nium beyond the pad, primarily to the south and east extending to 
d. Approximately 16 grams of plutonium-239 were redistributed 

beyond the asphalt pad, in an area exceeding 2,000 acres. The most contaminated area was 
immediately adjacent to the pad to the south and southeast. 
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Soil cleanup efforts were undertaken in 1976,1978, and 1984 to remove plutoniumcontaminated 
soils from three different areas within the 903 Lip Site. The 1976 cleanup consisted of hand- 
excavating contaminated soils from an area in the vicinity of the Reactive Metal Destruction 
Site. Approximately 4,000 cubic feet, or 148 cubic yards, of soil were removed from the hot spot 
within the lip area. Removal of soil took place in a portable building equipped with a HEPA 
filter. The excavated area was covered with clean top soil and rdeeded with native grasses. 

The 1976 hand-excavation soil removal technique was inefficientkmsidering the large amount 
of contaminated soils requiring removal at the 903 Lip Site.JIn June 1978, a second soil removal 
project began north of the 1976 removal site, using a front-end loader+ony or in conjunction 
with a bull dozer. AU soil that exceeded 2,000 c p m a s  determined by a FIDLER survey, was 
removed. The area of soil r re feet and was 
approximately 9 inches deep. C1 al continued until 
background readings (approxima tained. Topsoil was 
then applied to the excavated are e grasses. During the 
1978 soil removal, 1,448 waste cr 

Approximately 0.5 Ci (8.2 g) of plu 
two soil removal projects. This q 
of 545 pCi/g (1,200 dpm/g) and a 
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eqfrorn the 903 Lip Site during the first 
n average soil plutonium concentration 
m per cubic centimeter (g/m3) (Barker 

1982). 

astern edge of the 903 Lip Site in 1984. A total 
were removed from the area; however, the soil 

Setlock (1984). The excavated area was backfilled with disposal location was 

ted south of the 903 Drum Storage Site and west 
been stated that the function of T-2 was similar 

to that of the East T?enghes and that prior to 1968, sanitary sewage sludge and flattened empty 
drums contaminated with uranium and plutonium were disposed of in the trench. However, the 
HRR states that Trench T-2 was used from approximately 1969 to 1971 for the disposal of 
nonradioactive liquid chemical wastes and that Trench T-2 was known as "Ryans Pit." It is 
believed that nonradioactive solvents were dumped in the trench as a method of disposal. The 
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solvents, disposed of in small quantities, included perchloroethylene, trichloroethylene, and 
possibly carbon tetrachloride. Other chemicals that were dumped included paint thinner and 
small quantities of construction-related chemicals. Trench T-2 is believed to measure 
approximately 10 feet wide by 20 feet long by 5 feet deep and has been backfiied and graded 
(Rockwell International 1987a and DOE 1992a). Barrels were noted in the western end of 

I '. 
- ,  Trench T-2 during 1987 investigations. # '  2' 
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Reactive Metal Destruction Site (IHSS 140) 

The Reactive Metal Destruction Site, also known as the'Hazardous Blspoyl Area, is located 
on the hillside south of the 903 Drum Storage Site,(Figure 1.3-3). This site'was used during the 
1950s and 1960s primarily for the destruction and disposal of lithium (Li) metal (DOE 19868). 
Approximately 400 to 500 pounds of metallic lithium yere destroyed on the ground surface in 
this area and the residues, primarily nonto$clit@im3/hrbonate, were buried (Illsley 1978). 
Smaller unknown quantities of sodium (Na), c h u r n  (Ca), and magnesium (Mg), solvents, and 
unknown liquids were also destroyed at this location. ~ Nickel carbonyl and iron carbonyl are 
believed to have been disposed of in'tfiis-area in 1969. Hhtorical references do not indicate the - 'xa. 
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method by which constituents were"destroyed.$ tse-site., [- 
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Based on review of historical aerial photograp<hy, the Reactive Metal Destruction Site was used 
from 1968 to 1971. Barrels"wz?e,noted ihtl&southwestern 2, P corner of IHSS 140 during 1987 
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investigations. /- ,4 )' 

Drum Storage Site (Figures 1.3-3 and 1.3-4), was used 
bottles between 1963 and 1983. This building is located 

t not in the area of greatest soil contamination which was 
ure bottle held approximately one liter of compressed gas each. 
us types of nitrogen oxides, chlorine, hydrogen sulfide, sulfur 

ogen fluoride, and ammonia, which were used in €UT research and 
as detoxification was accomplished by using various commercial 

neutralization processes available at the time. Neutralization processes included reaction with 
water, acid, caustic, carbon or air. By-products were disposed of as process wastes. After 
neutralization, glassware used in the process was triple-rinsed, crushed, and deposited in the 
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present landfill. The neutralized gases released in the environment during detoxification would 
no longer be detectable (Rockwell International 1987a). 

1322 MoundArea 

The Mound Area is composed of four sites (Figure 1.3-3): 
, 
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d 
Mound Site (IHSS 113) 

Oil Bum Pit No. 2 Site (IHSS 153) 

5’ 

Trench T-1 Site (IHSS 108) ( ,2” “h,,, bh*k.\\ 

pk\ \% 

Pallet Bum Site (IHSS 15 <. 
*.., ,? 

’” 

_. 

These sites are described individually bel 

Mound Site (IHSS 113) 

The Mound Site, located north of ,Catral..Ayenue tern RFP PA, was used between 
-*-a, April 1954 and September 1958 f$r dfum..disposal?-Approximately 1,405 drums containing 

primarily depleted uranium (U) and bej&um CBe) contaminated lathe coolant (a mixture of 
about 70 percent hydraulic oil and 30 percentmrbon tetrachloride) were placed at  the Mound 
Site and covered with soilfl(Rzkyell Intematiotal 1987a). (Records do not indicate that the 
barrels were actually buried beloqground shcf.&e [Calkins 19701.) It is unlikely that some of 
the coolant also contaip’ed en;iched%anium and plutonium (Rockwell International 1987a). 
Some drums also;xcintaine$ dPerclene (Smith 1975). Perclene was a brand name of 

lk % p 
tetrachloroethane (PCE),(Saxband Lewis 1987). Some of the drummed wastes placed in the 
Mound Site werEGfi”5olid f>h\ 

Cleanup’acthies of the Mound i r  Site were performed in May 1970, and the materials removed 
were pa%k>ged and shipRedkoff site for disposal. Listed below is an inventory of the 1,405 
drums re&oyed from theMound Site in 1970 (Dow Chemical 1971): 

No. of Drums ‘:eon tents 
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21 

30-gallon drums of depleted uranium solid waste. 

30-gallon drums of depleted uranium oil waste. 



12 30-gallon drums of plutonium contaminated oil waste. "The plutonium 
content was so low that it was measurable only by the most sensitive 
laboratory techniques." 

55-gallon drums of depleted uranium solid waste. 

%-gallon drums of depleted uranium oil waste. 

. b. 

102 

i' d 

282 
A 

/ "  ~ 'a, ".k , 
55-gallon drums of enriched uranium , I  oil wasteh t, - 85 

1,405 TOTAL DRUMS 

Subsequent surface soil sampling in the vicinity, of the,excavated Mound Site indicated 0.8 to 
112.5 dpm/g (0.4 to 51 pCi/g) activity. Thisfradioactive contamination is thought to have come 
from the 903 Drum Storage Site via wind dispersion rather than from the Mound Site, because 
it was limited to the surface (Rockwell Intemationd4987a). \\ 
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Trench T-1 (IHSS 108) 

The trench was used from 1954 until 196L?and contains approximately 125 drums filled with 
approximately 25,000 kilograf%*(kg) (55,l kpkunds) of depleted uranium chips (Dow Chemical 
1971), and small a m o u p  ,of lathe?"coolant (ky$aulic oil and carbon tetrachloride) (Rockwell 
International 1987a). h o m e  of the  diuhms-contained metal turnings, still bottoms (residue from 
a distillation process*), cementedfkyanide"waste, and copper alloy. The estimated dimensions 

Trench T-1 was.ci%?red withlabout:po feet of soil, and the corners were marked (Rockwell 
Internationdl 1 9 8 7 T F  

Routin$ weed cutting ivities in October and November 1982, unearthed two drums 
inadequately dvered with,fill material. Both drums were sampled and analyzed for total 
plutonium and uranium content before they were disposed off site (Illsley 1983). The off-site 
disposal location w&not provided by Illsley (1983). One of the drums sampled contained an 
oil/water mixture with 55 picocuries per liter (pCi/l) of plutonium and 2.3 x l@ pCi/l of 
uranium. The other drum contained an oily sludge with 4.3 pCi/g of plutonium and 
1.2 microcuries per gram (&i/g) uranium. 
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of Trench T-1 are 15 ?set wide 4 by 200 feet long by 5 feet deep (Rockwell International 1987a). 
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/ "  %% 1.3-3eqshows the location of Trench T-1. 
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Oil Burn Pit No. 2 Site (IHSS 153) 

Oil Bum Pit No. 2 is actually two parallel trenches which were used in 1957 and from 1961 to 
1965 to bum approximately 1,082 drums of oil containing uranium (Rockwell International 
1987a). According to the HRR, at least 272 drums of oil were burned in addition to the 1,082. 
The materials contained in the drums were coolant, still bottoms,(and waste oil from Building 
444 and Building 881. The drums used for the oil burning&e%ations were generally reused; 
however, 300 empty drums were discarded by flattening-and, burying them in the burning pits 
(Dow Chemical 1971). The uranium concentrations of,the,burned waste oil are unknown. The 
residues from the burning operations and the flatteneud&drums were cover4 with backfii. In 
1978, the area was excavated to a depth of approximately five feet, and 240 boxes of 
contaminated soil were removed and shipped off Bite for disposal. 
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Pallet Burn Site (IHSS 154) 

".s, An area southwest of Oil Bum Pit No. 2 was r dly used to destroy wooden pallets in 1965. 
The types of hazardous substances,of radionuclides that may have been spilled on these pallets 

\ are unknown. This site was remediated-a$ reclaimed in the 1970s (DOE 1986a). Two 
locations for the Pallet Bum site areyhoydon&%&e 1.3-3. The westernmost location was 
reported by Owen and Steward (1973). However, based on review of historical aerial 
photographs, there was no.-"di$turbance itithis western location. The eastern location was 
identified from 1963 and'19653erial photography of the area. 

East Trenches Area", 

The East Trench5s"Area consistst%qf nine previously identified burial trenches, two newly 
identified trench'es, a n d w o  spray\&igation sites. This area is divided into the Northeast (NE) 
Trenches' and Southeast ( E;) Trenches Areas. These areas contain the following sites: 
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e Tren>hJ-3 (IHSS 110) 
e Trench T-4 (IHSS 111.1) 
e Trench T-10 (IHSS 111.7) 
e Trench T-11 (IHSS 111.8) 

Nkrthekt Trenches/A.rea: 
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0 Trench T-13 (new trench) 
0 East Spray Field (IHSS 216.2) 

Southeast Trenches Area 

. .  
0 r ,  . .  . .  

Trench T-5 (IHSS 111.2) 
Trench T-6 (-IHSS 1 11.3) 0 , I  

. I  
I .  .~.. 

0 Trench T-7 (IHSS 111.4) 
0 Trench T-8 (IHSS 111.5) 
0 Trench T-9 (IHSS 111.6) 

p< . < ,! 0 
2 .  Z t  

Trench T-12 (new trench) 
0 East Spray Field (IHSS 216.3) ,$' ,?' 
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Trenches T-3, T-4, T-10, T-11 and T-13:are"'l tedjnorth of the East Access Road, and 
Trenches T-5 through T-9 and Trench T-;2&. sduth .*.. of the East Access Road (Central 
Avenue). The wastes in these trenches have not \;ken,disturbed since their burial. The spray 
fields are located east of Trenche T-9 andwoith and south of the East Access 

'4 .\ 

Road (Central Avenue). - 
Trenches T-3 through T-11 (IHS 
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Trenches T-3 through y-l,lfl&g with TrenchyT-2 operated from 1954 to 1968, with Trenches 
9'. f T-9, T-10 and T-11 bemg differenhed-and added to the disposal trench inventory in 1977. 

These trenches, as+ell*as Trench T-2, werg used for disposal of approximately 125,000 kg of 

flattened emp,ty"dfGms,cpntaminated with uranium (Illsley 1983). Radiation content of the 
sewage slydgepwas reportep between 382 pCi/g to 3,590 pCi/g. Older sludge had mostly 
uranium, with an increasing\plutonium fraction in later sludge placed in the trenches. Total 
alpha radioactivity in Trenches T-2 to T-8 is estimated to be 100 to 150 millicurie (0.1 to 

% 0.15 Ci) (Do? Ghzmi$ l Y 7 9  Trenches T-4 and T-11 also contain some plutonium- and 
uranium-contahinat"ed' a?i$halt planking from the solar evaporation ponds, while T-9 also 
contains some scrap meial and junk. The locations of Trenches T-3 through T-1 1 are shown in 
Figure 1.3-3 and are reported to be approximately 10 feet deep with two feet of soil cover. The 
trenches are variable in length, with the average length being approximately 250 feet. 
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sanitary sewage sludge \ contaknated -%d with uranium and plutonium, and approximately 300 
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Soil samples were collected from the three newer trenches (T-9, T-10. and T-11) during 1977 
to 1983. Soil from T-9 was found to vary from 0.40 to 68 pCi/g in plutonium activity, and from 
2.4 to 450 pCi/g in uranium activity. Trench T-10 was found to contain from 0.18 to 14 pCi/g 
in plutonium activity and from 40 to 126 pCi/g in uranium activity. Trench T-11 was found to 
contain 4.5 to 50 pCi/g in plutonium activity and 0.9 to 158 pCi/g in uranium activity. 

The sampling dates and collection methods of these samples are unknown. 
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Trench T-12 

Trench T-12 has recently been identified and is$,S$own to be located ““., prunarily .I) beneath the 
present East Access Road (Central Avenuey (DOE 1993a). Further investigation has 
ascertained that the trench is a western continuation-of T-9 (IHSS 111.6) and the series of 
trenches described above. The HRR sti(es’th9Tgenches T-4 through T-11 were active 
sometime between 1954 and 1968. The actual dates per trench are unknown. However, T-12 
must predate completion of the main East Access Road mki965 since it is 80 percent covered 
by the road. 

The HRR states that all of these tren%hesia5e4theorghwo be about ten feet deep and primarily 
contain sewage sludge. This sewage sludge k Glieved to contain some uranium and plutonium 
contamination. Flattened drtE3-may alsobe present in any of these trenches. At least 2,400 a \  gallons of water and lathe’di%&t were disposer&of in one of the trenches (unknown). This may 
or may not have been”h,drums! Th”erefore;-it was concluded and agreed to that Trench T-12 
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would be characteristidlly the ! same P---- as Trench / T-9. 
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During the,,investigation ’into the above trench extension, an additional trench (T-13) was 
located+app”roximately 500 feet east northeast of the inner east guard station and south of IHSS 
111.8 (DOEJ993a). Aerialiphotographs indicate that it was open between 1966 and 1967. It 
is now entirely coyretl bylsphalt or base material as part of the northern extension of the East 
Access Road (Cedhljkvenue),  which was built in 1968. Total length of the trench is 
approximately 250 feet. The aerial photos indicate that is was filled with dark gray material 
which may be sewage sludge. 
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This newly located trench was filled at approximately the same time as the trenches described 
above and is probably very similar to the other trenches in construction and type of materials 
contained. 

East Spray Field Sites (IHSS 2162 and 2163) 

The Center area (216.2) and South area (216.3) of the East Spray Field are located on  top of 
a hillside to the north and south, respectively, of the EasS’Ayess . . .  Road (Central Avenue). 

These spray fields were used for spray irrigation of treated sanitary waste \. water from Pond B-3. 
They have been designated as IHSSs because. *effluent containing low concentrations of 
chromium (Cr) was inadvertently sprayed in the  *area in February and March 1989. The 
chromium entered the sanitary sewage tre bsequent to a spill of chromic acid in 
Building 444. 

As shown on Figure 1.3-3, IHSS 216.2 is considered as part-of the Northeast Trenches Area and 
216.3 as part of the Southeast TrenchesArea. 
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133 Previous Investigations ’;- a,=> .‘ 
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133.1 Regional and PlantwidPStudies *a, ’\\ 

Various studies have t5eenconducted“at2REE)o characterize environmental media and to assess 
the extent of radiological andfchemical contaminant releases to the environment. These have 
included geological studqs, surface water and groundwater studies, and geophysical and 
radiometric suAyeys?Sey~ral~envuonmental, ecological and public health studies culminated in 
the Final Siteyide Envir+onmental4mpact Statement. These investigations performed prior to 
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1986 included: 
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etailed desscriptions of the regional geology (Malde 1955; Spencer 1961; Scott 
1960 1963,21970, 1972, and 1975; Van Horn 1972 and 1976; DOE 1980; Dames 
and Mooce 1981; and Robson et al. 1981a and 1981b). 
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0 Several drilling programs beginning in 1960 that resulted in the construction of 
approximately 60 monitor wells by 1982. 
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0 A n  investigation of surface and groundwater flow systems by'the U.S. Geological 
Survey (Hu'rr 1976). 

0 Environmental, ecological, and public health studies which culminated in an 
environmFnta1 impact statement (DOE 1980). 

'~ 

0 A summary report on groundwater hydrolob using data from 1960 to 1985 

A preliminary electromagnetic survey of th6 RFP periinetei*(Hydro-Search, Inc. 

(Hydro-Search, Inc. 1985). f .";\:\\ p A' *\ \>\.p 

\\"t., %&\, 
0 

"t, 7 kl"'. \& 
.s' 1986). 

,I+ d 
0 A soil gas survey of the  buffer zone (Tracer Research, Inc. 

1986). 

**\.p> *I\\ 
0 Routine environmental monitoringprograms addressing air, surface water, 

'\\- '\\ 

groundwater, and soils:%,pese progralm%/are summarized in the annual 
environmental monitoring..x%e,ports (-RocQell International 1975 through 1983, 
1984, 1985, and 1986). '~Addition~l-information on routine environmental t/ .f 
programs is also presenteh@ post-1986 annual environmental monitoring reports 
(Rockwell International 198p'apd 1989, and EG&G 1990a). 
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In 1986, two major envirijnmenial 'investigations were completed at RFP. The first was the 
CEARP Installation~Assessm~nt~(DOE~l98~a), which included analyses and identification of 
current operational ac t ipes ;  active and inactive waste sites, current and past waste 
management p;actices;.andpotential environmental pathways through which contaminants could 
be transpodded. -%-*number of%tes that could potentially have adverse impacts on the 
environment>were identified.i These sites were designated as Solid Waste Management Units 
(SWMUs) (%DOE 1987) aJd were divided into three categories: 

4* ".:\;r ,I 

%\. 
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9%- -* -. j ,  

\19* *b -% kt , j  * 
'c* 

1. Hqa?doushaste management units that will continue to operate and need a 
RCh.++operating permit 

2. Hazardous waste management units that will be closed under RCRA interim 
status 
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3. Inactive waste management units that will be investigated and remediated under 
Section 3004(u) of RCRA or under CERCLA 

SWMUs were later renamed to IHSSs. The term IHSS will be used throughout this report. 

The second major environmental investigation completed at RFP in 1986 involved a 
hydrogeologic and hydrochemical characterization of the entire FWP site. Results of these 
investigations were reported by Rockwell International in 1986. \'Investigation results indicated 
four areas to be significant contributors to environmental cbntamination, with each area 
containing several sites. The areas are the 881 Hillside Area, the 903 PadArea, the Mound 
Area, and the East Trenches Area. Due to their proximity, the 903 Pad, Mound and East 
Trenches Areas were grouped together and designated OU-2. The 881 Hillside was designated 
as OU-1. 2' ,id 

In 1989 and 1990, two radiological surveys wereqnduged at RFP (DOE 1990a, 1991~). The 
aerial radiological survey in 1989 consisted of airbohe>measurements of both natural and man- 
made gamma radiation from the te?fain-surf$ce in and -around FWP. These measurements 

48 square miles. 
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the survey area that covered - 

survey areas included the Old 
of the landfill along the north 

The survey along 20 percent N-type, high purity germanium (HPGe) 
ground level (AGL). The later surveys at the 

but it was suspended 7.5 meters AGL. 
detected radioisotopes were generally 

emitters. However, there was clear 
concentrations of U-238. The 
earlier survey which indicated 

gamma ray 

Four other RFP-wide studies have been conducted that further supplement Phase I1 RFI/RI 
activities at OU-2: the geologic characterization program, the background geochemical 
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characterization study, the surface water and sediment geochemical study, and the historical 
releases investigation. 

The RFP geologic characterization program (DOE 1990b, 1991d) was undertaken to develop 
a comprehensive geologic framework that can be used to define the direction, rate, and volume 
of groundwater flow; delineate contaminant migration pathwgys’;’ and characterize potential 
seismic risks. The study was intended to be used to formulate’hydrogeologic models, design and 
implement groundwater monitoring programs, and plan rerncech-activities. 

As part of the geologic characterization program, geologc mapping an“d,shallow, high-resolution 
seismic reflection surveys were conducted at RFP/(Rockwell International 1989; DOE 199Oc, 
1991e and f). A geologic map of a 60-square-mile’area surrounding RFP was produced; the 
Upper Cretaceous Fox Hills Sandstone, Laramik Fonpation, and Arapahoe Formation were 
described and criteria were developed for*$heirddentification in the surface and subsurface; 
previously mapped faults were verified and further characterized; new areas of structural 
deformation were identified; inconsistencies in previously published geologic maps were 
resolved; and the stratigraphy at RFP’was-dirptly tied to the regional stratigraphy on the basis 
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of established lithologic criteria (DOE (1992b). 1% 

\\ %‘ f / 
Shallow, high-resolu tion seismic reflection (surveys were conducted primarily to acquire 
stratigraphic information.,WG3Stone channelsyere mapped in bedrock beneath OU-2 and east 
of RFP along IndianagStreet (Rockwell Inkmational v, 1989, DOE 1991e and f). Structural 
features were identifidAh thenorthwEst-partlof the buffer zone, in the central part of the plant 
(DOE 1990c), bene$h”O..U-2‘(DOE 1991“e), and near Indiana Street (DOE 19910. A deep 
seismic reflection sur&y%was c6,nducted from Coal Creek Canyon to Jefferson County Airport 

J /he-% 5 \  
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plant, primarily to acquire structural information (DOE 

’ * * >  
$ 5  

The b&k&ound geochemical characterization study summarized background data for 
groundwatet,$urface water; sediments, and geological materials, and identifies preliminary 
statistical bounbarjes‘of background variability (DOE 1992d). Similarly, the surface water and 
sediment geochernki4:”’characterization study (DOE 1992e) identified surface water and 
sediment characteristics and documented general geochemical trends associated with 
environmental contamination at RFP. 
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The historical releases investigation was required by the Interagency Agreement (IAG) to 
provide a complete listing of all spills, releases, and/or incidents involving hazardous substances 
that occurred since the inception of RFP operations. Information describing individual release 
sites was gathered by background research, file review, site visits and photography, and 
employee interviews. Release sites, including existing RFP IHSSs, were designated as potential 
areas of concern (DOE 1992a). 2’ 

Plates 1.3-1 and 1.3-2 present the historical and other investiga$ons.(Pre-Phase 11) borehole and 
monitoring well locations, respectively, that resulted from the  previous investigations mentioned 
above. 
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, *  
133.2 OU-2 Phase I Investigation 

The Phage I RFI/RI field program was completd? a,tO,U-2 in 1987 and a draft Phase I RFI/RI 
+4, k3 

Report was submitted to the EPA and CDH in Becemkr 1987 (Rockwell International 1987~). 
The objectives of the Phase I RFI/RI program we>e\to veri@ the existence and location of the 
waste disposal sites, characterize theSites,,eyaluate the nature and extent of contamination, and 
develop data needed for feasibility studiesxokcemedial.alternatives as appropriate. 

The investigation consisted of the followyg field activities; 
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Electromagne~resistivity, /’ P =--h ahGmagnetometer “‘p geophysical surveys 
B f  f .  Soil gas survey/t e,”: 

* f  .s--- Soilkample cofiection f6m-33 boreholes 
b\ v f 

,*-“1, !% “89, 

e Completion of ~1‘0 alluvial and 14 bedrock monitoring wells 
of new and previously existing wells e ,OrTEiBdwater \ sampling \++ 

n’ F’pSlug */ testingqf 13 w e h  
?/ f Packer tes’ting of cored bedrock wells B t *  

““I, “, I . <  

‘“% Air monitoring for total long-lived alpha, plutonium, and volatile organics during 
fielg activities 

4 ‘1- Collection of $2 surface water and seep samples 

*., a,., F .  3, 

“..,.“i 
The Phase I RFI/RI investigations lead to the general conclusions that volatile organic and 
radionuclide contamination exists in soils, surface water, groundwater, and sediments around 
several IHSSs, but the distribution and magnitude of the contamination needed to be better 
delineated. 

~ (~lmoocUl-SlO (ScaiDnl-0) (12/13/93 &2grn)  1-24 

- 



Plutonium and americium were the principal radionuclide contaminants in the surface soils at 
OU-2 exhibiting elevated concentrations; however, conclusive evidence ruling out the presence 
of other radionuclides was not available because of the compositing technique used for soil 
samples during the Phase I investigation. The majority of the metals in the soil samples were 
considered below background levels. There were infrequent instances where the metals 
concentrations were interpreted as exceeding background by a factor of two above the tolerance 
intervals. Volatile organic contamination of soils appearedtio be restricted to the area 
immediately beneath and adjacent to the 903 Pad. Volatile organic compounds were also 
detected at Trench T-2, the East Trenches, and the P@& B u m S i t e T h e  Mound Area did not 

I' Y '\ % 
appear to have volatile organic soil contamination baszd'on the Phase I data. 

TCE, PCE, and CCI, were the principal orga+nic,&ntaminants in surface and groundwater. 
Figures 1.3-5, 1,3-6 and 1.3-7 show the distiibution ,of these contaminants in groundwater. 
Lesser concentrations of other organic &mpo,unds occurred at numerous sampling sites 
throughout OU-2. Plutonium and americiumb. surface water samples were other apparent 
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indicators of RFP-derived contamination. \\* *\\\, 
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Several metals and other inorganic consti!uents @luding?uranium) were also above background 
but the data did not permit unambiguous &m&Sonswith regard to contamination. The 
uncertainty resulted in part from the absencejof clear concentration gradients and from the 
limited knowledge of the ,inor@=inic composition of waste sources at OU-2; however, there was 
considerable circumstantialevidence (listed below) that formed the basis for the hypothesis that 

zones may be causing accumulation of salts (in 
quality. The circumstantial evidence for a local 

*.,. .t. 

d ,/?a .%. "c. 'c., 
h,. 

groundwater was as follows: 

were not known constituents of the waste sources 

%\> \\:he elevated' constituents did not exhibit clear gradients away from known 
a 

IHSS&or,for that matter, clear horizontal or vertical gradients. 
x4-* ; 

ycT>4 

0 The variability in inorganic constituents concentrations was typically very small, 
and almost always within an order of magnitude. 

I 
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0 Some of the major ions did show very pronounced elevation above background, 
but the highest concentrations of inorganic constituents were in a well that was 
farthest from the IHSSs (29-87). 

0 Other parts of RFP show similar distributions of major and minor elements and 
locally very high concentrations of major ions that were not demonstrably 
derived from IHSSs (wells 5-86 and 6-86). The background characterization may 
not be adequate because the current data were based on one quarter of 
sampling, and well placement was designed without the specific goal of including 
evaporation-prone zones. \ ‘\ 

\ \  

0 The wells with the high TDS and+major ions commonly also have the most 
elevated metals and uranium,”‘T& r+es 9, the possibility that, if the salinity is 
due to some concentrating process other than waste input, some or all of the 
minor elements may also occur qelevated concentrations. This was consistent 
with the observation that the uranium-$ ‘gro+undwater at the 881 Hillside Area 
was of natural origh’tiasedq uranium-234/uranium-238 ratios. The RFP uses 

depleted uranium, Ghich;wasJound+to+e present only in some surface soils at 
the 881 Hillside. 

$’ / 

\ ‘  a,. ‘* 

g.r 

\% 

*----% - 
9, 

\ “- “u P---4* 
~ ‘i, ,/* 

.%’ ,f 
,. d 

out the possibility that some or all of these 
However, when viewed in aggregate, the 

erhaps probable, that these elevated inorganic 

ase I RFI/RI investigations were as follows: 

e area consisted of Rocky Flats Alluvium, colluvium, and 

a1 materials consisted of Arapahoe Formation claystones 
p slightly to the east (less than 2 degrees). Bedrock 

materials are weathered below the base of surficial materials. 
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0 The extent of Arapahoe Formation sandstones beneath these areas was not fully 
characterized during the Phase I RFI/RI because of the complex depositional 
pat tern. 

0 Unconfined groundwater flow within the UHSU occurred in surficial materials, 
/ J  "; 

subcropping sandstones, and potentially in weathered subcropping claystones. 
The flow system in surficial materials was not fully saturated year round. How 
in weathered claystones was not suficientlydoc>mepted, and flow directions in 
subcropping sandstones were poorly defined dueh 

,i 

B 44 %a, 
lex stratigraphy. \/' 

0 Confined groundwater flow o c c u ~ e a i n  deeper s LHSU. The flow 
.- ,/ system was poorly defined at the.tlme due to the complex stratigraphy and facies 

changes. z #J , ,  
,gl ;f'k; 
'* ' f 

*%\ %w$ ; 
0 Groundwater recharge occurred'as,infiltration of incident precipitation and flow 

\z 

from ditches and surface water draikag$\b 
- "\,,P 

*.r, 
-- e-- I. 

--+A "** 
0 Discharge from the\ unconfiied groundwater flow system occurred as 

evapotranspiration, seeRs, and:se&$at'the i ,, edge of the Rocky Flats pediment, 
to surface water in WomanCreek and South Walnut Creek, and to bedrock 

% . k  

sandstones.*.i SiEe"contamina"nts"'had been identified in many of these seeps. 
;n +4 
P, 6' 

,y f- "%.\ 
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Wastes have been rC%%ved-=from the 903 Drum Storage Site, the Pallet Bum 
Sitegthe'ail DL ite, and the Mound Site. Wastes remain in place 
in all ?lytrenc&es within the area. Further characterization of all potential 

- ,  

% 

\ -% ,dnTminant soyrces,was warranted. 
\ R  *.N" 

Boreholesbere drilled adjacent to IHSSs in the Phase I FWI/RI, and soil 
".., samples were collected and analyzed for Hazardous Substances List (HSL) 
\%kganics , I  and ;metals, radionuclides, and inorganics. Further characterization of 

soils'bkneath IHSSs was needed. 

0 Surficial soils in the area were contaminated with plutonium, americium, and 
other radionuclides due to wind dispersal of particulates during clean up of the 
903 Drum Storage Site in the late 1960s. Soil sampling results indicated that 
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these compounds were most enriched near the surface, but further investigation 
of smaller soil intervals was necessary to assess radionuclides distribution. 

The UHSU contained volatile organic compounds. The principal volatile organic 
compounds present are tetrachloroethene (PCE), carbon tetrachloride (CCb), 
and trichloroethene (TCE). The extent of these contaminants in both the 
unconfined and confined groundwater flow systems has not been fully 
determined. A t 

i. 

1 - ,  b, +-* 

0 Radionuclides were elevated in sediment'and unfiltered,, su'uiface water samples 
a -  

collected during the Phase I RFI/fii$ Wind dispersal of ?adionuclides during 
clean-up of the 903 Drum Storage Site was the likely source of these 
contaminants, although confdat ion ofcthis hypothesis was needed. There were 
slight indications of radionu&des.@. ..\ t' a ,I few groundwater wells (unvalidated). 

Several major and minor elements'were elevated above background in soils, 
groundwater, surfac*e%ater,.and sedimenis,. but they did not exhibit clear lateral 
or vertical gradientsbql q t p + % ,  
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A site conceptual model was developed eased on site physical characteristics and the nature and 
extent of contamination defiiGWby the &as& = \  RFI/RI data. This model summarized known 

y- &a"*% . B  \. \* 

and suspected sources of conta mation, types,of contamination, affected media, contaminant 
migration pathways, and,envir entZPreceptors. It was used to assist in identifying sampling 
needs and developing the Phase@ RFlrFUJprogram. 
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1333 Shallow.*HiiWResolution""Seismic Investiation 

Under thk Phase I1 GedoGc Characterization Data Acquisition Program, a high-resolution 
seismic+refl&ion program? was undertaken to support subsurface characterization of the OU-2 
area. Th&eismic reflection'work was conducted in a phased approach beginning in 1989 and 
completed in early 1991 Based on the accepted geologic model at the time and results of 
seismic modeling efforts, it appeared that high-resolution seismic reflection could be a valuable 
tool for site characterization. The results of the seismic reflection program are documented in 
Shallow High-Resolution Reflection Profiles in OU-2 (903 Pad, Mound and East Trenches), 
Final Report (DOE 1991e). These results were reviewed to evaluate whether the seismic data 
could augment lithologic data and aid the OU-2 Phase I1 RFI/RI site characterization. 
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In general, review of the original seismic reflection interpretation indicates that where 
subsurface control existed (at the time of interpretation), a good correlation between the seismic 
interpretation and lithology is apparent. However, the continuity of specific seismic reflection 
events cannot be extrapolated very far from the  subsurface control. This is apparent when the 
original seismic interpretation is reviewed in light of the additional wells and borings completed 
under the Phase I1 RFI/IU. A comparison of the originally inte2reted channel "A" sand with 
the presently mapped Arapahoe No. 1 Sandstone is shown j.n E i h r e  1.3-8. 

The seismic data interpretation had varying success predictingfhe location of the No. 1 
d .\ Sandstone channel (as evidenced from the lithologic data). From t$e+h<hologic data, the No. 1 

Sandstone is a mappable heterogeneous sandston2;body containing siltsfone and claystone 
layers. The acoustical contrast between the No? 1,Sandstone and surrounding lithologic units 
is quite variable as indicated by seismic velocit) variations observed during the vertical seismic 
profile in B217489. The variability of the seismicaelocitjes and velocity contrasts directly affects 
resolution and thus the ability to predict the loc+tibnlof the sand. The seismic interpretation 
would have been enhanced by obtaining more velocity cont\rol, as pointed out in the Shallow 
High-Resolution Seismic Reflection-Profiling 1- Report (DOQ1991e). 

Original expectations for the seismic bata,to aid,Slocating the lower bedrock sandstones may 
have been too aggressive. From the' lithologic data, the lower bedrock sandstones were 
interpreted as being deposite-d- ow enepy& deltaic environment and are characteristically 
silty and clayey. The exis&g%h gic data ind$ate that the lower bedrock sandstones exhibit 
low permeabilities and ,are dis inuous,in nature. Geophysically, the acoustic contrast 
between these silty,klayey sandst,onZs-and**th< surrounding silty claystones is likely small. Based 
on correlation with recentiy completed deeper borings, the previously interpreted lower bedrock 
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8, -hk sandstone channeklocations w\ere'not consistent with the lithologic data obtained. 
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As a result of the  varyingvuaess of the seismic tool in locating bedrock sandstones, and due 
to an abundance of lithologic<control, the seismic reflection data were not used in the Phase I1 
RFI/ RI siteqhhacteriza %. ", tie$ I 

133.4  Observation&on'the Occurrence of Plutonium and Americium in Ground and Surface 

'r , I  5 
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Water ) 

This investigation provided an observational assessment of Pu and Am contamination in ground 
and surface water at OU-2 (DOE 19929. Ground and surface water radiochemistry data were 
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first screened to generate a reliable data set in which there was a reasonable level of confidence 
that the reported activity represented the true activity. Groundwater radionuclide activities 
were then compared with surface water radionuclide activities. This comparison revealed 
substantially lower groundwater PU and Am activities than in surface water. This suggested that 
groundwater discharging to surface water did not account for all of the Pu and Am activity in 
surface water. Contrasting total Pu and Am activities to filtered water from the same stations 
indicated that more than one-half of the Pu and Am activity resided in material retained by a 
0.45 p filter. Comparison of total PU and Am activity to-total'suspended solids concentration 
revealed that in some cases a correlation between suspended solids and radioactivity exists. This 
further suggesed that at least some of the radionuclide activity was associated with particles. 
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1.4 SUMMARIES OF OU-2 PHASE I1 ,I@I/RI WORK PLANS AND TECHNICAL 
MEMORANDA 
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This section presents the summaries of theXhase<II RFI/RI Work Plans and Technical 
Memoranda (TM). As stated in the IAG, the unk;lown-nature of many of the sites at RFP and 

nal data requirements and 
hat document the need for 
. Upon agency approval the 
ed Work Plans. 

t of the OU-2 Phase I1 RFI/FU: 

ial) (TM1) - Subsection 1.4.1 

I/RI Work Plans (Alluvial and Bedrock) 

- a  * 

- 

Nine technical memor 

- Subsection 1.4.3 

rios (TM5) - Subsection 1.4.4 

0 Human Health Risk Assessment Model Descriptions (TM6) - Subsection 1.4.5 

Surface Soil Sampling and Analysis Plan Addendum (TM7) Subsection 1.4.6 e 
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Revised Phase I1 RFI/RI Work Plan (Bedrock) (TM8) - Subsection 1.4.7 

Human Health Risk Assessment Contaminants of Concern (TM9) - 
Subsection 1.4.8 

A. 

Human Health Risk Assessment Toxicity Assessment (TM10) - Subsection 1.4.9 
/4+ / 

/.* 'a\ Environmental Evaluation Work Plan (TM1) Subsection 1.4.10 
*\ 

Y "\ =* 
"t, pi\ 

The summaries of the work plans and technical memhanda are presentedaas discussed in the 
documents at the time they were submitted and/or approved. The sumdaries do not present 
interpretations, document what has been implemented, nor present results. Some of the 
summaries present previous work or data used to develop the approach or plan described in the 
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technical memoranda. ,\ ?? *;' I' 
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1.4.1 OU-2 Phase I1 RFI/RI Work Plan (Alluvial)~(&l)~ 
%\, ,2 
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TM1 presents the work plan for the Phase,II_FWI;/RI-($luvial) of the 903 Pad, Mound, and 
East Trenches Areas (OU-2) at RFP '(DOE 199la). me alluvial work plan presents results of 
the Phase I RFI/RI; defines DQOs and hata needs based on the Phase I investigation; specifies 
remedial investigation/feasi%Lity+tudies CRIYFS) tasks; and presents a field sampling plan 
(FSP). The alluvial work@& also presentsL3site-specific plans for additional field work to 
characterize contamjhant sources >iYdd" the-extent of soils, surface water, and groundwater 
contamination in th< UkSU$P?s*;; c' lZIdare plans for human health and environmental risk 
assessments and a RCRA Cohective Measures Study/CERCLA Feasibility Study (CMS/FS). 
This work pliy-is-bXsed on results,presented in the draft Phase I RFI/RI report as well as 
subsequentv<$-face water and groundwater sampling and analysis. 

A final'-Ph'%se I1 FWI/RI Work Plan (Alluvial) for OU-2 incorporating agency comments was 
submitted to,EPA and,&CDH on April 12, 1991 (DOE 1991a). The Final Work Plan was 
modified for rehons nbt aisociated with specific agency comments. These changes were made 
to "update" the plaawith respect to the current understanding of the site, other OU study 
activities that impact OU-2, and regulatory issues. Major changes were as follows: 
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Revision of geological characterization based on the on-going seismic reflection 
study 



Addition of a concise site conceptual model 

Elaboration of DQOs 

Discussion of all RFP Treatability study programs 

Addition of five plume characterization wells,beFeen the OU and site boundary 
because of the recent Occurrence of contaminationjn this location 

Elimination of surface water station samplkg (except seeps)'because the activity 
was covered by OU-5 and OU!6L>as well as a site-wide surface water 
characterization program ; + 

Addition of a more extensixe"sur$ace,soil sampling program to assess the 
mobility of plutonium in the shl+/water environment 
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Addition of a detailed'2nvironmental evduation work plan 

Elaboration and modificatio$'tcythe discussion of applicable or relevant and 
--"--+--.\ ~ 

""? $"'%, c 
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1 

resented in TM1. 

Trace elements co 
strontium, barium, 

ackground levels in UHSU groundwater include 
sser extent chromium, manganese, selenium, 

and anions and total dissolved solids were 
d downgradient of the 903 Pad, Mound, and 
edominant radionuclide occurring above 
but a few samples indicate plutonium and 

north of the Mound. 

en advanced that may explain high total 
dissolved solids, metals, and uranium in groundwater at OU-2. The model did not alter the 
borehole and well placement strategy in the Phase I1 plan, and its accuracy was to be tested in 
the background characterization study. 
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There was considerable interaction between surface water and groundwater. As a result, organic 
contamination was observed in seeps downgradient of the 903 Pad and in the upper reaches of 
South Walnut Creek at the  Mound Area. Also, there were somewhat elevated concentrations 
of total dissolved solids, major ions, strontium, zinc, and uranium at many of the surface water 
stations. 

Plutonium and americium were found to occur above backgrhund in surface soils. Other 
radionuclides and trace metals occur at low concentrations andihfrFquently above background 
but may also be soil contaminants at OU-2. Data suggest plutorhm and americium were 
released to soils in the area via wind dispersion during clean up effortsat thea903 Drum Storage 
Site. These radionuclides occur in surface soils throughout OU-2 and other downwind areas 
to the southeast. , 

Plutonium and americium were also observed inxtyo'seeps (SW-50 and SW-53) downgradient 
of the 903 Pad and in the upper reaches of South Walnut Creek. This may be attributed to the 
water from the seeps coming in contact with surfaksok'exhibiting elevated concentrations of 
these radionuclides; the Phase I1 Rf;lYRI-was designed 2oq"rtest this hypothesis. 

-*- -.c I*c 

The overall objectives of the Phase I1 were souice characterization and determination 
of the magnitude and extent of groundwater and surface water contamination. Boreholes were 
to be drilled into waste sources to characterke ny waste materials remaining in place and to 

8 e-* *, =< h. 
assess the maximum contaminant concentratio in soils directly beneath the sites. In addition, 

a "f----** characterize groun&vai"er.~uali& directlrb&eath the sites. This plan called for drilling and 
sampling 46 borehokhand 4&lli.ng 21 monitoring wells. Sixty-four additional alluvial 
monitoring w$lsGrPaIsp tohb mstalled to further characterize and monitor groundwater flow 
and qualify 9 alluvial\materia2%at OU-2. An unspecified number of additional bedrock 
rnonitoridgfiwells were thkn to be completed in subcropping Arapahoe sandstone where it was 

I / " <  ; :  
encounte:ed:&+ll plume characterization wells were to be installed, developed, and sampled as 
the first h e p  kf,the $ivestigation. Source characterization activities were then to be 
subsequently dmpleted. ,,$' 

In order to assess the extent of plutonium and americium in surface soils within RFP 
boundaries, pedologic soil samples were to be collected from 124 grids over an 800-acre area 
to the southeast of the 903 Pad. To delineate the vertical distribution of plutonium and 
americium, 26 locations were identified for soil test pit excavation for soil profile sampling. 
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Additional studies have been planned to assess the mobility of plutonium in the soil/water 
environment. 

A baseline risk assessment and an environmental evaluation were intended to be prepared for 
OU-2 as part of the Phase I1 RFI/RI to evaluate the potential threat to the public health and 
the environment in the absence of remedial action. This risk*assessment would provide the 
basis for determining whether or not remedial action is neqessaj in the area and would serve 
as the justification for performing remedial actions. 
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Summary of OU-2 Addendum to Final PhaseYI RFI/RI WorpPlans (Alluvial and 
Bedrock) Chemical Analysis Plan (TW),” i; 

The Work 
for all Contract 
This analytical program took a 
Phase I1 RFI/RI and, therefore, 

Comprehensive site characterization 

analysis of soils, 

program for a 

and a Phase I RFI/RI report was 
submitted in December Phase I RFI/RI was based on 

the CLP Hazardous Substance 
List (HSL) compoundsy(Currehly~tbkht~of analytes is known as the TCL; however, it should 
be noted that therec,ar&minor differences-m the two lists.) Phase I1 RFI/RI Work Plans for 
the alluvial and bedrockhydrog<ologic systems had been prepared and were designed to fill data 
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the 2arlier phase of investigation. 
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v 

rJ P ‘t The OU,-2 work plans specded analysis of soils, sediments, groundwater, and surface water for 
all TCL organic compoundsf Analysis for the full suite of TCL organics for groundwater and 
surface water beyend t h i  first round of samples would have been dependent on the initial 
results. The need for contrnued full suite analysis was to be based on an assessment approach 
not unlike that presented in this document. The TCL was chosen as the basis for characterizing 
OU-2 because it is used by EPA in characterizing uncontrolled hazardous waste sites where 
historical waste disposal practices are often unknown, and because of the associated high quality 
assurance/quality control procedures that are widely accepted by both federal and state 
agencies. Although chlorinated solvents (and radionuclides) are the principal contaminants at 
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OU-2, based on historical waste disposal records and previously collected data, a list of all 
chemicals disposed at this location is not known, establishing the need for monitoring for a 
more comprehensive list of analytes. 

With respect to soils, the full suite of TCL organics was specified because the upcoming phase 
of investigation was designed to provide a comprehensive characterization eliminating the need 
for subsequent phases of investigation. More specifically, semivolatile inorganic compounds and 
pesticides/polychlorinated biphenyls (PCBs) were to be analyzed,because previously collected 
data indicated the consistent Occurrence of phthalate esters andkthe mfrequent Occurrence of 
other semivolatile organic compounds and pesticides;/PCBs. Also>several proposed waste 
investigation boreholes were to penetrate waste sources (IHSSs), where pieviously targeted soil 
sampling was outside the waste source boundaries: Thus, the full suite of TCL organics was 
specified because of the uncertainty of the mes of waste that were disposed at these OU-2 
IHSSs. 

Groundwater and surface water were to be analyzebfor the\full suite of TCL organics because 
of the infrequent occurrence of semivolatile organic "compounds and pesticides/PCBs as 
indicated by previously collected da<a,?and !he *, Wited ,quantity of historical data for these 
classes of chemicals (one to two rounds).'+edime&were also to be analyzed for the full suite . I' #f 

of TCL organics largely because of theih,relevance to contaminant migration in surface water. 
=.. %% 

The approach taken in ~ h % x d e f ' i i e  a sitekpecific target analyte list included the following: 
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0 Step'l - ~ S u m ~ ~ r ~ ~ E j i i s t i n g ~ a l y t i c a l  Data by Analytical Suite 

%\, %/ p 
Step 2 -%EEyaluate results 

i,z""-\ 4-y \\;-\\"* 
In Step 1, efisting data we>e tabularized showing the total number of analyses for each chemical 
within $n analytical suitelany the total number of detections of each chemical. Three major 
chemiclal gioups were identified with seven analytical suites. These groups include: 
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0 Gfio,u$A pompounds, TCL Volatiles 

>'kf 
I. Ketones and Aldehydes 
11. Monocyclic Aromatics 
111. Chlorinated Aliphatics 
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0 Group B Compounds, TCL Semivolatiles 

IV. Acid Extractables 
V. Base Neutral Extractables 

Group C Compounds, Pesticides/PCBs 

/ 

VI. Pesticides ' b. ky  It 
' 7 , "  -* ,< 7 

% 

\ * a  
t ,  

VII. PCBs 
-% k, *\ 
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The results of Step 1 could be one of three possible.outcomes: 
z" 2' 

?f 49 

j ,j' 1 . L  
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1. Case 1: Chemicals within one,6remorexanalytical suites in a specified media had 
not been detected above the Contra& Rgquired Quantitation Limit (CRQL). 

Case 2: One or more chemicals ;&mean analytical suite had been detected in 
a specified media eitl%er-inqmi@tently o?at,low concentrations. 

Case 3: There had Men cons&teni*rdet&ions of one or more chemicals from 
an analytical suite in a sppfiqd media. 
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In Step 2, data qualityyw? a s s p e d  in accorgance with the ER Program Quality Assurance 
1 9  

Project Plan (QAPjP),jind thk Ggneral-gadiochemistry and Routine Analytical Services 
Protocol (GRRASk) and,references there&. 

This evaluation.csdso+cluded %an assessment of spatial representativeness, temporal 
considera~ion~,4hemicalb?ate andatransport, and human risks posed by the chemicals. 

The chnclu"sions, after summarizing existing data and evaluating it with regard to fate and 
transpo$an;Coxicity, are eresented in Table 1.4-1. Waste characterization within IHSSs and 
sample analysicfor sourcF6haracterization monitoring wells was to include the full suite of TCL 
organics. If semivolatil6 organic compounds or pesticides/PCBs were detected in these media 
at significant levels, groundwater wells, surface water, and sediment stations in the proximity of 
these IHSSs were to be sampled and analyzed for these compounds at a later date, but prior 
to submittal of the Phase I1 FWI/RI report. 
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Because CLP GC/MS detection limits do not achieve "risk based" detection limits for some of 
the carcinogenic chlorinated solvents, EPA Method 502.2, which has detection limits as low as 
0.5 &l, was to be used for groundwater samples that were collected from wells near the edge 
of the plume. This would allow achieving data quality objectives for the Phase II RFIJRI. All 
proposed 1991 wells (alluvial and bedrock) were to be installed to better define the plume of 
organic contamination, and, therefore, samples from these wells were to be analyzed for volatiles 
using this method. Samples from existing wells and surface water stations remote from the 
IHSSs were to also be analyzed for volatiles using this method:'. be 

1.43 
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Summary of OU-2 Phase I1 W/RI Aquifer Test Work Pl&4(,TM3), '% 

*\?>"?, 

TM3 presents the aquifer test work plan as outlined in the OU-2 Phase I1 RFI/RI Work Plan 
(Alluvial), modifications to this work plan, and the basis for these modifications (DOE 1992g). 

The work plan detailing the aquifer test was a>proved<by the regulatory agencies in August of 
1991. Subsequent geologic and hydrologic measurements- as well as information related to 
previous aquifer testing necessitated changes in the original.'aquifer work plan. 

The objective of the aquifer test was to.evaluate tKeliydraulic properties of subsurface materials 
in three distinct hydrostratigraphic units 'at OU1-2. The three principal hydrogeologic conditions 
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:\ t, within the UHSU are: --%\ .a > 

0 An un<at&ated$R63@Tlats- Alluvium underlain by a saturated uppermost 
B '8 %-%.-* 

Arapah$e+andstone (S1te-N;. 1) 
$>+ *@ / 

%- 
Y. 

%'8,.& +%\ 
0 A"s"BSt"urated Rocky Fists Alluvium underlain by a saturated uppermost Arapahoe 

/;a-ne\(site -%. % Nb,.i) 

s' 45+ ,/ *: 

ts Alluvium underlain by a claystone of the Arapahoe 

ed to develop hydraulic parameters for subsurface materials. 
Parameters specifically sought for Sites No. 1 through No. 3 included: 

0 Hydraulic conductivity, dispersivity, and effective porosity for both the alluvium 
and the bedrock (needed for the development of movement calculations) 
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The degree of hydraulic communication between the alluvium and the bedrock 

Design considerations for the aquifer tests were based upon hydraulic conductivities reported 
in the Geologic Characterization Report (DOE 1991d). Hydraulic conductivity (K) in the 
uppermost Arapahoe sandstone reportedly ranged from 0.11 gpd/ft? to 21.2 gpd/f?. K values 
for the alluvium ranged from 0.212 gpdlft? to 212 gpd/ft?. Us&g,an empirical equation from 
Bear (1979) to estimate the expected radius of influence (R)$for*a given K resulted in R values 
for the uppermost Arapahoe sandstones ranging from 2.3-,feet 'io 33 feet and R values for the 
alluvium ranging from 0.83 feet to 26.34 feet. Based upon thesetalculations, it becomes 
apparent that the spacing of observations wells is critical to the su&essofi'the testing. If the 
spacing of the wells was greater than the radius of,i&uence, drawdown would not be observed. 

Pumping rates for the aquifer tests at each site+werelestimated from given R and K values 
(Thiem Equation). Calculated sustainable +?stant pumping rates for the uppermost Arapahoe 
sandstones ranged from 0.02 gallons per minute (gpm)Jo 0.3 gpm, while pumping rates for the 
alluvium ranged from 0.03 gpm to 1.4 gpm. Other varlables taken into consideration during the 
design of the aquifer tests includedwell-bore storage, delayed yield, and boundary effects. Due 
to meandering paleochannels in tdt,uppermost Arapahoe Formation sandstone beneath the 
RFP site, aquifer test locations for 'Si,tes No. 1, and-2 were selected such that wells would 
penetrate the uppermost sandstone of the Argpahoe formation. 
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ka"xq The tests that were to,b'e performed at eacli+$te and the data to be gathered are discussed 
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a converging radial tracer test was planned for this site. 
\ '  '4, .$ An arrayfof+one production well and three observation wells was to be completed in the No. 1 

Sandstone.'"*The observatidn wells were to be located at distances of 5, 10, and 20 feet from the 
production w,ell.\A foyrth? observation well proposed at a location of 40 feet from the 
production wepin Th;lil vas deleted from the testing program based on calculations showing 
that this well was outside the expected radius of influence for the proposed pumping test. 

/,- I / /  "., "%.. .i 3 

"a, i / 
"1 

The entire pump test at this site was planned to last approximately 24 hours. After completion 
of the tracer test, recovery of the system was to be monitored for an additional six days. 



Drawdowns in the observation and production wells would then be evaluated using methods 
described in Bedinger and Reed (1988) and Neuman (1972, 1973). 

Site No. 2 

W o  multi-well pumping tests were planned to be scheduled for performance at this site. The 
test design of Site No. 2 as set forth in the TMl was modified to include a single pumping well 
which fully penetrates the two layer aquifer. TWO pairs of obseAations wells in the Rocky Flats 
Alluvium and the No. 1 Sandstone spaced 5 and 10 feetrfrom the pumping well were to be 

’completed as part of this test. 

The pump test at this site was planned to last approximately five days. A tracer test would not 
be performed because of expected dilution,effects from the overlying and underlying units. 
Drawdowns in the observation and production wellsd‘would then be derived through the 
development of a site-specific analytical solution derived for the two-layer aquifer present at this 
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Site No. 3 
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A multi-well pumping test followed by aconverging radial tracer test was to be performed at 
this site, An array of one”-pToduction well aqd two observation wells were scheduled for 
completion in the alluvium/?%> observation’wells were to be located at distances of 5 and 10 
feet from the productionwell. $vdm%Te-observation wells proposed at locations of 30 and 75 

on calculations showinkthat tiese wells were outside the expected radius of influence for the 
proposed pumphinest:, A4isi.naei observation well would also be installed adjacent to the 
production$welJ to monitor head response to a depth of approximately 5 feet into the claystone. 

The eritqe pump test at thh site was to last approximately five days. After completion of the 
tracer test, recovery of the system would be monitored for an additional six days. Drawdowns 
in the observation,and’pjoduction wells would then be evaluated using methods described in 
Bedinger and Reed (1.988). The response of the observation well in the claystone was to be 
evaluated using methods described in Bedinger and Reed (1988), such as Lappala et al. (1987). 
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feet, respectively, from the,prodyction J /-;“e*>-; welt’in B TM1 were deleted from the testing program based 
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The construction, installation, and monitoring of all wells used as part of the aquifer tests were 
to follow the guidelines set forth in RFP Standard Operating Procedures (SOPS). 
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1.4.4 Summary of OU-2 Human Health Risk Assessment Exposure Scenarios (TM5) 
(Pending Approval) 

1.45 Summary of OU-2 Human Health Risk Assessment Model Descriptions (TM6) 

TM6 provides a description of the models selected to performJyoundwater, surface water and 
air modeling for OU-2 in support of the Human Health Risk 'Assessment (risk assessment) 
(DOE 1993b). The technical approach used in applying<el$ed? models to the site-specific 
conditions at OU-2 is described in detail in Appendhe6 E,' F&d+ G o f  this Phase I1 RFI/RI 
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The objectives of the modeling are as follows>8 / 
d 

II RFI/FU Report for OU- 
transport of chemicals of 

for human receptors under 
present and 

2. To support the alternatives for the CMS/FS at 
ou-2. 

evaluate the chemical 
potential human 

was to identify 

Phase I1 FtFI/RI were available. If additional data collected was found to be substantially 
different than those used in developing this technical memorandum revisions to the modeling 
approach would become necessary. 
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The following models were selected to meet the requirements and objectives of the modeling 
study: 

0 The U.S. Geological Survey MODFLOW numerical model for groundwater flow, 
and the MT3D numerical model for groundwater contaminant fate and transport 
in the Rocky Flats Alluvium and Arapahoe Formation No. 1 Sandstone. The 
ONED3 analytical model for groundwater contaminant fate and transport in the 
colluvium. 
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b The Universal Soil Loss Equation, Soil Consernahon\ S'emice (Sa) Curve 
Number Equation, and Mass Balance Equation for suhace water fate and 
transport. 

\ 
b The Superfund Exposure Adessment Manual (SEAM) Models for soil gas fate 

h 

and transport, a box model for,,on-site ambient air contaminant fate and 
transport, and Fugitive Dust Model'(FDM) for off-site ambient air contaminant 
fate and transport of OU-2 source air emiss - 

k. ?%.<, -- 
, '  

Data available for use as input for the%modeling adivities were evaluated based on a review of 
previous and ongoing investigations, and?generd literature. Additional data from the Phase II 
RFI/FU would be used in the-modeling effort'once \ \i those data become available. 

The data that were preshted in tKi32echnical memorandum were preliminary and, in some 
cases, not site specific. *\The data values or'ranges of values were not intended to be fued or 
final. The ranges were'pr<sent%d to convey what is currently known of the potential variability 

5 

P" /-%& b$ \ '  p ,p t 1  *& 

t, -4 f 

,+ !* I .sr----..* 

in the parameter-%lieskthihma~beyused in the models. 
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1.4.6 yummary of OU-i'surface Soil Sampling and Analysis Plan Addendum (TM7) 

TM7 pres$nts hhaddendum'to the Phase I1 RFI/FU Work Plan (DOE 1991a). The purpose 
of the Addendum,to thqfWork Plan was to modify the Surficial Soil Sampling Program to 
include the analysis ofid contaminants that are potentially present at OU-2 for use in the 
human health risk assessment and the air and surface water modeling (DOE 1993~). The 
Surficial Soil Sampling Program contained in the Phase I1 RFI/RI Work Plan was designed to 
investigate the extent of plutonium, americium, and uranium contamination in surface soils and 
to study the potential vertical migration of radionuclides through the soil column. Numerous 
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soil studies were made at RFP before the OU-2 Phases I and I1 RFI/RIs, some as early as 1971. 
These include soil scrapes and soil borings, as well as off-site studies and aerial and surface 
gamma surveys. Data from these studies were useful in developing the sampling plans for OU-2 
Phases I and 11. However, these data were not consistently validated and, in some cases, remain 

unpublished. j' 2 + \ 
** , 

, -  
Data from previous studies did not provide information on,potential contaminants other than 
plutonium, americium, and uranium. In order to assess the potential human-health risks 
associated with exposure to OU-2 soils, an evaluation opihe'natbre and,extent of all radioactive 
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and non-radioactive contaminants was required. --\ w" \.\- 'k*\.. 

Other objectives for the surface soil sampling proGam were to provide additional supporting 
data for the environmental evaluation (EE) andh,allow, assessment of remedial alternatives for 
remediation of the contaminated soils in accqrdanqiwitythe National Contingency Plan (NCP). 

,." J 2 'A> 

hi, P 
%++\* q%,h 

The DQO process was used in developing the Surfic% Soil\Sampling and Analysis Plan. To 
collect data representative of nonratlioactive and radio&tive contamination in surface soil at 

\ OU-2, a systematic sampling approach was.se@ted?The collected samples were to be equally 
spaced surface soil composites taken'f{oh polygons that entirely covered the area of concern. 
Additionally, selected (biased) polygons thadfocused on known or suspected surface soil 
contamination were inc luded ' f3rvampl in~lX~ approach provides for site-wide coverage and 
conservatively includes,po$ential hot spots. y k < d  

The size of the polygons- t o fbe~sampled~wa~  selected based on the receptors that may be 
evaluated in the risk assessment. The human receptors to be evaluated include an industrial 
worker, an ecologidresearcher, and a resident. A future, on-site residential scenario will likely 
have the greatest potent@+qposure of the three receptors and is, therefore, the appropriately 
conserv$ve- approach. ";4 'sampling polygon representing an exposure area for an on-site 
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resident was selected. The appropriate polygon size for a residential exposure area is 50 feet \ %\('* I' ,a 

by 100 feetb -%, k j  
a+%w+,, / 
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The OU-2 area was divided into these polygons, and the polygons were numbered sequentially. 
A sample population of 40 would allow an adequate number of samples to assess contaminant 
distribution; therefore, 40 polygons were systematically selected for sampling. 
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Historical information indicated that surface soil contamination would likely be identified in 
several IHSSs. These IHSSs include 108 (Trench T-1), 113 (Mound Site), 140 (903 Pad, 
Reactive Metal Destruction Site), 155 (903 Lip Site), and 216.2/216.3 (East Spray Fields). To 
provide for sampling and analysis of surface soil in these IHSSs, six plots corresponding to these 
IHSSs were specifically selected for sampling. The remaining 34 samples were evenly spaced, 
based on a grid, throughout the OU-2 area. 

The Rock Creek Drainage vicinity was chosen as the background\area due to its location and 
geomorphology. The background area is located generally northwest-of the RFP processing 
area. Since the prevailing wind direction is from th*e northwest,'it &'presumed that the 
contaminants from operations at RFP would have'had a nominal or minimal impact on the 
background area. t 

Nine randomly selected background sampling Imtions+were identified based on the sampling 
plan presented for OU-1. The FWP method*d;mibed in SOP GT.8, (EG&G 1992a) was 
selected for collection of the samples. Fifty subsamples w e y  to be collected and composited 
into one sample for each polygon in both-ths OU-2 and'background samples. 

The analyte list for the surface soil esented in Section 2.0 of this report. 
The list was sufficiently comprehensivchto 'include the expected contaminants based on the 
history of OU-2. However,dol%tile organic<pmpounds and acid extractables were not included 
because of the unlikel$o6d&&these comp&ds would be present in the surface soil in OU-2. 
In order to provide a' full suite'of ckground analyte concentrations, several analyses were 
added to the proposed8qalyteilist for batkground samples only and are also discussed in 
Section 2.0. Pu-239/240;-*&1-2+1; and U-233, -234, -235, and -238 analyses were not performed 
in this sampling.efftYft-be&he substptial data were obtained from previous studies. Analyses 
were to bedperformed m accordance with methods referenced in the GRRASP. 

Because ch7omium was a potential site-related chemical of concern in surface soil, hexavalent 
chromium IC< VI3 analyses<,was performed in 30 percent of the surface soil samples, including 
the two polygons,to be simpled at the spray fields (IHSSs 216.2 and 216.3). Additionally, 
specific conductance, pH, and total organic carbon (TOC) analyses were performed on 30 
percent of the OU-2 and background samples. 
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A subset of approximately 20 percent of the OU-2 and background samples were collected and 
submitted for bulk density testing. The bulk density analysis will enable the concentration units 



to be converted to concentration per unit area. The 20 percent frequency was designed to 
provide sufficient information to characterize the soils. The polygons locations for the collection 
of samples for bulk density testing were randomly selected. 

The quality assurance/quality control (QA/QC) for the surface , \  soil sampling was conducted in 
accordance with the QAPjP and applicable SOPS for the ER Pgo&am. 

1.4.7 

TM8 presents the OU-2 Revised Phase II FWI/RI W&k Plan (BehckpcDOE 1993a). This 
work plan, also referred to as the Revised Bedrqcd Work Plan (RBWPi refined and reduced 
the  scope of work for investigation of the LHSY'that was presented previously in the Phase II 
FWI/RI Work Plan (Bedrock) (DOE 199,lb)U. The reduction in scope was considered 
appropriate based on a review of data previius&qoKkcfed and currently being compiled as part 

"I \, 4 

of the implementation of the Phase I1 RFI/RI Work Plan (Alluvial) (DOE 1991a). The existing 
OU-2 data indicated that the LHSU sandstones arehdsmntjinuous with low permeability and 

* '  
f 

f ,  

Summary of OU-2 Revised Phase I1 RFI/RI Work'Pl$?(Bedrock) (TMS) 
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that substantial contamination is notupresent% "aB 
1 "c, "+\--"--.>, \, 

* . a  P.2-k.,, Y T M 8  focused on acquiring data to verify tielsite conceptual model, which assumed that 
contamination in the LHSU is limited inte;t"ent:' The field investigation program was a focused 
program designed to incorp6Etehzp observatiopl approach that allowed the field results to be 
evaluated as each field Fmponent was complk$. Therefor, additional data requirements were 
assessed and additional data acquiGdWneeded, while the field program was in progress. With 
this approach, the inyestigation of the EHSU was expedited, while reducing the potential need 
for additional phases offield Sv,atigation. Figure 1.4-1 illustrates the decision process for using 
field results, 5seth"e"y"e ob?ainedFtoh evaluate the LHSU. According to that decision process, 
if groundya<er4amples\cou!d no t sd  collected from the LHSU or analytical results indicated 
that contaminants are notipresent at detectable levels this would confirm the limited extent of 
contamqtion in the LHSU. Under such a condition, the LHSU could be considered an 
incomplet>pa't>way andla quantitative assessment of the human health risks associated with a 
LHSU exposure'pathwayjwould not be conducted. The results of evaluation of the LHSU are 
presented in Sections~3!5.2, 3.6.3, and 4.7 of this Phase I1 RFI/RI Report. A description of the 
field implementation of TM8 is presented in Section 2.2. 
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The upper unit of the Laramie Formation, which is of concern at OU-2 because of its shallow 
depth and potential for communication with the UHSU at its upper boundary, is comprised of 
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approximately 300 to 500 feet (DOE 1992b) of deltaic claystones, siltstones, and some silty 
sandstones with an occasional coal layer. The LHSU sandstones are primarily distributary 
channel deposits and likely represent the most permeable intervals of unfractured LHSU 
bedrock. Prior to implementation of TM8, eight aquifer tests had been performed on various 
LHSU sandstones and siltstones. Seven of the eight aquifer tests indicate hydraulic 
conductivities in the range of 1 x 10” to 1 x lod centimeters per second (cm/s) or less. These 
sandstones are approximately 15 feet thick or less, except where channels are stacked or have 
coalesced, which can result in a thick sandstone sequence interbk’dded with thinner siltstone and 
claystone layers. Generally, these sandstones are later discontinuous (refer to geologic cross- 

sections on Figures 1-13 through 1-23 in TM8). 

The No. 1 Sandstone channel has incised into the LHSU at several known locations. At some 
locations, the No. 1 Sandstone is in direct contact with or in close vertical proximity to the 
uppermost underlying LHSU sandstone. Several L H S U  sandstones are believed to subcrop 
beneath the colluvium along the north hillsid&of the Woman Creek drainage. There is the 
potential for hydraulic communication between sandstones of the UHSU and LHSU; however, 
the quantity of water transmitted fromthe.U@SU to LHSU is believed to be limited due to the 
low permeability of the silty LHSU .san”dstones. 
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Groundwater in the LHSU sandstones i s  tkgeved to occur under confined conditions except 
where these sandstones s u s p d o n g  the*UTaintge slopes. The flow in the LHSU sandstones 
is believed to be 

Data for the 
than LHSU because most of the subsurface 

data collectionNactivitiq conducteg to date have focused on characterizing the UHSU. 
However, prior6%$1ementationkof TM8, data from 30 existing LHSU wells and 11 boring 
were ayhable. Based 6nj.a review of those data, it appeared that potential sources of 

geometry, and is generally from west to east. 

reviewed and used in developing TM8. 
Substantially -.*. . \ %*t+% 
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contamkahon to LHSU sandstones are limited to secondary groundwater plume sources with-in 
1 %  

Two potential scena;iodfor migration of groundwater contamination from the UHSU to LHSU 
were proposed. Scenario 1 (Figure 1.4-2) involves lateral migration of contaminants from the 
UHSU alluvium and/or No. 1 Sandstone to discharge points beneath the colluvium along the 
slope of the Woman Creek drainage. The downslope migration of the contaminated water 
within the colluvium results in localized recharge of the LHSU sandstones that are subcropping 
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beneath the colluvium. Groundwater contamination has been found in existing LHSU wells 
screened in the vicinity of the subcrops. It is expected that LHSU groundwater contamination 
resulting from this scenario will be limited to the vicinity of the subcrops because the lateral 
hydraulic gradient within the LHSU sandstones should be toward the drainages, thus the 
contamination should be discharged relatively quickly back into the colluvium. As such, 
groundwater contamination migration is associated with an UHSU exposure pathway through 
the colluvium, rather than a LHSU exposure pathway. 

Scenario 2 (Figure 1.4-3) involves vertical migration of 6ntdmination from-the UHSU to LHSU 
sandstones where LHSU sandstones are in close verticbproximity h t h i  UHSU. Once in the 
LHSU sandstones, the contaminants aterally within.'the sandstones or 
vertically to deeper LHSU sandstone u inant migration for scenario 2 may 
be associated with a potential LHSU y if the sandstones are hydraulically 
interconnected and laterally continuous 

Of the two scenarios, scenario 2 is o f t  {regard to the LHSU because it is 
potentially associated with a LHSUp@osur,e_pathway. Sceqaiio 1 is of less concern with regard 
to a potential LHSU exposure pathway<;because ii"is-begeved to be associated with an UHSU 
exposure pathway (Le., migration of &ntapin'ants%kough the colluvium). 

Data from existing OU-2 kHSU wells were,evaluated to assess identified contarnination in the 
LHSU. Where applicabk, the identified contamination was evaluated relative to the LHSU 
contaminant source/'sceharios$ dikssed-$mve. Based on the data available prior to 
implementation of .TM8;*chlorinated hydrocarbons (CHCs) such as CCL, PCE, and TCE had 
been detected in 10 out of 26 LHSU monitoring wells for which data were available since 1990. 
Of those 10 wellsf3eves\are located,on the north slope of the Woman Creek drainage and are 
screened in LHSU sa>d$ones near'where they subcrop beneath the colluvium. These wells, 

detections observed in the LHSU 
of the scenario 1 mechanism thought to be 
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pathway. 

CHC detections are located in the central portion of the 
OU-2 plateau and may be representative of the scenario 2 mechanism. Such contaminant 
migration, if it occurred, may be associated with a potential LHSU exposure pathway. However, 
the evidence for this was limited. In general, these wells had concentrations of CHCs in the low 
parts per billion range, usually near the analytical method detection limits. In many cases, the 
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detected CHCs in these wells had also been detected in laboratory blanks indicating possible 
laboratory-related contamination of the samples. Based on the available data, it appeared 
unlikely that the contamination identified in these wells is indicative of a LHSU exposure 

. pathway. 

Prior to implementation of TM8, LHSU bkdrock samples had been obtained at depths greater 
than six feet below the UHSU/LHSU contact from a total of ' l l  boreholes. Those samples 
indicated no substantial CHC contamination, with the exception of Boreholes BH2587 and 
09991. Both boreholes reached total depth in LHSUrclaystonq which are not expected to 
readily transmit groundwater. Field activities were spe&ed in the SM, to  evaluate the vertical 
extent of the CHC contamination in claystone-at the two borehole lckations where it was 
detected. J J 

TM8 discussed the Conceptual Site Model for ,0U:2A4with respect to the LHSU. Potential 
%, \\ 

exposure pathways associated with the LHSU"had &en designated as incomplete for OU-2. 
Based on this designation, no quantitative assessment%f ,human health risk through LHSU 
exposure pathways was anticipatedsfor-the-OU-2 RFI/RI,Report. Details of Human Health 
Risk Assessment including a discussion;of-the+conZeptual site model are presented in Section 
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6.0 of this Phase I1 RFI/RI Report. \\ ' ~. ,,f ;< '*9c*..: 

~ w i 
I n 
h J  - The objective of Th48 wasdto gather data"nk&ry to sufficiently verify the assumption that 

substantial LHSU contammation associated hi$ potential LHSU exposure pathways does not 
exist, or that, if present,g the peke;Eility-of-the LHSU units is insufficient for them to act as 
a complete exposure.,pathway. The fieldFrogram was intended to evaluate LHSU groundwater 
quality in areas with the highest potential for LHSU contamination and estimate the 
permeability ofZHSWu@ cqntainkg contamination. This information was used to evaluate 
the potential f o f s t i o h o f  contaminants within the LHSU, or the potential for the LHSU 
to provide sufficient wat& for an on-site residential water supply. 

The TM8 field hvestigation'program specified the following activities: 
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%A. Drihng+&d sampling of six bedrock pilot boreholes to evaluate LHSU 
stratigraphy and hydrogeologic conditions (Figure 1.4-4). 

e Installation and development of 6 to 12 monitoring wells at six locations to allow 
collection of groundwater quality samples from LHSU targeted units. 
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0 Collection of groundwater samples from each newly installed LHSU monitoring 
well and analysis of the samples for a selected suite of indicator parameters to 
evaluate whether contaminants from the UHSU have migrated to LHSU units. 
If contaminants are detected in the LHSU unit being monitored at a particular 
location, an additional monitoring well was to be>+stalled into the next deeper 
permeable LHSU unit at that location to #e$$uate the vertical extent of 
contamination in the LHSU. f t  i t ’  

<\ 
l<’ ”\, “49, 

0 Conducting hydraulic slug tests withhfeach newly installed LHSU bedrock 
-? t, 

monitoring well to evaluate the pe rmeah& of the sc;”eened\LHSU bedrock unit 
..””., ‘“.,- in that well. J B  

Drilling of two LHSU bedrock’boieholes (SB-1 and SB-2) to collect samples of 

i ,f’ 
/ / 

0 
f h. 

the LHSU claystone for analysh&,tpiluate the vertical extent of contamination 
previously identified in LHSU claystone at these locations. 

\ P 

0 Examination of dr@&re-f~om the borehdebfo’r existing Well 2087 to re-evaluate 
-*----..ah, 

the lithology of the‘iqreknedintervalval*of-this well. 
‘--. b:\ 7 /---J 

The locations of the proposed 

summarized in Table 

Three of the six 
selected to 

wells are shown on Figure 1.4-4. The 
be performed are described below and are 

(WC-1, WC-5, and WC-6) were 
UHSU contamination to LHSU 

focused in areas where UHSU 
contaminants have been 

selected because they 
are in close vertical 
not detected in these 

contamination to 
occur. The other location (WC-5) was selected because low levels of contamination have been 
identified in an existing well completed in a LHSU claystone. 

migration from the 
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The approach to investigation at these locations is diagrammatically illustrated in Figure 1.4-5 
(WC-1 and WC-6) and Figure 1.4-6 (WC-5). At each location, a pilot borehole was to be drilled 
through the uppermost three to four LHSU sandstone units to gather stratigraphic and 
hydrogeologic information. Lithologic and borehole geophysical logging were to be conducted 
and used to identify target depths for adjacent monitoring wells (a-series). Each monitoring 
well was to be developed and sampled for groundwater quality. The results of expedited 
laboratory analysis of groundwater samples from these wells for a selected indicator parameter 
suite were expected to indicate the presence or absence of contamination. If contamination was 
detected, a second monitoring well was to be installed to the nexthdeeper sandstone to evaluate 
the vertical extent of the LHSU contamination. In achfion, slug tests a re  to be performed in 
each new LHSU monitoring well to evaluate the perheability of the LHSU sandstones for use 
in estimating the potential for contaminant mikation within the LHSU. 

WC-2, WC-3, and WC-4 were to be installeg tolevaluate the source of contaminants in LHSU 
sandstones near where they subcrop beneati"*cplluviurn along the Woman Creek drainage 
(scenario 1). The new wells were to be installed Gbadient  and away from the LHSU subcrop 
areas so as to be outside the influe&e-of*l@ized recha'ige*from UHSU colluvial water to the 
LHSU sandstones, if it is occurring$~The-locaai~~WE-2 was selected to investigate the source 
of LHSU contamination identified in the Wellr"if87-"The locations WC-3 and WC-4 were 
similarly selected to investigate the sources oFLHSU contamination identified in Wells 00391 
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and 1487, respectively. h?, 
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The approach to invdtigadtion a't th%Ce%cations is diagrammatically illustrated in Figure 1.4-7. 
At each location, a pilot borehole was to tî e 'drilled through the LHSU sandstone of interest and 

information. The&-data were to beesed to identify target depths for adjacent monitoring wells 
(a-series). Each-itorihg wellkwis to be developed and sampled for groundwater quality. 
The resultyof expeditedjlaboratory analysis of groundwater samples from these wells for a 
selected uidicator parameter suite were expected to show the presence or absence of 
contamination. If contammation was not detected, it would be concluded that the contaminants 
detected in the existmg w,eU near the subcrop were introduced to the LHSU sandstone through 
an UHSU exposure'*pathway (scenario 1). If contaminants were detected, it would be an 
indication that the contamination migrated vertically to the LHSU sandstone from an UHSU 
secondary source area and then migrated laterally within the LHSU sandstone to the existing 
well near the subcrop location. Such a condition would be associated with a LHSU exposure 
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the next deeper two \% to three '"*d LHSU l sandstone units to gather stratigraphic and hydrogeologic 
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pathway (scenario 2). In that case, a second well was to be installed into the next deeper LHSU 
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5 
sandstone to evaluate the vertical extent of the contamination in the LHSU. In addition, slug 
tests were to be performed in each new LHSU monitoring well to evaluate the permeability of 
the LHSU sandstones for use in estimating the potential for contaminant migration within the 
LHSU. 

r e i  

Boreholes SB-1 and SB-2 (Figure 1.4-4) were to be drilled adja&nt;to existing Boreholes 09991 
and BH2587, respectively, to evaluate the vertical extent of CHC contamination identified in 
LHSU claystone bedrock samples previously collected in d o s e  a>eas. The new boreholes were 
to be drilled to collect samples of claystone bedrock,bik!ow the\depths previously collected. 

<I *e\, \. 
Details of the field methods to be implemented with'regard to 
logging, and soil/rock sampling are found in Sectio;;2.3 $' 1 of TM8. 

Two sets of groundwater samples were tcy~.be.:'co~jx(ed from 
monitoring wells and analyzed to evaluate grfun@4ate$pality in 

i i 
P 

k" 

chin&mring, geophysical 
-\ ,d ", 

the newly installed LHSU 
the LHSU. One set was to 

I '  

be submitted to an analytical laboratory for andys$ on a quick turn-around basis for a suite of 
indicator parameters (Table 1.4-3) selected for their"'utiLty.and reliability as indicators of site- 
related contamination. The second%et-of,samples was to@ submitted to another analytical 
laboratory for analysis for a more ehfnsive.suge of'tHSU analytical parameters (Table 1.4-4). 
(Note: The volatile organic Parameiersalisfed~~~Table 2-8 of TM8 were incorrect for the 
specified analytical Method 524.2. Table4 l.4+fof this summary shows the correct parameters. 
This is discussed further *SEtion 2.2 of thjskhase I1 RFI/lU Report.) 

'\ \\ 
-\ > 

2 "\ - 
\\ 

w f 

.P p' The results of the indicator paramemanalyses were used to guide the scope of the remaining 
field investigation activiiies by providmg prehinary  information on the Occurrence and vertical 
extent of contamination%n a LHSU unit at a particular location. Specific factors considered 
in selecting t h e , i r i " d i ~ t o r , ~ p a r ~ ~ e ~ ~ .  include: (1) they should have been detected in on-site 
waste or as/exjstmg grougdwater contamination at substantial concentrations; (2) they should 
be mobi@ana relatively stable and persistent over the flow path of interest; (3) they should be 
measurab$?'at low concentrations and should be unambiguous with respect to site-related 
contamindion ve~sus samplihg/laboratory artifacts; and (4) they should be readily discernable 
at low levels from,naturally occurring conditions. 

The purpose of analyzing a second set of samples for a more extensive suite of LHSU analytical 
parameters was to verify the results of the indicator parameter analyses, and to fully 
characterize the types of contaminants, if present, in the LHSU at a particular location. The 
LHSU parameter analysis suite is a refinement of the full analytical parameter list used for the 
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Phase I1 RFI/RI Work Plan (Alluvial). Certain parameters or types of parameters were 
eliminated for TM8 LHSU parameter analysis suite because they had not been detected to date 
in UHSU samples at a frequency greater than five percent, are not believed to be present in 
on-site waste, are believed to be sampling/laboratory artifacts, or are not present at levels above 
background. 

Bedrock claystone samples collected from Boreholes SB-1 and SB-2 were to be analyzed for the 
parameters listed in Table 1.4-5. This list is similar to the LHSU parameter analytical suite for 
groundwater (except for VOCs), and is tailored for claystone sample' analysis. 

The results of the field investigation were used $,the evaluation of the geology, hydrogeology, 
contamination assessment, and risk assessment>,forrthe LHSU for the Phase XI RFI/FU Report. 
The results and conclusions from the evaluations are presented in Sections 3.5, 3.6,4.5 and 6.0 
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1.4.8 OU-2 Human Health Risk Assessment ConhmGants of Concern (TM9) 

1.4.9 OU-2 Human Health Risk As'sessment To&ity%ssessment (TM10) 
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1.4.10 Environmental Evaluatpon Work 

The Environmental:Evaluation Work Plan-was prepared as part of the Phase I1 RFI/RI Work 
Plan (Alluvial) (see Shtion 6:0, DOE 1991a). The objective of this work plan was to provide 
a framework forTddreqing *and quantifying the ecological effects to the biotic environment 
(plants, seals, and microorganisms) from exposure to contaminants resulting from IHSSs 
within OU-2: A n  ecosystem qpproach was used as the basis to develop this work plan to be sure 
that eCblo$cal effects endpomts (e.g., structural diversity, biomass, phenology, nutrient cycling, 
trophic sthcture) are .addressed as well as populations and individuals that are more 
traditionally edluated risk assessment approach. Determination of the effects on biota 
would be performed W'conjunction with the human health risk assessment. The ecosystem 
approach was comprehensive in that it initially addresses all ecosystem components, then 
progressively focused on those aspects of the system potentially affected by contamination. The 
approach was designed to ensure that all procedures to be performed were appropriate, 
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necessary and sufficient to adequately characterize the nature and extent of environmental 
effects to biota under the "no action" scenario. ' 

The environmental evaluation would consist of the following ten tasks briefly described below: 
\\ 

i ', 
0 

/' 

4: 4 ''* \, 

Preliminary Planning 

The preliminary planning involved defining thq>.ssi;idy area, determining the scope 
of the EE, identifying DQOs, and deveFping a plan for+obtaining consensus on 
the selection criteria for contaminants of"cdncern, key reqptoqspecies, reference 
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A, 

areas, and the field sampling approa$/design. %\\,/ 

Data Collection/Evaluation and adoncep<ual Model Development 

<\&\%< " ,if ~ 

This task included a review, evaluation;\and summary of available chemical and 
".I "., ecological data for identifying data g a p  Based on the data, contaminants of 

concern (COCs) we;e-to-be,identified -.<"*.+ basedsn their documented effects on key 
receptor species and/or~other,_nd~oints. This initial list of COCs 
would be refined later using data resulting from OU-2 Phase II abiotic 
investigations. As part ofkthe Fnceptual biota model development, a food web 
model wasltK62yonstru&ed 'and preliminary exposure pathways identified. 

Y @-% I t  >% h Resultsr,ofjthese, activities were v, to be used to refine the ecological and 
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ecoto~cological,6eld~ii%estigation sampling plans. 
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y> 
weys, and an ecological field inventory to characterize OU-2 

/ ,/' biota and th:k trophic relationships, and to note locations of obvious zones of 
\ '*--qchemical qntimination were to be conducted. Brief field surveys were intended 

'*\ tbk perfowed in the spring, summer, fall, and winter to obtain information on 
the occurrence, distribution, variability, and general abundance of key plant and 
animalsspecies. Field inventories were to be conducted in late spring and 
summer to obtain quantitative data on community composition in terrestrial and 
aquatic habitats. Samples collected as part of the activity were to be saved for 
tissue analyses where contaminants of concern have been identified and sampling 
protocol are in place. Aquatic toxicity tests using Cetioahphnia spp and fathead 
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minnows were included. As part of these activities, all collected field data were 
to be reduced, evaluated, compared with, and integrated into the existing 
database to update knowledge of site conditions. 

Toxicity Assessment 

The Toxicity Assessment was intended to be performed in conjunction with the 
Exposure Assessment and Pathways mode1 task. % The assessment included a 
summary of the types of adverse effects on’biota-askiated with exposure to 
site-related chemicals, relationships bedeen magnitudeLoyf eqosure and adverse 
effects, and related uncertainties ,forF contaminant toxici’ty, particularly with 
respect to wildlife. 
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e Exposure Assessment and Pathways $bdel 

A site-specific pathways model based+oq the ecological field surveys was to be 
to be used to evaluate 

\ 

receptors. The pathways 
approach and provided initial 

and distribution of contaminants, likely 
and expected ecological effects. 

A char&terization of the threat or risk of OU-2 contaminants to receptor 
pop%&tions and,habitats was to be prepared. Determinations of the magnitude 

,,4 ,ofGZffe+\ of contamination on OU-2 biota were to be made. The actual or 
/ ,/ potential effecp of contamination on ecological endpoints (e.g., species diversity, 

H f  
\ % - y y k T d  web stru&ure, productivity) were to be addressed. Depending on DQOs 

\?and,the qual& of data collected, the contamination characterization would be 
>%pressed qualitatively, quantitatively, or a combination of the two. Information 
from A.RcARs, toxicological assessments, and the pathways model would be used 
to develop criteria that address biological resource protection. 
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e Uncertainty Analysis 

Assumptions would be identified and the evaluation of uncertainty in the 
environmental risk assessment analysis would be performed. 

,‘- 
e Planning 4 ; 

Additional DQOs with respect to the Ecotohcdogipl field investigation would 
”? ?\ 

/, ‘“.\ a be developed. ’ P  
’k+J 

\“.\ \%\, 

0 Ecotoxicological Field Investigation?; *‘..., 7, 

/J , 
r j 

p” 

/’ ,” 
Tissue analysis studies and an’$ additional ecotoxicological field investigations 
would be performed under th’is tasQ.dis work would be conducted concurrently 
with the data collection an;i*“eccologi& field investigation tasks. Samples 
collected in the previous field studies,would be used wherever possible (e.g., 
when contaminants,of“concern have beeAhdentified and sampling protocols are 
in place); new samplp would,& ~0llfxted~i.f necessary. The need for measuring 
additional population endpointsthr‘i;iigh.reproductive success, enzyme inhibition, 
microbial respiration, or other ecotoxicological studies would be evaluated based 
on the preMiKary ecological rkk assessment. Selection of the target analytes, 
species, a”iditissues yould be Gazed on the determination of which contaminants 
are li!cely/-to be pres&%t-in-sufficient concentrations, quantities, and locations as 
to bk detected’indbiota. Se lh ion  of these specific criteria would be developed 
in consultation@ith EPA and the State. All necessary federal and state permits 
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oilld%e,p6?aine&”rior to any destructive sampling or collecting. 
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et’ 6 Environmental Evaluation Report 1 ..a 
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Abfinal ch’aracterization of contamination in biota at OU-2 would be prepared. 
Results from the ecotoxicological field investigations would be used to evaluate 
ecosystem effects. Information on site environmental characteristics and 
contaminants, characterization of effects, remediation criteria, conclusions, 
uncertainty analysis, and limitations of the assessment would be summarized into 
the Environmental Evaluation Report. 
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TABLE 1.4-1 

SITE-SPECIFIC CHEMICAL ANALYSIS ROSTER 

ANALYTICAL SUITES 
MATRIX 

Volatile Acid Base 'Neutral Pesticides/ 
0 rga n ics Extractables Extractables PCBs 

Waste Sources Yes(') Yes(2) , I  **) yes(2)\ Y ed2) 
I .  

Sediments Yes(') a*+,. ' NO" +, j \   NO(^) 

Surface Water Yes(')  NO(^)  NO(^)  NO(^) 

Groundwater Yes(') Yes(3) yes(3) '-" Yes(3) 

Notes: 

9. ?\ \  
(t\\ 

Case 111, supplemental data required. 
(2) Case 11, supplemental data required. \t A? 

(3) Case 11, supplemental data required-only for source\characterization alluvial monitor wells. 
(4) Case 11, supplemental data not r,equired xlh.u -----> -\ ",""-.4 
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TABLE 1.4-2 

I 

SUMMARY OF RATIONALE FOR BOREHOLE/MONITORING WELL 
LOCATIONS AND OBJECTIVES/INFORMATION TO BE GAINED 

(from TM-8) 

~ ~ ~~~~ 

Boring/Well 
Location 

~~ 

Rationale 

~~ ~ 

Objective /Information . 

wc-1 

wc-2  

wc-3  

wc-4 

wc-5  

-wca 

Located in UHSU hotspot area with 
potential for hydraulic communication 
between UHSU and LHSU. 

Investigate presence or absence of 
coniqfiation 3tuppermost LHSU 
san$zi o,n'e unit .and next deeper sandstone 
uni!, ipnecessaj. -Evaluate permeability of 
LHSU sandstones. -, ~ 

Investigate source of contatiiination at 

absence of contamination in deeper LHSU 

Located upgradient of existing LHSU weU; 
screened near sandstone subcrop beneatH' , ,existing well. Investigate presence or 

,;' ..  colluvium. 
d , , 

,I 2 sandstone, if necessary. Evaluate 
I *  , , perm-eability of LHSU sandstones. 

' ,- ' \\. 3 
Located upgradient of existing LHSLJ. wellv Investigate source of contamination at 
screened near sandstone subcrop beneath. 
colluvium. 

&sting well. Investigate presence or 

&ndstone,,if necessary. Evaluate 
penheability of LHSU sandstones. 

''..,.abSenc.e of contamination in deeper LHSU 

9 . z  
-.+n*.. x~LI  

Located upgradient of &x&ting%LI-JSU well"-.Investigate source of contamination at 
screened near sandstone Subciop 6Sneathjc--+.,,c+$ig well. ,Investigate presence or 
colluvium. d ,f absence of contamination in deeper LHSU 

sandstone, if necessary. Evaluate 
permeability of LHSU sandstones. 

C o n f i i  presence of contamination in 
LHSU. Evaluate type of LHSU material in 
screened interval of existing well. 
Investigate presence or ,absence of 
contamination in deeper LHSU sandstone, 
if necessary. Evaluate permeability of 
LHSU sandstones. 

;r 

Investigate presence or absence of 
contamination in uppermost LHSU 
sandstone unit and next deeper sandstone 

LHSU sandstones. 
_I unit, if necessary. Evaluate permeability of 
+/ ,' 

f ,z' 
Investigate vertical extent of contamination 
in LHSU claystone. 

SB-2 Investigate vertical extent of contamination 
in LHSU claystone. 

claystone samples. 

Existing LHSU well in 903 Pad Area 
where contamination has been detected 
below central portion of OU-2 plateau. 

2087+ Re-evaluate lithology of screened interval 
as either a LHSU claystone or sandstone. 

* Well 2087 is an existing well. 

(4W1030-M)41-510) (I'bi-142) (12/14/93 2IZprn) Sheet 1 of 1 



TABLE 1.4-3 

SUMMARY OF GROUNDWATER INDICATOR 
PARAMETERS 

FOR REVISED BEDROCK WORK PLAN 
(from TM-8) 

HALOGENATED VOLATILE ORGANICS 
i 

'\ , , . .  
Vinyl Chloride 

1,l-Dichloroethene, ' 

total 1,2-Dichlo;o~thene 

1, 1,l-Trichlor6ethane 
P *' 

Carbon teyachloride 

Trichlor6: tken*e . 
Tetrachloroethene- 

% 
t 

* J $  

.d 

-+a,, %$ 9' 

I -  
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TABLE 1.4-4 

SUMMARY OF LHSU PARAMETER ANALYTICAL SUITE FOR 
GROUNDWATER SAMPLES FOR REVISED BEDROCK WORK PLAN 

(From TM-8 except for VOCs, which have been 
revised to reflect Method 5242) 

METALS (Dissolved) 
Aluminum ’ 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 

1 2  pH +’x*xL ‘\ * ?  

Specific ConYuctariq +f ,i 
Temperature xtks ’ /’ 
Total Dissolved Solids ,, 

‘% Cations/Anions ‘x;’ 
Cyanide 
Total Organic Carbon 

DISSOLVED RADIONUCLIDES 
Gross Alpha I 

Gross Beta 
Uraniumr233+-23d,235 and 238 (Dissolved) 
Ameficium 241 (Dissolved) 
Plutonium 239 + 24O“~Dissolved) 

I\ 
Tritium ‘% 

,* 

:’ ORGANICS: VOLATILES 
Y’ ,*‘ 1,1,1,2-Tetrachloroethane 

.$’ , l,l,l’-Trichloroethae 
s,x+, 1,1,2,2-Tetrachloroethane 

‘‘*tki ‘1,1,2~Trichloroet hane 
‘\Lbr+l,PQichloroethane 

k.1-Dichlpoethene 
1,l-Dichlciqopropene 
1,2,3-Trichlorobenzene $””-\ 

8% ‘““-1~~~Trichloropropane 
r( 1,2,4-Trichlorobenzene 

\1*I..% 

‘ t> ”\+? ‘“ 
4 4 t: ,c 
“\, “$wy ,;.” 

1,2?Dibromoethane 
1,2-Dichloropropane 
1,ZDichlorobenzene 
1,2-Dichloroethane 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,4Dichlorobenzene 
Benzene 
Benzene, 1,2,4-Trimethyl 
Benzene, 1,3,5-Trimethyl 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cumene 
Dibromochloromethane 
Dibromethane 
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TABLE 1.4-4 

(Concluded) 

ORGANICS: VOLATILES 
(continued) 
Dichlorodifluoromethane 
Et hylbenzene 
Hexacylorobu tadiene 
Methylene chloride 
Naphthalene 
Propane, 1,2-Dibromo-3-chloro 
Styrene 
Tetrachloroethene 
Toluene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
cis-1,2-Dichloroethene 
cis- 1,3-Dichloropropene 
m, p-xylene 
n-Butylbenzene 
n-Propylbenzene 
o-Chlorotoluene 
o-Xylene 
p-Chlorotoluene 
p-Cymene 
sec-Butylbenzene 

Sheet 2 of 2 
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TABLE 1.4-5 

i -  

LHSU ANALYTICAL PARAMETERS FOR BOREHOLE SAMPLES 
(from TM-8) 

METALS 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 

&-____ 

/ ORGANICS:, VOLATILES’ 
Chloromethane 
Bromomethane *. ** . ,+ 

y‘ P , ~-- .I 
% J 3, 1“;1,2,2-Tetrachloroethane ’ -4. 

‘, , /* 

% 

P --v<. ---‘-\ %k\\\ Vinyl Chloride 
Chloroethane , ’ 

Acetone ” 

< ‘ -  y % 5  ‘‘- **\ /’” 
Vd Methylene Chlojide*’*-’ >x ., 

Carbon Disulfide - 1  

1,l-Dicliloefoethe:ne 2 

1,l-Dichloroethane ~~ , i  

total 1,ZDichlbiogthene 
Chloroform \\, 

l,2-Dichloroethane \*., 

2-Butanone 
l,l,l-Trichloroethane 
Carbon tetrachloride 
Vinyl Acetate 
Bromodichloromethane 

1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Ethyl Benzene 
Styrene 
Total Xylenes 
Tetrachloroethene 
Toluene 
Chlorobenzene 

Sheet 1 of 1 



I 

I I 

I - ROCKY FIATS BOUNDARY - 

HIGHWAY 72 

\ 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden. Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

LOCATION OF THE ROCKY FLATS PLANT 

FIGURE 1.3-1 OCTOBER 199: 
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OPERABLE UNIT NO. 2 
PHASE II RFI/RI REPORT 

TETRACHLOROETHENE ISOPLETHS FOR 
THE UPPER HYDROSTRATIGRAPHIC 

GROUNDWATER FLOW SYSTEM 
(PRIOR TO PHASE 2nd QUARTER II REMEDIAL 1989 INVESTIGATION) 

i FIGURE 1.3-6 OCTOBER 1993 
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2.0 
OU-2 FIELD INVESTIGATIONS 

This section provides a description of the OU-2 Phase I1 alluvial and bedrock field 
investigations. The alluvial investigation, conducted in 199J 2nd 1992, gathered data to 
characterize the UHSU, which consists of the Rocky FlatsALluvium and the Arapahoe 
Formation No. 1 Sandstone. The bedrock field investigation, condgucted in 1993, gathered data 
to characterize conditions in the LHSU of the LaramierFFormqt%nkbedrock. This section 
discusses the objectives of the field investigations;Ndrdling andhsakplipg of boreholes; 
installation, development and sampling of monitorSiiwells; and deviations from the work plans. 

2.1 PHASE I1 ALLUVIAL INVESTIGATION* 

One of the overall objectives of the OU-2 FU is to characterize the nature and 
extent of soil and groundwater contaminat HSU as outlined in the OU-2 Final 
Phase I1 RFI/RI Work Plan (AUuvial)*(.D,OE 1991a), hereaeer referred to as the Alluvial Work 
Plan. A FSP was 
developed as part of the Alluvial Work Plan to dgfihe-field activities to be performed to meet 
this objective. 

-\ 

p 4’ 

/ &. 
<‘ ph, 

t, -\ 8, f. 

+%\ i 

/;I 

\ B  
g \ 

\\ \/ 1 

A summary of the Alluvidl.+Wosk Plan &presented in  Section 1.3.1. 
j, > f 

“a, /’ \\ 
A four step approach w the FSP, as follows: 

“-,k 

screening study activities 

ase I RFI/FU report, 
the draft work plans, 
ns, and reports from 

Step 2 consisted of preliminary field and screening study activities conducted in advance of 
implementing the detailed field sampling plan (Step 3). Step 2 activities included surveying 
boreholes and IHSS locations; Field Instrument for Detection of Low Energy Radiation 

(4M0-1030-0001-510) (Sectioa.20) (12/14/93 1l:COam) 2- 1 



(FIDLER) monitoring surveys; air monitoring; surface soil and environmental evaluation 
reconnaissance; mobilization of the drilling and sampling program; setting up temporary waste 
handling facilities and temporary sample storage facilities; and, establishing health and safety 
procedures. 

Step 3 was the implementation of detailed field studies that consisted of 
o$ &>‘%&, 

P 
,f flfl 

* ““., 
0 Well installation and sampling for plume char%cte@ation 

Borehole sampling and well installation/saniplin>L fehource characterization 
8. a’ 

0 

2k ’“, 6 .  
%* c 

Surficial soil sampling 
Environmental evaluation study ie ~ 

%**.,”.,# 

> c  
$i ,’;< 

Table 2.1-1 outlines the work proposed in thd&.wial\York Plan (DOE 1991a) and the work 
completed during the alluvial field investigatron.%,4” ,ei 

Step 4 consisted of testing activities, including fiel&screen@g tests for volatile organics and 
radioactivity, hydraulic pumping aWtracer&< tests, and anilytical testing of soil and water 

- ’$ P 
Environmental Database System (R€!EDS,>. ,g* 

+ 6 
Details of the Alluvial WyrE”xan>n:fieId program are provided below. 

B .  g 
‘$ L P 

‘\<, 
$*“-.8 

\ 

samples. Data obtained from thehe Zctivitie? ------ were compiled in the EG&G Rocky Flats 
--d 

‘$.;. ”/ 
/ / - %  + ”. “?J 

8g a‘ I I 

In general, field operaions f&r%Jhe alluvial investigation were conducted in accordance with 
--\ existing RFpS@z%”as contaihd, in EG&G Rocky Flats Environmental Management 

Department ,fEMD) ‘SOPS Volume I, Field Operations, Volume 11, Groundwater, and N d  *% %‘ 
VolumyII~,I”Geotechnical\(EG&G 1992a). In some cases, however, modifications to the ER 
SOPs werenecessary to perform the field activities specified. Where procedures differ from \ “.\ , ” p $  
those stated-in thq ERBQPs, they were documented in a document change notice (DCN). 
Table 2.1-2 summarizesjhe ER SOPs utilized for the alluvial field investigation. 

The drilling of boreholes and installation of monitoring wells for the alluvial investigation were 
conducted from August 26, 1991 to April 15, 1992. A total of 57 borings were drilled 
(Figures 2.1-1 and 2.1-2). Of these, 40 source characterization boreholes were drilled and 
sampled. The remaining 17 boreholes were abandoned attempts at monitoring well installation. 

/ .Ne-“% “., ““-, 

-%\ “.,p 81”’ 
“..,yr 
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Twenty of the  40 source characterization boreholes were completed as monitoring wells. In 
addition, 88 monitoring wells, 2 pumping wells, and 8 observation wells were drilled and 
installed. Tables 2.1-3 and 2.1-4 summarize the location and purpose of each borehole and 
monitoring well, respectively. Table A3 (Appendix A) provides borehole details and Table B2 
(Appendix B) provides monitoring well installation details. 

Prior to the  start of drilling activities, drilling and sampling-equipment was decontaminated at 
the FWP main decontamination facility in accordance ,dith ERL SOPs (EG&G 1992a). In 
addition, the equipment was decontaminated at the co$<lusion ofdhe”drilling ”i program prior to 
leaving the site. Downhole and sampling equipment (e.& hollow-stehau&rs, flightless augers, 
core barrels) were decontaminated between individual sites during the drdling program. Drill 
rigs were decontaminated before moving to an &ea with a different historical characterization 
(Figures 2.1-1 and 2.1-2 show the four different arejs) and at the  conclusion of the drilling 
program. Equipment was screened withqa tudlumq~*12-lA radiation detector with an air 
proportional or zinc sulfide probe and alpha sma@-are%< smears prior to decontamination and 

i.” ** 

,* *2- 
*2 

v” 

9< ,*“.\, ‘*“it* 

%\ h, 9” 
/% 1. 

gf 5.” 

p” 2 

\ *, ’ 

before being released off site. “r, ‘a‘\ \ >  
4J---~%~”*~* 4 

%%a%,, 

Drilling activities were conducted %,adZordance wi“tthe Site Health and Safety Plan (EG&G 
1991a). As specified in the health and safety plan, radiation and volatile organic compound 
(VOC) monitoring was performed during drilling and monitoring well installation to characterize 
personnel exposure and get personal proh.c$on levels. In addition, the VOC measurements 
were used as an indica)or,of pdssible VOC contamination of the cuttings and core to identify 

y\ 9 /* 

SC’ 1 

j /cI‘uIzI 2b 

* d  intervals for sampling: Radiation ~~d^WOC?real time monitoring was conducted in accordance 
with ER SOPs (Ed&G%C$)24./’ “’.. p--%%* 4 

k 

Prior to drilling;”t%%or monitoring wells were approximately located in the field by 
pacing. Eollowmg drill&)\- a installation, coordinate locations and elevations were 
surveyed$orthe boreholes and monitoring wells. Boreholes and monitoring wells were located 
to a m e m u m  relative accuracy of 0.1 feet horizontally and 0.01 feet vertically and were 
reported i>Stat&Planeieoordinates. For horizontal control, the surveyed point was either the 
center of the  monitormg well casing cap or, in the case of an abandoned borehole, at the center 
of the aluminum borehole marker. Three elevation measurements were taken for monitoring 
wells: the top of the concrete apron adjacent to the well casing, the top of the well casing, and 
the top of the protective casing. For consistency, measurements were made on the north side 
of each monitoring well/borehole. Appendix A1 contains the survey data for the boreholes and 
monitoring wells completed during the Alluvial Work Plan field investigation. 

P &>@--”\ 

\* +$ 

i @’ i s  
% i) 

<*a \%,. g ,/ 

\ /  

(4040-1030&?41-510) (Senion.24) (12/14/93 1l:Dam) 2-3 



Drilling locations, specified in the  Alluvial Work Plan as monitoring wells, were numbered 1-91 
through 64-91. Drilling locations specified as boreholes were given a "BH" designation and were 
numbered BH0191 through BH4691. Some locations were a combination borehole and 
monitoring well and were given a dual number (e.g., 65-91/BH0191). 

jJ+\, 

To reduce confusion related to the dual designations/number_s, the boreholes and monitoring 
wells were renumbered 00191 through 13591 and 20091 th5o'ugh 21191. The original Alluvial 
Work Plan site designations/numbers are shown as "WorkbPla>Site Numbers" in Tables 2.1-3 
through 2.1-5. The corresponding new (field) site des$nations/nymbers are also shown, and 
are used throughout this report. Figure 2.1-1 showss the locations of the boreholes and 

for thew'uvial Work Plan 

r . :  

,z' "2 

?. p' '.., \'h, 

\.\\ $2 
Figure 2.1-2 shows the locations of the 
field investigation. In addition, Table 
monitoring wells) that were abandoned, 

the status of sites (boreholes and 
the program, or not drilled. 

2.12 

Source characterization boreholes wae-drilled into OU-2*IHSSs, where access was feasible, in 
order to characterize waste mater;ialsp-Femsmmg m-place, and to assess the maximum 
contaminant concentrations in the alluvium dAdpgddio&k materials directly beneath the sites. 
In addition, groundwater monitoring wells were installed in selected boreholes to characterize 
groundwater quality dire 

Individual Hazardous Substance Site Characterization 
"'% \ 

%**t\'<' "1? 
Q >*\. 

\ v- f 
% h  

?advanced using 3- 1/4-inch inside diameter (ID) 
were obtained by 

The split-spoon sampler 

Soil Classification System (USCS) in 
(EG&G 1992a). The depth at which water was first 
at the completion of drilling were also recorded on the 
depth, boreholes (except for those completed as monitoring 

with ER SOP GT.5 (EG&G 1992a). Logs of the OU-2 

were classified in the field as 

2-4 



2.1.2.1 Source Characterization Borehole SamDling 

Boreholes drilled into IHSSs extended from the ground surface to approximately 6 feet below 
the base of alluvial material, if no sandstone was encountered. Continuous borehole samples 
were collected for lithologic descriptions for the entire borehole,depth according to ER SOP 
GT.2 (EG&G 1992a). Figure 2.1-3 illustrates the typical sa'mphg scheme for source 
characterization boreholes. Discrete 3-inch samples were coykted and submitted for laboratory 
VOC analyses beginning 2 feet below the ground surface,and continuing at a frequency of one 
sample per 4-foot interval until water or bedrock was encountered\(Fi@re 2.1-3). A sample for 
VOC analysis was also collected from the bottom of'?he first drive sample below water. In 
addition, a discrete VOC sample was collected fori&lysis if elevated OVM readings, staining, 
discoloration, odor, or other anomaly was obsehedduring drilling. A final VOC sample was 
collected for chemical analysis from the base oftkie first+ive within bedrock immediately below 
the alluvial material. In addition to the++q,YOCeQsamfies, composite samples consisting of 
approximately 6-foot intervals were also colleited - p d  ubmitted to the laboratory for chemical 
analysis. If a sandstone was encountered bene&hxJhe*b+luvium, the composite borehole 
sampling continued until claystone bk te>ed.&omposite samples were collected 
to approximately 6 feet into clayston dition, samples for VOC analysis were 
collected from the top of the sandst p-of the claystone units. Sampling of the 
source characterization borehole cont tal depth of the borehole. The analytical 
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a+ 

---X'% After the split-spoon,sampler was rkmovedfqom the borehole, it was opened and radiation and 
VOC field screening measurements were taken. The VOC stainless steel liner was then 
removed, capped with*Tef@n$4ape and plastic caps, sealed with black electrical tape, labeled, 

2 4 P--P 
% '.b*$ 

For sourge characterization boreholes, the split-spoon sampler was then closed and placed in 
a location 'out of the sun. After three consecutive 2-foot drilling runs had been completed, a 
composite sampl'e was Colledted. Composite material consisted of scrapings of the core from 
three consecutivez2-foot d h n g  intervals after it had been peeled in accordance with ER SOP 
GT.2 (EG&G 1992a)%Xhe composite material was collected and mixed in such a manner that 
the sample was representative of the entire 6-foot interval. The composite interval was 
approximately 6 feet, but the interval was sometimes slightly more or less than 6 feet depending 
on drilling conditions and recovery. Sample compositing was conducted by combining the 
material in a stainless steel bowl or pan. The material was thoroughly mixed using a stainless 
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steel scoop. The sample was then quartered and each quarter was mixed individually. The 
entire sample was then mixed together again until as homogeneous a mixture as possible was 
obtained. The composite sample was then placed in the appropriate sample containers, and the 
containers were placed in bags in a cooler with ice. Split-spoon samplers were decontaminated 
between individual coring runs. 

For each sample, a corresponding radiological screen ( W k k r e e n )  sample was collected. 
RAD screen samples were collected to analyze radiologcal levels ensuring that analytical 
samples were handled and shipped correctly as outlined& Ek SOF!%FO;tlS (EG&G 1992a). The 
RAD screen samples were shipped off site and analyzed before th&corresponding analytical 
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j'%, yw+ samples were shipped off site. 
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Discrete VOC and composite samples were sliipphd offsite for analysis of the parameters listed 
in Table 2.1-6. Analytical results are presentedqd bterpreted in Section 4.0. Samples for 
geological characterization were placed in corecboxes, and retained for detailed analysis and 
logging by the project stratigrapher as described $.se&h 2.1.4. 

Following drilling and sampling of Zhe' sourcee_?character@ation boreholes, the boreholes were 
plugged and abandoned in accordance. with ERaSOP"GT.5 (EG&G 1992a). 
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2.12.2 Source CharacterizaTi%'*Borehole hnalytical Parameters 

1 \ :"' /" "3, I; 

d 1' " 

re analyzed for the parameters listed in Table 2.1-6. 
s, sample containers, sample preservation, and sample 

These parameters are essentially the same as those 
pt that oil and grease and RCRA characteristics were 
roven useful in determining extent of soil contamination, 

characteristics from Phase I samples have been within acceptable 
d the target analyte list (TAL) list for inorganics are nearly the 
SL list for organics and inorganics. 

edures were followed in the field for sampling according to the Rocky 
Flats ER SOPS, the FWP Site-Wide Quality Assurance Project Plan (EG&G 1992b), and the 
project-specific Quality Assurance Addendum (EG&G 1992~). QC samples collected include 
equipment rinsates and duplicates. Rinsate samples were collected at a frequency of one per 
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drilling rig per day if sampling was conducted. Duplicate samples were collected at a frequency 
of one per twenty investigative samples. 

2.123 Data Management 

Field and laboratory data collected during the Phase I1 field ihestigations were incorporated 
into the  WEDS. The W E D S  is used to track, store, and-“;etrieve project data. Data were 
input to the WEDS via diskettes subsequent to dita,valid_ation as outlined in the 
Environmental Restoration Program QAPjP (EG&G ”990b). Hardcopy reports were then 
generated from the system for data interpretation and evaluation. ‘‘b%%8:k%; 

2.13 Groundwater Investigation 

The purpose of the Phase I1 RFI/RI alludal &oEdwater investigation was to delineate the 
horizontal and vertical extent of volatile organic, semivglatile organic, inorganic, and radiological 
contaminants in groundwater within the UHSU. Monitoring wells were installed to allow 
groundwater samples to be collecterffom-the alluvial ancJ,liedrock (weathered claystone and 
subcropping No. 1 sandstone) systems 6ctheJHSU:“Bedrock groundwater investigations for 
the LHSU at OU-2 are presented in SectiqqJ2.24 

Certain monitoring well sites were%designatqd ‘as driver or contingency well sites as detailed in 
the Alluvial Work Plan’and summarized inkxable 2.1-4. The driver wells were drilled and 
completed prior to th‘e 9rilling:dnd mstallation of contingency wells. The groundwater sample 
data obtained from%the&iqr w e l l f e w e d  and evaluated to determine the necessity for 
further plume characterization. If additional plume characterization was needed, the 
contingency wells werexubsequently installed. Table 2.1-5 describes the status of contingency 
sites. Contingency wellwtes 0479.11 05491, 05591, 05791, and 05891 were not drilled because 
additional plume identification was not necessary. 
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and the screened interval of each monitoring well 
encountered during drilling. If the saturated thickness was 

was installed and the screened interval extended from 
5 feet above the water table to the base of the water-bearing zone. A cluster of two monitoring 
wells was installed if the saturated thickness was greater than 10 feet and less than 30 feet. One 
monitoring well was completed at the water table as described above, and the second monitoring 
well was completed across the lower part of the water-bearing unit. If a saturated thickness 
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greater than 30 feet was encountered, a third monitoring well was added to the cluster and was 
completed at the base of the water-bearing unit. In addition, a bedrock monitoring well was 
installed if a subcropping sandstone was encountered. 

The well borings were advanced using 3-1/4-inch ID hollow-stem,augers according to ER SOP 
GT.2 (EG&G 1992a). Samples were logged by using a 2.5-in:h ID, split-spoon sampler with a 
stainless steel VOA liner installed at the drive shoe. The>split-spoon sampler was advanced 
using continuous-coring techniques. Soil samples were logged\? the field as they were obtained 
by the rig geologist using the USCS, in accordancef&ith ER~~S~OP-~GT.l (EG&G 1992a). 
Preliminary groundwater information was recorded” d;h& drilling. The depth at which water 
was first encountered and the water level at the,completion of drilling were recorded on the 
borehole log. Summary logs of the monit6rSg wells are provided in Appendix A4. 
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Interpretation of the water level data is proyided in Section 3.6. 
P p &, 

G t, “*,\J f 
The soil sampling program for boreholes to”be,completed as monitoring wells in alluvium 
consisted of collecting continuous hollow-stem auger 2- foot~ore  runs for lithologic logging, and 
the collection of two discrete samples perboring for VOCanalyses: one at the water table and 
one at the alluvium/bedrock contact., Hter-openmg the.fisplit-spoon sampler, the stainless steel 
liner for VOC analyses was removed and capped,with T6flonm tape and plastic caps, sealed with 
black electrical tape, labeled, sealed in Ziplocy-type bags, and placed in a cooler with ice. For 
each VOC sample, a c ondrng RAD\‘scr>en sample was also collected. The RAD screen 
samples were shipped and analyzed%before the corresponding VOC samples were 
shipped off site. Samples for geologcal characterization were retained in core boxes for detailed 
analysis and logging by the\project stratigrapher. 
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2.13.1 

if Monitor.ingkwells were $staved according to ER SOP GT.6 (EG&G 1992a). The general 
constructionyf the monitoring wells is shown in Figure 2.1-4. Prior to well installation, the 
borings were reamed using? 6-1/4-inch ID hollow-stem augers. Monitoring wells were then 
completed inside of tk6 6-*1/4-inch ID augers prior to removal of the augers. Screened intervals 
were constructed &92iinch ID Schedule 40 polyvinyl chloride (PVC) pipe with 0.01-inch 
machined slots. Nonslotted (blank) Schedule 40 PVC riser pipe was used above the screened 
interval and for a sediment sump below the screened interval. Filter pack consisting of 16-40 
silica sand was placed around the monitoring well casing from the total depth of the boring to 
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a minimum of 6 inches above the screened interval (Figure 2.1-4). Construction 
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summarized in Table B2 (Appendix B) and shown in Appendix A4 for each monitoring well 
completed. 

The above-ground completion details of the monitoring wells are depicted in Figure 2.1-5. 
Vented caps and vented, lockable steel casings were installed for each monitoring well. In areas 
of heavy vegetation or traffic, 3-inch ID steel guard posts were .. hscalled around the monitoring 
wells at a distance of approximately four feet radially from thecsurface casing. Protective steel 
casings and guard posts, when installed, were covered with4priqerand enamel paint suitable for 
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2.132 Monitoring Well DeveloDment and Groundwater SamDling 
, j  f 

8f "' 
Following installation, groundwater monitoring wells were developed and sampled by the RFP 
site-wide groundwater program. Monitormg weu$evelbpment was conducted in accordance 
with ER SOP GW.2 (EG&G 1992a) and gro';;lidwater sampling was conducted in accordance 
with ER SOP GW.6 (EG&G 1992a). Analytical pafametys for the Alluvial groundwater 
sampling program are provided in Ta61e-2&8. Analytical"methods, sample containers, sampler - -2 
preservation, and sample holding t%e$are-lis{ed Z T a b l e  2.1-7. Results from this sampling 

f f= .%.d ,  program are presented in Section 4-01 *"\ j / 
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med to evaluate the hydraulic properties of the 
the evaluation (DOE 1991a) were to: 

eter values for rate of movement calculations 
, dispersivity, and effective porosity) for both the bedrock 

subsurface materials 

/ /' 
TG I and alluvial materials. 

'x-xk Evdpate,theklegree of hydraulic communication between alluvium and bedrock 
\. \*P f 

Develop parameter values for estimation of production rates from remedial 

(boJh sandstone and claystone). 
" . B  'kJ 

groundwater collection systems. 
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The design of the testing program was based on the hydrogeologic conceptual model of the 
subsurface. Three distinct hydrogeologic situations are present in the UHSU: 

e The Rocky Flats Alluvium is unsaturated and is directly underlain by the 
Arapahoe Formation No. 1 Sandstone (saturated). 

2 'LI* 

4 B" / 

are saturated. 1; \\ 

' B'+'%, \ 

e The Rocky Flats Alluvium is directly underlaji by the No. 1 Sandstone and both 

\-\ \ # T  
$ *  

e The Rocky Flats Alluvium is saturated is underlkhby 'claystone bedrock of 
/""a, t'\.&k* 

/' ,d the Arapahoe Formation. 
,x' 1 

Hydraulic pumping tests were designed to evaluate hydraulic conductivity, storage properties, 
9 / f - %  

and the effective porosity for each of thesekittiations. ,+@fie rationale for the hydraulic testing 
"".I, %" program and testing procedures is contained in, thecPhase I1 RFI/RI Work Plan (Alluvial) 

(DOE 1991a) and Aquifer Test Work Plan TM3 (DOE 19928). Details of well installation and 
aquifer test results are presented inmtlTekPhase I1 RFI/RI%&ifer Test Report (DOE 1992h). 
Figure 2.1-2 shows the locations of the-.pumpmg and. observation wells. The sites were 
numbered 20091 through 21 191. Threepumping &&?were installed (numbers 20691,21191 and 
20891), and 7 observation wells were installed (20191, 20291, 20491, 20591, 20791, 20991 and 
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% %*,. 21091). Results of the ting are summarized in Section 3.6. 
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2.1.4 Geological Investigation d / --===%dv d P' \-w / 
Geological investigatio2sbfor tfe '. alluvial program were designed to (1) refine the knowledge of 
the UHSU, a n d " ( 2 ) ~ S e l e ~ ~ a ~ g ~ ~ t ~ t e r v a l s  for monitoring well installation. More detailed 
descriptions o t the  geology of the OU-2 area are provided in Section 3.5. 

Drill cutt ihs and cores ovtaned from the boreholes and monitoring wells were examined by 
the rig geologst for gross'litdologic units and general features. A preliminary borehole log was 
completed by t h e a g  geolopst in accordance with ER SOP GT.l. The geologist recorded the 
depths of each coring mn, intervals of no recovery, general lithologies encountered, depths of 
samples collected, and notes regarding unusual drilling conditions. The drill cuttings and cores 
were packed in core boxes and delivered to the  project stratigrapher for detailed logging. 
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Detailed logging was also performed in accordance with ER SOP GT.l, by the project 
stratigrapher. Detailed logging consisted of sieving soil samples to determine grain size 
distribution for soil type classification and degree of grading. Grain roundness and composition 
were evaluated using microscope techniques. Visual inspection of the core samples was made 
to describe color (using color charts), internal structures, bedding, fractures, and other features 
of interest. In addition, a test for plasticity was performed,on,,the clay size fraction. The 
alluvial, colluvial and soil intervals were classified using the,US*eS. Each core box was labeled 

in Appendix A4. 
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Methods include: . 

1. Plotting directly by hen the configuration of features makes 
it possible to ident 

ture using a hand-held 

done on 1:1,200 and 1:3,600 scale base maps. The extent and shape of vegetated areas 
associated with groundwater seepage were placed on base maps using methods discussed 
previously. Vegetated areas were observed during high and low groundwater periods to 
determine qualitative and relative discharge rates for seepage areas. One seepage flow was 



quantitatively measured during April and May 1993 using a 2000 ml graduated cylinder and stop 
watch. 

The physical properties of on-site geologic materials were characterized to provide data to 
support future evaluation of remedial action alternatives. Bulk samples of the drill cuttings from 
borings were collected in bags to characterize each of the materials found within the 903 Pad, 
Mound and East Trenches Areas (Rocky Flats Alluvium, colluvium, valley fill alluvium, and 
weathered bedrock). Specifically, 10 samples of each geologic,material type were submitted for 
moisture content, dry density, grain size analyses (sieve and hy'drometer analyses), Atterberg 
limits testing, and recompacted permeability testin2Yo evaluate the variability of these 
parameters across the site. The geotechnical testingbspecifications are listed'rn Table 2.1-9. The 
results of the geotechnical testing are provided,in 'Section 3.5. 

.w -\\, 

" I  

w" \* 

9 
4 ,9 '\, 

,+ ".t "\ 
\\ ,: 

,' ,x 

8 I' 

2.1.5 Work Plan Deviations 
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The purpose of this section is to summarize and expl'ain devktions from the Alluvial Work Plan 
that occurred during field work. In g%eral,,,york perform%d,during the Alluvial Work Plan field 
investigation was in accordance witH+,,thq-Aluy$l W8irk4?lan (DOE 199 la). However, because 
many of the specified activities in the\woik "plan were based on anticipated conditions, 
modifications and adjustments to the field 5ctivities were necessary when actual conditions 
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Deviations which o&ur&d dukgkThFfield work included modifications to numbers and 
locations of boreholes dd led  and monitorrng wells installed, changes in drilling and sampling 
procedures, and changesGn scimpling locations. The following paragraphs discuss specific 
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2.15.1 SitesStatus Summary 
I C  

y" '".\ > I  
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Table 2.1-3rSummarize>'t@e status of sites (boreholes and monitoring wells) that were 
abandoned, moved, added40 the program, or not drilled. Four sites (01591,01691, 07791, and 
10091) were not drilled'because they are located in the PA or were within the PA security 
fences (Figures 2.1-1 and 2.1-2). The PA is a high security area at RFP. 

21 

Five monitoring well sites (04791,05491,05591,05791, and 05891) were not drilled because they 
were specified as contingency monitoring well sites in the Alluvial Work Plan. Based on the 
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results from the driver wells, it was determined that these contingency wells were not necessary. 
Site 03291 was not drilled because there were numerous underground power lines at the site, 
which prevented access by the drill rig. Site 04391 was an original pump test site location and 
was not drilled because the pump test sites were moved as amended by TM-3. 

/ * \ \  

Nine monitoring well sites (00591,01091,01191, 03491,07491,~07591,07691, 11091, and 11991) 
were abandoned because the bedrock surface was too closeYo,the ground surface to install an 
alluvial well. Site 07091 was abandoned because auger refusal occurred; this site was replaced 
by site 13091. Two sites (08191 and 11591) were abandongd because augers were lost down the 
borehole. Site 08191 was replaced by 12891, and 1159h6as replacedby, h691. Site 11191 was 
abandoned because the augers used were not properly decontaminated, 2nd it was replaced by 
4991. Monitoring well site 11391 was abandoned 9,eCause of water and flowing sands in the hole 
and was replaced by 05691. Monitoring ~ e l l , d ~ e ~ l 2 5 9 ~ 1 ~ w a s  an offset hole drilled in an attempt 
to encounter sandstone, and it was abandoned b&bse" sandstone was not present. Pumping 
well site 20091 was abandoned because the well"casin$,collapsed while an adjacent observation 

\ \  
well was being drilled. It was replaced by 21191. Observation well site 20391 was abandoned 
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because of flowing sands and caving>f"the,borehole. v 
-\ --** --.+ 
\+ q----.-%., "s ag k ' - - /  Three additional bedrock monitoring welk wer??drilled and installed to characterize the nature 

and extent of contamination in the No. 1 Sandsfone (12391, 12491, and 12691). Table 2.1-5 lists 
. = =  "c, 

the additional sites a n p t h e  site number;(s)".,that they are paired with. Nine additional 
/-? ?Y. \ >  monitoring wells were,drged and pstalled beguse the saturated thickness at these sites was 

a,v 

8 
greater than 10 feet.d:$able 2 . h  ese sites with their paired site number. 

2.152 Drillinp Proced3 

e present at OU-2. The cases and the different drilling 

rapahoe No. 1 Sandstone is in contact with the overlying 
inued through the sandstone until approximately 6 feet 

The claystone portion of the borehole was 
backfilled, and an alluvial or bedrock monitoring w'ell was installed. Surface 
casing was not necessary because the alluvium was in contact with the 
subcropping No. 1 sandstone. 

ntered. 
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Case 2: 
Arapahoe No. 1 Sandstone. Under this condition, drilling stopped at 6 feet into 
bedrock, and the borehole was completed as an alluvial monitoring well. If the 
sandstone was saturated, a bedrock monitoring well was also installed within 20 
feet of the alluvial well. If the claystone sepacating the alluvium from the 
sandstone was less than 3 feet thick, the bedrockrwell was completed without 

Approximately 3 to 5 feet of claystone separate the alluvium from 

, $ %  
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surface casing as in Case 1. r *  

f ?>\ % \\ 
Case 3: If water was not encountered,within the borehoJe after approximately 0 

u 

six feet of bedrock had been penetrated2nd no subcr;ppin>sandstone *a 4 had been 
encountered, only an alluvial rnoni&kg well was installedYIf the alluvium was 
too thin to allow the installatiop o,f an alluvial well, an upper bedrock well was ?f p." 

Surface casing was not installed for any sites &ir.ing'ihe Alluvial field program. The bedrock 
penetration was not always six feet. In some cases, ayger*r-fusal occurred before six feet of 
bedrock was drilled. 

.a\% %\% 

2.153 Sampling Deviations 

oles were collected from intervals 
te sample intervals were slightly less 
nditions. Also, the last composite 
s drilled approximately 6 feet into 

not 6 feet in length (Figure 2.1-3). 
4-fOOt intervals, generally due to 
interval where a VOC sample was 
where there was recovery. 

nstallation, continuous coring was 
in 10 to 20 feet of the original 
erized the materials present. In 

the offset boreholes, drill cutting samples were collected in 250-ml glass jars every 2 feet for 
logging analysis. Drive samples or continuous core samples were then taken when drilling 
approached intervals of interest (e.g., monitoring well screened interval) to confirm the depths 
and nature of these contacts. 

interval coincided 
bedrock. As a res 
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2.2 PHASE I1 REVISED BEDROCK WORK PLAN INVESTIGATION 

The general objective of the Phase II Revised Bedrock Work Plan (TMS) field program was to 
gather data necessary to sufficiently verlfy the assumption that contamination in the LHSU has 
limited nature and extent and, thus, the LHSU human health exposure pathway is incomplete. 
A summary of TM8 is presented in Section 1.4.7. To accomplish t$e objectives, it was necessary 
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Evaluate the presence or absence of2,contammation"inh LHSU units, and if 
"t ", present, the source, nature, and ver t idexten t  of contammants in the LHSU. 

For Scenario 1 (see Section 1.4.7),,thepotential lateral e i e n t  of contamination 
was also evaluated. 
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0 Establish and evaluate the p&r$at$t$ of LHSU units containing contamination 
receptors exists, or if 

capability to supply a 
hypothetical 

The TM8 Sampling and Analysis activities to acquire data for the 
following purposes: 

0 in areas with the highest potential for 
LHSU~~o&arninati~~(i~e~beneath areas where high levels of contamination are 
present -inktlle UHSU and"where the potential for hydraulic communication 
between ths U 6 S U  -)I and LHSU is great). 

P <-m-/' 
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"\ 's, 

vertical extent of contamination in LHSU where ' '' contaminafioh has been detected previously (e.g., in LHSU sandstone units 
' 1  

hich subcrop beneath the colluvium). 
/y' /i 

-%\ \ "4; c" 9 
0 Estipate permeability of LHSU units containing contamination to evaluate 

- % $  
potential for migration of contaminants within LHSU, or potential for 
contaminated LHSU units to supply sufficient water for an on-site residential 
water supply. 

To accomplish these objectives, the following general activities were performed or attempted: 
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Drilling of pilot boreholes at six well cluster locations (identified in TM8 S A P  
as WC-1BH through WC-6BH) to evaluate LHSU bedrock stratigraphy and 
hydrogeologic conditions. 

Installation, development and sampling of two monitoring wells (identified in the 
TM8 S A P  as WC-la and WC-6a) to allow/collkction of groundwater quality 
samples from the uppermost LHSU sandsto\ne/s$tstone unit beneath areas 
where contamination has been identified ’indthe UHSUPand where the potential 
for hydraulic communication between the UHSU andW-$3J is expected to be 
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/ 4 
Installation, devel 
TM8 S A P  as WC 
the LHSU in an a 
LHSU. 

onitoring well (identified in the 
undwater quality samples from 
been detected previously in the 

Installation, devel 
the TM8 SAP as W 
quality samples fro 

-of three monitoring wells (identified in 
4a) to allow collection of groundwater 
ts that subcrop beneath the colluvium 

d where contaminants have been previously 

es from the a-series monitoring wells (identified 
rough WC-6a) for a selected suite of indicator 

For each particular location, if contaminants were 
LHSU unit being monitored, an additional monitoring well (e.g, 

+FpZii%Zeters \ to exaluate “., whether contaminants from the UHSU have migrated to 
E”1--, %? \ .,? 

1 ,/LHSU beefgck units. 
detected I* ,/ 

0’ ’5’ 

‘’ ““82, WC-lb) WG idstalled into the next deeper permeable LHSU bedrock unit at  that 
‘ . i , + ~ ~ ~ ~ n ~ ~ , ~ u n d w a t e r  samples were then collected from the b-series wells to 

evaluate the vertical extent of contamination in the LHSU. 
”*., 

Conduct hydraulic slug tests within each newly-installed LHSU bedrock 

monitoring well to evaluate the permeability of LHSU bedrock units in which 
the monitoring wells were installed. 
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I 1 

Drilling of two LHSU bedrock source characterization boreholes (identified in 
t h e  TM8 SAP as SB-1 and SB-2) to collect samples of LHSU claystone for 
laboratory analysis to evaluate the vertical extent of contamination previously 
identified in the LHSU claystone at these locations. 

,;;‘‘> 
Examination of drill core from the borehole for emsting Well 2087 to re-evaluate 

j!  P 
the lithology of the screened interval of this,welJ 

YJ *t, 
+% 

e’ n-“t, kb\TN 

22.1 Subsurface Soils Investigation ”1 ’92‘9 \\,&. 

‘“n, ” 

L 
’-%. In general, field operations during the bedrock program were conducted- in accordance with 

ER SOPs, Volume I, Field 
ical (EG&G 1992a). In some 
o perform the field activities 

R SOPs, they were documented 
uring the OU-2 bedrock field 

specified. Where procedures d 
in a DCN. Table 2.2-1 is a su 
investigation. 

The drilling of boreholes and insta for the bedrock investigation was 
conducted from April 12, 1993 a1 of 17 borings were drilled 

urce characterization boreholes, 
pleted as six a-series monitoring 

Figure 2.2-1 shows haracterization boreholes, and 
ach location and the activities 
the boreholes and monitoring 
s the estimated borehole and 

well depth‘information frorm TM8 with actual depth information. Borehole drilling details are 
provided miTFble,A3 (+$p,endix A) and a summary of monitoring well installation details is 
provided in T&le BTfAppendix B). 

Prior to the start of drilling activities, drilling and sampling equipment was decontaminated at 
the FWP main decontamination facility in accordance with ER SOPs F0.3 and F0 .4  (EG&G 
1992a). Downhole and sampling equipment (e.g., hollow-stem augers, drill rods, and core 
barrels) were decontaminated between individual sites during the drilling program. Drill rigs 

p ”  
“3% L d 

’% ,f f 

*‘\., $ w 
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were decontaminated before moving to an area with a different historical characterization 
(Figure 2.2-1 shows the four different areas) and at the conclusion of the  drilling program. 
Equipment was screened with a Ludlum 12-1A radiation detector with an air proportional or 
zinc sulfide probe and alpha small-area smears prior to decontamination and before being 
released off site. 

/ z  ,/ /' 
Drilling activities were conducted in accordance with the Site Health and Safety Plan (EG&G 
1993b). As specified in the health and safety plan, radiation\?nd VOC monitoring was 
performed during drilling and monitoring well installatioryto monitoi"personne1 exposure and 

ments we;e used as an indicator 
identlfy intervals for sampling. 
with ER SOPS F0.15 and F0.16  

B 
. J %*k<\ 

%, '*%, 

.\ 2" 

(EG&G 1992a). 

roximately located in the field by 
ordinate locations and elevations 

oreholes and monitoring wells were 
ally and 0.01 feet vertically and were 

rol, the surveyed point was either the 
case of an abandoned borehole, at  the center 
on measurements were taken for monitoring 
he well casing, the top of the well casing, and 
measurements were made on the north side 

A1 contains the survey data for the boreholes and 
e OU-2 Phase I1 Bedrock Investigation. 

) were numbered WC-1 through WC-6 and SB-1 and SB- 
boreholes were given a "BH" designation (e.g., WC-1BH) 

C-6BH. Drilling locations specified as monitoring wells 
ing that they were a- or b-series monitoring wells (e.g., 
on boreholes were given an "SB" designation (e.g., SB- 

At the time of the field activities, the boreholes and monitoring wells were renumbered 21193 
through 22593 and 23193 through 23293 by EG&G to be consistent with the RFP well and 
borehole numbering system. The original TM8 site designationslnumbers are shown as "Work 

I- (4MC-103odO41-510) (Senion.24) (12/14/V3 ll:03am) ' 2-18 



Plan Site Numbers” in Tables 2.2-2 and 2.2-3. The corresponding EG&G assigned (field) site 
designations/numbers are also shown, and are used throughout this report. Figure 2.2-1 shows 
the locations of the boreholes and monitoring wells installed for the OU-2 bedrock field 
investigation. 

p*,* 

Boreholes and monitoring wells were completed using four truck,-mounted drill rigs, including 
two CME Model 75 drill rigs, one CME Model 95 drill rig,$td one Simco Model 431 coring 

4 ”%. 
# drill rig. A. ih‘ <f *bq %“% 

b*‘ 
“*9* \*r 

%.% 

8.“ J 

Six pilot boreholes were installed at sites 21193, 21293, 21393, 21493>;21593, & and 21693 
(identified as WC- lBH, WC-2BH, WC3BH, WC-4BH, WC-SBH, and WC-6BH, respectively 
in TM8) to evaluate stratigraphic and hydrogeo!o$jc conditions at each site and to identlfy 

4 8  target depths for the installation of monitoring 
)+ * 

Pilot boreholes at 21193 and 21693 were drilledbto investigate areas with the highest potential 
for downward migration of contaminants from the U H S V t o  the LHSU. These locations were 
selected because they are within UHSU volatile organic contamination groundwater plumes, and 

-* “* 
the uppermost LHSU sandstonejsiltstone ,is in ‘close, vertical proximity to the overlying 
Arapahoe Formation No. 1 SandstoneS(Figur’e 2:2-1)’? 

Pilot borehole 21593 was dril l”+ the Mou-nd &ea where contamination has been previously 
detected in an existing,wey (2087) *complete&@’ LHSU claystone (Figure 2.2-1). 

Pilot boreholes at 2 
areas where conta 

d ** 

%, J, 2+ 

$\ s-d ,R’ 
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z 
93, and 21493 were drilled in an apparent upgradient location from 
av‘cbeen detected in LHSU sandstone units where they subcrop PT 

slope of the Woman Creek drainage (Figure 2.2-1). 

Two sourcedharacterization‘boreholes * %  were drilled at  locations 21793 and 21893 (identified as 
SB-1 and SBG2, respectixely, in TM8). These boreholes were drilled adjacent to existing 
boreholeia09991‘*and BH2$87, respectively, to evaluate the vertical extent of contamination 
identified in LHSU claystone bedrock samples previously collected at those locations. 

Six a-series monitoring wells (23193, 22093,22193, 22293,22393, and 23293) were installed to 
allow collection of groundwater samples from LHSU sandstone/siltstone units. These 
monitoring wells (identified as WC- la, WC-2a, WC-3a, WC-4a, WC-Sa, and WC-6a, respectively, 
in the TM8) were screened across the uppermost substantial LHSU sandstone/siltstone unit 
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identified from the pilot borehole field lithologic logs and geophysical logs (23193 and 23293), 
or in the  target interval for the site (22093; 22193, 22293, and 22393). 

Two boreholes (21993 and 22493), planned as a-series monitoring wells, were abandoned due 
to difficulties encountered during the installation of isolation casing. Monitoring wells, 23193 
and 23293, respectively, were installed to replace the abandoyed monitoring well attempts. 

Because low-level contamination (9 ppb TCE) was depxted based on indicator parameter 
screening in the groundwater sample from Well 23163,ja b-secies monitoring well (22593, 
identified as WC-lb in TM8) was installed into the nes>eeper LHSUsandstone/siltstone unit 
to evaluate whether the contaminant had migratedgvertically to that unit. No contamination was 
detected in the b-series monitoring well, 22593,gbased on results from the indicator parameter 
screening of the groundwater sample takenflfrom thpbwell. Because contamination was not 
detected based on indicator parameter scKeenmg& ,samples from the other a-series wells 
(22093,22193, and 22293), or the a-series wells did,not"produce sufficient water for development 
or sampling (22393 and 23293), no other b-series wells,wereJinstalled. 
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The following subsections discuss dk 

22.2 Individual Hazardous Substanc~~SiteB~vestigation 
h .  

Two source 21893) were drilled into IHSS Nos. 113 and 
? d  109, respectively, as ,,shown on/Fipy?Z2"l-and described previously. These boreholes were 

drilled to evaluate the vertic$'e$t̂ en=ontarnination identified previously in LHSU claystones 
in those areas. Two prey@usl$\drilled ,\ boreholes (09991 and BH2587) were drilled to depths 

' A", ' P  */ 
""1, 

3% '.g of 20 and 22S~femspec t ive ly .  Samples of claystone bedrock collected from the bottom of 
those bor$ioies contam'eq yolatile6rganic compounds. P,#""""-p,')?*, \ 

\ ')i lk" ,/ 
Source<cha?acterization botehole 21793 was drilled approximately 8 feet east of borehole 09991 
(within IHSS &%ei13),-2wh$h was drilled previously to a depth of 20 feet. Analysis of the 
deepest claystone*b<drockLample collected from borehole 09991 indicated that PCE was present 
at a concentration of'180 ppb. Borehole 21793 was drilled to a depth of about 50 feet to allow 
collection of claystone bedrock samples from the 20 to 50 foot depth interval to aid in evaluating 
the vertical extent of contaminants in the LHSU claystone in this area. 

\. "*ad 
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Borehole 21893 was drilled in the approximate vicinity of borehole BH2587 (within IHSS No. 
109), which was previously drilled to a depth of 22.5 feet. Since the actual borehole could not 
be sited in the field and the survey for BH2587 is believed to be in error, the borehole 21893 
was located midway between 9291 and 9491. Analysis of claystone bedrock samples collected 
from borehole BH2587 indicated that TCE and PCE were present at concentrations of 13,000 
ppb and 2,100 ppb, respectively, in the deepest sample from this'bprehole. Borehole 21893 was 
drilled to a depth of about 50 feet to allow collection of claystonesbedrock samples from the 22.5 

f +.\ 
,, 

f <, 
to 50 foot depth interval to aid in evaluating the vertica~%ent8fy~mtaminants in $he LHSU 

# /' %\\ 
claystone in this area &U \.+ \ \\%\ 

b, hah 

=-%, 6 ' 
Drilling of the source boreholes was performed ui&g hollow-stem drilling methods. Hollow- 
stem drilling and sampling was performed in a>&ordance with ER SOP GT.2 (EG&G 1992a). 
The initial drilling conducted at each location consisted,of installing an isolation casing across 
the  UHSU using hollow-stem auger drillinghethodyprjor to drilling into the underlying LHSU 
bedrock as shown in Figure 2.2-2. This casing isojated, the bedrock borehole from the UHSU 
to limit the potential for cross contamination. D r h h g  procqeded through the UHSU with 3- 
1/4-inch inside diameter (ID) hollow%tem-augers. As drilli& progressed through the UHSU, 
continuous core samples were colleAed i$ing-a3-mch IB*;plit-spoon sampler with stainless steel 
liners. Following completion of drillingxw&h the 3-1/4-uich ID augers, the borehole was reamed 
to a diameter of approximately 12 inches,or gieater using hollow-stem augers. 

Following drilling and reammg, an 8-inch ID 3chzdule 40 PVC isolation casing with water tight 
threaded couplings was installedkto ik1ZtFthe;borehole from the UHSU. Following installation, 
the isolation casing(was s e e d  in =by placing a bentonite seal at the bottom of the casing 
annulus, and then grouting the,remainder of the annulus with a tremie pipe. Installation and 
sealing of isolati6nicTsing waslperfoqmed in accordance with the procedures specified in TM8 
and ER SOP FT.3, as modified b$dCN (EG&G 1992a). The grout used to seal the isolation 
casing ?as allowed to cure,for a .minimum of 24 hours prior to initiating drilling of the source 
charac[erizi$tion borehole +to LHSU bedrock. 

Following curin3of the iplation casing grout seal, hollow-stem auger drilling was performed 
within the isolation casing to extend the borehole into the LHSU bedrock underlying the 
UHSU. The source characterization boreholes were advanced using 3-1/4-inch ID hollow-stem 
augers. Samples were obtained using a 3-inch ID split-spoon sampler with stainless steel VOC 
liners. The split-spoon sampler was advanced using continuous-coring techniques. 

J' 

2 i' /, 2 

-+h, 

\ 
*.** 

""> '9 

/) p->*. 
*\ 'aoc ' 

2, 
,f@-"*\, "., ;&., 

4+' .- 
9 p 

-4 )! -> /r $ <  

P -%\ 

\ ""., 

P -e---\ a *\ 

i ff 1, s 

1% ''a 4 
k., \.%. ./. /t  

" 8 , '  

(4M&lo)(M(yl-SlO) (Seccion2.4) (12/14/93 ll:U3arn) 2-2 1 



All core collected during drilling of the source boreholes was lithologically logged in accordance 
with ER SOP GT.l, Logging Alluvial and Bedrock Materials (EG&G 1992a). Lithologic logs 
for the source boreholes are included in Appendix A4. 

222.1 Source Characterization Borehole Sampling 

Source characterization boreholes extended from the ground’ surface to approximately 50 feet 
in depth. Figure 2.2-3 illustrates the typical sampling rschemet,for source characterization 
boreholes. Continuous borehole samples were collected~over~2-foot~~@tervals for lithologic 
descriptions for the entire borehole depth. Discrete samples were colle&d,and submitted for 
laboratory volatile organic compound (VOC) analysg$beginning 2 feet bi;w\he isolation casing 
and continuing at a frequency of one sample, ’ed%foot interval until total borehole depth. 
Additional discrete VOC samples were collectid for analysis if elevated OVM readings, staining, 
discoloration, odor, or other anomalies were oBsec6ed during drilling. In addition to the VOC 
samples, composite samples collected over approximat$y 6-foot intervals were also submitted 
to the laboratory for chemical analysis for non-VOGpahmeters. 
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After the split-spoon sampler was 
VOC field screening 
removed, capped with 

borehole, it was opened and radiation and 
Thg VOC stainless steel liner was then 
sealed with black electrical tape, labeled, 

sealed in 
a, 

ld+ 
: L  For each sample, a corresponding FUTD-saeen sample was collected. RAD screen samples 

were collected to ari’alyz”e4r+adiologcal levels to ensure that analytical samples were handled and 
shipped correctly. The scqen samples were shipped to an off-site laboratory and analyzed 

.B d%-=-- ,/ .+ ,F 
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before the corcespEiilding aaalyt mples were shipped off site. 
6’ /cI*..*--@+-gilt \ ‘\< *b 

2 . .  
After rqmoval of the VOC and RAD samples, the split-spoon sampler was closed and placed 
in a locatizn%out of the sun. ;After three consecutive 2-foot drilling runs had been completed, 
a composite .sample wayprepared from the split-spoon material. Composite sample material 
consisted of sc&pings&f$he core from three consecutive 2-foot drilling intervals after it had 
been peeled in accadaridce with ER SOP GT.2 (EG&G 1992a). The composite material was 
collected and mixed in such a manner that the sample was representative of the entire 6-foot 
interval. The composite interval was approximately 6 feet, but the interval was sometimes 
slightly more or less than 6 feet depending on drilling conditions and recovery. Sample 
compositing was conducted by combining the material in a stainless steel bowl or pan. The 
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material was thoroughly mixed using a stainless steel scoop. The sample was then quartered 
and each quarter was mixed individually. The entire sample was then mixed together again until 
as homogeneous a mixture as possible was obtained. The composite sample was then placed 
in the appropriate sample containers, and the containers were placed in bags in a cooler with 
ice. Split-spoon samplers were decontaminated between individu%al coring runs. 

Samples collected for geological characterization were placed core boxes and retained for 
detailed analysis and logging by the project stratigrapher as described in Section 2.2.4. Samples 
collected for chemical analysis were analyzed for the pa5amTters listed in\Table 2.2-4. Analytical 
methods, sample containers, sample preservation, and hmple  holding times%used are provided 
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in Table 2.2-5. Analytical results are presented a,na ‘\, mterpreted in S e c t i o ~  \/ 4.0. 

Boreholes (EG&G 1992a). 

2 2 3  Groundwater Investigation$+ w..., 

As discussed previously, LHSU for potential contamination based 
on two scenarios (see Section was drilled and continuously 
sampled to collect target intervals for the 
placement of and b-series monitoring 

and 21693) at RBWP 

. and one b-series 
monitoring 

22093, 22193, and 22293 were installed to investigate the source of contaminants previously 
detected in LHSU sandstone units where they subcrop beneath the colluvium along the north 
slope of  the Woman Creek drainage, as shown in Figure 2.2-5. Details of the rationale and 
objectives of the monitoring wells are provided in Section 2.0 of TM8 (DOE 1993a). 
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Following installation and development, groundwater samples were collected from each 
monitoring well (where sufficient water was present) to evaluate LHSU groundwater quality. 
Well development and sampling analysis activities are discussed in Section 2.2.3.3. 

I 

I 

~ 

%, 2.23.1 Pilot Boreholes 

Six pilot boreholes were drilled at sites 21193, 21293, 21393J21493, 21593, and 21693, as 
discussed previously. These boreholes were drilled to colleGt stratigraphic and hydrogeologic 
information and to provide data for selection of target.ihtervals for monitoring wells. General 
construction details of the  pilot boreholes are shown kPFigure 2.2-6."\, 

Similar to the source characterization borehol&'the initial drilling at each pilot borehole 
.l." consisted of installing an isolation casing across the UHSU prior to drilling into the underlying 

bedrock. This casing isolated the LHSU fr;om theJJHSU. Drilling proceeded to the base of 
the UHSU with 3-1/4-inch ID hollow-stem augers. & general, the base of the UHSU was 
identified by the presence of unweathered claystone. A2 drllling progressed through the UHSU 
for each pilot borehole, continuous65e-samples were collected using a 3-inch ID split-spoon 
sampler with stainless steel liners. YFhe,borehol'eyas then reamed to a diameter of 
approximately 12 inches using 8-1/4-1nchqID hollow-stem augers. Hollow-stem drilling and 

'B ; . c4"  3 sampling was performed in accordance wtth Ej;.R SOP GT.2 (EG&G 1992a). 
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/p"""".t, d ~.-\ Following drilling and Geammg, a 6)nch 40 PVC flush-jointed isolation casing was 
L.W. -_ installed to isolate th+bo{eholebiiom the UHSU. The isolation casings were sealed in place by 

one of two different meth$s d e w g  on borehole conditions. At locations 21293, 21393, 
21493, and 21593, the casiqgs w<re installed as specified in TM8. At these locations, a bentonite 
seal was pla~ed"4aTthe,~bottem ofythe annulus surrounding the isolation casing, and the 
remainder,of .the annulus\was grouted using a tremie pipe. At locations where substantial 
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occurred (Le., 21193 and 21693), this approach was not 
isolation casings were installed using pressure grouting 

t 

SOP GT.3 (EG&G 1992a). 

the grout was allowed to cure for a minimum of 24 hours 
prior to initiating drilling into the underlying bedrock. Following curing of the isolation casing 
grout seal, continuous core drilling (HX size) was performed within the isolation casing to 
extend the borehole into the LHSU bedrock underlying the UHSU. 
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LHSU drilling was conducted using mud rotary methods with a water/variflo mud mixture as 
the drilling fluid. Drilling mud was used to create a higher hydraulic head within the borehole 
than in the surrounding bedrock, thereby inducing a hydraulic gradient away from the borehole 
to the  surrounding bedrock and preventing or limiting inflow of groundwater as the borehole 
passed through LHSU permeable zones. In this way, the potential for cross-contamination 
between permeable zones in the LHSU bedrock through the borehole was minimized. AS 

drilling progressed, continuous core samples were collected wiih a core barrel. Coring was 
performed in accordance with ER SOP GT.4, Rotary Dr+g.aJ"Rock Coring (EG&G 1992a). 

All drill core collected from the pilot boreholes was lithologically logged@ accordance with ER 
SOP GT.l, Logging Alluvial and Bedrock MateriaV(EG&G 1992a). Lithologic logs for the pilot 
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- I  boreholes are included in Appendix A4. ,f I' 
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Core samples of LHSU bedrock material reh+oved<froms6e borings were immediately screened 
in the field for VOCs using an OVM 580B (or &@valent) photoionization detector. In addition 
to the VOC screening, radiation field screening measurements were taken using a Ludlum 
12-1A radiation detector with an air5Zpostional or zinc sulfide probe. If VOCs were detected 
during field screening, a VOC sar&le%as-submittedwfor laboratory analysis. Core samples 

k \>* d -\.> submitted for laboratory analysis w$ei handted III accordance with ER SOP F0.13, 
Containerization, Preserving, Handling>\>andFShipping of Soil and Water Samples (EG&G 
1992a). Elevated radiation*lGls were nckdktected in the field in LHSU materials at any of 
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2232 Monitorine~Well"Insta1lation 
'k., d 

the a-series and b-series monitoring wells are shown in 

Simila6to ihe,pilot boreholes, the initial drilling of each monitoring well borehole consisted of 
installing andsogation casing across the UHSU prior to drilling into the underlying bedrock. 
This casing isolated th& bedrock borehole from the UHSU. 

Drilling proceeded through the UHSU with hollow-stem augers. For well borings 21993 and 
22493, continuous core samples were collected as drilling progressed through the UHSU. For 
the remaining boreholes, it was decided that continuous coring of the UHSU was not necessary 
because continuous UHSU coring had been performed in the adjacent pilot boreholes. In 
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general, hollow-stem drilling and sampling of the UHSU was performed in accordance with ER 
SOP GT.2 (EG&G 1992a). 

Following drilling of the UHSU for the a-series wells, an 8-inch ID isolation casing was installed 
in the borehole. For wells 22193,22393,23193, and 23293, the isoletion casing consisted of flush 
threaded steel casing with water-tight threads. For wells 22093 ;, 3 and 22293, Schedule 80 PVC 
isolation casing with water-tight threads was used to minimizekosts. For b-series well 22593, 
10-inch ID steel isolation casing with water-tight threads was,installed in the borehole. A larger 
UHSU isolation casing was required for the b-series&ell to a"ccommodate a second LHSU 
isolation casing to isolate the borehole from the LHSU rnterval screened Qythe paired a-series 
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With the exception of well 22093, the isolatio.n~~ca~in~s~wqre sealed in place by pressure grouting 
method. For well 22093, the casing was sealTd *in,elice&ith a bentonite seal and tremie grout 
method, as specified in TM8. In either case, inst@atioq and sealing of the isolation casing was 
performed in accordance with ER SOP GT.3, as modified'by DCN (EG&G 1992a). The grout 
was allowed to cure for a minimum%~24-hours prior to mitiating drilling into the underlying 
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Following curing of the UHSU isolation cagmg grout, the borehole was advanced into the 
LHSU. For the a-series well boreholes, th%,b&ehole was advanced to the target depth for the 
monitoring well. For the b-seriys \;;ell, the borshole was advanced to a depth below the LHSU 

the target interval for the b-series well to allow 
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e was advanced in the LHSU using air rotary 
to avoid problems associated with drilling mud 
f the borehole walls and the quality of water 
rated from drilling fluids. The well borehole 
the bottom of the interval to be screened. 
e screened interval to verify the lithology of 

the screened intervabt '  

For the b-series monitoring well (22593), drilling in the LHSU initially proceeded using air 
drilling methods, as specified in TM8. However, following drilling of the concrete plug in the 
bottom of the UHSU isolation casing, hydraulic communication was established in the LHSU 
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between borehole 22593 and the adjacent a-series well 23193, which result in discharge of water 
from the  top of the casing of 23193. The actual pathway of the communication between 22593 
and 23193 is unknown, but it is believed that air was forced into the LHSU unit screened by the 
a-series well, and the resulting pressure change within that unit caused water to be discharged 
from the  top of 23193. 

At that point, drilling in 22593 was discontinued pending regvaltation of the drilling method. 
Upon reevaluation, it was decided to modify the dr on of the second 
LHSU isolation casing from air drilling to mud-rotary d as then advanced 
to the target depth for the isolation casing using mud- 

Following drilling, a 6-inch ID Schedule 80 PVp& is6lation casing with water-tight threads was 
. Installation and sealing 

.3, Isolating Bedrock from 
s modified as necessary for 
4 hours prior to continuing 

t, I ,9” 

B c, 
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drilling in the LHSU for well installation:., 

To minimize th 
22593, RFP potable water was introduc 

to 23193 during drilling of 
e casing of 23193 to maintain a pressure head 
ter introduced into 23193 were maintained to 

Following curing of 
coring methods to t 
across the scree 

AU drfl , t iok collected ‘ffom the monitoring well boreholes was lithologically logged in 
accordince wi[h ER SOPbT.1  (EG&G 1992a). Detailed logging of core collected from the 
abandoned2mohoring wells; 2 1993 and 22493, was determined to be unnecessary because of 
the  close proxlmity to thylogged replacement monitoring wells, 23 193 and 23293, respectively. 
Lithologic logs for thedonitoring well boreholes are included in Appendix A4. 

ehole was advanced using air 
s core samples were collected 
he screened interval. 
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LHSU core samples collected from the well boreholes for the a-series and b-series wells were 
field screened for VOCs and radiation. If VOCs or elevated radiation levels were detected 
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during field screening, samples of LHSU core in which the constituents were detected were 
submitted for laboratory analysis. There were no radiological levels detected above background. 

Following drilling of each a-series and b-series well borehole, a monitoring well was installed 
within the borehole to allow collection of groundwater samples from the LHSU unit of interest. 
The monitoring wells were installed with screen lengths rangingTrom 7 to 15 feet depending on 
the geologic conditions encountered, and were screened to mdnitbr the most permeable portion 
of the LHSU unit of interest. 
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Monitoring wells were installed according to ER SOP GT.6, Monitoring Wells and Piezometer 
Installation (EG&G 1992a). The general const&on of the monitormg wells is shown in 
Figure 2.2-6. Monitoring wells were constructed of 2-inch ID Schedule 80 PVC pipe and well 
screen with 0.01-inch machined slots. Nonslptreg'(b1ank) Schedule 80 PVC riser pipe was used 
above the screened interval and for a sedimen6sump 9elow the screened interval. Filter pack 
consisting of 16-40 silica sand was ing from the total depth of the 
boring to a minimum of 6 inches a al (Figure 2.2-6). Construction 
details are summarized in TableB2"CAp own in AppendhA4 for each 
monitoring well completed. 
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The above-ground completion details of thejmonitoring wells are depicted in Figure 2.1-5. 
C . r  

Vented caps and vented, lpck"a6l'e\steel casingswere installed for each monitoring well. In areas 
of heavy vegetation or traffic, 32inCh ID steel guard fl posts were installed around the monitoring 
wells at a distance o$6pproximii"tel>f5ur*feet7radially from the surface casing. Protective steel 
casings and guard po.sts:when'qtalled, were painted with primer and enamel paint suitable for 
outdoor exposure. "\ h% 
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2 2 3 3  Monitoring Well DeveloDment and Groundwater Sampling 
*~ 

,f ;:' i 4' ,,! 1 ;  

Following 'installation, gr$undwater monitoring wells were developed to remove fluids or 
materials potptially intrhduced during well installation activities, and to allow collection of 
groundwater sa'mpled "representative of LHSU groundwater quality. Four of the a-series 
monitoring wells (22093:22193,22293 and 23193) were developed and sampled. The remaining 
two a-series wells (22393 and 23293) produced insufficient water to allow for well development 
and were not sampled. The one b-series monitoring well installed (22593) was developed and 
sampled. 
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%\ *.% b / 

2. 

( 4 0 4 a l O ~ l - S l O )  (Scaion24) (12/14/93 lI:(nnm) 2-28 



Well development was performed in accordance with ER SOP GW.2, Well Development 
(EG&G 1992a). Under normal RFP well development procedures, wells which do not produce 
sufficient water to be developed are transferred to a monthly monitoring schedule for a year or 
until they produce sufficient water for development. If they still do not meet development 
specifications after a year, they are transferred to a quarterly monitoring schedule. For the 
purposes of this bedrock program, extra development efforG were implemented to allow 

2' .* 
continued monitoring and/or development of wells that did,not*'produce sufficient water to be 

/ c., developed in a timely manner. This was necessary because the LHSU wells, in general, have 
i$ ,/f \ '", 

low water production rates. For this program, wells w,erejmonitoredaand/or purged of water 
every few days or at least once a week for a period of up to five wete'ks m'an attempt to meet 
development specifications. Three wells (22393,;15!3, and 23293) did ndt meet development 
specifications, even after five weeks. In accordance with TM8, these wells were not sampled, 
but were transferred to the RFP site-wide mpnitoring,program for ongoing monitoring. While 
under the RFP site-wide monitoring progr<&yell 22593 was able to be sampled in mid- 
September 1993. The remaining wells (22033,22193, 22293, and 23193) met development 
specifications within a period of four to five weeks and\were,sampled in accordance with TM8. 
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Groundwater samples were collected fqom -a-series wells (22093, 22193, 22293, and 
k t  f 23 193) and one b-series well (22593) *ttat ywei%?iieveloped. Groundwater sampling was 

conducted by the FWP site-wide groundyatefprogram in accordance with ER SOP GW.6 
a., 3 

for chemical analysis. 
basis (24 hours) for the 

contamination. The results from these analyses 
scope of the field investigation activities by 

and vertical extent of contamination in the 
samples were submitted for analysis for a 

referred to as the LHSU analyte 
and to fully characterize the 

were selected for their 
utility and 

types of contamina?ritst present in the LHSU (Table 2.2-6). Following a review of the 
contaminants detected in the UHSU during the alluvial investigation, the following parameters 
analyzed for during the alluvial investigation were eliminated from the LHSU analyte suite: 

e Semivolatile compounds 
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0 Pesticides 
0 PCBs 
0 Chloride, nitrate, and nitrite 
0 Cesium 137, strontium 89 and 90, and radium 226 and 228 

’-\, 

Table 2.2-5 lists the analytical methods, sample containers, sample preservation, and sample 
holding times used for the  analysis of borehole and groundwater samples for the bedrock field 
investigation. Analytical results and interpretation for thehdicator,parameters and full LHSU 
analyte suite for the bedrock field investigation are presented m d d i o ?  4.5. 
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223.4 Slup Testing /”%> 
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Field hydraulic testing (slug testing) was conducted on four a-series monitoring wells (22093, 
22193,22293, and 23193). Three wells (22393,22.593; and 23293) were not tested because they 
produced insufficient water to meet well development specifications. Field hydraulic testing was 
performed to estimate the in-situ hydraulic conductivity of\LHSU materials screened by the 
monitoring wells. Slug testing wa$onducted in accordlnc; with ER SOP GW.4, Slug Tests 
(EG&G 1992a), except that rising head tests’wqre conduc.ed in addition to the falling head tests 
specified in the E R  SOP. Results ofth>hyd~yli??&tihg are presented in Section 3.6. 
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program consisted of detailed lithological logging 
borehole geophysical logging in pilot boreholes, 

core samples from pilot boreholes. 

monitoring wells was performed by both the rig geologist 
h 1  

and the3project stratigrapher. Drill cuttings and cores were examined first by the rig geologist 
for litho@y..and generalifeatures. A preliminary borehole log was completed by the rig 
geologist &a&3rdance +with’ ER SOP GT.l, Logging Alluvial and Bedrock Material (EG&G 
1992a). The geologst%recorded the depths of each coring run, intervals of no recovery, general 
lithologies encount&ed;”edepths of samples collected, and notes regarding moisture conditions 
and unusual drilling conditions. The drill cuttings and cores were packed in core boxes and 
delivered to the project stratigrapher for detailed logging. 

--b\la, “.h $’ #f 
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Detailed logging was also performed in accordance with ER SOP GT.l by the project 
stratigrapher. Detailed logging consists of sieving soil/rock samples to determine grain size 
distribution for soil/rock type classification and degree of grading/sorting. Grain roundness, 
composition, estimated porosity and cementation were evaluated using microscope techniques. 
Visual inspection of the core samples was made to describe color.(using color charts), friability, 
internal structures, bedding, fractures, and other features of interest. The alluvial, colluvial and 
soil intervals were classified using the USCS, whereas bedrock was classified according to 
Compton (1962) as described in ER SOP GT.l. Each cor6bo;kylabeled and photographed 
as part of this logging. Summary logs of the OU-2’ P,liase IIhb>reholes are provided in 
Appendix A4. 
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Following completion of 
pilot boreholes to provide 
LHSU bedrock surrounding the 

was performed in the 

below, the following geophysical 
conditions within the 

logs were run within each pilot borehole: 

Resistivity, 16-inch and 
I 

fluid resistivity, and induction logs were not run due to 
ented lowering of the probe past a depth of 51 feet. All 

The geophysical logging was conducted while the borehole contained drilling mud. Geophysical 
logging was performed in accordance with ER SOP GT.15, Geophysical Borehole Logging 
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(EG&G 1992a). Following geophysical logging, the pilot borehole was plugged and abandoned 
in accordance with ER SOP GT.5, Plugging and Abandonment of Boreholes (EG&G 1992a). 

Discussion of the geophysical logging suite and composites showing selected log curves and 
generalized core lithologies for each pilot borehole are presented in Section 3.5. 

Cores collected from the pilot boreholes were used to guide the-iiktallation of monitoring wells. 
The depth to the  UHSU/LHSU boundary and the depths,of permeable units within the LHSU 
were determined from visual observation of the cores,&drreview,of "geophysical logs. These 
depths were used to target the  placement of isolation casmg and screened mterval in each well 
installed for the OU-2 bedrock field program. 

Selected portions of pilot borehole core 
laboratory for testing to evaluate the  perme 
materials. Geotechnical sample intervals w 
collected at representative distinct lith sandstone, siltstone, claystone) , 

encountered within the borehole. Sazple  
and horizontal (radial) perrneabdity, '$ 
saturation, grain size distribution, and 
presented in Section 3.5. 
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tted to an off-site geotechnical 
1 properties of the LHSU bedrock 
the project stratigrapher and were 

o technical laboratory for vertical 
ntent, dry density, void ratio, 
eotechnical testing results are 
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This section summar@d.deviat$$ns from TM8 that occurred during performance of the field 
work. 
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Changes to'ER'SOPs were ma e 'where appropriate to facilitate the installation of boreholes 
and monitoring a ,  wells with, the approval of the EG&G Project Manager. These changes are 

f ,f b 

documented'by DCNs. ,i 
"., 'k 

l**'%.t. 
A comparison be 

".-. " / $ /  

'̂ the'total depths, isolation casing depths, and depths of screened intervals 
proposed for boreholes'and monitoring wells in TM8 and the actual completion depths is 
provided in Table 2.2-3. 
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Deviations from the work plan are listed below: 
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4 The temperature, fluid resistivity, and induction geophysical borehole logs could 
not be run in pilot borehole 21393 due to swelling in the borehole at about 
51 feet. This reduction in hole size prevented lowering these downhole tools 
past that interval. All other logs were run in thisborehole. 

,. ‘\) 
f 

i’” rp‘ 
e The Guard resistivity log was added to the gLophysica1 logging program after the 
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initial pilot borehole 2 1 193 was logged. 

In monitoring well 22093, the LHSU’hrameter sample for groundwater analysis 
was not collected at the same t&eias the Indicator Parameter sample due to 

/ 
8$ 

‘f-\,/ 

insufficient water. The LHS$qarameter sample was collected on August 17, 
, j  L-t r”’ 

1993. \, w\f 12’ 
”\% 8’ 

‘\.\ \%%\, . 
In monitoring well 22293, the groundygter-hspmple was analyzed by the EPA- 4 

bt, 
CLP method instead6’fMethod 524.2 for thetLHSU Parameter VOC suite. The 
well was resampled &on Rugust 17, 1‘993-and analyzed for VOCs by the 524.2 
method. 
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0 Slug tests codl?fBot be performed in monitoring wells 22393, 23293, and 22593 

F, -. b? 

due to inhjficient $ater produGtion. 
8 ,, 

P /*--.,$ 
e Thetdr&g3ethod for installation of the second isolation casing at 22593 was 

f L?. changed f q m  & rotary to mud rotary when the air method caused hydraulic 
djacent well 23193. 

it${ of Borehole SB-2 to borehole BH2587 is uncertain because the 
H2587 could not be established in the field. Location of BH2587 

oordinates was not possible because survey data for BH2587 is 
rroneous. The location of SB-2 was selected to be approximately 

halfp3ayAetween boreholes 929 1 and 949 1. 

0 In addition to the falling head slug test analysis required by E R  SOP GW.04, 
slug test analyses were also performed for rising head data. 



b VOC samples collected as part of the LHSU Parameter suite were analyzed by 
Method 524.2, as specified in TM8. However, the VOC analytes from the 524.2 
analyses do not agree with the VOC analytes listed in Table 2-8 of TM8. The 
correct VOC analyte list for Method 524.2 is presented in Table 2.2-6. 

/-'I, 
b pH and specific conductance were measured in*the field only to be consistent 

' 9 *g 

with site-wide groundwater monitoring practicies,." Table 2-9 of TM8 incorrectly 
specifies a laboratory method for measureme2t kfipH and specific conductance. 
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b Cis- and trans- 1,2-DCE were analyzed-a$ separate isgmers rather than total 
1,2-DCE as listed in Tables 2-4 and%8 of TM8. 

Schedule 40 PVC was installed forithe isolation casings in all pilot boreholes and 

Ut 5' 
%? 
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source boreholes, rat ecified in Th48. These 
boreholes and isolation cas nd abandoned following drilling, 
as specified in TM8. 

2 3  AIR QUALITY AND MET 

This section provides a general discusscon of the air quality programs and meteorological data 
cal data pertinent to the description of site 

23.1 Air Quality: 

en  conducted at RFP since the early 1950's. The plant 
ams that protect the plant employees, the general public, 
te engineering, administrative controls, and subsequent 

to the air from both radiological and nonradiological 
al RFP site environmental report is published that 
ated impact analyses. The latest issue of this annual 
od from January through December 1991 (EG&G 

1992d). The program currently includes monitoring for radionuclides and nonradioactive 
ambient air monitoring which includes total suspended particulates and respirable particulates 
less than or equal to 10 micrometers (PM,,). 

(4040-l~l~SlO) (Seaion.2-O) (12/14/93 ll:U3am) 2-34 



23.1.1 Radionuclides Ambient Monitoring 

Currently monitored air quality data includes data collected as part of the Radiological Ambient 
Air Monitoring Program (RAAMP). The RAAMP ambient air samplers monitor airborne 
dispersion of radioactive materials from RFP into the surrounding environment. Samplers are 
designated in three categories by their proximity to the main fa6ilities area. Twenty-three on- 
site samplers are located within RFP, concentrated near the main facilities area. Fourteen 
perimeter samplers border RFP along major highways &on tl?e,north (Highway 128), east 
(Indiana Street), south (Highway 72), and west (Highway 93). Sampler locations are shown in 
Figure 2.3- 1. Ambient samplers operate continuously afa-volumetric flow rate of approximately 

a brushless 
induction blower assembly. The samplers collect‘ particulate matter on a fiberglass filter 
medium. Manufacturer’s test specifications ratythis filter media to be 99.97 percent efficient 
for relevant particle sizes under conditions hicallylencountered .in routine ambient air 
sampling. Sampler flow rates are checked weeqy, and filters are collected biweekly. Filters 
taken from the sampling network are analyzed ?6rq$utonhm and americium. Onsite and 
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25 cubic feet per minute (cfm) using a RFP desigriid)sampler which incodorates \’\ 
P 
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perimeter sites within OU-2 for 
Figure 2.3- 1. 

23.1.2 Nonradionuclides Ambient M 

eb23-1 and locations are shown on 

1991 for total suspended particulate 
0 micrometers in diameter (PM,,). 
er  the Clean Air Act Amendments 
1 Ambient Air Quality Standards 

bient Air Standards. The NAAQS 
ate recovery and not based on 
PM,,,. However, the CDH TSP 

(TSP) and respirabl 
Ambient particulat 
of 1977 (US Con 

n on particulate levels. TSP and 
, unobscured by structures, and 

generally downwind from plant buildings. The reference method hi-volume TSP sampler and 
Wedding PM,, sampler are operated on the EPA sampling schedule of 1 day per every 6th day. 
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23.2 Meteorology 

Meteorological data collected for this report are based on the primary meteorological station 
at RFP, the 61-meter tower located in the west buffer zone. The tower is instrumented at 10, 
25, and 60 meters to measure horizontal wind speed, vertical wind speed, wind direction and 
temperature. Dew point measurements are made at the" 10m level. Solar radiation 
measurements are taken by a radiometer mounted on an unobshcted platform at 1.5 meters 
above ground level. Ground level precipitation and pressure aretalso measured. The climate 
data is taken from data collected in 1991 as summariz#d iii the+annual environmental report 
(EG&G 1992d). The meteorological data included &'ithis report represent 98 percent data 
recovery. The data set used in the air dispersion m&eling analysis is fromhhe more complete 
data set (greater than 99 percent data recove~).collected in 1992. Mixing height data was 
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/ c calculated from twice daily radio sounds from Stapleton International Airport during 1992. 
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2.4 SURFACE WATER 

This section provides a brief discussion-of. the 
site-wide Surface Water Data 
to OU-2 will be discussed in 

2.4.1 Sample 

wkiich is part of the 
locations pertinent 

?., ' 

Under the Environmental Re$oration+-ogram, the RFP Surface Water Data Collection 

f- /-*)**- '- 
B /, 'F kY/ 

if' J' 

4' Program is conducted i t  a ne6vorELof..fixed sites, involving surface water, seep, sediment and 
detention pond sampl"e%collect!ion. Routine surface water and sediment sites are sampled 
quarterly, wit$,the-excep\tionbof sev<ral "seasonal" sites that are sampled on a monthly basis 
from March"";,eJune. Samp,hg lwations are divided into nine program areas: 

\. *9*$ 

1, -%% 
.@-"--% 1% "*, 1. 

// \, 
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e-!. "-\Rock Creek 6. South Interceptor Ditch 
2"?1* Candfill I 7. North Walnut Creek 
3. Prot&ted ,@ea (PA) 8. South Walnut Creek 
4. 88 >Hills;de 9. Mound Area 
5. Woman Creek 

%b y. ., f 

Seeps represent the only source (excluding stormwater runoff) of surface flow originating in 
OU-2. The seeps are sampled under the site-wide surface monitoring program, but due to 
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seasonal variations, which often result in very low to non-existent flow rates, it is frequently 
impossible to obtain samples from the seeps. Annual fluctuations in the water table produce 
periods during which no flow occurs from seeps in OU-2. Surface water sampling stations which 
include seep locations are designated as SW. Sediment sampling locations are designated as 
SED. ~ 

The seep sampling locations, with associated sediment gampling locations in OU-2 (see 
Figure 2.4-1) are as follows: 

,( (I' 

4 

,I,* \., \\ 
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Mound Area 903 Pad Area East" Trenches Area ".* 

swo59 
SW056 

sw053 -- 

Rocky Flats Plant ER SOPS ater, sediment, and pond sampling 
activities. Surface w as composite samples in a priority 
order. Samples are P SW.3, Surface Water Sampling. 
Equipment for surfas 

kf ;"t, / / p - = f  \ w 
Sediment samples are csllecte4wing % core samplers or a stainless steel scoop. Core samplers 
are used for t-he@cdlectcobof ?Golatile organic compounds and composite samples of bed 
materials th&,ar15%%??a\eb.l Staihless steel scoops are used for composite sample collection of 
dry bed flma$erials. Largeparticles and debris are removed from composite samples. 

k - 2  
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f 

in accordance with ER SOP SW.6, Sediment Sampling. ER 
SOP SW.6 of sampling equipment. The effectiveness of the 

by submitting rinse water for analysis to 
laboratories. 



Measurement of field parameters at  surface water sites is conducted in accordance with ER 
SOP SW.2, Field Measurement of Surface Water Field Parameters. Residual chlorine can act 
as an oxidizer for VOCs, cyanide, and BNA. If the concentration of total residual chlorine 
(TRC) is 2 0.2 mg/l, the samples are preserved. 

-\, 

Parameters measured at surface water sites are air temperatuie, water temperature, dissolved 
oxygen (DO), pH, TRC, alkalinity, and specific conductance. Air temperature, water 
temperature, and DO are measured in situ. TRC, alkaI&i$"and specific conductance are 
measured in a grab sample taken in accordance with ER'SOP SW-.3. Equipment for the surface 
water field parameter measurements is described in ER'SOP S W h  '\, 
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Analytical parameters for the seeps are ide'n$cal-t3the4kt of parameters for site-wide surface 
water samples, but change periodically deperid$g ."i the site-wide data needs. Analytical 
parameters for sediments also are revised periodically\under the site-wide monitoring program. 

Seep and Sediment Analytical Parameters, f 
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2.5 SURFACE SOIL INVESTIGATION,b~b --*- 
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The OU-2 Phase I1 RFI/RI surface soil sampling program was the most comprehensive 
investigation of the nature-5'53 "extent of &$amination in surface soils conducted at RFP to 

'F; 
date. The OU-2 Phase1 s63)conducted ih&987, examined soils collected from depths of 0 
to 2 feet. For risk assessmenfpu'ip""oss'es;.-surface of the soil in this report is defined as the 
interval from 0 to 5 ~ ~ ~ d i m ~ ~ , e r s , ( c m )  depth! Therefore, the results of the Phase I study are not 
representative of the h t u r e  and extent of contamination in surface soils. Prior to the Phase I 
study, surfac?,.soil%mpling programs conducted at RFP were limited to the investigation of 
radionuclidd contammat!on and,""therefore, of limited use. Additionally, these data were not 
consistedtlyivalidated, . 2 a i d  in some cases, remain unpublished. Data from these studies were 
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usefulin%d$veloping the sampling plans for the OU-2 Phase I and I1 investigations, but are not 
1' ,B included %ese2*"., * i  ", '\J /:" 

\*k *' 
The OU-2 Phase I?REI/RI surface soil sampling program was conducted in two stages. The 
first stage was conducted to investigate the spatial extent as well as the fate and transport of 
actinides (plutonium and americium). The second stage was conducted in support of the OU-2 
Human Health Risk Assessment. The work plan for the first stage was presented in 
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Attachment 1, Surficial Soil Sampling Plan of the  OU-2 Alluvial Work Plan (DOE 1991a). The 
objectives of the Muvial Work Plan surface soils sampling program were to: 

Determine the spatial and vertical extent of plutonium and americium in surface 
(0 to 5 cm) and near-surface (0 to 96 cm) soils in the remedial investigation 
areas, and in the buffer zone. 

/: ' 
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c /( P 
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Study the physiochemical characteristics /'of th"e,soil that govern fate and 

aquifer (SW-53). $?* > 
LI /\ t., 

transport of actinides in an area east,6f*the 903 pad and above a perched 
'\,% a 

\$' \\ a, 
\\.c.. 

in colloidal and dissolved phases 
through the soil system. 

0 Evaluate the between the vadose zone and the 

water table. "., 4 
/+%+ zxh'*-%\ 'ti' c 

To meet these objectives, the firsti stage,*& the Phase I1 surface soil sampling program, 
conducted in the summers of 1991, 1992>andd99~Eon&ted of both surface and near surface 

\ L8 gf 

(soil profiles) sampling. $C\ or 

The second stage of program was conducted in March 1993. 
h i  

The objectives were to" an%lyze for &-contaminants that are potentially present in surface soils 
at OU-2 (i.e., SVOCs,%metals,/radionucli'des) for use in the OU-2 Human Health Risk 
Assessment; provide additional supporting data for the EE; and allow assessment of remedial 
alternatives for#rem"ediation of theuptaminated soils in accordance with the NCP. The work 
plan for thePsecoI5mage ofegamplinbs presented in TM7, Addendum to Final Phase II RFI/RI 
Work Plan,,Surface Soil Sampling and Analysis Plan (DOE 1993~).  
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both stages of the Phase I1 RFI/RI surface soil sampling 
program. 

2.5.1 
I 

Surface Soil Sampling for Evaluating the Spatial Extent of Actinides 

In order to assess the spatial extent of plutonium and americium in surface soils within the 
OU-2 boundaries, surface soil samples were collected across an area of approximately 800 acres 
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as shown in Figure 2.5-1. Plots were selected for sampling based on a review of previous 
investigation results, analysis of data from unpublished material, and radiological surveys (DOE 
1991a). 

The surface soil sampling plots were 2.5 and 10 acres in size. Because of the large variations 
in Pu distribution near the source area, 2.5-acre plots were sampl "immediately east of the 903 
Pad and around the East Trenches Areas, and 10-acre p1ots"w sampled for the remainder 
of the study area (Figure 2.5-1). This sampling design seTed twokpurposes: (1) to increase the 
confidence in soil plutonium estimates around the 903 Pa4 $id Ea$ Trenkhes Areas; and (2) to 

,\\ \\ 

expand the number of soil data for spatial estimating procedures. \\:*-'? 
l;td L. 

The first stage of the OU-2 Phase I1 surface soil sampling program was conducted using the 
CDH Method. The CDH method was preferred for evaluating the spatial extent of 
contamination. In addition to the surface soil sampling eerforrned using the CDH method, each 
grid was resampled in 1991 and 1992 using the YP m6thod. It has been hypothesized that the 
level of Pu-239/240 in surface soils is method dependenth,Hence, a study is currently being 
conducted to compare the spatial distribution of actinides,as a function of the method used. 
The FWP method samples an inteiva1,from -e., 0 to 5-cm-deep. All surface soil sampling was 
conducted in accordance with ER SOP GT.8/(EG&G-l992a). The CDH and RFP sampling 
methods are discussed in the following subsections. 

2.5.1.1 CDH Method Samp 

R Y  1." 
25.1.1.1 Methodoloky. YGtially, the-C hod was used for surface soil sampling during the 

%\4 / 
summer of 1991 so &%the sod radionuclide concentrations could be evaluated according to 

?k \k. State of Colorado-guidelmes,, wBich require special construction techniques on lands with 
plutonium Soncentration: geater thdn 0.9 pCi/g of dry soil. 

The four corners of each 2 3  and 10-acre surface soil plot were surveyed and identified with an 
appropriately-marked steel post. Plots were oriented on the cardinal compass directions. The 
individual subsample locations for each plot were located with a hand-held compass and pacing 

"2 8' 
using one of the corilers as the starting point. 
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Under the CDH method, surface soil samples were collected by driving a stainless steel 
sampling template (Figure 2.5-2) into undisturbed soil. The sample within the template cavity 
'was collected using the CDH spade (Figure 2.5-2) and placed in a stainless steel sample 
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container. Twenty-five equally spaced and uniformly distributed subsamples were composited 
within each 2.5-acre or 10-acre plot (Figure 2.5-3). After all subsamples were collected, the 
sample material was placed in a stainless steel container and composited. Compositing was 
conducted by thoroughly mixing the material using a stainless steel scoop. The sample was then 
quartered and each quarter was mixed individually. The entire sample was then mixed together 
again until as homogeneous as possible a mixture was obtained. , The composite sample was 
then placed in the appropriate sample containers, and the containers were placed in plastic bags 
in a cooler. RAD screen samples were collected at each,plot &\analyze radiological levels to 
ensure that analytical samples are handled and sliiGpedx"co&c{ly (ER SOP F0.18, 
Environmental Sample Radioactivity Content Screen&gf(EG&G 1992a)sQ'he RAD screen 
samples were analyzed before the composite sampl$s were shipped off site. The composite 
samples were analyzed for Pu-230, Pu-240, $&n-241, and U-233,234, U-235, and U-238. 
Analytical results are presented and int dix D and summarized in Section 4.2. 

2.5.1.1.2 Work Plan Deviations. A tot were proposed for CDH sampling in the 
Alluvial Work Plan. A total of 118 plots were sakplqdxisj"g the CDH method during 1991. 
One plot (Plot 0) was added d st\igapon to provide additional spatial' 
information (Figure 2.5-1). Plot -9 were not sampled because they are 

bers 7, 14, 17, and 18 were not sampled 
e surface is highly disturbed, and therefore, 

re 2.5-1 shows the plots that were sampled, 
ough the Surficial Soil Sampling Plan in the 

nclude the analysis of U-233,234, U-235, and U- 
st of the Agencies. 

s, ditches, ponds, etc.) that required modification 
n this case, the sample spacing was condensed 

as many of the 25 subsamples as possible were 
collect&. hv deviations wpr! documented on a Field Activities Report Surficial Soil Sampling 
(Form GT:8B) (.see EYSOP GT.8 [EG&G 1992a1). All original field forms are kept in s, 
EG&G's RFP libr&?d ,." 
In addition to the samples collected for chemical analyses, surface soil samples were collected 
and submitted to a laboratory for particle size analysis. 
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2.5.1.2 RFP Method Sampling 

2.5.1.2.1 Methodology. Under the RFP method, surface soil samples were collected by driving 
a stainless steel cutting tool (Figure 2.5-2) 5 cm into undisturbed soil. The sample within the 
tool cavity was collected using a stainless steel scoop and placed in a stainless steel sample 
container. Ten subsamples were collected from the corners,Aand' the center of two 1-meter 
squares, spaced 1 meter apart at the center of each 2.5 acre or'lgAacre plot (Figure 2.5-3). Each 
set of 10 subsamples was composited using the method describ&i,in Section 2.5.1.1. Sampling 
equipment was decontaminated between composite loczitions (plots).\ 

After compositing was complete, the sample wa's I ,, :then placed in the .appropriate sample 
container, and the containers were placed in plastii'bags in a cooler. A RAD screen sample 
was collected for each plot. The RAD screen sample was analyzed before the composite sample 
was shipped off site. The composite anal$ti&l, .& *.\$ sampie's were analyzed for Pu-239/240 and 
Am-241. Analytical results are presented and"interpreted in Appendix D and summarized in 
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25.1.22 Work Plan Deviations. . O~y:the,~plo~~~h.at .wer~e 3, -=-. previously sampled using the CDH 
method were sampled during the RFPgamplirig e7ent-conducted in 1991 and 1992. Therefore, 

9 "  ". 
a total of 118 plots were sampled at OU-r! u%ng the RFP method. Figure 2.5-1 shows the plots 
that were sampled, and a1so:'shows the piots that were not sampled under the CDH program. 
The Surficial soil Samp,&g;PEi~in'' he Phase'dI ,RFI/,RI Work Plan Alluvial did not include the 
resampling event mini t& RF$m thod4%e resampling was conducted so that a comparison 
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of the results could*e made./ , / ~ w . s ~ ~ ~ - . - " ' '  
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Transport of plutonium 'in soil is highly affected by soil series, moisture content, texture, 
structure, and particle characteristics such as shape, density, and cohesiveness (Burley 1990). 
As a result>soll profiles (pits) were excavated in all soil series east of the 903 Pad to assess the 
vertical distribution of6blutibnium and americium in soil. 
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2.52.1 Vertical Distribution Studv of Actinides in Soils 

2.52.1.1 Methodology. Twenty-six soil profiles (pits) were excavated, described, and sampled 
in 1991 and 1992 to assess the vertical distribution of plutonium and americium in soils east and 
south of the  RFP industrial area. The locations of these pits are shown on Figure 2.5-4. Eleven 
soil pits were excavated in the immediate vicinity of the 903;Pad, East Trenches, and Seep 
SW-53, and an additional 12 soil pits were excavated according to soil series, direction, and 
distance from the 903 Pad. All major soil series east oftthe 903 Pad were sampled. Three 
additional pits were located in the Operable Unit No. 1 study ar&a. Thegoil pits were excavated 
in undisturbed or the least disturbed sites, which are\kharacterized,,by'natural short grass, 
prairie, pasture, and valley side vegetation (Clark et a?: 1980). The exact Idcation of the soil pits 
was determined in the field using aerial photogiaphs, soil and topographic maps, radiological 
surveys, and professional judgement. Soil sa,mpl& from the 26 soil, pits were collected using a 

45 \,\ 

modified trench method (Harley 1972) (ER S6\Yk4GT.7, Logging and Sampling of Test Pits, 
16' 

Trenches and Construction Excavation [EG&G\!9921]). 

The samples were then placed in th2-apprgpriate sample-cyontainers, and the containers were 
*L.="**w+, 

placed in plastic bags in a cooler.{A &AD screen-sample was collected for each analytical 
\% 3%- -3 b 

sample. The RAD screen samples were analyzed-Wefore the analytical samples were shipped 
off site. The composite samples were analyzed for Pu-239/240 and Am-241. Analytical results 
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are presented and summarized in 

In addition to the acthide detefmi%tion;.t$e following physical, 
analyses were condi$te"d\on all samples fro& the soil pits: +-- ,/ i 

"*\\ "@ 6" 
k., 

0 .Particleasize distribution 
@- '\)\ -- 

/A' .BGlk?3ensity, 
9 '": 

02 ,/ Specific surface area 
f . T  t.;t Clay mineraloiy and morphology 

' r /  

0 Calc&m&arbo na te  con tent 
0 Specific conductance 
0 Cation exchange capacity 

0 Sesquioxide content 
0 Major exchangeables (Ca, Mg, K, and Na) 
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Additional samples were collected for sequential extraction experiments. Results from these 
are being documented as the experiments are still ongoing. 

25.22 Fate and TransDort of Actinides in Soils 

c' ** 
The fate and transport of actinides in soil as well as the soil physiochemical properties that 
govern the behavior of these actinides were studied by developing a Soil Water Monitoring 
System (SWMS). The SWMS was installed to collect real>&% ta of freely flowing soil 
interstitial waters, moisture content, matric potential, soil temGe 
The SWMS also collected soil solutions at different matriipotent 
SWMS was installed in five pits in an area characterized by late 

The SWMS consists of six major modules: (a)'an.',utom$ted zero-tension sampler that collects 
freely flowing water ('P = 0 to 5 kPa) mainly through'macropores; (b) a cluster of time domain 
reflectometry (TDR) probes and tension samplers thet measures in-situ water content and 
collects soil interstitial waters at higher matric pote>tiaIs'('€', = 5 to 40 e a )  for radiochemistry 
analyses; (c) a semi-automated tensiometer network thatmeasures the soil matric potential; -- "h.*..*- 
(d) five piezometers that monitor;\groundw*$er level;-?( e) automated temperature probes 
network; ( f )  a tipping bucket rain gaug;; and (g) telemetry communication network coupled with 
a graphic user interface that remotely >on;rolled data acquisition, processing, and archiving 
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The movement of actiniaes in.'the%3ikwenvironment was evaluated by using the SWMS in 
ed-rainfall episodes which ranged widely in intensity, 
ts are presented in Appendix D and summarized in 

8 

cent work has shown that random sampling within the 
vadose6zon"ezin areas characterized by preferential flow is likely to underestimate contaminant 

determined by Gl;ound-P,ednetrating Radar (GPR) survey. These pits are approximately 250 
meters east of the former storage site and above a perched aquifer. The survey was performed 
on an area approximately 1,670 m2. 

transport ".\ (Kung and D o n o F e  1991). Hence, the location of the five instrumented pits was 
"a -\ 2, 
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2.53 Surface Soil Sampling for Human Health Risk Assessment 

2.53.1 Methodology 

In order to assess the potential human health risks associated with exposure to OU-2 surface 
soils, an evaluation of the nature and extent of non-radioactive contamination (SVOCs and 
metals) as well as other radioactive contamination in surface soil (in addition to plutonium, 
americium, and uranium) was required. Therefore, thersecondsstage of the OU-2 Phase I1 
sampling was conducted to more fully characterize surfaceeontaminatiTn. 

The size of the polygons (plots) to be sampled ($ feet by 100 feet) was'selected based on a 
representative exposure area for a future on-sitqiesiaent. To determine the sampling locations, 
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the  OU-2 area was divided into 9,126 
systematically selected for sampling. 

by 100 feet plots. Forty plots were 
biased plot locations specifically 

selected for sampling because they were lacated, within IHSSs potentially containing 
contaminated surface soils (based on a review of'the activities conducted in OU-2). The 

< -------**- determined to be located within a distu+ed,aEa (road,fr,ench drain, etc.), the sample location 
was eliminated and replaced by an ~ ~ d j ~ c e n t : " u ~ ~ i ~ t u r t i e d  plot. Plate 2.5-1 shows the plots 

'"a, *d B selected for sampling. The four corners a,"d center of each plot were surveyed and identified 
with a wooden lath. The,rati%ale for thhA"sampling is outlined in TM 7, Addendum to the 
Phase I1 RFI/RI WorkiPly, Supate Soil S$m&ng and Analysis Plan (DOE 1993~).  

One composite soil&ample was t a c f f 5 i n 9 & h  of the plots using the RFP method, which is 
described in Section 231.2. Ten subsamples were collected from the corners and center of two 
1 -meter sq u a rss:' ed,k\meter apart. The 1-meter squares were sampled in the corners and 
center of ei$h plot fo Each set of 

,/" i 50 subsameles was compys d using the method described in Section 2.5.1.1. Sampling 
equipment-was deconta 

'4, 
ha \a\ 

After composihq$askomplete, <e the sample was placed in the appropriate container and the 
containers were plack"d,in plastic bags in a cooler. A RAD screen sample was collected for each 
plot. The RAD screen sample was analyzed before the composite sample was shipped off site. 
The composite samples were analyzed for semivolatiles, metals, and radionuclides. Analytical 
results are presented and interpreted in Section 4.2. In addition, ten samples were collected and 
submitted for bulk density testing. 
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remaining 34 plots were evenly spa?ed-throughout the \ O,U-2 \' area. If a sample plot was 
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abof  50 subsamples per plot (Figure 2.5-6). 

between composite locations (plots). 
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2.53.2 Work Plan Deviations 

To reduce confusion related to sample numbering, the surface soil plots were renumbered 
SS200093 through SS203993 (referred to as reference point numbers in the work plan). 
Plate 2.5-1 shows the original work plan numbers and the  new plot numbers. The new numbers 
are used throughout this report. 

Four plots were moved to avoid obstructions. Plot SS200093was moved to avoid asphalt 
pavement and a parking lot. Plot SS200693 was moved to avoid a fence and gravel road. Plot 
SS200993 was moved to obtain a surface soil sample at IHSS 216.2, which'wgs relocated based 
on a review of historical information (see the Final Historical Release Report [DOE 1992a1). 
Plot SS201493 was moved to avoid a pond. Plate 2.5-1 shows the location of the plots. 
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2.5.4 

25.4.1 

In order to evaluate the surface s&\and-analyti&-data.for =i OU-2, it was necessary to evaluate 
background concentrations for the analyteq . \  o9inf&re%t"S'areas that have not been impacted by 
facility operations. >, ' 5  , 

#@--s, t, \ 
9 \\ "9, a 

The objectives and rationYfi8r the background " sampling is outlined in TM 7, Surface Soil 
4 

Sampling and AnalysilPlih (Dj@E 1993c)--Background samples were collected from the Rock 
Creek Drainage area a t ~ ~ € $ n d ~ ? ~ 2 O p & - a b l e  Unit No. 1 sampling plan. However, not all 
the OU-2 analytes of potential concern were analyzed (e.g., Cs-137, lithium). Therefore, 
additional randody-selected*bacPgreund plots were sampled from the Rock Creek Drainage 
and ana1yz.d durmg the\second stage of the OU-2 Phase I1 surface soil sampling program. 
Several ijn"al$es, not contdinkd in the OU-2 analyte list, were added to the background analyte 
list, in oqdehto get a complete suite of background analyte concentrations. The RFP sampling 
method w>swsedbfor collectpg the background samples. Figure 2.5-7 shows the plots sampled 
during the  OU-lwwestigadon and the sites for the OU-2 investigation. The results from the 
OU-2 background samphg event are discussed in Section 4.2. 
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2.5.4.2 Work Plan Deviations 

To reduce confusion related to the numbers, the background surface soil plots were renumbered 
SS204093 through SS204893 (referred to as B-1 through B-9 in the work plan). Figure 2.5-7 
shows the original work plan numbers and the new background plot numbers. The new numbers 
are used throughout this report. 

2.55 Data Management 

Field and laboratory data collected during OU-2 surface soil sampling program were 
incorporated into the WEDS. The RFEDS is used ,to track, store, and retrieve project data. 

/ *' 
Data were input to the WEDS via diskettes subse$uent ' I  to data validation as outlined in the 
Environmental Restoration Program QAPjv(EG&G 1990b). Hardcopy reports were then 
generated from the system for data interpretation$nd evaluation. See Section 4.1 for details 

required for data interpretation pertaining to the data management and manipulat' 
and evaluation. 
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2.6 ECOLOGICAL INVESTIG 

The ecological investigation was conducted*"ic@escribe biotic conditions within OU-2 as they 
relate to potential contaminaTiE3arising fr6m OU-specific sources. The field investigation was 
based on the OU-2 Phase 11 MI,/@ Environhental ,., Evaluation Workplan (DOE 1991a). The 
assessment of ecologicaycommunity composition was based on: (1) species occurrence and 
abundance as a geneyhndicator of envrronmental health, (2) presence and concentration of 
contaminants in tissue2of selekted plant and animal species, and (3) measured or estimated 
exposure of ecolo~"gic2he~eptors tO,,OU-2 contaminants. The result is an evaluation of the 
nature and$extent of contamination4n biota, its relationship to abiotic sources, and the extent 
and typ$t6f4adverse effect? at the ecosystem, community, population, and individual levels of 
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biologidal organization. A summary of the field investigation is presented in this section. A 
more complete kiescriptionyof the field methods and discussion of results is presented in 
Appendix I. 

The objectives of the EE are to: (1) use existing data and site conceptual models to identify 
receptors of concern and pathways by which these receptors may be exposed to contaminants 
of concern, (2) collect data to assess existing impacts to ecological receptors and exposure of 
ecological receptors to site contaminants, and (3) ascertain whether OU-2 contamination has 
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resulted in impacts to biota at RFP, and to assess whether contaminants represent a future risk 
to ecological receptors. 

The scope of the EE included a review of data collected prior to the Phase I1 RFI/RI field 
activities. These data were used to identlfy potential contaminants of concern and target 
analytes for the ecological investigation. Analysis of potential exposure pathways include direct 
exposure to contaminants in environmental media and indirect exposure via ingestion of 
contaminated food items. The field sampling program was designed to quantify contaminant 
loads in tissues and to assess ecosystem community, and population impacts on the area biota. 

Details of the ecological investigation and deviations'from the work plan are discussed in the 
Environment Evaluation Report found in Appendix I. 
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2.6.1 Contaminants of Concern *a \ * *  ~-*%,; , r' 
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Contaminants of Concern (COC) are chemicals assokiated'with activities at OU-2, are suspected 
to occur in environmental media, an e pote,n_tially toxic to ecological receptors or ecosystems. 
In this context, COCs include organic compounds, morganic compounds, and elements. The list 
of potential COCs was used to selechtargeJ:anal+e?for testing biota and/or environmental 
media for contamination. Identificationof potential COCs was based on criteria developed by 
the EPA in conjunction,GzpEG&G and % cludes occurrence of the chemical in the 

T3 a 
environmental media, th"e Aecotoxicig of the c 

Potential COCs were ident@dd,from ZGihesented  in the OU-2 Phase I RFI/FU Report and 
the Phase I1 RFI/RI Work k a n .  To be considered a candidate for listing, metals and 
radionuclides4miYst-liave, been detected above the natural background levels listed in the 
Background Geochemical Gharacterkation Report 1989 (DOE 1992d), and organics must have 
been detkcted in greater 4than five percent of samples. Target analytes were chosen from 
potential-docs based on; the potential for bioaccumulation. The target analytes for OU-2 
include: hme&;ycadI$ium, chromium, copper, lead, mercury, and selenium, Am-241, 
Pu-239,240, totahraniurn; NO, and NO,. 

%\ 

The final COCs are identified using results of Phase I1 investigations. Contaminants are 
identified on the basis of "nature and extent'' of contamination and COCs identified by 
evaluating the potential toxicity of the contaminants. Risk characterization are conducted for 
each COC using data collected during the Phase I1 investigation. 
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2.6.2 Sampling Locations 

Study sites were selected in areas of potential impact from disturbance or contamination. These 
sites are within and adjacent to source areas within IHSSs, and areas upgradient and 
downgradient from suspected contaminant sources. Sampling sites were stratified by habitat type 
to facilitate the analysis and interpretation of data. Habitat ~ e s w e r e  defined in accordance 
with Eh4AD.OPs 5.11 (EG&G 1992a). The location of sam'ple sites within each habitat was 
obtained following specific procedures outlined in the appropria"htGon-specific z ER SOPs (ER 
SOPs 5.1-5.10 EG&G 1991). All recognized habitat types aFe r e p r e s h g  among the study sites 
and they include xeric grassland, mesic upland grassl$nd, and mesic. bottomland grassland. 
Flora, fauna and surface soil sample locations were * I  co-located, to the grkfest extent possible. 

Reference sites were sampled and the data used as, one basis of evaluating community, 
population, and habitat impacts and tissue coctam-@nt,loads potentially associated with OU-2 
contamination. Two reference areas were s e h t e d  and\sampled in 1991 so that a wider range 
of natural habitats at RFP could be included in the anal$is.\The first was in the Rock Creek 
and North Walnut Creek drainages;nii"rth-of,RFP. Roch&eek is considered outside the zone 
of impact of FWP activities and waswsdd-asna_ refe%ice,;area for both ecological comparisons 

+\ t ' "W.'W% 

and tissue contaminant loads. The second ecologcal+'.ieference area is located in the Smart 
Ditch Creek south of RFP. The Smart'Ditch'Creek 4: drainage is also remote from RFP and 
appeared to be more e y similarh{oOU-2 but was potentially downwind of RFP. 
Therefore, Smart s used &$y for comparison of ecological (not tissue) 
parameters. 

2.63 Key Recept 
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endpoints to assess contaminant effects to biota, 
receptors were selected on the basis of their 

sensitidty t b  the potential COCs and their function within the ecosystem. They were selected 
from different- thphic le/elsito enable an evaluation of potential exposure through both direct 
accumulation from thkabidtic environment, and indirectly through bioaccumulation through the 
food chain. Key re2eptors were identified as assessment endpoints, measurement endpoints or 
both. For taxa selected as measurement endpoints, additional criteria to distinguish those 
sampled by destructive techniques ( e g ,  those analyzed for contaminant concentrations or 
histopathological effects) from those sampled solely by nondestructive techniques (e.g., 
population surveys). 
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2.6.4 Ecological Investigations 

Ecological investigations were conducted from May to November 1991. Additional vegetation 
sampling was performed during the Fall of 1992. Methods and study design were developed in 
accordance with the EE workplan and standard operating procedures for ecological data 
collection (EMAD.OPs) (EG&G 1992a). Investigation endpoints included species richness, 
community composition, vegetation cover, shrub density, production, and tissue collection. The 
study areas under consideration included xeric hilltop grassland band mesic upland grassland, 
mesic bottom land grassland, reclaimed and disturbed com'munities. % b b  hq 

2.6.4.1 Vegetation 

J ,  
Vegetation measurement endpoints included foliar cover, species richness, woody plant and cacti 
density, productivity and tissue collection. Roliar-cover was estimated using the point-intercept 
method at a minimum of ten 50-m transects in each of'the habitats types. Fewer transects were 
used when the areal extent did not permit ten trans&ts., Production in each habitat was 
assessed by clipping the above-groun"d-biomas:+4thin five'0.5-m2 plots along each of at least five 
transects within each habitat. Tissue sampling entailed-the collection of target species within 
the belt transects centered over the cdLer 'traasects.'Tissue samples were collected from at least 
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2.6.42 Small Mammals -*<J 
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Small mammals werejnclu&d6in/quahtatli.e"and quantitative studies because they live in contact 
- 9  

with the soil and may kngest contaminants through their plant or invertebrate food. Mice and 
voles occupy homZ"ranges small*%enough to be restricted to OU-2 and they are  a major 

componentdf$ie pre$+t$e for many predators. 

Trappgg *as performed/at:four grids per habitat type in the study and reference areas 
(Figure 2.651.). Atlqach saapling location, trapping was performed over a period of four nights 
using the rnethod\ppecified in EMAD.OPs 5.6 (EG&G 1992a). Measurement endpoints for 
small mammals includea species richness (number of species per trapping grid) and relative 
abundance (number of individuals by species per 100 trap-nights). Data on mean weight, 
weight-length (head and body) ratio, sex and age classes, and reproductive status were recorded 
for each individual. 

".-, % 

/-- "., 1 

f &* / &+ 

"% ".e, J 
"\ "* f 

*b 
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Tissue samples were taken from all small mammal-sampling locations in the study. At least 
three, but not more than six, 25-g samples of each species were collected, and analyzed for 
target analytes. 

<-*, 2.6.43 Birds 
." 

, p 

Songbird and raptor surveys were conducted within OU:2 habitat and in reference areas. 
Songbird surveys were conducted during May 1991 t o  cheracterize site use by breeding 
populations. Use of the site by sensitive species is a go6djgen&'al,@idicator of habitat quality. 
Density (number per hectare) and species richness were'evaluated >tt?thr2e,to eight 100-rn by 
100-m (1  hectare) plots in each habitat type (EM&'.OPs 5.7) (EG&G P992a). Counts were 
made at each plot on four consecutive rnornings,$ilualitative studies were conducted during 

k 'XI 

x x  "t, 

'\ >f "\ 

-&\ / 

g" t 

I' r' non-breeding months to assess general site use. B 

Red-tailed hawks and other 
Therefore, information on site 
interactions. Qualitative rapture the study. 

Flats food web. 
potential food web 

2.6.4.4 Terrestrial ArthroDods 

Terrestrial arthropods c similar to small 
mammals as  indicators: with the soil, 
consumption of plant material' (or otker-invertebrates), and importance as prey to some 
predators. Terrestrialahhqmpods were sampled with sweep nets along 50-m transects co-located 
with the vegetation co>es,fransF,ts, in accordance with ER SOP 5.9 (EG&G 1992a). 

' h- 
P f $----L*+--J 

6 

/"-x .\ 'kt '\\\ 

/ 4 p* "-.% **""\ %.. p Measurement endpointsinclude richness and biomass (g/m2 of selected taxa collected from each 
transect); Orthopterans (mostly grasshoppers) were chosen for tissue analysis because they are 
ground<dwell@g, and relatively abundant. These factors make them good candidates for analysis 
of biological&$e k, of soil,*&ontaminants. 

%. 
" '* + % wi i 

Tissue samples collectgd from the major taxonomic groups were preserved and shipped 
according to standard operating procedures for ecology, and standard protocols for shipping 
samples to off-site laboratories. 
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Data collected on ecological community structure is used to identify impacts potentially due to 
contamination on OU-2. These data are also used to evaluate potential food-web interactions 
important to contaminant fate and transport. Exposure of key receptors to COCs is evaluated 
using data on nature and extent of contamination at OU-2, and tissue data collected during field 

investigations. , u  <A, 

3‘’ k’ 
P 

/ ,f 
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TABLE 2.1-1 
COMPARISON OF OU-2 ALLUVIAL PROPOSED AND COMPLETED WORK 

Id. Southeast Trenches Area 

2. Groundwater and Plume Characterization 

2a. 903 Pad Area 

2b. Mound Area 

2c. Northeast Trenches Area 

Proposed Work 

Dri11.23 Source Characterization Boreholes 
J *  b I_ 

* t  
D h 4 ,  Sour& Characterization Boreholes ".-, -- .* P 

Q/ 
Install 14 alluvial wells 

install 20 alluvial wells 

W l  15 alluvial wells 

Completed Work 

f&h& / F .  - ._ -. 
)rilled 24 Source Characterization Boreholes 
hilled 3 Abandoned Monitoring Wells 

__I__ / <  
- v  

- )rilled 2 Source Characterization Boreholes' 
c 
-2 L4' ,- 

n f  S' 

/ y 
I 

_- 
/: 

I ?  

Irilled 5 Source Characterization Boreholes 

Yells, or Pumping Wells 

)$led 12 Source Characterization Boreholes' gc , / ~ ~- c 
)rilled~lAbandoned Monitoring Well 

hilled 8 Abandoned Monitoring Wells, Observation 

".., ; 7  

J i, 
-__- 

<L .'a 

,T 
f $e* %*% ,. 

nstalledpi19 alluvial wellsk 
nstalled 8 &rock wells(2) (4 No. 1 Sandstone, 
Lamye d . /  Sandstone) 
f ,f+ 

.J 
nstalled 2 alluvial wells' 
nstalled 9 bedrock wells(2) (All No. 1 Sandstone) 

nstalled 18 alluvial wells 
nstalled 15 bedrock wells( 1) (All No. 1 Sandstone) 
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TABLE 2.1-1 
COMPARISON OF OU-2 ALLUVIAL PROPOSED AND COMPLETED WORK 

~~ 

TasWObjectived '., 

2d. Southeast Trenches 

3. Surface Soil Sampling 

3a. 1991 CDHMethod 

3b. 1991 RFP Method Sampling 

3c. 1993 RFP Method Sampling 

Proposed Work 

nstall 16 alluvial wells 

%fl  - Sample 9 Background Plots 'kv?' 

Comdeted Work 

[nstalled 16 alluvial wells 
Installed 2 bedrock wells(2) ( 1  No. 1 Sandstone, 
1 Claystone 

Sampled 118 Total Plots 

- Sampled 34 2.5-acre Plots(3) 

- Sampled 84 IO-acre Plots 

Sampled 118 Plots(4) 

Sampled 49 Total Plots 
-4 

+ . h B  a./ - Sample(i 40 Regula Plots 
P B \.> 

",. *"%% - Sampled 9,Background Plots 

Notes : CDH - Colorado Department of Health 
RFP - Rocky Flats Plant 

1. See Table 2.1-5 (Site Status Summary) for further information. Table 2.1-5 outlines sites that were not drilled, abandoned, moved, or added. 
2. Installation based on conditions encountered in the field during alluvial well drilling. Bedrock wells installed if saturated subcropping 
sandstone was greater than 10 feet in thickness. 
3. Samples were not taken if the designated plot was covered with concretdpavement or inside the PA. 
4. RFP sampling method was added in the first stage of the OU-2 Phase I1 surficial soil sampling program. 
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TABLE 2.1-2 
SUMMARY OF STANDARD OPERATING PROCEDURES 

PLAN FIELD INVESTIGATION 
USED IN THE OU-2 ALLUVIAL WORK 

SOP NUMBER T I T L ~  “;; 
FO. 1 

F0.2 

F0.3 

F0.4- 

F0.8  

FO. 10 

FO. 13 

F0.14 

FO. 15 

FO. 16 

GT. 1 

GT.2 

GT.5 

GT.6 

GT.10 

GT. 1 1  

G W.02 

Air Monitoring and Dust Control 

Field Document Control 

General Equipment Decontamination 

Heavy Equipment Decontamination 

Handling of Drilling F{uids$nd Cuttings 

c; 
)* \\,\ /+, < > \ \  \ . f  . i \\ \- 

< ..‘ 
t *’ 9% 

i P  
ronmental Material Containers 

nd Shipping of Soil and Water 

ame Ionization Detectors (FIDs) 

em Auger Techniques 

Plugging and Abandonment of Boreholes 

’I ’‘ Mopitoling WellstandaPiezometers Installation 
\”; ‘OC *<-. 

9k, 
p ~ $ b9.* 

” ,  , ,  8’ z’ BorjholeXlearing 

P 
”* \&.\ ‘*dV,$ll Development 

kjkg Testing 

Y’ ’/ 5 7) 
\,, ~lugging=and,A~andonent  of Wells 

9% a, \> . 
”.: GW.04 +e----- 

/@ 
G W . O & , , N ~  \ WelI*S%mpling 



Site 
Number 
0659 1 
0669 1 

0679 1 

0689 1 

0699 1 

0709 1 

0719 

0729 

0739 

0749 - 
075.9 

0769 

0779 1 

0789 1 

0799 1 

0809 1 

08191 

0829 1 

08391 

0849 1 

0859 1 

Work Plan 
Site 

Number 
65-91BHO191 
66-91BH039 1 

67-91BH059 1 

68-91BH069 1 

69-91BHl191 

70-91BH129 1 

71-91BH139 1 

72-91BH169 1 

73-91BH1991 

74-9 lBH209 1 

75-9 1BH2 19 1 

76-91BH2391 

77-91BH2591 

78-91BH3291 

79-91BH3491 
P 

80-9 1 BH3 5 9 1 
./ ,a 

p ,f 

%-x . 
N x .  

7 ,J* 

6 1-9 lBH36'?1 

62-9 1BH389 1> 

63-91BH3991 

B4-91BH4091 

65-91BH4191 

BH0291 
BH049 1 
BH079 1 

)(BHSUMXLS) (12/11 

TABLE 2.1-3 
BOREHOLE SUMMARY 

Total Depth 
Purpose 

Characterization upgradient (west) of 903 Pad. 
Groundwater quality beneath 903 Pad. Source 
characterization 903 Pad. 
Groundwater quality downgradient (south) of 903 
Pad. Soil characterization adjacent to 903 Pad. 

Groundwater quality downgradient (north) of 903 

Groundwater quality downgradient (east) of 903 Pad. 

Groundwater quality downgradient (east) of 903 I$&. 
Soil Characterization adjacent to 903 Pad.. %J' 

Groundwater 
Pad. Soil characterization adjacent 

Groundwater quality 
Pad and upgradient 

Pad. .' 
JY ,#\ Soil characterization adjacent to 903 Pad. 

fl  

contingency well 7-91 and 55-91. 
Source characterization Reac%veUMetal Destructi24' 

"* a, Site. 
Groundwater quality downgradient'$&iYofd'' 
Reactive Metal Destructio&Sitsyr $8 
Groundwater quality downgradientff Reactive Metal 

---*.+ 
%, \\- 

Destruction&te. --% Extent of so ikonwnat ion .  
\ 

Trench T-9. Source 

Trench T-5. Source 

Trench T-5. source 

G&undwaty$uality beneath Trench T-7. Source 
:haracten,zation. 
Sro&dwater quality beneath Trench T-7. Source 
:haracterization. 
Groundwater quality beneath Trench T-8. Source 
Characterization. 
Sroundwater quality beneath Trench T-8. Source 
Characterization. 
Source characterization 903 Pad. 
Source characterization 903 Pad. 
Source characterization 903 Pad. 
V3 510 PM) 

(A BGS) 
52.2 
28.0 

28.0 

26.0 

16.0 

12.0 

14.0 

8.0 

Not Drilled 

3 1.0 

36.5 

22.0 

44.0 

20.0 

44.0 

22.0 

48.0 

22.0 
28.0 
30.0 

Depth to 
Bedrock 
(fl BGS) 

15.4 
' 22.0 

21.2 

14.0 

28.6 

NE 

20.0 

20.0 

8.1 

6.3 

8.1 

1.4 

NA 

27.5 

26.0 

16.1 

37.5 

14.0 

37.2 

16.0 

40.7 

16.0 
20.9 
23.0 
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TABLE 2.1-3 
BOREHOLE SUMMARY 

Work Plan 
Site 

Number 
Site 

Number Purpose 
0899 1 
0909 1 
09191 
09291 
093 9 1 

0949 1 

09591 

0969 1 
0979 1 
0989 1 
0999 1 
10091 
10191 
10291 
10391 
1049 1 
10591 
10691 
10791 

10891 
1099 1 
12791 

Notes : 

BH089 1 
BH099 1 
BH1091 
BH1491 
BH1591 

BH1791 

BH1891 

BH229 1 
BH249 1 
BH269 1 
BH279 1 
BH289 1 
BH299 
BH309 
BH3 19 
BH339 
BH379 
BH429 
BH439 

BH449 1 
BH459 I 

Source characterization 903 Pad. 
Source characterization 903 Pad. 
Source characterization 903 Pad. 
Source characterization Trench T-2. 
Source characterization Trench T-2. Extent of soil 
contamination. 
Source characterization Trench T-2. Extent of soil 
contaminant 
Source characterization Trench T-2. Extent of  so$^ 
contamination. 14 i( 

Source characterization Reactive Metal D e q & i o n  
Extent of soil contamination. \ *  

Source characterization. 

6 .  

Source characterization. 
Source characterization. 
Source characterization. 
Source characterization. 
Source characterization. 

Groundwater quality 
Source 

Source characterization. '>< -5 I n  

BH4691 ISource characterization. \ 'i 
* h  ? ''1 "j f 

k f i  
w . NA - Not Applicable*+! ,/*'awi%t 

2. For those sites list$ as Not Drilled,"see~able,$l-5 for explanation. 
3. If two site numbers adjistedg thedirst=is&a,plume characterization well r" 

and the second isabpeRole. :i' 

Total Depth 
(A BGS) 

34.0 
30.0 
30.0 
56.0 
10.0 

? 10.0 

14.0 
I* '.p 

** 20.0 'h P, 

"2, 

z 

".., 

"92.4 ".., 
20.0.,\&2 

% 

20.0 
Not Drilled 

54.0 
60.0 
62.0 
49.0 
18.0 
48.0 
50.0 

50.0 
56.0 
10.0 

Depth to 
Bedrock 
(A BGS) 

28.3 
24.0 
24.0 
1.6 
2.3 

3.4 

NE 

3.1 
13.2 
13.2 
13.1 
NA 
14.5 
18.0 
19.5 
30.0 
12.0 
40.2 
46.0 

44.5 
45.2 
4.0 

Sheet 2 of 2 



TABLE 2.1-4 
MONITORING WELL SUMMARY 

New 
Site 

Number 
00191 

Work Plan 
Site 

1-91 

J 

Number Purpose 
Volatile organic plume definition downgradient 
(east) of 903 Pad and Mound Areas. 

, Screened 
' Interval 

(A BGS) 
15.0-25.0 

44.0-54.0 'Volatile organic plume definition downgradient 
(east) of 903 Pad and Mound Areas. 

58.0 
I 

9 ,' 
.? z 

Depth to 
Bedrock 
(A BGS) 

24.2 

16.0 

yolatile orgaik. plume defistion downgradient 
(soSih),of 963,Pad Area. Groundwater/surface 
water.i$rachon k at South Interceptor Ditch (SID). 

d -==%.-- B 

2, 

Total Depth 
(A BGS) 

34.0 

00391 

0049 1 

00591 

00691 

3-91 

4-9 1 

5-9 1 

6-9 1 

I 2-91 

00291 

Volatile organic plume definition downgradieTt pj 

(southeast) of 903 Pad and Mound Areas. Esent of- 
saturated colluvium. r I - ,  

Volatile organic plume definition downgradient 

colluvium. 
Volatile organic plume definitiondoyngradient 
(southeast) of 903 Pad. Exten$& saturated 
colluvium. Driver well for sodntingency.well6-9 1. 

I --\ 

\.. 

(southeast) of 903 Pad. Extent of saturata 
'"3 

26.9 

~~ 

x>,k23.3x%,L 

-%,> f 

%'.. 

*L 

12.9 

0099 1 

16.9 

10.9 

9-9 1 

16.8-2 1.8 

7.5-17.5 

01091 

0 1 19 1 

01291 

01391 

4.6 

NE 

I %.- --ii w., 
10-91" Vol$tiIe organic plume definition downgradient 14.0 

-5 \ . "  (southe&) of tho903 Pad Area. 
Grou&wd:er/surface water interaction at SID. 

"\J 1-9 1, Volatile oiganic plume definition downgradient 13.4 

rv 
/ c '  

$r r: 
z I 

. \\. 
i\ \ (soupieast) of the 903 Pad Area. 

"TW // 

12-9 1 Vo$tile organic plume definition downgradient 18.9 
(southeast) of the 903 Pad Area. 

13-91 Groundwater quality upgradient (west) of OU-2. 22.0 

NA 

5.3-12.3 

8.5-18.5 

7.9-17.9 

01491 

( $\ / 1' 
Volatile organic plume definition\doivn~adient 
(southeast) of 903 Pad. Extent of hturah 
colluvium. Contingency well based >ever  wells 
5-91 and 59-81. a'-\. '\*\dT 
Volatile organic p1ume;definition"downgradient 
(southeast) of 903 Pat. 'Eptent,of sa-$ 
co~luvium. Contingency &e!%a& on driver wells 
59-91 and 73-91. ", /:' 

Volati$,oriij;"anic,plume defigtion downgradient 
(sou@) 0fi903iPpa"d. Extent ;if,pyrated colluvium. 

8' d I ! $d 

"B 

-nu*, 

h 

14-9 I Groundwater quality and extent of saturation 30.0 
adjacent (south) to possible Pallet Burn Site. 

18.5 

24.5 17.6 0079 1 

0089 1 23.9 18.2 

14.3 2.9 5.0-10.0 

NA 2.1 

9.2 

12.9 

NA 

5.3-13.3 

6.0-14.0 14.5 

1.6 14.0-24.0 
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TABLE 2.1-4 
MONITORING WELL SUMMARY 

New 
Site 

Number 
01591 

01691 

01791 

01891 

Work Plan Depth to Screened 
Site TotalDepth Bedrock Interval 

Number purpose (A BGS) (A BGS) (fl BGS) 
15-91 Groundwater water quality downgradent (north) of Not Drilled NA NA 

16-91 Groundwater quality downgradient (south) of Oil Not Drilled NA NA 
Pallet Burn Site. 

Burn Pit Site. 

Mound Site. 
17-91 Groundwater quality downgradient (south) of .r L /  ' >, 24.0 8.0 10.0-18.0 

18-9 1 Groundwater quality upgradient of Trench T- 1 and; 35.9 12.4 20.0-30.0 
downgradient of the 903 Pad to Merentiate + ,f ' S  <a 
between sources. /* :- k, -\* 
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TABLE 2.1-4 
MONITORING WELL SUMMARY 

New 
Site 

Number 

Work Plan 
Site 

Number purpose 
03391 

TotalDepth 

33-91 

Depth to Screened 
Bedrock Interval 

Volatile organic plume definition and extent of 
saturation downgradient (north) of East Trenches 
Area. Driver well for contingency well 36-9 1.  

03491 

03591 

0369 1 

0379 1 

34-91 Volatile organic plume definition and extent of ~ 

saturation downgradient (north) of East Trenches 
Area 
Volatile organic plume definition and extenyof 
saturation downgradient (north) of East T&nchk&y 
Area. I "  

Volatile organic plume definibon and extent of 
saturation downgradent (north) of,&$ Trenches 
Area. Contingency well based o$ri$er wells 33-9 

Volatile organic plume definiti0n"and extent of 
saturation downgradient (north);ofkW Tienches 
Area Driver well for contingency wellij6-91. 

/ 

35-9 1 

' i  

36-9 1 

and 37-9 1 .  f" *# 

37-91 

a 
\'\ %\. 

0429 1 

54.1 

9.0 

43.0 

42.0 

04391 

0449 1 

4.9 38.0-48.0 

7.4 4.0-7.0 

37.0 27.4-37.4 

36.0 28.0-36.0 

Volatile organic plume definition and eitent 6f+$ 
saturation downgradient(north) of East Trhches 

'Volatile organic pluhe dqfinition and.extent of 
saturation downgradient d hod^)^& East Trenches 
Area. Contingency well-based& driver well 56-91 

P %.. 
--%% 

Area. \. %?--%.- ----%- 

&-@'--% a \ 

25.0 

30.5 

NotDrilled 

33.0 

50.9 

Volatile o @ i c  plume definitiodmd extent of 
saturyion dofngii-idjent (northciast) of East 
Trenzhes A$&. s C o n b s q . w e l l  based on driver 
welh6,-9 1.I / 
G;oundwater quality upgradient (west) of southern 
East h e n c h h k ,  
S;ro&dwat&quality downgradient (south) of 
<&ch k 9 .  

,J XN 

17.1 7.1-17.1 

17.0 18.1-23.1 

NA NA 

27.0 17.0-27.0 

44.2 34.1-44.1 

7 4>'9 1 p 
""\1"* -% 

%\ \ 
44-91"\ 

Grounhwater quality downgradient (east) of 
Trenches T-5 ,  T 4 ,  and T-7. Evaluate influence of 
East Sdray Field Sites on groundwater flow and 

Vola$le organic plume definition downgradient 
(qtheast)  of East Trenches Area. 

'%...qualit$./ 

04591 45-91 Volatile organic plume definition downgradient 
(southeast) of East Trenches Area. Driver well for 
contingency well 54-9 1.  
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TABLE 2.1-4 
MONITORING WELL SUMMARY 

0509 1 

05191 

05291 

05391 

New Work Plan Depth to Screened 
Site Site TotalDepth Bedrock Interval 

50-9 1 Evaluate influence of East SprayField Sit? on 49.5 43.5 34.0-44.0 
groundwater flow and quality. Drivzr well for 
contingency well 58-91. %%.*..% , +  

5 1-9 1 Evaluate influence of East Spray Field Sites pn 50.7 44.8 36.0-46.0 
groundwater flow and quality. %\., ""..,, 

52-9 1 Evaluate influenq'of East-Spray Field Sites on" 41.0 34.7 25.1-35.1 

53-9 1 Volatile organic plume definition and extent of 48.0 34.7 25.1-35. I 

"*r. I 

groundwater flowbnd quality. "+"-+, 

saturation downgradkhk (no&) of East Trenches 

Number Number Purpose (A BGS) (A BGS) (A BGS) 
0469 1 46-9 1 Volatile organic plume definition downgradient 50.1 43.9 33.9-43.9 

NotDrilled 

NotDrilled 

(southeast) of East Trenches Area. Driver well for 
contingency wells 47-91 and 54-91. 

NA NA 

NA NA 

05791 

05891 

05991 

5719 1 

", %* 

58291, "-* Groundwater quality downgradient (eat) of East 
'**\ %enc)h& Contingency well based on driver well 

Groundwater quality downgradient (southeast) of 
903 Pad And Reactive Metal Destruction Site. 
Driver well for contingency wells 6-91 and 7-9 1. 

Groundwater quality downgradient (east) of East 

48-91 and:49-91 

,' c c..* ".8, Trenches. ;Contingency well based on driver wells 
'$.a %\\ 

50-,9)1. 
59-9 1 

NotDrilled 

31.0 

42.6 1 3 5 5  1 25.:-.1 

Not Drilled 

NA NA 

22.1 12.1-22.1 

I 

0609 1 60-9 1 Groundwater quality downgradient (northeast) of 44.5 
East Trenches Area. 

39.1 30.7-40.7 



New 
Site 

Number 
06191 

Purpose 
Groundwater quality downgradient (northeast) of 
East Trenches Area. 

saturation downgradient (northeast) of East 
Trenches Area. 
Volatile organic plume definition and extent of 
saturation downgradient (northeast) of East fi 

Volatile organic plume definition and extent of % *. 
saturation downgradient (northeast) of E& / 
Trenches Area. 
Characterization upgradient (west) of 903 Pad. 
Groundwater quality beneath 903Paddi Source 
characterization 903 Pad. 4' .* 

Groundwater quality downgradient (south).of 903 
Pad. Soil characterization &lja&t. toG90>"Pad. 

Volatile organic plume definition and extent of 

' 

,, 
Trenches Area. ,! a, 

w 

?.' 
"k, r. 

0629 1 

Total Depth 
(A BGS) 

38.2 

34.9 

4 

4 28.6 

\ 

'*49.1 

'*..:<\% 

52.2 "* 
28.0 

28.0 

0639 1 

15.4 
22.0 

0649 1 

33.0 - 48.0 
13.1 - 23.1 

0659 1 
0669 1 

Groundwater quality downgradient'(nod) of 903 
Pad. '\\& 

Groundwater quali&?l5wngra$ezt (east) Of 903 
Pad. Soil c h a r a c $ r i z a t i O n . ~ ~ c e n ~ t o ~ 3 .  \\ ** 3' Pad. 

0679 1 

20.0 

35.0 

0689 1 

28.6 

20.0 

20.0 

8.1 

27.5 

06991 - 14.0 - 29.0 

11.1 - 21.1 

10.6 - 20.6 

5.4- 11.4 

18.0 - 28.0 

Work Plan 
Site 

Number 
61-91 

07 19 1 

0729 1 

07391 

07891 

62-9 1 

. * ,' ,'\. 
7 1-9 l/BH 139 1 Groundwater quality downgradient (south) of 903 26.0 

Pad Soil charactenzatih adjaknt to 903 Pad. 
'< ,p"""-\ \ .  

72-91BH1691 Groyn"?ater.quality downgri$ient (south) of 903 26.0 
Pad 5 d  upgradient@-Tfench T-2 (north) to 
&eientiate,dtwen s o u r s ?  

73-91BH1991 Grohdcater quality dod"kadien1 (south) of 
T&nch T-2.bExtent of soil contamination. Driver 

78-91FH3291. Grohdwaterquality beneath Trench T-11. Source 

16.0 

I - well fo;'conhgency well 7-91 and 55-91. 
31.0 

+e 
3' /' c&cte;izatiob~p 

63-9 1 

07991 

08091 

08291 

0839 1 

08491 

64-9 1 

79-91BH3491 Groundwater quality beneath Trench T-9. Source / <  charactdrizition. 
80~9Jh3H3591 Groundwater quality beneath Trench T-5. Source 

y ~ \ k  "., ,charaAerihtion. 
82-91/BH389.1* G>dun&ater quality beneath Trench T-7. Source 

36.5 

22.0 

20.0 

44.0 

22.0 

' 2hara&erization. I 

83-9 1BH399 1 Groundwater quality beneath Trench T-7. Source 
characterization. 

Characterization. 
84-91BH4091 Groundwater quality beneath Trench T-8. Source 

67-91BH0591 

08591 

68-9 1BH0691 

85-91BH4191 Groundwater quality beneath Trench T-8. Source 48.0 ~ 

Characterization. 

69-91BHll91 

TABLE 2.1-4 
MONITORING WELL SUMMARY 

I 

22.1-32.1 

23.3 1 27.9-32.9 

21.2 I 17.6-22.6 

14.0 I 6*o- 14.0 
I 

37.2 28.0 - 38.0 

I 
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TABLE 2.1-4 
MONITORING WELL SUMMARY 

11491 

11691 

11791 

11891 

- 12091 

Site Site 

NA 

NA 

NA 

NA 

NA 

Alluvial offset to well 05691, due to saturated" ,/k 
thickness greater than 10 feet at time ofdri6iy.j in 
lwell 05691. 
Bedrock offset to well 03791, due to d$ated 
thickness greater than 10 feet at timl %,drilling well 
03791. *>2 *?' 

'Bedrock offset to well 0039 1, due td saturated 
thickness greater than 10 feet;? t i e  oftiriiing in 
well 00391. 
IBedrock offset well to well 03391, il"ue,to &rated 
thickness greater than 10 feet at time oE'itril,i&~w~ll 
03391. e ra, --+.%% "\," 

Bedrock offset well to wells 189l~due-to,g1turated 

l d  
9 

\ k' J 

Site. 

%%-27.3 
k 

35SLk/  

'\\+ \\ 
%\*\ "., 

15.7 

NE 

9.5 

6.9 

Depth to 

24.0 

~ ~~ 

IBedrock offsetdvell to well 05391 to characterize the 70.4 36.5 58.4 - 68.4 
No. 1 &&one,, 

NO. l*Sa>iistone\/ 
Bedr&kk,off&~yeli*to,well 0569 1 to characterize the 62.0 30.0 45.0 - 60.0 
----% 

20.0 I 3.1 

To characterize No. 1 Sandstone. 
IReplacement well for abandon location 08191. 
Bedrock off& well to well 0029 1, due to saturated 
thickneL d a t e r  than 10 feet at the time of drilling 
2wefi  0,029 1. 
Replacdment well for abandon location 0709 1. 23.3 19.5 11.3 -21.3 

Alluvial offset well to well 0659 1, due to saturated 
thickness greater than 20 feet in well 06591 at the . 

time of drilling. 

Screened 
Interval 
(A BGS) 

15.3 - 25.3 
14.7 - 24.7 
6.0 - 14.0 

46.0 - 5 1 .O 
21.0 - 31.0 

17.7 NA 5.7 - 15.7 

10.3 - 25.3 

18.5 - 33.5 

8.7 - 13.7 

13.0 - 28.0 

14.0 - 24.0 
\ -- 

thickness greater thah0'feet at timeof -*+* dril?ng in 
well 01891. *., \* ".f f 

I NA 

12191 

I NA 

12291 

12391 

12491 

I 

13091 I NA 

I NA 

13191 

I NA 

13291 

Bedrock offset well to well~O219~ due to saturated I 35.0 I ,15.7 I 18.0-33.0 
thickness greater,than 10 f&t\at time of drilling in 

/ well 02191.- \ 
c 

B t 
Bedrdk offset well to well O149'l;'due to saturated I 16.1 I 2.0 I 7.1 - 14.1 
thici;?el greater than lONfeta2t the time of drilling 
iu'welb0 1 4 9 f  ,#-'--' 

j k,, 

BedrGk offset well to well 0659 1, due to saturated 
thickness greater than 20 feet in well 06591 at the 
time of drilline. 

;::: 1 1 48.1 -63.1 
25.5 - 35.5 

36.5 19.5 - 34.5 

27.7 I NA I 15.7 -25.7 
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TABLE 2.1-4 
MONITORING WELL SUMMARY 

New Work Plan Depth to Screened 
Site Site Total Depth Bedrock Interval 

Number Number purpose (A BGS) (A BGS) (A BGS) 
13391 NA Alluvial offset well to well 02591, due to saturated 41.0 38.6 29.0 - 39.0 

thickness greater than 10 feet in well 02591 at the 

16.0 6.0 - 16.0 

time of drilling. 
Alluvial offset well to well 0 199 1, due to saturated 
thickness greater than 10 feet in well 01991 at the 

Alluvial offset well to well 00291, due to saturatyl 
thickness was greater than 10 feet in well 00291at *' 

the time of drilling. i A \, ".\ 

31.0 
"b$ 

P"' B time of drilling. * ,  
18.0 

*- 

21091 I NA IPump test observation well * 9, I 68.0 19 -63 %.* 

21191 I NA l h m p  test observation well "".., *b%, I 58.0 I NA I 35.8 -57.8 

Notes : NA - Not Applicable 
NE - Not Encountered 
BGS - Below Ground Surface 

1. For those sites li 
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New Sitel Work Plan [ Site 

~~ ~ 

Mound 
Mound 

NE Trenche 
SE Trenches 
SE Trenches 
SE Trenches 

903 Pad 
SE Trenches 
SE Trenches 

Mound 
Mound 

Number I Site Number1 Type 
SITES NOT DRILLED 

~ 

Not drilled because site was in Protected Area (PA) 
Not drilled because site was in PA 
Not drilled due to underground power lines 
Test well site that was not drilled 
Contingency well 
Contingency well 
Contingency well ,.” Sga, 

I <, , 
j’ 4’ 

P ~ 

Contingency well ,‘?, 

Contingency wellizs ” \*, k,, 
\ ‘\% 

Not drilled because site was inside PA fer;& 
Not drilled,beyuse site was inside PA fence 

F % % 

,,fl L 

01591 
01691 
0329 1 
0439 1’ 
04791 
0549 1 
05591 
05791 
05891 
07791 
10091 

903 Pad 
903 Pad 
903 Pad 

NE Trenche 
903 Pad 
903 Pad 
903 Pa& 
903 Pad 

SE-Trpches 

$ 7  
SE Trenches 
NETrenche 
J 4 NETrenche 
NLTrenche ‘a, m, Trenche 

a, 4 
NE Tienche 
NE Trenche 

d 

i- 

NE%T&nche 

8 

15-91 
16-91 
32-9 1 
43-91 
47-9 1 
54-9 1 
55-9 1 
57-9 1 
58-9 1 

7-91BH259 
BH2891 

/f ,f ,% 

Abandoned du6toAhin alluvial section* 
Abanaoned due,to thin alluvial section* 
Abandoned“due to thin alluvial &on* 

\ \  Abandoned due to4h.h alluvial section* 
*- N, I’ 
AKandoned due to r e m  

---+ SKandoned due to thin alluvial section* 
..” r%.--J 

Abandoned due to thin alluvial section* 
Abandoned due to thin alluvial section* 
;&andoneb because augers were lost downhole 

e o n e d  due to contaminated augers 
Abandoned because of water influx 
Abandoned because augers were lost downhole 
Abandoned because sandstone was not encountered 
Abandoned due to thin alluvial section 
Abandoned due to collapsed well casing 
Abandoned due to flowing sands and water influx 

% f E 

‘% “4 

b5 d 

Abddped  “ a  due to thin alluvial section* 
i% 

---4 

SITES ABANDONED 

NE Trenche 

NE Trenche 

NE Trenche 
NE Trenche 

00591 
01091 
01191 
03491 
0709 1 
07491 
07591 
0769 1 
08191 
11091 
11191 
11391 
11591 
12591 
11991 
20091 
20391 

PA 
SITES R 

02591 Contingency well and was moved to avoid underground 
utilities 
Contingency well was moved to avoid underground 
activities 
Moved to optimize chance of encountering sandstone 
Moved to optimize chance of encountering sandstone 

0369 1 

03991 
0409 1 

5-9 1 
10-91 
11-91 
34-9 1 

3-91BH129 
G91BH209 
5-91BH2 19 
5-9 1BH239 
1-9 llBH369 

NA 
NA 
NA 
NA 
NA 

4 

yA- 

/’N-@- 

%-% 

)yED*“, 
25-91 ‘% 

9.4. 
\% 

36-9 1 

39-9 1 
40-9 1 

M w  
Mw 
Mw 
Mw 
Mw 
Mw 
Mw 
Mw 
Mw 

3 m  
BH 

TABLE 2.1-5 
SITE STATUS SUMMARY 

I 

I I 
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TABLE 2.1-5 
SITE STATUS SUMMARY 

Number 
New Sitel Work Plan I Site I ou-2 I 

Site Number Type Area Site StatudComments 

MW 

MW 

M W N E  

MW/ 
BH a 
f’ f 

B 
W 

,B&t 
“-c 
MWa, 
“W 

W! 
MW; 

p 
M w /  
// 

‘\& 

MW 

MW 

11091 
11 191 
11291 

11391 
11491 

11591 
11691 

11791 
11891 

11991 
1209 1 

12191 NE Trenche_ Pair to Bedrock Well Of99 1 - Bedrock Well required 

Mounh, Pz?-to%Bedrock W~llOl491 - Bedrock Well required 

Trenche &r to Alluvial Well 0539 1 - Bedrock Well 

\ i;” because.of,saturated ;iiisdkness 

’t? & u d  ofibturatici thickness 

\ -*- 

%> p 
e 

k \  

A””+% 

NE’Trenche Pi&to ”Alluvial Wells 0569 1 and 1 149 1 - Bedrock Well 
?,&$ Sandstynp offset; abandoned because sandstone was not 

NE Trenche, Raiito Alluvial Well 03 191 - Bedrock Well ’ 9 d  Pad 
SETJenches Replacement for 08191 
* ‘ 9 0 h a d  
\/ 

\ 903 Pad 
,F 903 Pad 

4 

903 Pad 

Trenches, encoun&red in the offset hole P -> 
Site BH4691 in original work plan 

Pair to Bedrock Well 00291 and Alluvial Well 13591 - 
Bedrock Well required because of saturated thickness 
Replacement for 07091 
Pair to Bedrock Well 06591 and Alluvial Well 13291 - 
Bedrock Well required because of saturated thickness 
Pair to Bedrock Wells 06591 and 13 191 - Alluvial Well 
required because 0659 1 and 13 19 1 were installed as 
bedrock wells 

NE Trenche Pair to Bedrock Well 0259 1 - Alluvial Well required 
because 0259 1 was installed as a bedrock well 

NE Trenche Pair to Bedrock Well 01991 - Alluvial Well required 
because 0 199 1 was installed as a bedrock well 

t- 

B 

1229 

1239 
1249 
12591 

12691 
12791 
12891 
12991 

13091 
13191< 

13291 

13391 

1349 1 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
BH469 1 

NA 
NA””” 

!/ < 
p >I 

y’NA {fy 
“.., \ah, 

\ 
NA 

NA 

NA 

Trenche 

Pair to Bedrock Well 0649 1 - Abandoned 
Pair to Alluvial Well 0499 1 - Abandoned 
Pair to Alluvial Well 0609 1 - Alluvial Well required 
because of saturated thickness-, 
Pair to Alluvial Well 05391 -,Abandoned 
Pair to Alluvial Well 05691and Bedrock Well 12491 - 
Alluvial Well r e q u i r -  beciiug of saturated thickness 
Pair to Bedrock Well 03791y,Abandoned 
Pair to Bedrock Well“03791 - &edro& Well replacement 

Pair to Bediock Well 0039 1 - Bedrock Well 

% 

8: \ \  
4, for 11591. 5,p) ‘t ’\> 

Pair to B&r&k Well 0339 1 - Bedrock Well required 
beau$ o$aturated P UP, thickness 

Trenche E p o u n d  
Paid50 hluviafWeh 03891 - Abandoned 
Pair to Becjrock ,Well 0 189 1 - Bedrock Well required 
because of hhp-ateddhickness 

u, P* 

”.., 
b yb. 
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l -  

Work Plan Site 
Site Number Type 

New Site 
Number 

ou-2 
Area Site StatudComments 

13591 NA 

TABLE 2.1-5 
SITE STATUS SUMMARY 

M w  903 Pad Pair to Bedrock Wells 00291 and 12991 - Alluvial Well 
required because 00291 and 12991 were installed as 
bedrock wells 

,$ , 
h4W - Monitoring Well OU-2 - Operable Unit No. 2 :( , ' 
OB - Observation Well 
PW - Pump Test Well 

1. Sites that do not have a Work Plan site number are additional sites thbwxe,added to 

Notes : BH - Borehole NA - Not Applicable 

PA - Protected Area j c, 
P * \ \  

,+ 4% / 2  y i  -* '* > \ ' ,  '*. * k,$ \* ~ ".., 
I *\, "\ ' 2 ' 

,/ ?S 
the OU-2 Program in the field. 

/ 6 
* Alluvium/colluvium thickness was less en 5 s f e e t .  
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TABLE 2.1-6 
OU-2 ALLUVIAL SOURCE CHARACTEFUZATION 

BOREHOLE ANALYTICAL PARAMETERS 

TOTAL METALS 
Aluminum 
Antimony 

Barium 
Beryllium 
Cadrmum 
Calcium 
chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 

A r S e r U C  

TOTAL RADIONUCLIDES 
Gross Alpha 
Gross Beta 

Americium-24 1 
Plutonium - 239 and 240 
Tritium 
Strontium-89,90 i 

Cesium- 13 7 2 
3 I Radium-226,228 

VOLATILE ORGANIC CO@T?'OUNDS 
Chloromethane 

Vinyl Chloride 

Methylbenzene Chloride%*'*Bac- ' 
Acetone 

Urar~um - 233,234,235, and 238 

r /  

i +  
kJ' 

*I /2 

Bromomethane JH / 
2 2' 

a "  

/ ,p4v"; 
Chloroethane r 

*1. 

'ESTICIDES/PCBs 
Ilpha-BHC 
eta-BHC 
lelta-BHC 
;amma-BHC (Lindane) 
Ieptachlor 
Udnn 
ieptchlor Epoxide 
$do@an I 
)iel&n. .,~ 

{ndrin i% 

hdosulfan ' 
lndosulfan Sulfate 

lndrin Ketone 
dethoxychlor 
lpha-Chlordane 
ipmma-Chlordane 
'oxaphene 

1,4'-DDF 9'9\,. 
T'. 

,,4'-DDD 

,4'-DDT 

LROCLOR- 1 0 1 6 
LROCLOR- 122 1 
LROCLOR- 1 23 2 
LROCLOR-1242 
LROCLOR-1248 
iROCLOR-1254 
LROCLOR- 1 260 /i 

g' Sulfide 
Nitrate-Nimte (as N) < 
Percent Solids 
Cyanide 
Moisture Content rp" 

NDICATORS ' 
)issolved Organic Carbon 
'otal Organic Carbon 

7 ,Vinyl +cetate"---Cl, 
B r o m & i $ h l o r o m e ~  
~1,2f2-Tetrachhlorethane 1 >1,2 -Dichloropropane 
Trans- 1,3-Dichloropropene a, '.\ 

2., .h, 
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Molybdenum "d 
S t ron t i urn 
Cesium 
Lithium 
Tin 

4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 



TABLE 2.1-6 
OU-2 ALLUVIAL SOURCE CHARACTERIZATION 

BOREHOLE ANALYTICAL PARAMETERS 
SEMI-VOLATJLES 
Phenol 
bis(2-Chloroethy1)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-DicNorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis( 2-Chloroisopropyl)ether 
4-Methylphenol 
N-Nitroso-Dipropylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2 -N I trophenol 
2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Napthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3 -methylphenol 

(parachloro-metacresol) 
2-Methylnapthalene 
Hexachlorocylopentadiene 
2,4,6-Trichloropheno1 
2.4,s -Trichlorophenol 
2-Chloronaphthalene 
Dimethylphthalate 

- 

Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl phthalate 

Fluorene 
4-Chlorophenyl Phenyl Ether / 

p % 
6 ,  

4-Nitroaniline p" , 
4.6-Dinitro-2-methylphenol r.*99 

Hexachlorobenzene *" i "  

N-nitrosodiphenylamine 
* ~ 

4-Bromophenyl Phenyl Eth5r- j 

Pentachlorophenol /" 4 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Py-rene 

3,3'-Dichlorot@i$ne~ 

i "* 

*% -s 

*- 19. 

-11- 
Butyl Benz$jphthalate----., --"Lac* 

Benzo(a)anthracene\ ~ i-- i 
bis( 2 -ethylhexyljZdntFhalate d 

t 

Acenaphthlene 
3 -Nitroaniline 
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TABLE 2.1-7 
OU-2 ANALYTICAL METHODS, SAMPLE CONTAINERS, 

SAMPLE PRESERVATION, AND SAMPLE HOLDING TIMES 

EPA Analytical Holding 
Parameter Method Container Preservative Time 

Bedrock Samples 
Organic Compounds: 
Volatile Organics 

Inorganic Analytes: 
Target Analyte List 

Cyanide 
PH 
Moisture Content 
Radionuclides 

'Metals and Other Metals 

Water Samples 
Organic Compounds: 
Volatile Organics 

14 days 

// .> 
EPA-CLP(2) 1 x 8-0z wide--mou& glass jar Cool, 4 deg C 180 days(c) 
335.2 or 335.3(3) 1 x 8 - 0 ~  widelmouth glass jar 14 days 
9045(4) 1 x 8-0z wihe:mouthpghs f jar Cool, 4 deg C 14 days 
A00 1 (5) 1 x 8-02 wide-moch glass jar Cool, 4 deg C 14 days 

Cool, 4 deg C 

GRRASP(6) 1 x 8-02 wid&rnq!th $ass jar Cool, 4 deg C 45 days 
"1, hb 

i 'h 'n 

524.2(7) 2 h40&1& V0Af ia l sd .h  Cool, 4 deg C(a) with 7 days 
TeflGn-llnd '"., ,x Gtum caps HCl to pH <2 14 days 

Inorganic Analytes: 
Target Analyte List 
Metals and Other Metals E Nitric acid 180 days(c) 

pH <2; Cool, 4 deg C 

1-L polyethylene bottle Sodium hydroxide(d) 14 days 
pH >12; Cool, 4 deg C 

Cyanide 

I '  

Anions 1 x 1-L polyethylene bottle Cool, 4 deg C 
Chloride 
Sulfate 
Carbonate 3'1 0+1(3) 
Bicarbonate 3 10.1(3) 

14 days 

I 
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TABLE 2.1-7 
OU-2 ANALYTICAL METHODS, SAMPLE CONTAINERS, 

SAMPLE PRESERVATION. AND SAMPLE HOLDING TIMES 

EPA Analytical Holding 
Parameter Method Container Preservative Time 

PH 150 l(3) 1 x 1-L polyethylene bottle Cool, 4 deg C 28 days 
Specific Conductance 120.1(3) 1 x I-L polyethylene bottle ,Cobl, 4 deg C 28 days 
Total Dissolved Solids (TDS) 160.1(3) 48 hours 
Total Organic Carbon (TOC) 4 15.1 (3) 28 days 

180 days Radionuclides GRRASP(6) 12 x I-L polyethylene bottle %, Nitric acid pH <2 

NOTES: 
(a) Add 0.008 percent sodium thiosulfate (NA(2),S(2),0(3) in the prespce of residual chlorine 
(b) Container requirement is for any or all of the parameters given: /d 

‘ 2’ (c) Holding time for mercury is 28 days. .ff I d  

(d) Use ascorbic acid only if the sample contains residual chlohne! Test a drop of sample with potassium iodine- 
starch test paper, a blue color indicates need for treatment. [Add’asco$;?acid, a few crystals at a time until a drop of 
sample produces no color on the indicator paper. Then addan1additih+’0.6g of ascorbic acid for each liter of 

1 x 1-L polyethylene bottle ,e ” C&l, 4 deg C 
1 x 125-ml amber glass bottli <Cool, 4 deg C 

” 3 ,  -.\ 
c k. 1 

\\ 

*< ~ ’ 

sample volume. \ \ \* ‘9 

“...p <\\bb\ 
REFERENCES: //“-.c. ‘hh.*&*”> 
(1) EPA-CLP for Organics U.S. EPA Contract L$oratG*Program Statement of Work for Organic Analysis, 

(2) EPA-CLP for Inorganics - U.S. EPA Contract L>+ht\oryjProgram Statement of Work for Inorganic Analysis, 

(3) Methods for Chemical Analysis of y%eLand Waste&EPP;’-600/4-79420, Revised March 1983. 

( 5 )  Sampling and Analysis Metho@fordHa&dob Waste dmbht ion .  EPAd00/8-84-002, August, 1984. 
(6) GRRASP - General Radmhe&s*tr; and Rbutine-AnalfidServices Protocol. 

(7) Methods for the Determindion of Org&i!Cornpounds in Drinking Water. EPA/600/4-88/039. 

Multi-Media, Multi-Concentration, 2/88 or latest vsionF-.  
---, 

/L.. .f 
Multi-Media, Multi-Concentration, 7/88 or latest v*ersi&. 

(4) Test Methods for Evaluating Soli~W~~~,‘PhysicaVChe~cal,Methhods \ L (SW-846, Third Edition). 

ER Program, Rocky Flats Pl&t,<~lden~O~==Augt,J.990. 

December 1988. “.4, Q 
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TABLE 2.1-8 
OU-2 ALLUVIAL MONITORING WELLS 

GROUNDWATER ANALYTICAL PARAMETERS 

DISSOLVED METALS 
Aluminium 
Antimony 
ArSeniC 
Barium 
Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

- 

ANIONS 
Carbanate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as N 
Cyanide 
Fluoride 
Bromide 
Silica (as Si and 8'02,' 

\, P 
d \t 

ITHER METALS 
vlolybdenum 
jtrontium 
:esium 
Ahium 
Tin 
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FIELD PARAMETERS 

Specific Conductance 
Temperature 
Dissolved Oxygen 

PH 

PESTICIDES/PCBs 
alpha-BHC 
beta-BHC 
delp-BHC 
g h - B H C  (Lindane) 
Heptacdor 

Heptachlor Epoxide 
Endosulfan I 
Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan Sulfate 

Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 

Aldrin 

4,4'-DDE 

4,4'-DDD 

4,4'-DDT 

AROCLOR- 10 16 
AROCLOR- 122 1 
AROCLOR- 1232 
AROCLOR- 1 242 
AROCLOR- 1248 
AROCLOR- 1254 
AROCLOR- 1260 



TABLE 2.1-8 
OU-2 ALLUVIAL MONITORING WELLS 

GROUNDWATER ANALYTICAL PARAMETERS 
VOLATILE ORGANIC COMPOUNDS 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylbenzene Chloride 
Acetone 
Carbon Disulfide 
I ,  1 -Dichloroethene 
1.1 -Dichloroethane 
Total 1.2-Dichlorwthene 
Chloroform 
1.2-Dichloroethane 
2-Butanone 
1, 1 , 1 -Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 

* 1,1,2,2-Tetrachhiorete 
1.2-Dichloropropane 
Trans- 1,3-Dichloropropene 
Trichlorcethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4 -Methyl -2 -pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 

- 

SEMI-VOLATILES 
Phenol 
bis( 2 -Chloroethyl)ether 
2-Chlorophenol 
1,3-D1chlorobenzene 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropy1)ether ' 

4-Methylphenol 
N-Nitroso-Dipropylamine 0 

Hexachloroethane ., 
Nitrobenzene 

2-Nitrophenol $' 

Benzoic Acids, ' 

bis( 2 -Chloroeth&y )yethane 
2,4-Dichlorophenol ''k3 * - 
Napthalen?? i 

4-C)ilpcj4ni1ine, 
Hexachlorobutadiene"-- *- ' 
4-Chlor&3-m1hylphenol 
2-Methyl2apthalene 
Hexachlor&lo&f,adiene 
2,~6-Trichloro"phenol 
i ,4 :5-~ric~oro&~no1 --, 
$TChlorp-mphthalene 
Dimethy$%&alate 
Acenaphthlene 
?-k$mani 1 ine 

4' 

\ 

Isophorone c i  

2,4-DimethylpienOl 4 A <  9. 

1,2,~~~nchlorobenzene %\& , * 1 , 

I 
-.s 

' .  

.?> 
KbJ 

kenaphthene 
!,4-Dinitrophenol 
I-Nitrophenol 
Dibenzohran 
!,4-Dinitrotoluene 
!,6-Dinitrotoluene 
Diethyl phthalate 
I-Chlorophenyl Phenyl Ether 
luorene 
I-Nitroaniline 
[.6:Diqitro-2-methylphenol 
4-nitrosodiphenylamine 
I-Bromophenyl Phenyl Ether 
lexachlorobenzene 
'entachlorophenol 
'henanthrene 
hthracene 
)i-n-butylphthalate 
Iuoranthene 
'yrene 
3utyl Benzylphthalate 
I ,3'-Dichlorobenzidine 
3enzo(a)anthracene 
lis( 2ethyl hexy1)phthalate 
k y s e n e  
)i-n-octyl Phthalate 
3enzo@)fluoranthene 
knzo(k)fluoranthene 
3enzo( a)pyrene 
ndeno( 1,2,3cd)pyrene 
)ibenz(a, h)anthracene 
%enzo(g, h,i)perylene 
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TABLE 2.1-9 
OU-2 ALLUVIAL GEOTECHICAL 

TESTING SPECIFICATTONS 
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TABLE 2.2-1 
SUMMARY OF STANDARD OPERATING PROCEDURES 

BEDROCK WORK PLAN FIELD INVESTIGATION PROGRAM 
USED IN THE OU-2 REVISED 

I -  

SOP NUMBER TITLE 

FO. 1 

F0.2 

FO. 3 

F0.4 

F0.8 

FO. 10 

FO. 13 

FO. 14 

FO. 15 

FO. 16 

FO. 18 

GT. 1 

GT.2 

GT.3 
GT.4 
GT. 5 

GT.6 

GT. 10 

GT. 11 

GT. 15 

GW.02 

GW.04 

Air Monitoring and Dust Control 

Field Document Control 

General Equipment Decontamination 

Heavy Equipment Decontamination 

Receiving, Labeling, and Handling Environmenfai Material Containers 

Containerization, Preserving, Handling, and Shipping of Soil and,W&er,Sampled 
&>\, r 

Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 
Field Radiological Measurement ," 

Environmental Sample Radioactivik Contet  Scrkning 

Logging Alluvial and Bedrock h4atenal-b 

Drilling and Sampling Using Hollow-Stem Auger Techniques* 

Isolating Bedrock from A l % i ~  witQrouted S k a c k  Casing* 

Rotary Drilling and R o c k C O n n F  .3 
A, p -"%, 

Plugging and Abandonment?of BoreholFs 

Monitoring Wells and Piezometers In&lation* 

, <  Handling of Drilling Fluids and Cuttings 
L i  

\%\ 

Field Data Management u 

hL 
' L ~ l t  

--..w* 

\. z 

' a 9  

Plugging &d Abandoment of Wells'y2 
k ' -.-----. 

Geophydal%ore!ofe Logging 3 
Well Dekekopment 

\ \\\* 2 8." -4 

"-t %. 
SlugTesting 1, 
p'e.' '--"\\ \& %%\\ 

GW.06 ,/Well-Sampling~ 8. 2 
* Modified fo;R&sed Bedrock$hk Planrfield activities. Modifications were documented with a DCN. 

6 
f ,4 



l -  

Trenches 

903 Pad 

903 Pad 

TABLE 2.2-2 
OU-2 REVISED BEDROCK WORK PLAN 
OBJECTIVES AND COMPLETED WORK 

potential for hydraulic communication contamination in uppermost substantial 
between UHSU and LHSU. LHSU sandstone unit and next d e e p  

sandstone unit. Evaluate permeability of 
I$SU sandstones. 
.' I 

-\. 
'X ~ 

Located at apparent upgradient location Investigate.spurce of contamination at 
from existing LHSU well ( 1  187) ,,' ; exist&g.well."Evaluate permeability of 
screened near sandstone subcrop '%- 

beneath colluvium. 

Located at apparent upgradient location Investigate source of contamination at 
from existing LHSU (00391) well 
screened near sandstoye sutixop ., ,. . 

LHSU san&qne&\ 
\".*., J' 

\ 

, .  

existing well. Evaluate permeability of 
LHSU sandstones. 

New Site 
N W k  
21193 
21993 
23193 
22593 

21293 
22093 

21393 
22 193 

21493 
22293 

21593 
22393 

21693 
22493 
23292 

21793 

2 1893 

903 Pad 

903 Pad 

Work Plan OU-2 

Located at apparent up&di@ IGtion Investigate source of contamination at 
from existing LHSU well (14879, 
screened n,y sandstone subcrop 

Located &+r &$sting.LH& 
(2087) whe'ie con@ation'aetected 

k in LHSU beloyce'litral phion  of OU- screened interval of existing well. Evaluate 
2 plateau. ,< '<,, L. 2 permeability of LHSU sandstones. 

' 2  \, existing well. Evaluate permeability of 
fHsU sandstones. 

Confm presence of contamination in 
LHSU. Evaluate type of LHSU material in 

,' beneath &3lIuGik3..%*,~, 'r: 

Site 

4, ',, 

to previous boring 
detected 

903 Pad h t e d  adjacent to previous boring 
! (BH2587) where contamination 
/ detected in LHSU claystone samples. 

WC-1BH 
wc- l ( I )  
WC-la 
WC-lb 

WC-2BH 
WC-2a 

WC-3BH 
WC-3a 

WC4BH 
WC4a 

WC-SBH 
WC-Sa 

WC-6BH 
WC-6(1) 
WC4a 

a;.' 
{SB-2 

Investigate presence or absence of 
contamination in uppermost substantial 
LHSU sandstone unit. Evaluate 
permeability of LHSU simdstones. 

Investigate vertical extent of contamination 
in LHSU claystone. 

Investigate vertical extent of contamination 
in LHSU claystone. 

NE ILocated in UHSU hotspot area with lhvestigate presence or absence of 

1. 2 1993 and 22493 were start&& a-series monitoring well boreholes, but were abandoned due to problems 
encountered during drilling. 23 193 replaced 2 1993, and 23293 replaced 22493. 
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TABLE 2.2-3 
COMPARISON OF PROPOSED AND ACTUAL DEPTHS FOR 

BORINGS AND MONITORIIYG WELLS 

/ 
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TABLE 2.2-4 
LHSU SOURCE CHARACTERIZATION 

BOREHOLE ANALYTICAL PARAMETERS 

TARGET ANALYTE LIST 
METALS VOLATILE ORGANIC COMPOUNDS 
Alurmnum 1, 1,l -Trichloroethane 
Anhmony 1,1,2,2-Tetrachloroethane 
h S e N C  1,1,2-Trichloroethane~~ 
Banum 1,l -Dichloroethane/ 
Beryllium 1,1 -Dichloroe&ene-\ 
Cadmum 1,2-Dichlor&th&1e ‘\a h%x 

Calcium 1.,2-Dichloropropaneh >* 2 \A. 

Chromum 2-Butanone Yq \\, Nh r 
Cobalt 2-He&one %./‘ 

Copper 4-Methyl-2-pentanone 
Iron Acetone 
Lead Behzeney 
Magnesium Bromodic,hloromethane 
Manganese 
Mercury Bromomethane 
Nickel Carbon Disukide 
Potassium 
Selenium Chlorobenzene 
Silver ‘ 1  5 CNoroethiie 
Sodium ‘’\ c&orof;;& 
Thallium >, .Chloromethane 

,+ _ -  *+,, ‘ cis-1,3-Dichloropropene Vanadum 
Zinc ,” d ,s” *<*a2 Dibromochloromethane - ‘“.Ethyl Benzene 
OTHER METALS,’ jl’ *--,) Methylene Chloride 

b “e, 

%>-+ 1 Bromoform ‘ 

, I *“. ”--% -‘ *-_ Carbon te thhlonde 

‘ ----%.“ 

- i Y  

,/ ‘t 1 

Styrene 
Tetrachloroethene 
Toluene 
total 1,2-Dichloroethene , 
Total Xylenes 
trans- 1,3-Dichloropropene 
Trichloroethene 
Vinyl Acetate 
Vinyl Chloride 

\. , 
RADIONUCLIDES ” 
Amencium 241 
Gross Alpha 
Gross Beta 
Plutonium 239+240 
Tnuum 
Uranium 233+234,235 and 238 - 
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TABLE 2.2-5 
ANALYSIS METHODS, SAMPLE CONTAINERS, SAMPLE PRESERVATION, AND 

SAMPLE HOLDING TIMES FOR LHSU ANALYTICAL PARAMETERS 
FOR THE REVISED BEDROCK WORK PLAN 

EPA Analytical Holding 
Parameter Method Container Preservative Time 

/- h 
, A  
I ,  

Bedrock Samdes I 

Volatile Organics EPA-CLP 1 x 4 oz w d e  mouth Teflon- **'+*Cool, 4°C 14 days 

x f  -I 

' /Y* h, 

Organic Compounds: P I  

lined glassvlals , 
/ ;; 

Inorganic Analytes: 
Metals and Other Metals 
Cyanide 
PH 
Moisture Content 
Radionuclides 

Water SamDles 
Organic Compounds: 
Volatile Organics 

%\ "f 

:<, 
" :  

EPA-CLP 
335.2 or 335.3 

9045 
A00 1 

GRRASP 

1 x 8-02 wide-mouth glass jar 
1 x 8-02 wide-mouth glass jar 
1 x 8-0z wide-mouth'g@x jar 
1 x 8-oZb~de-mouth,glass jar 
1 x 8-02 wide-moud'glass jar 

k k  

t, *\%.., 

Inorganic Analytes: 
Metals and Other Metals 

"' I II .- -.-"**A- L(' 
wu 

'\%* <\ *\$ - ' 

Cyanide 332.2 orA335.3 1 x 1-L polyethylene bottle 

Anions <> 1 x 1-L polyethylene bottle 

i' 315.4 
Chloride 4%k 

Sulfate 
Carbonate 
Bicarbonate 

, 

%% . 3 4 310.1 ., 
Cations EPA-CLP 1 x 1 -L polyethylene bottle 

cool, 4°C 180 days(c) 
Cool, 4°C 14 days 
cool, 4°C 14 days 
Cool, 4°C 14 days 
Cool, 4°C 45 days 

Cool, 4"C(a) with 7 days 
HCl to pH <2 14 days 

Nitric acid 180 days(c) 
pH <2; Cool, 4°C 

Sodium 14 days 
hydroxide(d) 
pH >12; Cool, 4°C 

Cool, 4°C 14 days 

Cool, 4°C 180 days 
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TABLE 2.2-5 
ANALYSIS METHODS, SAMPLE CONTAINERS, SAMPLE PRESERVATION, AND 

SAMPLE HOLDING TIMES FOR LHSU ANALYTICAL PARAMETERS 
FOR THE REVISED BEDROCK WORK PLAN 

EPA Analytical . Holding 
Parameter Method Container Preservative Time 

PH 150.1 I x I-L polyethylene bottle ,; A b o ~ ,  4- ~ O C  28 days 
1 x I-L polyethylene bottle  cool, 4°C 28 days 

Total Dissolved Solids (TDS) 160.1 1 x 1-L polyethylene bottle' cool,  ~ O C  48 hours 
28 days Total Organic Carbon (TOC) 415.1 1 x 125-ml amber glass,&$e "C,ool, 4°C 

Radionuclides 12 x 1-L polyethylene bottle \'\\,Nitric acid pH <2 180 days 

Specific Conductance 120.1 

.% 

GRRASP 
/ 

NOTES: 
(a) Add 0.008 percent sodium thiosulfate (NA(2),S(2),0(3) in the presence of residual chlorine. 
@) Container requirement is for any or all of the parameters,$ven. 

(d) Use ascorbic acid only if the sample contains r e s id4  chlorine. ,/Test a drop of sample with potassium iodine- 
starch test paper, a blue color indicates need for treatment, Add,,+&ic acid, a few crystals at a time until a drop o 
sample produces no color on the indicator paper. Then add an$dditional0.6g of ascorbic acid for each liter of 

(c) Holding time for mercury is 28 days. 
/i 

sample volume. "., -\* 
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TABLE 2.2-6 
LHSU GROUNDWATER ANALYTICAL PARAMETERS 

INDICATOR PARAMETERS 
Vinyl Chloride 
1,1 -Dichloroethene 
total 1,2-DicNorcethene 
1,1,1 -Trichloroethane 
C a h n  Tetrachloride 
Trichloroethene 
Tetrachloroethene 

RADIONUCLIDES 
(Total and Dissolved) 
Gross Alpha 
Gross Beta 
Uranium 2331234,235 and 238 
Americium 24 1 

, '+P,lutonium 239+240 
,A/ Tritium (total only) 

/ i  
4' ' 

LHSU ANALYTE SUITE 

TARGET ANALYTE LIST VOLATILE ORGANIC 
METALS (Total and Dissolved) l , l ,  1,2-Tetrachloroethane 
Aluminum 1 , 1 , 1 -Trichloroethane <Nor0 
Antimony 1,1,2,2-Tetrachloroethae;, i Styrene 
ArSeniC 1,1,2-TricNoroethane Tetrachloroethene 

1,l-Dichlorethane '' 2 Toluene BariUm 
Beryllium 1,l-Dichloroethene .> 65' Trichloroethene 
Cadmium 1,l -Dichloropropene ''k Trichlorofluoromethane 
Calcium 1,2,3-Trichlorobenzene "yt** %** Vinyl Chloride 
chromlum 1,2,3-Trichloropropane 

Copper 1,2-DibromoeUyne "r i*Qu, -%La, m, p-xylene 
Iron 
Lead 1,2-Dichlorobe1yehe, ' as n-Propylbenezene 
Magnesium 1,2-Dichloroethane o-Chlorotoluene 

Mercury A*'l,,3-Dichloropropaneh \ pChlortoluene 
Manganese 

Potassium ,$ Benzene -;m secButy lbenzene 
Nickel 

Selenium :' \ %  kt ,Be&ene,~~2~4~Trimethyl sec-Dichloropropane 
Silver 'L, Benzene, 1,3,5-Trimethyl-Bromobenzene tert-Butylbenzene 
SOdiUm tBromwhloromethane trans-l,2-Dichloroethene 
Thallium J4""r- . ~ " * , ~ B r o m ~ ~ o r o m e ~ e  trans-l,3-Dichloropropene 
Vanadium 

'Bromomethane OTHER PARAMETERS 
Carbon Tetrachloride Bicarbonate 

Zinc 

OTHER M E T A ~ S  '""?, Chiorobenzene Carbonate 
(Total and Dissolveci)Bb, "'., ,n' Clh]oroethane Chloride 
Cesium '*\. ,chloroform Cyanide (total) 

\ \  ' Chloromethane Fluoride Lithium 
Molybdenum Cumene 

*f ' 

1 3  

""\J j 4  

cis- 1.2-Dichloroethene 
cis-l,3-Dichloropropene 

n-Buty l b e m e  

Cobalt 1,2,4-TnChIO~be1~tX~ 

1,2-D1chlordpropane -7 , I \ir' 

1,3-Dic~orobenz&~ 3, &Xylene 

' .1,4-Dichlorobenzene ",,d P-Cymene 
-L--*- 

/' /K@wm\, Bromofdm8 
* . " /  

'\\ 

PH 
" 

Strontium 
Tin 

Dibromochloromethane 
Dibromethane 
Dichlorodffluoromethane 
Ethylbenzene 
Hexacy lorobutadiene 

Specific Conductance 
Sulfate 
Temperature 
Total Dissolved Solids 
Total Organic Carbon 

Methylene Chloride Total Suspended Solids 



TABLE 2.3-1 
SUMMARY OF RADIOLOGICAL AMBIENT AIR MONITORING 

PROGRAM SAMPLERS WITHIN OU-2 

Number of 
Station Samples 

ONSITE IN OU-2 
S6 
s7 
S8 
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EXPLANATION 
10891 0 PHASE I I  SOURCE CHARACTERlZATlON , 

01091A* PHASE I1 BOREHOLE FROM ABANDONED MONITORING 

BOREHOLE LOCATION 

WELL INSTALIAnON AlTEMPT 

INDMDUAL HAZARWUS SUBSTANCE u SITE LOCATION 

APPROXIMATE BOUNDAkY OF OU-2 S n ' D Y  AREA 

BOUNDARY BETWEEN HISTORICAL 
CHARACTERIZATION AREAS 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

OU-2 PHASE II ALLUVIAL INVESTIGATION 
BOREHOLE LOCATIONS 

FIGURE 2.1 -1  OCTOBER 1993 



EXPlANATlON 
' 00191 0 . PHASE 11 ALLwIAL/COLLuvW. 

MONITORING WELL LOCAllON 

12691 PHASE II BEDROCK 
MONITORING WELL LOCATION 

g!4 mn I 
PHASE I1 TEST WELL CLUSTER 
MONITORING WELL LOCATION 

INDMDUAL SITE LOCATION W W U S  SUBSTANCE 

-# APPROXIMATE BOUNDARY OF OU-2 SrUDY AREA 

BOUNDARY BETWEEN HISTORICAL . 7 CHARACTERIZATION AREAS 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2  
PHASE II RFI/RI REPORT 

OU-2 PHASE II ALLUVIAL INVESTIGATION 
MONITORING WELL LOCATIONS 

FIGURE 2.1 -2 OCTOBER 1993 

OU2R1004 1-60 



GROUND SURFACE c 

6 iFOOT COMPOSITE SAMPLES 

COMPOSITE INTERVALS ARE APPROXIMATE 
AND MAY NOT BE EXACTLY 6 FEET IN 
LENGTH 

EXPl ANATION US. DEPARTMENT OF ENERGY 
Rocky Flats Plant. Goldm. Colorado 

OPERA8LE UNIT N0.2 
PHASE II RFI/RI REPORT 

TYPICAL UTHOLOGIC AND CHEMICAL 
SAMPLING FOR SOURCE 

CHARACTERIZATION BOREHOLES 

FIGURE 2.1-3 OCTOBER 1993 

ou2RD2? 1-1 



r 
2' MIN. c 6"MIN. 

t 

STEEL LOCKING 
PROTECTIVE CASING 1 ,%,,,,,'< :CRETE PAD 

, P  

I ,  

BENTONITE GROUT 

2" ID SCHEDULE 40 

0.0 1" SLOTTED 
WELL SCREEN 

I ,  

BENTONITE GROUT 

2" ID SCHEDULE 40 

0.0 1" SLOTTED 
WELL SCREEN 

7 

&, , 
a SEDIMENT SUMP 

, l T H R f 3 D E D  END CAP 
, ,  

BENTONITE GROUT 
BACKFILL OR BENTONITE 
PELLETS (IF NEEDED) 

210" 4 
NOT TO SCALE 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plan+. Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

TYPICAL ALLUVIAL MONITORING 
W E U  DETAIL 

FIGURE 2.1-4 OCTOBER 1 9 9 ~  

al2mm 1.1 



f 

I 

A 

t 
12" MINIMUM 

HINGED AND 
LOCKED STEEL CAP 

a- LOCK 

NOT TO SCALE 

SLIP-ON END CAP 

, ,  
-WEEP HOLE 

'GROUND SURFACE 

- 

1 

[3' SQUARE 
CONCRETE PAD 

-1 

I' 6" ID PROTECTIVE 
STEEL CASING J 

2" ID SCHEDULE 40 
PVC WELL CASING 

BENTONITE GROUT 

BOREHOLE 

u.S. DEPARTMENT' OF ENERGY 
Rocky Flats Plant, Goldon. Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

TYPICAL MONITORING WELL FEATURES 
AT GROUND SURFACE 

FIGURE 2.1-5 OCTOBER IWJ 

. ou2w116 1-1 



SCALE IN FEET ~ 

\ /' 

U 

i ---.-- 
d Y  
C^ . 

' . . .  . _ . .  

U S .  DEPARTMENT OF ENERGY 
Rocky' Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

OU-2 REVISED BEDROCK 
WORK ALAN INVESTIGATION 

BOREHOLE AND MONITORING 
WELL LOCATIONS 



LHSU < 

I U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden. Colorado 

OPERABLE UNIT N0.2 
PHASE I1 RFI/RI REPORT 

i 
I FIGURE 2.2-2 OCTOBER 1993 

Y 
cuzmim 1-1 



GROUND SURFACE 

I SO LATl ON 
CASING 

LHSU 

TOTAL DEPTH 

COMPOSITE INTERVALS ARE APPROXIMATE 
AND MAY NOT BE EXACTLY 6 FEET IN 
LENGTH 

FXPl ANA TlON 

DISCRETE YYPLE FOR VOC 
A H K l w  TAKEN IN THIS 2-FooT 
INlEWN. f;l 

I U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plont, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

OU-2 BEDROCK 
TYPICAL LITHOLOGIC AND CHEMICAL 

SAMPLING FOR SOURCE 
CHARACTERIZATION BOREHOLES I c w p o s l m m x I u 4 l E L Y  

&FOOT INTERVMS FOR AHKYSlS 
OF REWNDER OF ANKyllcK WlTE 

, , 

UnsU UPPER m o R o s T R A ~ l C  UNIT 



> UHSU 

> LHSU 

FXPIANA TlON 
UHSU Upper nydrorlratiqrophic Unit 
UISU Lowor nydmrtmtigrophic Unit 
Orf Rocky Flalr Uluvium i Potential Conlaminant Migration Pathway 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant. Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

Monitoring Wail Scrmed lntervol 

Pilot Borehole w 
I FIGURE 2.2-4 M T ~  1 ~ ~ 5  

-p- water Levd 

ou2mo28 1-1 

SCHEMATIC DIAGRAM OF TYPICAL 
LHSU WELL CLUSTER 

(SCENARIO 2) 



UHSU 

> LHSU 

U.S. DEPARTMENT OF ENERGY 

PHASE I1 RFI/RI REPORT 

3 :  

FXPLANATION i 
UHSU UPPER m D R o s T R c ~ t C  UNR 

wsu mDR0sTRATn;RAPmc UNIT 

0t-f RocKIFUTS*u lMUY 

OE CwlMUu 

$I POTENl'W CONTAWruFn YIGRATON P A W Y  CONTAMINANTS IDENTIFIED IN 

SCHEMATIC DIAGRAM OF MPICAL WEU 
CLUSTER TO EVALUATE SOURCE OF 

SUBCROPPING LHSU SANDSTONES 

NO.1 lRlpIHoE FORWnOn WOSTOFE 

y(zIIT0RwCMu (SCENARIO 1)  



$-'SERIES WELL 

SURFACE PROTECTIVE 
CASING WITH LOCKING 
LID 

--r 

AUGER . . .  BOREHOLE 
WELL -CASING 

BENTONITE GROUT ROTARY CORE OR HOLLOW-STEM 
AUGER BOREHOLE 

UPPERMOST 
.0.01 INCH SC PERMEABLE 

. .  .., ., . . . . , .. ,. .".' : 

':. PERMEABLE UNIT .... I . . . . . . .  ... . . ! , . : a  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  i. . . . . .  ,. . . . . .  :. . . . .  
. . .  

. .  

NOT TO SCALE 

SEAL - 

------ 

I . I  
WELL 2" 1.0. CASING PVC SCHED. 80 

ROTARY CORE BOREHOLE 
. .  

- ROTARY CORE OR HOLLOW-STEM 
AUGER BOREHOLE 

. . . . .  . . . .  .: . . . . . .  . ' .  , . . . . .  0.01 INCH SLOl lED 
WELL SCREEN c . .  . . . . . . . . . . .  .. :, ,; ,; . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . .  

EXPLANATION 
- - - - - - - - 

UHSU UPPER HYDROSTRATIGRAPHIC lJNlT 

LHSU LOWER HYDROSTRATIGRAPHIC (JNIT 
- 

NOTE: 
1. ISOLATION CASING INSTALLED USING ElTHER BENTONITE 

PELLET SEAL OR PRESSURE GROUTING 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

OU-2 BEDROCK 
PILOT BOREHOLE AND MONITORING WELL 

CONSTRUCT10 N DETAl LS 

FIGURE 2.2-6 OCTOBER- 1993 



US DEPARTMENT OF ENERGY 
Rocky Flsts p$m Golden, cdoredo 

OPERABLE UNIT NO. 2 
PHASE II R V  REPORT 

ONSITE AND PERIMETER 
AMBIENT AIR SAMPLERS 

FIGURE .2.3-1 
OCTOBER, 199; 



EXPLANATION 

0 SURVEYED SAMPLE STATION 

U.S. DEPARTMENT OF ENERGY 
Rocky Fiats Plant, Golden, Colorado 

OPERABLE UNIT 2 
PHASE I1 RFI/RI REPORT 

. OU2 SEEP AND ASSOCIATED 
SEDIMENT SAMPLING LOCATIONS 

OCTOBER 1993 FIGURE 2.4-1 



. . . .  . . .  . . . . .  . . . . . . . . .  ............. . . . .  . . . . . .  .. .....,....._....:. :. .............. . . . . . . . . . . . . . .  ................ . . . . . . . . . . . . . .  ................ ................... ................ .................. ............... 

c 
E l  
SW-50 e 

EXPLANATION 

10-ACRE SAMPLING PLOT LOCATION 

2.5-ACRE SAMPLING PLOT LOCATION 

10-ACRE PLOT NOT SAMPLED 

2.5-ACRE PLOT NOT SAMPLED 

SURFACE WATER SAMPUNG LmnoN . . .  

! 

, 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
. PHASE II RFI/RI REPORT 

I 
: 1991 RADIONUCLIDE SURFACE 
SOIL SAMPLING ; PLOT LOCATIONS 

FIG.URE 2.5-1 . OCTOBER 1993 

ou2Rlo12 1-100( 



FRONT END 

CDH SAMPLING JIG 

,-BACK END 

TEMPLATE SPADE 
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3 .o 
PHYSICAL CHARACTERISTICS OF OU-2 

This section describes the physical characteristics of RFP and OU-2. Included are subsections 
on physiographic features of RFP and OU-2; demography andyland use; meteorology and 
climatology; soils, and geology and hydrogeology of the OU;2 area. Geology and hydrogeology 
sections address the UHSU and LHSU. 
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3.1 PHYSIOGRAPHIC FEATURES -bJ 
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3.1.1 Regional 

/.’ j.““-, 
RFP is located at an elevation of approximatel~~6,OOO feet above mean sea level on the  western 
margin of the Colorado Piedmont section of the, Great Plains Physiographic Province 
(Fenneman 1931). The Colorado Piedmont ranges in elevation from 4,000 feet on the east to 
7,000 feet on the west, The piedmdnt-meJges to the east,with the High Plains section of the 
Great Plains Province and is termmated=abrgptly on*the,west by the Front Range section of the 

‘\ 4.4’ / 
“s, th, 

“8, -*\ 

.$ 1 
Southern Rocky Mountain Province:’\\w/ P 

and denudation representing an old 
Rocky Mountains. The piedmont surface is 
a topographic relief of only several hundred 
units that locally rise above the surrounding 

valleys. Major stream valleys which transect 
in the Front Range. Small local valleys have 

within the piebmont. 

Range, a few miles west of RFP, is characterized by a narrow 
formed by steeply east-dipping Mesozoic strata (such as 

Formation). Less resistant sedimentary units were 
elevations of 12,000 to 14,000 feet above mean 

sea level 15 miles farther west. The range itself is broad and underlain by resistant gneiss, 
schist, and granitic rocks of Precambrian age. The resistant nature of these rocks has restricted 
stream erosion so that deep, narrow canyons have developed in the Front Range. 
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Several pediments have been eroded across both hard and soft bedrock in the  area of FWP 
during Quaternary time (Scott 1963). The Rocky Flats pediment is the most extensive of these, 
forming a broad flat surface south of Coal Creek. The broad pediments and more narrow 
terraces are covered by thin alluvial deposits of ancient streams draining eastward into the 
Great Plains. The sequence of pediments reflects repetitive physical processes associated with 
cyclic changes in climate. Each erosional surface and stratigra$ic sequence deposited on it 
probably represents a single glacial cycle. The oldest andhig6est pediment, the Subsummit 
Surface (Scott 1960), truncates the hogback ridges of the F a n t  Range. Three successively 
younger pediments, veneered by alluvial gravels (including the R@ybFlats Alluvium), extend 
eastward from the mountain front. Erosion of vakeys into the pediments e x  followed each 
depositional cycle so that, near cally younger geologic units 
occur at topographically lower elev its along the streams. These 
alluvial deposits in the OU-2 area are des 

The PA of RFP is located on a relatively 
surface and overlying alluvium (generally 
as 100 feet thick west of the RFP 
Creek on the south so that terra 
The grade of the gently eastward- 
percent at the industrial area of RFP 

I .  
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Rocky Flats Alluvium. The pediment 
ough the alluvium is as much 

t Creek on the north and Woman 
e in height from 50 to 150 feet. 
Flats Alluvium varies from 0.7 
just east of the industrial area. 

i 3.1.2 Operable Unit 2 I' 

OU-2 is located adj utheastern edge of the PA of RFP (Figure 3.1-1). 
The IHSSs of OU- flat ridge between Woman Creek on the south 
and South Walnut- evations range from 5,920 feet above mean sea 
level on the southeast sideaof thk903 Pad Area to 5,980 feet along the top of the ridge on the 

Drabage from OU-2 is both to the south to the South Interceptor Ditch 

-% y., f ..-\ p.1 
a, 8* 

i' j 
d / 

k and td tie north to South Walnut Creek. 

HICS AND LAND USE 
".\/ 

3.2.1 Demographics 

Demographic information described below is primarily from "1989 Population, Economic, and 
Land Use Data for Rocky Flats Plant" (DOE 1990d), developed by the Denver Regional 

I 
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Council of Governments (DRCOG). This DRCOG study encompassed an 81-kilometer (50- 
mile) radius area from the center of RFP and included all or part of 14 counties and 72 
incorporated cities with a 1989 combined population of 2,206,550. 

RFP is located in a rural area of unincorporated Jefferson County, approximately 16 miles 
northwest of Denver and approximately 10 miles south of Boujderr RFP is situated on a 6,550- 
acre parcel of federally owned land. The PA is located in theapproximate center of the parcel 
and is surrounded by a buffer zone of approximately 6,15$l'acre.k~e area to the west of RFP 
is mountainous and sparsely populated. The area east of l$FP 19 generally a high arid plain and 
densely populated. The majority of the population included in thd'BRC@G study is located 
within 30 miles of RFP, to the east and southy&?% the Denver mt&opolitan area. The 
majority of the development of the plains to the'e<ast of RFP has occurred since the plant was 

\ 

%J-\ <' 

9 t-- G d 

/ 

built. 

Within a 10.3-kilometer (6.4-mile) radius of >he center of RFP, there is little residential or 
commercial development. Between 6.4 and 16 kilomete:: (4 and 10 miles), development 

most significant development existstto the.soyAheast, m-the cities of Westminster, Arvada, and 
Wheat Ridge. The cities of Boulder, ?to the n&th%st;2fBroornfield, Lafayette, and Louisville, 
to the northeast; and Golden, to the south, also contain significant developments within this 16- 

\I ".., 

increases, with approximately 3 16,00OUresidents within \ a 16-kilometer ( 10-mile) radius. The 
&& 

\. '\ 

a v / 4  

. , I  

Recent population estimites re&tZFd-by-QRCOG for the eight-county Denver metropolitan 
tween 1980 and 1985, the population of the area display distinct bowth I) 

metropolitan area increqed byt 197,890, a 2.4 percent annual growth rate. Between 1985 and 
1989, a populatione!iiinbof 71375 watrecorded, representing a 1.0 percent annual increase (the 
national averagej3e.1989 populafion showed an increase of 2,225 (or 0.1 percent) from the 
same date @ 1988 (DRCOG( 1989). 
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udy alsfprojected populations through the year 2010. Figure 3.2-1 (DOE 
1990d) i l lustrat~~~~e~l '989~res ident ia l  population found within an 8-kilometer (5-mile) radius 
of RFP. The 2010 Gojected residential population is illustrated in Figure 3.2-2 (DOE 1990d). 
Sectors 1 and 2 represent land within the RFP boundary. Sectors 3,4,  and 5 represent property 
outside the RFP boundary. Radial Segments E and F are the general area of OU-2. Radial 
Segments D through I represent the predominant downwind and downstream directions from 

\\ \ 4 

d 

the OU-2 area. Table 3.2-1 summarizes the 1989 and projected 2010 population data shown in 
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Figures 3.2-1 and 3.2-2 as well as the 1989 and projected 2010 population for the region within 
the 8- to 16-kilometer (5-  to 10-mile) radius of RFP. The information presented in Table 3.2-1 
indicates that zero population growth is projected during the next 20 years for the areas 
immediately adjacent to the RFP boundary (Sector 3). 

.. 
Eight public schools are within six miles of RFP. The nearest school is Witt Elementary School, 
which is approximately 4.4 kilometers (2.7 miles) east of the RFP buffer zone (DOE 1991a). 
There are 93 schools, 8 nursing homes, and 4 hospitals with'", 2'16-kilometer (10-mile) radius 

<** 
'9 \,* of RFP (DOE 1990d). $1 ; \\\ ~ 

* \  
g"\ N\r 

'\L+ 

P+*l L<x. ' The nearest drinking water supply is Great Western Reservoir, located approximately 3.7 
kilometers (2.3 miles) to the east of the center'ofkFP. The City of Broomfield operates a 
water treatment facility immediately downstream from,Qreat Western Reservoir. This facility 
supplies drinking water to approximately 28;OOO pegons.&tandley Lake, a drinking water supply 
for the cities of Thornton, Northglenn, Westmmqer, (and Federal Heights, is located 3.5 miles 
to the southeast of RFP. 

,/ *' 
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3.2.2.1 Current Land Use 

Current land use in the ithin a radius of 16 kilometers (10 miles) is 
nd Use Data for Rocky Flats Plant" (DOE 

1990d). In genera unding FtFP includes open space (recreational), 
agricultural, reside strial. Open space (recreational) land includes an 

the City of Boulder, Golden Gate State Park to 
dley Lake Park to the southeast, and other open 

space larihsho the southeast! associated with Westminster and Arvada. The majority of the 
agricultural'la,nd is locateditd the northeast of the Plant. Some agricultural land is also located 
east of th&Elant\whileJ5pa;cels of range land are located to the southwest. The majority of 
residential land use IS 6j'Zo 16 kilometers (4 to 10 miles) to the southeast. The primary 
commercial/industriaI.area within 8 kilometers (5 miles) of the Plant is the Jefferson County 
Airport area. Additional commercial/industrial areas within 16 kilometers (10 miles) of the 
Plant include areas in Westminster and Arvada to the east and south, Broomfield to the east, 
Lafayette and Louisville to the northeast, Boulder to the northwest, and Golden to the south. 
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The northeastern Jefferson County and RFP area is currently one of the most concentrated 
areas of industrial development in the Denver metropolitan area. 

Current land use in the area immediately southeast of OU-2 includes all of the uses mentioned 
above, with the predominant uses appearing to be open space, si@e-family detached dwellings, 
and agricultural (livestock) operations. Industrial facilities witpin 8'kilometers (5 miles) of RFP 
include the TOSCO laboratory (a 40-acre site located two*m$&s south), the Great Western 
Inorganics Plant (two miles south), the Western Aggregates, ,&.-,Plant (2.4 miles northwest), 
and the Jefferson County Airport and Industrial Pafkp(a 99Oq&e .site located 4.8 miles 
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32.22 Future Land Use 

Future land use is generally expected to follow*e$sting land use patterns. The North Plains 
Community Plan (Jefferson County 1990) was"pr%epare< to serve as a guide to the county and 
cities to achieve compatible land use and development decisions, regardless of the jurisdiction. 
Jefferson County expects that indust"i"ial4and uses will c h i h u e  to dominate the northeastern 

--%" 

portion of the county. The plan id d the Jefferson County Airport as 
constraints to future residential devel a, and recommends office and light 
industrial development. The plan furth the acquisition of lands for open-space uses 
as a high priority for thyaTFay;r,ecomm g that large amounts of undeveloped land be 
provided for this purpo& eJefferson C 

Maps presented in the NorJh,Rlains Community Development Plan (Jefferson County 1990) and 
the Jefferson Center Comprehe,nsive Development Plan show that the predominant future land 
uses to the soutka7ddgouthe"as:of 'WP will consist of commercial, industrial, and office space. 
Directly t,o the easth_tlie- zo&g and uses are expected to remain open-space and 
agricultuial/6acant. The areas closest to RFP are planned for industrial, commercial, or office 
space, with'the areas further from RFP designated for residential development. This planning 
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is consistd'ntq.&h the grojected zero residential growth rate in the next 20 years for areas 
immediately adjac7nt"to RFP (ROE 1990d). 
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The cities of Broomfield and Superior have participated in the Jefferson County cooperative 
planning process and are planning business, industrial, and mixed land uses for the area north 
of RFP (Jefferson County 1990, City of Broomfield 1990,.Boulder County 1991). 
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3 2 3  On-Site Land Use 

323.1  Current Land Use 

RFP production and maintenance activities do not occur in the OU-2 area. The 903 Pad 
portion of OU-2 is capped with asphalt paving. A large portion of OU-2 is located within the 
buffer zone, outside Current 'activities in OU-2 consist of 
environmental investigations and routine security surveillance. 

the security fence and PA. 
' 

, , -. , -, 
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3 2 3 2  Future Land Use --. 
\i 

I -  

, 

Occupation by private industry is being considered'by DOE for the future use of the on-site 
RFP production area. Areas of OU-2 immedjately adjacent to the industrial portion of the 
Plant could be considered as part of future.jn"dus$iali";j'velopment. With the present open 
space located nearby, it is plausible that the h f f e r  zone and OU-2 area will be preserved as 
open space. Ecological surveys of the buffer zone,\ performed in compliance with the 
Threatened and Endangered Specie&Yict=may indicate tke-presence of several listed species at 
RFP. Because the buffer zone ha&not<been&npzfed=by commercial development for many 

.3 u, d P*** f 

years, thus allowing progressive re-estiblishment;of quality native habitats, the future use of this 
area as an ecological preserve is reasonable.;This type of site use is also consistent with the 
Jefferson County Planningd3epartment's rkc@pendations for the provisions of large amounts 
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of undeveloped land @;the Y p are4 (.Jefferson Co&ty 1990) 
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D 4CLIMATOLOGY 

,e 
3 3  METEOROL 

The RFP a r q a r h m 3 e m h i d  climate that is characteristic of much of the central Rocky 
MountainFegon. The average annual precipitation at RFP is estimated at 15.16 inches (DOE 
199lh)./Approximately 25 percent of the 16-inch annual precipitation falls during the spring 
season$mkh of it as sno,w./ Thunderstorms (June to August) account for an additional 45 
percent of the annual precipitation. Autumn and winter are drier seasons, accounting for 19 
percent and 11 p-ercent of'ihe annual precipitation, respectively. Snowfall averages 85 inches 

inches of precipitation. The maximum precipitation for a 15-minute period was 0.53 inches, 
occurring on August 6, 1991. The most precipitation recorded on a single day was 1.32 inches 
between June 1 and 2, 1991. 
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h a  \.." 
per year, falling from-October \%\ / through May (DOE-1980). During 1990, RFP recorded 12.8 
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Temperatures are moderate with extremely warm or cold weather rare and for very short 
durations. On the average, daily summer temperatures range from 55 to 85 degrees Fahrenheit, 
and winter temperatures range from 20 to 45 degrees Fahrenheit. The low average relative 
humidity (46 percent) is due to the blocking effect of the Rocky Mountains. Table 3.3-1 
presents the annual climatic summary compiled for 1991. 

The wind flow around RFP is strongly influenced by the close p r o h i t y  of the Rocky Mountains 
and High Plains which produce a diurnal cycle of the wind patterns (upslope and downslope) 
when there are  no strong storm systems or synoptic patterns withh the%Cegion. The east-west 
running canyons to the west of RFP can further channel the local wmd canditions. The wind 
generally flows downslope from the mountain9to:the plains at night while daytime wind 
directions may flow upslope. The South Platte /&Vk Valley is the area for the confluence and 
divergence of the airflow patterns for the regon bertween the Front Range and the Denver 
Metropolitan area. Chinook windstorms may'occ2r during the spring as winds moving from 
west to east over the Continental Divide plur&e.-down\the east side of the mountain slopes. 
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Table 3.3-2 is an annual joint frequenEy-distribution of 4i, the*wind direction categorized by wind 
-, 

speed class at  RFP, based on th&:pre;proceped%Teteorological data for 1992 used in the 
dispersion modeling analysis. These-data /are presented as a wind rose in Figure 3.3-1. 
Compass point designations indicate the, true(bearing when facing the wind (direction from 

AM ,-%-. f 
%\ 

which the wind flows). Nortfi%kwinds a>e*pfedominant at RFP. 
."//"--\\\ . \ \  

I 3' 
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Pasquill-Gifford stab$tyjEIasses werzSed'in=atmospheric dispersion estimates. Stability classes 
at RFP were calculated'using the Sigma m e t a  method, which categorizes the class of stability 
as a function of the st2ndard dueviation of horizontal wind direction by horizontal wind speed 
and time of $ay-Th"e-Jasses range from A to F, extremely unstable to moderately stable, 
respective!y. y e  D class\qJp;esentsneutral stability characteristics. The data show that unstable ' 
characteristi& (A th roudC) .  occur about 11 percent of the time. Stable cases (E and F) occur 
about 43%p&rcent of the time.* Thus, neutral conditions (D) occur about 46 percent of the time. 
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The surface soils at Oil-2  are predominantly deep, well-drained loams, clay loams, and very 
cobbly sandy loams with slow permeability. The soils along the flood plain and low terraces of 
Woman and South Walnut Creeks consist of stratified loamy alluvium from the Haverson series 
and the Nunn clay loam (Figure 3.4-1). The soils at the top of the OU-2 mesa, where gravel 
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and cobbles of the Rocky Flats Alluvium are common, consist of gravelly and sandy loam from 
the Flatirons series. Along the slope of the mesa, soils consist of cobbly to sandy loamy 
alluvium with moderate permeability from the Nederland series and clay loams from the 
Denver, Denver-Kutch-Midway, and Midway series. The clay loams of the Denver-Kutch series 
and Englewood series are found along the eastern edge of OU-2. Small areas of the Leyden- 
Primen-Standley series, a cobbly clay loam, and the Standley-Nunn series, a gravelly clay loam, 
occur north of Central Avenue near Indiana Street. Runoff-is generally rapid, and erosion 
hazard is severe on the steep portions of the hillside. Runoff is sloy to moderate and erosion 
hazard is slight to moderate on flatter slopes near Woman' Creek;,near Indiana Street, and on 
top of the mesa. Shrink-well potential is low in the HaGerson series,'low to"moderate in cobbly 
and gravelly units, and high in all other units. 

Most of the soil series are classified within thk&ustoQ great group (Table 3.4-1). Argiustolls 
are generally characterized as well-drained soilsQwith molic (dark) epipedons, argiUic "B" 
horizons, and calcic "C" horizons. They exist 'in,-aridic and ustic (limited moisture) regimes, 
which are adequate for plant growth during the'grphng season. The two predominant 
subgroups are Torretic and Aridic. , f&-e tk  Azgiustolls haveta higher shrink-swell potential than 
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Aridic Argiustolls (Department of 

3.5 GEOLOGY 

This section, which p etations, and discussions of the geology of the 
:-Surficial Geology and Bedrock Geology. Geologic 

data gathered during historical, Phase I, Phase I1 
(alluvial and bedr r ongoing investigations. The regional geologic setting 

s_sed in each section to assist in understanding the local 
s6ns on the regional geology of the Front Range and High 

ferred to the Final Geologic Characterization 

h subsurface and surface data. Subsurface 
logs of core and/or cuttings collected during 

the drilling of boreholes and monitoring wells, lithologic mapping along trench walls, and 
borehole geophysical logs. Pre-1991 core and/or cuttings were logged according to a visual 
geologic protocol (DOE 1991d, Appendix G). Post-1991 core and/or cuttings were logged 
systematically and uniformly according to ER SOP GT.l (EG&G 1992a). Table 3.5-1 lists the \ 
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investigations that have placed boreholes, monitoring wells and trenches in the OU-2 area along 
with the number of each category. Logs from 182 monitoring wells, 111 boreholes, and 3 
trenches were used in this study. Appendix A4 contains the lithologic logs for monitoring wells 
and boreholes used in this study. Specific stratigraphic information obtained from these 
lithologic logs and used in construction of subsurface maps is summarized in Appendix A3. The 
locations of historical and Phase I1 boreholes and wells are sho&$in Plates 1.3-1 and 1.3-2 and 
Figures 2.1- 1 and 2.1-2, respectively. 

Surface geologic data were obtained from field geologic'mappmg of 'surficial deposits, bedrock 
outcrops, and air photo interpretation. Specific field -activities involved in,mapping are listed 
in Section 2.1.4. Field geologic mapping was conduqed over the entire OkJh study area, which 
extends from approximately 1,000-feet west of ~he6903 Pad eastward to Indiana Avenue, and 
from South Walnut Creek southward to WornadCreek. 
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The geology of the [USHU (surficial depositsaqd Arapahoe No. 1 Sandstone) was evaluated 
", 

based on available data from the historical, Phase\I;land-Phase I1 (alluvial and bedrock) field 
investigations. In some cases, data, usedin the evaluationsware not shown on UHSU maps and 
cross-sections presented in this Phase IL~I /RI"-Repo$ because the data were not available 

q ' .-, Y 
prior to preparation of the figures, or 1. .be'cause % p of4paceIhitations > on the figures, as described 
below. However, all UHSU stratigraphiceata B used in the evaluations are included in this Phase 
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Alluvial and No. 1 Sanddone stratigraphic..data from 17 LHSU boreholes drilled during the 
1993 Revised Bedr4ck .Work, PlahTi2ld-program were not included on UHSU maps and cross- 
sections presented &his Phase I1 RFI/RI Report because those figures were completed prior 
to completion of-the-bedrock$eld,program in the fall of 1993. However, the data from those 
17 boreholes were reviewed again.$+ the completed UHSU maps and cross-sections and were 
judged not j o  conflict witkoi, significantly alter the UHSU interpretations already presented on 
the figure& Therefore, revision of the UHSU maps and cross-sections to incorporate those 17 
borehoh$w>'+$dged , <  t o  be unnecessary and was not performed. However, the UHSU 
stratigraphic data ohained^from the 17 LHSU boreholes are included in this Phase I1 RFI/RI 
Report on lithologc 'logs presented in Appendix A4. 
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In addition, in some cases, certain alluvial and No. 1 Sandstone stratigraphic data are not shown 
on UHSU figures because of space constraints. Most alluvial and bedrock maps depicting 
geologic interpretations are illustrated at a horizontal scale of 1 inch = 300 feet. At this scale, 
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data from all closely spaced boreholes (particularly for multiple closely spaced boreholes drilled 
for well clusters) cannot be shown clearly, and therefore, some data not shown. However, the 
data from all boreholes were considered in the evaluations, and the data that are shown are 
representative of conditions in those areas. Furthermore, all USHU data are used in the 
interpretations are included in this Phase I1 RFI/RI Report on lithologic logs presented in 
Appendix A4. 

Phase I and I1 subsurface remedial investigations withip, Our2 have emphasized JHSS 
characterization and near-source and downgradient “groundwater plume characterization. 
Closely spaced borehole and monitoring well controi’i; therefore, codentrated in an area 
extending from approximately 400 feet west of the 903 Pad to the eastern end of the East Spray 
Fields (Plates 1.3-1 and 1.3-2 and Figures 2.1-liand 2.1-2). Phase I1 subsurface investigations 
reveal that a high degree of geologic vari k u r y i t h i n  the OU-2 area. A low degree of 
confidence and reliability exists if geologic and‘trends are extrapolated from areas of 
closely spaced subsurface control into ar rse, control. Due to this fact, subsurface 
mapping is restricted to the area of closely spaced subsurface control outlined above. 
Subsurface control outside this area”i”s“discused when it adds to the geologic understanding of 
the OU-2 area. 
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Previous and present field programs withh the,OU-2 area have concentrated their investigations 
ologic units within the area. These units are 
of contamination due to past waste disposal 

concern are the Rocky Flats Alluvium, Arapahoe 
amie Formation (Figure 3.5-1). 

3.5.1 Surficial- 

Surficia!&dlogic units GitIiin the OU-2 area consist of alluvial, hillslope, and man-made 
deposid. &uvial deposits include the Pleistocene age Rocky Flats Alluvium, high terrace 
alluviums, and various Pleistocene to Holocene age valley-fill alluviums. Hillslope deposits 
consist of Holocene age cAlluvium, debris fans and slumps. Man-made deposits are artificial 
fill, soil and debris dbmps, and areas of disturbed surficial soil. These deposits, their relative 
positions, and their ages shown in Figure 3.5-2. 
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The distribution of surficial units within the OU-2 area is shown in the Surficial Geology Map 
for the area (Plate 3.5-2). Stratigraphic relationships between the various alluvial deposits are 

3-10 



diagrammatically illustrated’in Figure 3.5-3. Each surficial deposit is discussed in detail in the 
following sections. 

35.1.1 Rockv Flats Alluvium 

6- i  %*, 

The Rocky Flats Alluvium is the topographically highest and the oldest alluvial deposit beneath 
RFP (Figure 3.5-3). According to Scott (1960), the Alluvium’ is believed to be Pleistocene 
(Nebraskan to Aftonian) in age (Figure 3.5-2). Rocky Flats’huvium was deposited as large 
laterally coalescing alluvial fans along the base of the‘adjacent%m>untain front (Hurr 1976). 
These alluvial fans spread eastward over an extensive‘ unconformity, or erosional pediment 
surface that extended eastward from the mounta2  ‘front. Regionally, th6 pediment surface 
slopes gently eastward toward the plains, yet locally it can be quite irregular with relief of as 
much as 50 feet (Malde 1955; Hurr 1976) is l ~ q l ~ r e l i e f  is attributed to a well developed 
network of west- to east-trending paleost adramages incised into the pediment surface 
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beneath the alluvium (DOE 1991d). *% * -  

Rocky Flats Alluvium beneath and ,3  thexicinity of RFP%wifs deposited in an alluvial fan that 
’-*- ** *1 

has its head in the mouth of Coal CreekCany-on wZst+otdthe plant (Malde 1955). Fan deposits 
** \ -%- ‘ can be traced eastward from the mouth.‘ thefcanyon for approximately seven miles. This 

deposit and underlying pediment sur ve been subsequently dissected by down-cutting 
along the present dra mnants of the deposit now capping the ridges or 
mesas between t 

L 

The Rocky Flats caps the relatively flat divide or mesa between 
South Walnut an tely truncated to the north, east, and south by 
those drainagesf RZEky~Flats,+lluvium does not extend from the OU-2 mesa across the eastern 

ndi2AaAtreet) (Plate 3.5-2). The surface expression of the contact 
underlying bedrock can be observed visually where the alluvium 

ess of approximately 10 feet or  greater. Under this condition, the alluvium 
capping the hillsides of the adjoining drainages. A noticeable 

ccurs at the base of the alluvium due to the less resistant nature of 
stones and sandstones. The many groundwater seeps issuing from 

the alluvial/bedrock contact are indicative of the position of the base of the deposit. Vegetation 
change from the rocky/sandy soil of the Rocky Flats Alluvium to the clayey soil of bedrock is 
also a general indicator of the base of the alluvium. 

% 
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3.5.1.1.1 TOR of Bedrock Features Controlline the Thickness and Geo metrv of the Rocky Flats 
Alluvium. Relief on the top of the Rocky Flats Alluvium is relatively flat within the OU-2 area 
(1.3 degrees east dip). The unconformable contact between the Rocky Flats Alluvium and the 
underlying bedrock units, however, is highly irregular due to the shape of the underlying 
erosional top of bedrock surface. Therefore, the thickness and geometry of the Rocky Flats 
Alluvium is controlled by certain top of bedrock features. Th,ese features are discussed in the 
surficial geology section rather than the bedrock geology section (Section 3.5.2), because of their 
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relevance to the geology of the Rocky Flats Alluvium. "\. 
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As mentioned above, the erosional pediment surface bhea th  the Rocky Flats Alluvium locally 
has relief due to channeling by paleostreams. These #earns represent a dcainage system, either 
predating Rocky Flats Alluvium deposition orfepresenting the incipient drainage system that 
brought Rocky Flats Alluvium deposition 

Historical investigations in the OU-2 ar ral erosional features on the top of 
bedrock beneath the Rocky Flats Alluvium. 6eXPh;se I RFI/FU investigation of OU-2 
(Rockwell International 1987c) defi3ed -four such fea&es;'namely two paleoridges and two 
paleovalleys. Figure 3.5-4 shows the,majpr-top_of bedrock features interpreted in the historical 
reports for OU-2. One paleovalley was 'inter&et&'to6be located north of the 903 Pad. The 
feature extends eastward roughly following .Ce&ral Avenue. In the Southeast Trenches Area, 
the paleovalley joins anotheru^Faleovalley, khiich trends northeast. This second paleovalley is 
projected to the northeast,,beyond'bubsurfac*e,Gontrol. 

A paleoridge was Ateipreted to@be locafeddirectly south of the 903 Pad. The ridge extends 
east/northeast and terrnin\ates$ipproxhately beneath the Southeast Trenches Area. A second 
paleoridge isdshowK%cated.be&ath the Mound Area and extends north of the Northeast 
Trenches &ia@(Figu?eei?.S4). h e  ridge is projected further to the east beyond subsurface 
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n (DOE 1991d) summarized and reinterpreted these and other data. 
inent step in the bedrock surface" occurring beneath the east end 

(Figure 3.5-4). The bedrock step trends north-northeast. A 30-foot 
drop in elevation of the top of bedrock surface across the feature (west to east) is reported. 
The earlier Phase I RFI/RI report illustrated this "step" on its top of bedrock elevation map and 
presumably considered the feature to be a steep flank of the southern paleoridge and not a 
separate feature. DOE (1991d) suggests that this bedrock "step'' may delineate the eastern limit 
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of a north-south oriented meander segment of the underlying Arapahoe No. 1 Sandstone. The 
sandstone, being more resistant to erosion than the surrounding claystones, would presumably 
hold up the higher portion of the step and adjoining paleoridge. Based on Phase I1 field 
investigations, this DOE (1991d) interpretation, although plausible, is considered to be unlikely 

(Section 3.5.2). r L  14 

P$ $' 

Phase I1 field investigations have confirmed the existence <*of the two paleoridges, two 
paleovalleys, and a bedrock step feature mentioned above. Fi@rT 3.5-5 shows the contoured 
surface of the top of bedrock using historical, PhaseAI,; and "oth&r.ybsurface control; and 
Figure 3.5-6 shows the revised locations of the ridgetrests and troughY@es based on that 
control. Figure 3.5-7 is a "shaded" relief view of the,top of bedrock sur?aceI and Plate 3.5-1 is 
a "three-dimensional" perspective view showing the,relationship of OU-2 topographical features 
to the underlying top of bedrock surface. 950 of the top of bedrock illustrating the main 
erosional features are shown in Figure 3$8. eG'ggometry and extent of the features are 
changed in certain areas from earlier interpre'cations based on subsurface control obtained from 
the Phase I1 and other drilling programs. Changes 'arc'signiJicant beneath and around the 903 
Pad Area and in an area east of ,the-Northeast Trenches>,krea and north of the Southeast 
Trenches Area (compare Figures 354eand- ). Little to no subsurface data were available 
for these areas during Phase I and earlier i 

For purposes of further discussion, the "p*reviously mentioned top of bedrock features are 
P P v referred to as the followhg<-\*, 

P i  

,9 ,I "1 ' 

%*\ \ 

x 

. e  

% \  
4 "5 /$ ., / 

+? <,* - 1 
4 sf 

6 P 

stern paleovalley of Rockwell International 1987c) 
aleovalley of Rockwell International 1987c) 

North Palmridge: The presence and geometry of the north paleoridge is clearly indicated by 
borehole con?ol,froma thd'Mound Area to several hundred feet northeast of the Northeast 
Trenches Area (Figu~e'3.5-5). West of the Mound Area, the presence of the ridge is less 
certain. The contoured north flank of the paleoridge in this area (Figure 3.5-9, may be an 
artifact of PA construction (i.e., top of bedrock may have been artificially lowered by grading 
and leveling during PA construction). Northeast of the Northeast Trenches Area, the top of 
bedrock surface was intersected for a distance of approximately 140 feet by two overlapping 
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trenches (Dames and Moore 1981). The top of bedrock surface exposed in those trenches was 
observed to rapidly lose elevation by about 13 feet over this distance. East of these trenches, 
the location and geometry of the north paleoridge is speculative since subsurface control is 
limited. 

South Paleoridge: The presence and geometry of the south palepridge is clearly indicated by 
subsurface control from an area southwest of the 903 Padt9,Ithe Southeast Trenches Area 
(Figure 3.5-5). In the Southeast Trenches Area, the ridge trendsJ-0 the north and then trends 
eastward again. North of the East Spray Fields, the*ridge 1ocationKand geometry are more 
speculative due to limited subsurface control. Along the  wes<ern* portion of the south 
paleoridge, the crest elevation is from about 4 ,.t0:~14 feet lower than- the  adjoining north 
paleoridge (Figure 3.5-8, sections A-A' and B-B'f. the east, the adjoining paleoridge crests 

d I 
are at similar elevations (Figure 3.5-8, sections C-C' and D-D'). These .crest elevation 
relationships are important factors in contklling groundwater flow and alluvial seep locations 
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along the South Walnut and Woman Creek drainages. These relationships will be discussed 
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later in Section 3.6 (Hydrogeology). 
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Medial Paleoscour: In this repo;t,. \L the-media13aleoscAour *b %. 2 refers to the western paleovalley 
i" *"%* 

feature defined by Rockwell Inter~ati6in~al,('1987c).~-.~From the 903 Pad Area to an area 
approximately 400 feet east of the Northeast Trenches Area, subsurface control clearly indicates 

oyour (Figure 3.5-5). To the west, the trough line 
"$east corner of the 903 Pad. It extends east- 

ast-gate entrance. Near the Southeast Trenches Area, 
the Paleoscour surnes an east-northeast trend. Further to the east, 
the feature is interp orthward bend and is truncated along the South Walnut 
Creek hillside. ,Where*th ur intersects the hillside, a well-developed surface drainage 

Groundwater is observed to seep from the Rocky Flats 
age gully during portions of the year. This groundwater 
flow in this drainage. This intersection of the medial 

p a l e o s c o h ~ a l h g ~  the ?&th Walnut Creek hillside is discussed further in Section 3.6 
(Hydrogeology)%\%> "%/ 2" 

The relief between the trough line of the paleoscour and the adjoining ridge crests is shown in 
Figure 3.5-8. Maximum relief, located east of the Northeast Trenches Area, is approximately 
30 feet (Figure 3.5-8, cross-section C-C'). West and east of cross-section C-C', along the scour, 
refief ranges from about 10 to 26 feet (cross-sections A-A',B-B',D-D'). 
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Bedrock Step: This is a north-northeast trending feature located beneath the  eastern end of the 
Southeast Trenches Area (Figures 3.5-5 and 3.5-7, and Plate 3.5-1) characterized by an abrupt 
west to east drop (approximately 30 ft) in the elevation of the top of bedrock (Figure 3.5-8, 
Section F-F'). It is uncertain whether the feature extends north or south of the Southeast 
Trenches Area, because of the lack of subsurface data in those areas. 

For the purposes of this discussion and to be consistent with previous reports (DOE 1991d), the 
term "bedrock step" is used to refer to the physiographic nat$e*of this feature (Le., the drop 
in top of bedrock elevation). As discussed below, the origidof this feature is uncertain and the 
term "bedrock step" does not infer a mechanism for d e  origin of this f ,  eature. 

In 1976, Hurr discussed the possibility that the Eggleston Fault (north of RFP) may extend onto 
RFP. The geologic map in that report, showed the fault projected into the OU-2 area at the 
approximate location of the bedrock step. He  inferred.a vertical separation across the fault of 
approximately 20 feet. Dames and Moore (1981) inyestigated this possible extension of the 
Eggleston fault by excavating three trenches to bedcock along Hurr's projected fault within the 
OU-2 area. Numerous small-scale faultsuoffsetting bedrbckjunits were observed. Associated 
with these faults were zones of very\steeply,dipG&g bedding, contorted and disrupted bedding, 
and abruptly truncated beds. The faults were6also"characteried by the absence of fault gouge, 
lack of brecciated rock, and a high degrGe of $'duration. These characteristics led Dames and 
Moore to conclude that thesFfea,tures are)not, tectonic structures but rather syndepositional 
features @e., gravity slumps or aowth fad tsp  occurring during deposition of the bedrock 
material (refer to Damqs' and 9Moo'fe"198-1-for details on this investigation). 
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During the Phase I1 &ld,pro&am, the possibility of intersection of the bedrock step with the 
hillsides of Soyth-Walnut h d  $om,an Creeks was investigated. The base of the Rocky Flats 
Alluvium (i.e.,,top of Redrock), where the bedrock step might intersect the hillsides, was closely 
0bserved'land''mapped. NO conclusive evidence to project the bedrock step from the Southeast 
Trench'es Area into either hillside was identified. Therefore the interpreted location of the 
feature is confihed to diectly beneath the Southeast Trenches Area. Also, the presently 
available subsurface control does not show any offset of bedrock lithic units across the feature. 
To date, a tectonic orig& for the feature cannot be conclusively established or refuted based on 
the available geologic data. The location of the feature suggests it may be a steep erosional 
portion of the flank of the south paleoridge. The flanks of the  medial scour, northwest of the 
step, exhibit similar steep flanks which are believed to be erosional in origin. 
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For the purposes of the Phase I1 RFI/R.I investigation, the exact nature of the bedrock step 
feature does not appear to be of substantial importance because hydrogeologic data do not 
indicate that this feature substantially influences groundwater flow or contaminant migration 
(Sections 3.6 and 5.0). Therefore, resolution of the question of whether the origin of this 
feature is tectonic or erosional does not appear to be necessary at this time. 

Eastern Low: A broad northeast trending bedrock low formerly referred to as a paleovalley 
(Rockwell International 1987c) is located beneath the East Sp:ay\€$elds and directly east of the 
bedrock step (Figures 3.5-5 and 3.5-7, and Plate 3.5-1:); JEasi'of th'e,?East Spray Fields, the 
geometry of the low is unknown because subsurface data\are absent. ThErelief between the low 
and the adjacent paleoridge is approximately 12 $e&(Figure 3.5-8, cros 

3.5.1.12 Alluvial Thickness. A contour map<fJihe thickness of the Rocky Flats Alluvium is 
shown in Figure 3.5-9. As discussed above,% alluviabthjcknesses is controlled primarily by the 
underlying top of bedrock features. Thick&t\alluvTal sections correspond with the medial 
paleoscour and eastern low. Thinner sections occur alocg the crests of the adjacent paleoridges. 
Alluvium is thinnest along the north-paleoridge wherehranges from about 5 feet (borehole 
03491) to 17 feet (well 4386). The south;palqoLidge.iscapped with alluvium ranging in thickness 
from about 12 feet (boreholes 1059"ha;;*d BH?087)"to:'ii2 feet (well 1587). Alluvium in the 
medial paleoscour ranges in thickness from about 20 feet (borehole 42792) to 38 feet (borehole 
11391). The thickest section"ii'f--a@vium bccuq in the head area of the eastern low (beneath 
the East Spray Fields)./ Here, t&* thickness&aches about 46 feet (well 3287 and borehole 
10791). Figure 3.5- 10 gustrates representative cross-sections of alluvial thickness along the 
same lines as the top ofabedrock ."~rof~in~Figure  3.5-8. 
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Alluvial FanDeposition: b s ,  mentioned earlier (Section 3.5.1.1), the Rocky Flats Alluvium is 
a pedimentyyavel deposited in an alluvial fan environment along the base of the adjacent 
mounta&fro"kiMalde 19553. Alluvial fans typically develop where streams and/or debris flows 
emerge from th"e coriheS*of a valley or canyon into an adjoining basin. As sediment-laden 
streams exit the mohhs of canyons, the lack of confinement allows the stream to flow over a 
wider, less restricted area. As stream flow widens, flow velocity decreases and some or most 
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of the sediment load is deposited. 
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Two main depositional processes have been identified on modern fans (Spearing 1971). These 
are mass-flow (debris flow) and water-flow, including stream channel and sheetflow. Debris 
flows usually occur during periods of intense rainfall when geologic material containing fine 
debris, especially clay, loses its sheer strength and moves down slope as a dense viscous mass. 
The high viscosity of the flows inhibit sorting and therefore deposits characteristically display 
a chaotic orientation of cobbles and boulders in a matrix of-fiqe material (Spearing 1971). 
Debris flow deposits usually occur in rather narrow lobes afong the fan surface and seldom 

k 

b. 
produce extensive sheet deposits (Reading 1986). 4 -% 
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Water-flow across the fan surface occurs either as channelized flow within main braided stream 
channels or as sheet flow across the surface during”flood events. Water-laid deposits can form 
more laterally extensive deposits than debris flows, and the abundance of water allows the finer 
material to be winnowed out. The resulting deposits typically contain only minor amounts of 
clay matrix (Spearing 1971). Alluvial fans-that .are, aominated by stream deposition produce 
thick sequences of stacked channel deposits (Reading-1986). 

Classifrcation System: The Rocky Hats Alluvium withd‘the,OU-2 area consists predominantly 
of beds and lenses of poorly to moaerately,sori~~’”gravels .L and sands. A few lenses of clay and 
silt also occur. Alluvial materials obtained.duping the-drkng of boreholes and monitoring wells 
were classified according to the Unified*S*o?Classification System (USCS; U.S. Army Engineer 
Waterways Experiment StatiOnTl9,60). The$SCS is a textural classification system based upon 
the percentage of gravelfsand, syt nd clay, i‘he,,observed plasticity of the fines and the organic 
content of the material. At RFPp or-to-1.991, alluvial materials were classified into the USCS 
by visual estimation$ oF’theseutextural parameters. Alluvial materials obtained during and after 
1991 were classified into the LJSCS by grain-size sieve analysis and plasticity tests according to 
ER SOP GT.l,@fECi&G 1992z$%.Lithologk logs of core and cuttings of the Rocky Flats 
Alluvium fo’i all*Ko?ehol>s and’bmonitoring wells within the OU-2 area are contained in 
Appendp A4. Along with the USCS codes or classifications, the lithologic logs give geologic 
descrip$o&of the alluvia1;materials. Grain-size percentages obtained by sieve analysis are also 
listed for 1991 and more,r5cent boreholes and monitoring wells. As discussed in Section 2.0, 
samples of Rocky Flatsk$vium and Arapahoe Formation bedrock materials were analyzed in 
a geotechnical laboratoh for physical property information. The results of the geotechnical 
analyses are summarized in Table 3.5-2. 
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I Of the fifteen USCS soil classifications or codes, twelve codes are used to describe the geologic 
materials within the Rocky Flats Alluvium. These twelve USCS soil codes and brief descriptions I 
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are shown in Figure 3.5-11. The USCS is a c assification system originally devised to classify 
unconsolidated materials according to their engineering properties. The system is based on 
those characteristics of the soil that indicate how it will behave as an engineering construction 
material. Thus, individual classifications are not necessarily useful in construction of lithofacies 
or in evaluation of depositional systems and geological processes. To use the USCS in 
lithofacies construction, classifications were group based. upon their similar textural 
characteristics and probable genetic relationship. For insta/nce, sandy gravels with little to no 
fines (GW) are probably genetically related to gravelly sands 5 %* with little .* to no fines (SW). Both 
units were probably the depositional product of high vFlocity flow screams in which winnowing 

t 

\, % * 
removed most of the fine (silt and clay) fraction. $2 \..\> *--- , 

P A " w / "! 
P 

USCS classifications were grouped into three lithofkes based upon the percent of fines (silt 
cess. The lithofacies 
ion, they are referred 

s are listed and briefly 

'e , 

described below: 

Sandy Gravel Lith and SP). Consists of 
d sand/gravel mixtures with little well-graded to poo 

to no fines. Fines five percent or less of the soil. 

es - GC, GM, SC and SM). Consists of 
amounts of silt and clay. Total fines 

L, OL and CH). Consists of clays and 

ies within the area, cross-sections were 
3.5-12. Early evaluations of lithofacies 
d or controlled in part by the  top of 

bedrock features discusded earlier. Therefore, sections are constructed along the trends of top 
of bedrock features to best illustrate these relationships. Cross-section AA-AA' (Figure 3.5- 13), 
is a dip line showing the distribution of lithofacies along the trend of the north paleoridge. 
Cross-section --AB' (Figure 3.5-14) is a dip line showing the lithofacies distribution along the 
medial paleoscour. Cross-section AC-AC' (Figure 3.5-15) is another dip line showing the 
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distribution of lithofacies along the eastern portion of the south paleoridge, across the bedrock 
step and across the eastern low. Cross-section AD-AD' (Figure 3.5-16) is a strike line across 
the OU-2 pediment, perpendicular to the paleoridges and scour, which ties the dip lines 
together. The three lithofacies and their distribution within the area are discussed in the 
following text. The averages and ranges of grain size percentages stated in the following 
descriptions are based upon the lithologic logs from borehole d monitoring wells shown 
within the aforementioned lithofacies cross-sections, not upon all khologic logs within the OU-2 
area. 

Sandv Gravel Lithofacies: This lithofacies consists pr; tely sorted sandy 
gravels with lesser amounts of gravelly sands. Gravel ra les (noted in drill 
core samples) to cobbles and boulders (observedh the field in excavations or roadcuts). Stones 
are typically subrounded and consist predominantly of quartzite, granitic and metamorphic 
rocks. Sand ranges in size from fine t o  very coarse grained and is usually angular to 
subrounded. Grains are composed primarily of quartz,with some feldspars, rock fragments and 
traces of mica and dark minerals. Iron staining o n m h e s  and sand grains is common. No 
apparent bedding is discernable in drillwxe s. P&dominant colors for gravels and sands 
are browns, yellowish browns and p d e  t range. The average and range of grain size 
percentages comprising the gravels and s 
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The sandy gravelJitifof&i& *Ir is the predominant facies that occurs along the crest of the north 
paleoridge over thk".iveskm two thirds of its length (Figure 3.5-13). The facies extends down 
both flanks of the paleoridge; southward toward the paleoscour and northward until the unit is 
truncated by the hillside of South Walnut Creek (Figure 3.5-16). The lithofacies also occurs 
along the south flank of the south paleoridge (Figure 3.5-16). Sandy gravel comprises the bulk 
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of the Rocky Flats AUuvium in the eastern portion of the  OU-2 area (Figures 3.5-14 and 
3.5-15). 

Clavev Gravel Lithofacies: This lithofacies consists predominantly of poorly sorted clayey 
gravels and clayey sands with lesser amount of silty gravels and silty sands. Gravel and sand 
grain sue range and other sedimentological properties are the ;ame as listed above for the 
Sandy Gravel lithofacies. Crude bedding and/or 1aminations;are discernable in some clayey and 
silty sands. No apparent bedding is discernable in gravels. $’ke cblofs of these gravels and sands 
are quite variable . Colors include various shades of brown,-pale to grayish orange, yellowish to 
pinkish gray, blackish red and pale olive. The averageearand range‘ofgrain size percentages 
comprising the gravels and sands are as follows: 

Gravels (GC, GM): 
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Gravel - 
Sand - 
Fines - 
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Sands (SC, SM): ‘’? Average (%)^)““Range (%) 
+. -+\ 7 .*’””3544 
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Sand - 
Gravel - 1%<% (2’ P 

Fines.-r””\& 27 \* 11-43 

The clayey gravel litfiojicies i s  tke-dominant alluvial facies within the medial paleoscour 
(Figure 3.5-14 and ,3<.5-k6JS, except for areasyalong the south flank of the north paleoridge where 
sandy gravel occurs, as%mentioned earlier. The facies onlaps the crest of the adjacent south 
paleoridge andfoccursxa\ong.the eastern side of the bedrock step (Figures 3.5- 15 and 3.5-16). 
Farther tothe east m the v i p i t y  ofsthe eastern low, the facies interfingers with the sandy gravel 
facies. ve>acies also occur$ along the north paleoridge, east of where the paleoridge rapidly 
loses elevition along its c+i. 
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facies consists predominantly of clay with some silt. Clays are 
Silts are gravelly and sandy. Organic rich silty clay (OL) was 

observed at the surface based on a drill core sample from monitoring well 05091. Clay rip-up 
clasts may occur in clay units directly overlying bedrock. No apparent bedding is discernable 
in drill core samples. Colors range from browns, reddish and yellowish brown to pale orange. 
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Clay units directly overlying bedrock are typically yellowish to light olive gray in color. The 
average and range of grain size percentages comprising clays and silts are as follows: 

Clays and Silts (ML, CL, OL and CH): Average (%) Range (%) 
Fines - 70 57-85 
Sand - 18 5-39 

12 + , I  0-2 1 Gravel - 

The clay lithofacies occupies two stratigraphic positions within 'the, OU-2 area. It occurs 
throughout the area as thin lenses within the other hhofacies, and.o&uas directly overlying 
bedrock. 
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35.12 HiPh Terrace Alluviums 
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Several alluvial terrace deposits occur along t$e+h$Isides within the OU-2 area. These deposits 
are located topographically below the Rocky Flats'Allu&m? -+. but above the Valley Fill Section 
3.5.1.3. Malde ( 1955) referred to these deposits as terrace,gravels and undifferentiated upland 
deposits. Hurr (1976) and Rockwell Inter.na~~&P(-1987c) named two of these deposits, the 
Verdos and Slocum Alluviums, placing~the,m $'io'-the formal classification system for the 
Quaternary developed by Scott (1960) newdeposits are considered to be Pleistocene (Kansan 
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During the Phase IJffield inyestigations,,three widespread alluvial terrace deposits were 
identified and mapped 'alpgtthe 'EiUCSi'des-of OU-2 (Plate 3.5-2). Placement of these alluvial 
terraces into the formaC_classification system for the Quaternary (Figure 3.5-2) requires 

$" 3 

\ \*e 4+ 
%. 

information oaphysiogrGph"lc+pozition of terraces relative to stream base, superposition, ancient 
soil developdent=i%enc&+of fossil,cmammals and mollusks, absolute age dating and presence 
of synchconous volcanic ash'tbeds, 1 r  where available (Scott 1960). Currently, an RFP sitewide 
Surficiq Deeosits Mapping:Project is underway as a joint effort of DOE and the U.S. 

may acquire some of the'ndecessary information to correlate these alluvial terrace deposits across 
RFP and place thh%qto the formal Quaternary classification system. 
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Geologica%u-vey,(Tim \ govseth, 1993, EG&G, Personal Communication). This investigation \ +% ' 1  

Placement of the alluvial terrace deposits into the formal classifications system is not crucial to 
the data needs of the OU-2 Phase I1 RFI/RI investigation. Therefore, until the Surficial 
Deposits Mapping Project is complete, these deposits are simply referred to as high terrace 
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alluviums. Terrace No. 1 (a t , )  is topographically the highest alluvium; Terrace N o 2  (Qt,) is 
intermediate in elevation; and Terrace No.3 (at,) is the lowest. While these three terraces are 
widespread throughout the area, several other terrace alluviums occur at other topographic 
intervals. Only small remnants remain of these deposits and they are traceable for only short 
distances along the hillsides. These terraces are referred to as undifferentiated high terrace 
alluviums (at,). Some of these deposits were mapped and ,a re  shown in Plate 3.5-2. The 
positions of the terrace deposits below the top of the adjoining Rocky Flats Alluvium are 
summarized in Table 3.5-3. < 

Erosion by cross drainages along the hillsides has dis&ded the terracp deposits, leaving only 
remnants of formerly laterally extensive deposits.,@here a remnant is relatively large or wide 
(perpendicular to the hillside), the deposit exhib$s a relatively flat top with adjoining steep 
flanks (Figure 3.5-17). Where a remnant isysmall inp extent, the deposit displays a knoll or 
mound morphology. Earlier investigatiohs may /have interpreted this knoll morphology 
developed on some small terrace remnants as surface iqdications of landslides or slump features. 
This interpretation will be discussed in Section 3.5.1:6%\\ 
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Thicknesses of terrace alluvium encounterg: boreholes range from about 2 feet (borehole 
4 ** .) 

09291) to 22 feet (well 05991). Thhn& se.cfiiqni%aredi/probably the result of erosion of the 
deposit and not original depositional thicknesses. Average thicknesses of terrace alluviums 
(measured in the field) arc+isted@ Tablc?~.5'3. 
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Lithologically, terrace/alluvium edibits-a-distinct fining upward sequence of lithic units. This 
vertical stratification dist.inguibhes these deposits from the surrounding non-stratified colluvium 
or slopewash. Alluvium usually consists of a basal unit of clayey or sandy gravel overlain by 
sandy clay, clayey-sand, or an interbedded sequence of both (Appendix A4; logs 6786 and 
09791). GSavel9is sub3ngular to rqunded and ranges in size from pebbles (noted in drill core 
samples)8ty#boulders (obseqved in the field in excavations or roadcuts). Clays and sands 
commonly %ontain carbonaceous matter and roots. Calcium carbonate precipitant (caliche) 
commonly occurs,,throudo+ the deposit. Predominant colors of browns and yellow-browns 
reflect heavy oxidation! $ss frequently occurring colors consist of grayish browns, brownish 
grays, and pale orange$/ 
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Within the OU-2 area, Terrace Alluvium is encountered in the boreholes and monitoring wells 
listed in Table 3.5-4. (See Appendix A4 for lithologic logs.) 
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3.5.13 Valley-Fill Alluvium 

Valley-Fill Alluvium (Q,,) is defined in this report as Quaternary (Wisconsin to Holocene) age 
alluvium that occurs beneath and adjacent to the present creeks. This designation includes 
alluvium forming low (less than 40 feet above the creeks) terraces along the drainages. Various 
alluviums at this level have been formally named for the Quaternary along the Front Range 
(Figure 3.5-2). Those which may occur within the Valley-Fill designation used in this report 
include Post-Piney Creek, Piney Creek, Pre-Piney Creek,’Louviers and Broadway alluviums 
(Figure 3.5-3). Pond sediments within the drainages are also included within the Valley-Fill 
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Valley-Fill Alluvium is derived by the reworkingand’redeposition of the Rocky Flats Alluvium, 
high terrace alluvium, colluvium, and bedrock units eqosed  along the adjacent hillsides. The 
distribution of Valley-Fill Alluvium within (the OU-2’area is shown in Plate 3.5-2. Upstream 
from B-5 pond, the deposit is narrowly confrned $ong South Walnut Creek. Along the main 
trunks of Walnut and Woman Creeks, valley fill ;overs ‘a-broad plain adjacent to the creeks. 
Where this broad plain is formed;+some*+E! the abo\;”e, ;amed low terrace alluviums are 
recognizable. 

Where penetrated by boreholes, Valley-Fill , I  AlluGum ranges in thickness from about 2 feet (well 
6491) to 15 feet (well 4 169.l‘)?IG(hologically, ‘the Valley-Fill Alluvium consists predominantly 
of interbedded gravelly sands an‘d sandy to &Key gravels. Gravel is sub-angular to sub-rounded 
and ranges in size from small pFbbkT(notedin drill core samples) to boulders (observed in the 
field in e x c a v a t i o n s ~ n d \ r o a d ~ u t ~ ~ ~ ~ C ~ y ~ s ~ ~  to sandy clay, and clayey to silty sand occur in 
lesser amounts. Yellow.*.browqs are the predominant color for the gravels and sands. Clay 
colors are olivedo-yellow+ays gray brown, and dark yellow brown. 

Within ttie OU-2 area, Vhley-Fill Alluvium was encountered in the boreholes and monitoring 
wells Li&ed*in Table 3.5-5.; (See Appendix A4 for lithologic logs.) 

3.5.1.4 Colluvium 

Colluvium is defined as unconsolidated geologic materials that are deposited on slopes or at the 
base of slopes predominantly by the transporting action of rainwash, sheetwash or  slow 
continuous downslope creep (Bates and Jackson 1980). Colluvial deposits at OU-2 overlie the 
eroded bedrock surfaces that slope toward the South Walnut and Woman Creek drainages. 
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Colluvium within the OU-2 area is Holocene in age (Figure 3.5-2) and is the  most commonly 
occurring surficial deposit covering the hillsides of the South Walnut and Woman Creek 
drainages (Plate 3.5-2). 

Lithologically, colluvium consists predominantly of clay, silty clay and sandy clay. The source 
of this material is the claystones, siltstones and sandstones,of the Arapahoe and Laramie 
Formations that underlie the hillsides. Most of the above lithojohes encountered in boreholes 
contain some (less than 15 percent) pebbles and cobbles scaitecd throughout the material. This 
coarse-size material is shed off the Rocky Flats Alluyium andxhigh terrace alluviums where 
present. Lesser lithologies encountered in boreholes ar&clayey sand>graklly clay (greater than 
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In the field, colluvium along and onlaping the base ,Of the Rocky Flats Alluvium is typically 
coarser than the colluvium located further dLwnslope' reflecting the different source materials. 
Colluvium typically lacks any apparent bedding structures, is non-stratified and is poorly sorted 
(well-graded) reflecting its deposition by gravity andbzibsente of winnowing by running water. 
Lithologic logs for borehole 01 191 aninmonitoring well 0249cillustrate typical colluvial sections 
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Calcium carbonate precipitant (caliche$%? common throughout the deposit. It occurs as thin 
layers, discrete nodules, or,isdisseminated throughout the deposit. Carbonaceous matter is also 
common in the near suiface portions of thS9eposit. The deposit is usually highly oxidized 
which is evident by moctled colors"df-brown2, yellow browns, and grayish orange. Colluvium 
containing a high peqcehtage of organic mat& may have a dark gray color (well 11791). Where 
the deposit is not hi&yqid%ed, gray and olive gray colors reflect the original color of the 
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parent bedrockematerial 
/jp,.*--- 
Y .  P A, The thicbess of the c o l l u h m  along the hillsides of OU-2 is shown in Figure 3.5-18. Thickness 

data from'high terrace allufiums and artificial fill (where present) were also included in 
constructi8n+,o&he'contyi dap .  Thickness varies from about 2 feet (borehole 01091) to 22 feet 
(well 6286). k, '\d pfij 

The thickness of the colluvium is controlled in large part by the shape of the underlying bedrock 
surface. In areas where bedrock lows occur along the  slopes, the colluvium is thicker. In areas 
where bedrock highs occur, the colluvium is thinner. An example of this is found south and 
southeast of the 903 Pad along the north slope of the Woman Creek drainage. Three 
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prominent cross-scours or gullies have been eroded into the bedrock in that area (Figure 3.5-5 
and 3.5-7). In each of those locations, relatively thick deposits of colluvium occur, hfilting the 
scours. Conversely, relatively thin areas of colluvium overlie the bedrock high areas separating 
the scours (Figure 3.5-18). 

Within the OU-2 area, colluvium was encountered in the boreholes and monitoring wells listed 
in Table 3.5-6. (See Appendix A4 for lithologic logs.) 

x .  

35.15 Debris Fans 
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Many cross-drainages or transverse gullies (i.e., peij>endicular to slope) occur at ground surface 
along the hillsides within OU-2. Distinct f andaped  deposits, interpreted as debris fans, are 
located at the bases of eight of these drainages. ,M\ost of these fans are located in the 
northeastern portion of OU-2 on the hillside adjoiningSouth Walnut Creek, northeast of B-5 
pond (Plate 3.5-2). The fans are Holocene i i a g e  and>onlap or commingle with the adjoining 
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Lithology and thickness of these de~osits.is,p_Eesen"tly.un,known since no boreholes have been .. 
drilled through the deposits. AU fans'ar&well'vegzFated and show no signs of recent seasonal 
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During the Phase Ilfliei'dcinvestigat~riumerous -%J , slump features were identified and mapped 
within the OU-2 are:?'KY m$pty are located along the hillside adjoining South Walnut 
Creek (Plate 3.5-2)?Indhw report;,slump features belong to two categories: (1) areas along 
the hillsidqs whiEh exh"ibi?evidence"of mass movement of surficial soil and possibly bedrock 
materials" along relatively; distinct ruptures or &de surfaces and (2) areas of hummocky 
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creep of surficial soils but n o  observable rupture surface. 

the OU-2 area belong to the first category. Surficial deposits 
5 along the hillside areabserved to be displaced in these slumps, but the extent of bedrock 

involvement is unknown due to absence of subsurface control. Detachment scarps are usually 
developed along the head areas of slump features. Many slump features display multiple scarps 
recording sequential movement of the slumps. Some scarp faces are relatively fresh (non- 
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vegetated and moist) suggesting recent movement. Vertical displacements on scarp faces range 
from several inches to three feet. Typical displacements are one foot or less. 

Slumps within the OU-2 area are usually located downgradient from alluvial or bedrock 
groundwater discharge areas. The discharge of groundwater increases the water saturation 
within downgradient soils which apparently leads to shear failurqhf the material. 

In two earlier investigations, several potential slump fea$res were identified along the north 
hillside of Woman Creek (Figure 3.5-19). EG&G (1990c5 m*appe?dbfour -. potential slump features 
of various sizes that were located within OU-2. The features w&e,n$mbered WMCN1 - 
WMCN4. These features were reportedly locatedfk&n a "restricted" area (i.e., Radiologically 
Controlled Area) and access at the time of the dud$ was not feasible. Therefore, the features 
were located on a base map and qualitativelykiescribed from outside this restricted area, 
presumably from the south side of Woman Gyek\pOEq1992i) recognized several large slump 
features based on interpretation of air photo&aphs. These features were named WMCN1- 
WMCN6 in accordance with the EG&G 1990c desibation:%\?ese features were much larger 
in dimensions than the earlier identi igdre 3.5-19). The features were not 
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During the OU-2 Phase I1 field inves sits along the Woman Creek hillside 
ed by the DOE (1992i) study could 
slump features identified by the 
spatially correspond with small 
re 3.5-19). The knoll or mound 
have been interpreted as slump 
of slump features WMCNl and 

remnants of high t 

mation from historical 
4, 1969, and 1971; and 

field identification and mapping of deposits during the summers of 1992 and 1993. Three 
general categories of man-made deposits are identified: soil and debris dumps, disturbed 
ground, and artificial fill. The locations of these deposits are shown in Figure 3.5-20. Artificial 
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fill deposits are also shown on Plate 3.5-2. These three categories of man-made deposits are 
discussed in the following text. 

Soil and debris dumps within the OU-2 area consist of irregular shaped mounds or areas of 
discarded soils and construction debris, such as asphalt or concrete. Three mounds of soil and 
minor amounts of construction debris are located southwest of B-1 pond (Figure 3.5-20). A 
dump or surface pour of concrete is located due north of the old practice firing range. Concrete 
was apparently poured over the pediment edge formed by the‘Rocky Flats AUuvium. Some 
disturbance in this area is noticeable as early as 1964. By 1969, the bulk of the concrete appears 
to have been dumped. A large soil dump area is 1ocat;d’within the East Spray Fields, south of 
Central Avenue. The dump area is noticeable on 1964 and later air photos of the area. Soil 
appears to have been dumped and then graded+to produce a low broad mound. 

, Y  

Disturbed ground within OU-2 consists of areaswhere surface soils have been removed, graded, 
or otherwise disturbed during construction or interim +remedial activities. During construction 
of the PA located north of Central Avenue, ekensiye’areas of surface soils were graded. 
Surface soils within the Mound AreTadjace,nt to the PA’ were graded after excavation of the 
Mound Site in 1970. In 1968, thex,suiface,s_oils beneath the 903 Pad were graded prior to 
placement of the asphalt cap over the’aFea. From’?976through 1984, the 903 Lip area, located 
south and east of the 903 Pad, had extenbive sufiace soil removed as part of the interim cleanup 
efforts to remove plutoniumZontaminated so$. After removal, clean topsoil was usually 
backfilled. 
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Artificial-fill within~the”@$J-2 area consists of man-made placement of soils and/or aggregate 
to backfill disposal trerichcs or, to produce earthen structures for various purposes. Thirteen 
trenches (Tl-TlT)~reebackfilled with portions of the soil originally removed from the trenches 
at the time-of excavation. Backfilling usually resulted in a slight mounding of the backfilled soil 
over thelagproximate outline of the trench. Through time, backfill in some areas has settled 
and shifted>resulting now;in !surface depressions along some portions of the trenches. 

Artificial fill consisting ofdaggregate and soil was used in construction of the dams for the B and 

that were excavated along the Woman Creek hillside during construction of the South 
Interceptor Ditch (SID) were placed all along the south flank of the ditch. During construction 
of the PA artificial fill was most likely extensively used to level areas for building purposes. The 
South Walnut Creek topographic drainage was filled with large amounts of soil at fwo locations 
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C series ponds. Dam \\.<& fih ’. is shown in Figure 3.5-20 and Plate 3.5-2. Native geologic materials 
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(Figure 3.5-20). Infilling was accomplished in order to bring these areas up to grade for the 
security fence and road construction. 

Artificial fill was placed beneath and west of the old practice firing range along the Woman 
Creek hillside. Fill was probably used to level the site prior to construction. The lift is several 
feet thick along the fill area west of the practice range and thickens beneath the range itself. 
A linear soil berm was placed along the extreme easternaedge of the practice range as a 
backstop. A small berm of soil was place around the base+hfAa high tension electrical line pole 
located south of the East Spray Fields (Figure 3.5-20,). A small,el>ngate berm of unknown 
origin is located due south of the old gravel quarry. 'me berm appeap on air photos at the 
same time as quarry activities and is probably ass&kted ", / f  with this operation. Several feet of 
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*+- graded artificial fill is located due south of the,fen&e surrounding the 903 Lip area. 
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352 Bedrock Geology 

+<%\ 

Bedrock geologic units investigated in this study consist%of*claystones, siltstones and sandstones 
of the Arapahoe Formation and the"iipper,pzrtion of thhkaramie Formation (Figure 3.5- 1). 
Several bedrock sandstone nomenclatufes-hate been used in previous investigations that cover 
the OU-2 area. These investigations'+have al"so,proposed differing geologic ages for bedrock 
units within the study area. These past nomenAatures and age assignments are discussed here 
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along with the bedrock desi@Yat'ions used h this report. B p., 
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In 1987, the Phase I remebial investistion-of OU-2 (Rockwell International 1987c) defined the 
shallow bedrock tieteathy thk bar>*consisting predominantly of claystone with some 
sandstones, siltstones and occasional lignite deposits. The report states that sandstones are 
generally 1enticulaT"and discqntmuous, so correlations between boreholes were tenuous. 
Sandstone /intefimere,as!he>sfore, not named or labeled, and the number of intervals 
encounteredbeneath the sitei:was not determined. All bedrock units encountered were assigned 
to the Arapahoe Formation. 

In 1991, a shallow, highires"b1ution seismic investigation of the OU-2 area was completed (DOE 
199 le). This investigation defined three anomalous seismic zones which were interpreted as 
representing sandstone intervals within the  shallow bedrock. This report referred to these zones 
as channel zones A, B, and C. Channel zone A is the shallowest zone and channel zone C is 
the deepest. Due to the absence of coarse conglomerate within the OU-2 area (characteristic 
of the base of the Arapahoe Formation), the investigation suggested that the shallow bedrock 
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beneath OU-2 may be wholly Laramie in age. The Arapahoe Formation was considered to be 
eroded or not deposited within the area. 

Later in 1991, the Final Geologic Characterization Report (DOE 1991d) defined at least five 
mappable sandstone intervals within the shallow bedrock beneath RFP. This report designated 
these intervals as Sandstones No. 1 through No. 5. Sandstone No. 1 being the shallowest 
interval and Sandstone No. 5 being the deepest. The sandstones were said to be lenticular in 
geometry and may not be present in all boreholes or areas beneath RFP. The base of the 
Arapahoe formation was tentatively placed at the bottom o f  the' No. 5 Sandstone. This 
designation made the Arapahoe Formation approximately 150 feet thick in the central portion 
of the RFP. Phase I1 (Alluvial and Bedrock) WI/@workplans (DOE 1991a; 1991b) used this 
No.1 through No.5 designation for the sandstonks.6eneath the OU-2 area as well. 

In 1992, a palynologic study of bedrock coreSam@i fcom the W P  site (many from the OU-2 
area) was undertaken (DOE 1993e). The stukly,andyzed spores, pollen, dinoflagellates and 
acritarchs (marine plankton), collected from the bearocPmaterials for age and environments 
of deposition determinations. Accoraing+o..C-Dodge (EG&G 1993b, personal communication), 
this study has tentatively age-datedkhe\geologic units-directly beneath the No. 1 Sandstone as 

% \* 2' 
lower to middle Maastichtien in age (i?e., partdf/$&rarnie -*$&c Formation). Analysis of samples 
collected from the No.1 Sandstone andoverlying claystone units did not yield definitive age 
dates for these units. ,Tw*~ 

I I  

+> v' 
i , %.. 

% < 

8. 

-"-ha 

?, \* ' \. 

----3.- Discussions in this refioduse this current-information about the age of bedrock geologic units. 
The No. 1 Sandstone is still c#=d'*the basal portion of the Arapahoe Formation as 
reported in earlier s t d i e s  sinc%e no current data refutes the age date of the unit. All lower 
bedrock unit3,invifSgated in th%Phase I1 RFI/RI are considered to belong to the upper 
Laramie Formation m accordanceawith the recent palynologic data. 

Subsurface investigationsjhave shown that the No. 1 Sandstone is a distinct bedrock unit 
separate 1n"geologic charactikristics from the underlying Laramie sandstones. These geologic \. 1- f 1 characteristics wdl,be"disched further in the following sections. The former No. 1 Sandstone 
designation is continued in this report. Limited information is avaiiable based on current 
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I subsurface control to evaluate the geometries and lateral continuity of the lower stratigraphic 
Laramie sandstones. The sandstones appear to be discontinuous in nature, thus correlations 
from borehole to borehole are tenuous. In this report, Laramie sandstone/siltstone correlations 
between boreholes are based solely on like stratigraphic positioning relative to elevation 
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although lateral continuity between boreholes is unknown. Due to this uncertainty in lateral 
continuity, the Nos. 2 through 5 designation for Laramie sandstones is discontinued in this 
report. Rather, the units are referred to as Laramie sandstone/siltstone intervals. 

The geologic characteristics of the bedrock units are discussed the following sections. 
' 1 

fl' .'I :' 

352.1 Arapahoe No. 1 Sandstone 
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The Final Geologic Characterization Report (DOE 199dd)/.tates that the Arapahoe Formation 
beneath the RFP site is a fluvial deposit composed of ciainel,  point bar,,and*overbank deposits. 
The report also states that most of the Arapafioe sandstones are predominantly fine- to 
medium-grained and represent deposition in low'tc$noderate flow regime meandering streams. 
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Pettijohn, Potter, and Siever (1973) list magy *>hazac%efistics of fluvial sands and sandstones. 
These characteristics include: 
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The base of the channel is 
erlying geologic units (i.e., erosional 

ay contain conglomeratic lenses or 
e as well as locally derived rip-up clay clasts. 

e from poorly- to moderately-sorted. Grain 
ing a function of stream gradient and source 

ertical fining upward sequence of grain size is 
upward sequences are common. These fining 
aning water flow velocity typical of stream flow 
tion fluctuations. 

consist of cross- and horizontal-bedding, ripple 
poorly-developed bedding. Soft sediment 

at%, / f  
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e Carbonaceous matter and. woody debris may occur throughout due to the 
presence of flora along the stream banks. Fossil faunal content is low to absent. 
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Phase I1 WI/RI data indicate that the Arapahoe No. 1 Sandstone within the area displays most 
of these fluvial characteristics. These characteristics for the No. 1 Sandstone are discussed 
below. 

A channel shaped geometry for the No. 1 Sandstone is indicated by OU-2 subsurface control 
(Figure 3.5-21). The geometry of the main channel is clearly, indicated by subsurface control 
just east of the inner east gate and beneath the Northeast Trenches Area. In that area, the 
channel is about 800 feet wide. North of the East Spray-Fields, Y where there is an absence of 
subsurface control, the channel location and geomety'are extrapolated in Figure 3.5-21. A 

secondary smaller channel is located just west of the 903' Pad, trends'north'dnortheast, and may 
join with the main channel in the vicinity of the'$lound Area. This secondary channel is 
approximately 400 feet wide. Closely spacedjsudurface control beneath the 903 Pad Area 

r .  

-i 

documents the absence of the sandstone bengati  most,cf the 903 Pad Area (Figure 3.5-21). 
,< 3' 2 " ,J 
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In Section 3.5.1.1.1, it was mentioned that a*A'e@i&.gtudy (DOE 1991d) suggests that the 
bedrock step located beneath the Southeast TrencheSm$.e@eate the eastern limit of a north- 
south oriented meander segment,+6f-thew.un*rlying NoJ ' Sandstone. The closely spaced 
subsurface control in this area, kcquiqed-during theyphase I1 field program refutes this 
suggestion and documents the absence"f3he sandstone III this area. Phase I1 subsurface control 
locates the southern sandstone channel bqundary due north of t h e  Southeast Trenches a -2, (Figure 3.5-21). Thereforevdpparent  str,atigraphic control for the location and orientation 
of the bedrock step can-"be4nferfed by the dataobtained during the Phase I1 RFI/RI. 

The basal contact(of ?he No. 1 Sandstone is usually abrupt and non-gradational. Basal 
sandstone units commonly contain claystone clasts, although clasts may also occur a t  higher 
horizons as well?(SS?+lithologic logs for wells 03691,03791 and 21091 in Appendix A4.) Clast 

materi+due to scouring along the channel bottom. 

Texturally, the No. 1 Sandstone is poorly to well sorted. Grain roundness ranges from sub- 
angular to rounded. Sand s1ze is predominantly very fine- to fine-grained, but medium to coarse 
grain size occurs in cleaner (less fines) sandstone intervals. Stacked fining upward sequences 
in grain size are common. (See lithologic logs for wells 02991, 03391, 03791, 12691, and 20991 
in Appendix A4.) A single fining upward sequence typically consists of a lower bed of sandstone 
or silty sandstone with sand grain size ranging from medium- to very fine-grained overlain by 
a bed of clayey sandstone or sandy claystone containing predominantly very fine-grained sand. 
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lithology is $" s i m i l a l a y s t g n e  units directly underlying the channel and appear to be rip-up 
.J 4 

Za"".. 
I {  
ii' 

"% \ /< /( 

( c \  

%% j" 

(4'20-1OM-oo41-SIO) (SECllON3-0) (12/14/93 349pm) . 3-3 1 



Internal sedimentary structures consist of inclined to sub-horizontal bedding, as well as massive 
or poorly-developed bedding. Bedding is usually evident due to the presence of thin clay 
laminations. Soft sediment deformation features, such as slip planes, load casts, and dewatering 
structures are abundant. Carbonaceous matter and coalified woody fragments occur scattered 
throughout the unit. 

These above mentioned characteristics of the Arapahoe N0.41 Sandstone indicate a fluvial 
environment of deposition as defined by Pettijohn, Potter, and Siqver (1973). OU-2 Phase I1 
investigations, therefore, support the previous interpretations ofidepositional environment set 
forth ‘by DOE (1991d). Other notable lithologic anh”’kedimentologica1 characteristics of the 
No. 1 Sandstone are mentioned below. / ,I 

d 
Lithologically, the No. 1 Sandstone consists predomiqantly of an interbedded sequence of 
sandstone (less than 20 percent fines), silty tokclayey’san&tone, and sandy claystone (commonly 

*e - Y  occurring as a fining upward sequence as mentiyned reviously). Less frequently occurring 
lithologies consist of clayey to sandy siltstone and hty* cl6ystone. 

/. -+ \i ld> 
\%% Compositionally, sand grains con s[ pxedomqantly o6;part.z. Feldspars, mafia, and micas 

occur in trace amounts. Quartz grairk~~omrnonly * %  .’ have pitted or frosted surfaces. Iron staining 
of quartz grain surfaces is also commok* SanGstone color is typically pale olive to light gray. 
Oxidized sections are ye otange. Th.e sandstone is weakly cemented to non-cemented. 
Where cementation isjpr, arflaceous mgerals are the agent. Iron oxides may assist in 
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cementation of 
boreholes. 

sections commonly flow into open 

“*a, ‘k 
Tectonic f r ac tu remcommbn.  Fragcture surfaces are typically coated by iron oxides and may 

n”” \\. *% 
be h e a l e d 4 a d u e f w c o a t q g .  Off<et of lithic units across fracture planes is small (less than f t. . 
1 cm) to‘noh-observable. d d ‘t 2 

encountered in boreholes varies from about 2 feet (well 
sections of sandstone generally occur toward the 

sections occur toward the center of the channel (Figure 3.5-21). 

The Arapahoe No. 1 Sandstone is the stratigraphically highest sandstone encountered within the 
OU-2 area. It is stratigraphically located from 0 to 20 feet below the overlying Rocky Flats 
Alluvium or colluvium (Figure 3.5-22). The sandstone directly underlies (Le., subcrops) 
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beneath the Rocky Flats Alluvium along the  medial paleoscour mentioned in Section 3.5.1. 
(Figure 3.5-22). Downcutting along the paleoscour prior to Rocky Flats deposition has 
apparently removed the overlying claystone/siltstone layer in this area. This subcrop area 
beneath the Rocky Flats Alluvium is apparently an important feature in allowing vertical 
groundwater flow to the No. 1 Sandstone from the overlying alluvial units and will be discussed 
further in Section 3.6. Where the sandstone does not directly underlie the Rocky Flats 
Alluvium, a claystone/siltstone layer overlies it. The claystone/siltstone layer overlying the No. 
1 Sandstone is located along the adjoining paleoridges (F(;urf 3.-5;22). 

The No. 1 Sandstone is truncated by erosion to the no;th, south, and east by the South Walnut 
and Woman Creek drainages (Figure 3.5-22). 'Qe' No. 1 Sandstone in OU-2 does not extend 
from t h e  mesa across the eastern OU-2/RFP boundary (Le., Indiana Street). The Sandstone 
along the hillside is typically covered by colluvium but,outcrops do occur at several locations 
along man-made ditches (Plate 3.5-2). The$resenceof- subsurface groundwater seepage along 
areas of the hillsides helps define the location of  the sandstone subcrops beneath colluvial cover. 
Discharge of groundwater along the base of these areagwd*be discussed further in Section 3.6. 
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Within the OU-2 area, complete &ati&aphic sec?ions*of the Arapahoe No. 1 Sandstone are 
$ . x. encountered in the boreholes and monitormgw$liSfed in Table 3.5-7. (See Appendix A4 for 

lithologic logs.) 
h, "b 

The depositional e ormation has been defined by Weimer and Land 
deposited along the western edge of the Western 

the Laramie Formation is a fresh-to-brackish-water, 
a palynological study of the Laramie and Arapahoe 

a brackish-water, lagoonal depositional setting for most of 

presented above are interrelated in that fluvial deltas in coastal 
or in proximity to lagoonal/barrier-island settings. Coleman 

and Prior (1982), McCubbin (1982), and Elliott (1986) discuss lithofacies and sedimentary 
features associated with these environments. Characteristics of a lower delta plain, which Lies 
within the zone of river-marine interaction and which can serve as a possible environmental 
model for the Laramie Formation, are summarized as follows: 
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e A large percentage of the lower delta plain consists of interdistributary bays, 
overbank and crevasse splays, marshes and swamps. Distributary channels 
become more numerous as they bifurcate, showing an anastomosing type of plan 
view pattern. Seaward gradients of the channels and delta are low. 

‘1% 

e Overbank sediments are deposited during flood6 when channel levees are 
P 

breached and crevasse splays are formed. The crevasse splay is a lenticular unit 
that primarily consists of alternating silts, dandcand clays. The silts and sands 
may display small-scale ripple lamination?” Some, low-angle scour planes are 
apparent. Individual beds of a crevasse>$ay become‘thiptefi and finer-grained 
away from the channel margins. ,=.’ 4 

The interdistributary bays normally cps is t  of highly burrowed silts and silty 
clays, whereas marshes and,swampsrdiiplay a sequence of highly burrowed 
organic clays. Iron carbonate >+siderite nodules are common and plant debris 
is often abundant along with a bracGsh- or*frphwater fauna. 
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4 Distributary channels are:often4hm units.of limited lateral extent, reflecting the 
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small scale of the channels..-A&lsion commonly occurs on delta plains and leads 
to channel abandonment which,produces a fining-upward trend in the channel-fill 
sequence. R i d e p o s i t s  cons\st qf fine-to-medium grained sands and silts, with 
some c$ays./ Internal sedim>n$ary structures include cross- and horizontal- 

\% \ f l  2 

\ ‘ 5 .  

/ b‘“r, 1 

&.- beddijlg a i d  flatitto-rippled-laminations. 
p# .;f c-=-n-w$’ 
’% ‘l\;vl f 
y.. w” 

Data from OU-2 borzholes drilled into the upper Laramie Formation indicate that these 
bedrock units d’ play many of these lower delta plain characteristics. A network of cross- 

reveals predominately th?n upper Laramie sandstone/siltstone units (less than 15 feet) with 
limited’$*atkral and verticai ehent. Available deep borehole control in the OU-2 area limits 
detailed mappmgkof the &per Laramie sandstone units to define the orientation and geometry 
of individual channels, as was possible with the Arapahoe No. 1 Sandstone. However, where 
closely spaced boreholeJdata exist, various sandstone and siltstone units are shown to pinchout 
over a distance of several hundred feet or less (Le., Figure 3.5-26, between boreholes B315289 
and 21393). Lithologic logging of the upper Laramie units in the OU-2 area, including 
sandstone units, has shown the units to be comprised of or contain substantial amounts of fine- 
grained sediments. Both the fine-grained nature of the sediments and the spacial distribution 
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sections, constru5fro$lithologic //,Is-- \- a logs in the OU-2 area (Figures 3.5-23 through 3.5-27), 
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of the sandstone/siltstone intervals within the upper Laramie Formation indicate a low-energy 
depositional environment such as a delta plain. 

The most common upper Laramie lithologies encountered in boreholes within the OU-2 area 
are claystones and silty claystones. Sandy or clayey siltstones and silty or clayey sandstones are 

. A  '. 
the next most abundant lithologies after claystones. Alternatmg sequences of sandstone and 
siltstone units are quite common. (See lithologic logs for 1687, B315289, 21293, and 22193 in 
Appendix A4.) The lithologic and sedimentological characteristib,of these upper Laramie units 
within OU-2 are detailed below. 
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The claystones and silty claystones are light-to-medium olive-gray, and occasionally dark gray 
to olive-black due to an abundance of carbonaceous material. The claystones generally have 
massive bedding, however horizontal and inclined bedding are sometimes present. They are 
commonly dense, but become quite rubblycin someintekals. Where fractures are observed in 
core, they are commonly within the claystone intervals., The fractures vary in scale and density, 
are found as both healed or open, and often posseshbckensides along the fracture planes. At 
one location (near wells 2087 andf"22393.), substantial fracturing of claystone is observed to 
depths of about 100 feet. Further discussion__pn fractute occurrence is found near the end of 
this section. 
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Highly weathered c1aystoneST'fepellowish"lorange in color due to iron oxide staining and are 
generally found directly.ibeneath4 tht"e surficial hcdiments or the No. 1 Sandstone of the Arapahoe 
Formation, where present. O,&asi%il-ironstone nodules and possible siderite nodules occur 
within the claystone?. 'Possibleibiofeediifg structures have been noted in some silty claystone 
intervals. Thin coal seams are rare and are often less than 0.75 ft thick, however plant debris 
is abundant ipsomTclaystone 

The sarydstphes within th2ypper Laramie Formation are primarily light gray and olive-gray, very 
fine-to~fin&gained, moderately sorted, subangular to subrounded, silty, clayey, and quartzitic. 
Few medium pained, well sorted sandstones are present. Sandstones containing low 
percentages of the sdt"and clay fractions, known as "clean" sandstones, are uncommon in the 
boreholes within th&OU-2 area. The upper Laramie siltstones are primarily light gray and 
olive-gray, and often contain a large percentage of clay. Both the sandstones and siltstones are 
slightly-to-moderately friable, and primarily are moderate1y:to well-cemented with argillaceous 
or calcareous cement. The sandstones and siltstones often contain thin clay laminae and exhibit 
horizontal to inclined bedding. Small scale cross-laminated beds are less common. Interbeds 
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of sandstones, siltstones and claystones are  common with beds usually less than 1 foot thick. 
Soft sediment deformation features, such as slump structures and convoluted bedding, are also 
present. Occurrences of 
carbonaceous material and iron oxide staining are rare compared to the claystone intervals. 

Bioturbation is abundant, whereas burrows are less common. 

Calcareous cemented siltstone marker beds were identified 9 bkehole logging of cores taken 
in the upper Laramie Formation during the site-wide,r/h$ng program (DOE 1993e). 
Calcareous siltstone and/or sandstone marker beds were al& identified in the cores of the 
upper Laramie Formation from pilot boreholes drilleddh >he 1993 revised bedrock field 
investigation program in OU-2 (Section 2.2). The pilot4ioreholes contam”ed,up to four marker 
beds that varied in thickness from 0.1 to 2.9 feet;;’*These marker beds are shown on the core 
and geophysical log composites, Figures 3.5-28 Shrough 3.5-33, for each of the 1993 pilot 
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Cross-sections RB-REY, RC-RC’, and RV-RV’-(Figur.es 3.5-25 through 3.5-27) incorporate the 
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intervals 
column. Figures 

and generalized core 
intervals for the adjacent 

and 23293) are also shown on 

The lithologic program boreholes and monitoring wells, as well 
are in Appendix A4.1. Geologic and 

shown on the cross-sections is 

Figures 3.5-23 and 3.5-24 are a location map and legend, respectively, for the cross-sections. 
Table 3.5-8 lists the 1993 pilot boreholes and all of the LHSU monitoring wells drilled to date 
in the OU-2 area, and provides associated data. 
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Stratigraphically, the units of the upper Laramie Formation are either positioned directly 
beneath the overlying Rocky Flats Alluvium or colluvium (Figure 3.5-25), or beneath the 
Arapahoe No. 1 Sandstone where present (Figures 3.5-26 and 3.5-27). In most areas of OU-2, 
the uppermost Laramie unit is a claystone. However, at several known locations the Arapahoe 
No. 1 Sandstone channel is believed to have incised into upper Laramie ‘sandstone/siltstone 
units. Figure 3.5-27 shows one such location at monitoring well 12391. Where this condition 
has been encountered in boreholes (e.g., 12391), the contact,between the Arapahoe No. 1 
Sandstone and underlying Laramie sandstone/siltstone units, ha’sbeen identified primarily on 
color, grain size, competency, apparent moisture content$ apparent. permeability, lamination and 
content of carbonaceous material. In addition, several u r Laramii’sanbstone/siltstone units 
are believed to subcrop beneath the colluvium a!o;g’the north hillside of the Woman Creek 
drainage, as shown in Figures 3.5-25 and 3.5-26r ”’’ 
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roximately 15 ft  thick or less, except 
sults in a thick sandstone sequence 

eetborehole 21293 in Figures 3.5-25 
dstones and siltstones are laterally 

latively thick intervals of claystones. The 
A contaminated 

stigation at the WC-3 location drilled during 
sandstone, however, was encountered in the 
g the sandstone in 00391 does not extend 

orehole, 21493, an unexpected upper Laramie 
thick was encountered immediately below the 

40 ft deep). Based on data from surrounding wells, a 

d in Figure 3.5-26. 

one intervals are assumed to have an approximate dip of 
3.5-27), consistent with the regional bedrock dip in the 

distributary channel deposits and likely represent the 
red Laramie bedrock. Results of permeability tests 
various upper Laramie units cored during the 1993 

RBWP field investigation are presented in Table 3.5-9. Discussion of these permeability tests 
and various aquifer tests performed on upper Laramie units is found in Section 3.6 of this 
report. 

(4040-1030-00(1.510) (SECnON3-0) (12/14/93 4:Zpm) 3-37 



Fracture-enhanced permeability of the claystones is theorized to be a possible mechanism for 
contaminant migration, particularly in the Mound Area of OU-2. Various boreholes previously 
drilled in the Mound Area have shown a higher occurrence of fractures relative to boreholes 
drilled in others portions of OU-2. The objective of pilot borehole 21593, drilled as part of the 
1993 revised bedrock field program, was to evaluate the mechanism for downward migration of 
UHSU contaminants into the upper Laramie units screened ,by well 2087 in the Mound Area 

.i 'j 

,t ,.' (Figures 3.5-25 and 3.5-27). > (  

j' 
j- ,FS\i\"+% \\\\>, 

The lithology of the screened interval in 2087 consists of clayst2nes and, silty claystones, with a 
few, thin clayey and sandy siltstone beds. Fractures were noted irbcgrekfrom the screened 
interval in 2087 and are shown on the lithologic log (Appendix A4). The%&eholes (21593 and 
22393) at location WC-5, drilled to evaluate the'contamination in 2087, contained significantly 
more fractures than the other five investigation locations of the 1993 revised bedrock field 
program. Fractures, described in core samples from21>93 (lithologic log in Appendix A4), were 
most numerous in the following intervals: 48%57 ft567 to 77 ft; 81 to 99 ft; 130 to 142 ft; and 
157 to 171 ft. The caliper log for 21593 (Figure 3~?-32)hows the effects of a highly fractured 
interval located just below the isolation casing and extending to a depth of about 59 feet, with 
a hole diameter greater than 10 inches between 57 fe"et-and 59 feet (off-scale on log as shown). 
Fractures were detected on the acoustii: televlewer log (not shown) in the same intervals 
described above from core to a depth oP.99 feet. Below 99 feet, fewer fractures were detected 

fractures may be healed. ,$The apparent healing of some fractures below 99 feet is consistent 
with well developmentkobsewations at WC.5 in a-series monitoring well 22393. Insufficient 
water was produce&fr&n~2&93~to meet development criteria in over 4 weeks of development 
(Section 3.6.3). This indica&, that fracture enhancement of permeability in the claystone 
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on the acoustic televiewer/wT&\compared PL 0, to core description which suggests some of the 
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" a \  surrounding the-ed interval of,22393 is not significant. 
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Within tge 6U-2  area, ths boreholes and monitoring wells listed in Table 3.5-10 were reviewed 
and/of-usd+ 'r the charac'te$ization of the upper Laramie units. (Appendix A4 for lithologic 
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3.6 HYDROGEOLOGY 

3.6.1 Regional Hydrogeology 

The Denver groundwater basin underlies a 6,700 square mile area extending from the Front 
Range on the west to near Limon, Colorado on the east and’frorn Greeley on the north to 
Colorado Springs on the south. The center of the basiq,is-south of Bennett, Colorado in 
western Arapahoe and Elbert Counties. Alluvial aquifers’20, to 100 feet thick commonly occur 
in the valleys of large streams in the basin. The four majo; bedrock aquifers occurring in the 
basin from deepest to shallowest are the Laramie-Fox H i s  Aquifer, th”e Arapahoe Aquifer, the 
Denver Aquifer, and the Dawson Aquifer. The g e r r e  Shale underlie; these units and is 
considered the base of the bedrock system duemyits great thickness (up to 8,000 feet) and its 
low permeability (Robson et al 1981a and 1981,B). 

Alluvial groundwater in OU-2 is discussed in Sectioix3.6.2. Descriptions of the two Denver 
Basin bedrock aquifers that exist beneath RFP, the Earamie-Fox Hills Aquifer and the 
Arapahoe Aquifer follow. The Denver and-Dawson Aquifers do not occur in the immediate 
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The Laramie-Fox HillsAq is composed ofdhe upper sandstone and siltstone units of the 
Fox Hills Formationtaqd the lower sandstone units of the Laramie Formation (Figure 3.5-1). 
The thickness of t h i  a$,Cifwkanges from near zero at the aquifer boundary (the approximate 
boundary of the DenveihBasid) to 200 to 300 feet near the center of the basin (Robson et a1 
1981b). Althoua-aP-is located near the western boundary of the aquifer, the base of the 
aquifer dips steeply to the east beneath the site and the aquifer may have substantial thickness 
in the ada./The upper Laramie, which separates the shallow water-bearing units of concern for 
OU-2 (Se&on 3.6.2) from the Laramie-Fox Hills Aquifer, consists of several hundred feet of 
claystones, sdtstones, an8 some clayey or silty sandstones with occasional coal layers (DOE 
1992b). The upper Laramie Formation is discussed in more detail in Section 3.5.2.2. 

In outcrop and shallow subcrop areas, recharge occurs as infiltration of incident precipitation 
and as infiltration of groundwater from shallow alluvial aquifers, respectively. Outcrops of the 
Laramie and Fox Hills Formations in clay pits west of RFP are believed to be recharge areas 
for the aquifer (Rockwell International 1987~). Toward the interior of the basin, downward 
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leakage may also occur through the  upper Laramie Formation from the overlying Arapahoe 
aquifer (Robson et a1 1981b). Recharge to the Laramie-Fox Hills Aquifer from vertical leakage 
through the upper Laramie in the vicinity of RFP is expected to be minimal due to the 
substantial thickness of claystones and siltstones (up to 400 feet or more) of the upper Laramie 
beneath RFP. 

> 1. h ' - I  
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On a regional scale, groundwater in the Laramie-Fox Hills Aquifer flows from outcrop recharge 
areas toward discharge areas in the center of the basin. iIn,addition, groundwater discharges 
to pumping wells in the basin (Robson et a1 1981b). In'the vicinity ofiRFP, groundwater flow 
is generally from west to east. 
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Arapahoe Aquifer d" ,.."* "7 /A$. / b The Arapahoe Aquifer is defined as the saturated portion of the Arapahoe Formation by 
Robson and others (1981a). In the central part ofathe benver groundwater basin, the Arapahoe 
Formation consists of a 400 to 700 foot thick sequence ofdnterbedded claystones, siltstones, 
sandstones, and conglomerates wit@qstones-znd shale bemg more prominent in the northern 
third of the basin (Robson et a1 1981a). :I$divid,ual sandstone beds are commonly lenticular and 

ss (Robson et a1 1981a). Beneath the plant, 
apahoe Formation is present, and the majority 

e," within the claystones (Rockwell International 
_en, beneath RFP at OU-2 is not significant from 

ncated by drainages on RFP and does not extend 
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by the same mechanisms described for the Laramie- 
rop areas, recharge occurs from infiltration of incident 
dwater from shallow alluvial aquifers, respectively. At 
ed from infiltration of groundwater from overlying 
gional scale, the primary recharge mechanism for the 
e from the overlying Denver Aquifer (Robson et a1 
se the Denver Formation and Aquifer do not occur 

in the vicinity of FWP. 

Groundwater flow in the Arapahoe Aquifer is from recharge areas at the edges of the basin 
toward discharge areas along incised stream valleys. Groundwater also discharges from 
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pumping wells (Robson et a1 1981a). Groundwater flow in the vicinity of RFP is generally from 
west to east, but may be locally influenced by sandstone channel geometry and ground surface 
topography. 

3.62 OU-2 Hydrogeology 
i ,' 

This section presents the hydrogeology of the OU-2 area based,on information collected as part 
of the Phase I, Phase 11, and other investigations. ThoseA.hves?gations focused on the shallow 
saturated units within OU-2, including the saturated t$ic$olidated Surficial deposits and the 
shallow (up to 200 feet deep) saturated bedrock uni&of the Ara&hoe%and upper Laramie 
Formations (Figure 3.5-1). These are considered the hydrogeologic urhsof  concern for the 
Phase I1 RFI/RI because of the potential fori'contamination of these units from RFP site- 

f .  2 . related activities. Deeper bedrock hydrogeologcunit%<beneath RFP, including the Laramie-Fox 
Hills water supply aquifer, are not addressed h%re_t&a&e the potential for contamination of 

%%. f l  
these units from RFP site-related activities appears to<be minimal given their substantial depth 
below RFP and the substantial thickness of intervckng hystones and siltstones (DOE 1992b) 
(Figure 3.5-1). The results of deta&d*soil.,and groundwater sampling in OU-2 support the 
conclusion that site-related contarnihati6jiUimited to the,unconsolidated surficial materials and 

"\ % p.*J uppermost bedrock units (Section 4.0): '% i' ,/ 
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U-2 are strongly influenced by local geologic 
with South Walnut and Woman Creeks. 

ee by the shape of the top of bedrock surface, and 
Groundwater recharge occurs primarily as a result 

11, and surface water within the OU-2 area. The majority 
urface seeps within the boundaries of OU-2 because the 

are completely truncated on the north, east, and south by 

U-2 is comprised of two distinct water-bearing zones; the UHSU 
re defined in Section 3.6.2.1. Physical parameter data used for the 

evaluation of the hydra& properties of the UHSU and LHSU were obtained from historical 
and Phase I1 (alluvial and bedrock) aquifer test results and geotechnical test results. 
Descriptions of alluvial and bedrock materials, including grain size distributions, were obtained 
from boring logs. Groundwater level data were collected from historical, Phase 11, and other 
monitoring wells within the OU-2 area as part of the Rocky Flats Groundwater Monitoring 
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Program. These data were obtained from RFEDS and are listed in Appendix B3 (Table B3-1.) 
Groundwater level data were used to create groundwater hydrographs (Appendix B4), and 
UHSU saturated thickness and potentiometric maps (Figures 3.6-2 through 3.6-4, and 3.6-8 
through 3.6-13) for use in the evaluation of groundwater conditions. Potentiometric and 
saturated thickness maps were prepared using all available data4rom the first three quarters 
of 1992 because data from those quarters represent the most complete data sets available. The 
specific monthly.data used for each quarter are listed in 4pRendix B3 (Table B3-2). These 
maps are limited in areal extent to the portion of OU-2 west,$the East Spray Fields because 
water level data east of the East Spray Fields are sparsefand groundwatef in that area does not 
appear to have been contaminated (Section 4.4). The '&ahation of h.wial*and bedrock seeps 
within the OU-2 area was based on field m2p;hg and observati&( review of aerial 
photographs, and interpretations of sandstone eleyations. 
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3.62.1 Definition of HvdrostratigraDhic Units" \J' ,/ 
*&% 

Figure 3.6-1 is a schematic diagram of the UHSU and>LHSU units and the conceptual boundary 
between the UHSU and LHSU. ,+l%PWHS,V within OU-2 consists of saturated portions of 
unconsolidated surficial deposits (l?oclj~Flats,~uvium;-;.high terrace deposits, colluvium, and 

\ \  n""h.;, -4 
disturbed ground), the Arapahoe No!il Sandstone that is in hydraulic communication with 

Formations. In addition, Laramie,sandstone\s, kwhere they subcrop in isolated areas beneath the 
/p& *< 3 ? .  No. 1 sandstone or hillside colluvium, were co,nsidered part of the UHSU. The majority of 

groundwater flow in , thekJHSdof bU2"occurs in saturated Rocky Flats Alluvium and in the 
Arapahoe No. 1 Sakdstone. Thesfocus of tNe UHSU hydrogeologic evaluation was on these two 
units which appear to be-&Lhydrtulic communication throughout much of the area. The UHSU 
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saturated surficial materials, and weathere4 I- v 4: claystones of the Arapahoe and/or Laramie 
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ie Formation clayey-silty sandstones, claystones, and 
raulic communication with the UHSU. The LHSU is 

Groundwater flow system in the UHSU at OU-2 is complex because of areal variation in 
groundwater flow directions, interactions between geologic units, and variation in degree of 
saturation and saturated thickness. Groundwater in the UHSU exists under unconfined 
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conditions except where portions of the No. 1 Sandstone are overlain by claystone, resulting in 
confined and unconfined conditions within the sandstone. Groundwater flow is influenced by 
the presence of lows and scours (Section 3.5.1.1) in the top of the bedrock surface beneath the 
Rocky Flats Alluvium and by the degree of direct contact between the alluvium and underlying 
No. 1 Sandstone (Figure 3.5-22). Cross-gullies, which are incised into the top of bedrock 
beneath colluvium (Figure 3.5-5) also influence colluvial groundwater , I  flow and saturated 
thickness along the OU-2 hillsides. The geometry and distribution of the No. 1 Sandstone 
strongly influences groundwater flow in that geologic 

Saturated groundwater conditions within the collu aeposits, and other 
unconsolidated deposits, which mantle the hillsides djf'OU-2, appear to o&r in to those areas 

/ /*> immediately downslope of alluvial and No. 1 Sandstone seeps. Those saturated areas appear 
to be are limited in areal extent and are refatidely Shk due to the limited thickness of the 
surficial deposits on the hillsides (Figures 3:$-2 th~dgh~3.6-4) .  

The hydrogeology of the Rocky Flats Alluvium compon>nt*o$ the UHSU, including associated 
seeps, is described in Section 3.6.2.2??The,hydrogeology~of the No. 1 Sandstone is discussed 
in Section 3.6.2.2.2. Subcropping &rarfiie*sandstones"aFe discussed briefly in Section 3.6.2.2.3 
and in more detail in Section 3.6.3. Thh$irogeology opthe hillside deposits (colluvium, terrace 
deposits, and disturbed ground) is discuded m,Section 3.6.2.2.4. The UHSU system interactions 
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are discussed in Section 3.6Y2T53, ", 
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r 3.62.2.1 Rocky Flats.ri4lluvium%Groundwater flow within the Rocky Flats Alluvium is strongly 
influenced by the t& oPbqcJrock' d the geometry and lithology of alluvial geologic 
units discussed in Section~3.5.ld. Saturated alluvial conditions within the Rocky Flats Alluvium 

Formation,i.bedi=ater$s. The largest of the scours, the medial paleoscour (Section 
3.5.l.l.l)~contains and transmits most of the alluvial groundwater in OU-2. This paleoscour 
appear$,tohiginate in thekibinity of the 903 Pad and trends predominantly from southwest to 
northeast ('Eigures%3.5-Sfand 3.5-6 and Plate 3.5-1). Paleoridges, capped by claystone, to the 
north and s o u t h f q h e  medial paleoscour and a claystone high west of the paleoscour apparently 
bound the lateral extent of saturated alluvium across much of OU-2 west of the East Spray 
Fields. It is believed that alluvial groundwater inflow to OU-2 from the west is restricted by the 
claystone high just west of the 903 Pad. Well 1087 (located west of the 903 Pad) and well 37691 
(southwest of the 903 Pad) are generally either dry or the saturated thickness in the 
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unconsolidated materials at these wells is small (less than 2 feet). Thus, it appears that inflow 
of water in the alluvium from the west, if it occurs at all, is not substantial. 

The north and south paleoridges restrict groundwater outflow from the alluvium to the north 
and south, particularly during the drier seasons when groundwater levels are at their lowest. 
As described in Section 3.5, the medial paleoscour is belieyea to truncate along the South 
Walnut Creek hillside. Alluvial groundwater flowing within thedour discharges along the head 
of a well-developed surface drainage gully on the hillside,,prybablyas a result of this truncation 
of the  paleoscour along the hillside. This discharge is i&dicated,*by &seepage observed along 
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the head of the surface drainage gully (Plate 3.6-1). \? ’‘\;;> 
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Based on available water level and top of bedrock dha ,  it appears that the bedrock step feature 
,k g’ 

does not substantially influence alluvial groundwater flow. This is apparently because the south 1 .[ 2 
paleoridge separates the saturated alluvium,@ t h ~ ~ ~ m ~ d i a l  paleoscour from the bedrock step. 
East of the bedrock step, the lateral extent of saturated%alluvium increases due to the presence 
of the eastern bedrock low feature and discontinuation, of\th_e south paleoridge. 

-\ 
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/-““-.\ \\,,*’ . .  -------- The areal extent and thickness of the S3turated alluvium within the medial paleoscour varies 
-4 show the areal extent and thickness 

d third quarters of 1992, respectively. 
uarter conditions with a relief perspective. 

the low groundwater level conditions for the 
eriod, the areal extent of saturated alluvium was 
the medial scour, and the maximum saturated 

ter conditions (May 1992) represent the high 
es 3.6-3 and 3.6-6). The areal extent of the 
nded by the adjacent paleoridges over much 
he estimated width of the saturated zone 

flow conditions. The maximum saturated 
as estimated to be greater than 17 feet. 
termediate flow condition (Figure 3.6-4) 
lluvium at an intermediate level between 

First quarter conditions 

those measured in first and second quarter. 

As shown on Figures 3.6-2 through 3.6-4, an area of saturated alluvium occurs in the vicinity of 
well 2687 (south of the Southeast Trenches Area) during second and third quarter 1992 that was 
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not observed during first quarter. Saturated thickness in the  alluvium at well 2687 in first and 
second quarter 1992 was about 7 feet and 3.5 feet, respectively. A review of the hydrograph for 
well 2687 (Appendix B4) indicated that, prior to second quarter 1992, the alluvium at this well 
location has been essentially dry since January of 1989. A comparison of the location of well 
2687 relative to the crest of the south paleoridge (see the boundary of the underground 
groundwater collection basin on Figures 3.6-2 through 3.6>4) indicates that the saturated 
alluvium in the vicinity of well 2687 is south of the south paleoridge crest. Based on the 
groundwater elevations in the saturated alluvium within !he, medial paleoscour relative to the 
elevation of the south paleoridge crest elevation, it appgars that‘the ‘saturated alluvium in the 
vicinity of w e i  2687 is separate from the saturated a l l u h m  within th2mekal  paleoscour. This 
is supported by contamination data for the alluvium {hat indicate that VOCs were not detected 
in well 2687 in second or third quarter 1992:j If‘the saturated alluvium at well 2687 was 

f /  originating from the medial paleoscour, it.. yould be,,expected to exhibit elevated VOC 
concentrations, as occurred in the alluvium in%th4eqehaipaleoscour. The lateral extent of this 
saturated alluvium area is unknown. Howeve>it-is believed to be limited based on the  limited 

\% indication of subsurface seepage at the alluvium/bedrock coFtact south of well 2687. 
-%, 59”\ 

Recharge. Groundwater recharge t the?Rocky,Flats Alluvium within the OU-2 area occurs due 
J i h k  to local direct infiltration of precipitahon,’and by seepage from surface water features such as 

ditches. The rate of recharge to the alluvium is generally highest during the spring when 
precipitation is high and evapotranspiration$ low. The effects of increased temperature and 
evapotranspiration in sumper months tend‘to@ minimize the recharge rate during summer. 

months due to the low precipitation that occurs 
inflow of alluvial water to OU-2 from the west 
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is believed to be rninirki’l, 

the OU-2 UHSU groundwater system is indicated 
hat occur in response to springtime precipitation 
ise rapidly in the spring due to recharge and then 
en the seasonal cycle begins again, as shown in 
87, 4286, B218789) presented in Appendix B4. 
were as great as 14 feet (well 1787) during the 

period March 1992 to May 1992, a period during which 3.5 inches of precipitation was recorded 
at RFP. The period of rapid water level rise is followed in some wells (1587, 1787, B218789) 
by a period in which water levels fall rapidly, presumably due to discharge from the alluvial 
system to seeps and to the No. 1 Sandstone. This period is generally followed by a period of 
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slower water level decline (beginning in early summer), during which discharge from alluvium 
occurs at a lower rate. 

Water level fluctuations tend to be greater in wells located in the medial paleoscour than in 
wells located near the paleoridges. This phenomenon is believed to be related to collection of 
recharging groundwater within the scour, which acts as an underground groundwater collection 
basin in much the same way that a surface watershed acts aya cohection mechanism for surface 
flow. The approximate boundary of the collection basin,,show?in .Figures 3.6-2 through 3.6-4, 
is defined to the north and south by the crest of the claystone'6a~p~dtpaleoridges and to the 
west by the presence of a claystone high (Figure 3.5.3?' The area of%thi%+lection basin, in 
general, is larger than the area of saturated alluviumwithin it. Thus, mos?'of the precipitation 
infiltrating over the collection basin area either,fmoves directly downward to the saturated 
alluvium area or moves downward through u6dura ted  alluvium until it reaches the bedrock 
surface and then flows along that surface 3ntil"ihrgaches the saturated alluvium area (Figure 
3.6-7). As a result, water levels in wells completed within the central portion of the scour may 
rise substantially in response to recharge, while wells completed nearer the margins of the scour 
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evation in response to recharge events 
edrock step (wells 1787, B218789, 4286) than 
091,05191). This phenomenon is believed to 
bedrock surface relief is greater west of the 
nd 3.5-7 and Plate 3.5-1). Therefore, the effect 

ronounced west of the step. Second, the alluvial 
pear to contain more clay than alluvial materials 
e, the specific yield of subsurface materials west 
in a greater increase in water level for a given 

of recharge collection 
materials in the pale 

he step is based on comparison of lithologic data 
f the step. The soil types (Section 3.5) in the 

from fine-grained materials (silty clay, sandy 
clay) to gravelly sands and gravels. Lithologic descriptions of saturated alluvium encountered 
in borings for wells 06691,06891, 06991, and 1787, located west of the bedrock step, range from 
clays with silt (92 percent clay) to clayey gravels (24 percent clay). Lithologic descriptions of 
saturated alluvial materials observed in borings drilled east of the step (wells 05691,05091, and 

(4040.103Mx)41-510) (SECllON3.0) (12/14/93 425pm) 3-46 



I 

05191) range from gravelly sands with clay to well graded gravels (less than 10 percent clay), 
indicating a lower percentage of clay. 

Groundwater Flow Conditions. As noted above, alluvial groundwater levels are generally at 
their lowest level during the first quarter of the year. Figu:e 3.6-8 shows the alluvial 
groundwater levels for first quarter (March) of 1992. The flow,dir,+tion of alluvial groundwater 
in March 1992 was generally to the northeast following the medial paleoscour, with a hydraulic 
gradient of about 0.018 feet/foot. A small branch of southw%r<flbytoward Woman Creek also 
occurred just east of the 903 Pad, possibly through a smafgap mt,\he-south paleoridge. 

Figure 3.6-9 shows the water level conditions in je;<nd quarter (May) 1992, which represents 
the high water table condition for that year. d f f l o w  direction in May 1992 was similar to / 
March 1992, with the exception of the saturated.area just east of the 903 Pad. Under the high 
water level conditions in May 1992, the alluvUgher’ieve1 in this area rose sufficiently to 

‘k B 
overtop a large portion of the south paleoridgerpdting in substantial southward flow over a 
wide area toward Woman Creek. The hydraulic gradient mn*&he alluvium along the paleoscour 
during May 1992 was approximatelyb~022-.feet/foot. -- “- 
Third quarter (July) 1992 alluvial groundwater .elevations are shown in Figure 3.6-10. Third 

a, WJ Q 
quarter water level conditions are intermediate of those observed in March and May. 
Groundwater flow direction alongGhe scodr is s@nilar to May flow. Groundwater flow toward 
the south in the vicinityka9d eastioqthe 903 Pa$% greater than in March 1992, but less than in 
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As discussed previousl~in,this~section, an area of saturated alluvium in the vicinity of well 2687 
occurred during*G%id*and third quarter 1992. This area of saturated alluvium is apparently 
separate frjom,the saturated$alluvium in the medial paleoscour, and is located on the south flank 
of the southdpaleoridge. I! inferred from the southeastward sloping top of bedrock surface 
at this%location that the groundwater flow direction in the saturated alluvium in this area is 
toward the’soutbor southyest. This is supported by the presence of deciduous trees rooted 
near the alluvial/bed?ockxontact south of well 2687 that may be indicative of a limited degree 
of subsurface seepagekfrom the alluvium (Plate 3.6-1). 
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As described in Section 3.5.1.1.3, the  Rocky Flats Alluvium has been segregated into a number 
of lithofacies based on variations in soil types related to depositional environments. Based on 

1 
I the water level maps discussed above, the distribution of lithofacies within the alluvium does not 
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appear to substantially influence groundwater levels and flow directions on a macro scale. In 
general, the hydraulic head distribution within the alluvium indicates the  aquifer behaves as 
relatively homogenous system on a large scale. Thus, the  details of the alluvial lithofacies are 
relatively unimportant when assessing the overall hydrogeology of the OU-2 system. 

Hvdraulic ProDerties and Estimated Flow Velocities. EstimatesAof hydraulic conductivity for 
the Rocky Flats Alluvium at the OU-2 site are based on aquifer testing activities (drawdown- 
recovery tests) on 1986 wells during the initial CEARP Pliasp,2'siteb characterization, slug tests 
performed on 1986 and 1987 wells during the 1987 PhaseJ"RFI/RI &d,from aquifer pumping 
tests conducted in 1992 as part of the Phase 11 RFI/RI:'. Results of thed98'6.and 1987 tests are 
summarized in Table 3.6-1. The results of the 1992,tests are summarized m Table 3.6-2. 

Hydraulic conductivity values estimated for t i e  ,Rocky+Flats Alluvium from the 1986 and 1987 
investigations ranged from 5 x cm/s toc4 x''lO;~Cm/s (Rockwell International 1987~). The 
geometric mean for the 1986 and 1987 investigation results is 4 x 10' cm/s. 

Aquifer pumping tests were conduc63"dur.ing April-June'l992 at OU-2 as part of the Phase 11 
RFI/FU. The testing approach andd,pfo$edur.es were-svecified in the Final Phase I1 RFI/FU - \ .  J' f i i . 5  Aquifer Test Work Plan (Alluvial), ?-ethnical Memorandum 3 (TM3), for Operable Unit 2 
(DOE 1992g). Aquifer pumping tests w%ere conducted at three sites at OU-2, two of which 
tested saturated alluvium,~Si~?2~and 3). Detail: of the field procedures, analysis methods and 
procedures, and the results oft? aquifer testsdare presented in the Phase I1 RFI/RI Aquifer 
Test Report (DOE lg92i). g 

Estimated values of hydraulic conductivity for the Rocky Flats Alluvium from the pumping test 
conducted at the"Si~2.u~r~(~ells 05691, 11491,20291, and 20491) range from 8 x lo' 
cm/s to 4 x.;lOj%m/s. Estirhated values of hydraulic conductivity from the pump test at  the Site 

geometi;i,c hecn  of the estimhted values from the  1992 tests is 8 x 10' cm/s. 

In addition to the aq6ifer pumping tests and slug tests, samples of Rocky Flats Alluvium 
material collected frkmtboreholes drilled during the Phase I1 RFI/RI Alluvial programs were 
submitted for geotechnical laboratory permeability testing. Vertical fixed wall falling head 
permeability tests for four borehole samples of Rocky Flats Alluvium yielded vertical hydraulic 
conductivity values ranging from 1.2 x cm/sec to 1.3 x lo-' cm/sec (Table 3.5-2). The lower 
values of hydraulic conductivity obtained during the laboratory tests may be reflective of the fact 
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that the  vertical permeability of the  samples is often affected by layering within the samples. 
Also, the vertical permeability samples are only representative of conditions in the immediate 
vicinity of the sample location. Due to the highly heterogeneous nature of alluvial materials, 
average hydraulic conductivity for the alluvium may differ substantially from the local sample 
conditions. As such, the laboratory estimated hydraulic conductivity values are considered less 
reliable than the field test results as indicators of large-scale lat~eral~hydraulic conductivity within 

A' \ 

the alluvium. > ' ,$ 

.7 

\, 
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Potential average groundwater flow velocity (average,&near ;elocity)..was estimated for the 
Rocky Flats Alluvium based on the estimated mean hy&ihic conduc'tivity,"estimated hydraulic 
gradient, and assumed effective porosity. Using the geometric mean value for estimated 
hydraulic conductivity from the 1986, 1987, andA992 aquifer tests (6 x lo4 cm/s); the estimated 
average hydraulic gradient for the alluviumyfrom thed992 water level measurements (about 
0.020 feet/foot); and an assumed effectiv&,poro& of 10 percent; the estimated potential 
average linear groundwater flow velocity is athut, 120$feet/year. 

To investigate the water productioh-Capabilities of the neai surface aquifer materials within 

performed. The simulations were'\performed usmg the USGS MODFLOW numerical 
groundwater flow program (McDonald and Harbaugh 1988). The analysis approach, procedures, 
and results are presentedm 0 0 - 2  Domestic Water Supply Simulations (EG&G 19920. The 
results of this analysis for the Rocky Flats Alluxifim indicated that the simulated alluvial aquifer 
went dry after one to'two houFs of?Tmpingtat a rate of 1.5 gpm. These results indicate that 
the Rocky Flats Alluyiu"m$s4nofcae of producing water at a rate sufficient to support the 
water needs (240 gallons,per day) of a four-member household. 
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the Rocky Flats Alluvium is completely truncated to the 
north, eastt'and south within the OU-2 area (see Plate 3.6-l), all alluvial groundwater is 
discha<gedtosurface and subsurface seeps along the slopes of the drainages, with the exception 
of alluvial groundwater'' v.$ich migrates vertically into the underlying No. 1 Sandstone. 
Groundwater seepage' from the Rocky Flats Alluvium occurs where saturated alluvium is 
truncated along the hillsides at the contact between Rocky Flats Alluvium and bedrock. At 
these locations, discharged seep water infiltrates the colluvium and high terrace alluvium 
downslope from the seepage face. The resultant increase in soil moisture in these downslope 
geologic materials allows characteristic vegetation to develop that is distinct from the 
surrounding tall and short prairie grasses common to RFP. This seep-related vegetation 
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typically consists of cattails, baltic rushes, woody bushes and other phreatophytes. At one 
location, south of well 2687, deciduous trees may also be indicative of subsurface seepage. The 
locations of these alluvial seeps and associated downslope vegetated areas were mapped by 
visual field observations during the summers of 1992 and 1993. High terrace alluvium and 
bedrock seep locations were also mapped. Field methods used,in this mapping are described 
in Section 2.1.4. Observed seeps and associated vegetated arek,,are shown in Plate 3.6-1. On 
this plate, the upslope edge of the vegetated areas is the approxirhate location and extent of the 
seepage face. The geologic units from which seep water+dischaige$ are also shown. 

During high groundwater flow periods, usually the sprsg season, ti>"majd;ig of the vegetated 
areas associated with alluvial seeps exhibit moistkor,$et surface soils. &me of the vegetated 
areas may also contain areas of standing and/o*i flowing surface water. As groundwater flow 
decreases, usually beginning in early summer, the majority of the vegetated areas dry out and 
remain dry throughout much of the year. k., \%,f [ 

Two alluvial seep areas have been identified with&'thF OU-2 area as being large relative to 
other OU-2 seeps. One of these ar,e%s"occurs along and sur.rounding the head area of a surface 
drainage gully located south-southwestYof-IRond B-S"fP{ate 3.6-1). As discussed earlier, the 
majority of the alluvial groundwater withimOU-24s contained and transmitted along the medial 
paleoscour (a top of bedrock feature). This Gdrock feature is believed to be truncated along 
the South Walnut Creek drainage* at the headtarea of the above mentioned surface drainage 
gully. Alluvial groundwater flowing within the&paleoscour discharges at seeps along the head 
of this gully. This aJlhvid seep~wa%F"Xupplies surface water flow to the drainage gully. This 
surface water in tu&xflowkdoynslope within the gully and discharges to South Walnut Creek 
approximately 300 feh\west&f Pond B-5. In April and May 1993, surface water flow 
measurements+were obtainedcwithin- this drainage gully. (See Plate 3.6-1 for measurement 
location.) ,;The average flow* rate mgasured on April 10, 1993 was approximately 1 gallons per 
minute (km). The average'flow rate measured on May 28, 1993 was 0.18 gpm. 

Field obsehations.,have confirmed that groundwater within the paleoscour seeps into the head 
area of the surface drarnage gully during the spring and summer months of the year, but year 
round observational data are not available. Monitoring well 06091 is screened across alluvium 
within the medial paleoscour, and is located near the head area of the surface drainage gully. 
According to water level measurements collected within this monitoring well (Appendix B4), 
alluvium within the paleoscour, at this location, stays saturated yeat round. This observation 
suggests that perennial seep discharge to the surface drainage gully may occur. 
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The second relatively large OU-2 alluvial seep area is located southeast of the 903 Pad (Plate 
3.6-1). Groundwater flow within this seep area is heavily influenced by seasonal variations in 
alluvial groundwater elevations. During high groundwater flow periods, groundwater within the 
Rocky Flats Alluvium overtops a large portion of the south paleoridge, and flows southward and 
discharges from the base of the alluvium seep line where thegilluvium is truncated by the 
Woman Creek drainage. As alluvial groundwater elevations dec'rease, usually beginning in early 
summer, groundwater elevations drop below the crest of ,the south paleoridge, limiting 
southward flow of alluvial groundwater toward the seepl&e.,\ksia result, the vegetated areas 
associated with the seep area dry out and remain drpfoymu2E of-tkeqear. An exception to 
this scenario occurs in the extreme eastern portion of &<seep area. kthat;location, perennial 
seep flow may occur. This apparently sustained flow has been attributed to groundwater 
discharge from a subcropping portion of the  Nc!~.~~l Sandstone in this area and not to alluvial 

,f a 

groundwater discharge (Plate 3.6-1). No. 1 Sihdbtone%s$epage in this area will be discussed in 
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Two large areas associated with past alluvial groundwater seepage and surface water runoff are 
located due south of the East Spray,FZlds-@?late 3.6-1). Presently, the majority of surface soils 

replaced by thistle and other dry soil weeds; ,Frcjm the early 1980s to early 1990, the East Spray 
fields were used to distribute treated :anitad sewer effluent for evaporation (DOE 1992). 
According to Koffer (1989j%$ificant amkphfof effluent sprayed on the field infiltrated the 
alluvium and recharged.; the underlying 4' alluv&l&oundwater system. Surface water runoff also 
occurred in areas where a c a ~ h e ~ ~ ~ a ~ l o p t e d  approximately 18 to 24 inches beneath the 
surface, inhibited tie in'fdtr$iqn of effluen;. During winter months, frozen near-surface soils 
also inhibited effluent ihfiltration and lead to some surface water runoff. Alluvial monitoring 
wells 4186 a?d-2787*'e+lO&te>&hin =%\ f the East Spray Field Area (Plate 1.3-2). Hydrographs 
for these $ells (AppendAB4) show that during spray field operations, saturated alluvial 
thicknessewranged from tapproximately 3 to 24 feet beneath the area. After spray field 
operations were ceased in.early 1990, the alluvial groundwater level beneath the fields dropped 
substantiall$\As"a, resulf, $lluvial groundwater seepage in the area south of the East Spray 
Fields has apparently'"ceas*ed. 

Other Rocky Flats Alluvium seeps occur along the hillsides of the South Walnut Creek and 
Woman Creek drainages in portions of OU-2 east of the surface drainage gully and East Spray 
Fields (Plate 3.6-1). The seep areas in the eastern portions of OU-2 are considered less 
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important from the  standpoint of the Phase I1 RFI/RI because they occur in areas where 
groundwater has not been affected by site-related contamination. 

3 .6222  As discussed in Section 3.5, the  Arapahoe No. 1 
Sandstone is the uppermost sandstone unit within OU-2. The No. 1 Sandstone is a fluvial 
sandstone channel which incised into the surrounding claystone bedrock deposits. The saturated 
No. 1 Sandstone is bounded in areal and vertical extent by the surrounding bedrock deposits, 
which are mostly claystone, or by the South Walnut Creek,drainiigq, which has eroded away the 
northern edge of the sandstone channel. Figures 3.6-11, i6-,12, dnd 3.6,13 show the areal extent 

area, subsurface control for the No. 1 Sandstone isr@ited or non-existent.’ 

Arapahoe No. 1 Sandstone. 
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of saturated No. 1 Sandstone in the portion of OU-2 west%f f f  the East 1% SpTayFields. East of that 
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vium in some locations and 
3.5-22). The majority of 

ditions, but it does occur in 
s directly beneath the alluvium, 

the sandstone is separated from 
ed conditions (Figure 3.6-1). 

overlain by claystone but is near 
d receives recharge from the alluvium at that 

ccur seasonally during high flow periods when 
s the flow conditions and recharge decrease, 

, resulting in unconfined conditions. 

some limited ar 

an area where it s 
location. In additi 
recharge from the 
water levels in the 

Recharee. Recharg in OU-2 probably occurs as a result of infiltration 
of precipitation and-surfaci3waterdhrough overlying unsaturated deposits, vertical flow from 
overlying sat6’rated~lluvium andkflow to the area from upgradient portions of the sandstone 

F / ,  a 
west of OU-2. The No. 1:Sandstone is the uppermost water bearing zone in areas of OU-2 

, g  Y *  
outside/the%aturated alluvium zone. 

The No. 1 Sa>dstoae& believed to receive recharge due to downward vertical flow from 
overlying saturated Wuyium in areas where the alluvium and sandstone are in direct contact, 
or where they are separated by only a few feet of weathered and/or fractured claystone 
(Figure 3.5-22). Downward vertical flow between the alluvium and No. 1 Sandstone is indicated 
by downward vertical gradients between the units, as discussed in Section 3.6.2.2.6. Evidence 
for recharge in the contact zone along the medial paleoscour northeast of the 903 Pad is 
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indicated by a potentiometric high within the sandstone in that area and contaminant data that 
indicate migration of contamination from the alluvium to the sandstone (Section 4.4). In 
addition, evaluation of groundwater geochemical data for wells screened in the Rocky Flats 
Alluvium and wells screened in the No. 1 Sandstone indicates that the two units have similar 
groundwater geochemistry (Le., both are calcium-bicarbonate type waters and have low total 
dissolved solids) (Figure 4.4-1). This supports the conclusion tkat,the No. 1 Sandstone receives 
recharge from the overlying alluvium. Discussion of UHSU ’goundwater geochemistry within 
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OU-2 is presented in Section 4.4. dH “t.\ 
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Water level data indicate that recharge to the No, 1 Sandstone w a h k  OU-2 also occurs as 
inflow from the west where the No. 1 Sandstone>rosses the westeraboundary of OU-2 
(Figures 3.6-11 through 3.6-13). This groundwa:er flow is the only apparent source of 

$7 / 
groundwater recharge into the UHSU of OU2,that @qat directly related to infiltration from 
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precipitation falling on OU-2. &, “%‘J i 
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>\\ “k, a, “-, In areas where the No. 1 Sandstone is in hydraulic communication with saturated alluvium, the 
response to recharge in terms of increased-groundwater elevation in wells is similar to that of 

\ \  P%%* s4 [sandstone wells] in Appendix B5). The, ri’se of the groundwater level is rapid and occurs during 
spring recharge periods. In areas where thehnits are in less hydraulic communication, the 
response of water levels iseless and there is< alonger delay between the initial recharge event 
and the response of the sandstonetwater leveb(refer to the hydrograph €or well cluster 5391 

.B L.- 
[alluvial well] and 1239 l)[sandgtone well]-in-Appendix B5). 

Groundwater Flow Condition( Groundwater flow direction within the No. 1 Sandstone is 
controlled by t h e m m 7 e t v  ofbthe san_dstone unit and its interaction with the overlying alluvium 
and SouthJWalnut andAWoman Creek drainages. Potentiometric maps for the first three 
quarter$ffl992 for No. f\Sandstone (Figures 3.6-1 1 through 3.6-13) indicate that the primary 
directi6n-d’flow within the I I .  sandstone is to the north-northeast, with some flow to the southeast. 
The hydraulqgradient in’ the No. 1 Sandstone varies from approximately 0.028 feet/foot to as 
much as 0.1 feetffqot. 

As noted above, in the contact area between the Rocky Flats Alluvium and the No. 1 Sandstone 
along the medial paleoscour east of the 903 Pad (Figure 3.5-22), the potentiometric surface of 
the No. 1 Sandstone appears to be mounded, apparently causing flow in the sandstone to 
diverge, with most flow moving to the north and northeast and some flow moving to the 
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the alluvium (refer to the hydrograph for*well,cluster -\ 1.3291 [alluvial well] and 6591 and 13191 
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southeast. Flow is primarily to the northeast or north in the area beneath and to the north of 
the medial paleoscour. Groundwater flowing north and northeast discharges to subsurface 
sandstone seeps where the sandstone subcrops beneath colluvium along the southern slope of 
the South Walnut Creek drainage. To the south of the medial scour, the  No. 1 Sandstone is 
laterally bounded along much of its length by claystone, which limits southeastward flow toward 
Woman Creek. The exception to this is in the area south of theNortheast Trenches, where the 
sandstone channel is truncated by the Woman Creek drainage. In this area, groundwater in the 
sandstone flows southward from the groundwater potentiomekic high and is discharged at 
subsurface seeps on the northern slope of the Woman.Creek dram2ge. ~ 

The bedrock step feature identified in Section 3.5,l. 1,does not appear to Afluence groundwater 
flow within the No. 1 Sandstone, as shown onF$yres 3.6-11 through 3.6-13. The No. 1 
Sandstone does not extend southward to theflocationo3f the bedrock step (Figures 3.5-5 and 
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LHSU is discussed in Section 3.6.2.3.“\“$ 1 2  ,,f--.+fJ 

Groundwater flow downward from the No. 1 Sandstone t a t h e  underlying LHSU is believed to 
be minimal due to the low perrneab&@of-the% LHSU unitkwThis is supported by the results of 
field investigations conducted in laq3 for-the TM8 (DOE 1993a). The hydrogeology of the 
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Hvdraulic ProDerties andbEstimat d Flow‘Velocities. Estimates of hydraulic conductivity for 
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the No. 1 Sandstone at,therOU-2 site are aquifer testing activities conducted in 1987 
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%-- %*% and 1992. The results’f$o& thy1987 tests arysummarized in Table 3.6-3. The results from the 
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1992 tests are surnma$ed*$’Table 3.6-4. 
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8%. \%. Hydraulic conduEfiGity”.values*estlmated for the No. 1 Sandstone from the 1987 investigations 
ranged from I 3,x d cm”/s,to$? x lOicm/s (Rockwell International 1987~). The geometric mean 
of the 1987&estigation >eshts is 1 x 10” cm/s. 

An aquifer pumping test2was‘conducted in the No. 1 Sandstone during April-June 1992 at  OU-2 
as part of the Phase PI RFI/RI. The testing approach and procedures were specified in the 
Final Phase I1 RFI/RTdAquifer Test Work Plan (Alluvial), Technical Memorandum 3 (TM3), 
for Operable Unit 2 (DOE 19928). An aquifer pumping test entirely within the No. 1 Sandstone 
was conducted at one site at OU-2 (Site 1). Details of the field procedures, analysis methods 
and procedures, and the results of the aquifer test are presented in the Phase I1 RFI/RI 
Aquifer Test Report (DOE 1992h). 

cy +&+-- A\ “;.I, p 

I f  

j’ , 

.”.,< \\ j j  
%, *.% 

-3 \\ &’ ++d 

y. 1 

3-54 



Calculated values of hydraulic conductivity for t h e  No. 1 sandstone from pumping test 
measurements conducted at the Site 1 well cluster (wells 3687, 20991, and 21091, and 20891) 
range from 3.7 x lo4 to 6.2 x lo4 cm/sec (Table 3.6-4). The geometric mean of the 1992 
investigation results is 4.8 x lo4 cm/s. 

In addition to the aquifer pumping tests and slug tests, samples ,of No. 1 Sandstone collected 
from boreholes drilled during the Phase I1 RFI/RI AUuv~al+ program were submitted for 
geotechnical laboratory permeability testing. Vertical fix# wfll f a w g  head permeability tests 
for ten borehole samples of the No. 1 sandstone yielde6 verticabhydraulic conductivity values 
ranging from 3.1 x to 1.1 x lo4 cm/sec (Table p 256). As fohhkfflluvial samples, the 
laboratory estimated hydraulic conductivity value:ifo? the No. 1 Sandsto2e'are considered less 
reliable than the field test results as indicators ofdarge-scale lateral hydraulic conductivity within 
the sandstone. 
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Potential groundwater flow velocities (averag>%near%$ocities) were estimated for the No. 1 
Sandstone based on the estimated mean hydraulic'*conddctivity, estimated hydraulic gradient 
range, and assumed effective poro&'tjr>Bascd-. on the geometric mean value for estimated 
hydraulic conductivity from the 1987 and-1992 aquifer-tests (7 x lo4 cm/s), the measured 
hydraulic gradient range from the 1992Lwateyleyel measurements (0.028 to 0.1 feet/foot), and 
an assumed effective porosity of 10 percent, the"estimated potential average linear groundwater 
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@ $  --*-I To investigate the water production capabi$ties of the No. 1 Sandstone, transient-pumping 
computer simulation sdenarios/were also run for the sandstone. The analysis approach, 
procedures, and results are presented in OU-2 Domestic Water Supply Simulations (EG&G 
1992f). The resu"lFbf%this analysis for the No. 1 Sandstone indicated that the simulated 
sandstone -a'$ifer was capdble o?"poducing water at a rate sufficient to support the long term 
water neddscof ten four-member households. 
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Because the No.1 Sandstone is entirely truncated to the 
north, east, andiisouthkbyf4the South Walnut and Woman Creek drainages, no direct off-site 

virtually all No. 1 Sandstone groundwater within OU-2 is discharged to seeps along the slopes 
of the drainages. 
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groundwater pathway \ J  within the sandstone exists from OU-2 to off-site locations. Therefore, 
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It is believed that the No.1 Sandstone subcrops beneath colluvium along the South Walnut 
Creek hillside. This is based on projections of elevations of the No. 1 Sandstone encountered 
in monitoring wells and boreholes located on the pediment top close to the hillside. Outcrops 
in some man-made ditches along the hillside also confirm the subcrop position of the sandstone. 
The location of the base of the No. 1 Sandstone projected into the hillside from nearby 
subsurface control is shown in Plate 3.6-1. Seep areas and associhea downslope vegetated areas 
that occur near this projected base are attributed to groundwateibischarge from the sandstone. 
In contrast to the localized alluvial seep discharge from the,med$l~p~leoscour discussed earlier, 
groundwater subsurface seepage associated with the No. 1,Sandstone along the South Walnut 
Creek hillside tends to be spread over a wide area a&l discharges at a'low flow rate. The 
absence of a visible seepline along the entire subcr;op,l'ength of the sandstone may be explained 
by the following reasons. In some places, subsurface seeps may be obscured by thick colluvial 
cover or overlying high terrace alluviums. In,oth& areas<. the close proximity of the base of the 
sandstone and the shoreline of adjacent t&seriesponds makes recognition of groundwater 
subsurface seepage based on vegetation difficukbecause shoreline vegetation and seep-related 
vegetation are very similar. In still other areas, lowhgroundwater discharge rates may allow 
evapotranspiration to remove a largmajority of the soil moisture so that distinct seep-related 
vegetation does not develop. Regardle'ss*of,the reasons for the lack of visual evidence of a 
continuous seep line, based on elevationldata and outcrops that indicate that the sandstone 
subcrops along the drainage, subsurface sFepage from the subcrops is expected even in areas 
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No. 1 Sandstone subsurfgce s e e p a ~ ~ - i ~ ~ l s o - b l i e v e d  to occur along the hillside of the Woman 
Creek drainage wheic &ebsenf&tone su6%ops beneath colluvium covering the slopes (Plate 3.6- 
1). The extreme easte>nkportionhof the alluvial seep located southeast of the 903 Pad may flow 
perennially, as6rn-E?i?i3ied earlier. Since the alluvial seepage is seasonal in this area, the No. 1 
Sandstoneds p-obably responsible f0"r the sustained subsurface seep flow observed in this area. 

3.6423,S;bcro~~ine La&rnie Sandstones. Laramie sandstones are known to subcrop beneath 
colluvium oh the  north slopekof the Woman Creek drainage (Figures 3.5-24 through 3.5-26) and 
may also subcropqbeneath'the No. 1 Sandstone in limited areas of OU-2. At those locations, 
the Laramie sandstones'are in some degree of hydraulic communication with the colluvium or 
No. 1 Sandstone and are, thus, locally part of the UHSU. In all cases, this is expected to be a 
local condition. Away from the subcrops, the sandstones are not believed to be in substantial 
hydraulic communication with UHSU units and are part of the LHSU. 
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In the case of Laramie sandstones that subcrop beneath the colluvium on the hillsides of 
Woman Creek, interaction with the UHSU colluvium is believed to occur only in the immediate 
vicinity of the subcrops. Chemical data for groundwater samples collected from certain wells 
screened in the sandstones at or near subcrop locations indicate that the sandstones are 
contaminated at those locations (Sections 4.4 and 4.5). However, the results of the  revised 
bedrock field investigation indicate that this is a local condition in the vicinity of the subcrops 
related to localized recharge of the sandstones by infiltrathg contaminated colluvial water. 
Thus, in the vicinity of the subcrops, the sandstones are considered to be part of the UHSU. 
Upgradient of the subcrops (i.e., further into the OU:2pediment), the,tandstones are not in 
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In some limited areas beneath the central partJofithe OU-2 pediment (e.g., Wells 03091 and 
03391), the No. 1 Sandstone may directly overye lowjx,laramie sandstones. This is believed 

1 
to be an uncommon condition because in hoh lcca t ions  where bedrock well data exist, the 
No. 1 Sandstone is underlain by claystone. Inqhosfe,limited areas where direct sandstone 
contact does exist, some degree of hydraulic comm>kc+t~onhpveen the sandstones is possible, 
and the lower Laramie sandstones:co%ldld-be,c_onsidered pak' of the UHSU. This condition is 
expected to be localized in the "&,rec!*contact arkas? because the low permeability and 
discontinuous nature of the Lararni&b&dstonAe units beneath the No. 1 Sandstone makes 
substantial and wide-spread hydraulic communication unlikely. This is discussed further in 
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3.622.4 Weathered Clavstone." Weathered-and/or fractured claystones of the Arapahoe and 
Laramie Formatiodsqar$cor$dered to be part of the UHSU where these units subcrop beneath 
saturated alluvium or colluvium. Typically, where wells were screened in alluvium or colluvium, 
the screened intervalPextend4ntoWhe underlying claystones from about 1 to 2 feet or less. 
Some wellywere screeced across Arapahoe claystone units within the No. 1 Sandstone channel 
as well (Lg.ji/Y;ell 01991). -11 3 

3.6225 Collu&nn. C$lluviurn consisting of generally fine-grained materials (clay) with some 
gravel covers thed$Bidei of OU-2. Observed groundwater levels in colluvial wells on the 
northern slope of the Woman Creek drainage indicate that colluvial groundwater generally flows 
downslope toward Woman Creek in small paleogullies developed on top of the underlying 
surface, although some flow may occur outside these small channels. These paleogullies are 
illustrated in Figure 3.5-5. Saturated colluvial areas along the Woman Creek hillside are shown 
in Figures 3.6-2 to 3.6-4. No monitoring wells have been installed in colluvium on the southern 
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hillside of t h e  South Walnut Creek drainage, however colluvial groundwater flow toward South 
Walnut Creek is expected. The primary source of recharge to colluvial groundwater is 
groundwater discharging from alluvial and bedrock seeps located along the higher portions of 
hillsides. Direct recharge to the colluvium from precipitation is expected to be limited based 
on the  steep angle of the hillsides and the fine-grained nature of the colluvial deposits. 

A. 
,l ,." 
2 ,,' 

The hydraulic conductivity of colluvium is expected to be low'be6ause of the high clay content 
of the  material. The estimated horizontal hydraulic conductihy in colluvium from the only 
available aquifer test results (from a slug test conducted,;at well+3586) was 1 x 10" cm/sec 
(Rockwell International 1987~). 

3.622.6 UHSU Svste m Interact ion, Where thyNcy6 Sandstone and Rocky Flats Alluvium are 
in direct contact or are separated by a thin lay?$ of claystone, their water levels are similar, 
indicating a substantial degree of hydraulic dmmunication. Where the alluvium and sandstone 
are separated by a substantial thickness of claystone, they become less hydraulically connected 
and behave as more separate systems with different flay d i p i o n s  and water levels. 
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. k,,8' f+' ---"-Crl__ Saturated Rocky Flats Alluvium 'apd:;theao. 1"Sandstone appear to be in hydraulic 
x :  8" 7 communication in much of OU-2 where the sandstone-and alluvium are in contact or in close 

vertical proximity. On the west side of the 903tPad, where the sandstone subcrops beneath the 
alluvium, observed ground,watZT'elyation$in ?he alluvium and sandstone differed by less than 
1 foot in April and M:y at welli06591 (screerved in sandstone) and well 13291 (screened in 
alluvium), an indication ,that these u5its-are& hydraulic communication. Downward vertical 
gradient between the%sdreeneil h'tervals ofdthese two wells in second quarter 1992 was about 
0.02 feet per foot. In tt3e.subcrLt<.area northeast of the 903 Pad, along the medial paleoscour, 
paired wells 199~1~(~Zrfdstone~and 1.3491 (alluvial) also have very similar water levels and appear 
to be in hydraulic comhunication. Downward vertical gradient between the screened intervals 
of these,,5vo;wells in first quarter 1993 and second quarter 1992 were 0.003 and 0.019 feet per 
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Groundwater &vatkkobservations -,, indicate that the Rocky Flats Alluvium and No. 1 Sandstone 
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are in less hydraulic'cornmunication in areas where they are separated by claystone; for example 
in the Northeast Trenches Area, several hundred feet northeast and downgradient of 1991 and 
13491 along the paleoscour. Water levels in wells 03191 (alluvial) and 12691 (sandstone) differ 
by 8 to 9 feet in March and May 1992 observations. At the well 05391 (alluvial) and well 12391 
(sandstone) well pair, the observed water levels differed by 14 to 15 feet in March and May 
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1992. Several feet of claystone separates the sandstone and alluvium at both of these locations. 
Downward vertical gradient ranges across these two well pairs in first quarter and second 
quarter 1992 were 0.25 to 0.21 feet per foot and 0.42 to 0.45 feet per foot, respectively. The 
higher vertical gradients for these two pairs relative to the gradients reported for the pairs 
above (i.e., pairs 6591/13291 and 1991/13491) are also indicative,o*fa lower degree of hydraulic 
communication. In addition, there appears to be a longer delay in"the water level response of 
Well 12391 to recharge events than occurs in well 05391 (refefsto hydrographs for 05391 and 
12391 in Appendix B4). The response delay may result~because~yeII 05391 receives direct 
recharge from precipitation, while Well 12391 receives;ie$arg&fro&uegadient areas of the 
No. 1 Sandstone. This is further evidence that the sandaone and alluviumhave limited vertical 
hydraulic communication in this area. 

As stated earlier, downward vertical flow ocyffrompthe Rocky Flats Alluvium to the No. 1 
Sandstone in contact areas between the uni& and+FherL'they are  separated by small amounts 

, ?  

' ' 1  "-\" 

\5. 
/I\ " I  

" '., '<,f 
ki p f  

P i d 
r " 8  

i -% 

4' 

- groundwater 
sandstone channel 

direction within the 
to have an eastward 

and the hydraulic heads are 
similar, indicating 

Interaction Alluvium and No. 1 Sandstone occurs where 
and where sandstone subcrops beneath 

and sandstone to the colluvium. In 
sandstones from colluvial water may 

3.6.23 

As discussed in Sec&jnh.5.2.2, the LHSU rock types at OU-2 consist of Laramie Formation 
clayey-silty sandstones, claystones, and siltstones. Groundwater is generally observed to flow 
only into boreholes and wells that are open to sandstones and siltstones due to their relatively 
higher permeability (i.e., relative to LHSU claystones). LHSU claystones have low permeability 
and generally do not produce water to boreholes and wells at substantial rates unless the 
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claystones are highly fractured. Quantitative and qualitative evidence for the low permeability 
of LHSU claystones, and of LHSU units in general, is presented in later parts of this section. 

Based on available water level data for LHSU wells (Appendix B3), groundwater in the 
sandstone and siltstone units of the LHSU generally occurs under confined conditions. In some 
cases (e.g., wells 2287, 4086, and 22093) available water level data indicate that unconfined 
groundwater conditions may also occur in LHSU units, howevei, those data are probably not 
representative of static water levels in the surrounding bedrockformation due to influences 
from routine well purging and sampling activities. Mos;/o$the w e b  aie+ampled on a quarterly 
basis, and recovery of water levels between purging and sampling events is mcomplete for some 
wells due to the low permeability of bedrock surrounding their screened ihtervals. Therefore, 
water levels reported for those wells are lowet t6an static water levels in the surrounding 
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Recharge. Recharge to the LHSU of OU-2 okurs  frbm vertical migration of water from the 
UHSU to the LHSU. Lateral inflow of water into OU-2 within the LHSU also occurs from the 
west. In  general, the rate of recharge+-or-inflg-w to the LHSV from both sources is expected to 
be low due to the low permeability of2he;LHSY unitsYThe highest vertical recharge rates from 
the UHSU are expected to occur w&re*LHSU s%?lstones or siltstones subcrop immediately 
beneath UHSU alluvium or No. 1 Sandstone, or are separated from UHSU alluvium or 
sandstones by a thin layer o f  clsystone. Such:conditions are known to occur within OU-2 (e.g.,in 

%? 9 
the vicinity of wells 3687; 03697:B217489 and1&3193) but are believed to relatively uncommon. 
As shown on the geolo&ross-sectk%ipresented in Section 3.5.2.2 (Figures 3.5-24 through 3.5- 
26), in general, the&HSU is(underlai?F@laystone. Where the UHSU is underlain by thick 
sections of unfracturedbHSU it, claystone, ,. vertical recharge rates are expected to be minimal due 
to the low permeabilitysof &e&ystone. Where the claystone is highly fractured, however, the 
permeabili9 of#the cla"ys{onf m&& enhanced, potentially resulting in higher recharge rates 
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A n  evaluation ofdhe g:och&mistry of groundwater in the UHSU and LHSU supports the 
observation thit  \recharge5 rate from the UHSU to LHSU is low. Figure 4.4-1 presents 
geochemical Stiff &grams for groundwater samples from selected UHSU and LHSU wells. 
Stiff diagrams illustrate similarities and differences in general groundwater geochemistry (Le., 
major anions and cations) and can be useful in evaluating the degree of hydraulic 
communication between hydrogeologic units. As shown in Figure 4.4-1, 17 out of 17 of the 
plotted alluvial (green) and No. 1 Sandstone (purple) wells indicate UHSU groundwater is a 
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calcium-bicarbonate type water. This indicates a high degree of communication between those 
units. On the  other hand, six of ten of the plotted Laramie Formation (red and blue) wells 
(1487, 2287, 3487, 1687, 4086, and 22293) show the LHSU water is sodium/potassium- 
bicarbonate or sodium/potassium-sulfate type water, indicating a limited degree of hydraulic 
communication with the UHSU at those locations. 

Of the four Laramie Formation locations plotted as calcium<bicarbonate waters (1187, 00391, 
22913, and 23193), two (1187 and 00391) are screened inLaramie,Formation sandstones that 
are apparently locally recharged by colluvial water nearwhere the,sands,tpnes subcrop beneath 
saturated colluvium on the hillside of Woman Creek; a>ddi;;ne (23193Pis &eened in a Laramie 
Formation sandstone that is separated from the No. 1 Sandstone by only a thin layer of 
claystone (Section 4.5.1). Thus, most of the geochemical results support the interpretation that 
recharge from the UHSU to Laramie Formadon units is limited except where Laramie 
Formation sandstone/siltstone units subcrop \b immzdiately below the UHSU or are separated 

$' from UHSU units by a thin claystone layer. "+%- d 
t\ h s  

'9\. "0 

Lateral inflow of water within LHSU-units -.Z across thbwestern boundary of OU-2 is also 
expected to be limited due to thelow '$ perrne4bhty r of-the LHSU units and the discontinuous 
nature of LHSU sandstones and siltstones:,- AGagable da<a for several of the boreholes near the 
western boundary of OU-2 indicate a >elati7eFabsence of sandstones and siltstones in some 
areas. Figure 3.5-26 is a w&sTZas,t cross-section that extends on its western end within about 
450 feet from the westey boundary of Ot@ As shown in that figure, only a few thin 
discontinuous sandstoneand $hstofie-units-are present in that area. Data from well 42892, 
which is in the immediatfkJv@iity of"ffedwestern OU-2 boundary, indicates only one thin 
siltstone unit is preseni"aththat$ocation; the remainder of the borehole encountered claystone. 

&---%. %* "t, k; inflow ratethfhose areas is stiU expected to be low due to the relatively low permeability of 
the LH36 slndstones and t *  siltstones. 

Groundwater Flbw Conditions, As previously discussed, although groundwater occurs within 
flow from the UHSU to the LHSU, and within the LHSU, is 

limited due to the distribution and nature of the LHSU rocks. As shown in Figures 3.5-24 
through 3.5-26 and discussed in Section 3.5.2.2, LHSU sandstone and siltstone units, which are 
expected to be the most permeable unfractured LHSU rocks, are laterally discontinuous and are 
often separated vertically and horizontally by relatively thick intervals of claystone. Where 
sandstone and siltstone units occur, they are often interbedded with claystone layers. As shown 
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on the cross-sections and as observed during drilling activities, the lithology of the LHSU units 
can change substantially over a few tens of feet. During drilling of well clusters for the 1993 
revised bedrock field investigations, it was not uncommon for sandstone intervals observed in 
pilot boreholes to have changed to siltstone or claystone intervals in adjacent a-series and b- 
series well boreholes located 10 to 15 feet away. The result is that overall groundwater flow 
rates within the LHSU are low because they are controlled by'tce low permeability claystone 
intervals separating the sandstones and siltstones, rather than by the permeabilities of the 
sandstones and siltstones. 

In addition to their discontinuous nature, LHSU sa3dstone and bilt$ne, units, in general, 
contain substantial amounts of fine-grained materii$(i.e., silt and clay m shdstone units, and 
clay in siltstone units), resulting in relatively lowfperineability for those units as well. Appendix 
A4 contains the lithologic logs for LHSU boreholes drilled in OU-2. In general, those logs, 

/ / /y""t\ 
which are based on field logging in accorgance withkER SOP GT.l, describe most of the 

x-2 "8 
sandstones as silty or clayey sandstones, an;lt^many ofathe siltstones as having substantial clay 

\* B contents. Table 3.5-9 summarizes the results of geotechnical laboratory grain size analyses 
conducted on LHSU core samples collected from pilot boreholes drilled during the 1993 revised 
bedrock field investigation. Those'cq-ecsamples were-sp-ecifically collected to be representative 
of the major different lithologic typ&(i.ki, sandst%Tes;-&tstones, and claystones) encountered 
in the boreholes as described based on7fiela logging. Thirty-five samples were submitted for 
analysis, of which 4 weredescribed in the Qela,as sandstones, 5 as siltstones, 19 as claystones, 
and 6 as interbedded sandsio?ies, 'dtstoneshand claystones. Of those 35 samples, 34 were 
classified by the laboratory asjsilts-or-days (Le., ML or CL). The remaining sample was 
classified as silty sand &., SM)~lTiise-results demonstrate the high content of fine-grained 
material in the LHSUhupits :nd, thus, support the expected low flow rates, even for units 
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The areal' distribution of LHSU geologic and water level data are not sufficient to estimate 
LHSUthorizontal groundwater flow directions in detail, as was done for the UHSU. However, 
based on the topography+of.OU-2 (i.e., a ridge bounded to the north and south by drainages), 
horizontal groundGter flow direction within the LHSU units that are in close vertical proximity 
to the UHSU is expqded to range from north/northeast to south/southeast toward the 
drainages. A comparison of third quarter 1993 water levels for three well pairs investigated 
during the 1993 revised bedrock field investigation (22093/1187,22193/00391, and 22293/1487) 
was performed to evaluate apparent hydraulic gradient direction and magnitude in LHSU units 
that subcrop along the north slope of the Woman Creek drainage. These three wells pairs 
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(Figures 3.5-25 and 3.5-26) were selected to investigate the potential scenario in which 
contaminants migrate in groundwater from the central portion of the pediment to the Woman 
Creek drainage through LHSU migration pathways (Le., scenario 2, Figure 2.2-4). Water levels 
indicate apparent horizontal gradients of 0.007,0.05, and 0.005 feet per foot toward the Woman 
Creek drainage for the 2209311 187, 22193/00391, and 22293/1487 well pairs, respectively. 
Because these gradient measurements are based on data from pay two wells each, it is not 
possible to conclude that these gradients are maximum ?gadients and thus, indicative of 
groundwater flow direction. However, they do indicate ,that**a\component of horizontal 
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groundwater flow is toward the drainages. , n  
i > .* 

Implicit in this evaluation is the assumption that,each f' * well of a given well pair is screened in 

a LHSU unit that is laterally continuous betweenAthese wells. If not, the calculated apparent 
gradients may not be meaningful due to the i$uence,of,downward gradients across the LHSU. 

Downward vertical hydraulic gradients are bebev.ed ts, exist between the UHSU and LHSU, 
consistent with the interpretation that recharge o&u$'fcom the UHSU to LHSU. Such 
downward gradients are expected inp&egional recharge area?such as RFP. However, estimates 
of downward gradient magnitude b&ed %%some avadableOU-2 water level data for UHSU and 

\ a  A 4-k%QP LHSU wells may not be reliable due togro'undwater purging and sampling affects on the LHSU 
water level data. As noted before, quaherly sampling is performed in most LHSU wells and 
water level recovery betwFen sampling events may not be complete due to the low permeability 
of the bedrock surroundhg the screened inteqals of the wells. 

5 3  ,f <>EA.- 

A review of hydrogmpfis,f$' 11 selected"UHSU1LHSU well pairs (00191l 1687, 158713087, 
17871 1887,1987/2087,~187/2267 278712887,328713 187,3387/3487,3586/3486,4 18614086, and 
448714587) indicse7that seven o'fkqhe LHSU wells (1687, 3087, 1887, 2087, 2887, 3487 and 
4087) exhibi$/cyclical wtter level."* fluctuations on a quarterly basis consistent with the 
interpretatipn that measqr&d water levels have not fully recovered between water level 
measurement%periods. Vertical hydraulic gradients measured for clusters including these LHSU 
wells range fFom 025 to 0.9 ftffoot, however these estimates may be higher than actual gradients 
in some cases due,to the incomplete water level recovery. The remaining four LHSU wells 
(2287, 3187, 3486, ah&87) may fully recover between sampling events. Vertical hydraulic 
gradients measured for clusters including these wells range from about 0.7 to 0.9 ft/foot. 
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Hvdraulic Properties 

Observations during well development activities support the interpretation that the permeability 
of the LHSU units is low. During development of wells installed during the 1993 revised 
bedrock field program, flow rates into wells were generally very low, requiring several weeks to 
produce sufficient water to meet development criteria. Two, of the wells (22393 and 23293) 
failed to produce sufficient water to meet development criteria even after 4 to 5 weeks. 

Estimates of hydraulic conductivity of LHSU units based' on a-quifer testing also generally 
support the interpretation that the permeability of LHSU units is low. Estimates of hydraulic 
conductivity for the LHSU units at the OU-2 site&re based on aquifer testing activities (slug 
tests, drawdown-recovery tests, and packer test8)conducted in 1986 and 1987, and slug tests 
conducted as part of the revised bedrock field Svestigation in 1993. Results of the 1986 and 
1987 tests are summarized in Table 3.6-5. The?esults of the 1993 slug tests are  summarized in 
Table 3.6-6. ** 

Hydraulic conductivity values were*-estbnzted for LHSIQandstone, siltstone, and claystone 
during the 1986 and 1987 tests (Ro$cw~ll,InternationalJ987c). Hydraulic conductivity values 

* t - y ?  B 
estimated for LHSU sandstones from 'slygtests, dcgwdown-recovery tests, and packer tests range 

? \{ j 
from 8 x to 1 x lo-' cm/s (Table 3.63): The value estimated for siltstone from a slug test 4 
at well 3487 is 1 x ie%est@ated for claystone from a packer test at well 

\ "* 2087 is 1 x 10' c conductivity values estimated for interbedded 
sandstone/siltstone ugdest (well 1487) and packer test (well 2287) range 

B 
from 2 x to 2 x metric mean for the 1986 and 1987 aquifer test results 
is 4 x cm/s. 
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SU monitoring wells (22093, 22193,22293, and 23193) as 
part of the 1993 revised 6edrock field investigation activities (Table 3.6-6). The  details of the 
analyses of.the slug tests arejpresented in Appendix Bl). The tested lithologic units consisted 
of interbedded"sandstoyesyhiltstones, and claystones. The estimated hydraulic conductivity 

%\*. 'a, 
values from th&l993"sl&g,tests range from 9.7 x to 2.2 x 10' cm/s. The geometric mean of 

1 
the 1993 values is 2 .~40 '  cm/s. 
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In addition to the aquifer tests, samples of LHSU material collected from the pilot boreholes 
during the 1993 revised bedrock field investigation were submitted for geotechnical laboratory 
permeability testing. The tested lithologies (based on field logging per ER SOP GT.l) include 
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sandstone, siltstone, claystone, and interbedded sequences of those units. Permeability values 
were reported for 34 vertical fixed wall falling head permeability tests and 27 horizontal (radial) 
permeability tests (Table 3.5-9). The permeability values from the vertical permeability tests 
range from 8.8 x cm/s. The geometric mean of the vertical permeability tests 
is 4.8 x cm/s. The permeability values from the horizontal (radial) permeability tests range 
from 3.4 x cm/s. The geometric mean of the horizontal permeability tests is 
8.0 x lo-' cm/s. f 

to 1.4 x 

to 5.0 x 

I ,  

In general, the hydraulic conductivity of LHSU claystones is believed to be %. very low (Le., on the 
order of 1 x lo-' to 1 x lo-' cm/s based on 1993 hofizontal (radial) permeability tests and one 
1987 packer test). However, the permeability of claystones can be enhanczd substantially if the 
claystones are fractured and the fractures are open and interconnected. Such a condition 
appears to occur in the vicinity of wells 2087#.and 22393 in the Mound Area. Substantial 
fracturing of claystones is noted in the lithologic. logs,,for both wells, and is indicated by the 
results of borehole geophysical loggingconducted in pilot borehole 21593, adjacent to well 22393 
(Section 3.5.2.2). Fractures were observed in drill core 'from 21593 throughout the borehole 
depth and exhibited iron staining on &e-fracture surfaces to a depth of about 60 feet, indicating 
water movement through the fractures 'to-atvleast+th%t-depth. During drilling of 21593, several 
highly fractured intervals were encountered a6ove aboiit 60 feet, resulting in loss of drilling mud 
circulation. This indicates substantial permeability of the claystones in this interval. Below 
approximately 100 feet in921393,kthe fractuFe"occurrence appeared to decrease, and acoustic 
televiewer log results ,indicate .the fracturehpay be healed. This is consistent with well 
development observatio,ns for,,22393-(gcreened over a depth interval of 108 to 118 feet) that 
indicated that the permea@.i$ of the cl&one at that depth was very low. Despite attempts 
to develop 22393 over aa5 week period, the well failed to produce sufficient water to meet 
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development crifeYi2and c h l d  2otYbe sampled or slug tested. 
F- +-.*, ?i, -\%\* ,,$ f ,/ P 

UHSU/I~HSU , ,  Svstem 1nt;iriction 

As discus3skdj e h i e r ,  inj'general, hydraulic communication between the UHSU and LHSU 
appears to be 1htcd .b)  the low permeability and discontinuous nature of the LHSU materials. 
Where LHSU sandstones and siltstones are in close vertical proximity to the UHSU, there is 
the potential for groundwater to migrate into the LHSU sandstones and siltstones at low rates. 
However, once in the sandstone and siltstone units, lateral or downward migration of the water 
within the LHSU is inhibited by the low permeability of the sandstone and siltstone units and 
by the claystone intervals separating those units. 
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Evidence to support the conclusion that limited hydraulic communication occurs between the 
UHSU and LHSU includes: 

b The discontinuous nature of LHSU sandstone and siltstone units (Figures 3.5-23, 
3.5-26, and 3.5-27). 

e The substantial thickness of claystone that underlies much of the UHSU and 
horizontally and vertically separates LHSU sandstone , *  and siltstone units (Figures 

t ,  \ \ >  

3.5-25, 3.5-26, and 3.5-27). a\\ \ 

4 --\ 9 
x 

b Observation of limited inflow of wa to LHSU borehole? during drilling. 
' I ,  

j J  [F 
.I *' 

e Extended periods of time to devekp LHSU wells due to low inflow rates (up to 
d I" 

4 weeks or more; two 1!?~3"revisedi -\2 bedrock program wells never met 
development criteria even afte;"5 ,weeks). 

i, \ -\,. 
-%?\ -.?, 

e Water level recordf?K?it-indigate many LHSU wells do not recover to static 
-"., ~- 

water levels for weeks o?<,moce,after well?purging and sampling events. '"s '\* / 8"--/r 
*\ X J  r^ 

e Mean hydraulic conductivify for"the LHSU based on aquifer tests (3 x lod cm/s) 

(7 x lO-%cm/s). \ ; \\,< 

-d-W3\ '* u= that is appromately 2 or,ders of magnitude lower than for the UHSU 
\ \  
b 49 
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e Groun\&ateS/ g e o c h e m d  data that indicate the LHSU water type 
P 

substantially different than the UHSU water type 

icate communication between the UHSU and LHSU is 
limitedgin 2ome areas a higher degree of communication may exist. Well 23193, installed in the 
Northeast Trenches Area (hork plan location WC-1) during the 1993 revised beedrock field 
program, is screenqd m an interbedded sequence of Laramie siltstone and claystones in close 
vertical proximity to the UHSU (Figure 3.5-27). Hydraulic communication between this unit 
and the UHSU is indicated by the presence of low concentrations (about 10 pg/L) of TCE in 
samples from this well (Section 4.6), and by geochemical data that indicate the water in this unit 
is similar to the UHSU water. Although the conditions observed at 23193 are somewhat unique 
with respect to conditions observed at other LHSU wells, they do indicate that enhanced 
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communication between the UHSU and LHSU can occur in limited areas, particularly where 
Laramie sandstones and siltstones are in close vertical proximity to the UHSU. 

Where the LHSU sandstone and siltstone units are separated from the UHSU by substantial 
thicknesses of claystone that is not highly fractured, the degree of hydraulic communication 
between the UHSU to LHSU appears to be minimal due to the low permeability of the 
claystone. However, in areas where substantial quantities of open, interconnected fractures exist 
in the claystone (e.g., the Mound Area near wells 2087 and 22393), permeability and hydraulic 
communication between the UHSU and LHSU may be enhanced, \+ 

As discussed in Sections 3.5.2.2 and 3.6.2.2.3, Laramie sandstones and siltdoones subcrop along 
the north hillside of Woman Creek (Figuresc3.5-25 and 3.5-26). Based on the results of 
investigations conducted at three locations (TM8 locations WC-2, WC-3, and WC-4) during the 
revised bedrock field program, the subcropping sandstones and siltstones are believed to be in 
direct hydraulic communication with the UHSU colluvium in the immediate vicinity of the 
subcrop locations. Away from the subcrops, the sandstones and siltstones do not appear to be 
in communication with the UHSU. Imerefore, the in te rh ion  is believed to be limited in area 
and not significant in terms of contamination_mi~ation pathways. This is discussed further in 
Section 6.0. . \  

3.7 SURFACE WATER-HYDROLOGY 

The surface water hydrology description-contained in this section provides an overview of 
drainage patterns in Obk2;;’SoU~W~lnut and Woman Creeks drain the OU-2 site. The 
drainage basins of Southb,Walnut and Woman Creeks are represented on Figure 3.7-1. South 
Walnut and Wom5ZTreeks flow eastward. 

3.7.1 South Walnut Creek‘ 

The headaaters of SoutW’Walnut Creek were filled during construction of plant facilities. As 
a result of this?.flow~”ori&nates from a buried culvert located west of Building 991. The 
discharge from theic‘oErugated metal pipe is augmented by flow from a concrete pipe (SW-59) 
at a point north of the Mound Area. The flow from the concrete pipe originates as seepage 
from the hillside south of Building 991 and flows into a ditch along the slope. The combined 
flow then enters the South Walnut Creek retention pond system. A discussion of the origin of 
SW-59 is presented in Section 4.6.2. 
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Below the retention ponds, South Walnut Creek, Walnut Creek, and an unnamed tributary join 
within the buffer zone before flowing into Great Western Reservoir. Great Western Reservoir 
is located approximately one mile east of this confluence. The South Walnut Creek retention 
pond system consists of five ponds (B-1, B-2, B-3, B-4, and B-5) that retain surface water runoff 
and plant discharges for the purpose of monitoring before downstream release of these waters. 
All flow in the pond system is eventually retained in Pond B-5 where it is monitored for quality 
before discharge in accordance with the Plant's National Pollutant Discharge Elimination System 
(NPDES) permit (discharge point 0006). Ponds B-1 and By2'are+ reserved for spill control, 
surface water runoff, or treated sanitary waste of questionable qua lit)i... Pond B-3 is used as a 
holding pond for sanitary sewage treatment plant effluent. e.,. The norm%l>discharge of Pond B-3 
is to Pond B-4. Pond B-4 and B-5 receive surfaceiater a' runoff from thecentral portion of the 
Plant. The surface water runoff received by Pox$ Br4 is collected by Central Avenue Ditch and 

d i upper reaches of South Walnut Creek. j 42/ ,p.% 

3.7.2 Woman Creek 

Woman Creek is located south of tlie'PIant~yi$_headwatersh largely undisturbed Rocky Flats 
Alluvium. A portion of the storm'knoff.and,groundwater seepage from the southern part of 
the Plant is collected in the South Int&c&torDit&(located north of the creek) and delivered 
downstream to Pond (2-2; the remaindeipdischarges to Woman Creek. Pond C-1 is diverted 
around Pond C-2 where appr?%hately twc$t$fds of the water is diverted from Woman Creek's 
main channel into an unnamed ditch to MowevReservoir. The remaining flow continues into 
the Woman Creek channel downstrZ5'PWater to Pond C-2 is discharged in Woman Creek in 
accordance with t he\Plah t ,I"DES%mit (discharge point 007). 

Flow in WomynCZ2k-and the South Interceptor Ditch is ephemeral. During 1986 and 1987, 
there was no viiible surface,flow in.+Woman Creek downstream on Pond C-2. 
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The natural environment of RFP and vicinity is influenced primarily by its proximity to the 
Front Range of the Southern Rocky Mountains. EWP is located less than 2 miles east of the 
north-south trending Front Range and approximately 16 miles east of the Continental Divide. 
This transition zone between prairie and mountains is referred to as the Colorado Piedmont 
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section of the Great Plains province (Thornbury 1965; Hunt 1967). The Colorado Piedmont is 
an area of dissected topography formed by folding and faulting along the edge of the Front 
Range uplift, subsequent pediment erosion and burial by fluvial processes, and more recent 
incision of drainages and removal of a portion of the alluvial cap. Rocky Flats is the most 
extensive pediment surface in the area. RFP occupies the  eastern edge of the pediment, which 
extends approximately 5 miles northeast from the mouth of Coal Creek Canyon at an elevation 
of approximately 6,000 feet. In eastern portions of Rocky,Flats, the gently sloping pediment 

I.& gives way to low, rolling hills. I ,  

v 
', * %  

\, -\ 

* \ \  
Downcutting of streams flowing eastward across Rocky Flats has ;esu_ltSd in differences in 
microclimate related to slope, aspect, and soil parent material. f i e  most important 
microclimatic factor is soil moisture, which is influenced by angle of insolation, wind desiccation, 
snow accumulation, soil texture, depth to groundwatej,,,and proximity to surface water. 

6 \+.,,; 
E I 3.82 Vegetation 

RFP is located immediately below tKe *elevation at which'plains grasslands grade abruptly into 
lower montane (foothills) forests. h e  present vcgefation-of Rocky Flats is dominated by mixed 
prairie showing some residual influence ofi,previous*&azing (see Marr 1964; Clark et a1 1980). 
Vegetation within OU-2 is typical for RkP.' 

,/' --\, \\ ", 

Flat-topped ridges that,fork%e divides be&e@ drainages (such as Woman Creek and South 
Walnut Creek) are relatively d y ,  prG@ily-because of wind exposure and the generally coarse, 
well-drained substrat$. %Na:ive vegetation on most of the ridgetops has been mapped as xeric 
grassland. Dominant >asses &his vegetation type include blue grama, buffalo grass, red three- 
awn, needIe-and~tGZZd~ spikekdropseed, spike muhly, and mountain muhly. 

HillsidesJsIoping from the ariqgetops toward the drainages are generally more moist, owing to 
protection from the wind, loamier soils, and (in the case of north-facing slopes) lower angles of 
insolation. *Most 'of the hillsides are mapped as mesic grassland, which is typified by blue grama, 

bluegrass, and green neidlegrass. 
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side-oats grama, \\ Rrairier k '+ junegrass, ' western wheatgrass, Canada bluegrass, native Kentucky 
*?\i 

Within either xeric or mesic grasslands, localized areas of greater moisture may support species 
more typically associated with tallgrass prairie, such as big bluestem, little bluestem, switchgrass, 
and yellow Indiangrass. The latter two species are most common in mesic grassland on 
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floodplains, such as along Woman Creek. Fringed sage, Louisiana sage, common sage, wild 
tarragon, broom snakeweed, and a low-growing form of rubber rabbitbrush are locally abundant 
in native grassland communities throughout RFP. Yucca and cacti are abundant on sites with 
shallow, rocky soils. In northern and western portions of RFP, ponderosa pine and associated 
foothills species may occur as scattered individuals or small clumps. This habitat type does not 
occur in OU-2. 

Vegetation types along streams, ditches, and retention, ponds are mostly either tall marsh 
(consisting of either broadleaf or narrowleaf cattails) or6a;iparian 'shrubland/woodland complex. 
Tall (cattail) marshland is prevalent around both theB-s$<es ponds onSouthyWalnut Creek and 
the C-series ponds on Woman Creek and therSouth Interceptor Ditch (SID). Riparian 
shrubland is generally dominated by sandbar wgovfbr leadplant; snowberry and prickly rose are 
locally abundant just outside the riparian zone: Kparian *' *., woodland is mapped where trees such 
as plains cottonwoods and peachleaf willows,protmdk a,bove the shrub canopy. Narrow ribbons 
of riparian trees are well developed in some stream 'segments, such as the stretch of Woman 
Creek adjacent to OU-2. Riparian trees are less numerous, ., along South Walnut Creek. 
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In the northern portion of RFP (i.e.,T$he%R*ock Creek drainage), wild plum, chokecherry, 
'c. A' -%..-< 

hawthorn, and golden currant are common alongdhe valley floor, as well as on rocky sideslopes. 
Skunkbrush sumac and mountain ninebark, tyo shrub species more characteristic of the lower 
foothills, are also commonm thekRock Crheek area. 
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Seeps and springs emerge at seyerar$iiits*along the contact between the Rocky Flats Alluvium 
and underlying bed;ock""st%ta.?$iThese wet areas generally support short marsh communities 
dominated by rushes, sedgesLwetland grasses, and associated forbs. The largest or most 
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persistent seeps*aKd'3pFings support,tall marsh (cattail) communities. 
*\4 d f 9 -  '\ %+, 

p d'---%>*, "., 
Intersperged'within the native communities are areas mapped as disturbed land or reclaimed 
grassland: Disturbed land is dominated by a variety of weedy forbs, as well as cheatgrass, 

pasture grasses ('smooth biome, intermediate wheatgrass, and crested wheatgrass) previously 
planted to reclaim dutu'rbed land, increase forage and reduce soil erosion in degraded range, 
or support hay production. 

6 :; 

Japanese k brome, \ a?d bdttlkbrush squirreltail. Reclaimed grassland consists of introduced 
-+B* "., P ,' 
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3.83 Wildlife 

As in most of the Front Range Urban Corridor, the wildlife of Rocky Flats has been greatly 
influenced by the increase in human activity and disturbance over the past 100 years. Most 
notable have been reductions in the number and diversity of ungulates (hoofed animals) and 
predators. However, the relative isolation and habitat diversity of Rocky Flats have resulted 
in a fairly rich animal community. 

The Rocky Flats EIS (DOE 1980) reported that eight species of smallhmammals were captured 
during a Live-trapping program in 1975. These species were listed astthe'heer mouse, harvest 
mouse, meadow vole, thirteen-lined ground squirrel, northern pocket gopher, hispid pocket 
mouse, sdky pocket mouse, and house mouse. More recent studies have documented the 
occurrence of Mexican woodrats, prairie voles,;westem jumping mice, and meadow jumping 
mice and demonstrated that both the plains harvest mouse and western harvest mouse are 
present. Black-tailed jackrabbits, white-tailed jackrabbits, and desert cottontails also occur. 

The most abundant large mammal istKe'mule%deer, with an#estirnated population of more than 
170. White-tailed deer also occup,ibul".in-very lo$'%umbers. Riparian areas such as along 
Woman Creek and portions of South\Wdlnut 'Creek'provide thermal cover, hiding cover, and 
browse for these species. Carnivores present include coyotes, red foxes, gray foxes, bobcats, 
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Common grassland b ?western meadowlarks, horned larks, vesper sparrows, 
grasshopper sparr nd eastern kingbirds. Tall marsh and riparian 
shrubland commu s, common yellowthroats, red-winged blackbirds, 

gpies, northern orioles, yellow warblers, warbling 
grosbeaks, and lesser and American goldfinches 
other mature riparian trees. Wooded draws in 

ng MacGillivray's warblers, yellow- 
rufous-sided towhees, and lazuli 

ned larks in grasslands, pine siskins 
in wooded areas, and"dark-eyed juncos in brushy habitats. 

Common birds of prey in the area include American kestrels, northern harriers, red-tailed 
hawks, Swainson's hawks, great horned owls, and long-eared owls. Golden eagles, ferruginous 
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hawks, and prairie falcons also occur, as do rough-legged hawks, short-eared owls, and 
occasional bald eagles during the  winter. 

The most abundant reptiles at RFP are the bullsnake, yellow-bellied racer, western terrestrial 
gartersnake, and prairie rattlesnake. Amphibians are describedA in Section 3.8.4. 

Prevalent terrestrial arthropods captured at RFP hav four major classes: Diplopoda 
(millipedes), Crustacea (isopods or pill bugs), h a c  and allies), and Insecta 
(insects). Of these, insects are the most abundant and t aiyerse. Prevalent insect 
taxa include leafhoppers, treehoppers, and spittlebugs “seed’ bugs and leaf bugs 
(Hemiptera); leaf beetles and ladybird beetles (Eoleoptera); grasshoppers and crickets 
(Orthoptera); and ants (Hymenoptera). AU4Aof the most abundant arthropod groups are  
herbivorous, except for ants, which are omnivorod, a9d.ladybird beetles and spiders, which are 
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3.8.4 Aquatic Organisms % 
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Surface waters at RFP support a Gafieiy-of*aquatic macroinvertebrates, including snails and 
several orders of insects and crustaceah; ?$e.benthic macroinvertebrate community of Woman 
Creek is strongly influenced by low anh,nonpersistent flows and the generally fine-textured 
sediment. Benthic macroinvertebrate communities within the creek are generally dominated 
by larvae of true flies (Diptera), , ‘  especially midgpg and craneflies, or mayflies (Ephemeroptera). 

‘ 4‘ 2, 
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-*- -. Other taxa present $udL amphipods and-snails. 
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Pond C-1 differs from*.Wom’& Creek in that aquatic earthworms (Oligochaeta) are the 
dominant macr;oinvert“ebrates”in tlfe,fine substrate; diptera (mostly midge) larvae are the only 
other groyp’ Er&z*dete tab le  numbers within the sediment. Pond C-2 supports a more 
diverse b&$ic macroinv&tebrate community, although oligochaetes and midges are by far the 
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low and intermittent flows along most stretches of Woman 
The two stream sites on Woman Creek above Pond C-1 

support only two fish species, both of which are members of the minnow family: the creek chub, 
found at both stations, and the stoneroller, captured only at the downstream station. The creek 
chub feeds on a variety of small insect prey; the stoneroller is primarily a bottom-feeder, 
consuming insect larvae, small crustaceans, and algae. 
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Fish species present in Woman Creek below Pond C-1 include the fathead minnow and 
largemouth bass, the latter occurring as juvenile fish. The fathead minnow, Like the creek chub, 
is widespread within its range but may inhabit ponds as well as streams with silty bottoms. 
Fathead minnows feed primarily on plankton. Juvenile largemouth bass feed on a variety of 
insects, crustaceans, and fish small enough to be consumed. 

Sampling at Pond C-1 has yielded seven species: the stoneroller, creek chub, fathead minnow, 
golden shiner, white sucker, green sunfish, and largemouth bass. Of these, the golden shiner 
is the most abundant. Golden shiners feed on aquatic insects, small mpllusks, and algae and 
may themselves be an important prey species for larger fish or water birds:. Sunfish and bass 
consume a variety of insects, crustaceans, and small,fishes. Pond C-2 supports a very limited 
ichthyofauna; the only species captured to datexis the fathead minnow, which is present in very 
large numbers owing to the absence of a predatory fish. 

x *", i ' 

The SID also provides some aquatic habitat. *?he SID collects surface and shallow subsurface 
flows from the hillside south of Woman Creek and carries,the water into Pond C-2, which is 
isolated from Woman Creek itsel No-fish-were captured {in the SID. The muddy substrate 
and very low flows afford poor bitat-forJish; physical barriers would probably impede 
colonization from Pond C-2, even if habitat were mor2 suitable. 

The ponds and creeks at RFP-attqact wat&\biids such as mallards, gadwall, green-winged and 
blue-winged teal, pied;t@ed grebes, spotted?sandpipers, killdeer, great blue herons, black- 
crowned night-herons; and dou6le-crestkdd-cormorants. Muskrats and western painted turtles 
are common in some $aty+.bodies at R R I  Additionally, aquatic habitats support use by a 
variety of terrestrial speqies,&rnarily as sources of drinking water or cover, and provide 
breeding h a b i t a t ~ f ~ ~ ~ ~ ~ i a n s : ' " P w ? p h i b i a n s  observed at RFP include the Woodhouse's toad, 
northern leopard frog, northern chorus frog, and tiger salamander. Larvae of the last species, 
cornmo@<l$own as "mudpuppies," are common in some ponds at RFP. Northern chorus frogs 
are wide$p?ead in wetland h7bitats along pond margins and intervening stream reaches. 

3.85 SensitihHabitats'and Endangered Species 

Federally listed endangered species potentially of interest in the Rocky Flats area are  the black- 
footed ferret, peregrine falcon, and bald eagle (AS1 1991). Black-footed ferrets are not known 
to  occur in the vicinity of RFP. Critical habitat for the black-footed ferrets consists primarily 
of colonies of its major food item, the prairie dog. Prairie dogs occur in only small numbers 
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on or near RFP. Bald eagles occur occasionally in the RFP area, primarily as irregular visitors 
during the winter or migration seasons. No roost areas or nest sites exist at RFP; however, a 
pair of bald eagles exhibited courtship and nest-building behavior in an area of cottonwoods 
between RFP and Stanley Reservoir in 1993. Peregrine falcons may occur as migrants, and a 
pair nested approximately 10 kilometers to the northwest in 1991'. It is possible that the hunting 
territory of nesting peregrines could include Rocky Flats, althou'&mitable habitat occurs closer 

t. 

to the nest area. ,/ >i 
i %, 

k +\\ "t, * 
Three "Category 2" species have been reported at RFPf the"feFuginous hawk, long-billed 
curlew, and Preble's meadow jumping mouse. Ft&&ginous hawks have been observed 
throughout the year and appear to be vagrants. /The species may nest near RFP and use the 
site for hunting. Potential nest sites in the vicmify' of EWP include scattered trees and rocky 
ridgetops. The long-billed curlew is a grasslandspecies, although a member of the sandpiper 
family. A long-billed curlew was reported ln the,$uffer Zone of RFP during fall migration in 
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1993. 

'B 7 Preble's meadow jumping mice were+Captur,ed in small numbers along Woman Creek in 1991, 

of the discovery of Preble's jumping mousej& I$P;a< intensive survey for the species was 
undertaken in 1992 (EG&G 1992i) and"r,epeated in 1993. Surveys were conducted during the 
summer, because jumping,miZbecome i n h i v e  by early fall. The 1992 program resulted in live 
captures of ten Preble'$umpmgimice, includmgdwo along Woman Creek below Pond C-1. The 
areas where Preble's&mping mice were-captured were dominated by shrubs, such as sandbar 

,4 l-?--- Cb willow, leadplant, a'r;d $howberry, with relatively lush grasses and forbs. 

Other Catego~y~2~Wiid@e spqciesapotentially present at RFP include the white-faced ibis, 
mountain plo;er, and swgt%fox (ASI' 1991). To date, these species have not been documented 

and one individual was captured in!e~la@ed.grassland~within --u-, the OU-2 study area. As a result 
% 'e. 

%e b 8" 

.s, 
fly I '3, B 

' . /  +--...% 1 ,P 
3' ,I I 

".-$ 

%\., ,B 
-% 

\\<, 

8.4' ~,@-*%< k. \\ 3 
- 1  

!> at RFP. /' lr + .c 
I' ? ! 
'& ", i 

1% %>+ i Four plant species of spe&a$concern reported by AS1 (1991) as potentially present include one 
threatened species,(Ute lady's tresses), one Category 2 species (Colorado butterfly plant), and 
two species of concernh Colorado (forktip three-awn, toothcup). None of these species was 
found at RFP during the AS1 (1991) survey. However, the forktip three-awn was reported along 
Woman Creek in 1973 and was documented in the same area during intensive vegetation 
investigations of OU5 (Woman Creek) in 1991. The toothcup has been reported from a 
temporary pool about 4 miles east of Boulder, and the Ute lady's tresses has been reported near 

p.; Lk. A* ,/ 

Yh r* 
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Clear Creek to the south of RFP and near South Boulder Creek to the north of RFP (AS1 
1991). The Colorado butterfly plant has not been reported near RFP, but wetlands along the 
major creeks represent suitable habitat for both this species and the Ute lady's tresses. Neither 
species was found during surveys of appropriate habitat in 1992 or 1993. 

The discovery of large populations of Ute lady's tresses on City of Boulder Open Space only a 
few miles from RFP led to initiation of a survey for this species in suitable moist habitats in 
1992; the survey was repeated and expanded in 1993. Surveys for Ute lady's tresses are 
performed during late summer, when the plant is most easily detected and identified by its spike 
of small, white flowers. Ute lady's tresses were not observed at RFP\,during the 1992 survey 
(EG&G 1992j) or in 1993. The report concluded that some sites at RFP contained the 
appropriate degree of moisture, based on the presence of commonly associated plant species, 
such as blue vervain, great lobelia, and swamp milkweed. 

Several wetlands identified at RFP come under the protection of state and federal laws. 
Wetlands at RFP were identified in conjunction with the\National Wetlands Inventory (FWS 
1979) and field-checked by U.S. y"eorp,of -4. Engineers'personnel to verlfy their jurisdictional 
status. These wetlands consist o ent;.intgrmi$entlydlooded stream channels and artificial, 
semipermanent ponds. Wetlands along draFages ;*most areas of RFP are dominated by a 
narrow band of cattails, leadplant, or sandba willows with emergent trees and mesophytic or 
hydrophytic grasses and forbT'Trominent arian trees include plains cottonwoods, hybrid 
(lanceleaf) cottonwood$white poplars, and peachleaf willows; Siberian elms and Russian-olives 
are also common. Many of the same woody and herbaceous species occur along margins of 
ponds, particularly thoshwith+ryore stablzdater levels such as Pond C- 1. 

1 , 

I '  

A,, ,-c"h, 

t. 26 L-- 
R <---- 

-?\% *, , 
'\ -*, 

3.8.6 Location-of"0W-2, IHSSs%Relative to Habitat Types 
,J,/T+u=--*x ", \"efr 

/ A  P \k B 
IHSSs wifhirf OU-2 are situated on the ridge between the Woman Creek and South Walnut 
Creek araihages (Figure 3 k l ) .  The Mound area (IHSSs 108, 113, 153, and 154) is located in 
a highly disturbed-area of t$& ridgetop that is routinely mown and provides little or no wildlife 
habitat. The East%Ti'ench& (IHSSs 110 and 111.1 - 111.8) are in an area of xeric grassland 
composed primarily oftnative species. However, parts of the area have been disturbed by 
mowing or other activities. The East Spray Fields (IHSSs 216.2 and 216.3) are within an area 
that probably was xeric grassland in the past but currently is vegetated primarily by weedy non- 
native grasses and forbs. The area adjacent to the 903 Pad (IHSS 155) appears to be xeric 
grassland that is recovering from prior disturbance; the 903 Pad itself is asphalt. 

n ' b  
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IHSSs 109, 183, and 140 are on the south-facing hillside below the 903 Pad. This area would 
probably be mesic grassland under natural conditions but currently is dominated by species that 
reflect prior disturbance and reclamation efforts. The area known as the Americium Zone is 
located east of the 903 Pad. Most of the Americium Zone is either xeric grassland on the 
ridgetop or mesic grassland on the south-facing hillside between, the ridge and Woman Creek. 
However, this large area includes some weedy (disturbed). sites and stands of reclaimed 
grassland, primarily smooth brome. 
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TABLE 3.2-1 
SUMMARY OF POPULATION SECTORS IN 

THE ROCKY FLATS PLANT AREA 

1989 1989 2010 2010 
Sector Population Household No. Population Household No. 

1 0 0 0 0 

17 3 51 15 51 
4 63 3 193 2,2639 (,, 950 
5 8,439 2,508 

2 0 0 0 r ‘  :s 0 

, I  

23,773 ‘*\ 9,957 
k- %. 

10 307,567 109,859 408,821 -*% 171,141 
\. ” *\ - * \  

k.\;., 
\%\ ) Source: DOE 1990d J*> 
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TABLE 3.3-1 
1991 ANNUAL CLIMATIC SUMMARY 

Tern peratu re Dewpoint Precipitation Wind Data Pressure 
("F) ("0 (inches) (mpb) (mbars) 

High LOW Mean Mean Total Mean Maximum Mean 
January 55.9 -5.8 29.8 11.3 0.19 10.7 72.7 809 
February 58.3 14 40.5 13.8 0.04 9.4 60.2 812 
March 64.4 16.9 39.7 -999 0.4 1 11.6 83.7 804 
April 68.4 16.5 42.1 22.3 1.5 ;'' 8.9 53 808 
M Y  79.7 27.7 55 3 1.3 3.77 ' ,/8.7 47.9 8 10 
June 91.6 45 64.4 39.6 2.3 " .  - 716* 40.7 813 

818 
August 86.2 52.2 67.8 48 2.45,J 6.9\ '~,~46.1 8 19 
September 79 7 34.7 59.7 36.7 0.84 7.4 -b%b< 49 8 13 

813 October 82.9 3.5 49.8 23.5 /oi 1 8.1 46.8 
November 66.9 -2.7 36.1 18.3 /' , / i . n  9.2 69.3 81 1 
December 63.0 5.7 36.3 12.9 ,e "'' 0.6 8.7 65.1 811 

Source: EG&G 1992d 

2 * 

t .  2.47;~' ,+ *"7.; 'a 41.2 
I *  '*\ J d Y  90.5 50.9 68.7 45.5 
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TABLE 33-2 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX A 

FROM JANUARY 1,1992 THROUGH DECEMBER'31,1992 
" :J 

, i ;=k... <+\* a \  

AVERAGE 'i\ 

\\ &* ah + ----WIND SPEED CLASSES (KNOI$-~+ *4 

%,B 
DIRECTION 0-3 4-6 7-10 11-16 , 17-21 > 2 l  **-\TOTAL WIND SPEED 

.. 
N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ss w 
sw 
wsw 
W 

WNW 

Nw 
NNW 

TOTAL 

.00114 

.00227 

.00238 

,00284 

.00375 

BO272 

,00125 

.ooo68 

.00045 

. m 7  

.o0409 

.00761 

.00738 

.01079 

.o 1238 

.01033 

.00363 

.00148 

.00057 

.00079 

.00045 

.ooo45 

.oom 

.00102 

.oO068 

4.60 

4.33 

4.52 

4.49 

4.50 

4.48 

4.44 

4.39 

4.13 

2.50 

3.75 

4.41 

3.75 

3.88 

3.75 

3.74 
"%\ >\ " "a b2OJ8 .W&O .00000 .00000 .00000 .00000 .06528 

AVG SPD >34&'b~\v'4.,8&10 ,00000 .00000 .00000 .00000 4.40 
'* t Number of Calm Hours - 0 "%" 

Frequency of Calms - .00000 
Number of Hours of Data - 575 
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TABLE 33-2 (continued) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX B 

FROM JANUARY 1,1992 THROUGH DECEMBER 31,1992 

c+ ‘\, 
/ / ‘h,,& >\>\ 

I’ ,’ 

+------WIND SPEED CLASSES (KNOTS)------A, \ \  AVERAGE 
\* DIRECTION 0-3 4-6 7-10 11-16 17-21a >2h, \*,TOTAL WIND SPEED 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ss w 
SW 

wsw 
W 

.00125 

.00148 

.00227 

.00170 

.00159 

.00148 

.00227 

.00045 

.oO068 

.00079 

.00045 

.ooo11 

.ooo11 

.wn 

.00613 

.oO806 

.00556 

.00522 

.o0908 

.m88 

.00556 

.MI114 

% 3 
4~km772 

.00931 

.01169 

.00817 

.00772 

.01158 

.01374 

.00681 

.00227 

5.82 

5.81 

5.40 

5.48 

5.38 

5.53 

6.37 

5.97 

5.29 

.00000 .00261 4.75 

.moo0 .00170 5.45 

.m .00227 7.19 

.m .00114 7.58 
WNW .m .00261 6.83 
Nw .m .00216 5.63 

N N W  $ .m .00488 5.30 
/ d  

\% 
‘-,.0?703y .Of383 ) 43.01328 .00102 .o0011 .o0011 .09639 TOTAL 

AVG SPD 3.&443>*5.68%7” i‘7.76263 13.68854 17.86437 105.46670 5.76 

Frequency of Calms - .00000 
Number of Hours of Data - 849 

Number of Calm Hours - 0 -% %%., ** Af if 
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TABLE 33-2 (continued) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX C 

FROM JANUARY 1,1992 THROUGH DECEMBER31,1992 
# 

, . 4, 

+------WIND SPEED CLASSES (KNOTS)--F--,+''">\ %'\".: AVERAGE 
9, %*+ + ,  

DIRECTION 0-3 4-6 7-10 11-16 17-2i >21 TOTAL WIND SPEED 

N .00148 .00545 .00636 .o0068 :'4100000 ,00000 ".013% 7.08 

NNE .00159 .00420 .00545 .00079/ . ,  ,J' .00000 .00000 .01203 7.14 

NE -00170 .00488 .00284 .00&4,*' .,w .00000 .00976 6.36 
r . ,  4, 

ENE .00125 .00159 .00125 .- '-\~*.phl .00000 .oO409 5.64 

E .00136 .00250 5.38 

ESE .&I193 .00375 5.70 

SE .00182 .00443 6.34 

SSE .00159 .00522 6.54 

S .00114 .00227 .00000 .00000 .00556 6.63 
e-%. k . "  ssw .00079 .00431,f@ .00102 .oooii\, .00000 .00000 .00624 3.77 

"< ./--\, + 

sw .OO023 .00182$" BO125 .oOo";# .m .00000 .00386 8.48 

wsw .00102 * ~ ~ - - * x m * e ~  -09023 .oO011 .m .mn 6.48 
*& j L-'-d%L 

d '\/ B 
W .m1 .001q ,00329 .00114 .oO011 .m a0738 8.35 

.00238 .00057 .m .00954 9.18 
WNW .00136y,M) 114 \\.oo,los_ %\ 

-\.. %&.. 3 
Nw . 0 0 l z ~ m l 3 6  bj< .00375/ .00102 .o0011 .m .00749 8.05 

,/? " xi 
,,.iOT89 .04893 I::, t .04837 .m .OOO91 .00000 .12795 

/ Y  

TOTAL 

AVG SPD "%3:1h7? 5.30101 j8.86867 12.15883 19.03560 .00000 6.87 

Number of Calm Hours,;O 

Number of Hours of Data - 112Lf 

'Z -*.* Y Y  

,4J 
Frequency of Calms - .00000%- d 
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TABLE 33-2 (continued) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX D 

FROM JANUARY 1,1992 THROUGH DECEMBER'31,1992 I ,  

V I  

/ I  

9 \., 
/ < ,A ky 

-4 '% 

+------WIND SPEED CLASSES (KNOTS)---'+ \-., "., AVERAGE 
%%s \f %< 

DIRECTION 0-3 4 4  7-10 11-16 .17-21 >21 %'%TOTAL WINDSPEED 
, I  

N .MI443 .01317 .01226 .Oo840/ ,,<bo125 .o0034 .03985 8.54 

NNE .00250 .00658 .00545 .00522$ z++9 .00057 .o0011 .02044 8.60 
('\\ $0" 

*.\_ %*) , 
NE .o0079 .00284 .00272 .00159\yk ,:600& .00000 .oO840 8.35 

ENE .00136 .00272 -00182 .o0011'~1, . c q o  .00000 .oO602 6.17 

E .00227 .00193 .m 1&\.00000 .00454 4.63 

ESE .ooo91 .00227 .00386 5.38 

SE .mu6 .00397 . m 3  6.53 

SSE ,00193 .00658 .m .m .01748 7.34 

.m .m .02168 7.22 

.01782 6.59 

S 

.m .m .02486 7.23 

ssw 
sw 
wsw .00136 .o0023 .03304 9.00 

W .00556 .00352 .05279 10.93 

WNW . o m 9  .m88 .om15 13.56 

Nw .00329 .00102 .04371 10.23 

TOTAL .02611 .Ol521 .42064 

AVG SPD 957 

+\ 

Number of Calms - 0 
Frequency of Calms - .OW00 %'-.J 
Number of Hours of Data - 3705 
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TABLE 33-2 (continued) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX E 

FROM JANUARY 1,1992 THROUGH DECEMBER 31,1992 
A X  

i *  

*' 'i \, - *  *\ , - **, 
AVERAGE % \ +---WIND SPEED CLASSES (KNOTS)i:--'+ "\ \\ 

'\\& "t., XW* 

DIRECTION 0-3 4-6 7-10 11-16 ~ 1 7 - 2 1  >21 '\TOTAL WINDSPEED 

N 

NNE 

NE 

ENE 
E 

ESE 

SE 

SSE 

S 

ssw 
sw 
wsw 
W 

WNW 

Nw 
NNW 
TOTAL 

.00136 .00500 

4 6 4 6 5  .01010 f J.00738 .m 
<\% "g " i  

.00125 . O X 8 8  %+\.10831f ,j' .05223 
= kg"s, 8f 

AVG SPD 3.14997k.\5.46329./ 8.1750413 .2262217 

.m 

.m 

.m 

.m 

.00000 

.o0023 

.m 

.m 

.m 

.oO023 

.no03 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.00000 

,00000 

.00000 

.m 

.01m 

BO761 

.00397 

.00329 

.oom 

.00170 

.00284 

. m 9 3  

.01328 

.01907 

.a2464 

.03190 

.01987 

.01828 

.m93 

.02214 

.21390 

5.65 

5.38 

4.60 

4.72 

4.03 

3.54 

4.79 

5.13 

5.30 

6.01 

5.88 

6.30 

531 

5.16 

5.50 

6.02 

5.62 
1 

'%\! Number of Calm Hours - 0 
Frequency of Calms - .00000 
Number of Hours of Data - 1884 
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TABLE 33-2 (continued) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

, '>, 
STABILITY INDEX F 

. /  
FROM JANUARY 1,1992 THROUGH  DECEMBER^^, 1992 

A 

I I 'f'-- %%\< 

+------WIND SPEED CLASSES (KNOTS);--+ \", b, AVERAGE 
b \. %\ 

DIRECTION 0-3 4-6 7-10 11-16 ,1 <47-21 >21 \TOTAL WINDSPEED 
" "  

N 

NNE 

NE 
EIW 

E 

ESE 

SE 

SSE 

S 

ssw 
sw 
wsw 
W 

'WNW 

.00216 

.00182 

.MI148 

.MI114 

BO148 

.00272 

.00m 

.00m 

.00318 

.00250 

.00443 

.00477 

Nw .m .m 
N N W  00182 I.OO000 .m .m 

2 :  

TOTAL .m .m 
AVG SPD ,659806 ,00000 .m .m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.m 

.00295 I 

.OM50 

.00216 

.00148 

.00216 

.00341 

.00318 

.00341 

.00454 

.MI397 

.00761 

.00795 

.00749 

.00658 

.m88 

.00658 

.07584 

3.51 

3.20 

3.19 

3.43 

3.91. 

3.33 

3.78 

3.81 

3.67 

3.67 

3.78 

3.69 

3.62 

3.67 

3.57 

3.48 

3.61 
I .J Number of Calm Hours - 0 

Frequency of Calms - .00000 
Number of Hours of Data - 668 

Sheet 6 of 7 



TABLE 33-2 (concluded) 
ROCKY FLATS 

WEST BUFFER ZONE 
JOINT FREQUENCY DISTRIBUTION 

(WIND SPEED, DIRECTION, AND STABILITY) 

STABILITY INDEX ALL , \  i f :  
I' 43 

FROM JANUARY 1,1992 THROUGH DECEMBER31,1992 .- ,,' 
y i  

i' '"., 
/ -  

,;'-'*B,, \,a 
+------WIND SPEED CLASSES (KNOTS)---;-~-+ ," \>\ \\,< AVERAGE 

*\&f "..4 
DIRECTION 0-3 4 4  7-10 11-16 1752 1 > 21 "'%TOTAL WIND SPEED 

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ss w 
sw 
wsw 
w 
WNW 

Nw 
NNW 

TOTAL 

AVG SPD 

.01317 

.OW7 

.01056 

.00954 

.01113 

.01192 

.01090 

.00863 

-01113 

.00942 

.01385 

.01294 

.01487 

.03156 

.02407 

.02327 

.01646 

.01941 

.02498 

.02906 

.ox11 

.02384 

.01442 

.00738 

.00420 

.00227 

.00375 

.o0920 

.01238 

7.26 

6.83 

5.85 

5.21 

4 . n  

4.96 

5.73 

6.20 

.m .m .04882 6.12 

.o0023 .m .05030 5.65 

.of5347 6.28 

.a148 .o0023 . O W  7.18 

.01510 .00590 .00352 .a912 8.n 

.02975 .01317 .00988 .11853 11.10 

.01442 .00341 .00102 .08719 7.85 

.01476. .02997 :.Oh7 .00749 .oO091 .o0011 .07981 7.01 

.lo070 .02736 .01533 1.00000 
.19494,\?42280 LL *\ /' .23887 

'\. i; $' 

3.16763 5!3p43~' /6.57790 13.29961 19.04666 27.03689 7.22 

Number of Calm Hours - 0 
Frequency of Calms - .00000 
Number of Missing Hours - 0 
Number of Hours of Data - 8808 

Note: Analysis of data performed by computer program based on algorithms presented in U.S. EPA 1987 On-site 
Meteorological Program Guidance for Regulatory Modeling Application. 
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TABLE 3.4-1 ’ 

SOIL MAP UNITS AT 
OPERABLE UNIT NO. 2 

Mimimum- 
Maximum Slope Infiltration 

Series Family Phase (YO) Rate 
Denver-Kutch-Midway Torretic Argiustolls clay loam 9-25 slow 
Flatirons Andic Paleustolls very cobbly 0-3 slow 9, 

sandy loam ,j 2g 

Denver Torretic Argiustolls clay loam di >’’ i >’’ 5-9 slow 
Nederland Aridic Argustolls moderate 

Haverson Ustic Tonifluventis slow 
N W  Andic Argiustolls slow 
Denver-Kutch Torretic Argiustolls slow 
Mdway Ustic Tornorthents slow 
Englewood Torretic Argiustolls i c l ay  loam 2-5 slow 
Leyden-Pnmen-Standley Andic Argustolls -6obbly clay loam 15-50 slow 
Standley -Nunn Aridic Argiustolls .PgraGelly c l ~ ~ l o a m  . 0-5 slow 

Source: Department of Agriculture 1980 ‘l“ia “I \* 

\/ ,/ 
(‘\ ’*, 

\-- \,‘*... 
.$’ ----=..*-- 9.”‘ 
’ C-IU, ’-”? 

,* 2 ,  ,I  ;--*w$ 

$\ $?’ /‘ 

-,.--%b t. 

0 --* 

‘Y. 3’ 

\ 
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TABLE 3.5-1 
OU-2 SUBSURFACE STRATIGRAPHIC CONTROL 

Year Subsurface Stratigraphic Information Obtained From 
Monitoring Wells Boreholes" Trencbes 

1971- 1974 

1981 

1986 

1987 

1989 

1990 

1991 

1991 

1991-1992 

1992 

1993 

Plant-wide Hydrogeologic Investigations 
4 0 0 

Geologic and Seismologic Investigations For Rocky Fla&Plant (Dames and Moore, 1981) 
,i ,2 
' 0  3 

2 / I  
0 

; *  
I ,  

Plant-wide Hydrogeologic Investigations (Rockyell Int&n$onal, 1986b) Plant-wide Hydrogeologic Investigations (Rocqell Inti-tional, 1986b) 
,p: ?% 

Phase I OU-2 RFARI Investigation (Roclmyell'fnternational, . *  198?7c)"'.-. T..! ,: 

,x ,, .'*,O b b T  0 
3' ""\ \\\\b 

17 
$' <e' :. 7 ->. 

0 .. . 41 ; \\ 

31 ,$' j" 
_I I 

0 ." ,, ,r: ~, *, * b ,  

3' ""\ -\\\\b 

17 
$' <e' :. 7 ->. 

Phase I OU-2 RFARI Investigation (Roclmyell'fnternational, . *  198?7c)"'.-. T..! ,: 

0 .. . 41 ; \\ 

31 ,$' j" 
_I I 

I, + 

Task 3 Shallow, High Resolution Sei&& Reflection Profiling In OU-2 (DOE, 1991e) 
/-% 9 0 2 . i .  

i 10 
f l *  B 

Yh\$ 'v 

French Drain Geotechnical Inve&ation (EGCG, 1990~) 
0 

0 

0 0 

0 
Investigation (This Study) 

10 
2 %  

182 111 3 
I *  ". 2., x% 

\ \  2 j 
*-Piezometers 79' ,*" 

** - Includes Ten Aquifer*=Test &ping and Observation Wells 
*** - Includes Abandoned Mc%oring Well Installation Attempts 
All Monitoring Well and Borehole Locations are shown in Plates 1.1-1 and 1.1-2. 

b 
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TABLE 3.5-2 
OU-2 GEOTECHNICAL RESULTS 

(ROCKY FLATS ALLUVIUM AND ARAPAHOE FORMATION) 
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TABLE 3.5-2 
OU-2 GEOTECHNICAL RESULTS 

(ROCKY FLATS ALLUVIUM AND ARAPAHOE FORMATION) 

New 
Site Work Plan 

Number Site Number 

10791 BH4391 
10791 BH4391 
10791 BH4391 
10891 BH4491 
10891 BH4491 
2009 1 NA 
2009 1 NA 
2009 1 NA 
2079 1 NA 
2079 1 NA 
20991 NA 
2099 1 NA 
2099 1 NA 

d'"i Gradation Atterberg Limits 
Silt & Liquid Plastic Plastic. B 

P f  

Sample S e p l e  Moisture Dry 
Depth 

(ft BGS) f p 

\ Sirat! 'Content Density Grave Sand Clay Limit Limit Index Pernt(1: Sample Description (USCS Symbol) 

28.4 korf 8.81 ' 116.6, 17 55 28 -- I -- -- Clayey Sand With Gravel, Orange-Brown(SC) 
33.8* ,P' Qrf 20.3 j 107:5 '.\.\,O 47 53 49 15 34 -- Sandy Lean Clay, Brown-Olive(CL) 
373, 9,Qrf 126.7/ 1'18.8' x l O x \  58 32 29 13 16 --- Clayey Sand, Orange-Brown(SC) 
16.7 ''\\\-Q3* * -"'15,4' /'lo97 1*5, k 5 2  33 45 17 28 -- Clayey Sand, Orange-Brown(SC) 
25 8 Qif I '"16.3 / l I ly3 i  0 5"8 42 40 16 24 1.2E-8 Clayey Sand, Orange-Brown(SC) 
28.1 Qrf 10.2' ~4124?9, "-\O+--" 61 39 35 14 21 1 3E-7 Clayey Sand, Brown(SC) 
40.7 Kaw0.1) ld.9 h/ 121.4 1 0 % "45 55 ~ 2 9  22 7 5.4E-8 Sandy Silty Clay, Brown(CL-ML) 
49.6 Ka(No.1) 12.3g 119.11 l0  53 47" 2$ 19 5 1.5E-7 Silty Clayey Sand, Brown(SC-SM) 
15.3 Qrf 13.1 lO9.lB 116 65 19--* 38 15 23 2.2E-8 Clayey Sand With Gravel, Brown(SC) 
20.9 Qrf 8.0 147.2; /56  ~ 3 6  /8 .t' i34 16 8 18 -- Gravel With Clay and Sand, Brown(GP-GC) 
42.8 Ka(No.1) 15.1 113.7 *' 5 5 P  41% "4,/ BNP NP' "NP 1.1E-6 Gravel WithSand,Brown(GP) 
56.8 Ka (No.1) 13.4 117.1 0''k 49 51 / 29 ,A4 2 " 4 5  "'\ 6.8E-8 Sandy Lean Clay, Brown(CL) 
60.5 Ka(N0.1) - 42 51 f - / p  -%\ - k "+- Sand With Clay & Gravel, Yellow-Brown(SP-SC) 

(+?)'$\ (pcf) (%) (Yo) (%) ( % )  ( % )  ( % )  ( C d s e c )  

-\ -* 
Notes : BGS - Below Ground Surface Ka - Arapahoe Formation "%..! 

BH - Borehole NA - Not Applicable 
(a) - Claystone No. 1 -No. 1 Sandstone 

1' Pbm. 2 Permeability << \b>* 

gt, fk Plastic. Index - Plasticity Index 
*L. *.a, , 

Sample Strat. - Sample Stratidaphy 
Qrf - Rocky Flats Alluvium NP - Non-Plastic i c  

The symbol '-' indicates that the tests were not conducted on that sample. 
/ i  

I* I 

" I  

," P r  
(1) Permeability tests were conducted using the fixed-wall, falling-head method at 20 degrees C: 

(~1131.0041-5IO)(GEOTDATA.XLS)(Iy&r93 3:55 PM) Sheet 2 of 2 



TABLE 3.5-3 
HIGH TERRACE ALLUVIUM INFORMATION 

Position Below Top of 
Terrace Adjoining RFA Thickness*** Named by Previous 

Designation (in feet) (in feet) Investi Rations 

Not previously mapped 20-35 (SWC) 35-45 (SWC) 
20 (WC) 10-15 (WC) Qtl 

Qt2 
Verdos Alluvium* and 

Deposit** 
10-20 ' Te,mce gravel and Upland 

70-90(SWC) 
45-60 (WC) 

, + .  " .  
70-125 (SWC) 12-20 \\/ ' Slocum'Alluvium*and 
100-1 10 (SWC) Upland Deposit** Qt3 

Qtu Various levels Not previously mapped 
'- 

Sheet 1 of 1 
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TABLE 35-4 

TERRACE ALLUVIUM BOREHOLES AND MONITORING WELLS 

BOREHOLES MONITORING WELLS 

BH1687* 

BH1787* 

BH2587* 

BH2787* 

00591* 

07491* 

w 7 * .  

4587* ”1. 

$4‘ Upper brtign of section ?J i4 .I ma%-made activity: --3 

1 p /i” --*& ’“Y IGupfier portion of section is artificial fi. 

may be disturbed by 

2‘ k 

\% 

Sheet 1 of 1 



,- 

TABLE 35-5 
VALLEY-FILL ALLUVIUM BOREHOLES AND MONITORING WELLS, 

BOREHOLES . MONITORING WELLS 

11091 0286 , . 

40391 0386,. 

4069 1 3386*. -‘ . 

” 2, 

s may contain artificial 

Sheet 1 of 1 



TABLE 35-6 
COLLUVIUM BOREHOLES AN-NG WELLS 

BOREHOLES MONITORING WELLS 
0687A 3686 

1287A* 3786 
1387A 6286 

6386 " BH2687* 
BH2887* 0687 . 
BH6187** * 1187 

4 + 

* > .  

1, 

I \  B300190 , 6' 1287* 
B300290 >'3 f 1487 

2187* B300390 
I3303790 i, -<, *kL 2287* 

i\ 2987 01091 
01191 ., L. '.13087 
31 191---%\*Nac_ \"*5Q87** 
32691, :+-..--, --,,B213789 

-1' B3003390 
k B3003490 $ b d  

*, 1' 

B3003590 
B3003690 

0039 1 
0079 1 
0 129 1 
0229 1 
0249 1 

0969 1 * 
11791 

3459 1 * 
3479 1 * 

2 
I+*. 

' 

/' 

,I 
,? 6 

'\ 

c, 
*\-.% 

k? t, ./' ,,** 
T " " ?  

X I  
i c 

_' i* 

h'x\/ 

* *  

Upper portion of section may be disturbed 
by man-made activity. 
Upper portion of section is artificial fill. 

I (4wo1o)(Moo1-510) (lBLu6) (12/10/93 4:12pm) Sheet 1 of 1 
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TABLE 35-7 
ARAPAHOE NO, 1 SANDSTONE BOREHOLES AND MONITORING WELLS 

BOREHOLES ’ MONITORING WELLS 

BH3 187 0987 
B217389 2387 

10191 2587 
3687 

B217489 
10291 

B2 17689 
10391 
11391’ 

B3 15289 
00291 

20091” 

0 149 1 
42792 
21193 

02091 2 1693 
J , *‘by. 02291 

0249 1 
’*%% ? 0299 1 

03091 
03391 
03691 

-v*L, 

‘1 y----..,-” ------%>&, 0379 1 
\ .‘ .- ?I^ >,?-%.+/ 12391 

7: 1269 1 

<‘ - 
*. .. 
,‘ 

j-’ * ’  
, >  

’ 1 
‘4 1,” c 

* * 9 
k \> 
? ‘  

\ \  k 

- -Y 

c’ 

20191* ** 
20891* ** 
20991* ** 
2 109 1 * * * 

46792 

k., ’b 

/p--\ *1 \ % V  ‘2, 

/ 6.””; ’t ?, ii” 
1 ‘  

r+ 

-A*”? /,.” 
k c  / P==-*-- .f 

a* LN*$ 

* ‘*t., ‘v / 
Abandoned monitor well installation attempt. 
Abandoned bo&holhrorn failed monitoring well installation attempt. ** 

*** Test yells.%> I \ ‘a, ‘a /- 

I‘ /P \\ ‘> 

\ >  
b’ *’ 

/c /“ 
A’ p 

f , ... 

Sheet 1 of 1 



ZJO I ms 

VN 
99'?065 

52'8912 

LZ'LtmS 

OL'19LS 

08.1MS 

VN 
VN 

18'0512 

n.5La5 

9L'ltS5 

Z9'268S 

6L7)1Z 

ZE'(Z65 

51'868s 

VN 
VN 
VN 

St'LMS 

I5 '6585 

EI'PBL5 

9€'9885 

,kI 
61 ZS 

L6.85 

61'001 

OZ.881 

60x01 

&I 

VN 
LE.08 

OE'M 

EL'LZI 

EE'IZ 

CC'It 

mm 
82'6) 

VN 
VN 
VN 
9L'L5 

0)'16 

WLZ 

EtW 

05'66LS-OZ't185 

05')06z-(K'II65 

007885M)'L685 

VN 
VN 
VN 

oz's985-ozu8s 

L21tS5-ZSYS85 

U'S 1 LSSE'*U5 

6VW85dt.6985 

01'5L-09'09 WI W9ZL5 W9€ ton WSUS 

tn8'€!moZs %I S8'956S WSt 1 'on 06'tS6S 

6Z'tOI-6Z'M 291 Zz'Lt6S E'S5 OtZI WSMS 

1t'621*9'oI 1 517 WLMZ 09'LC Ootl IC'5MS 

LE'MI-L€.L8I K'Z W6MS (K'SS OLOZ %'LM5 

os'111-00'88 to'1 68W6S VN 8'W S8'EMS 

m 68 IL IEB 
m 68LL120 

m, L8t€ 

m L81E 

m LE82 

Inn 980) 

wary caq3sarJ, -3s 

00'811a)O'801 )%7 tI'U6S (K'85 01ZI W6%5 

VN VN VN (K'PZ 0511 5E'6%5 

W88-It 18 8t 0 81 IC65 65'Et 0111 OL'OE6S 

II'91I-9Z'LOI 8t'I t1 OL6S WIS 2921 99'8965 

S29S-tZW ' "' 261 .L S6€16S VN 0001 00'2165 

SP~EIWLZI " &.I $-*\ 6P'6%5 OL7S 08tl WL%5 

1; 

VN 
VN *VN #* ,/J* 

VN VNd 
00'86W16 IO2 
SO101-02'68 65'1 

5€%-6L'58 S9I 

oo'szlaw)'OOI (K'I 

Inn C6CU 

HB E651Z 

m LE22 

m L80Z 

hn L88I 

m 98W 

v Punon 

Inn E6222 

Inn €6122 

m E6ozz 

HO E6PIZ 

HB E6EIZ 

H0 €6212 

hn 6825IEB 

m L85) 

m L80C 

hn L891 

V Pd CO6 



U7165 

5L'ErnS 

VN 
VN 
VN 
VN 

Lt'5585 

OL'1685 

ZE '9262 

E6'0165 

11') I65 

65'%85 

OL'80L5 

69'LE 

8C.98 

VN 
VN 
VN 
VN 

68'201 

PL'99 

E6'IE 

P6'05 

8L'OP 

W8ZI 

OP'OL 

-j 

00 6985h885 08kLQ8.99 I927 ,6 i' W0565 00'59 O'LL 02'8t62 

09 ZS85-09 0982 

VN " VN ' I> VN oc'zs E'Z5 9C5565 

999 00 8965 

I' 

b56W58 E52 f CI.0565 00'08 S'66 WLM5 
II 

, VN 08'W VN I 

B 

. VN ' 

VN VNf 
VN VN 

OE W5W6085 OV791WLtI 

OZ'W82QZ.6285 OI'ZIIQI'L6 

06'898SWE885 OC'L8-OCU 

29L585-10 2985 16201-2S'86 

tL'06-tL'58 917985-L9L985 

LL'PI8S-L1'6182 EP'9VI-CO'ZtI 
Of E%QL L995 Oz'pCI-08'601 



T A B L E 3 5 9  
OU-2 GEOTECHNICAL RESULTS 

(LARAMIE FORMATION) 
I I I I I I 

m 
(pel) 
Densitg 

109.3 
128.2 
119.8 
118.1 P 

127~9” 

- 

$5 < m 
131.2 ~ 

&%;6, 
110.3 

- 

- 
130.7 
123.8 
121.0 
130.2 
126.9 
- 

125.3 
- 

133.2 
- 

122.4 
118.9 
128.2 
124.1 
123.9 
134.4 
116.7 
124.3 
133.7 
147.1 
123.0 
130.7 
130.1 
127.6 

- 

- 

- 
- 
- 
- 
- 
- 

Bulk 
DensityC** 

145.7 
214.4 
216.1 
178.4 

*&236.5 

0 

%, -‘*\ 

200.3 j 
2t5.0 ‘ 

226.0 I *4* 

1 175.3 do 

i19.6 

‘ I- 

i68.0 
->* h24.5 .r 

210.j 
243.9 
- 

181.9 
- 

242.6 
- 

176.6 
223.5 
215.4 
223.4 
203.2 
250.0 
210.1 
234.9 I 

238.0 
283.9 
180.8 
24s.7 
218.4 
194.0 

Void Porosity Saturation 
Ra.o/ (%I  I (56) 

0.439 30.5 
0.422 29.7 
0.318 24.1 

‘0.34 25.4 72.8 
- d294 227 527 
- Oi33f 25.2 78.5 
6.Sl7 - 34.1 58.9 

- 0.323 “24.4 68fO 
- 0.342 25.5= 31.7 
- 0.409 ‘29.0 d d5.5 
- 0.2% 22.2 ’ 61.5 
0.348 25.8 92.2 

0.34 25.2 ‘ 45.2 r( 

- 

* >  - - >  - 

- 
” L  

: -  - - - 
- 
- - - 

0.28 21.9 82.1 
- - - 

0.372 27.1 44.3 
0.418 29.0 88.0 
0.315 24.0 68.0 
0.363 27.0 80.0 
0.361 27.0 64.0 
0.25 20.0 86.0 
0.476 32.0 80.0 
0.377 27.0 89.0 
0.28 22.0 78.0 
0.222 18.0 93.0 
0.366 27.0 47.0 
0.285 22.0 88.0 
0.266 21.0 67.9 
0.306 23.5 520 

Sample Description (USCS Symbol) 

S b C C I  I of 2 



Notcs : 

Gradation 
Sample Sample Moisture Dry Bulk Void Porosity Saturation Specific Vertical 
Depth* ,!jthv* Content Density Density*** Ratio (%) (%) Grave Sand Silt Clay Gravity 

(Pco ( c d s c c )  (RBGS) f l  'h ( k )  ( p  cf ) (%) (k) (a) (%) 

94.0-101.8" U&), h 2 . 0  123.1 234.3 0.354 26.1 90.3 0.0 2 3  31.3 66.3 2.67 2.0E-8 
106.3-108X.O ~'k(w)  ' \x 6.9> 134.2 231.6 0.256 20.4 72.6 0.0 0.3 53.1 46.5 2.70 4.3E-8 
119.9:f43.7 Kl(cs) 9.4 131.9 249.2 0.288 223 88.9 0.0 0.7 16.4 82.9 2.72 1.9E-8 
1 5 1 8 - 1 ~ 7  Kl(cs) 6!6 1 129.5,. 206.4 0.297 229 59.4 0.0 5.2 59.5 35.3 2.69 2.48-7 

. I s  

Horiz 
Perrn(l)Perrn(Z:Samplc Description (VSCS Symbol) 

(cdsec) 
! LeanClay,Gray(CL) 

3.2E-8 Silt,Gray(ML) 
1.OE-7 LewClay, Gray(CL) 
2.1E-7 Si\t,Gray(ML) 

{ &. 
BGS - Below &bundhrfi?x 
BH - Borehole x*x.\h.,A 

(a) - Claystone 
(s lut )  - Siltstone 

(Wc) using the formula Pb=Pd (I+Wc) 

1 Samples were too small or were dis 
sample preparation.. 

The symbol "--" indicates that the tests were not mndu 

( I )  Permeability tests were wndu 
(2) Permeability tests were condu 

S b e C l  2 of 2 



TABLE 35.-10 
_LARAMIE UNITS BOREHOLES AND MONITORING WELLS 

BOREHOLES 

Northeast Trenches 

3687 0309 1 11391 20191 ' a -  21693 

B2 17389 0339 1 12491 2099 1 

B218589 10291 12691 , 21091 22'493 

20091 ~ 0299 1 10491 

\% t 
, % 

\, % 

'*. 
\+ 21993 

%, ,: 

21193 
1-1 

LI '9 
I 

"*. - $ >  * "  Mound Area <* '* 

\. 
\ 

0999 1 -'r, \ <  

I 

--=*..** ~ . _ L  t., .; 

- %  

*.-. 2 1593 *b ".._ '--. s --* 
a%. 

S"..,, '\ 
L %  
i .  

21893 
9 

\r $' 
jr -1 * . %  

Southeast Trenches 
.. , i" "3 

,,y BH'5287p B318889 
't/ *4' /" 

687 'jBH2587 01191 0929 1 21393 

\\%*7A\ ? I  "087 0599 1 0979 1 21493 

1287*"\,, i5087 0659 1 42892 2 1793 

i \\ 
\%.& &\\,+ 

"',\J 
1387A BH6 187 07391 2 1293 
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TABLE 3 5 - 1 0  (concluded) 
,LARAMIE UNITS BOREHOLES AND MONITORING WELLS 

MONITORING WELLS 

1 
" I  > I  

NE Trenches Area < 

i' < 

B217289 B2 17689 46692 2259:" ' $* 

B217489 0649 1 46792 . 23193 

B217589 12391 46892 23293 

\ 

'*\ '\ 
",\ \\, 

<\\ c' 
\> 

1 
" I  > I  

NE Trenches Area < 

i' < 

B217289 B2 17689 46692 2259:" ' $* 

B217489 0649 1 46792 . 23193 

B217589 12391 46892 23293 

\ 

'*\ '\ 
",\ \\, 

<\\ c' 
\> 

1487 4587 0099 1 

1687 B3 15289 0969 1 

11791 

22093 

22193 

22293 

Sheet 2 of 2 



TABLE 3.6-1 
ESTIMATED HYDRAULIC CONDUCTIVITY OF 

ROCKY FLATS ALLUVIUM 
BASED ON RESULTS OF 1986 AND 1987 AQUIFER TESTS 

Hydraulic Conductivity Hydraulic Conductivity 
from Pump Test from Slug Tests 

Site/Well Number (CdSeC) ( C d S e C )  

3986 4E-05 + .  

'\ 

J 

A' 
6 '  

4186 9E-05 
4286 
1787 

f "*\ 5E-02 
k . %+., 

' $'\-, 6E$5 
\\ 

3287 ,/ 2' lE-63%.& 
\\\* >> -5 

Source: Rockwell International 1987c -?> k, $ 
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TABLE 3.6-2 
ESTIMATED HYDRAULIC CONDUCTIVITY OF 

ROCKY FLATS ALLUVIUM 
BASED ON RESULTS OF 1992 AQUIFER TESTS 

Hydraulic Conductivity 
from Pump Test 

SiteNVell Number ( C m l s e C )  

: '?, 

A' A 

11491 (Alluvial) 1.6E-3 to 1.8E-3i2' 
05691 (Alluvial) 1.80E-03 (, 
20491 (Alluvial) 3.1E-3 t.04.6E-3" 
20291 (Alluvial) 8.1E-$'t0,88Eb\\%,+., , ' ,, * h 

1787 (Alluvial) #'1.6E-4 to 9.2E-4 
20591 (Alluvial) "2'' 55E-5 to 8.6E-4 
20691 (Alluvial) 2' ,":.2E-4 to 4.4E-4 

Source: DOE 1992h 

8"\, '", (iV* 
,$,% 

;' ,<' ,i yi, 
:\., ,8 / 

'* t 

'* , 
'I .\* ,i ."*"' s'+ 

% . 
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TABLE 3.6-3 
ESTIMATED HYDRAULIC CONDUCTMTY OF 

ARAPAHOE NO. 1 SANDSTONE 
BASED ON RESULTS OF 1987 AOUIFER TESTS 

Hydraulic Conductivity 
from Slug Tests 

Well Number (cm/s) 
987 3E-03 2'''''> 

2387 2E-04 H' ' 
2587 2E-03 4 
3687 1E-03-, \b 

.-\\ 
--\ 

".p %* 
$r Y "  * 

*2.i '"., Source: Rockwell International 1 9 8 7 ~ ~ ~  
,% \.% r" 

65 p 

(4C40.1CJ3WXM1-510) (IBL-243) (12/10/93 4:13prn) Sheet 1 of 1 a 



TABLE 3.6-4 
ESTIMATED HYDRAULIC CONDUCTIVITY OF ARAPAHOE NO. 1 

SAND- BASE 1p ON R E E  99 

S I T E N E L L  
NUMBER 

HYDRAULIC 
CONDUCTIVITY 

FROM PUMP^TEST 

Site 1 

3687 (Bedrock) 

2099 1 (Bedrock) 

2 109 1 (Bedrock) 

20891 (Bedrock) 

Source: DOE 1992h 

Sheet 1 of I 



, TABLE3.6-5 
ESTIMATED HYDRAULIC CONDUCTMTY OF LHSU UNITS BASED ON 

RESULTS OF 1986 AND 1987 AQUIFER TESTS 

HYDRAULIC CONDUCTMTY VALUES 
Slug Test Drawdown-Recovery Packer 

Well Results Test Results Test 
Number Lithology ( c d s )  ( c d s )  Resu Its * 

3 86 Sandstone --- 8.0E-05 -- 
6286 Sandstone 6.OE-06 I d-- - 
1687 Sandstone 
3 187 Sandstone 
3487 Siltstone 
2087 Claystone 
1487 Sandstondsiltstone 
2287 Sandstondsilstondclaystone 2.0E-06 

3486 Sandstone 5.3E4+* 210Eh5 -- 
: ’  

3.OE-07 2.0E-06 .g 

Source: Rockwell International 1987c 

* Geometric mean of packer test re 
** EG&G reanalysis (5/93) 

2 3  > 
5 - 7  i , ;  

r :  

++--& 
il. \Lx ! ; I  

\b,* “..i, :, 
5 ,  

*‘7s;-* ‘“*e ; *+ 

-\% *“I,, YIN 
‘ - 4  . 

Sheet 1 of 1 



TABLE3.6-6 
ESTIMATED HYDRAULIC CONDUCTMTY OF LHSU UNITS 

BASED ON RESULTS OF 1993 RBWP SLUG TESTS 

Well 
Hydraulic Conductivity from 

Slug Test Results 
Number Lithology ( c d s )  
22093 Sandstondsiltstone 1.1E-07 to 2.2E-08 
22193 Sandstondsiltstondclaystone 9.7E-05 to 1.2E-05 
22293 Sandstondsiltstone 2.OE55 to 4.1E-06 
23192 Sandstondclaystone 2.7E-06 to 8.6E-07 

Sheet 1 of 1 



M 

SOURCE: DOE 1990.d 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Goldon, Colorado 

OPERABLE UNIT’ N0.2 
PHASE II RFI/RI REPORT 

I 

1989 POPULATION AND 
(HOUSEHOLDS) SECTOR 1-5 

FIGURE 3.2-1 OCTOBER 1993 

Ow((1207 1.1 



I 
-N- 

I 
Muas or Namg 

Sector 1 0- 1 

M 

\I SOURCE: DOE 1990.d 
7, 

E 

1 

I 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Goldon, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

I 
2010 POPULATION AND 

(HOUSEHOLDS) SECTOR i -s 

FtGURE 3.2-2 O C T ~  1993 

aJ2Rm8 1-1 



2 
7’ 

SOURCE: EGBtG, 199 1 d. 

US. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado I 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

1990 ANNUAL WIND ROSE 
FOR THE ROCKY FUTS P U N T  

I FIGURE 3.3-1 OC- 1 % ~  

ov21(po9 1-1 



EXPLANATION 

0 NEW IHSS 8OUNDARY 

APPROXIMATE BOUNDARl OF OU-2 STUDY AREA 

SOIL MAP UNIT BOUNDARY 

DENVER SOIL MAP UNIT 
(SEE TABLE 3.4-1) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 ' 

PHASE II RFI/RI REPORT 

SURFACE SOILS MAP - - - --._ . ._ 

FIGURE 3.4-1 OCTOBER 1993 

oumc221 1=m 





CLAYEY SANDY GRAVELS- 
light brown to yellowish-orange, grayish- ROCKY FIATS ALLUVIUM 

0-45’ 
& orange to dark gray, poorly sorted, angular 

ARAPAHOE FORMATION GO’(?) to subrounded. cobbles, coarse gravels 
coarse sands, and gravelly clays: varying \ amounts of ‘ caliche 

CLAYSTONE,/~SILTSTONES, CLAYEY SANDSTONES, 

I >  i c 
0 
0 
00 

0 300-500’ ikaolinitic, light to medium gray claystone 
v ..4” TnQ siltstone and some dark ray to  black 
z 
0 
S 

A upper interval GY>TONES, SILTSTONES, AND COAL- (< (D 

carbonaceous claystone. thin 8’) coals 1, and%thin discontinuous very fine-to-medium 
\grained, moderately sorted sandstone I- 

light to medium gray, fine-to coarse- 
grained, poorly-to moderately-sorted, silty, 
immature quartzitic sandstone with 
numerous lenticular, sub-bituminous coal 
beds and seams that range from 2’ 
thick in the upper lower interval to 8’ 
thick at the base of the lower interv.al 

MODIFIED AFTER DOE 1992b JLK UN113 

~~ 

U.S. DEPARTMENT OF ENERGY 
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FIGURE 3.5-1 1 OCTOBER 1993 
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- - - A R u L  D(TENT OF ftOCKY FLAF ALUMUM 
(Doshed Where Approximate) , 

OPERABLE UNIT N0.2 
PHASE I1 RFI/RI REPORT 

THICKNESS OF COLLUVIUM 
(Includes High Terrace Alluvium 

and Artiflclal Fill Where Present) 

FIGURE 3.5- 1 8 OCTOBER 199; 
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. .. . 

EXPLANATION 
POTENTW. SLUMP FEATURE 0 W c N  1 (Photointerpretation: DOE. 1992h) 

SOURCES FRENCH DRAIN GEOTECHNICAL 
INVESllCATlON EG&G 199Oc 
PHASE 111 O W !  R R h l  R d R T  (DOE. 1992h) 

m1, 013. OtU HIGH TERRACE ALLUVIUMS - - I AREAL MTUJT OF ROCKY FIATS ALLUVIUM 
(Dashed Where Approximate) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0,.2 
PHASE II RFI/RI REPORT 

COMPARISON OF POTENTIAL SLUMP FEATURES 
IDENTIFIED IN EARLIER STUDIES AND ALLUVIAL 

TERRACE DEPOSITS OF THIS STUDY 

FIGURE 3.8-1.9 OCTOBER 1993 



EXPLANATION 

bxl SOIL AND DEBRIS DUMPS, 

[-;..-DGL:::I DISTURBED GROUND 
. . . . . . . . . . . . . . . . ..... 

SOURCES Air Photos-1955. 1964. 1969. 1971 
, Field Mopping (Summers of 1992 and 1993) 

DOE. 1990d 
Rockwell Internationol. 1 9 8 7 ~  

(Doshed Where Approximate) 
- -- AREAL EXTENT OF ROCKY FLATS ALLUVIUM 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

MAN-MADE DEPOSITS 

FIGURE 3.5-20 OCTOBER 1993 
r OU2Rll39 l=so( 
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SCALE IN FEET 

' EXPLANATION 
THICKNESS (In Feat) OF NO.1 SANDSTONE 
OJCOUNTERED IN BOREHOLE 
THICKNESS In Feat) OF NO.l SANDSTONE 
ENCOUNTER& IN MONITORING WELL 
NO.l SANDSTONE NOT ENCOUNTERED 

NO.l SANDSTONE NOT PENOTUTED 
SANDSTONE THICKNESS C M W R  
.I -*pproximate 

BOUNDARY OF NO.1 SANDSTONE CHWNEL - -Approximate 

APPROXIMATE LOCATION OF SANDSTONE 
BASX TRUNCATED AT HRLSIOES 
ARW MNT OF Rocm FLATS MLlhlULl 
(Dashed Where &proximate) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

ARAPAHOE NO. 1 SANDSTONE 
CHANNEL LOCATION AND 

THICKNESS 

FIGURE 3.5-21 OCTOBER 1993 

OU2R1069 1 - h  



SCALE IN FEET 
U 

'f 

EXPLANATION 
.3.6 CONTROL POINT SHOWING THICKNESS (In 

Feet) OF CLAYSTONE/SILTSTONE LAYER 
BETWEEN BASE OF ALLUVIUM/COLLUVIUM 
AND TOP OF NO.1 SANDSTONE 

BOUNDARY OF NO.l SANDSTONE CHANNEL 
--Approximate {-- ? --Extrapoloted] 

' * - ' \  EROSIONAL LIMIT OF SANDSTONE 
(Le., Intersection of Sandstone Bottom 
and Topogmphy of Hillside) - -- ARW EXTENT OF R0C.m FLATS ALLUVIUM 
(Dashed Where Approxvnate) 

LT 

...... 201: ..-.:::: I_:. 
.... ........... .*.y ............... .............. .......... ............ ........... .......... 

THICKNESS CONTOUR (In Feet) OF CLAYSTONE/ 
SILTSTONE LAYER BETWEEN BASE OF AUWUM 
AND TOP OF NO.l SANDSTONE 
10, Ft. Contour Interval) 1 --?--Extrapolated] Approximote 

SUBCROP AREA OF NO.l SANDSTONE ih ALONG MEDlAL PALEOSCOUR 

u4 ALONG HILLSIDES 
SUBCROP AREA OF NO.1 SANDSTONE 

U.S. DEPARTMENT O f  ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RfI/RI REPORT 

ARAPAHOE NO.l SANDSTONE 
SUBCROP LOCATIONS 

FIGURE 3.5-22 OCTOBER 1993 

OU2R1070 1-3N 



FXPl ANATION 

0 

22093 0 

21 193 0 

(WC-5) 

c3 

ALLUVlAL MONITORING WELL 

BEDROCK MONITORING WELL 

BOREHOLE 

BEDROCK OBSERVATION WELL 

RBWP WELL CLUSTER LOCATIONS 

INDMDUAL HAZARDOUS SUBSTANCE 
SITE LOCATION 

APPROXIMATE BOUNDARY OF OU-2 STUDY'AREA 

BOUNDARY CHARACTERIZATION BETWEEN AREAS HISTORICAL 

CROSS-SECTION LINE 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

LOCATION MAP 
GEOLOGIC CROSS-SECTIONS 

FIGURE 3.5-23 OCTOBER 199s 

OU2RIZ15 l=W 



SOIL SYMBOLS 

GW WELL-GRADED GRAVELS, GRAVEL-SAND 
MIXTURES, LlnLE OR NO FINES 

GP POORLY-GRADED GRAVELS GRAVEL-SAND 
MIXTURES. u r n €  OR NO ~ N E S  

GM SlLM GRAVELS. GRAVEL-WD-SILT 
MIXTURES 

GC CLAYEY GRAVELS. GRAVEL-SAND-CLAY 
MIXTURES 

sw WELL-GRADED SANDS. GRAVELLY SANDS. 
UmLE OR NO FINES 

SP POORLY-GRADED SANDS. GRAVELLY SANDS. urn€ OR NO FINES 

SM SlLM SANDS. SAND-SILT MIXTURES 

sc CLAYEY SANDS. SAND-CLAY MIXTURES 

ML INORGANIC SILTS AND VERY flNE SANDS 
ROCK FLOUR SILTY OR CLAYEY flNE *OS 
OR CLAYEY SILTS WTH SUGHT PLASTICIM 

CL INORGANIC CLAYS OF LOW TO MEDIUM 
P m n c m  GRAVEUY CLAYS. SANDY CLAYS. 
SILTY CLA'iS. LEAN CLAYS 

CH INORGANIC CLAYS OR HIGH PLASTICIM. 
FAT CLAYS 

BEDROCK SYMBOLS 

SANDSTON E 

.Y!Y!%!Y! 

.wY!Y!Y! 

.w!y!m! ~ ~ ~ ! w  SILTY SANDSTONE 

.wY!Y!w 

......... ......... . . . . . . . . .  
::+:-:: - - -  CLAYEY SANDSTONE .. . . . . . . .  . .-. .-. . - - -  ......... 

CLAYEY SILTSTONE 

SANDY CLAYSTONE 

SILT( CLAYSTONE 

CALICHE 

NO RECOVERY OR SAMPLED 0 INTERVAL NOT LOGGED 

NOTE: NO COLOR IS ADDED TO THAT PORTION 
OF A BOREHOLE EXTENDING ABOVE THE 
GROUND SURFACE FOR BOREHOLES THAT 
ARE PROJECTED INTO THE LINE OF THE 
CROSS-SECTION. 

WELL CONSTRUCTION SYMBOLS 

CONCRETE SURROUNDING 
SOLID WELL PIPE 

BENTONITE SEAL SURROUNDING 
SOLID WELL PIPE 

WATER LEVEL AND LOCATION SYMBOLS 

4 / 9 2 y  STATIC WATER LEVEL AND MEASUREMENT DATE - 
0 ALLUVIAL MONITORING WELL 

BEDROCK MONITORING WELL 

BEDROCK OBSERVATION WELL 

0 BOREHOLE 

01491 WELL NUMBER. LAST 2 DIGITS INDICATE 
YEAR IN WHICH WELL WAS INSTALLED 

SAND FILTER PACK SURROUNDING 
WELL SCREENED INTERVAL 

A-SERIES OR B-SERIES WELL SCREEN 
INTERVAL (SHOWN ADJACENT TO PILOT 
BOREHOLE LITHOLOGIC COLUMN) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, -Golden, Colorado 

OPERABLE UNIT 2 
PHASE I I  RFI/RI REPORT 

GEOLOGIC CROSS - S ECTlO NS LEGE N D 

FIGURE 3.5-24 OCTOBER 1993 



, 

RB 
NORTH 

600( 

59x 

59oc 
n 
I.’ .c v 

z 
I- 

w 
1 
W 

0 
s 

5850 

5800 

5750 

MOUND AREA 903 PA0 AREA I IHSS 140 I 

I-- 529’ 115’ 180’ *-, 295‘ +- 520’ *=5Sm+ 30’ 174’ *- 339’ 245’ -1 
(Sn worn 

0 e o  0 0 0 . 0  0 
I 

3486 
woIz.m 

Y 

w l d ’  . 
2087 21593 1887 
3968.68 3969.33 3967.99 

1687 
w.40 

21293 1287 09691 1187 
S446.11 39oYdl 5033.64 5913.0 

0099 1 
%7.00 

NOTE: 
DISTANCE SHOWN BETWEEN WELLS 21293. 1287 
AND 09691 ISNOT TO HORIZONTAL SCALE. 

(SCREEN 
INTERVAL 

SHOWN FOR 
22393) 

(SCREEN 
INTERVAL 

SHOWN FOR 
22093) 

N CROSS-SECTION LOCATION MAP 1 m y \ , s , R b  ~ , , 
EAST TRENCHES 

AREA 

AREA 

t 
RB’ 

EXPLANATION 
Qat =STREAM ALLUVIUM 
QC = COLLUVIUM 
Qrf =ROCKY FLATS ALLUVIUM 
No.1 = ARAPAHOE FORMATION (FM) SANDSTONE 
ALL SANDSTONES BELOW THE BASE OF THE No.1 SANDSTONE 
(ARAPAHOE FM) ARE LARAMIE FM SANDSTONES 
T/BR =TOP OF BEDROCK 
0 =LOCATION SYMBOL 
3486 = LOCATION NAME 
sootzon =GROUND SURFACE ELEVATION (ft) 
(SEE LEGEND PAGE FOR MORE ON SYMBOLS) 

RB’ 
SOUTH 

5800 

5750 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT 2 
PHASE II RFI/RI REPORT 

GEOLOGIC CROSS-SECTION RB-RB’ 
Revised BE-BE’ Cross-Sectlon From ) ( Technical Memorandum No. 8 

FIGURE 3.5-25 OCTOBER 1993 

OU2Rll42 1-1 



NE TRENCHES AREA 0 $6 
RC $3 RC ' 

SOUTH TIE LINE RV NORTH 
b 300' 16 1 ' --&- 90' & 189' 235' 135' -I_ 206' 504' -I_ 20' & 195' -- 400' 

6oooi 0 
2 1393 2 1693 

$835 I 7  59SAa 3960 a3 awtm S a m  w m  

e 
2587 82 17689 821 7489 83 15289 

0 
0039 1 
JSMM 

(SCREEN 
INTERVAL 

SHOWN FOR 
2219.5) 

0 0 
21493 01191 
-6Il W . t J  

Y 

I& 

E 

4 

HORIZONTAL 

O F 0  

50 -I 

DISTANCE SHOWN BETWEEN WELLS 2587. 8217689 AND 
21493. 01191"lS NOT TO HORIZONTAL SCALE. 

N CROSS-SECTION LOCATION MAP 
MOUND ";\ '1 I , EXPLANATION 

Qal =STREAM ALLUVIUM 
QC =COLLUVlUM 
Qrf = ROCKY FIATS ALLUVIUM 
NO. 1 = ARAPAHOE FORMATION (FM) SANDSTONE 
ALL SANDSTONES BELOW THE BASE OF THE No.1 SANDSTONE 
(ARAPAHOE FM) ARE LARAMIE FM SANDSTONES 
T/BR =TOP OF BEDROCK 

=LOCATION SYMBOL 
3486 =LOCATION NAME 
ssBIzm =GROUND SURFACE ELEVATION (ft) 
(SEE LEGEND PAGE FOR MORE ON SYMBOLS) 

6000 

5950 

5900 

- & 
.a- v 

z 
5850 0 

I- 

2 
4 
W 

WOO 

5750 

5700 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT 2 
PHASE II RFI/RI REPORT 

GEOLOGIC CROSS-SECTION RC-RC' 
Revised EC-EC' Cross-Section From ( Technical Memorandum No. 8 ) 

FIGURE 3.5-26 OCTOBER 1993 



RV 
WEST 

60CU 

59% 

590C 

5850 

h c c v 

Z 

I- 2 5800 
-1 
W 

0 

5750 

5700 

5650 

21693 02991 
5960.53 M . 1 7  5956.24 

82 17689 3687 21 I93 12691 
%4O.M7 5948.70 3949.e.3 

e2 1 8589 1239 I 
5940.07 

RV' 
EAST 

00' 4 

HORIZONTAL 

O+O ' 25 4 SCALE IN FEET 

VERTICAL EXAGGERATION (4x) ?l 50 
NOTE 
DISTANCE SHOWN BETWEEN WELLS 21593, 2087 
AND 3687. 21 193 IS NOT TO HORIZONTAL SCALE. 

(- 
INTERVAL 

SHOWN FOR 
23293) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

CROSS-SECTION LOCATION MAP 

EAST TRENCHES 
AREA 

AREA 

EXPLANATION 
Qal =STREAM ALLUVIUM 
QC = COLLUVIUM 
Qrf = ROCKY FLATS ALLUVIUM 
No. 1 = ARAPAHOE FORMATION (FM) SANDSTONE 
ALL SANDSTONES BELOW THE BASE OF THE No.1 SANDSTONE 
(ARAPAHOE FM) ARE LARAMIE FM SANDSTONES 
T/BR =TOP OF BEDROCK 

=LOCATION SYMBOL 
3486 = LOCATION NAME 
sa'm~ 

(SEE LEGEND PAGE FOR MORE ON SYMBOLS) 
= GROUND SURFACE ELEVATION (ft) 

6000 

5950 

5900 

5850 c 

0 

c U 

z 
t 

2 A 
W 

5800 

5750 

5700 

5650 

OPERABLE UNIT 2 
PHASE II RFI/RI REP0.RT 

GEOLOGIC CROSS-SECTION RV-RV' 
Revised BV-BV' Cross-Section From ) ( Technical Memorandum No. 8 

FIGURE 3.5-27 OCTOBER ,1993 





... .- 

. .  

CALIPER 
(INCHES) 

NATURAL 
GAMMA * 
(CPS) 

SHORT NORMAL 
RES I STlVlTY 

(OHM METERS) 

GENERALIZED 
CORE LITHOLOGY 

(BGS,FEET) 

TUBE WAVE 
AMPLITUDE 
(RELATIVE) 

u A Y X l N c E S € s  
TO RGHI 

0 150 

APPARENT WRoSrpl 
NxEAsEs 10 L€Fl 

2300 6300 
I 

? 

150 . o  3 7 1 21 
I 

1 3 
8 I 

> 

TOP OF 
BEDROCK = 
AT 8.8' 

6" I.D. 
ISOLATION - 
CASING TO 
26.4' 

CALCAREOUS - 
SILTSTONE - 
MARKER 

CALCAREOUS 
SILTSTONE 1 
MARKER 

NOTE: FOR SHORT-NORMAL NOTE: IN MANY ENVIRONMENTS, 
RESISTMTY THE TOP OF THE TUBE WAX AMPLITUDE CAN 
WIRELINE IS ISOLATED, BE USED AS A R E L A M  
RESULTING IN SHALLOWEST PERMEABILITY INDICATOR 
READING APPROX. 30 IT, - (INCREASES TO RIGHT); CORE 
BELOW CASING. ANALYSIS DATA IS NEEDED TO 

VALIDATE THE VALUES. 

VERTICAL SCALE r o  1 '; = 20' 

U NC 0 N SOLI DATED S E DI M E NTS 

SANDSTONE 

(QUATERNARY) 
* LOG VALUES ABOVE 26.4' ARE ATTENUATED 

BY ISOLATION CASING. 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

EX P LAN A i l  0 N 
SILTSTONE 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT C LAYSTO N E 

NO RECOVERY INTERVAL 
OR NOT SAMPLED 

BGS BELOW GROUND SURFACE 

[ELyCC) GRAMS PER CUBIC CENTIMETER 

ss SAN DSTO N E 
S LT SILTSTONE 
cs CLAY STON E 

COUNTS PER SECOND 

GENERALIZED CORE LITHOLOGY AND 
GEOPHYSICAL LOGS COMPOSITE FOR 

PILOT BOREHOLE 21 293 
SCREENED INTERVAL FROM 
A-SERIES WELL PROJECTED 
ONTO PILOT BOREHOLE 
LITHOLOGIC COLUMN 

OU2R1222 1 =20 



TOP OF 
BED ROCK 
AT 12.5' 

- _ _  

I NATURAL 

6* I.D. 
ISOLATION - 
CASING TO 
45' 

I GAMMA * ' (CPS) 

CALCAREOUS 
SILTSTONE = 
MARKER 

-. . 

. 

... .. 

._ _ _  . . . . . 
- . - _- . . . - . . . . 

CALCAREOUS 
SANDSTONE .= 
MARKER 

CALCAREOUS 
SANDSTONE- 
MARKER 

- 
- 

CALCAREOUS = 
SAN DSTON E 
MARKER 

LEGEND 

CALIPER 
(INCHES) 

3 7 - 
CLAY x mcRwEs 

TO'RYHT 

0 15C 

R _. 

UNCONSOLIDATED SEDIMENTS 

SANDSTONE 

(QUATERNARY) 

SILTSTONE 

C LAYSTON E 

NO RECOVERY INTERVAL 
OR NOT SAMPLED 

SCREENED INTERVAL FROM 
A-SERIES WELL PROJECTED 
ONTO PILOT BOREHOLE 

-LITHOLOGIC COLUMN 

GENERALIZED 
CORE LITHOLOGY 

(BGS,FEET) 

I 

SHORT NORMAL 
RESISTIVITY 

(OHM METERS) 

0 20 - 
APPARW WROslM 
INCRUSES TO EFT 

2300 6301 

TUBE WAVE 
AMP LlTU D E 
(RELATIVE) 

150 ( 
I 

.. . 

.. . 

1 3 

. .  

. 

I 

. .  

0 NOTE: FOR SHORT-NORM NOTE: IN MANY ENVIRONMENTS, 
RESISTIVITY THE TOP OF THE TUBE WAVE AMPLITUDE CAN 
WIRELINE IS ISOIATED, BE USED As A RELATIVE 
RESULTING IN SHALLOWEST PERMEABlLllY INDICATOR 
READING APPROX. 30 tl. (INCREASES TO RIGHT); CORE 
BELOW CASING. ANALrjlS DATA IS NEEDED TO 

VALIDATE THE VALUES. 

/ 

VERTICAL SCALE 
1 " = 20' 

20 
* LOG VALUES ABOVE 45' ARE AllENUATED 

BY ISOLATION CASING. 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPQRT 

EXPLANATION 

BELOW GROUND SURFACE 

GRAMS PER CUBIC CENTIMETER 
r"c"p';) COUNTS PER SECOND 

GENERALIZED CORE LITHOLOGY AND 
ss SANDSTONE GEOPHYSICAL LOGS COMPOSITE FOR 
SLT SILTSTONE PILOT BOREHOLE 21 393 
cs CLAYSTON E 

GM CC) 

ou2y2r  1-20 



CALI PER 
(INCHES) 

TOP OF 
BEDROCK 
AT 21.1’ 

6” I.D. 
ISOLATION 
CASING TO 
43.0’ 

CALCAREOUS 
SANDSTONE 
MARKER 

- 

CLAY x WcREnSEs 
TO a m  

0 150 

GENERALIZED 
CORE LITHOLOGY 

(BGS, FEET) 

. 

SHORT NORMA1 
RES I STlVllY 

(OHM METERS: 

0 20 
J 

AppAR€NT PoRoslpl 
INCREISES TO LEFl 

2300 6300 

TUBE WAVE 
AMPLITU DE 
(RE LAT WE) 

150 0 1 3 
L 

NOTE FOR SHORT-NORMAL 
RESlSTMlY THE TOP OF 
WIRELINE IS ISOLATED. 
RESULTING IN SHALLOWEST 
READING APPROX. 30 FL 
BELOW CASING. 

NOTE: IN MANY ENVIRONMENTS, 
THE TUBE WAX AMPLITUDE CAN 
BE USED AS A RELATIVE 
PERMEABILITY INDICATOR 
(INCREASES TO RIGHT); CORE 
ANALYSIS DATA IS NEEDED TO 
VALIDATE THE VALUES: ~ 

- 0  

- 20 
/ 

UNCONSOLIDATED SEDIMENTS 
(QUATERNARY) 

SANDSTONE 

SI LTSTON E 

CLAYSTON E 

NO RECOVERY INTERVAL 
OR NOT SAMPLED 

SCREENED INTERVAL FROM 
A-SERIES WELL PROJECTED 
ONTO PILOT BOREHOLE 
LITHOLOGIC COLUMN 

* LOG VALUES ABOVE 43’ ARE ATTENUATED 
BY ISOLATION CASING. 

_. .. 

EXPLANATION 

BE LOW G ROU N D S U R FACE 

GRAMS PER CUBIC CENTIMETER 
p) COUNTS PER SECOND 

ss SANDSTONE 
S LT SILTSTONE 
cs CLAYSTONE 

GM CC) 

~ U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE I 1  RFI/RI REPORT 

GENERALIZED CORE LITHOLOGY AND 
GEOPHYSICAL LOGS COMPOSITE FOR 

PILOT BOREHOLE 21 493 

FIGURE 3.5-31 OCTOBER 1993 

OlJ?P!??5 1320 
- 



TOP OF 
.BEDROCK - 
- A T  12,7-’ - 

6” I.D. 
ISOLATION - 
CASING TO 
24.3’ 

c 

CALCAR EO U S 
SILTSTONE 
MARKER 

. .  

CALIPER 
(INCHES) 

3 
I 

NATURAL 
GAMMA * 
(CPS) 

CLAY I INCRwa 
TO RIM 

0 ’  1 5  

.. .. 

GENERALIZED 
CORE LITHOLOGY 

(BGS,FE€T) 

SHORT NORMAL 
RESlSTlVlN 

(OHM METERS) 

0 2( 

TUBE WAVE 
AMPLITUDE 
(RELATIVE) 

150 ( 

NOTE: FOR SHORT-NORMAL . NOTE: IN MANY ENVIRONMENTS. 

WIRELINE IS ISOIATED. BE USED AS A REIATNE 
RESULTING IN SHALLOWEST PERMEABILIM INDICATOR 
R W I N G  APPROX. 30 FT. (INCREASES TO RIGHT): CORE 
BROW CASING. ANALYSIS DATA IS NEEDED TO 

VALIDATE ME VALUES. 

- 0  RESISTMTY THE TOP OF THE TUBE WAVE AMPLITUDE CAN 

?/ERTICAL SCALE 
1”=20’ 

- 20 

LEGEND 
UNCONSOLIDATED SEDIMENTS * LOG VALUES ABOVE 24.3’ ARE ATTENUATED E3 (QUATERNARY) BY ISOLATION CASING. 611 , . * .  SANDSTONE 

SI LTSTON E El 
CLAYSTONE - -  
NO RECOVERY INTERVAL 

SCREENED INTERVAL FROM 
A-SERIES WELL PROJECTED 
ONTO PILOT BOREHOLE 
LITHOLOGIC COLUMN 

0 OR NOT SAMPLED 

BELOW GROUND SURFACE 
COUNTS PER SECOND 

GENERALIZED CORE LITHOLOGY AND ss SANDSTONE GEOPHYSICAL LOGS COMPOSITE FOR 
S LT SILTSTONE PILOT BOREHOLE 21 593 
cs C LAY STO N E 

OU?FI226 1=20 



CALIPER 
(IN c H ES) 

NATURAL 
GAMMA * 
(CPS) 

GENERALIZED 
CORE LITHOLOG’I 

(BGS,FEET) 

SHORT NORMA 
RES ISTlVllY 

(OHM METERS: 

TUBE WAVE 
AMPLITUDE 
(RELATIVE) 

CALCAREOUS 
SILTSTONE 
MARKER 

APPARENT POROSlTY 
INCEASES TO LEFT 

2300 6301 
I I 

0 2( 50 0 1 3 3 7 
I I 

TOP OF 
BEDROCK 
AT 15.6’ 

. _ .  

6” I.D. 
ISOLATION 
CASING TO 
47’ 

70 

80 

: 
90 , 

100 

110 

120 

130 

NOTE FOR SHORT-NORMAL NOTE: IN MANY EWRONMENTS, 
RESlSiMlY M E  TOP OF M E  TUBE WAVE AMPLITUDE CAN 
WlREUNE IS ISOLATED, BE USED AS A RELATNE 
RESULTING IN SHAUOWEST.. PERMEABILITY INDICATOR 
READING APPROX. 30 FIT (INCREASES TO RIGHT); CORE 
BE LOW CASING. ANALYSIS DATA IS NEEDED TO 

VALIDATE THE VALUES. 

‘0 

VERTICAL SCALE 
1 ” = 20’ I 

20 

LEGEND 
UNCONSOLIDATED SEDIMENTS 
(QUATERNARY) 

.... . *. 
.. 2: * 
[3 . , . . I .  SANDSTONE 

SILTSTONE 

* LOG VALUES ABOVE 47’ ARE ATTENUATED 
BY ISOLATION CASING. 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

EX PLAN AT1 0 N 

OPERABLE UNIT N0.2 
PHASE I I  RFI/RI REPORT C LAYSTON E 

BGS BELOW GROUND SURFACE 

[ELyCC) GRAMS PER CUBIC CENTIMETER 

ss SANDSTONE 
S LT SILTSTONE 
cs CLAY STO N E 

COUNTS PER SECOND NO RECOVERY INTERVAL 

SCREENED INTERVAL FROM 
A-SERIES WELL PROJECTED 
ONTO PILOT BOREHOLE 
LITHOLOGIC COLUMN 

OR NOT SAMPLED 
GENERALIZED CORE LITHOLOGY AND 
GEOPHYSICAL LOGS COMPOSITE FOR 

PILOT BOREHOLE 21 693 



a, OU-2 PEDIMENT - 
BEDROCK 

SOUTH PALEOSCOUR NORTH 
PALEORIDGE I PALEORIDGE 

CONCEPTUAL UHSU/LHSU 
BOUNDARY 

NORTH 

U.S. DEPARTMENT OF ENERGY 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

EXPMNATION 4‘ 
Qrf ROCKY FLATS ALL$& 
QC COLLUVIUM/TERRACE DEPOSITS 
QOI VALLEY FILL ALLUVIUM 

SCHEMATIC CROSS-SECTION 
OF HYDROSTRATIGRAPHY 

AT OU-2 I U H S U UPPER HYDROSTRATIGRAPHIC 
UNIT 

LHSU LOWER HYDROSTRATIGRAPHIC 
UNIT 
CONCEPTUAL UHSU/LHSU 

cum168 1-1 



1 

i 
I 
I 
I 

i 
I 

I 

T 

I 
J 

# 
i 

\ 

EXPLANATION 
5.02 . 

ALLUVIAL/COULMAL MONITORING WELL 
LOCATION SHOWING SATURATED 
THICKNESS (In Feet) 

SATURATED THICKNESS CONTOUR IN FEET (4 Ft. Interval) - - Approximate -- 7-- Extrapolated - -- AREAL EXTENT OF RO$KV FIATS ALLUVIUM 
(Dashed Where Approxlmote) 

,-. APPROXIMATE BOUNDARY OF 
UNDERGROUND GROUNDWATER 
COLLECTION BASIN 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
.PHASE II RFI/RI REPORT 

ALLUVIAL COLLUVIAL SATURATED THICKNESS 
[ d s t  Quarter (March), 19921 

FIGURE 3.6-2 OCTOBER 1993 

OU2R1007 1 4 0 0  
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U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

EXP LANATl ON 
5.02 . 

ALLUVIAL/COLLUVIAL MONITORING WELL 
LOCATION SHOWING SATURATED 
THICKNESS (In Feet) 

SATURATED THICKNESS CONTOUR IN FEET (4 Ft. Interval) - - Approximate - - ? - - Extrapolated 

(Dashed Where Approximate) 

APPROXIMATE BOUNDARY OF 

- I- AREAL EXTENT OF ROCKY FIATS ALLUVIUM 

- UNDERGROUND COLLECTION BASIN GROUNDWATER 

OPERABLE UNIT N0 .2  
PHASE II RFI/RI REPORT 

ALLUVIAL/COLLUVIAL SATURATED THICKNESS 
[Second Quarter (May), 19921  

FIGURE 3.6-3 OCTOBER 1993 

OU2Rt060 1-300 
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EXPLANATION 
5.02 . 

ALLUvv\L/COUlMAL MONITORING WELL 
LOCATION SHOWING SATURATED 
THICKNESS (In Feet) 

SATURATED THICKNESS CONTOUR IN FEET (4 Ft. Interval) - - Approximate -- ’? - 0  Extrapolated - -- AREAL EXTENT OF ROCKY FIATS ALLUVIUM 
(Dashed Where Approximate) 

3 APPROXIMATE BOUNDARY OF - UNDERGROUND GROUNDWATER 
COLLECTION BASIN 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0 .2  
PHASE II RFI/RI REPORT 

ALLUVIAL COLLUVIAL SATU RATED THICKNESS 
[Tkrd Quarter (July), 19921 

FIGURE 3.6-4 OCTOBER 1993 

OU2R1113 1-3oc 
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Projection of the 
IHSS boundary 
onto the top 
of bedrook 

ation 3 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT NO. 2 
PHASE II RFllRl REPORT 

SHADED RELIEF VIEW OF TOP OF BEDROCK 
WITH ALLUVW/COLLUVIAL SATURATED THICKNESS 

[FIRST QUARTER - (MARCH) 19921 

FIGURE 3.6-5 October 1993 
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Satu rated T h a n  in I 

0 - 4  

4 - 8  

8 - 12 

12 - 16 

16 - 20 

Projection of the 
IHSS boundaty 
onto the top 
of bedrod 

Vertikal exaggeration = 3 X  

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT NO. 2 

PHASE II RFllRl REPORT 

SHADED RELIEF VIEW OF TOP OF BEDROCK 
WITH ALLUVIAL/COLLUVIAL SATURATED THICKNESS 

[SECOND QUARTER - (MAY) 19921 

October 1 Q03 FIGURE 3.6-6 



I UNDERGROUND COLLECTION BASIN AREA 0 

SATURATED ALLUVIUM AREA t- 
t" x>. GROUND SURFACE '.., *T, 

FXPI ANATION <.?/' 

INFILTRATING PRECIPITATION 

4. WATER TABLE 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE I I  RFI/RI REPORT 

SCHE~ATIC DIAGRAM OF RELATIONSHIP 
OF UNDERGROUND COUECTION BASIN 

AREA TO SATURATED ALLUVIUM 

FIGURE 3.6-7 OCTOBER 199; 

oU7mxB 1-1 
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EXPLANATION ~ 

A u u V W / C o U w w  MONITORING WELL LOcAnOL 
SHOWING WATER LNEL ELEVATION (In Feet) 

POTENTIOMETRIC SURFACE CONTOUR IN FEET (5 Ft. Interval. 
Except 20 Ft. Interval Along Woman Creek Hillside) - - Approximote - - ? = = Extropoloted 

1\1 Approximote 
=- ? -= Extrapoloted 

EXTENT OF SATURATED ALLWIUM/COLLUVIUM 

- I- ARW M E N T  OF ROC-KY FIATS AUUVlUM 
(Dashed Where Approximate) 

-- 

U.S. ,DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

ALLUVIAL COLLUVIAL POTENTIOMETRIC 

[First Quarter (March), 19921 
.&FACE ELEVATION 

FIGURE 3.6-8 OCTOBER 1993 

OU2R1008 l=JN 



‘ SCALE IN FEET 

EXP LANATIO N 
5897. 

ALLUMAL/COUUVIAL MONITORING WELL LOCATIOb 
SHOWING WATER LEVEL ELEVATlON (in Feet) 

POTENTIOMETRIC SURFACE CONTOUR IN FEET (5 Ft. interval, 
Except 20 Ft. interval Along Woman Creek Hili!lide) - - Approximate - - 7 - - Extrapolated 

& Approximate -- ?- -  Extropoioted 

EXTENT OF SATURATED ALLUVIUM/COLLUVIUM 

- -- AREAL EXTENT OF ROCKY FLATS ALLUVlUM 
. (Dashed Where Approximate) 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

ALLUVIAL COLLUVIAL POTENTIOMETRIC 

[Second Quarter (May), 1992) 
&FACE ELEvATt 0 N 

FIGURE 3.6-9 OCTOBER 1993 

OU2Rl061 1=300 
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EXP LANATIO N 
5097. 

ALLUVIAL/COULMAL MONITORING WELL L m n o h  
SHOWING WATER LEVEL ELEVATION (In Feet) 

Except 20 Ft. Interval Along Womon Creek Hillside) - - Approximate - - ? - - Extropoloted 

& Approximate 
- 0  ?- -  Extropolated 

POTENTIOMETRIC SURFACE CONTOUR IN FEET (5 Ft. Intervol. 

W E N T  OF SATURATED ALLWIUM/COLLUVIUM 

- -- AREAL (Dashed EXTENT Where OF Approximote) ROC!Cf FLATS ALLUVIUM 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

ALLUVIAL COLLUVIAL POTENTIOMETRIC 4” FACE ELEVATION 
[Third uarter (July), 19921 

FIGURE 3.6-10 , OCTOBER 1993 

OU2Rll12 1-300 
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EXPLANATION 
586? NO.l SANDSTONE MONITORING WELL LOCAnON 

SHOWING WATER LEML ELEVATION (In Feet) 

**, POTENTIOMETRIC SURFACE ELEVATION CONTOUR 
10 Ft. Interval) 
--Approximate -- ? --Extrapolated] 

--Approximate {-- ? --Extrapolated] 
APPROXIMATE LOCATION OF NO.l 
SANDSTONE BASE TRUNCATED BY HILLSIDES 

(Dashed Where Approximate) 

I 
\- BOUNDARY OF ~ 0 . 1  SANDSTONE CHANNEL 

.' - ' \  - - M I D  AREAL OCTENT OF ROCKY FIATS ALLUVIUM 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE II RFI/RI REPORT 

POTENTIOMETRIC SURFACE ELEVATION 
WITHIN THE ARAPAHOE NO. 1 SANDSTONE 

[Second Quarter (MAY) 19921 

FIGURE 3.6-12 OCTOBER 1993 

OU2R1075 10% 



EXPLANATION 
586? NO. 1 SANDSTONE MONITORING WELL LOCATlON 

SHOWING WATER L M L  ELNATION (In Feet) . 

POTENTIOMETRIC SURFACE ELEVATION COWOUR 
10 Ft. Interval) -- - ? "Approximate --Extrapolated{ 

[-- - ? -Approximate --Extrapolated] 

SANDSTONE BASE TRUNCATED BY HILLSIDES 

(Dashed Where Approximate) 

I 
k~ BOUNDARY OF ~ 0 . 1  SANDSTONE CHANNEL 

. 

\ APPROXIMATE LOCATION OF NO.l * , - *  - -I AREAL EXTENT OF ROCKY FLATS AUUVlUM 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 
PHASE It RFI/RI REPORT 

POTENTIOMETRIC SURFACE ELEVATION 
WITHIN THE ARAPAHOE NO.l SANDSTONE 

[Third Quarter (July) 19921 



EX P LAN AT1 0 N 

0 SURFACE WATER SAMPLING 
SW-60 LOCATION 

SOURCE: 
ROCKY FIATS PIANT DRAINAGE 
AND FLOOD CONTROL MASTER 
PIAN DOE APRIL, 1992. 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT N0.2 - 

PHASE I t  RFt/Rt REPORT 

OU-2 DRAINAGE BASINS, 

FIGURE 3.7-1 OCTOBER 1993 

OU2R1259 1 ~ 6 0 0  
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EX F L AN A T IO t4 

Habitat Types 
Short Marsh 

Tall Marsh 

Short Upland Shrubland 

Riparian Shrubland 

Riparian Woodland 

Xeric Grassland 

Mesic Grassland 

Reclaimed Grassland 

Disturbed, Annual Gross/Forb 

Disturbed, Mowed 

Disturbed, Barren Lands 

Structural (Roads, Bldg.) 

inr..*,.," """s.,,.- 

0 OU2 IHSS Boundaries 

lmpoundmen t s 

I Buildings 

Streams and Drainages 
Paved Roads 
Dirt Roads 

I 

Scale 1" = 600' 

600 1200 0 Feet 

I U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERABLE UNIT NO. 2 
PHASE II RFI/RI REPORT 

Vegetation Community Types 
in OU2 and Vicinity 

FIGURE 3.8-1 NOVEMBER 1993 
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