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OU 7 Draft Phase I IM/IRA Decision Dociirnent 

Executive Summary 

The Operable Unit (OU) 7 Draft Phase I Interim Veasurehterim Remedial Action 
(IM/IRA) Decision Document presents the proposed alternative for closure of OU 7 As 
agreed to bv the U S Department of Energy U S Environmental Protection Agency and 
Colorado Department of Public Health and Environment the alternative implemented as 
the interim action will also constitute the final action for OU 7 Also as agreed to bv the 
agencies this MXRA Decision Document in conjunction with the 06' 7 Phase I Resource 
Conservation and Recovery Act (RCRA) Facility InvestigatiodRernedial Investigation 
(RFI/RI) Report constitutes the OU 7 Closure Plan Several other mintenance and 
remedial actions are planned at OU 7 including implementing a leachate accelerated 
action constructing a slurry wall on the north side of the landfill and abandoning 
groundwater-monitoring wells within the landfill 

OU 7 is located in the Rocky Flats buffer zone north of the industrial area and consists of 
four Individual Hazardous Substance Sites (IHSSs) associated with historic operation of 
the landfill The four MSSs include MSS 114 the Present Landfill MSS 203 InaLLive 
Hazardous Waste Storage Area, and IHSSs 167 2 and 167 3 Sprav Evaporation Areas 
The Present Landfill has operated primarily as a municipal waste facility for Rockv Flats 
since 1968 The landfill is used for office trash, construction debris scrap metal dried 
sanitary sewage sludge and other waste Historically the landfill has received incidental 
hazardous waste including contamers partially filled with p in t  or solvents oil filters and 
metal cuttings coated with hydraulic oil The MSSs associated with the landfill include an 
area southwest of the landfill (MSS 203) used in 1986 and 1987 as a hazardous waste 
storage area for drums of liquid and solid waste The other two IHSSs are spray 
evaporation areas southeast of the landfill which received spray waters from the East 
Landfill Pond periodically between 1975 and 1994 

This Phase I IMIIRA Decision Document summarizes the results from two separate field 
investigations at OU 7 and provides the resultant interpretation of the nature and extent of 
contammation This information is then used to quantify the risk to human health and the 
environment present at OU 7 Because OU 7 is being closed under a presumptive remedy 
approach a comprehensive baseline risk assessment was not necessary The presumptive 
remedy allows a comparison of all exposure pathways to the pathways that will be 
addressed by the presumptive remedy This document concludes that the presumptive 
remedy, containment will address all potential pathways with the exception of surface 
water and sediment in the East Landfill Pond and surface soils in spray evaporation areas 
The pathways not addressed by the presumptive remedy were subjected to a focused risk 
assessment process This risk assessment consisted of comparing the maximum site 
concentrations to prelimnary remediation goals quantification of exposure and toxicity 
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values, and cornpanson to appltcabk or relevant *and appropse requirements (ARARs) 
NQ risks above the acceptable ranges were identified in the pathways not addressed by the 
proposed remedy 

The following Remedia! Action Objectives (RAOs) were establxshed for the Present 
Landfill closure, in accordance with EPA guidance 

1 Prevent dlrect contact WI& landfill contents 
2 Mnirmze infiltrauon and resukng contarmnmt leaclung rn groundwater 
3 Control surface-water nm-off and erosion 
4 Contra1 landfill gas (mar as n d )  
5 Remediate wedand mas <as needed) 

These RAOs €om the basis for i&ntxfia@on of appmpnak rem& wbon afternatives 
for the srte Sectron 5 of ttus report descnbs the ntne alternatives initidly idmtrfied as 
supportive of the RAOs As per EPA gu1-e the m e  d€em&ives were evaluated 
agamst three Gntena effectiveness, implernentabdq, and cost This i&al screening 
process eliminated five of the alternattves from further considemtian Fow itltenratrves 
were c m e d  through the deialed screenrng of dWrtatl\res 

d 

The four alternatlves evaluated in the detaled an@ysrs of alt.ernstlVes, presented in Section 
6, include the 

Alternattve 1 
Afternative 5 
AlQmatlve 7 
Alternatm 9 

It is assumed 

followmg 

No Acbun 
Smgle-Barrier Rexlble Membrw Cover (FMC) 
Single-Bamer FMC with Low-Pemeabibty Sox1 Cover 
Composite-Barner FMC and Clay-Cover 

that the slurry wall marntenance.actiQn, schieduled for fiscal year €996 is 
complete Alternative 1, the no-actton alternative, is mtaneb as a baseline for comparison 
in accoKfance with EPA guidance The d y  diEeme between the other three 
alternatives is in the compofition of the sod= layer #en-& the FMC Akrnatrve 5 
includes common soil far bedding, Alternauve 7 includes sods with a lower pc.xnteability, 
and Alternative 9 includes a thicker clay bamer Sayer rather than soil 

The detailed analysis of alternatives uses nine criteria to evatuate each alternative The 
nine cntma are the following 

I Overall protecbon of human health and the bnvmment 
2 Comphance with AluuRs 
3 Long-term effectiveness and permanence 
4 Reduction of toxictty, mobtbty, Itnd volume through treatment 
5 Short-wrxn effectrveness 
6 Implementabthty R 
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7 cost 
8 Regulatory agency acceptance 
9 Community acceptance 

After evaluating each of the alternatives against the nine criteria a comparative analvsis 
was performed to evaluate the alternatives relative to each other This comparison is 
described and quantified via a weighted ranking svstem which is presented in Section 6 
Alternative 7 emerged from this multi-step evaluation process as the preferred alternative 
for the OU 7 remedial action Alternative 7 achieves the site RAOs and ranks consistently 
well according to the nine criteria 

Alternative 7 consists of a single-barrier FMC underlain by a 12-inch soil layer with a 
permeability of 1E-05 c d s e c  and a geocomposite gas-collection system The FMC is 
covered with a lateral dramage laver and a 36-inch vegetative layer Existing institutional 
controls are maintained including limited site access and new fencing around the cover is 
provided The slurry wall maintenance action is assumed to be completed This document 
also presents a post-closure monitoring plan for OU 7 Post-closure monitoring will be 
conducted for 30 years and will include semiannual upgradient and downgradient 
groundwater-monitoring wells quarterly gas monitoring and annual cover survevs and 
facility inspections 
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Introduction 

The Rocky Flats Environmental Technology Site is located in northern Jefferson 
County, Colorado approximately 16 mles northwest of Denver (Figure 1-l), and 
comprises approximately 6 550 acres of land in Sections 1 through 4 and 9 through 15 
of Township 2 South Range 70 West, 6th Pnncipal Mendan Major buildings are 
located withn the indusmal area which encompasses approximately 400 acres (Figure 
1-2) The industnal area is surrounded by a buffer zone of approxlmately 6,150 acres 

Rocky Flats is a government-owned contractor-operated facility in the nanonwide 
nuclear weapons productlon complex The former rmssion at Rocky Flats was to 
produce components for nuclear weapons from plutonium, uranium, and non- 
radioactive materials The current rmssion is to manage wastes and matenals and to 
clean up and convert the Rocky Flats site to beneficial use in a manner that is safe 
envlronmentally and socially responsible physically secure, and cost effective 

Ths  report addresses investlgabons at operable unit (OU) 7 which is located north of 
the industrial area on the western end of No Name Gulch and encompasses 
approximately 44 acres (Figure 1-2) OU 7 is one of 16 OUs at Rocky Flats Each OU 
is made up of a number of individual hazardous substance sites (IHSSs) OU 7 
comprises the Present Landfill (IHSS 114) Inactive Hazardous Waste Storage Area 
(IHSS 203), East Landfill Pond Pond Area Spray Field (IHSS 167 2), and South Area 
Spray Field (IHSS 167 3) Figure 1-3 IS a 1991 photograph that shows the landfill, 
pond, and adjacent spray evaporation areas 

The prelimnary assessment performed under the U S  Department of Energy (DOE) 
Environmental Restoration program identified some of the past onsite storage and 
disposal locaQons as potential sources of environmental contammation (DOE 1986) 
Additlonal informatlon regarding hstoncal plant operations, productlon activities, past 
waste disposal practices at Rocky Flats, and previous investigahons not directly related 
to OU 7 are provided in the OU 7 Phase I Work Plan (DOE 199 1 a) 

Hazardous constituents have been released (42 USC 9601 Section lOl(22)) at Rocky 
Flats as a result of the production of nuclear weapons components processing of 
radioactive substances, and fabncation of metals A two-phase process was developed 
to remove these constituents A Phase I Resource Conservanon and Recovery Act 
(RCRA) facility investigatiodremedid investigation (RFI/RI) was conducted at OU 7 
from November 1992 through Apnl 1993 to charactenze the site physical features, 
describe contarmnant sources and detemne the nature and extent of contarmnanon in 
soils resulting from such releases A Phase II RFYRI was subsequently planned to 
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charactem the qature and extent of contarmnafion 111 surface water, groundwater, and 
mr and evalu* OOlltammaDt mgrmon pathways 

These actrvitles were mt.Iatedpursuant to an Interagency Agreement (IAG) among the 
DOE, the U S Enwonmental Protemon Agency (EPA), and the Colorado Department 
of Public Health and Envvonment ( C D M )  dated January 22, 1991 @OE 199lb), 
whch is currently bcmg revsed The LAG addrtssts RCRA and Compdxemlve 
E n v m n t a l  Response, Compensation and babw Act (CEkCLA) Lssues that 
pem to the ate CDPHE ts the lead regdatory agency fat the iAG program at OU 7 

I 

I 
' b s  Phase I rwvliaa Decision Docmat (QklZRA DD) pnzsents the proposed 
dtemmve for landfill clmwe. The altanatxve addresses dT scimte areas with nsk 
levels greater than 1E-06 or a hazard milex greater tha~ 1 As agreed by DOE, 
CDPHE, and EPA, the m t e m  actmn wdI& final action for clwwe of OU 7 The 
Phase I IM/IRA DD and the Phase I RFU& Report const~tutethe OU 7 closure Plan 
(CDPHE 1992) The llwlRA DD was prepared in accmhce \Ivlth paragraphs 15 and 
150 of the IAG (DOE 1991a) It IS consl&.ent WI& gmdance m the preamble to the 
Na- 011 and Hazardous Substances Pollut3on Gmtmgency Plan (55 €Weal 
RegstRr 8704) and IS consistent with Colosado wazardous Waste Act (CHWA) closure 

Bccordance with Sectmi IB 9 of the LAG (DOE IWPs), a d  i t  IS lncluded as an 
attachment to the @@IRA DD The IM/IRq DD and the P-roposed Plan wlll undergo a 
smgle public mvolvemcnt program 

I 

1 1  ~ O f R e P o r t  

~ U I R I I W H S  (6 CCR 1007-3 Part 265) DOE has preparrxl ctsaft R.opased Plan UI 
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1 2  Organization of Report 

The IM/IRA DD is divided into 10 sections as follows 

Section 1 ,  Introduction, discusses the purpose and organization of the report Other 
mamtenance or remedial actions at the Present Landfill are described, and the project 
approach is presented 

Section 2 Site Charactenstics, descnbes the physical characteristics and operational 
hstory of OU 7, descnbes site-specific geology hydrology and ecology, including 
sensitive habitats and endangered species, and summanzes the nature and extent of 
contammahon in all media Information included in ths section is from both the Phase 
I RFMU (DOE 1994a) and the adltional Phase I field inveshgation 

Section 3 Development of Remedial Achon Objectives to Reduce Site hsks outlines 
the prelimnary objectives of the remelal achon, presents a conceptual site model for 
defining nsks, summanzes the results of focused nsk assessments for various 
environmental media, assesses compliance with applicable or relevant and appropnate 
requirements (ARARs), and presents final remelal action objectives (RAOs) 

Section 4, Idenhfication and Screening of Technologies, idenufies and screens response 
achons and technologies that satisfy the RAOs Screening is based on an evaluation of 
effectiveness implementability and cost Favorable technologies are retined for 
consideranon in the development of alternatives 

Sechon 5, Development of Alternatives, describes the general components of the 
alternatives developed, presents nine alternatives, summarizes the results of the 
alternatives screen using effectiveness implementability, and cost and presents the 
four alternatives retamed for detaded analysis 

Sechon 6 Detaded Analysis of Alternatives, presents an evaluation of the four 
alternatives using the nine CERCLA cntena (overall protection of human health and 
the environment, compliance with ARARs, long-term effectiveness and permanence, 
reduction of toxicity mobility and volume through treatment, short-term effectiveness, 
implementability costs, regulatory agency acceptance, and community acceptance) and 
recommends the best alternative for final selechon by CDPHE and EPA 

Section 7, Recommended Alternative, descnbes the proposed achon, outlines design 
requirements, presents the conceptual design for the proposed action, and descnbes the 
process for developing the Title II design The conceptual design includes the proposed 
grading plan, surface-water control, proposed cover section seepage control, gas 
control, ancillary facilities, and estimated costs 
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I 
Section 8, Closw and Post-Closure Plans, detds the plans that wlll be cmed  out 
during the closum and pst-closure care' periuds tu mgulatmns stipulated in 
CHWA, 6 CCR 1007-3 Parts 265 I1 and d65 117-120, mQect~vely The closure plan 
descnbes the f u t y ,  extent of operatqps, wt~ficatmn nqmments, constnrcnon 
actmties, decon-on procedwes, bundwater mmtomg, andary closure 
actlvibes, emergem response, closure ce;aficaton rmpmmen~, and a schedule for 
closure  he postclosure plan addresses pemt  r0qu-m ami des~nbes rouune 
lnspectlon activities, gas mmtcmg, groundwater momtoring, the pomtd-ctmplmce, 
and the post-closure ceTtlficatlon. 

Several other act~ons axe p h e d  at OtJ 7, idudmg lmpkrrmntlng a leachate 
accelerated action, constructmg a siurry wall on Ilk nodi side of the landfill, and 
abandomng groundwater-momtomg w e b  Wihn the l d l  (Figme 14) I 
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1 3 1 Leachate Accelerated Action a - 
The Seep Collection IWIRA is being implemented before closure as an accelerated 
action A passive seep collection and treatment system is proposed as an accelerated 
action to elimnate discharge of F039 RCRA-listed waste from the leachate seep to the 
East Landfill Pond (Figure 1-4) The action was proposed in the Modified Passive 
Seep Collection and Treatment Proposed Action Memorandum (PAM) (DOE 1995a) 
which was submtted to CDPHE and EPA on June 15 1995 The PAM includes a 
description of the interception and passive treatment components of the system and a 
conceptual design Leachate will be intercepted with perforated pipe and directed to a 
tank contaming carbon-based granular media that will separate the F039 waste from 
seep water F039 waste will be absorbed by the carbon-based media Treated water 
will be discharged directly to the East Landfill Pond The modified PAM was 
approved by CDPHE and EPA on June 27 1995 The system will be fully operational 
within six months 

1 3 2 Slurry Wall Mamtenance 

A slurry wall will be constructed on the north side of the landfill as a maintenance 
action undertaken by DOE to address the falure of the existing groundwater-intercept 
system and north s lum wall (Figure 1-4) Falure of the existing system is evidenced 
by (1) insignificant differences in heads in wells that straddle the existing groundwater- 
intercept system (2) groundwater modeling whch shows that inflow occurs on the 
north side of the landfill (3) as-built diagrams which reveal that sections of the system 
were not keyed into bedrock and (4) as-built diagrams which show that mnimum 
slopes could allow sediment buildup and blockage within the pipe dram 

The new slurry wall will reduce groundwater inflow leachate generation and outflow 
at the seep Therefore it is an integral part of the remedial action recommended in this 
report The length of the slurry wall IS estimated at 2 OOO feet The slurry wall will be 
keyed into weathered bedrock consisting of siltstones and claystones of the 
undifferentiated Arapahoe and Laramie Formations Depth of the slurry wall varies 
with the depth of weathered bedrock and ranges from 15 to 30 feet Hydraulic 
conductivity 01 the weathered bedrock is 4507 centimeters per second (cdsec) 

CDPHE and EPA approved DOE’S proposal to construct the slurry wall as a 
mamtenance action in May 1995 Construction of the slurry wall will occur in fiscal 
year 1996 This allows for monitoring the effectiveness of the wall and talung any 
necessary correctwe actions pnor to capping 
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1 3 3 Well Abandonment 

Twenty-six of the 54 existing momtmng wells in OU 7 that are sampled quarterly as 
RCRA-compliance wells or sitewide groundwater-protection wells will be abandoned 
(Figure 1-4) This action was proposed in a January 13, 1995, letter from DOE to 
CDPHE and EPA (DOE 1994~) CDPHE and EPA appruved the well abandonment 
proposal on February 13, 1995 (CDPHE 1%5) Well abandonment was proposed on 
the basis that the purpose of each well has been frtlfilled, the wells fall under the 
fcwtpnnt of the landfin cap, the presence of the wells wauld compromse the integrity 
of the cap because holes w d d  have to be cut ur the synthet~ liner. and unequal 
compaction of the fill material around the wells would potemaliy cause hfferential 
settlement of the cap Well abandonment will be pcdornkl m 19% 

i' 1A Propet Appmach-the P m t m p t w e  R e d  

Presumptive r e m h s  are preferred techdogies for common categotres of sktes 
developed by EPA based on h~stoncal data %m successful remedial actions at s~mdar 
sites The objechve of the presumptrve remedy approach is to stredine the ate 
investigation and remedal action selection a@ reduce the cost and time required to 
implement the remdal achvn The presumptive remedy approach was adopted by 
DOE, CDPHE and EPA in May I994 (EGW i993a, DOE 19946) Letter approval 
was received from CDPHE in Qctober 1994 ((?.DPHE 1994) 

The approach was used to s t r e d m e  the supplemental Phase I field mveshgation, 
whch focused on gathenng data for design o€ the presumptwe remeches and 
assessment of cmtanpnation in groundwater &wn@eM of the landfa As a result 
of thls strategy, a comprehensive Baseline nsk assessment was no longer requxred U5e 
of the presumptive remedy ako ltmrted the &d for initxal i @ t ~ f i a h ~ n  and screening 
of alternatives for the c o m t m  masureg studylfeasbdity study (CMWS), or 
IM/IRA, and allowed the acceieamon of tk schedule fa memfiEq r e m u  
achons and acheving fmal closure 

The presumphve remedy for CEacLA mumg%pa€ landfill si- B cmtamnent (EPA 
1993a) Contarnment technolug~es are gemby approplrate for municlpd landfills 
because the waste poses a relatively low long-term h a t  and the volume and 
heterogeneity of the waste make treatment impramcable Although the ma~onty of the 
waste accepted at OU 7 is considered a &mcipal was&, some hazardous waste 
components have been detected in the leach{e, m&catmg the presence of hazardous 
matenals in the waste Therefore, the specific Cntena used €or the landfill cover design 
are based on a RCRA Subtitle C facility The contnnment presumptive remedy 
consists of the following 

I 

I 

I 
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Institutional controls 

Source area groundwater control 

Landfill cap (RCRA Subtitle C equivalent) 
Landfill gas control (and treatment if needed) 
Leachate collection (and treatment if neededj 

The presumptive remedy limits the alternatives that require detiled analysis to the 
components listed above Characterization of the waste material within the landfill is 
not necessary for selecting a response action Response actions selected for individual 
sites include only those components necessary based on site-specific conditions (EPA 
1993a) The contamment presumptive remedy addresses all pathways associated with 
the source 

Potentially affected media and exposure pathways outside the landfill are generallv 
addressed separately However a response action for potentially affected media and 
exposure pathways outside the source area will be selected together with the 
presumptive remedy to develop a comprehensive response For OU 7 potentially 
affected media include the following 

Surface water in the East Landfill Pond 
Sediments in the East Landfill Pond 
Surface soils in spray evaporation areas 
Subsurface geologic materials downgradlent of the landfill 
Groundwater downgradient of the landfill 

The nature and extent of contammation in potentially affected media is addressed in 
Section 2 A focused risk evaluation and an ARARs comparison for these media are 
presented in Section 3 
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control generabon and rmgration of leachate (Figure 2- 1) The groundwater-intercept 
system is a clay b m e r  (not a slurry wall) on the outside wall of the leachate-collection 
trench with a perforated pipe outside the bamer to carry groundwater to the 
groundwater-intercept system discharge points (Figure 2-2) 

Between 1977 and 1981 the leachate-collection trench and the West Landfill Pond 
were buned beneath waste dunng landfill expansion In 1982, two soil-bentonite slurry 
walls were constructed near the eastern end of the landfill to prevent groundwater 
rmgration into the expanded landfill area These slurry walls were tied into the north 
and south arms of the groundwater-intercept system and extend approximately 900 feet 
from the points of intersection (Figure 2-1) Based on as-built drawings, the slurry 
walls vary in depth from 10 to 20 feet There is no known waste lsposal outside of the 
clay barrier or the slurry walls (DOE 1994a) 

Effectiveness of landfill structures was evaluated in 1994 for the Phase I RFVRI using 
hstoncal groundwater-elevabon data along a number of transects These data inhcate 
that the groundwater-intercept system is functioning effectively except on the northwest 
side of the landfill (DOE 1994a) 

I 

I 

As-built diagrams were reviewed for the wI/IRA DD Approximately 275 feet of the 
leachate-collection system trench along the northwest side and 400 feet of the trench 
along the southwest side of the landfill are not keyed into bedrock These diagrams 
establish a possible pathway that allows groundwater to flow into the landfill on the 
northwest side Another possible pathway is desiccation craclung of the clay layer 
Any blockage in the dram outside the clay bamer would further reduce the 
effectiveness of the intercept system Because there is a groundwater divide just south 
of the landfill the head on the south side of the landfill is farly low and the 
groundwater-intercept system appears to be funcboning even though it is not keyed 
into bedrock 

2 1 5 Spray Evaporation Areas (IHSSs 167 2 and 167 3) 

Spray evaporation of water from the East Landfill Pond to mantam the stored volume 
at 75-percent capacity (approximately 5,500 OOO gallons) began in September 1975 
Spray evaporation was discontinued in 1994 Two discrete spray areas have been 
identified (Figure 2-1) the Pond Area Spray Field (IHSS 167 2) on the north bank of 
the pond and the South Area Spray Field (IHSS 167 3) on the south bank of the pond 
These IHSSs were onginally in OU 6 but were transferred to OU 7 in 1994 (DOE 
1994a) Dimensions of the spray fields are approximately 100 feet by 460 feet for 
IHSS 167 2 and 120 feet by 440 feet for MSS 167 3 Surface soils in spray evaporation 
areas are potentially contarmnated by pond water Surface soils downgradient of the 
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East h d f i i  Pond dam are &wnwmd and'thus p t e n W y  affected by spray actIvitIes 
intheseams 

2 1 6 OU 6 Trenches @rsSs 166 1,166 2, and 1 $6 3) 

OU 6 trenches A, B, and C 166  1,1156 2, and 166 3) are located southeast of the 
landfill (Figure 2-1) Trenches A and B received uranim- andor plutomum- 
contammated sl*e from the sewage treatment plant @uMmg 995) from 
appmxmately 1- to 1974 The materials placed m 'French C are not known, but it 
probable that sewage sludge was also placed m this trench @OE, l992a) More 
m f o m o n  reganf~rg the hstory of t h e s e ' ~ ~ ~ s  IS presented m phase I RFWRI 
Work Plan for OperaMe Unit 6 - Walnut Creek h n t y  Dnunaga @OE 1992b) 

.F 

2.2 Gedolyy 
I 

T h e ~ l o g y a t 0 ~ 7 i s a f u n c t l o n o f t h e r e ~ o ~ ~ s e t t u g a n b l o c a l ~ ~ ~  
and erosonal conclifim Geologs data us& to c- W 7 wee compfled ikm 
previous l a n c ~ i  mveagatmns (~0ckwe11 hntematm~nal 19- DOE Wla), exstmg 
geologc tAuuac&nzmm reports @G&& 199h EGBtG 199Sa), US Geolog~eal 
Survey pubhcmons (Spencer 1961, Van' Horn 19721, Colordo S c b l  of hhes  
reports (We- 1976), data from the P h d  I RFYRIfidd mvm- @OE 1Wj, 
and data from the supplemental Phase I field investqptmn. A suznmwy ofthe p e r i d  
geolwc fianmvmi~, descnptwn and cis&bu~on of surficiai and bedro~k geoiolpc 
umts, descnphon of geotechcal propcrt~~, and des&npt~m of pond dments  are 
presented 111 the fdowing sect~ons Geologtc bodole logshxn the zukhtmnal Phase I 
field inveshgatmn am presented in Appekhx A W o g ~  bdiok! logs from the 
Phase I RFI/RI: are presented m the OU 7 Fmal Work Plan (DOE 

General Geologic Framework 

Rocky Hats is located on an eastward-slopmg plan just east of the Colorado Froa 
Range The surface cover is composed of d senes o f c o d ~ m g  duVial fans developed 
dumg the Pleistocene The Present LmdkUl is located near the eastem extent of the 
alluvial-fan deposits The ahvral fans were clcpited op a bnwd, gently dopmg 
erosional surface, orpedment, w h h  is underlam by more than l0,aOO feet of gently 
hppmg (less than 2 degrees) Pennsylvmai to Upper cretaceous seximentary rocks 

Dissect~on of the gravelcqped pedment has o c c d  by headwad erosion and 
planahon along eastward-flowmg streams and &ex &utarres Fluvial processes have 

slopes formed along the tops ~f the mci~ed b g e s  m e  1- at ou 7 is iocated m 
No Name Gulch at the western h u t  of beadward erosion and pediment Qssechon 
Waste matenal has been placed on top of &e bedrock and fills the valley to the top of 

a ,  

2 2 1 
I 
I 

formed I l l O d e ~ 1 ~  S w  tulEsides adJWlIt t0 the StIWUl Wlth the S t W P t  
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the pehment at approximately 6,000 feet Some waste matenal is mounded above the 
top of the pediment in the center of the landfill Waste matenal is confined laterally by 
the leachate-collection trench and slurry walls and by the bedrock slopes of the valley 

Figure 2-3 presents a generalized stratigraphic section that shows the vertical sequence 
of surficial deposits and bedrock Surficial and bedrock geologic units that influence 
groundwater flow include the Rocky Flats Alluvium and the underlyng Arapahoe and 
Lararme Formations Also important is the artificial fill matenal of the landfill, which 
is not shown on the figure The Fox Hills Sandstone occurs at a depth of 
approximately 700 to 800 feet, whch is too deep to be affected by the landfill As 
such it is not descnbed 

2 2 2 Descnption of Geologic Units 

Surficial matenal consists of Quaternary alluvial-fan deposits of the Rocky Flats 
Alluvium, colluvial deposits, alluvial deposits of the valley-fill alluvium, and ar~ficial 
fill (Figure 2-4) All surficial deposits are part of the upper hydrostrahgraphc unit 
(UHSU) at Rocky Flats, which is discussed in more detal in Section 2 3 

The Rocky Flats Alluvium caps the divides north and south of No Name Gulch and 
was deposited as a senes of coalescing alluvial fans on the pedment Thickness of the 
Rocky Flats Alluvium is 25 to 30 feet on the northwest west, and southwest sides of 
the landfill and 10 to 15 feet on the lvides north and south of the East Landfill Pond 
The Rocky Flats Alluvium is composed of reddish-brown to yellowish-brown, well 
graded, coarse gravel in a clayey-sand matrix Pebbles and cobbles are composed of 
quartzite, granite, and gneiss Maximum pebble size ranges from 1 to 3 inches in 
diameter Caliche whch is a porous calcium carbonate cement, was described in drill 
cores from the &vides north and south of the East Landfill Pond These zones may be 
discharge points for alluvial groundwater along the hillsides above the pond 

Colluvium covers the hllsides between the pediment on which the Rocky Flats 
Alluvium is deposited and the No Name Gulch dramage and East Landfill Pond 
Colluvial materials have been deposited by slope wash and downward creep of alluvial 
matenal and bedrock The colluvium is 1 to 5 feet thck on the slopes around the East 
Landfill Pond and below the dam The colluvium consists of brown, structureless clay 
with some sand and a trace of gravel Soil development has occurred and roots are 
present down to depths of 3 feet 

Valley-fill alluvium is present in the No Name Gulch dramage below the East Landfill 
Pond and is denved from reworked alluvial matenal and bedrock The alluvium is 3 to 
8 feet thick in the OU 7 area and becomes thicker downstream to the east The 
alluvium consists of brown larmnated to structureless clay with lenses of gravel 
Gravels have a sandy-silt matnx that is often iron-stsuned 
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M c i a l  fill and dtstuabed surficial d a l  are present mthm the boundaries of the 

mficid fill, W ~ I C ~  includes w W ~  and ink=-@ COWS, 'rangas Erom ~ X l m a t . e l y  
5 to 45 feet Arhfbal fill is thckest near the centerhe of the valley and thmnest 
around the penmeter of the landfXl, inside the dace-watcr Qvmon Qtch An 
actwely slumpmg area occurs III the mficial-fill matend on the northeast side of the 
landfill Seeps wefc observed dong the slope in thrs ma, 

Bedrock uaconformably UIlCftrfies the &cud deposits and coIfslsts of claystones, 
siltstones, and fine-gmneti sandstones &f h e  u upper ~mtacmtis 
Arapahoe and Laramie Formations (Figme 2-31 

The bedrock at OU 7 is composed of gray to brown, structmeless claystones contzumng 
a trace of carbonaceous matend and occyonal thm Jnterbeds of sdtstoue and, less 
ftequently, fine-gmwd sandstone Sandstoms ae coqmsed of gray, very fine to fine- 
gramed, subangular to subrounded, w e l 1 - k ~  quartzose & Sandstones are @ 
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frequently interbedded with siltstones These coarser-gramed units vary from 10 to 
30 feet thick 

2 2 3 Distnbuuon of Geologic Units 

Geologic units beneath the landfill waste consist of a thin covering of colluvium on 
hillsides and valley-fill alluvium in the No Name Gulch dramage, both underlam by the 
Lararme Formation Lthologies of the colluvium are clays and silts Lithology of the 
valley-fill alluvium is gravelly, clayey sand Lthologies of the Lararme Formation are 
typically lirmted to claystones and siltstones Lararme Formation sandstones 
(somebmes referred to as the No 2 through No 5 sandstones) were identified in well 
0886 (at a depth of 59 feet) located near the East Landfill Pond, well 6487 (25 feet) 
located withn the landfill and wells 4187 (81 feet), B207089 (31 feet), B207189 
(70 feet) and 53094 (60 feet) located in No Name Gulch downgrahent of the dam 

Fine-gramed sandstones subcrop beneath the alluvium only at well location B207089 
(3 1 feet) whch is downgradient of the dam This sandstone pinches out approximately 
500 feet downstream and is not present at well 4287 Shallow sandstones (present 
w i h n  15 feet of the contact between alluvium and bedrock) were encountered in wells 
6487 (25 feet), located withn the landfill on the south side, and B206789 (8 feet), 
located on the southwest shore of the pond Based on a 2-degree regional dip these 
shallow sandstones will not subcrop in the OU 7 area and are not preferenbal pathways 
for mgration of contarmnants (DOE 1994a) Other Laranue Formatlon sandstones are 
present at depths where there is no hydraulic connection with surficial deposits 

Geologic units on the groundwater divides adjacent to the landfill consist of Rocky 
Flats Alluvium underlam by the undifferentiated Arapahoe and Lararme Formations 
Lithologies of the Rocky Flats Alluvium are clayey gravels and sands Lthologies of 
the undifferentiated Arapahoe and Laranue Formations are typically lirmted to 
claystones and siltstones Laranue Formation sandstones were idenufied in wells 0986, 
70293, 70593, and 70893 at depths of 50 to 125 feet below ground surface All of 
these wells are located upgradient of the landfill 

A possible fault was idenbfied in the OU 7 area during the Sitewide Geoscience 
Charactenzation Study (EG&G 1995a) The inferred fault, whlch is more than 2 d e s  
long, trends northeast-southwest and cuts across OU 7 east of the landfill face near the 
edge of the East Landfill Pond (Figure 2-4) The fault plane I p s  to the west 
Displacement along the fault is reported to be 25 to 50 feet, based on structural offset 
of a marker bed (EG&G 1995a) A trench excavated across the northern end of the 
fault revealed a wide fracture zone in the bedrock, however, the fractures appeared to 
decrease with depth The surficial deposits were not offset suggesting that movement 
had not occurred since their deposiuon (EG&G 1995a) 
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2 3  1 

1994a) and supplemental field investigations Drawdown-recovery test data and 
analyt~cal solutlons from the supplemental Phase I field investigation are presented in 
Appendix B Additional informatlon on the hydrogeology at OU 7 is presented in the 
OU 7 Final Work Plan (DOE 1994a) 

Conceptual Flow Model 

The conceptual flow model for OU 7 is illustrated in Figure 2-5 and encompasses 
surface-water hydrology, interactions between surface water and groundwater, and 
groundwater hydrology 

Surface-water hydrology components of the conceptual model include precipitation, 
evapotranspiraoon, pond evaporation, surface-water run-off, and engineered water 
transfers 

Interactions between surface-water flow and groundwater flow include 
infiltrahodpercolation, intefflow seep flow at SW097, groundwater baseflow into 
the pond discharge from the existing groundwater-intercept system into the pond 
and seepage flow downward out of the pond 

Groundwater hydrology components include groundwater flow in surficial 
matenals, seepage between surficial matenals and weathered bedrock, groundwater 
flow in weathered bedrock, seepage between weathered bedrock and unweathered 
bedrock and groundwater flow in unweathered bedrock 

Recharge discharge, and interactions between the surface-water and groundwater 
components of the conceptual model are presented bnefly here and discussed in more 
deti l  in the following sections 

Recharge or infiltratiodpercolation is a significant source of water to the landfill mass 
Groundwater inflow under or through the existing groundwater-intercept system is 
another significant source of water to the landfill These two sources of inflow are 
quantified in a water balance performed using numencal modeling, whch is descnbed 
in more deti l  in Section 2 3 5 and Appendx C Outflow from the landfill mass is 
funneled to the vicinity of the seep at SW097 where it exits the landfill as either seep 
flow or groundwater baseflow The East Landfill Pond collects surface-water run-off, 
seep flow and groundwater baseflow The dam acts as a bamer to the flow of 
groundwater in surficial matenals Flow in weathered bedrock is much less than flow 
in surficial matenals Some preferentlal flow paths most likely fractures exist in the 
weathered bedrock These preferential flow paths are potential contnbutors to the 
mgration of contarmnants in weathered bedrock Flow in unweathered bedrock is so 
small that any potential contarmnant transport occurs by diffusion 
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2 3 2 Surface-Water H y b h g y  

Sdse-water fiatmes resdtmg from dtd m t e m  =ipse trctrons control * 
surface-water hydrubgy Indtvldual compcknts of ! n u k e m e  hydrology shown m 
the conceptual model (Figure 2-5) are desclrbcd below 

Surface- Water Features 

- 

I 
2 3 2 I 

The East ~andhll pati covers appxmatelk 2 5 acres pigum 2-1) Pond water levels 
are controlled to p v e n t  oytrflow into &+e spdlvwy dminmg w No Name Gulch. 
Betareen 1975 and 2994, water vd& was-xcdwcd to Z-przwnt capacity 
(appxlmately 5,500,000 gams1 by pn&c spray m- spra~r evapratm 
operaQons ceased in 1W Approxmately i,Wl,OOO gaUons of water wert transfezzed 
(or pumped) from the East Landfifl Pond to hie A-sen= ponds in fall €994 Water was 
also tmns~errtxi from the East ~andw~ itti A-~WB ~ a y  1995 

The pond water volume fluGtuates seasonaitly but amrages w d y  6,000,UOO 
gailons @oE 1Wa) After water was & f d  to the A-scrks poiids u1 fall 1994, 
the pond volume was reduct4 to approxdately S,aos,oo&g~cms &&luge to the 
pond occurs from groundwater baseflow in 'surficaaf matcnaEs, leacha& &an the seep, 
and surface-water mn-off from the landfill irnd summding slopes Disdmrge occurs 
by natural evaporation, seepage downward mto wc&bed bedrock, seepage through 
the clay core of the dam, and engrneered wakr transfers 

Components of the Conceptual Fluw M d l  

Surface-water hydrology components incluk precipitamn, e v ~ ~ m t i o n ,  pond 
e v m o n ,  sur€acc-water run&, and w& tiandm k r n  the E W  LandtXI Pond to 
the A-ser~es ponds 

i 

1 

f 
2 3 2 2 

1 

Mean annual pmciptatmn at Rocky Flats, mcludmg ramfall and sILOWll(ltlt, 1s nearly 16 
inches (DOE 198Q) Apprsxlmately 40 perdent of the annual prceiptmon falls d m g  
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Apnl May, and June An additional 30 percent falls in July and August 
Approximately 19 percent falls during September October, and November The 
remamng 11 percent falls in December January, February, and March 

Pond evaporatlon is estimated at 70 percent of the pan evaporation whch ranges from 
1 inch in December and January to 7 inches in September (DOE 1994a) Potentlal 
evapotranspiration, whch includes both evaporatlon and transpirahon by plants, vanes 
in a pattern simlar to that shown by pan evaporation Site-specific potential 
evapotranspiration data are not avadable At any given time, precipitation in excess of 
evapotranspiration will become surface-water run-off, infiltration, or interflow 

Surface-water run-off from the landfill and from the area surrounding the pond are 
major contnbutors to pond water (DOE 1994a) Some portion of the run-off is dwerted 
by the surface-water diversion ditch, while a significant fraction flows to the East 
Landfill Pond 

As stated above water is penodically transferred to the A-senes ponds to control the 
water level in the East Landfill Pond 

2 3 3 Interactions Between Surface Water and Groundwater 

Interactions between surface water and groundwater include infiltratiodpercolatlon, 
interflow seep flow at SW097 groundwater baseflow into the pond discharge from 
the existing groundwater-intercept system into the pond, and seepage flow downward 
out of the pond 

Infiltration is the process by whch precipitation moves downward into the soil and 
includes the flow withn the unsaturated zone (Freeze and Cherry 1979) For purposes 
of the conceptual model, water that infiltrates reaches the groundwater table and 
recharges the groundwater in surficial materials Infiltratlon at OU 7 is assumed to be 
between 5 and 10 percent of the mean annual precipitation (or 0 8 to 1 6 inches) 

Intefflow is subsurface flow in the honzontal direction above the water table that is 
usually associated with storm events on hillsides Interflow may be a significant 
contnbutor to the vanability of the flow at the seep (SW097) 

Leachate presently discharges from a seep located at the base of the east face of the 
landfill (Figure 2-1) Seep flow varies throughout the year and has been estlmated at 
1 to 7 gallons per mnute (gpm) A significant fraction of the groundwater flow from 
the landfill is funneled toward the seep The seep onginates from the onginal stream 
channel in No Name Gulch that was filled in dunng construction and subsequent waste 
disposal in the landfill The seep is also directly downgradient of the West Landfill 
Pond dam whch was breached before being covered with waste and intenm soil cover 
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2 3 4 Groundwater Hydrology 

Groundwater flow at OU 7 occurs in the UHSU, whch consists of surficial matenals 
and weathered bedrock and, to a lesser extent, in the lower hydrostrabgraphc unit 
(LHSU), whch consists of disconhnuous sandstone lenses in unweathered bedrock 

2 3 4 1 Groundwater Flow in the UHSU 

The UHSU, whch corresponds to the uppermost ‘aquifer’ at Rocky Flats (DOE 
1993a), is unconfined and consists of saturated unconsolidated surficial materials and 
weathered bedrock As descnbed in Section 2 2 2 surficial materials include the 
Rocky Flats Alluvium colluvium valley-fill alluvium, and artificial fill Weathered 
bedrock is composed of undifferenbated Arapahoe and L a r m e  Formation claystones 
and siltstones Claystones predomnate at OU 7 

Groundwater flow in surficial materials is expected to be significantly greater than 
groundwater flow in either the weathered bedrock or the unweathered bedrock 
Hydraulic conducbvibes were measured at OU 7 dunng the Phase I RFVRI and 
supplemental Phase I field investigation using drawdown-recovery tests Field 
procedures data analysis and results are presented in the OU 7 Final Work Plan (DOE 
1994a) Drawdown-recovery test data and analytical solutions from the supplemental 
Phase I field investigation are included in Appendix B in ths  report In addihon some 
slug tests were performed pnor to the Phase I RFI/RI The results from all of these 
tests were used in calculating the geornetnc mean of hydraulic conductivities for 
surficial matenals, weathered bedrock and unweathered bedrock The location, type of 
test, result and geornetnc mean of results are presented in Appendix B 

The geornetnc mean of the measured hydraulic conductivihes for the different geologic 
units are as follows (1) for surficial matenals excluding artificial fill, the geornetnc 
mean is 1 6E-04 cdsec  or 047 feedday (2) for artificial fill, the geornetnc mean is 
6 7E-05 cdsec  or 0 19 feedday, and (3) for all surficial matenals combined, the 
geornetnc mean is 1 3E-04 cdsec  or 0 36 feedday These hydraulic conductivity 
measurements are significantly greater than the measurements for weathered bedrock or 
unweathered bedrock The geornetnc mean of measured hydraulic conductivibes in the 
weathered bedrock of the Lararme Formation is 4 OE-07 cdsec  or 0 001 1 feedday 
The geometric mean of measured hydraulic conductivities in unweathered bedrock is 
6 4E-07 cdsec  or 0 0018 feedday The individual hydraulic conductivities for each 
geologic unit are presented graphcally in Figure 2-8 

As described in the conceptual model above, sources of groundwater recharge to the 
UHSU include infiltratiodpercolation of precipitation, snowmelt storm run-off, and 
downward seepage from the East Landfill Pond Discharge occurs through 
evapotranspiration and surface seepage where the water table intersects the ground 
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surface The level of groundwater rises annually in r e s p n s  to s p i g  and summer 
recharge and dc&cs churng the rtmundex of the year 

Groundwater m the UHSU generally flows to the ~ a a ,  however, loc- flow follows 
topographc slopes toward the pond or toward the dramage below the dam 
Potenuometnc surke maps for surficral materials and w- bedrock for 2nd 
Quarter 2995 are presented rn Figures 2-9 and 2-fO, respect~veIy The depth to 
groundwater 111 the UHSU is approrumatPy 5 €e ~IL No Nato& Gukh Gromd- 
flows to the a t  m h  the valleyfa alluwum, howeva; flow IS sntermmt CertaUI 
UHSU pundwata-mmtomg wells east ef the East LandEl3 Pond ware ohea dry 

Some -on of the flow IS not diverted by &e ex1stiag gmtmdwater-mtercept system 
and slurry walls ”S fraction is labeled ‘‘p&atcr udtow under gmundwater- 
mtercept system” in Figure 2-5 butt could also rnclude flow through the groundwater- 
intercept system and flow through or U n k  t f #  amg slmy walls Exlmg data 

3 
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Groundwater flowing out of the east boundary of the landfill is funneled to the seep 
area Some fraction discharges to the surface as seep water and the remander enters 
the pond as groundwater baseflow Because the bottom of the pond rests directly on 
weathered bedrock and the dam is keyed into weathered bedrock the pond and dam 
interrupt the flow of contarmnated groundwater from the landfill and impede its flow 
down No Name Gulch Figure 2-7 shows the flow paths of pmcles in groundwater 
over a 30-year time penod Appendix C contans adlbonal information and lscussion 
of groundwater flow modeling and particle trackmg 

Seepage occurs between surficial matenals and weathered bedrock Flow is expected 
to be mostly downward into the weathered bedrock based on measured water levels 
from well clusters The surficial matenals and weathered bedrock are combined as the 
UHSU because evidence points to a hydraulic connection between the two layers 
(EG&G 1995b) However ths  connection is not evident in all well-cluster locanons 
For some well clusters (eg 70093/70193), the potennometnc surfaces for surficial 
matenals and weathered bedrock are almost idenbcal and move together seasonally 
For other well clusters (e g , 70393/70493 and 4087A3206989) head differences in 
excess of 20 feet are consistently observed These head differences indicate that the 
weathered bedrock in this location is very tight and very little water flows through it 
In these locations, flow in surficial matenals exists as a perched” water table over 
partially saturated weathered bedrock The water-level elevations presented in figures 
2-9 and 2-10 illustrate ths  phenomena In all cases the water level in the weathered- 
bedrock well is lower than the water level in the surficial-matenal well, whch indicates 
a consistent downward gradient for groundwater flow 

Groundwater flow in weathered bedrock may be divided into two components flow 
through the matnx and flow through fractures or zones of high hydraulic conducbvity 

Based on the hydraulic conductivity measurements flow through the weathered 
bedrock matnx is expected to be approximately three orders of magnitude less than 
flow in sufiicial matenals Weathered bedrock in the OU 7 vicinity consists almost 
exclusively of claystones The weathered siltstones and sandstones that are present 
elsewhere at the site are absent at OU 7 The basal Arapahoe or No 1 sandstone bed, 
which can be a significant water-bemng unit, is also absent 

Preferential flow through weathered bedrock fractures or zones of hgher hydraulic 
conductivity is potentially greater than flow through the weathered bedrock matnx 
These zones of hgher hydraulic conducnvity may be potential pathways for the 
mgration of contarmnants in weathered bedrock and are postulated to explan the 
apparent rmgration of certam contarmnants in the weathered bedrock, such as 
nitrate/nitnte in wells B206889 and B206989 However hgher hydraulic 
conductivities were not observed at OU 7 Based on all avadable analytical and 

! 
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kpanan areas downgradient of the East Landfill Pond are poorly developed and lack 
extensive woody vegetanon Relatively well-developed nparian areas of North Walnut 
Creek lie approximately one-half mle  to the south (DOE 1995b) 

2 4 2 Wildlife 

Wildlife withn OU 7 includes large and small mammals, birds, reptiles, amphibians, 
and aquahc macroinvertebrates 

The most abundant large mammal is the mule deer Wlute-taled deer have also been 
infrequently observed Large carnivores present at Rocky Flats are the coyote red fox, 
gray fox smped skunk long-taled weasel, badger, bobcat, and raccoon Eastern 
cottontals and whte-taled jackrabbits are also present Small mammals (rodents) 
present are the theen-lined ground squirrel, northern pocket gopher, hspid pocket 
mouse, silky pocket mouse, plans harvest mouse western harvest mouse deer mouse, 
Mexican woodrat house mouse prame vole, meadow vole, meadow jumping mouse, and 
western jumping mouse (DOE 1980, DOE 1993b) 

Common grassland birds at Rocky Flats include the western meadowlark, homed lark, 
vesper sparrow, grasshopper sparrow, western lungbird, and eastern lungbird 
Marshland areas support the sora rad common snipe song sparrow, red-winged 
blackbird, yellow-headed blackbud, common yellowthroat and song sparrow In 
adhtion, open water areas attract water birds such as the pie-billed grebe, double-crested 
cormorant great blue heron, black-crowned mght-heron, green-winged teal, mallard, 
gadwall, lulldeer, and spotted sandpiper Common buds of prey include the northern 
harner, Swanson's hawk, red-taled hawk Amerrcan kestrel, great homed owl, and long- 
eared owl Occasionally, the bald eagle, rough-legged hawk, golden eagle, prame falcon, 
and short-eared owl are observed (DOE 1994a) 

The Rocky Flats site supports several species of reptiles and amphbians Snake 
species include the bullsnake, yellow-bellied racer, western terrestnal gartersnake, and 
prane rattlesnake Western panted turtles are also present Amphbian species 
include the plans leopard frog, Woodhouse's toad, northern chorus frog, and tiger 
salamander 

The East Landfill Pond apparently does not support fish and supports only a lirmted 
benthc macroinvertebrate community (DOE 1994a) 

2 4 3 Sensitive Habitats and Endangered Species 

Wetlands have been designated along the shoreline of the East Landfill Pond and in the 
pond itself by the U S Army Corps of Engineers (Figure 2-12) (COE 1994) 
Histoncally constant water levels in the pond have resulted in a well-established, 
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2 3 5 Water Balance for the Landfill 0 
As part of the surface-water hvdrology investigations for the IM/IRA a water balance 
was performed for the landfill mass using MODFLOW (McDonald and Harbaugh 
1991) model outputs for the no-action alternative Input parameters modeling runs 
results and a discussion of the results are included in Appendix C The model was 
calibrated using OU 7 data Inflows that contribute to leachate generation include 
recharge bv infiltratiodpercolation of precipitation after evapotranspiration horizontal 
groundwater flow from the alluvium under or through the existing groundwater- 
intercept system (primarily on the north side) and under or through the existing north 
slurry wall and vertical groundwater flow upward from the weathered bedrock beneath 
the landfill Outflow is primarily horizontal flow at the seep 

Conclusions from water-balance calculations indicate that approximately 60 percent of 
the inflow is groundwater from the alluvium and 40 percent is recharge bv infiltration 
of precipitation (the potential error in water balance calculations is approximately 
5 percent) Most of the groundwater inflow (87 percent) occurs on the north side of the 
landfill Contributions from the west side (6 percent) and the south side (7 percent) are 
relatively insignificant The water balance shows that both a cap and a slurry wall on 
the north side of the landfill would significantly reduce additional leachate generation 
DOE has proposed constructing a slurry wall in fiscal year 1996 as a maintenance 
action (Section 1 3  2) The water balance for the landfill mass is presented in 
Appendix C 

2 4  Ecology 

The buffer zone surrounding the industrial area at Rocky Flats generallv supports a 
wide variety of native plant communities and wildlife However the areas in and 
around OU 7 have been subject to extensive physical disturbances associated with 
heavy equipment used for landfill operations and construction of the East Landfill Pond 
and groundwater-intercept system Ecological data used to characterize OU 7 were 
compiled from threatened and endangered species evaluations (AS1 1991), the Phase I 
RFI/RI field investigation (DOE 1994a) and the sitewide conceptual model (DOE 
1995b) Additional ecological information is presented in the screening-level 
ecological risk assessment in Appendix D 

2 4  1 Vegetation 

Specific plant communities present within OU 7 include mesic and xeric mixed 
grassland disturbed area (developed or barren land), short marsh, wet meadow, and 
wetlands (Figure 2-1 1) 
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Mesic and xenc mxed grasslands are the Lost prevalent native habitat types at OU 7 
These diverse plant commpnrty occurs on broad flat Ilpiands, Vaney floors and 
hllsides (Figure 2-1 1) Differences in slop aspect, sa l  type lsturbance and land- 
use history are reflected in differences in domnance of the vmous grasses and forbs 
charactenzing these grasslands 

Species nchness was sampled along 2-meter by 50-meter belt transects within the 
mesic mxed grassland (DOE 1994a) Of the 106 species identified, 34 were 
grarmnoids, 63 forbs, 5 shrubs, and 4 cach Of these, 68 percent were nabve pemnial 
species, suggestmg a possible trend tow& a native gmsslmd durtax cumttmtp 
Dormnant grasses were western wheatgrass, Canada blwgmss, p n e  3unegrass and 
big bluestem &amcky bluegrass, little bbsaem, crested wheatgrass, sand dropseed 
blue grama, and neec€le-and-head were &so present Da$unant h-Zb w m  lffuse 
knapweed b u r s m a  sage and Canada tkstle SZQ- €&IS msluded pame aster 
slimflower scwfpea, and klamath w&f Wild rose was phe most cammonly 
encountered shrub, and pncldy pear the'mst c o m ~  GEEUS encoLtntered dong 
transects wittun ttus habitat type 

A belt transect sampled withrn the disturbed community contained 27 p€ant species- 
7 grasses, 1 sedge, and 29 fofbs (DOE 199& Natwe species conststuted 70 percent of 
the community including all of the dominant grasses such as big bluestem blue grama 
Canada bluegrass and mountain muhly kmwIeaf sedge was dso common The 
dormnant forb was diffuse knapweed an introduced and aggressive weed that infests 
lsturbed sites such as roadsides and waste mas Other forbs included Louisiana sage, 
hary golden-aster, blazing star, western' ragweed, and lciamath weed Fnnged 
sagebrush was the only shrub encountered m the hsturbed cqmmunrty belt transect 

A large section of OU 7 ES developed land or bitrren land due to rpntmuous earth 
movmg at the landfiH (Figure 2-1 1) Plan& have W e  oppoitmty to gemmate, grow, 
or establish in bstre areas Most of &e on&d topsod has ertaer been lost through wind 
and water erosion or burred in the landfill 

Tall and short marsh occur in the area around the East Landfill Pond (Figure 2-11) 
Tall marsh occurs at the pond margins and 1s compnsed of a near monoculture of 
broad-leaved cattad, whch probably e establrshment and growth of other 
hydrophytx plants The statlc water level, before the pond was subpt  to water 
transfers, probably promoted the persisteuce of the camls The short marsh type 
occurs m the sprayed areas north and south of the pond where infemttent spray 
operat~ons caused more variable hydrologic copditions The shzt marsh =ea is 
dommated by Baltx rush wktch prefers &IC to hydnc c o n d ~ ~ o m  -but will tolerate 
dner conditions Disturbed areas around the pond contam weedy species such as 
Canada thstle and western ragvpeed (DOE 199421) 

I 
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performed dunng the Phase I RFYRI and results are presented below Sampling efforts 
for the Phase I RFI/RI and supplemental Phase I field investigation were focused on 
charactenzing areas where contarmnant mgration was suspected such as surface water 
and sediment in the East Landfill Pond surface soils in spray evaporation areas and 
subsurface geologic matenals and groundwater downgradient of the landfill The 
nature and extent of contarmnanon in these m e l a  are presented below 

2 5 1 Methodology for Background Compmsons and PCOC Identification 

Site-to-background compansons were performed for metals radionuclides and 
indicator parameters using statishcal tests recommended by Gilbert (EG&G 1994b) 
Statistical tests include the Gehan test slippage test quantile test t-test and hot- 
measurement test The hot-measurement test is a compmson of the maximum 
detection to the upper tolerance limt of the 99th percentile at the 99-percent confidence 
level (W~/W) for background samples Results were presented for all meda in the 
OU 7 Final Work Plan (DOE 1994a) Data from the sitewide Background 
Geochemcal Charactenzation Report (EG&G 1993c) were used for background 
samples of sediment, groundwater, seep water, and surface water Data from soil 
samples collected in the Rock Creek dramage (DOE 1993b) were used for background 
samples of surface soils Metals radonuclides, and indicator parameters having 
elevated concentrations relative to background, as indicated by any one of the 
inferential statistical tests or the hot-measurement test, were identified as PCOCs 
Orgamc compounds were considered PCOCs if detected in samples from OU 7 

For ths  report OU 7 data were aggregated in populations that reflect potential 
collection or treatment alternatives The following populahons of data were evaluated 
landfill gas, leachate at the seep surface water in the East Landfill Pond, selment in 
the pond, surface soils in the vicinity of spray evaporation areas, subsurface geologic 
matenals (colluvium) downgralent of the landfill, subsurface geologic matenals 
(weathered bedrock) downgradient of the landfill, groundwater in the vicinity of the 
East Landfill Pond upgradient of the dam, and groundwater downgradient of the dam 

Specific data sets used for each medium include the following 

0 Landfill gas - 163 chemcal-concentrahon measurements at 33 locations using field 
instruments that provide screening-level data (1 e EPA Level II) one sampling 
event from Phase I RFI/RI 

Landfill gas - zn situ soil-gas sampling, 67 samples collected at 33 locanons, one 
sampling event from Phase I RFVRI (EPA Level IV and V) 

Leachate at the seep (SW097) - monthly data (1990-1991), four months from Phase 
I RFI/RI ( 1992- 1993) (EPA Level IV and V) 
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0 Surface water the East Landfill PonA (SW098) - mmfhlydata f€990-1991), four 

Sedments in the East Landfill Pond'- three sapples, one samplmg event from 

months bmpBase I RrmRf (1W-1993) (EPA L e d  ZV and V) 

Phase I RFfrm (1993) @PA Level IV and V) 

0 Surface sods io the vicimty of spray evaporation rn - 133 samples from 0 to 2 
mchees, 67 samples from 0 to 10 mcbes, one event h m  Phase I RFUIU (1993), 
12 samples frOHl0 to 2 mches, 4 samples from 0 to 10 inches, one event from 
supplemental b I fkld mvestlgatlo6 (1994) @PA Level W d Y )  

Subsurface geologc materials downgmknt of the landfill - 21 samples from 
2 boreholes (70993 and 71093),7 from coEuman aab 14 fkom weathed bedrock, 
one event from Phase I RFYRI (19513) @PA Level W and V) 

* 

1 

0 Groundwater duwqpdteat of the m. the ,pumty Crf the pond and 
d o w n t  O€ h - q u m l y  b f199@=199a), k mootfLs from Phase I 

w e b  (~2-m), one month 60m-1~4 h i e l  IV and V) 
i 

The nature and extent of ccmmmnm 'on for these lnedta I Qetatled Betsw Landfill gas 
data were not evaluated s t a b ~ y  b&d medm charactemzeii by other data 
s e t s w e n n o t m ~ ~ g ~ f 6 r ~ a p o r t b ; c a u s e t h w G ~ ~ ~ t a r ~ ~  
the source Datq sets not duded rn kur€ace A s  in BHSS 114 and IHSS 203, 
subsurface &eologrc matenals upgmhent bf the l d l ,  surface-wa&s disc- from 
the north and sou& groundwater inkrcep& gmtidwater q&x&cnt of the landfi-ll, and 
groundwater wittun the laudfill Wo&un on can t m b r i t  dastabutma 1~ these 
mediacan be foluid mthe OU 7 F d W  Plan (DQE 195%) at 

2 5 2  LandfillGas 
I 

Gas flow through landfill waste and sods occm mmspma to pmsare gnubents (1 e ,  
advectrve flow), concentrimon graclmts (ik , ctt€fume flow), and settlrng 
of wastes, barometrrc pressure changes, dl &splacementdtie to potentminetric surface 
fluctuations Advemon of landfill & is typically the predormnant transport 
mechmsm @PA 1991a) Off-gassing pksuas up to 044 pom& per square inch 
(lbs/m2) were measured dutvlg the Phase I RFI/RI (D-OE 1994a) Gas prtssures 
ex-8 approximately 005 1bs/in2 lndicate an advtcttve, --driven system 
(Emcon Associates 1982) 

The cornposibon of landfill-generated g v  was evduatsd on the bags of senzenmg- 
level data on total cmmbustlbte gases, &, and carboll dmxde The compositiun 
of landfill gas at OU 7 IS 45 to 70 percent &h and 20 to 40 perrxn~ carbon droxl8e, 
indrcatmg anacrolxc conhons @E 1*) Coriceatr&ons 6f ng.&ane and carbon 
&ox& are hghest in the eastern pornon 6f the lmdfii where wastes are thickest and 

I 



OU 7 Draft Phase I IMflRA Decision Document 

most recently disposed In general landfill gases appear to be contamed withm the 
existing intercept system Concentrations of methane and carbon dioxide are relatively 
low, as expected, in the vicinity of the gas-ventmg wells Gas concentration maps and 
cross secQons are included in the OU 7 Final Work Plan (DOE 1994a) 

Concentrabons of non-methane organic compounds (NMOCs) were detemned by 
subtracting methane concentrations from the concentrations of total combustible gases 
As a result the reported concentrations of NMOCs may include rmnor amounts of 
inorganic gases such as hydrogen sulfide Concentrations of NMOCs range from 0 to 
152 000 mlligrams per liter ( m a )  and average 30,000 mg/L (DOE 1994a) 

In situ soil-gas sampling was performed to charactenze hazardous i r  pollutants 
(HAPs) in the unsaturated zone of the landfill Concentrations were reported as mg/L 
but no corresponding ermssion rates for generated gases were reported HAPs detected 
at the landfill include 1 2-dchloroethene, 1 , 1,l -tnchloroethane, trichloroethene, 
methylene chlonde, acetone, 2-butanone, toluene, xylene and hydrogen sulfide 

2 5 3 Landfill Leachate at the Seep 

The composition of landfill-generated leachate was evaluated on the basis of screening- 
level data collected dunng the Phase I RFYRI and seep samples collected monthly 
dunng the Phase I RFI/RI and the 1990-1991 surface-water monitonng program 
Screening-level data were collected from 16 locations, 26 samples were collected 
Methane concentrations from screening-level data ranged from 0 0003 to 31 4 mg/L 
and typically approached the solubility limt of 35 mg/L at 17 degrees Celsius (Merck 
Index 1989) Methane concentrations at OU 7 are consistent with methane 
concentrations of 25 mg/L observed at other landfills (Beadecker and Back 1979) 

Surface-water samples were collected from the seep at the base of the east face of the 
landfill (SW097 Figure 2-13) Background compmsons were performed to identify 
PCOCs using the Gilbert methodology (EG&G 1994b) Analytes detected in leachate 
at concentrations that exceeded background concentrations include metals, 
radionuclides, and indcator parameters VOCs and semvolatile organic compounds 
(SVOCs) were detected Concentration ranges detection limts detection frequencies, 
and PCOCs identified are presented in Table 2-2 Additional information is presented 
in the OU 7 Final Work Plan (DOE 1994a) 

According to the Gilbert methodology (EG&G 1994b), professional judgment was used 
to elirmnate certam analytes from the PCOC list (Table 2-2) Two rationales were used 
for the elimnation of analytes (1) the analytes calcium magnesium, potassium, and 
sodium were elirmnated because they are essential nutnents (EPA 1989a) and (2) other 
analytes were elimnated from consideration as PCOCs because of infrequent detection 
detecuon in method blanks, or detection in background samples 

tpV510078kec2 doc 2-25 7/25/95 



0 W 7 Draft Phase I I M R A  Decision Document 

I 

Indicator parameters - mtnte (30 pgL) 
I 

Surface Water m the East L a n a  Pond 
1 

The 00mp0~ltlon of pond water was evalu& on the basss of swtke-water momtmng 
samples collected monthly d a g  the Phase I RFL/RI and the 1990-1991 surface-water 
morutonng program Surface-water samples were coIitcted from stahon SW098, 
located m the central east sectmn of the pond dj- to the dam (Figure 2-13) 
Background compsulsons were p e r f o d  to ldenttfy PCOCs usmg the G d M  

2 5 4 

I 
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2 5 5  

methodology (EG&G 1994b) Analytes that were detected at concentrations or 
activibes above background include metals and radionuclides, VOCs and SVOCs were 
detected, however, none of the VOCs or SVOCs were detected frequently 
Concentration ranges detection limts, detection frequencies and PCOCs identified are 
presented in Table 2-3 Only analytes that were detected are included in the table 
Additional information is presented in the OU 7 Final Work Plan (DOE 1994a) 

Professional judgment was used to elimnate certam analytes from the PCOC list 
(Table 2-3) Agam two rationales were used for the elimnation of analytes (1) the 
analytes calcium, magnesium, potassium, and sodium were elimnated because they are 
essential nutnents (EPA 1989a) and (2) other analytes were elimnated from 
considerabon as PCOCs because of infrequent detecbon detecbon rn method blanks, or 
detection in background samples Acetone methylene chlonde, and vinyl acetate were 
elimnated because they were infrequently detected, suggesting that the results are 
outliers and are not representative of the true population Acetone and methylene 
chlonde were also detected in laboratory blanks ( B qualified) and are common 
laboratory contarmnants 

The following analytes are identified as PCOCs for surface water in the East Landfill 
Pond 

Metals - arsenic (1 pg/L), lithlum (79 pg/L), manganese (105 pa), molybdenum 
(20 pg/L), nickel (10 pg/L), strontium (476 pg/L) thallium (2 pa), and tin 
(41 clgw 

Radionuclides - americium-241 (0 007 pCdL), strontium-89,90 (1 4 pCdL), mtium 
(139 p C L )  uranium-235 (0 1 pCL),  and uranium-238 (1 1 pCdL) 

0 SVOCs - bis(2-ethylhexy1)phthalate (5 p a )  and di-n-butyl phthalate (5 pgL) 

SeQments in the East Landfill Pond 

Sediment samples were collected at three locations in the pond to assess the impact of a 
potential point source of contarmnabon from the seep and nonpoint run-off from the 
landfill Samples were analyzed for VOCs, SVOCs, radonuclides, metals, and 
inorganics (Figure 2- 13) None of the radonuclides exceeded background -199 

values Three VOCs and several SVOCs were detected in pond sediments All SVOC 
results are estimated values below the quantitation limt (“J” qualified), however, they 
were not elimnated from the PCOC list Concentration ranges, detecnon limts 
detection frequencies qualifiers, and PCOCs idenbfied are presented in Table 2-4 
Only analytes that were detected are included in the table Additlonal information is 
presented in the OU 7 Final Work Plan (DOE 1994a) 
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I 
dunng routine mamtenance at the landfill in September 1993 and falls under the 
proposed footpnnt of the landfill cap The maximum activity of radium-226 is 2 pCdg 
at a locabon downwind of the spray evaporation areas below the dam (SS711193 
Figure 2-14) Radium-226 was not detected in confirmation samples collected during 

I 

the supplemental Phase I fieldwork ! 

Professional judgment was used to elimnate calcium magnesium, potassium, and 
sodium as PCOCs because they are essential nutnents (EPA 1989a) 

The following analytes are identified as PCOCs for surface soils in the vicinity of the 
East Landfill Pond 

Metals - antimony (4 mgkg), bmum (194 mgkg), beryllium (1 mgkg), cobalt 
(7 mgkg), copper (17 mgkg), lead (26 mgkg), mercury (0 1 mgkg), selenium 
(1 mgkg) silver (1 mgkg), strontium (48 mgkg), thallium (0 2 mgkg), vanadium 
(32 mgkg), and zmc (56 mgkg) 

Radionuclides - amencium-241 (0 02 pCdg), plutonium-239,240 (0 05 pCdg), and 
radium-226 (1 pCdg) 

I 

Indicator parameters - nitratehtnte (4 mgkg) 

Subsurface Geologic Matenals Downgradient of the Landfill 

Subsurface geologic matenals were sampled in two boreholes to charactenze potential 
leachate-contammated materials downgradient of the landfill (70993 and 7 1093) 
(Figure 2-15) Samples were collected at 2-foot increments in colluvium and 4-foot 
increments in weathered bedrock A total of 21 samples were collected, 7 from 
colluvium and 14 from bedrock All samples were analyzed for VOCs, SVOCs PCBs, 
metals radionuclides and indicator parameters (total organic carbon [TOC], nitrate, 
and sulfide) 

Background compmsons were performed to identdy PCOCs using the Gilbert 
methodology (EG&G 1994b) Analytes that were detected at concentrations or 
acbvities above background include metals rahonuclides and indicator parameters in 
colluvium, and metals in weathered bedrock SVOCs and VOCs were detected 
Concentration ranges detection limts, detection frequencies, and PCOCs identified are 
presented in Table 2-6 Only analytes that were detected are included in the table 
Additional informatlon is presented in the OU 7 Final Work Plan (DOE 1994a) 

Professional judgment was used to elimnate calcium, magnesium, potassium, and 
sodium as PCOCs in colluvium and weathered bedrock because they are essential 
nutnents (EPA 1989a) All SVOC results are estimated values below the quanbtation 
limt ( J qualified), however, they were not elimnated from the PCOC list 
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l,l,l-tnchloroethslse was elmmated as a PCOC m wdwrcd bedmck because it was 
detected only Jlrrhrcb suggests dt the detactlon is an outher and IS not 
repmsentatwe u€ the true ppuhon The d t  was also 3"' q&d, mdicatmg that 
it IS an estmated value - 

The following d y t e s  are identified as PCOCs for subs&m geologic matenal m 
collmum downgradient of the hdfill 
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Background compmsons for inorganic analytes and radionuclides were performed on 
the two populations of UHSU groundwater to idenhfy PCOCs using the Gilbert 
methodology (EG&G 1994b) Analytes that fad any of the tests are identified as 
PCOCs The results of the statistical tests for wells in the vicinity of the East Landfill 
Pond and downgradient of the dam are presented in Tables 2-7 and 2-8, respectively 
In addihon to the inorganic analytes and radionuclides that fad the stabstical tests, all 
VOCs and SVOCs detected in groundwater are considered PCOCs unless elimnated 
by professional judgment 

Professional judgment was used to elirmnate certam analytes from the PCOC list Two 
major rationales were used for the elirmnation of analytes (1) the analytes calcium, 
magnesium, potassium, and solum were elimnated because they are essenhal 
nutrients (EPA 1989a) and (2) other analytes were elimnated from consideration as 
PCOCs because of infrequent detection, detechon in method blanks, or detection in 
background samples 

For the groundwater in vicinity of the East Landfill Pond (Table 2-7) 
1,l -dichloroethane, acetone, benzene, chloroethane, ethylbenzene, toluene, and total 
xylenes were elimnated because infrequent detection suggests that the detection(s) are 
outliers (1) many of the 
detections are 1990 data that were never validated and are B” qualified (detected in 
laboratory blanks) and (2) methylene chlonde is a common laboratory contarmnant that 
was often detected in background groundwater samples For the data set used for 
background compmsons, methylene chlonde was detected in 43 of 298 samples or 
14percent of samples The maximum detection in background was 42 pg/L The 
UTL99199 for the background data set is 16 pg/L For the groundwater in vicinity of the 
East Landfill Pond, methylene chlonde was detected in 7 of 51 samples, or 14 percent 
of samples The maximum detection in thls data set was 8 pg/L The UTL99/99 is 

Methylene chlonde was elimnated for two reasons 

60Pgn.  

For the groundwater downgradient of the dam (Table 2-8), antimony, benzene, and 
toluene were elimnated because infrequent detecbon suggests that the detection(s) are 
outliers Methylene chlonde was elimnated for the same reasons stated above For the 
groundwater downgradient of the dam, methylene chlonde was detected in 10 of 52 
samples or 19 percent of samples The maximum detection of the methylene chlonde 
in this data set was 12 pg/L The UTL99m is 9 pg/L 

The following are identified as PCOCs for the UHSU groundwater in the vicinity of the 
East Landfill Pond 

0 Metals - antimony (18 pg/L) lithium (207 p a )  selenium (665 p a )  silver 
(3 pgL) and strontium (1 446 p a )  
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bkator pnuuu&rs - chlonde (155,699 p&), mtratc/8lbnte [48,704 @L), 
orthophospI~& (20 7 1 &), and sulfate (621,840 p&) 
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Formation 

Rocky Flats 
Alluviurd 
Colluvium 

Arapahoe 
Formabon _ - _ - -  

Laramie 
Formabon 

Fox Hills 
Sandstone 

Pierre Shale 
and 

older units 

Source EG&G 1992a 

Clayey Sandy Gravels - reddish brown to yellowish brown 
matnx grayish orange to dark gray poorly sorted angular tc 
subrounded cobbles coarse gravels coarse sands and 
gravelly clays varylng amounts of caliche 

/ 
Claystones Silty Claystoms and Sandstones - ltght to 
medium dive gray with some dark olwebkrck claystone 
mlty claystone and finegrained sandstone weathers 
yellomsh orange to yellmsh brown a mappable light to 
olive gray medium- to coarse grained frosted sandstone \ to conalomerabc sandstone occurs locally at the base 

/ 

1 (Arapaioe marker bed or No 1 sandstork) 

600-800 

upperindelvcrl 
300500 

bwerlnteelval 
300 

Claystoms Silty Claystoms, CIayoy Sandstone# 
and Sandstones - kaolinitic light to medium gray - claystone and sllty claystone and some dark gray to 
black carbonaceous claystone thin (2) coal beds and 
thin disconbnuous very fine to mediumgrained 
moderately sorted sandstone interval (No 2 through No 
5 sandstones) 

Sandstoms C1ayston.r and Coals - light to m d u m  
gray fine to coarse grained moderately to well sorted 
silty immature quartzose sandstone with numerous 
claystones and subbitumtnous coal beds and seams that 
range from 2 to 8 thick) 

Sandstones - graysh orange to light gray 
calcareous finegrcuned subrounded 90-140 m- glauconrbc friable sandstone 

U S DEPARTMENT OF ENERGY 
Rocky Flats Enwronmental Technology Slte 

Golden Colorado 

Generalized Stratigraphic Section 

Phase I IWIRA DD Operable Unit No 7 

July 1995 I Figure 2 3 
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3 Development of Remedial Acbon Objectives to Reduce Site h k s  

Ths section presents the process used to develop RAOs or response acuons 
Prelimnary RAOs are idenbfied for each medlum nsks are defined using a conceptual 
site model, potentlal exposure pathways associated with each medium are identified 
and nsks to human health and the environment are evaluated using a focused or 
streamlined nsk assessment approach as recommended in EPA guidance for 
presumptive remedles (EPA 1993a) Compliance with ARARs is assessed by 
companng chemcal-specific ARARs for surface water and groundwater to mean 
concentrations detected at OU 7 and by idenufying location-specific and action-specific 
ARARs Final RAOs are developed by elimnating prelimnary RAOs for whch there 
is no nsk to the potential receptor, analytes do not exceed ARARs, or the exposure 
pathway is incomplete Final RAOs are used for the identification and screening of 
technologies presented in Section 4 

3 1  Prehmnary Remedial Action Objectives 

In order to meet the overall objective of protecting human health and the environment 
under CERCLA (EPA 1991a) prelimnary RAOs were developed for each medlum 
RAOs are medium-specific or operable unit-specific goals for protecting human health 
and the environment (EPA 1988) 

RAOs for presumptive remedy components of OU 7 (the landfill), which will remam a 
long-term waste management area, are specified in EPA guidance and include the 
following (EPA 1993a) 

Prevent direct contact with landfill contents 
0 Minimze infiltration and resulting contarmnant leachng to groundwater 

Control surface-water run-off and erosion 
Control landfill gas (treat as needed) 

0 Collect and treat leachate at the source (as needed) 
0 Control groundwater at the source to contam the plume 

RAOs for the other components at OU 7 may include the following as needed 

Remediate surface water in the East Landfill Pond (as needed) 
0 Remediate sediments in the East Landfill Pond (as needed) 

Remediate wetland areas (as needed) 
Remediate surface soils 111 spray evaporation areas (as needed) 
Remediate subsurface geologic matenals downgradlent of the landfill (as needed) 
Remediate groundwater downgrahent of the landfill (as needed) 
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To evaluate altemves m terms of overall ptcctm of human health and the 
envsronment, the amma in w b h  sate risks idtnhfied m the eon~~ttxd site model are 
elirmnated, dd, or controlled through enginedhg controls, or 
instltutlonal ConWs was co~~sidered (EPA 199fa) Con- wdl accomplish 
RAOS for the pmsmptwe compohents at ou 7 by e s s m g  aIl pathways 
associated with the source RAOs for the other cortqxmcnts unlf be evaluated m term 
of exposure pathways, nsk, and complranee with ARARs in tbe f a w m g  W X Q ~  

The antxipated hike land we ibr the area ~urroundtng tfbt landfi€l IS apen ~ ~ Z K X  @PA 
1995a) There are po plans for future dewhpment of gkmdwater f m a y  at OU 7 
Also, exlstmg m f m  shows that theze 1s only hut& a v d d & t ~  of groundwater 
downgmhent oftbe landfill (Semen 2 3) 

' 

3 2  concepaal Sib Mnad far Defigigg Riskis 

Datacollected dwiq the phase I IUWIU, &seis& lntBer0I.J 7 Fwd W d P b  (DOE 
1994a) and s- * Iz1 scctlun 2, wcti:used to &v* a #xmqpld site m&l 
The model idcntlfies the suspected sources, contamma release aad 
mechmsms, exposure pornts or affected &a, and exposure routcs(Figure 3-1) 

i 
Contarmnant sources mclude sohd and hcpd bazarhs and rtonhazardsus wastes m 
the Present Landfill, mls m MSS 203 where & wastes were stored, and 
asbestos rn the asbestos-disposal areas Met- for contamrnant releases inchde 

I 

I 
0 Erosion of intEnm cover maotlzl expQsmg landfill contents M y ,  or =lease of 

landfill contents by e m n  d run-ufF 

the fd lomg 

i Volatlfization of landfill gas 

0 Leachate step discharge to the East dclf i l l  Pond 

Spray evapmon of pond water I 

. Leachg of con-& into the groMdwater 

i 
ptrmary transport mechamsxns are movement of landfill gas, movement with surface- 
water run-off, movement with the ledate  seep, and movement with groundwater 
spray evapomon aetrvitles ceased in IS&, tfierefore, c ~ n ~ u e d  deases me no longer 
occurring by tlus d a m s m .  

Contmmants m lasrdfill gas may mgmk into the atmapbere ~ f t e r  contarmnants 
from the leachate 8ccp or €ram nur-off have entenxi tht East La&H Pond, they may 
remam suspended or&ssoIved HI surface water, be ill sedlmentat the bottom 
of the pond, be drscharged to groundwata, or be taka up by plants or aquatic llfe m 
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wetland areas After contarmnants in water from the pond have been sprayed onto the 
surrounding slopes and have infiltrated the soil they may subsequently be leached out 
of the soil by run-off or infiltrahodpercolation or be dispersed by the wind 

After contarmnants have entered the groundwater, several mgration pathways are 
possible Groundwater m the UHSU could discharge to surface water in the East 
Landfill Pond Groundwater in the UHSU could also mgrate downgracbent discharge 
to surface water in No Name Gulch, mgrate with surface water to the confluence of No 
Name Gulch and North Walnut Creek, and eventually rmgrate offsite Ths mgration 
pathway is not likely because groundwater modeling has shown that mgrahon is 
slowed considerably or possibly even stopped by the dam Discharge from 
groundwater to surface water below the dam is not expected because the intemttent 
stream in No Name Gulch is a losing stream that discharges to groundwater 
Groundwater in the UHSU could rmgrate slowly downgradient remaning as 
groundwater Ths mgration pathway is the most likely as shown by groundwater 
modeling Groundwater in the UHSU could also seep into the confining layers of the 
unweathered bedrock and eventually reach the sandstones of the LHSU However, 
hydraulic conductivity values for the confining layer are low and downward seepage is 
mnimal (Section 2 3) Contarmnants in groundwater may also be deposited in 
subsurface geologic matenals downgradient of the landfill 

VOCs detected in landfill leachate could be transported by seeps surface-water run-off 
or groundwater Dunng transport, VOCs in groundwater may be Subject to adsorption, 
hydrolysis, and biological degradation under aerobic or anaerobic condihons As stated 
above dscharge from groundwater to surface water below the dam is not expected and 
contarmnants are most likely absorbed or mgrate within groundwater 

Potential exposure pathways associated with OU 7 (Figure 3-1) include ingestion and 
dermal contact with waste matenals, inhalation of dust, and physical hazards from the 
source, inhalation and explosion of landfill gas, inhalation and ingestion of and dermal 
contact with leachate from the seep and surface water and sediment from the East 
Landfill Pond inhalation and ingestion of dermal contact with and external irradiation 
from soils in spray evaporation areas and subsurface geologic materials downgradient 
of the landfill, and inhalation and ingestion of, and dermal contact with groundwater 
from wells downgradient of the landfill 

Because the contents of the landfill MSS 203, and the asbestos-dsposal areas will be 
contamed, the conceptual site model is most useful for identifying areas beyond the 
landfill that may pose a threat to human health or the environment Risks posed by 
these media are evaluated below 
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3 3  Evaluation of Risks 

Baselme nsk asscamen& cy81u8fc the p&en&ial to human health and the 
envmnment in the &bscnee of any reme&al actm and often p w d e  both the bass for 
detemmng if remwhd actm is necessary and the justzfication for perfomng 
remdal actions Under the presumptwe remedy approsbcb, a q u m t m  baselme nsk 
assessment is not lldcessary to evaluate if the contounment mesly addresses pathways 
and contammants of wncern associated with the source Rather. all potent& exposure 
pathways can he ident3fied using the conceptual site model and compared to the 
pathways addresd by the contamment presmpove e @PA €993a) Eor 
pathways not adQesscd by the contanwent pnsmptive nmedy, a focused or 
stremhned nsk assessment was performed The rnethodofogy for the focused nsk 
assessment is dcscabed M o w  I 

33 1 MethodologytoDetmnmeifaRcsponse&IsNccessary 

Leachate resultmg from land-&sposed h&ws wastes cIasstfierl by ,more than one 
waste code under R C M  Subput D or from a mu~fitre of wastes d-S& under RCRA 
Subparts C a d  D is d e ~ l ~ a a e d  FO39 RCRA-listRd waste 
(6CCR 1007-3 part 261) 

h grormdwattr 
The ~thd used to dcterrm~ € h ~  hazardous w=* 

clssficmon and resultant treatment sta&irds fix vmom envimmientd h a  at 
OU7 1s shown in Figure 3-2 @OE 199%) The €irst step is to &termme if h c l  
dsposal of hazardous waste has occurred. ‘The second step IS to asctrtatn if leachate 
exlsts by application of the ‘Venved fi.ons” rule The thud step is to determne if 

multisource leachate {FO39) exlsts And, tbe final step is to determrne tf the “‘contamed 
m” pohcy apphs to these e n m n m d  medlst S it dots, the waste must meet 
standards or be remediated or treated to meet stmdards When standads are met, the 
medla no longer “mntms” hsted waste 

Only leachate w i t h  the landfill 1s considered FO39 RCRA-hted waste- Leachate that 
&scharges at the sctp, surface water in the East Landfill Pond, pond sedments, surfam 
soils in spray evaporabon ams, and subsurf= gedolpc llDatetlals and groundwater 
down@ent of the landfill consotute leachate “contaured m” en-na medm 
Themfore, nsk-based analyses we= pepformed to dekrmne if these h a  pose a 
threat to human h d t h  or the m v m m n t  ‘ 

Methods used to evaluate chemcal Lta for samples collected from these 
envllonmental maha are shown UI Figllre 3-3 The ndmdology uses PCOCs 
previously identified following the Gilbrt mcth&ology (EGgrG 1994b) and 
encompasses a focused nsk assessment *at includes a p&mnary redatlon goal 
(PRG) screen and nsk calcukons All orgames detect& were mmdered PCOCs 

I 
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The nsk evaluation is used to detemne if remediauon of other (non-presumptive 
remedy) media is requued 

Land-use scenanos used for the PRG screen and the nsk calculations were based on 
recommendations from the Future Land-Use Worhng Group (DOE 1995d) and include 
an open-space scenano for landfill leachate, surface water, sedment, and soil a 
construcuon-worker scenano for subsurface geologic matenals, and a future onsite 
office-worker scenano for groundwater Residenual uses have been elimnated from 
the future land-use plan (DOE 1995d) 

Sitewide PRGs were developed for use in Rocky Flats environmental remediation 
activities for analytes that have toxicity cntena and are based on a target cancer nsk of 
1E-06 or a hazard index (HI) of 1 PRGs used in tlus report are from the Final 
Programmatic fisk-Based Prelimnary Remehation Goals (DOE 1995e) Draft 
Programmatic PRGs for Rocky Flats P l a n t a p e n  Space (DOE 1995e), and 
Programmatic Prelimnary fisk-Based Remediation Goals for RFETS (DOE 1995g) 
The maximum detected concentration of each PCOC as identified in Section 2 5, was 
compared to the PRG for that analyte If the maximum concentration of an analyte was 
less than the PRG the analyte was dropped from further considerauon If the 
maximum detected concentration of an analyte was greater than the PRG, the analyte 
was evaluated in the focused nsk assessment Maximum concentrations are used for 
the PRG screen to provide a conservative approach that is consistent with the CDPHE 
risk-based conservatwe screen (CDPHE/EPA/DOE 1994) performed pnor to baseline 
nsk assessments at Rocky Flats 

None of the PCOCs in landfill leachate, surface water, sedment, or subsurface geologic 
matenals faded the PRG screen, therefore, PCOCs in these media were dropped from 
further considerabon k s k s  were esbmated for PCOCs in surface soil and groundwater 
that f i led the PRG screen using the 95 percent upper confidence limt of the mean 
concentration (UCLg5) Risks were calculated for incidental ingestion and particulate 
inhalabon of, and external irradiation from surface soil by an open-space receptor and 
for groundwater ingestion by a future onsite office worker ksks were not calculated 
for dermal exposure to surface soils because the OU 7 surface-soil PCOCs included 
only metals and radionuclides and in accordance with EPA guidance, dermal exposure 
to metals and radionuclides cannot be quanufied (EPA 1989a) Site-specific exposure 
factors and open-space exposure parameters were used to calculate nsks (DOE 1995h, 
DOE 19951) Environmental media with carcinogenic nsks that fall below or within 
the EPA acceptable nsk range of 1E-04 to 1E-06 and noncarcinogenic nsks that are 
below the HI of 1 do not requue a response action (EPA 1993a) 

A screening-level ecological nsk assessment was performed to detemne if PCOCs in 
leachate surface water and sediment present an unacceptable toxicological risk to 

. 4  I 

tp\2510078Lec3 doc \\\ 3-5 



OU 7 Draft Phuse I IMRA Decision Document 

3 3 2  

3 3 3  

334 

I 
squats bfe arid wWe Exposure and tomity of Pccrcs ur sedmeat and pond water 
to aquahc Me are wed to dc&xmne if condihons m b pond tise &eqpte to support a 
funcoonal aqua~c Ijabtat. Pent& toxia$ of kachc, pond water, atld sdment to 
aquahc-Mng avqm and mammalran wddhfe species (mtttlards and nrccoons) and to 
non-aqumc wildkk s p i e s  (mule deer, coyotes, and preble's mesdow jumpmg 
mouse) was evaluaded 

I LancWl Gas 

A qumtitahve nsk assessment IS not n w b  for lmdfiff gas Putenti& e x p m  to 
laudfill gas wd be gddress~d by the pres+aptxve remedy fix gas contm1 (Fqpre 3-5) 
The proposed l d l l  cover wlfl include b gas-vtlrtmg kyer Gas cmfsslons w a  be 
contmgent upon 8lf-ermss~)n ARARs 

Landfill Leachate at tht seep I 

I A quantrtatme nsk assessment is not qecesary for leachate m the source area- 
However, a focused nsk assessment was performed s a consematwe maswe to 
evaluate the potent~al nsk from mgestd of bachate Potmtirrl expure to landfill 
leachate will be addressed by thc presumpbve remedy for sowce comunment (F+gure 
3-6) The proposed landfill cap will mer the seep area and prevent exposure to 
leachate, reduce contamrnant kaehtng to ' ~ r n d w ~ ~ ~  an$ ubmtc€y reduce leachate 

r 
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335 

generauon and mgration In addition, leachate will be intercepted and treated at the 
seep before closure as an accelerated action for OU 7 

Potential human receptors are open-space recreational users A PRG screen was 
performed for landfill leachate (SW097) using an open-space exposure scenano (DOE 
19950 Results of the PRG screen are presented in Table 3-1 None of the 35 PCOCs 
from Secuon 2 5 3 Nature and Extent of Contammation in Landfill Leachate at the 
Seep, exceeded the PRGs for an open-space recreational user Therefore there is no 
nsk to human health from inhalation or incidental ingestion of, or dermal exposure to 
leachate at the seep 

Potential ecological receptors include terrestrial and avian wildlife A screening-level 
ecological risk assessment was performed to deterrmne if PCOCs in leachate from the 
seep present an unacceptable toxicological nsk to aquaoc life and wildlife (Appendix 
D) Baseline nsk esbmates were based on the conservative assumpuon that receptors 
spend all of their ome at the East Landfill Pond 

Under these conditions, the HI was greater than 1 for mallards, raccoons and coyotes 
(mallard HI = 50 raccoon HI = 3, mule deer HI = 0 08, coyote HI = 3, Preble s 
meadow jumping mouse HI = 0 02) k s k  to mallards is from potenual exposure to 
naphthalene, 2-methylnaphthalene, bis(2-ethylhexyl)phthalate, and phenanthrene b s k  
to raccoons is from potential exposure to naphthalene, 2-methylnaphthalene, 
bis(2-ethylhexy1)phthalate and total xylenes k s k  to coyotes is from potential 
exposure to naphthalene, 2-methylnaphthalene, phenanthrene, and banum 

Hazard quotients for individual PCOCs and hazard indices are estimated for nsks 
associated with no-observed-adverse-effects levels (NOAELs), nsk is lower for 
exceeding lowest-observed-adverse-effects levels (LOAELs) Sources of uncertamty 
for ecological nsk are the actual bioavalability of PCOCs, assumptions about 
frequency and duration of exposures and importance of the East Landfill Pond as a 
habitat resource (Appendix D) Because it was assumed that mallards, raccoons, and 
coyotes spend all of their time at the pond and drink exclusively from the seep, nsks 
were conservatively overesomated 

Surface Water in the East Landfill Pond 

A focused or streamlined nsk assessment is necessary for surface water in the East 
Landfill Pond because surface water is not a component of the presumptive remedy 
Potential exposure pathways identified in the conceptual site model can be used to 
detemne affected media exposure routes and potenual receptors (Figure 3-7) After 
contanants from the leachate seep or from run-off have entered the East Landfill 
Pond they may reman suspended or dissolved in surface water be discharged to 
groundwater or be taken up by plants or aquatic life in wetland areas Potential 
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exposwe pathways +vahrated indude mhalabon and m c M  rngestion of, and dermal 
contact with surface w a !  m the East Landfill Pond 

Potentd human receptm include open-sp& rcam&onal users A PRG screen was 
performed for pond water (SW098) using an open-sw expos= m o  (DOE 
19950 Results of the PRG screen ae presented h Tabk3-2 None of the 15 PCOCs 

Landfill Pond, exccedbd the PRGs €or an &pen-- -, and, thtrefore, no risk 
assessment was performed There is IU) nslr to hudtan health frmn inhalatsim, 
incidental ingest104 or d c d  exposure of surface lwatcrfrrain the l%st=bndfilI pond 

from Sechon 2 5 4, Nature and Extent of Chtamhtmn 111 SUrEaa w e  m the East 

Potentml ecolqpd receptors urchtde aquatic Me and tamstd aad aEIriaa wddM++ A 
screenmg-level eccmlqpca€ nsk assessment 'was & o d  de&- d Peocs I L ~  
pond water present an macapable toxidugmd ndc to-- We and ddfik 
(Appenh D) Only one of dme surface w&€er Pcoes (manganes%li exceeded state 
water quahty standards or nsk-based bent- The cranddm n& expressed as 
the HI, also &d not exceed 1 These data are cornstent unth whde Gftlueut toxicity 
tests performed on water samples from &e pond aesufts o f  the h&mtme-based 
toxicity scieen, iaboratory taxcity testmg, and prehmmary nsk c&&z&n d c a t e  that 
pond water represents negligible nsk to +tic hfe Baselme nsk estm&s were based 
on the conservahve mumptlon that ~eceptors spend all of thew tune at the pond 

Usmg these assumpuons, the HI was greater than I only €or mallards (mallard HI = 10, 
raccoon HI = 0 3, d e  deer )ff = 0 01, apte HI = 0 03, Preble's -ow Jumprng 
mouse HI = 003) b k  to mallards is from poknbal exposure to 
bis(2-ethylkxyl)pkddate and dm-butyl' p h t b k e  Souroes of for 
ecologsal nsk are the sadhral havdWty of KbCs, assump@ms &out fkequency 
and d m t m  of eqmms, and mportank of the East W Pond as a habitat 
resource Because it was assumed that Ilfallapds Spend dl of thev tlme at the East 
Landfil Pond, nsk to mallards was conservhv&y ovemstifmted 

The East Landfill Pond &s spproxmatdy 3 perceat of the open-water habitat and 
6 percent of the available shadme &tat at Rockjr IT-, the AJZMX~~ wetland 
represents appromnately 1 6  percent of the total wetland amas at Rocky Flats (COE 
1994) ksks to vegetahon were evaluated-as part of the screemg-level ecologml nsk 
assessment h k s  to vegetatran eu'e mntmh (Appendtx D) 

Smce the East h d f i i  Pond was constructed only 20 years ago, it is probably not a 
lustondly mpcxtant component of the Iocd ecosystem CAppcndu Dh The pd 
apparently does not COTltain fish or crayfkh popdatiora W i t  a mmplex quahc 
food web that wludes uppr-level aquati6 consumeas, the pond IS a lmted resource 
for aquatlc-fdng whdfife Time pond it& has bcen ~dent&xi as pote&al habitat for 

I 

I 

I 

I 
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one federal candidate species, Preble’s meadow jumping mouse (DOE 1995b), but its 
occurrence there has not been confirmed It is possible that other state or federally 
protected species may use the pond area occasionally but the resources at the East 
Landfill Pond are not cntical to any of them (DOE 19953, Appendtx D) 

3 3 6 Sediments in the East Landfill Pond 

A focused or streamlined nsk assessment for sediment in the East Landfill Pond is 
necessary because pond sechment is not a component of the presumptive remedy 
Potentlal exposure pathways identified in the conceptual site model can be used to 
detemne affected media exposure routes and potential receptors (Figure 3-7) After 
contarmnants from the leachate seep or from run-off have entered the East Landfill 
Pond, they may be deposited in sedtment at the bottom of the pond or be taken up by 
plants or aquahc life in wetland areas Potennal exposure pathways evaluated include 
inhalation and incidental ingesnon of and dermal contact with sediment from the East 
Landfill Pond Potenhal human receptors include open-space recreational users 

A PRG screen was performed for pond sediment using an open-space exposure 
scenano (DOE 19958) Results of the PRG screen are presented in Table 3-3 None of 
the 20 PCOCs from Section 2 5 5, Nature and Extent of Contammation in Sechments 
from the East Landfill Pond exceeded the PRGs for an open-space user, and, therefore, 
no nsk assessment was performed There is no nsk to human health from inhalation or 
incidental ingesbon of or dermal contact with sediment from the East Landfill Pond 

Potential ecological receptors include aquatic life and terresmal and avian wildlife A 
screening-level ecological nsk assessment was performed to detemne if PCOCs in 
sediment present an unacceptable toxicological nsk to aquahc life and wildlife 
(Appendix D) Baseline nsk estimates were based on the conservative assumption that 
receptors spend all of their time at the East Landfill Pond The HI for exposure of 
aquatic life to sediments was greater than 1,100 PCOCs conmbuting most to nsk 
estimates were fluorene, anthracene, chrysene benzo(b)fluoranthene, and barium 
Results of toxicity tests performed on pond sediments are not consistent with these 
results and indicate no toxicity to aquatic hfe (Appendix D) 

Prelimnary nsk calculations based on exposure estimations appear to overestimate 
nsks to aquatic life Based on these calculations, risk of toxicity to sediment-associated 
organisms appears to be high, but results of site-specific surface-water and sediment 
toxicity tests indicate no toxicity (Appenhx D) In addition, many of the species 
present in sediment samples are moderately tolerant of polluted sediments suggesting 
that conditions in the pond are not as toxic as indicated by the hazard quotients Risk 
to aquatlc life appears to be rmnimal (Appenchx D) 
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and h b l e ' s  maubp jiinxpmg mce (& HI = 0 8, IBECQO~ HI = 6, mule deer 
HI = 3, coyote M 4 4 ,  M e ' s  meadow jumpmg mause HI = 3) RI& to raccoons is 
from p0tent.d a- tu alurmrtum, vatu&- and arsemc Fhk to mule deer, 
coyotes, and PrebWs meadow jumping mice is from potentid exposure to alurmnum 
(App~~dix D) Again, sowces of uncertainty are bioa~M&div of PCOCs, 
assumptions about e;xposures, and importance of the poad as a Witat resource 
Although them IS nsk to terrestrial wldhfie, it IS u&kcily that xeccp@m spend all of 
theu m e  at the €%as€ Landfill Pond, h d  therefme, the mk G-consuvatlt~vely 
0 v e - d  

Surface S o h  m Spray Evaporatmn Areas 

I 

I 
3 3 7 

me~&logy usat to evsttuate the n d  of exposm to surface sod was taken from 
k s k  Assessment G r u b  for SupcTfptLd, Vohxne I, Human H d t h  Evduatmn 
Manual, Part A @FA 1989a) and Part Ib @PA 1991b) The open-space scenmo 
assumes that a recrestid user vlslts the dpen-spw are@ 25 Qmes per year Exposure 
parameters for each pathway are presented m T&ks 3-5,345, and 3-7 (DOE 1Mh) 
Intake factors were calculated usmg the eqbmns listed beiow 
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Incidental Ingeshon 

Chemcal h a k e  Factor (mag-day) = IR x ME x EF x ED 
BW x AT 

IR x ME x EF x ED Radionuclide Intake Factor (mg) = 

where IR = ingesuonrate 
ME = matnx effect in the GI tract (absorpuon factor) 
EF = exposure frequency 
ED = exposure duration 
BW = body weight 
AT = averaging time 

Pmculate Inhalation 

Chemcal Intake Factor (m3/day) = IR x 1PEF x RF x DF x ET x EF x ED 
BW x AT 

Radionuclide Intake Factor (kg) = IR x 1PEF x RF x DF x ET x EF x ED 

where I R =  
PEF = 
R F =  
DF = 
ET = 
EF = 
ED = 
BW = 
AT = 

inhalation rate 
pmculate emssion factor (standard default [EPA 199 1 b]) 
respirable fraction (PM- 10) 
respiratory deposition factor 
exposure hme 
exposure frequency 
exposure durauon 
body weight 
averaging time 

External Irradiauon 

Intake Factor (years) = ET x SF x EF x ED 

where ET = gamma exposure time factor 
SF = gamma shieldmg factor 
EF = exposure frequency ratio 
ED = exposure duration 

Cancer slope factors and reference doses were taken from Health Effects Assessment 
Summary Tables (HEAST) (EPA 1994a) and Final Programmatic hsk-Based 
Prelimnary Remediation Goals (DOE 1995e) whch includes a compilation of current 
toxicity factor informauon l h k s  were calculated for ingestion particulate inhalauon 
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and exttmal madmtim Results of the n& c a l d o n s  am presented m Tables 3-8, 
3-9, and 3-10 Gscmgemc nsk is wlthin the 9coeptEl-Mc: risk w e  for mcidental 
ingeshon by a CUM (43-06), madental ingestxm by an k,kdt (2E#6), pwhculate 
inhdmon (2E-111, ami exmnal uradmtion (bE-09) N-immc nsk (hazard 
index) is  below 1 for madental ingestam by a CM (M = 0008) -and incidental 
ingeaon by an ad& (HI = OOOO9) These results indtcate &at there is  no nsk to 
human health &om madental ingesbon, ptmIate mhaWan, or external m u h a o n  
from surface sods rn spray evapormon ateas 

Subsuface Geologsc hdatcrids h w n g r h n t  of the Landfin 

A focused or sitmdmd risk assessment fix sukstnface gealogie matmals 
downgradrent of the landfill is nccewuy &wse sods ae not a component 

site model can be used to detemme a€fktcd met& exposme mutes, and potential 
receptors (Figure 3-9). 
groundwater, they may rmgrate downgradkt and be depsiteA ID. sub’&ur€&ce geologrc 
matends p o t e d  exposure parhwaijr; eduatai m a t e  m n s  
Ingestion, d e d  contact, and external d & o n  

I 

3 3 8 

I 

Of the pmWB@l# m I d y  ht&.ld @WW kk@&d the C O e  

A%% c o b  fmm tspe lca&l&! seep lnto the 

I 

construcUon-wrker expos- scenarro @;oE 195)Sgr Results of dme PRG ~ c ~ e e t l  i m  

presented in Table 3-11 None of the’ 10 Pcocs m colluwum or 8 PCWs m 
weathered bedroclr from Sectton 257,. Nature and Extent of Coatarmnatron in 
Subsurface Geologtc Materrds Downgmbent of the Landfill, exctcdcd the PRGs for 
construcQon workers, and, therefore, no it& asasmeat was prbrmed There 1s no 
risk to human herdth from particulate d a t i o n  laad urgestton of, dermal contact with, 
and external lrradtatlon from subsurface sdds dowqradiat ofthe b&B. 

I 

3 3 9 Groundwater Downgradlent of €he Larid 

A focused risk assessment €or groundwabx down@c& o€ the lanrffili is necessary 
because groundwater that has nugrated a k y  fkom ihc sdmet area IS not a c o w n t  
of the presumptrve remedy After con&ants have entend the mudwater ,  they 
most llkely rmgrate downgradrent h u g b  the UHSW to the cmfbnce of No Name 
Gulch and North Walnut Creek and potenhlly nugrate offsite Groundwater modchng 
has shown that mtgratton is dowk€mns ihedy  or posslbly even stopped by the dam 
Dmharge from groundwater to surface & domgradient o€=&e dapl. is not expected 
The intemttent stream in No Name Gulch is a fomg stmm that cischarges to 

groundwater Dischatge docs occur to the pond Dmng transport, contammants in 
groundwater may be sdgect to adsorpb& hydrolysis, and bofogmd degraaatlon under 
aerobic or anaerobic con&tmns 

I 

l 
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Potenual exposure pathways associated with groundwater downgrahent of the landfill 
include inhalation and ingestion of and dermal contact with groundwater from 
downgradient wells (Figure 3-10) As recommended by the Future Land-Use Worlung 
Group potential human receptors for groundwater are future onsite office workers 
fisks were calculated for PCOCs identified in UHSU groundwater from two 
populabons wells in the vicinity of the East Landfill Pond uppadent of the dam and 
wells downgradient of the dam These populations were evaluated separately to 
deterrmne the downgrahent limt of contammation In the event that groundwater 
collection and treatment were needed, the system could be designed to collect only 
contammated groundwater instead of all groundwater downgradient of the landfill 

A PRG screen was performed for groundwater using a future onsite office-worker 
scenano The maximum detected concentrauon of each PCOC was compared to the 
PRG for that analyte (DOE 1995e) Results of the PRG screen are presented in Table 
3-12 If the maximum detected concentrauon or acbvity of an analyte was less than the 
PRG the analyte was dropped from further consideration If the maximum detected 
concentration of an analyte was greater than the PRG, the analyte was evaluated in the 
nsk assessment A focused human health nsk assessment was performed for 
groundwater in both populations using a future onsite office-worker groundwater- 
ingestion scenano The UChs for each PCOC that f i led the PRG screen was used to 
calculate the nsks of groundwater ingestion 

The methodology used to assess nsks at OU 7 was taken from Risk Assessment 
Guidance for Superfund Volume I Human Health Evaluation Manual, Part A (EPA 
1989a) The future onsite office-worker scenario assumes that a worker ingests 1 liter 
of water per day for 250 days per year Exposure parameters are presented in Table 
3-13 (DOE 1995h) Intake factors were calculated using the equabons listed below 

Groundwater Ingestion 

Chermcal Intake Factor (Lkg-day) = IR x FI x EF x ED 
BW x AT 

Radionuclide Intake Factor (liters) = IR x FI x EF x ED 

where I R =  
F I =  
EF = 
ED = 
BW = 
AT = 

ingestion rate 
fraction ingested from the contammated source 
exposure frequency 
exposure durabon 
body weight 
averaging time 
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Oral cancer slope factoss and oral refedce doses wem-n f a n  WEAST (EPA 
1994a) and Final bgmmmatx Rrsk-Based I?dmumg R d & m  Gods (DOE 
1995e), whch lnckrdcs a mrnpdat~on of &mnt toxmty factor mfmmion Results of 
the nsk calcul&w are presented in Table 3-14 

The carcinogemc nsk h m  mgestlon of U€kSU groundwater xn the viclzllty of the pod 
upgc&ent of the dam is w i t h  the nrpk range of lE-04 to tE-06 (IE-05), 
however, the noncB1;c1I1ogcL1Ic nsk is above the amqtabk risk or Hf Of,l (HI = 3) The 
pnmary conttrbutor to nowucmogemc n&-is sderuum (HJ = 1.9 

0 

The nsks from mgcshon of UHSU gm d water downgmhent of the dam arc wthm 
the acceptable mk range (caxcinogemc risk 1- thaa 1E-06, n ~ ~ ~ + ~ m & e m c  risk, 
HI = 0 2) Theref- them? is no nsk to & ogslte OffiCB wolrkers Brom lilptlm of 
UHSU groundwater d ~ ~ n t  of the b Tttere is gbLgt ptcf#d nsk associated 
with ingestlon of UHSU groundwater rn thc vt~htty ~f tfko &*- p ~ n d  
u p a e n t  of the dam However, the pten~ai expususe @way ssmated wrth 
groundwater downgradient of the landfill zs mcompleac There am no plans to develop 
groundwater in the futtm, therefore, no om WID be ingcstmg ptmdw- from w e b  

I 3 4  CompllanceWithARARs 

situations sufficxently d a r  to those encot&ted at a CEReLA sate that thev use is 
well smted to the particular site” (40 CFR Part 300 5) a I 
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ARARs are used to create a framework for detenhning the health and nsk-based limts 
for remelal achon and to develop remelal alternatives Ultimately, it is necessary to 
demonstrate that the final remedy addresses all pathways and contarmnants of concern, 
not just those that tngger the need for remedial actlon (EPA 1991a) Onsite acuons 
must comply only with the substantive aspects of ARARs, offsite activities must adhere 
to both substantive and admnistrative requirements Substanhve requirements include 
cleanup standards or levels of control, admnistrative requlrements prescnbe methods 
and procedures such as fees, perrmttmg, inspechon, and reporung requirements 

There are three types of ARARs chemcal-specific, locauon-specific, and action- 
specific Ths  division is a convenient way to categonze regulatlons in a way that ties 
them to the remehal process The following sections identify potenual ARARs for 
OU7 by type of requirement In addition, guidance to be considered (TBC) is 
identified where appropriate TBCs are advisones, cntena, or guidance that may be 
useful in developing CERCLA remedles (40 CFR Part 300 4OO[g][3]) TBCs may be 
used to supplement promulgated standards when the meaning of those standards is 
ambiguous or when they do not address a particular situation 

3 4 1 Potentlal Chemcal-Specific ARARs 

Chemcal-specific ARARs identify acceptable limts for an amount or concentration of 
a chemcal that may be present in the environment These standards usually take the 
form of health-based or nsk-based numerical limtations that resmct ambient 
concentrations of vmous chemcal substances above a threshold level All applicable 
or relevant and appropnate federal chemcal-specific standards (e g , maximum 
contmnant levels [MCLs] and land Qsposal restnctions [LDRs] universal treatment 
standards) must be complied with when detemning appropnate cleanup levels for 
landfill leachate, surface water in the East Landfill Pond and groundwater 
downgradient of the landfill State ARARs must also be complied with if they are 
promulgated and are more stnngent than federal standards For chemcals that do not 
have associated federal or state potential ARARs the practlcal quantitauon limt 
(PQL) cited in the regulations, or 10 times the EPA Contract Laboratory Program 
detection limt when no PQL is cited is proposed Table 3-15 presents potentlal 
chemcal-specific ARARs for surface water Table 3- 16 presents potential chemcal- 
specific ARARs for groundwater There are no chemcal-specific ARARs for 
sediments or surface soils 

3 4 1 1 Landfill Leachate at the Seep 

Mean concentrahons of all analytes detected in landfill leachate at the seep were 
compared to the potenhal chemcal-specific ARARs for surface water Mean 
concentrations of three metals (alumnum manganese, and zinc), two SVOCs 
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3 4 I 2 Surftace Water m the East LmdjiU Pond 

Of these, the rnaxuawn detechons of l,l-&chioroethane, benzene, and 
tetrachloroethene are less than thez resrnve  ARARS, howcver~ the mean excceds the 
ARAR because cme-half tbe detemon 1- was used for non-detects Ia calcdamg the 
mean result Cadm tetmch€oride was detected in- two of 18 samples, and only one of 
these detectlorn exceeds the ARAR, the low dew- firequtncy suggests that h s  
detecuon is an outher and 1s not representatwe of commmtnts frorn the imdfijl 
sowe Fluonde was detected m five m@es m m e  well, one of the detecmns 
e x d s  ARARs The low k a o n  frequincy and the luruted spatad extent of fluoride 
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suggests that this detection is an outlier and is not representative of contaminants from 
the landfill These data are not appropriate for an 4RARs comparison and therefore 
1 1 -dichloroethane benzene tetrachloroethene carbon tetrachloride and fluoride dre 
not considered further 

Three analvtes exceed ARARs in UHSU groundwater doLvngradient of the landfill 
nitrate/nitrite selenium and sulfate Selenium exceeds AR 4Rs onlv in LHSU 
groundwater in the vicinitv of the pond Xitrate/nitrite and sulfate exceed 4RARs in 
UHSU groundwater in the vicinity of the pond and downgradient of the dam 

Contamnant-transport modeling was performed to simulate the movement of 

contaminants in groundwater to evaluate the effect of potential releases and determine 
how far contaminants that currentlv exceed ARARs will travel downgradient after 
landfill closure Two-dimensional contaminant-transport modeling was performed 
using an analvtical solution developed bv Domenico and Robbins (1985) and coded 
into the TPLU'ME model (Golder 4ssociates 1989) The input parameters and Surfer 
plots of outputs are presented in Appendix E Model simulations were performed for 
chloride selenium and sulfate in surficial materials and for chloride nitrate/nitrite 
selenium and sulfate in weathered bedrock Chloride was modeled because it is an 
indicator parameter for VOCs 

For weathered bedrock a sensitivity analysis on hydraulic conductivitv was performed 
Csing the geometric mean hvdraulic conductivitv for weathered bedrock measured at 
OU 7 (4E-07 cdsec )  all of the modeled contaminants exhibited minimal movement 
(Appendix E Figures E8 through El  1) 4t this hvdraulic conductivitv transport is 
controlled by diffusion The U C b ,  of sitewide hvdraulic conductivity values for 
weathered bedrock (5 6E-05 cdsec)  was used in another set of simulations These 
simulations exhibited more contaminant movement than the initial simulations but 
none of the simulated contaminant plumes reached downgradient well 53 194 
(Appendix E Figures E12 through E15) Based on these simulations and the flow 
regime in the weathered bedrock (Section 2 3) the weathered bedrock pathway is not 
considered to be complete with respect to human or environmental receptors 

For surficial materials the contaminant modeling showed that ARARs would be 
exceeded for selenium and sulfate at downgradient well 53194 in 30 years if the dam 
were removed However there are several reasons why these modeling results are 
overly conservative 

Constant source versus declining source assumption The TPLUME model 
assumes a constant source of contamination over the entire period of the simulation 
Actual conditions at OU 7 indicate a declining source(s) If the landfill mass is the 
source of contaminants the proposed cap and slurry wall (to be performed as a 
maintenance action) will reduce groundwater flow thrcjgh the landfill and 
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contmnant transport out of the landfifl For selenium, the source is suspected to 
be naturally occurring selemun dissolved from the soid matrix by groundwater 
unsaturated w& respect to sefernium This gmmdwater may be related to the spray 
evaporation of pond water Since the spray evaporation ended in 19% this source 
should be reduced over time For sulfate and nrtratdnitnie the source IS suspected 
to be either the bumd sludges in MSSs 166 1 and 166 3 or naturally occurring 
sulfate and rutrace released from the soil matrix Although the existing 
nitrate/nrtrite data do not show anv temporal trends the sulfate data show a slight 
but distinct decrease in concentrations over time 

Use of wedwmd-be&ock concentrations- as source terms for surlkid-rnatenals 
modeling The TptUME simulations for &enrum and suifate used weatfiered- 
bedrock canoenmons as source terms for s d d - m n d s  mod&g because of 
data gaps for surficial matmats This a s s u m p o ~  is e%xsslp.ely conarmfive The 
measured poten&ometnc surfaces show a strong B u w n w d  hpdraulic gradient 
between the smfkial materr& and w e a # h d  bedmclc in the vxcf~ffy of the dam 
with head ckfferenws uf more than 20 EeeL The measured concarations of 
selenium and sulfate m surfictd matends are mch h e r  than the measured 
conCentratmas in the weatbaed bedrock 

0 Effect of the East Landfill P o d  dam as a bannes €0 contsurunant nugrabon The 
TPLUME model assumes hamogeneous, isatrqx co&m srnd cannot acwunt 
for hydraulic barriers A5 a result, the d e 1  rtseS nut take into itCmmt the effect 
of the dam as a barner to contaRunant mgration As descnbed in Sections 2 3 and 
2 5 and Appendrx C the dam has provm to be a sqgdicant bamer to groundwafer 
flow and contamnant rmgratian in surfkid rnakfiafs 

Based on the flow modelmg and pmcle trackmg ia Appendix C and the contaminant- 
transport m&hg m Appen&x E, contammt rmgfat6n down No Name Gulch IS 

expected to be mn~mal Although fhe land@ has k e n  upemonid for dmmt 30 years 
leachate mgration has k e  msigmfican~ Wells 4287, 52894, and 53194 wI1 be 
adequate to ~ ~ t o ~ t o x  grotm8vwater quality downgmknt of the hdfrtl Exedance of 
ARARs at these wells is not expected dmag the W-yciif-p%t-cha period The 
carcmoigenic nslr levels mwiated with the mgestmn of groundwafsr by unsrte office 
workers IS less than fE-06 The wncarcimgenic risk is abavc the acceptable nsk or HI 
of 1 (Hf = 3) However, the exposure pathway associated wrth the UHSU groundwale€ 
downgradient of the landfilf is incomplee TGs risk should stay in the acceptable 
range over the 3&year post-closure mohitming penat As the 1mdfiIf cap and 
proposed sfuny wall reduce leachate genhtiun. mgraaon, and contaminant loadmg 
the water quality in the monitomg wells ~$11 unprove 

Wells downgradient of the d m  that meet potenbal ARMS for UH§U groundwater 
include 4287,52894, and 53194 
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3 4 2 Potential Location-Specific ARARs 

Location-specific ARARs identifv requirements that apply because the site has a 
special quality related to geography or the presence of a protected resource These 
requirements may limt the remedial action that may be implemented or create the need 
for more stringent remedial efforts Potential location-specific ARARs for OU 7 are 
presented in Table 3-20 Location-specific ARARs most pertinent to OU 7 concern 
wetlands floodplans, and endangered species Also of concern are historic natural 
cultural or archaeological resources 

3 4 2 1 Wetlands Requirements 

Remedial actions at OU 7 will have to be implemented to mnimze the destruction 
loss or degradation of wetlands (40 CFR 6 302[a]) As described in Section 2 4 3 
wetlands have been designated along the shoreline and within the East Landfill Pond by 
the U S Army Corps of Engineers (Figure 2- 12) (COE 1994) The wetland composes 
about 1 6 percent of the total wetlands at Rocky Flats The loss of wetland areas that 
fall under the proposed footprint of the landfill cover and injury to remaning wetland 
areas will be rmtigated as needed 

A wetlands assessment will be required under 40 CFR Part 6 The Clean Water Act 
(CWA) Section 404 (40 CFR Part 6) requires a perrmt for actions to dispose of dredge 
and fill material in waters of the United States Because the East Landfill Pond and 
pond margins have been designated as wetlands they are considered waters of the 
United States under the CWA Remedial actions will likely impact the pond, 
consequently, the CWA Section 404 pemtting requirements and Executive Order 
11990 have been identified as potential ARARs and substantive provisions must be met 
(Table 3-20) 

3 4 2 2 Floodplain Requirements 

The remedial action is not required to comply with the Floodplam Environmental 
Review Requirements in 10 CFR 1022 because the floodplans at Rocky Flats do not 
meet the definition in the regulation (DOE 1994e) Floodplans are defined in 10 CFR 
1022 as the lowlands adjoining inland and coastal waters and relatively flat areas and 
flood prone areas of offshore islands including at a mnimum that area inundated by a 
one percent or greater chance of flood in any given year ’ The floodplans at Rocky 
Flats do not adjoin inland bodies of water nor are they relatively flat, flood prone areas 
Although the streams that flow through the site have a mappable 100-year floodplan 
these are not floodplans as defined in 10 CFR 1022, and therefore, floodplain 
requirements of 10 CFR 1022 do not apply 

I 

pQ5 10078\sec3 doc 3- 19 1125195 



OU 7 Draft Phase I IMnRA Decrslon Document 

3 4 2 3 Threatened or Endangered Species Requirements 

hpman areas along No Name Gulch and the areas adjacent to the East Landfill Pond 
have been idenbfied as potentd habitat fot Preble's meadow jumping mouse (Figure 
2-12), whch is protected under the Colorado Nongame, Endangered, M Threatened 
Species Consemahon Act (CRS 33-2-101 Eo 107) "his act is a pottnhal-ARAR for 
OU 7 Given the current protection of the Preble's meadow pmping muuse under state 
law, DOE'S commitmat to protect n a d d  resources under &e N M  Resource 
Trustee Memorandum of Understandmg (DOE €9940, and the potentlid for hshng 
Preble's meadw jumpng mouse under the Endan@ Species Act, &tat mttigation 
will be perfomred as needed 

3 4 2 4 Historic, Archmollogical, and Cultural Resqurce Requwements 

Comphance wtth federal and state laws to gwesGmc i,lf€S%lth hlstolld, 
natural, c d t d ,  or archadopcd value ithtific-n of"- resources 
and prehxstonc or hstonc mfacts locatedk OU 7 An archatdogid and historical 
study of the Rocky Flats area was conducted in 1989 (Bmey et d 3989) Cultural 
resource site density appears to be hrly Bow The study found some evadence of short- 
term prehstonc use such as camping, huntmg, and scattered histenc settlement, 
however, the rocky ternun and t h n  soils prevented more mtense, long-term use of the 
m a  The histone pfeservatmn officer €or thestate of Colowdo reviewed these findlngs 
and concluded that "there will be no &fa% OR sigmfieant cultural rzsources by 
undertakurgs proposed'' at Rocky Hats (CHS 1992) 

Potentml Actlon-speC~c A M s  1 3 4 3 

Acbon-specific ARARs are management, &xfixma.nce, or tieatment5-tandards that are 
tnggered by the prtxular activibes selecrd to accomplish a remedy - Action-specific 
requlrements do not, in themselves, detemne the remedml alternauve; r a k r ,  they 
indicate hew a selected. &ernmve must be a c h e d  T i l e  3-21 lists the potential 
federal and state acaon-spedk A R A R s  that have been ~ M i e d  for OU 7 Table 
3-22 lists standards and other gutdance h t  have been rdeBtrfied S TBC Achon- 
specific ARARs most pertinent to OU 7 EIC(: RCRA and C"WA closure requirements, 
mr-ermssion requlrements. deilstmg requirements, &sckge requmments under the 
Nabonal Pollutant Discharge Elimmban System (NPDES), and post-closure 
groundwater-monitonng reqwements I 

3 4 3 1 Closure Reqmrements 

Because records ideate tkat some hazardous waste was &sposed at the landfill, it was 
designated as an 1- status RCRA-r&ulated =it aRcf was mcructed in the Part B 
pennit apphcmon for Rocky Flats @ockwell Intem&ond 1986) Tf#! Resent Landfill 

I 
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3 4 3 2  

n 

0 

is being closed under interim status regulations in accordance with Section I B 11 b of 
the IAG (DOE 1991a) CHWA and RCRA Subtitle C closure requirements are 
applicable because hazardous wastes were disposed in the Present Landfill after 
November 19 1980 which is the effective date of RCRA (€PA 1993a) 

Two types of closure are allowed under RCRA Subtitle C clean closure and landfill 
closure The Present Landfill at OU 7 will be closed under landfill closure standards 
which require post-closure care and mantenance of the unit for at least 30 years after 
closure (EPA 1989c) Closure ARARs require that the landfill must be capped with a 
final cover designed and constructed to provide long-term mnimzation of mgration of 
liquids, function with mnimum maintenance promote dramage and mnirmze erosion 
accommodate settling and subsidence and have a permeability less than or equal to the 
natural subsoils present (6 CCR 1007 3 Part 265 310[a]) Post-closure care includes 
maintenance of the final cover and maintenance of a groundwater-monitoring system 
(6 CCR 1007-3 Parts 265 117 and 265 228[b]) 

Air-Emission Requirements 

Closure of the Present Landfill could potentially trigger some air pollution control and 
pemtting requirements Placement of the cap will require standard construction 
project dust-control measures The final capped facility could potentially release 
regulated quantities of VOCs and other regulated a r  pollutants An evaluation of 
applicable federal and Colorado regulations governing these types of facilities relative 
to air pemtting is described below 

Colorado An Regulation No 1 requires new construction projects on sites over 1 acre 
in a non-attanment area to implement standard dust-control measures defined in the 
regulations The placement of the cap as part of a CERCLA action would meet the 
definition of new construction under Regulation No 1 Thus the requirements for dust 
control would be considered an ARAR under CERCLA Additionally, unpaved 
roadways with vehicle traffic of 150 vehicles per day (in a non-attanment area) and 
haul roads exceeding 40 haul loads or 200 vehicles per day are required to subrmt a 
control and abatement plan descnbing the control measures that will be taken to 
minimze such fugitive-dust generation Some standard dust-control measures are 
provided in Regulation No 1 and include basic activities such as application of dust 
suppressant covering hauled loads and daly compaction of the construction site, 
which should not greatly impact the planned activities 

Air pollution control p e m t s  for sources in Colorado are issued by the Air Pollution 
Control Division of CDPHE Requirements are outlined in Colorado Air Quality 
Control Comrmssion (CAQCC) Regulation No 3 and include requirements for 
operating p e m t s  and for prevention of significant deterioration (PSD) Facilities 
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subject to these requmments must file an air pollutaat emssion notxe (APEN) for 
each source or group afswrces of wcontrolled ermssions. Fkihties that file an APEN 
must then deterrmne whether they will requre a c w t m n  perrmt under Part B of 
Regulaaon No 3 AppnLcability can be tnggered m three ways 

For each potatd emssion point, a deternunation is made whether actual 
uncontrolled ermssions of cnteria pollutants (CO, NOx, 502, particulates [PM- lo], 
total suspended prbculates (TSP], ozone [O3j, VOCs, lead, fluorid&, HzS04 mst, 
HzS, total reduced sulfur, reduced sulfur compounds, and municipal waste 
combustion proc.iuCts) a~ above established de lnrnzmis levels lkren&nat.mns are 
based on erther actad maswed data-or on estmates developed iry approved 
methods 

I Colorado has developed its own system for estmatmg the actual uncontrolled 
emslons of a &sipat@ set of HAPS based on the l m o n  of the emssion point, 
&stance from the property lurc, height of the rebase pornt, m n g  “bd, or 
category, of the pollutant being e v d d  If my HAPS are emitted above de 
mznzmis levels, the facility must file an APEN 

Specific caegmes of sources are r e q b  to file €or pemugs based on standards 
developed for &K operatxms No spekfie reqk-hismnts fpr mumapal solid-waste 
landfills cunently ex& III Colorado rqplatms, and them are na-$ans to tnclude 
specific requlrernents for landfills untd f e d d  regdat~ons are finahzed 

I 

Thresholds for tr~ggenng requucd reporting and p m m g  a a t w t ~ s  are based on 
whether &he source 1s located in an attunmknt or m-attamwnt -a, as defined in the 
regulmons Rocky Flats IS Ioeated in a non-atta-mment area. The threshold llrmt 
requmng an APEN for uncontrolIed emsshns of criteria pollutants ts 1 ton per year If 
it can be demonstiatd that ermssions of dn- p0Uutant.s from the entm facility are 
less than 1 ton per year, then no MEN is’mqulred As outlsned m the NCP, only the 
substantwe qulre-ts must be met €or onsite CERC;LA mponses (55 Federal 
Regrster 8756, March 8,1990) 

Requmments for air pollution control and ptmmtttng for landfills are cmtmgent on the 
type of landfill operation At the fedefal level, id& considered mumcipal solid- 
waste landfills have been the subject of a ruledung process that resulted in a 
proposed rule (56 Federal Regrster 24468, May 30, 1991), a revision to the proposed 
rule (58 Federal Repster 33790, June 21, 1993), and slgnificanr m&mal and external 
revlew and CoIIlIILent No finat rule has +en p&€ished at h s  tune Hazardous waste 
landfills perrmtted under RCRA are nd covered under the proposed rules but are 
subject to specfic requiremen& at the tune of closure in terms of cap design and other 
momtoring However there are no specific provisions in the RCRA treatment, storage 
and chsposal facility regulalmns for ar pollutton controls 

s I 
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Based on this regulaton status no specific landfill air pollution control standards applv 
to OK 7 

Closure of the landfill will require an APEX a construction permit development of a 
fugitive emission control plan and implementation of standard dust control procedures 
during construction Specific controls for gas emissions from the landfill after closure 
are not expected to be required based on estimated emission rates of YVOCs 

3 4 3 3 Delisting Requirements 

DOE proposes to delist landfill leachate which is considered F039 RCRA-listed waste 
contained in groundwater (EPA 1990a) Under the presumptive remedy it is proposed 
that the leachate be delisted (I e shown to be nonhazardous) and thus no longer subject 
to CHWA and RCR4 Subtitle C hazardous waste regulations Instead, the leachate 
will be managed in accordance with C W A  and RCRA Subtitle D requirements which 
are ARARs for leachate If leachate or groundwater sampling during the post-closure 
period shows that the maximum allowed concentrations (CIXCs) are not being attained 
for delisting the leachate will be managed as Subtitle C hazardous waste and AR4Rs 
under Subtitle C will be met 

The basis for delisting is that the leachate is not hazardous does not exhibit hazardous- 
waste characteristics and does not pose a threat to human health or the environment 
(Section 3 3 4) In addition the proposed remedy (landfill cap) will cover the seep 
area prevent exposure to leachate reduce contarmnant leaching to groundwater and 
ultimately reduce leachate generation and migration (Section 2 3 5) A slurry wall will 
be constructed as a maintenance action to reduce groundwater inflow leachate 
generation and outflow at the seep In addition leachate will be collected and treated 
at the seep as an accelerated action before closure As the landfill dewaters leachate 
generation is reduced and a decrease in contaminant concentrations in leachate is 
expected As outlined in the NCP (55 Federal Register 8756 March 8 1990) only the 
substantive requirements of delisting must be met for onsite CERCLA responses 

The substantive requirements of 40 CFR 260 20 and 260 22 are documented here and 
include a general discussion of whv delisting is warranted concentrations or each 
constituent remaining comparison of actual concentrations to the MACs for specific 
constituents results of fate and transport modeling to show calculated concentrations at 
a receptor well and a contingency plan to address leachate that does not achieve 
delistable levels These requirements are outlined in A Guide to Delisting of RCRA 
Wastes for Superfund Remedial Responses (EPA 1990b) and clarified in Petitions to 
Delist Hazardous Wastes - A Guidance Manual (EPA 1993b) EPA guidance requires 
upgradient and downgradient groundwater-monitoring data for delisting decisions 
(EPA 1993b) Upgradient data are summarized in the OU 7 Final Work Plan (DOE 
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1994a) Statisucal compmsons of 
upgradieni data to downgradtent data are presented in the Annual RCRA Groundwater 
Monitoring Report @G&G 1994a) 

Downgradrent data are presented in thls report 

Concentrations of contammants in the Ieachate are presented in Tables 2-4 3-1 and 
3-16 Concentrations of contaminants in groundwater downgradient of the leachate 
seep are presented in Tables 2-10 2-1 1 3-1 f 3-13, and 3-18 The text corresponding 
to these tables descnbes the nature and extent of contarmnatmn (Sections 2 5 3 and 
2 5 8) nsk evduations (Secuons 3 3 4 and 3 3 9)1 and campfiance with potential 
chermcal-specific. ARARs (Section 3 4 1) ’ Table 3-23 provides a comparison of 
maximum detected Concentrations in leachate at the seep to MACs from the delisting 
guidance (EPA 19%) The maximum detected concentration of only one analyte 
exceeds the MAC The maximum detection of 1-1-dichloroethane %n Leachate is 
10 p&, the MAC IS 2 524 pg/L However, &e detection llfglf (5 p&] is also greater 
than the- MAC 

1 

potentia ARAR for I ,  I -hcMoroethane is 59 y g ~  

Two&mensional contaqmant-transport fnodehng was performed using the 
methodology descnkd previously The input parameters and Surfer plots of outputs 
are presented in Appendix E Mokel simulations were performed for 
1 1-dichloroethane in surficid matends dsl l  53194 was k e d  as the receptor well 
The contarmnant modeling showed that the MAC Ea I,l-&cMmhane would not 5e 
exceeded at downgradient wdl 53194 In 3d years As the I W i l l  cap and proposed 
slurry wall reduce leachate generation, &ktion, and contammmt bachng, the water 
quality in downgradient monrtormg wells &lI improve As descnbd m3ections 2 3 
and 2 5 and Appendix C the darn has prove& to be aszgnificant barrier to groundwater 
flow and contammat pugration in surficial kenals 

In accordance with the reqwmnents f i r  d e h n g  @PA 19% EPA 1993b) 
groundwater mmtomg will be performed during the p s ~ - c ~ t x u r e  pd to. detemne 
whether MACs for delisting have been attaked A contingency plan wrll be developed 
to address leachate and groundwater that &‘not meet delistable lev& 

Discharge Requirements 

Criteria and standards for NPDES (40 d Part 125) u&tv the Ckah Water Act and 
Colorado Water Quality Control Act are”appkab1e u n k  the IAG (DOE 1991b) 
Because OU 7 is an onsite CERCLA action. an NPDES permit is not required €or 
discharges from the East Landfill Pond to No Name Gulch However, DOE will have 
to comply with the substantrve provision; of these acts In the short term effluent 
lirmtabons will be achieved through t& accelerated amon or leachate treatment 
system In the long term effluent hrmtah&s wrll be achieved with the final remedy or 

I 

1 
3 4 3 4 

I 
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landfill cap After closure excess water in the East Landfill Pond will be discharged to 
KO Xame Gulch Discharge requirements will be negotiated with CDPHE and EPA 

3 5  Final Remedial Action Objectives or Response Actions 

Final RAOs were developed based on preliminan. RAOs (Section 3 1) the conceptual 
site model for defining risks exposure pathwavs site risks potential 4R4Rs and the 
presumptive remedv approach A quantitative risk assessment is not necessaq to 
evaluate whether the containment remedv addresses all pathwavs and contaminants of 
concern associated with the source Rather all potential exposure pathways identified 
using the conceptual site model were compared to thz pathwavs addressed bv the 
containment presumptive remedv (EP4 1993a) Exposure pathwavs addressed bv the 
presumptive remedv include direct contact with the source and exposure to leachate 
and landfill gas (Table 3-24) 

For media not addressed bv the presumptive remedv EPA guidance (EPA 1993aj states 
that an active response is not required if contamnant concentrations exceed chemical 
specific standards but the site risk is within the acceptable risk range for carcinogens 
(1E-03 to 1E-06) Risks were evaluated and an ARARs comparison was performed for 
these media A reasonably anticipated future land use the open-space scenario was 
used for evaluating risks from exposure to leachate surface water sediment and 
surface soils Onsite construction-worker and onsite office-worker scenarios were used 
for evaluating risks from exposure to subsurface geologic materials and groundwater 
downgradient of the landfill respectivelv Ultimatelv it is necessarv to demonstrate 
that the final remedv addresses all pathwavs and contamnants of concern 

3 5 1 Elimnation of Prelimnarv RAOs 

Preliminary RAOs were eliminated from the final response action because (1) there is 
no risk to the potential receptor (2) analvtes do not exceed AR4Rs or (3) the exposure 
pathwav is incomplete RAOs eliminated include the following 

Collect and treat leachate at the source 
Remediate surface water in the East Landfill Pond 
Remediate sediments in the East Landfill Pond 
Remediate surface soils in spray evaporation areas 
Remediate subsurface geologic materials downgradient of the landfill 
Control groundwater at the source to contain the plume 
Remediate groundwater downgradient of the landfill 

The rationale for eliminating each of these RAOs is summarized in Table 3-24 and 
presented below 
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3 5 I 1 Collect and Treat Leachate at the Source 
I 

Potential exposure'tcr kmdfill leachate wiH addressed by the presumptive remedy for 
source continment (Table 3-24) The prohsed landfill cap will cover the seep area 
and prevent exposure to leachate reduce ledchate generstaion and nugration and reduce 
contarmnant loading to groundwater A slurry wall will be constructed as a 
mamtenance action to reduce groundwater inflow, leachate gemratlon, and outflow at 
the seep In addtion, leachate will be collected and treated aE the seep as an accelerated 
action for OU 7 before closure, even though leitchate cokctmn and removal activities 
are not required for closure of interim-status urn& (6 CCR 1007-3 Part 265 3 10) 

Based on results of the PRG sereen and ecolagical nsk assessment, there is no 
associated risk to human hea€t€~ from landfill leachatec The cumulahve nsk for avian 
and terresttral wrldiife, expressed as the HI: was g r e e  t h a  1 for &lards, raccoons, 
and coyotes Because it was assumed that these spectes spend dl of tku  tme at the 
East Landfill Pond, nsk was overestmted. Based on results of an ARARs 
cornpanson seven analytes exceed ARAds in l m f i l l  leachate aiuminurn, benzene, 
manganese, 2-methylnaphthalene, naphthalene, vinyl cldmde, and zinc Only one 
analyte (1 1-dichloroethane) is above MA& for dellstlng and the detection h i t  €or 
1 I-dichloroethane is greater than the MAC, 

I 
I 

DOE proposes to monitor discharge from 'the passive leachate-treatment system until 
the landfill cover is constructed After the b n t a n m n t  presumptive remedy is in place, 
the seep discharge point will be covered, abproximately 94 p e n t  of the source water 
will be elrrmnated (Section 2 3), and the pathway for exposure of human and ecologlcd 
receptors to leachate will be incomplete 

' 

3 5 1 2 Remediate Surface Water tn the East Lundhll Pond 
r 

Based on results of the PRG screen, there is no associated risk to- human health or 
terrestrial or aquatic orgmsms from surface water in the pond (Table 3-24) One of 
the surface water PCOCs exceeded state water qudity standards or nsk-based 
benchmarks (manganese) For ecological' receptors the cumulative rrsk, expressed as 
the HI, was greater than 1 only for mitilards %cause it was assumed that mallards 
spend all of their time at the East LaRdfiil Pond, nsk to mallards was overestunated 
The pond exceeds only one potential ARARs for surface water (manganese) 

DOE proposes to leave the p o n  of the pond and wetlands not covered by the cap in 
place The East Lan&.iI Pond represents &proximately 1-6 percent of the total wetland 
area at Rocky Flats (COE E9941 and has been idenhfkd as potential habitat €or the 
Preble's meadow jumping mouse (DOE 199Sb) The dam acts as a barrier to 
groundwater nugrabon and is effective in preventing mntarmnants in groundwater 
from rmgratmg down No Name Gulch 

I 
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3 5 1 3 Remediate Sediments in the East Landfill Pond 

Based on results of the PRG screen and the ecological nsk assessment no response 
action is required for sediments in the East Landfill Pond because the sediments pose 
no risk to human health and mnimal risk to aquatic life and wildlife (Table 3-23) 
DOE proposes to leave the pond sediments in place 

3 5 1 4 Remediate Surj5ace Soils in Spray Evaporation Areas 

Because carcinogenic risks fall below or within the EPA acceptable risk range of 1E-04 
to 1E-06 and noncarcinogenic risks are below the HI of 1 surface soils do not require a 
response achon (Table 3-24) DOE proposes to leave the surface soils in the vicinity of 
spray evaporation areas undisturbed 

3 5 I 5 Remediate Subsurface Geologic Materials Downgradient of the Landfill 

Based on the PRG screen no response action is required for subsurface geologic 
matenals downgradient of the landfill because the subsurface soils pose no risk to 
human health (Table 3-24) DOE proposes to leave the subsurface soils undisturbed 

3 5 1 6 Control Groundwater at the Source to Contain the Plume 

Source-area groundwater control to contin the plume will be addressed in several 
ways As described in Section 2 3 5 the presumptive remedy (landfill cap) and 
mamtenance actions (slurry wall) will reduce inflow to the landfill by approximately 94 
percent which will reduce the flow rate of the leachate seep The proposed landfill cap 
will cover the seep area reducing contaminant leaching to groundwater Groundwater 
modeling has shown that mgration is likely slowed considerably or possiblv even 
stopped by the dam Discharge from groundwater to surface water is not expected 
downgradient of the dam because the intemttent stream in No Name Gulch is a losing 
stream that discharges to groundwater Discharge does occur to the pond 
Groundwater in the UHSU may also seep down into the confining layers of the 
unweathered bedrock, however hydraulic conductivity values for the confining layer 
are low and downward seepage is mnimal 

3 5 I 7 Remediate Groundwater Downgradient of the Landfill 

The carcinogenic risk from ingestion of UHSU groundwater in the vicinity of the pond 
upgradient of the dam is within the acceptable risk range of 1E-04 to 1E-06 (E-05) 
however the noncarcinogenic risk is above the acceptable risk or HI of 1 (HI = 3) The 
primary contributor to noncarcinogenic risk is selenium (HI = 1 5) The risks from 
ingestion of UHSU groundwater downgradient of the dam are within the acceptable 
risk range (carcinogenic risk less than 1E-06 noncarcinogenic nsk, HI = 02)  
Therefore there is mnimal risk to future onsite office workers from ingestion of 

.r 

,. 
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UHSU groundwater The potenbd exposure pabay associated with UHSU 
groundwater dowqpdient of the landfill s tTIcMllplete because the contamment 
presumptive remedy w& e h a t e  approxmatdy 94 percent of the source water and 
the seep discharge point will be cow& whch el-mnates the contarmnant 
reledtransport mechmsm No plans are'an~cipated for the future development of 
groundwater for any use at OU 7, which elimnates the exposure route (Table 3-24) 

Three analytes exceed ARARs in UHSU groundwater downgradient of the landfill 
nitrate/nitnte, selemurn, and sulfate Selemum ex& ARARs only m groundwater in 
the vicimty of the pond (Selemum was not &tec&d in groundwaxer downgrdent of 
the dam ) C o n ~ ~ - ~ s p o r t  modeling indicates that cmcenwatiolls of selenium in 
groundwater wifl exceed ARARs at well 53194 in 30 years (Appeztdm E), however, the 
modeling neglected the effects of the dam, whch would likely impede the rmgra~on of 
contamurants, and uses eoacenfm&ms m-wathered bedrock for surficial matenals 
(Section 25  7) In adtbxoa, the pond area &lk cumred by tfic hifill  cap, reducing 
the amount of suifate exceed 
ARARS rn groundr~atm m the qcuuty otw pod ttowngmizent af the dam 
Contamnant - t rans~  modehng.h&~ates 4s concentratwms af sulfate m groundwater 
will exceed ARARs at well 53 194 m 30 ye&s because tbe d f a &  saurct appears to be 
ciowngacimt of the dazts (me E) 'me groundwater d i n g  1s excessively 
conwrvative bocpu~e it assulfies 8 constank sauce, uses cancentrataxis in weathered 
bedroek for surfciaf makr&ls, assumes hdfnq$ow, rsbtropic cM6ms, and does 
not rake into dtccoLlllt the effect of &e dam (&on 3 4 I 3) 

I 

to gm-r rn tbs aim ~meitnte 

Wells downgrstdrent of the dam that meet! potelsttal ARARs €or u)fsU groundwater 
include 4287,52894, and 93194 These WMS am pl.oporrc#l as dow&&nt wells for 
the post-closw groundwater-momtoring ' system (6 CCR 1007-3 Part 265 ma]) 
Samples collectea from wells are repesent&ve: of @water qualify 
downgradlent of the landfill, and the weas are capable of detechng pownual future 
releases fmmthe landfill 

Development of Fmal RAOs 3 5 2 I 

Final RADS that wtll be used for the dl enbficzltmn and sx'eermg of technologies 
(Section 4) and the development of dtamdiva (~ectmn 5) mc~ude the f m w i n g  

Prevent dlrect ccmact with landfill co&nts 
b r m z e  m f b m  and resultlng coR'tarmnant bachmg to groundwater 
control surfamwater r u n 4  erosion 
Control landfitl gas (treat as needed) 
R d a t e  wetland areas (as needed) 

I 
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Strontium 89,903 

Tritum 

Table 3-1 
Prelirmnary Remediation Goal (PRG) Screen 

for Leachate at the Seep 

4 06 SW097 795 

1,500 SW097 823,000 

Antimony I 60 4 I SW097 I 13600 

Nitnte I 63 

Barium I 1 550 I SW097 I 2380000 

SW097 I 3 410 OOO Psn no 

Iron I 155000 I SW097 1 - 

ketone 

3enzene 

Lithium 107 SW097 681 OOO 

Manrranese 2 490 SW097 170 OOO 

220 SW097 3 410 OOO PgIL no 

2 SW097 2 740 pglL no 

2 4 Dimethylphenol I 3 I SW097 I 681 OOO I Pd L I  no I 
I I I I P& I rx) 

2 Methylnaphthalene 23 SW097 - I 
I I I I Psn I no 4 Methylphenol 4 SW097 - I 

tp\2510078\sec3tbla doc 3-29 7/25/95 



OU 7 Draft Phase I IMM Decwon Document 

i .  
I 

I 

a 



OU 7 Drafr Phase I IMLM Decision Document 

Table 3-2 
Prelimmary Remediation Goal (PRG) Screen 
for Surface Water in the East Landfill Pond 

hottr 

- n o P R G s a d a b k  

PRGs are presented in Draf~ Programmauc PRGs for Rocky Flarr Plant Open Space (DOE 199%) 
If rhe manmum detected coneenmuon IS greate than IIIC PRG the analye IS cbaluated in a nsk -menL PRGs arc developed for thmc analbus wth ~ X I C I ~ V  cnIcm Only analylcr 
wxh PRGs are evaluated n a nsk sueSSmenL If no maximum defected M w n m u o n s  exceed the PRG a nsk nsSeSunen1 IS m performed 
The PRG s for saontlum W md daughrcr pmducrs beuuse 11 I more caservau r IIUII the PRG for SIIOntlum 89 
The PRG IS for u m u m  235 and daughter products 
The PRG IS for umium 238 and daughter p m d m  

’ 
’ 
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Table 3-4 
Prehmmary Remediation Goal (PRG) Screen 

for Surface Sods in the Vicinity of Spray Evaporation Areas 

- no PRG LF avulabk 

PRGs arc presented in Draft PmgrammuK PRGs for Rocky Flus Plant Open Space (DOE 199%) 
If the maximum detected conccnmuan IS g m  than the PRG the analyo IS evdurtcd 
w th ta m1y muna Onlv analyrcs wth PRGs M evduucd m the mk Luessment 
The PRG LF far radium -26 and drughur products 

' 
' 

the nsk uscymeni CTnblrs 3 8 3 9 and 3 10) PRGs .TC dcvcloped for those mdym 
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Table 3-11 
Prellmmary Remediation Goal (PRG) 

Screen for Subsurface Geolomc Materials Downgradient of the Landfill 

Volatile Organic Compounds 

Toluene 580 70993 I 3 29E+05 1 Clancg 1 no 
Nota 

- no PRG I avadabk 

1 ' PRGs am presented n Pmgmmanc Rcl minary Ruk bared Remedianon Goals for RFETSConsmruon Wolfrer (WE 19959 
I f  the maximum detected conanmon is greater than the PRG the wlv lc  IS e alurfcd III a nsk aucdsment PRGs vc developd far thav d y t e s  wth to city cnfcna Only analyw w th 
PRGs a n  e al ated n a nJ; lrservne t. I f  no mulmum d e e d  concentrauons excecd the PRG a nsk asbsment IS not performed 
PRG ior nitrate bccaux 11 IS IIK dminanr speciu 

DefiIUIOIW 

PCOC potenual contamtnant of concern 
QC Quarcrnarycollunum 
KaKl(w) u. rhexd ndrff rem td Crelaceous Arapaha and Ldranne Formnoons 
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Is risk within 1 E 04 to YES No active 
response 

necessary 
1 E 06 risk range? Is the 

No active 
response 
necessary 

assessment using 
appropnate land use 

Is risk less than YES No active 
1E 063 Is hazard response 
index less than 13 necessary 

1 E 043 Is hazard 

Remedial action IS 
necessary 

Rocky Flats Environmental Technology Site 
Golden Colorado 

Remediation Determination for 
Environmental Media 

I Phase I IMllRA DD Operable Unit No 7 

I July 1995 I Figure 3-3 
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0 4  

4 1  

4 2  

Identification and Screening of Technologes 

In h s  section technologies are idennfied and screened to develop a set of usable waste 
management options that will ensure protechon of human health and the environment 
The pnmary purpose is to streamline the selechon process to allow the most promsing 
alternatwes to be selected for further scrutiny in the detiled analysis (EG&G 1988) 

In Section 3 RAOs were identified for vanous mela  Based on these RAOs, general 
response actions (GRAs) are developed for each medium from the avsulable 
technologies The technologies that are considered for the screening are idennfied in 
the OU 7 Technology Literature Research Report, compiled in Apnl 1994 to support 
the selection of an IM/IRA (EG&G 1994c) The initial screening of technologies is 
performed to elimnate those that are technically not feasible The remsuning opnons, 
grouped by technology type, are then evaluated aginst each other based on 
effectiveness implementability and cost Technologies carned forward in the 
screening process will be used for the development and screening of alternahves 
presented in Secoon 5 

General Response Actions 

GRAs are general categones of activities that may sahsfy the RAOs (EPA 1988) and 
include no action institutional controls contsunment, removdcollection, disposal, and 
treatment For each GRA, there are a number of potentially effective technologies for 
each medmm 

Under the presumptlve remedy certam GRAs have been deterrmned to be most 
effective for CERCLA landfills The two pnmary components of the presumptlve 
remedy at OU 7 are contanment of the landfill mass and collection andor treatment of 
the landfill gas (EPA 1993a) Institutional controls are also recommended to 
supplement engineenng technologies 

Identification and Screemng of Technologies 

For each GRA identified under the presumptive remedy, there are a number of 
applicable technologies The technically feasible technologes identified in the OU 7 
Technology Literature Research Report (EG&G 1994d) are evaluated relative to each 
other and screened to reduce the number of technologies used in preparahon of the 
alternatwes Ths sectlon summanzes the screening process 

tpU5 10078\sec3 doc 4- 1 7125195 



OU 7 Dr@ Phase I I@RA Decrsion Document 

4 2 2  NoActron 

Although no actlon is not 1-ed m the p 
used to establish a bk for comprllls( 

corm%ve achons taken 
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as fencing and warning signs or more complex regulatory actions such as implementing 
zoning controls controlling water use and deed restrictions 

Each of the four institutional control technologies evaluated in Table 4-2 land-use 
restrictions access restrictions water-use controls and public education are retained 
All of the technologies are effective and implementable and are included in the 
alternative development In addition all of the technologies are alreadv in place to 
some extent 

4 2 4 Continment 

Continment actions restrict contact with and rmgration of contmnants Under the 
presumptive remedy a landfill cap is the preferred contamment technologv Table 4-3 
identifies three types of capping technologies a native soil cover a single-barrier cap 
and d composite-barrier cap Although composite-barrier caps are ranked most 
effective each cap is considered fully effective for certain site conditions Therefore 
each of the three caps is modeled and evaluated in more detal in the alternative 
analysis 

As discussed in Section 2 3, the groundwater in the source area is presently contained 
laterally by the existing groundwater-intercept system and proposed slurry wall 
(Section 1 3 2), and flow downgradient is significantly reduced by the East Landfill 
Pond dam This evaluation assumes that the proposed slurry wall is constructed prior 
to any response actions proposed in this report Continment of the groundwater will 
not be addressed further in this report 

4 2 5 Landfill Gas Collection 

Collection response actions partially or completely remove contaminants from their 
original location In landfills gas is generally collected to protect the integrity of the 
cap Landfill gas may also be collected prior to treatment (Section 4 2 6) 

Table 4-4 shows the evaluation of various types of passive and active collection 
systems Both types of systems have been used in municipal landfills for gas collection 
and control However hazardous waste landfills have rarely used active systems 
because they normally do not produce much gas Although active gas-extraction wells 
have been used in municipal landfills they have had only limted success effectively 
collecting gas over a large area Due to the variability in the waste composition, the 
optimal design of a gas-extraction well is difficult 

A passive gas-extraction system is applicable to sites where offsite mgration is limited 
and gas will be forced to collect in a blanket collection system Conditions at the 
Present Landfill are conducive to this type of system The landfill is underlain by low- 
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4 2 6 Landfill Gas Treatment 

Treatment resgonse actions reduce &e toucity, m&i€ity, an&Qr vdume of 
contammts w& or chermcai aitermon ~ h l l e  4-5 showti the evduattoa_- 
of landfill gas-&-€ SyskmS 

I 

I 
As discussed in Sec~xm 3 4, it Jmot anbcljpated that €andB1 gas wdl exceed ARARs 
However, rniuntenance actlons fsuch as cgastnx$mn o€ a Dew sl&y wsrff) and the 
proposed closure of thelandf2l m y  affect 4% generatzmi 6y i-ng the imgration of 
gas and decreasing the infiltration of surf- water Dra to: the &OWB ~nrpacts OR 

the gas concentration and flow rates as a r e d  of these actions, it is u&noown at thrs 
time what, if any tmatmeBt will be iequired. 

1 
Based on these uecermnw, kg IS recoyxxnded that a gas-coUe4oa system be 
installed that would allow for post-cbsm mmitenng of gas composiQon 
concentration and flow rate untd treatmeit reqwmeats can be deterniined The 
collechon system should also be deslgned to be cumpatiile with gas-treament units 
should they be required 

1 
The passive gas-coliemon system wdl have vent pipes ot gravel columns at various 
locatmns across the cover  he vent ppes br gra~el  e m s  wfit atend timugii the 
cover and will be l o g d  points for monitoring enwums fmm the lamifill If required, 
the vent pipes c o u ~  be routtd -tiy to a &entsystsn $0 reduce emssmns from 
the landfdl 

I 
t 

7 

1 

4 3  ResultsofStree~g 

Based on the screemng presentst I I ~  tlus semon, the fol€owmg tectwloges wiil be 
considered in altmm~ves deveiwment 

Institufiond Controb (irrelaitxi in all altemalvesl 

* 

Use resttrctions 
Access r e s t r ~ c ~ w  rlr 
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3 5  Development of Alternatives 

Technologies retamed after the initial screening presented in Section 4 are now used to 
form alternatives to address the OIJ 7 site as a whole The resulting alternatives can be 
individual technologies or a combination of technologies designed to meet RAOs such 
that human health and the environment are protected from exposure pathways to 
contammated media As a result of the presumptive remedv approach the number of 
alternatives formed is limted and consists of various cap cross sections Institutional 
controls and potential gas treatment technologies are included in all options The 
propsed slurry wall scheduled for construction in fiscal year 1996 is assumed to be in 
place for all alternatives 

The alternatives are further refined and screened based on the following three 
evaluation criteria effectiveness implementability and cost Alternatives must be 
compared at an equal level of analvsis with sufficient detail to be able to distinguish 
among the various alternatives (EG&G 1988) 

5 1  Cover Design 

The proposed action must meet the CHWA requirements for landfill closure [6 CCR 
1007-3 Part 265 3 101 as follows 

Provide long-term mnimization of migration of liquids through the closed landfill 

Function with mnimum mamtenance 

0 Promote drainage and rmnimize erosion or abrasion of the cover 

0 Accommodate settling and subsidence so that the integrity of the cover is 
maintamed 

Have a permeability less than or equal to the permeability of any bottom liner 
system or natural subsoil present 

The alternatives consist primarily of different cap cross sections however, a number of 
design parameters are common to all capping alternatives These include (1) extent of 
the landfill cover (2) wetland and sensitive-habitat rmtigation, (3) the grading plan 
(4) surface-water management and (5) basic cover components 

I 5 1 1 Extent of the Landfill Cover 

The proposed landfill cap covers the Present Landfill (IHSS 114) Inactive Hazardous 
Waste Storage Area (MSS 203) and asbestos-disposal areas as shown on Figure 5-1 

. 
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5 1 2  

513 

and encompasses appoximately 20 acres The extent of waste materid pas deterrmned 
using histoncd photographs of OU 7 and field tests perEMnred dumg the Phase I 
RFVRI (DOE 19%) 

Although there is no contamnation of soil? at IHSS 203 @OE 199&), it is located 
withm the boundary of the Present Landfd and therefore wfibe cappetf'along with the 
landfill mass 

The asbestos-drsposaf areas have an e?istinG sed cover that, &s &sposJ 
requmments for asbestos (40 CFR Part 63) However, the asbe& 'amis also are_ 

located withm the bouqdmy of the Present &dfiu and the&iy will be eapped 
I 

Wetland and Sensitgve-Hdmit Mt~gat~on 
1 

Areas in and a r d  the East Landfa Pond have been desi-d as w & h d s  by the 
U S  ~ ~ n y ~ o r p s o f ~ ~ ~ ~ g u l e 2 - 1 ~ a s ~ i n ~ o n 2 4  ~ o p m v &  
slope stabihty dong the east face of tiw 1mffi#ip& cover mast ex@ fwer a port~on 
of the designated wetfads A weflands aswsment 1s retpmd umks CRt Pmt 4 
(Sectron 3 4 2 1) and is rncluded as part of th&ecommmded EMBRA i t l k b o n  7 Tfre 
proposed nutigabon plan for onsite wetlands mpacted by the re&& action at OU 7 
is to use acreage from the 8-acre wetland vgation bank proposed for development 
adjacent to the Standley Lake Prottctmn Project, @ng find approvai 

OU 7 has been rdenhfied as potential habitat for PrebWs meadow j u m p g  mouse, a 
canhdate for hstmg as a th tened 01. en*xed specus (Figure 2-12) The Preble's 
meadow jumping mouse is currently protected under the Colorada Non-game, 
Endangered or Threatened Species Consrvahm Act IXE -1 mrtqp&e lases  to the 
Preble s meadow jumpmg mouse Witat as absult of 6 r e d d  actiw'as needed 

Grading Plan 

Given the extent of the landfill cover as fembed m Sectron 5 If, the prunary 
vmables in detemmg the @ng plan are the mamnuin d nunmum slopes for 
h e  cover  axm mum dopes are g m d l y  bas&ct on saw erosion concerns. 
Muurnurn slopes are based on provdng adyuate swface-wafer drainage for the en- 
cover m a  after settlement 

The exismg side dupes exkndmg down into the East LandiXl have a slope of 
approxunately 33 percent The dopcs on the k d  SI& of the East M E I E  Pond have 
ehbited signs of instability u1 the past, in~lu&ng shallow slumping-and seeps To 
stabilize these areas, the grading plan includeis pl-t of fill to buttress the slopes 
For prelimnary @anmng purposes, it is assu&ed the slopes i m  xegded to a slope of 
approxlmately 20 percent. Ths fs conside& to be a stable ssclpe to prevent slumping 

I 

t 

i 
I 

t 

1 
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and erosion A slope angle of less than 20 percent could be used if the slurry wall 
mantenance achon is performed sooner, because the slurry wall will limt groundwater 
inflow and allow groundwater withm the landfill to dram 

Minimum slope angles are selected to provide adequate dramage after settlement 
Conservative settlement estimates were made and are based on a vanety of landfill- 
settlement models as summanzed in Appendix F The resulting grading plan for the 
top surface has a mnimum 7 percent grade Final design analyses may indicate that 
slightly lower inihal grades may be acceptable for the Present Landfill 

Figures 5-2, 5-2a and 5-2b show the grading plan whch is crowned in the center and 
slopes outward to the penmeter surface-water diversion dtch The grading plan 
addresses the 6 CCR 1007-3 Part 265 310 requxements to promote dramage and 
mnimze erosion or abrasion of the cover and accommodate settling and subsidence so 
that the integnty of the cover is mantamed Minimzing soil erosion and settlement of 
the waste will allow the cover to function with mnimum mamtenance 

5 1 4 Surface-Water Management 

The OU 7 cover, as designed, is mounded in the center and graded to dram to the 
penmeter as shown in Figure 5-2 Along the north south, and west sides of the 
landfill, surface water drining off the cover is collected in the existing penmeter 
surface-water dramage ditch and routed to the east around the landfill and past the East 
Landfill Pond dam The &tch will be rerouted along the south side of the landfill 
where the cap extends over the existing ditch The surface-water dramage ditch 
ultimately discharges into No Name Gulch Surface-water runoff from the landfill to 
the east flows directly into the East Landfill Pond In addhon to receiving surface- 
water runoff from the landfill, the perimeter surface-water dramage ditch will also 
receive water from the lateral dramage layer in the cover section 

5 1 5 Cover Components 

Because some hazardous waste was hsposed in the Present Landfill until 1986, a 
RCRA Subtitle C cover or equivalent is required Five layers are typically used in a 
RCRA Subtitle C cover vegetative cover lateral dramage, barner, gas collection, and 
gradmg fill The purpose of each layer and the matenals that may be used are dscussed 
in the following sections Table 5-1 presents a summary of the cover components, 
includmg the objectives and materials considered for each component 

5 1 5 1 Vegetative-Cover Layer 

The vegetative-cover layer is intended to provide a suitable growth m e l a  for local 
vegetation after construcbon of the cover The vegetative-cover soil must provide 
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transmssivity geotextiles have been used for lateral-dramage layers However, they are 
generally used in conjuncnon with geonet dramage products 

Geonets 

Geonets have become the most common type of lateral-dramage layers used in landfill 
cover and liner designs Geonets are used for thls type of application because of their 
high transmssivity low damage potential when used with geomembranes competihve 
cost compared to granular dramage layers, ease of installation, and compatibility with 
leachates of varying composihons 

GeocomDosites 

Geocomposites are a combination of geonet and geotexhle The geotextile is generally 
heat bonded to one or both sides of the geonet A geocomposite provides the hgh- 
transmssivity benefits of a geonet and the filtration charactenstics of a geotextile but is 
installed in one step instead of two 

A geocomposite has been selected for the lateral-driunage layer in all cover options for 
OU 7 due to the benefits of a geocomposite compared to a granular dramage layer or a 
geotextde or geonet alone 

@ 5 I 5 3  BarrierLuyer 

The bamer layer is included in the cover design to prevent water from infiltrating into 
the waste and to prevent uncontrolled venhng of gases at the surface The three types 
of bamer layers considered for the OU 7 cover can be used alone or in combinaoon and 
include flexible membrane covers (FMCs), geosyntheoc clay liners (GCLs), and 
compacted clay covers 

Geosynthetic FMC materials are avalable in a variety of compositions, thcknesses 
surface textures, colors and other physical properties FMC matenal lammated with 
geonets and geotextiles that serve dud functions as bamer and dramage layers are also 
available 

The FMCs considered for the OU 7 cover include high-density polyethylene (HDPE) 
and PVC Both matenals are considered to have permeabiliues in the range of 1E-13 
cdsec Each has advantages and disadvantages in terms of durability, chemcal 
compatibility, strength elashcity and ease of mstallahon The selechon of the type of 
FMC matenal to be used at OU 7 will be made dunng the final design 
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AGCLisc  of a commercia~ bepmte iayer srmd.Rndted between sheets of 
woven or non-woven geatextdes The bentonite in a GCL is supp.l~ed at a relatively 
low moisture content and can swell to many b m e ~  the mtalled duckness if i t  is 
exposed to water The bentolllte has a very low k t  permeat&& (apprxxumatcly 
1 ~ -  cm/scc) ~ecausc: the matend is sypp~~d at a low &W m& content, t IS 

not susccptsble to dtslccatxon eraclang Reseambun W I ~ h a s  lndrcaeed titat they will 
exhbit low penmhky  evea after repeated weamg and drying andJor freezing and 
thawmg cycles (tkser et a1 1992) GCL+ have been rn trse far only seven years No 
data on theu lcmg-tem cffee~vcness are avdable 
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The cover a l k W v e s  considered €or OU 7 uthze vmous combmmms of these 
matenals for the bamer layer 
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5 1 5 5  

5 2  

5 2 1  

5 2 2  

All cover ophons incorporate momtonng the gas composiuon, concentrahon, and flow 
rate the dunng post-closure care penod until treatment requirements can be detemned 
The design mcorporates provisions to facilitate gas treatment if needed 

General Grading Fill Layer 

To acl-ueve adequate surface-water drzunage off the landfill, general grading fill is 
required The intent of the grading fill is to acl-ueve a crown in the center of the landfill 
to shed water off the slopes Fill is thckest in the center of the landfill and thmner 
toward the edges 

The general fill matenal can consist of almost any natural soil matenal There are no 
specific resmctions on the cornpositlon of the soil as long as it can be compacted to a 
firm, unyielding subgrade Fill matenal is expected to come from both onsite and 
offsite sources (EG&G 1994d) 

Description of Alternatives 

Alternabves are developed to cover the range of remelal acnons avalable under the 
presumptive remedy The capping options may include the following elements as 
descnbed in Section 5 1 

Inshtutional controls 
36-inch vegetative cover layer 
Geocomposite lateral-drzunage layer 
Various combinabons of barner layers 
Geocomposite gas-collection layer and ventlng system 
Gradmgfill 

Alternauve 1 No Achon 

Under Alternative 1, no actlon is taken The no-action alternative required under the 
NCP provides a baseline for companson of other alternatives (55 Federal Register 
8704) The cover in the no-actlon alternative is the intenm soil cover material, which 
is of vanable thickness Under the existing conditions, the waste and fill matenal in the 
landfill has a permeability of approximately 1E-02 cdsec  Ths  alternative is shown in 
Figure 5-3 

Alternatlve 2 Instituhonal Controls 

Alternative 2 is simlar to the no-acbon alternative in that the existing intenm soil 
cover matenal is the final cover, however, the alternative includes institutlonal controls 
for both the landfill and groundwater as descnbed below Under existing conditions, 
the waste and fill matenal in the landfill have a permeability of approximately 1E-02 
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5 2 2 3  

5 2 2 4  

5 2 3  

5 2 4  

Public Education 

Community relations actwities such as posting wntten notxes of public meetings 
publishng fact sheets that summmze alternatlves being evaluated, holding public 
meetings to discuss community concerns and explam alternatives, and publishing news 
releases will increase public awareness of site conditions and the alternatives 
considered for final closure of OU 7 The public can comment on remedy selection and 
provide input to the decision-malung process d u n g  the public comment period for the 
Draft Final Phase I IM/IRA DD 

EPA Reviews 

In accordance with CERCLA, Section 121(c) and NCP Section 300430 (f)(4)(ii) 
reviews are required of any remedial action that results in any hazardous substances, 
pollutants or contarmnants remaning at the site ’ These Statutory Reviews” are 
necessary for any site at whch a post-Superfund Amendments and Reauthorization 
Act (SARA) remedy, upon attamment of the Record of Decision (ROD) cleanup levels, 
will not allow unlimted use and unresmcted exposure Reviews must occur at least 
every five years but may be temnated when hazardous substances, contmnants, and 
pollutant levels allow for unlimted use and unrestncted exposure 

Reviews ensure that the response acbon remans protective of human health and the 
environment In most cases, a Level I review is adequate For Level I reviews a site 
visit, limted analysis of site conditions, and informatlon gathered dunng routine 
operation and mamtenance acbvitles will suffice In the event of new or revised 
regulations or changes in site conditions, the level of review may be adjusted 

Alternative 3 Native Soil Cover 

Alternative 3 consists of a 36-inch native soil cover placed dnectly over the gradmg 
fill The native soil cover is expected to consist of Rocky Flats Alluvium or other free 
drsuning granular matenal Furthermore, it was assumed that the native soil cover 
would be placed in a single lift without compaction Based on these assumptlons, the 
native soil cover was considered to have a permeability of approximately 1E-02 
cdsec  Instltutional controls are 
included as descnbed in Section 5 2 2 

The cap cross section is shown in Figure 5-3 

Alternative 4 Single-Bamer Clay Cover 

Alternative 4 consists of a single-bamer clay cover and insntutional controls 
cover section consists of the following layers (Figure 5-3) 

The 

36-inch vegetatwe-soil layer 
Geocomposite lateral-dramage layer 
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0 36-inch vegetatwe-soil layer 
Geocomposite lateral-dramage layer 
FMC b m e r  layer 

Gradngfill 

12 inches of a low-permeability soil bamer layer 
Geocomposite gas-collection layer and venting system 

The presence of the low-permeability soil (approximately 1E-05 cdsec) gives the 
cover system some of the benefits of a composite cover without the rigorous 
installation requirements of a full compacted clay The b m e r  layer is an FMC with a 
permeability of approximately 1E-13 cdsec  The gas-collection system is designed to 
facilitate gas treatment if needed 

Alternative 8 Composite-Bmer FMC and GCL Cover 

Alternative 8 is a true composite barrier with both FMC and GCL Institunonal 
controls are also included in ths  alternative The cover consists of the following layers 
(Figure 5-3) 

36-inch vegetatwe-soil layer 
Geocomposite lateral-dramage layer 
FMC b m e r  layer 
GCL b m e r  layer 

Gralngfill 
Geocomposite gas-collecnon layer and ventmg system 

The b m e r  layers are an FMC with a permeability of approximately 1E-13 cdsec  and 
a GCL with a permeability of 3E-09 cdsec The gas-collection system has provisions 
for gas treatment if needed 

5 2 9 Alternative 9 Composite-Barner FMC and Clay Cover 

Alternative 9 is a composite b m e r  with both FMC and compacted clay as well as 
institutional controls The cover consists of the following layers (Figure 5-3) 

36-inch vegetatlve-soil layer 
Geocomposite lateral-dramage layer 
FMC b m e r  layer 

0 24 inches of a compacted clay b m e r  layer 
Geocomposite gas-collection layer and venting system 
Grading fill 

This cover section follows EPA guidance documents for a RCRA Subtitle C facility 
(EPA 1989d EPA 1989e) The FMC has a permeability of approximately 1E-13 
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Technical issues relating to implementahon include avilability of matenals to 
construct the cover, ease of construction, and post-construction repirs Avilability of 
general fill geosynthetic layer, and vegetative layer matenals are equivalent among the 
alternatrves, whereas avilability of b m e r  soil and barrier soil preparatron 
requirements l f fer  Ease of construction considers equipment labor and constructron 
quality assurance (CQA) efforts required for subgrade preparation and cover 
installahon Post-construction repir considers equipment, labor, and CQA effort 
required to repir damage to a small area of the cover 

Adrmnistratwe feasibility addresses the ability to obtin approvals from regulatory 
agencies and coordinate with other agencies 

5 3 1  3 cost 

A prelimnary cost estimate was developed for each alternative These are conceptual 
costs and should be used for companson purposes only The eshmates include direct 
and inlrect capital and O&M costs Direct costs include site preparation, 
mobilization, demobilization, landfill cap components, gas monitonng , groundwater 
monitonng and fencing gates and signs Indirect costs include project and 
construction management, CQA health and safety, adrmnistrative costs, and a 
contingency The present worth cost IS based on a dscount rate of 3 percent over the 
30-year post-closure penod It is assumed that O&M costs are the same for all capping 
options Cost estimates and associated assumpbons are provided in Appendix H 

5 3 2 AlternaQve 1 No AcQon 

5 3 2 I EfSectiveness 

The no-action alternative does not meet any of the RAOs nor does it address the 
closure requirements The HELP model shows an average annual leakage rate of 1 4 
inchedyear 

There is no treatment of waste or leachate in ths alternative, therefore, there is no 
reduction in toxicity mobility or volume of waste or leachate through treatment 
However, the toxicity of contamtnants in leachate may decrease due to natural 
attenuahon There is no monitonng, allowing 
long-term threats to human health and the environment to go undetected 

There are no short-term impacts 

5 3 2 2 Implementability 

The no-action alternahve involves no implementation but, because it does not address 
RAOs or closure requirements, it is unlikely to be approved by CDPHE or EPA 
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Total capital a t  
AnnuaJlzedo&Mcost 
Total present worth cost 

I Alemame 2 lnstitutsonal controls 

$0 
$0 
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5 3 4 Alternabve 3 Nabve Soil Cover 

0 5 3 4  I Eflectweness 

The native soil cover provides a physical barner to mnimze the potential for human 
contact with the landfill contents Depending on the permeability charactenstm of the 
native soil, this cover may reduce infiltrabon into the groundwater The HELP model 
shows an average annual leakage rate of 1 1 inchedyear (Figure 5-4) The leakage rate 
for ths alternative is slightly less than the leakage rate for the no-action alternative 
Thls alternative does not include treatment of waste or leachate, so there is no reducQon 
in toxicity, mobility or volume through treatment The alternative reduces infiltration 
and will ultlmately reduce leachate generabon through time The cover is designed to 
control surface-water runoff and erosion but does not address landfill gas control 

The permeability of the natlve soil cover is approximately 1E-02 c d s e c  Ths does not 
meet the requirement under 6 CCR 1007-3 Part 265 310 that the cover must have a 
permeability less than the permeability of the underlying bedrock (1E-06 to 
1E-07 cdsec)  

With proper mamtenance, the cover has a design life of 30 years and therefore affords 
long-term protection Insbtuhonal controls to address access and use should be 
effective in preventing a breach of the cap The construction of the cover may have 
some short-term impacts due to dust generation and erosion dunng construcnon 
However, these are easily mbgated using standard construcbon techniques 

5 3 4 2 Implementability 

The native soil cover can consist of any mneral soil and can be obtamed from either 
onsite or offsite sources (EG&G 1994d) Placement of the nabve soil cover is limted 
to placing and spreading the matenal in a single lift directly over the existing intenm 
soil cover The matenal is end dumped from haul trucks and spread with a bulldozer to 
the desired depth The surface is graded to design lines and grades with motor graders 
and then revegetated 

Based on the above descnption of the construction procedures, ths implementation is 
straghtforward Matenals should be easily obtamed, construction methods are 
standard, and CQA is mnimal Post-constructlon repars involvmg replacement of soil 
or vegetation would be relatively simple Admnistratively Alternative 3 is unlikely to 
be approved by the regulatory agencies because it does not meet closure requirements 
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After a source is located, the matenal is hauled to the site for processing and 
conltioning Processing consists of reducing the maximum particle size to 1 inch or 
less and moisture conditioning to the specified moisture-content range Tlus generally 
requires the use of a rmxing table where the matenal is spread in thin lifts 
(6 to 12 inches) to allow processing and conditioning Pamcle-size reductlon is 
aclueved with discs and/or soil mxers Water is generally added dunng processing to 
facilitate particle-size reduction and increase moisture content to the desired range 

When the matenal meets pmcle-size and moisture-content requirements, it is hauled 
to the landfill and placed in controlled lifts Each lift is compacted and tested Pnor to 
placing a new lift of clay, the underlying lift surface is scanfied to facilitate bonlng 
between lifts Ths process is repeated until the desired thickness of clay cover is 
obtined The surface of the completed clay cover is then graded to the design 
contours Equipment for preparanon of the clay usually includes bulldozers water 
pulls pavement recyclers or sod mxers, and large-&meter earth-tmng discs 

CQA monitonng of the clay preparauon is also required to ensure that the clay matenal 
meets specifications when it is placed The clay preparation process is sensitive to frost 
and heavy rams and special steps must be taken to control riunwater runoff at the 
prepared clay stockpiles 

Two geocomposite layers, one for lateral dramage and one for gas collection are also 
required These matenals are readily avalable and easy to install Geotextlles are 
unrolled and seams are either overlapped, heat bonded, or sewn together CQA 
involves matenal conformance testing and observation of the deployment and seammg 
operations to document conformance with plans and specificatlons 

Because compacted clay covers are placed wet of ophmum to aclueve the rmnimum 
permeability, there is an increased potential for desiccatlon In this cover section, there 
is no FMC or other vapor barrier above the compacted clay cover Therefore it is 
expected that over hme the clay will dry and crack (Corser et al 1992) Without 
substantial confining pressure, compacted clay covers that desiccate and crack will not 
re-heal even if subjected to free moisture 

A stockpile of clay can be mantamed on the site to ensure that a suitable source is 
avadable should repirs become necessary Alternatively, GCLs or other appropnate 
matenals can be warehoused for the same purpose CQA testlng of the clay matenal 
used for repiur is the same as CQA testing during construction, therefore, mobilization 
of those resources is required If the area is large enough special designs of clay layer 
tie-ins to exisnng clay may be necessary 
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control certifications from the manufacturer are reviewed to confirm that the matenal 
meets the specifications After the matenal arnves onsite, quality assurance samples 
are obmned to confirm that specifications are met 

After the FMC is lad out the panels are seamed together using fusion and/or extrusion 
weldmg methods A hot wedge or chemcal is used to melt the panel surfaces in fusion 
seammg The panels then bond directly to each other In extrusion welding, molten 
polymer is extruded over the edge or between the panels, melting the surface of the 
sheets The panels and polymer then cool and bond together 

All searmng methods require extensive CQA Destructive and nondestructive testing is 
generally performed In destructive tests, a piece of the seam is cut out and removed 
for onsite or laboratory testmg The sample undergoes shear and peel testmg to give an 
inhcatlon of the overall quality of the searmng Nondestructive testing attempts to 
validate the integnty of all seams Common methods include the a r  lance, pressunzed 
dual seam, and vacuum chamber box Each method is applicable to certan seam 
configurabons and types of FMC 

To repzur an FMC, special welding equipment and qualified personnel would have to 
be mobilized The FMC welding processes are sensitive to the presence of dust or 
moisture on the sheet and the ambient sheet temperature CQA must generally be 
performed during daylight hours to enable adequate visual inspection of the matenal 
Both nondestructwe and destructwe seam testing are requued Thus, weather and work 
schedule can greatly influence the cost and quality of an FMC repzur 

Depending on the locahon of the repzur geotextile searmng personnel also may be 
required Otherwise simply overlapping or heat bonlng the matenal may be sufficient 
In either case, CQA personnel need to observe and document repsur work 

Based on the descnpaon of construction above, ths alternative is technically feasible 
All equipment, matenals, and labor required for construction are commonly avalable 
The single-barrier FMC cover alternative meets RAOs and closure requirements and 
therefore should be adrmnistratively feasible 

cost 

The conceptual cost estimate for Altername 5, Single-Barner FMC, is 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$7 908,500 

$8,92 1,500 
$5 1,700 /year 

Cost eshmates and associated assumptions are provided in Appendix H 
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5 3 8  e 5 3 8 1  

Post-construction repam to GCLs can be accomplished by removing the vegetative soil 
cover and dramage layer and overlapping a sectlon of new GCL over the damaged area 
No seammg is required with a GCL The dramage layer and vegetative soil are then 
replaced Very mnor defects in the GCL will be healed without specific repan 
measures by the swelling charactenstics of the GCL when exposed to any free liquids 

Based on the descnpbon of construction above th s  alternatwe is technically feasible 
All of the equipment, matenals, and labor required for the construction are commonly 
avalable The single-barrier GCL cover meets RAOs and closure requirements and 
therefore is considered adrmnistratwely feasible 

cost 

The conceptual cost esbmate for Alternatwe 6, Single-Bamer GCL, is 

Total capital cost 
Annualized cost 
Total present worth cost 

$8,39 1,300 

$9,404,300 
$5 1,700lyear 

Cost estlmates and associated assumptions are provided in Appendx H 

Alternative 7 Single-Barrier FMC with Low-Permeability Soil Cover 

EfSecti veness 

The single-bamer FMC with low-permeability soil cover meets all RAOs The FMC 
bamer layer has a permeability of approximately 1E-13 cdsec, which is less than the 
permeability of the underlying bedrock and therefore meets the closure requirements 

This alternative does not include treatment and therefore does not reduce toxicity, 
mobility, or volume of waste or leachate through treatment However the cover 
reduces the average annual leakage rate to 0 00016 inches whch reduces infiltration 
and ultlmately reduces the volume of leachate Ths  leakage rate is substantially less 
than any of the previous cover alternatlves The reductlon in leakage is pnmmly the 
result of the presence of the low-permeability soil below the FMC The low- 
permeability soil serves two functions to provide a good bedding layer for the FMC 
and to reduce the effect of a small leak in the geomembrane by contaming the leak with 
a second barrier 

The 30-year design life with institutlonal controls to protect the cover ensures long- 
term protection Short-term impacts dunng construction including dust generation and 
erosion are readily mtigated 

I 
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5 3 9 Alternative 8 Composite-Bamer FMC and GCL e 5 3 9 1  EfSecriveness 

The composite-barrier FMC and GCL cover meets all RAOs The FMC barrier layer 
has a permeability of approximately 1E-13 cdsec, and the GCL has a permeability of 
approximately 1E-09 cdsec  Both are less than the permeability of the underlying 
bedrock and therefore meet the closure requirement 

Ths  alternatlve does not reduce toxlcity mobility or volume of landfill waste through 
treatment because there is no treatment of waste or leachate However, the cover 
reduces the average annual leakage rate to 000000002 inches, whch reduces 
infiltration and ultimately reduces the volume of leachate Limted long-term 
experience with GCLs results in uncertamty regardmg the long-term effectiveness of 
ths technology Potentlal short-term impacts dunng construction include dust 
generatlon and erosion 

5 3 9 2 Implementability 

As mentioned earlier, geosynthetic matenals can be readily obtzuned The 36-inch 
vegetative layer is the same as that used in the other alternatives No other soil or clay 
is required for ths  alternative, therefore soil avalability is not a factor 

Ths  cover system could be constructed in two separate layers a GCL and an FMC 
The implementability cntena would be simlar to those described for Alternative 5 
(single FMC cover) and Alternative 6 (single GCL cover) Alternatwely, some 
manufacturers are producing a single matenal that consists of a GCL bonded to an 
FMC As a rmnimum, the seams are 
overlapped However, ths  system has the potential for FMC components to be welded 
to each other in a fashon simlar to Alternative 5 

This matenal can be deployed in one step 

Post-construction repars to this cover system would be made to each component 
individually as descnbed in Alternatives 5 and 6 As a rmnimum, repars to the 
combined matenals would consist of placing a bonded GCUFMC over the damaged 
area with sufficient overlap around the damage To further secure the patch, a single 
layer of FMC could be placed over the patch and welded to the surrounlng FMC 

Based on the above descnpuon of construction, this altername is technically feasible 
All of the equipment, matenals, and labor required for construction are commonly 
avalable The composite-bamer FMC and GCL cover fulfills RAOs and closure 
requirements and provides two bamer layers Thus, it is considered an adrmnistratively 
feasible alternatlve 
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a Based on the construction process hscussed above, thls alternatwe is technically 
feasible All of the equipment, matenals, and labor required for construction are 
commonly avalable The composite-bmer FMC and clay cover meet RAOs and 
closure requirements in addltion to following EPA guidance on the recommended 
cover cross section It is considered llkely to receive approval from CDPHE and EPA 

5 3 1 0 3  Cost 

The conceptual cost estimate for Alternative 9 Composite-Bmer FMC and Clay 
Cover, is 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$10 680,000 

$1 1,693,000 
$5 1,700/year 

Cost esnmates and associated assumptlons are provided in Appendix H 

5 4  Summary of Screenmg 

The screerung of alternames is based on effecnveness implementability, and cost as 
descnbed in Section 5 3 Table 5-3 summazes the permeability and leakage rates for 
each of the alternatives These parameters, in addlbon to long-term permanence, are 
used to compare the effectiveness of each alternative Figure 5-4 shows leakage rates 
for each alternaove graphically Table 5-4 summmzes the costs for each alternative 
Table 5-5 presents a summary of the comparatwe analysis of the alternatives 

Institutional controls native soil cover, and the single-bmer clay cap are elirmnated 
because they do not meet basic effectiveness and implementability critena 

Although GCLs have good permeability and low leakage rates, they have been in use 
for less than 10 years and as a result long-term effectiveness is unproven Because the 
panels are not seamed settlement or movement in the cap may cause leakage at these 
joints over the long term Therefore, those alternatives with GCLs were elirmnated 
from further evaluation 

Based on the alternative screening three alternames are refined and evaluated in the 
detaded analysis 

Alternative 5 Single-Barrier FMC Cover 
Alternative 7 Single-Barrier FMC with a Low-Permeability Soil Cover 
Alternative 9 Composite-Bamer with FMC and Clay Cover 

The no-action alternatwe is retsuned as a baseline for companson 
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Table 5-1 
Summary of Landfill Cover Components 

Cover Component 

Vegetation and Vegetation Cover Soil 

Lateral Drainage Layer 

Barrier Layer 

~ 

Gas Collection Layer 

General Grading Fill 

Growth media for cover vegetation 

Insulation for barrier layer 

Limits erosion of cover 

Allows drainage of water that infiltrates 
through vegetative cover 

Controls head build up on barrier layer 

Discharges water to penmeter drainage 
ditch 

Prevents infiltration of surface water into 
waste 

Prevents uncontrolled releases of gas 
from waste 

Allows collection and :ontrolled 
discharge of gases at selected locations 
from beneath cover 

Fill to achieve design surface grades to 
promote runoff without erosion after 
settlement 

~ 

Materhrls 

General fill 

Top soil at surface 

Tall prairie grasses 

Granular soil (sandlgravel) 

GeotexMe 

Geonet 

Geocomposite 
~eotextile/geonet/geotexble) 

Flexible membrane cover (FMC) 

Geosynthetic clay liner (GCL) 

Compacted clay 

Geocomposite 
(geotextile/geonet/geotexble) 

Any locally available soil 
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Table 5-3 
Comparison of Effectiveness Factors 

Defimttons 

dm- - umete cer Y @I. 

m'veu iches p r  Year 
M C  tl bl membrane- e- 
GCL cewnrher . CI v l l e  
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Table 5-5 
Summarv of Comparative Analysis Alternatives Screening 

I Alternative I Effectiveness' I ImpImentabiHty: 
cost 

Subtotel' ~ (mlilions,) Action 

0 so Retain 

0 S 95 Eliminate 

0 S6 4 Eliminate 

3 Sll 2 Eliminate 

4 S8 9 Retain 

3 $9 4 Eliminate 

5 S9 6 Retain 

4 $9 9 Eliminate 

6 $11 7 Retain 
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6 Detailed Analysis of Alternatives 

The purpose of the detailed analysis of alternatives is to analyze existing data and 
provide decision makers with sufficient information to adequatelv compare 
alternatives select an appropriate remedv for OU 7 and demonstrate that CERCLA 
remedy selection requirements have been met (EPA 1988) 

The detaded analysis process consists of describing each alternative in detad to 
evaluate the alternatives using the nine CERCLA criteria and perforrmng a comparative 
analysis among the alternatives to assess the relative performance of each alternative 
with respect to the evaluation critena (EPA 1988) The screening process presented 
here is more detaded than the effectiveness implementability and cost screening 
presented in Section 5 

Three of the alternatives are carried forward through the screening process presented in 
Section 5 The 
alternatives evaluated during the detaded analysis include the following 

The no-action alternative is retined as a baseline for comparison 

Alternative 1 No Action 
Alternative 5 Single-Barrier FMC Cover 
Alternative 7 Single-Barrier FMC with Low-Permeability Soil Cover 
Alternative 9 Composite-Barrier FMC and Clay Cover 

The proposed slurry wall scheduled for construction in fiscal year 1996 is assumed to 
be in place for all alternatives 

6 1  Screening Process 

The NCP identifies nine criteria to be used as evaluation criteria in the detiled analysis 
of alternatives EPA separates the criteria into three groups (EPA 1988) The first two 
criteria are considered threshold criteria that relate to statutory requirements and must 
be met The next five criteria are technical criteria used to compare the alternatives and 
balance the advantages and disadvantages The final two criteria are modifying criteria 
that will be evaluated by CDPHE and EPA after the public comment period and will be 
incorporated into the CADROD The nine critena are as follows 

Threshold Critena 

1 
2 Compliance with ARARs 

Overall Protecuon of Human Health and the Environment 
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I 
Pnrnary Balancing Criteria 

3 Long-Term and Permanence 
4 Reduction of Toxlcity Mobility and Volume tlmugh - Treatment 
5 Short-Term Efcfectiveness 
6 Implementability 
7 cost - 

I 

I 

ModiQing Cnteena 

8 Regulatory ABPJPCY A c c e ~ w  
9 Commun~ty Acceptance 

Each of the cntpa IS divided lnto speclfic factors to faditate conssent analysis of 
alternatives The f;setors are bfiefly descnkd below and are p n t & u m  Table 6- I 

Evaluafion of overdl protechveness of human he&& and &e envimqenx draws on 
long-term effeavems and permanence, shda-@mjefs, and mpliance < _  with 
ARMS This cnterron ppovldes  a final cheek to assets wfrether ekh aIternauve 
provides adequate protecoon 

I 

1 

,J 

I 
Compliance with ARARs is evaluated for chernd-specffic, kicati~~~pecific, and 
acbon-specific ARARs idenhfied in Seedun 3 4  The detaW &pis shdd  - 1); 
summmze which requuemx~ts are applidable or &levant and zpprqmate to an 
alternative and &scnbe how &e reqummenk are met Wbee an AkWs not met, the 
analysis should imludt: jusbfiattion for :an ARA& waver e CERCLA I€ 
appraprrate (EPA 1988) 

Long-term effecaveness and pennanence’is used to assess n& renmnmg after 
treatment or risks due to untreated waste This cxxemm ais0 fm&-cq$&e-adequacy 
and reliability of controls used to m a g @  deatmeilt ~estduals or untreated was& It 
includes an assessment of the potend neeb to replace cmqmmts 6f the proposed 
action over the 30-year postciwure care p e n h  

I 
Reduction of toxicity, mobility, and volume through treatment addresses the statutory 
pmference for treatment techmiops that &ce a sqpficant, permanent reduction in 
hazardous waste Treammt is not part of the pumptwe remedy TheFefore, thls 
cntenon does nob strieily apply to the scrcsehng process for cover sectiorrs at OU 7 
The cntenon is used in refeqmce to r e d u c d  in v d u k o f  laadfill ieaehate 

Short-term effectiveness &bises  the nsks to human hmkh md the envmnment 
dunng implementatmn of tFi6 m&&d acfign: Ths mterio~ ewahwes&tectmn of the 
commumty constructton workers, and the e ~ m n m e n t  and &eludes as estmate of the 
time r e q u d  to complete constmchon 

r 

I 

I 

A 
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Evaluation of implementability includes technical feasibility adrmnistrative feasibility 
and the availability of services and materials This criterion includes potential 
difficulties associated with construction and operation reliability of the technology 
ease of undertakmg additional remedial actions if needed likelihood of obtaining 
agency approvals steps required to coordinate with agencies and availability of 
equipment specialists and technologies 

Costs are evaluated using detailed estimates developed for each alternative A present 
worth analysis is used to discount all future costs to the current year to facilitate 
comparison among alternatives The present worth costs are based on a 3-percent 
discount rate over a 30-year post-closure penod Detaled cost estimates are a 
refinement of the conceptual cost estimate presented in Section 5 Additional costs 
include wetlands mitigation, Preble s meadow jumping mouse habitat rmtigation, 
surface-water diversion ditch rerouting equipment decontamnation certification of 
final closure and a notation on the property deed 

The regulatory agency acceptance criterion addresses the concerns of the Natural 
Resource Trustees including DOE CDPHE the U S Department of the Interior (DOI) 
the state of Colorado Attorney General and the state of Colorado Department of 
Yatural Resources (CDNR) A Memorandum of Understanding (iMOU) (DOE 1994f) 
has been signed between the trustees and EPA to provide broad guidance for natural 
resource trustee cooperation at Rocky Flats under Section 104 (b)(2) of CERCLA 
This cooperative relationship is intended to encourage an interchange of technical 
expertise and ensure protection and restoration of natural resources during planning and 
implementation of the IM/IRA for OU 7 Potential environmental impacts of the 
remedial action and mtigation measures are addressed in this document in accordance 
with the MOU and the NCP (40 CFR Part 300430) Comments from the regulatory 
agencies and the Natural Resource Trustees on the Phase I IM/IRA DD and the 
Proposed Plan will be addressed in the CAD/ROD 

The community acceptance criterion addresses concerns rased by the public during 
public meetings and the formal public comment penod As with regulatory acceptance 
the community acceptance criterion is not addressed in this report Comments from the 
public will be incorporated into the CAD/ROD 

6 2  Evaluation of Alternatives 

Each of the four alternatives is evaluated using seven of the nine CERCLA criteria 
outlined above In accordance with EPA guidance, the modifying criteria (regulatory 
agency acceptance and community acceptance) are not used at this stage of the 
screening process (EPA 1988) The analysis of individual alternatives includes a 
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6 2  1 

6 2 1 1  

6 2 1 2  

descriptlon of he tehdogy  components & constFuctmn procedures and an 
assessment of how each of the evaluatmn cripna ape a&WSsed by the dternatrve 

Alternmve 1 No Act~on 

Description 

Under Alternative 1 no acoon is taken (Figore 6-1) The cover far the no-action 
alternative consists of existing intern sod cover matend ~f variable &cicness The 
no-acbon altematrve IS required under the NCP and provrdes a baselme fbr comparison 
of other altematwes 

Evaluaaun 1 

The no-actmn alternatwe will not meet cherhlcal-spcziSc M s  for surface water or 
groundwater L.eachatc at the seep exceeds blorado Wat& Quality (CWQ) &indards 
for alurmnum, benzene, manganese, and h c ,  Safe Dmkmg Water Act (SDWA) 
MCLs for vinyl chloride, and PQb for 2-mdthylnaphWene and naphthalene Surface 
water in the Eat. Landfa Pond exceeds CWQ standards for snangafiese on>undwi?&z 
downgradient of the ImdfiIl exceeds SflWi$ MCLs for mt.ratdn~tnte, CWQ standnrds 
for sulfate, and the PQL €or seleruum. Tabfes sbowmg mean CoIiCenuatlons of 
contarmnagts and their respective chemcal&ydfic ARAR are m.cluded in Secbon 3 
An A B A R 5  waver under §ectlon 121 of CERCLA IS ;lot justified for &s &mtive. 

Locatlon-specJfie ARARs that are generally appha,& fix OU 7 do wt n ~ ~ s d y  
apply for the no-actlon dternatrve T U  dtematm poses no threat to w d d  
(4Om Part 6) 06 to threatened and eadtiogered kpeaes habrtat (CRS 33-2-101) 
Becrwse the pond will be left urubsturbed, $emuttmg reqwdmnts for &ed@ng under 
Sectron 404 of the CWA do not apply 

Action-specific AURs d e r  the CHW& inclubg closure requirements (6 CCR 
1007-3 Part 265 310) post-closure mntqnanee quirements (6 CCR 1007-3 Part 
265 117), and postciosure groundwater-manitonng Fequrremeats (6 CCR 1007-3 Part 
265 228) will not be met In &Qon, tbei eximng mknm soil cover wdl not meet 

waver is justifid for my of these achon-spedx AFCARS 
requmrnents Of the Sod Ero~iOn Dust BklWlRg ACC (CRS 35-72-101) NO ARARS 
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Long-Term Effectiveness and Permanence 

The no-action alternative does not reduce the risk at the site Existing interim cover 
and fencing will degrade and become ineffective over time The average annual 
leakage rate for the no-action alternative is 1 4 inches A description of leakage rates is 
included in Appendix G 

Reduction of Toxicity, Mobility. and Volume through Treatment 

The no-action alternative relies on natural biodegradation for any reductions in toxicity 
or mobility There is no expected reduction in volume of waste material or leachate 

Short-Term Effectiveness 

No construction or implementation is required therefore there are no short-term 
impacts to the community workers or the environment The RAOs will not be 
achieved during the 30-year life of the project 

Implementability 

The no-action alternative requires no technical implementation, however because it 
does not meet closure regulations admnistrative approval is unlikely 

The costs for Alternative 1 No Action are 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

6 2 2 Alternative 5 Single-Barrier FMC Cover 

6 2 2 I Description 

$0 
$O/year 
SO 

Alternative 5 consists of a single-bmier FMC cover and institutional controls The 
existing dam is left in place to control groundwater mgration Institutional controls 
including use and access restrictions are descnbed in de t i l  in Section 5 2 2 The 
barrier layer is made up of an FMC with a permeability of approximately 1E-13 crdsec 
Approximately 885 240 ft2 of landfill and surrounding area will be covered in this 
design option A cross section of this cover is shown in Figure 6-2 
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Mohkzatma and f>ernab h t a o n  

Mobihzatxon and demubhzaQon of indrvidud contractors takes place at different times 
dunng the construction pruject Peak l&r l o a c b ~  also vanes betwen contractors 
depending on the type o€ wurk being perfaz-md Geasy&etic contraqors commonly 
have several mobihzatm and &m&ihzatlon p o d s  d w g  a liner or closure. project 
Th~s enables earthwork contractors, whose mobilimun and &m&dhatlon periods are 
more costly to perfom their work in a continuous fashson 

Site Preuarmon 

I 

gradmg fill or cover swt~ort 

The existrng perimeter surface-water dramage dit& IS h-ed bto the cover 
design to collect surhx-water m-off frotrr the cover and tr, intercepz surfrzee-watex 
run-on to the Izuxifil~ The capacity of the &stmg ditch is compared to the expected 
design flows for the final design Select pmuns of the penmeter dttch are rerouted to 
accommodate the g&mg plan @Qure 5-2) 

Landfill C q  

A summary of quaptxbes of matend for landFt-ff cover construc~ is presented in 
Table 6-2 Ind~vrdual ewer layers are described M o w  
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Fill Laver 

Construction of the cover begins with placement of general fill Thickness varies from 
3 to 15 feet depending on the grading plan The grading plan is designed to promote 
dramage off the cover to the perimeter drainage ditch In central areas of the cell 
where design elevations are greatest the fill is thickest In lower elevation areas near 
the perimeter of the cell fill is thinner 

The grading of the fill layer is determined by two factors the upper bound for the 
slope is based on stability and erosion control and the lower bound is to provide 
adequate surface-water dramage after settlement as discussed in Section 5 1 3 Based 
on these conditions approximately 13 1 400 vd3 of fill will be placed 

The thickness of the general fill may also be affected by the final waste configuration 
It is assumed that additional waste placement at OU 7 will not occur after the new 
landfill is operational (early 1997) 

It is likely that onsite alluvial materials are satisfactory borrow sources for fill material 
(EG&G 1994d) Special preparation of this material is generally not required except 
for the top 6 inches of the placed layer In this area the fill material should be free of 
rocks or particles larger than 1 inch to prevent puncture of the geosynthetic layer of the 
gas-collection system 

Gas-Collection Laver 

A composite made up of geonet with filter fabric on each side is rolled out over the 
general fill for gas collection The geonet is sandwiched between two layers of filter 
fabric to prevent fines from clogging the geonet The composite panels are overlapped 
heat bonded or tied together 

Gas vents extend through the cover and vent at the surface at regular intervals The 
vents consist of PVC or HDPE pipe (depending on the FMC material selected) or 
gravel columns Gas monitoring will be conducted after closure in accordance with the 
post-closure plan 

Soil Bedding Layer 

Soil bedding is placed on top of the upper gas-collection filter fabric layer using low 
ground pressure bulldozers The surface of the soil layer is then trimmed with motor 
graders and compacted with a smooth drum vibratory roller to provide a smooth firm 
surface upon which to place the FMC 
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I 
FMCLayer 

I 
The FMC geomemkane is rolled out ami s e d  usmg both hsiun-weldmg and 
extrusion-weldmg technques Long, strsught seam are k m n  seamed while extrusion 
weldmg is used in smaller, confined areas da where sharp turns in the weld are required 
Patches for destructme seam sample areas'and fusioa welder entry and exlt holes are 
e x q l e s  of extrusion wefd applicauons 

I 
Destructive and nondestructive testmg is wormed on thg geomembrane seams to 
document seam s u e n e  and seam integnty Samples of the seam are emacted and 
pulled apart in a temiomeeer to test the weld strength Vacuum hox &sts and seam m- 
pressure tests are used to deterrmne B the 

Drainage h y e r  

The drrunage layer compite  geow and ater  fabric s piaced ovw the &%IC The 
lower filter fabnc provides a cushon so &it &e &f d&s damage the FMC 
Pands are overlapped heat bonded, or tred &gether 

if ais@&€. i- 
1 

Vegetatrve and Top Sod Layers 
I - 

Placement of sod rnatenal on geosynthetx Iiyers can cxiusettam~e to the geosynthetic 
matend if not done properly Typicaliy, soib mate=rM is p k e d  in tkck hh, gcneraIly 
2 to 5 feet, and spread with low ground pressure equi-t Cafe musf be taken not to 
cause the geosynthetic matend to vvrmkld dwng soil placemea aad to m u t a n  
adequate lift thckness to reduce the chance cjf pchmng tbe matenaL 

Top soil, ferther. and ssedrrrg complete the cover con5tsuc~on Top sml can be 
red ly  acqm-ed from local o&rk sources or, p&cz&dfy,. onsite s&kes could be 
amended with sail &uves to create a suithe vegetabvc subsee @WG 1994d) 
Revegetauon occurs in late fall Seeds are &mum€ h u g h  the winter and gerrmnate 
the following spmg 

Decontammation 

Decontammation activities for personnel and equipment are expected to be mnimal 
because no waste excavmon is planned 'Construchon and other equipment used 
dunng landfill closure achvities is decon-ted at the mafn deemtammaon facihty 
at Roeky Flats as needed An quality momtormg is conducted perrc-dcally by 
contractor and site perm& to ensure thai workers are niot exposed to potenhally 
hazardous matends If monitonng ind~cates the pmsencc of hazaskm mtmds, 

e- 
I 1 

I 
I 

appropate persond protcctrve eqwpmed (WE) is USXI aixi tiecontammation a 
6-8 8/22/95 
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procedures are followed This may include the establishment of different 
contammation level zones and contamnation reduction zones in the 01; 7 work area 

Certification of Final Closure 

Construction activiues are typically summarized in a final certification report which is 

prepared by the third-party CQA contractor All facets of the cover installation 
material testing and final as-built drawings etc are included in this report 

6 2 2 2 Evaluation 

Overall Protection of Human Health and the Environment 

The single-barrier FMC cover alternative meets all RAOs The cap fence and 
institutional controls prevent direct contact with landfill contents The cap has a 
permeabilitv of approximately 1E- 13 c d s e c  and therefore mnimizes infiltration 
leaching, and resulting contaminant loading to groundwater The surface is graded and 
revegetated to control surface-water run-off and erosion A gas-collection system 
controls landfill gas Gas treatment may be added to the system if needed 

Properly installed and maintined the FMC provides protection to human health and 
the environment over the 30-vear post-closure care period Short-term impacts due to 
implementation are mnimal and easily mitigated The alternative does not comply 
with EPA guidance for a RCRA Subtitle C cap (EPA 1989e), however the single- 
barrier FMC cover is equally protective of human health and the environment and 
meets state and federal regulations for closure 

Comdiance with ARARs 

Alternative 5 meets all chemcal-specific ARARs for surface water except one Surface 
water in the East Landfill Pond exceeds CWQ standards for manganese however 
manganese is a naturally occurring element common in the geologic materials 
surrounding the pond and in pond sediments Discharge of leachate into the pond may 
have resulted in mobilization of manganese from the pond sediments Because the cap 
reduces leachate generation mobilization of manganese is not expected to continue 
Alternative 5 does not meet chemical-specific ARARs for groundwater Groundwater 
downgradient of the landfill exceeds SDWA MCLs for nitrate/nitrite, CWQ standards 
for sulfate and PQLs for selenium However the exposure pathway for groundwater is 
incomplete Tables showing mean concentrations of contarmnants and their respective 
chermcal-specific ARAR are included in Section 3 Flow modeling, particle tracking 
and contaminant transport modeling performed for this report (Appendices C and E) 
indicate that the East Landfill Pond dam significantly reduces groundwater flow The 
clay in the dam core and in bedrock naturally attenuates contaminants As a result 
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contarmnant mtp&on down No Name Gulch is expected ta be rmnimal 
Cmentmtxons uf mtmtdmtnte, selenium, and 4 h . e  we n@ expected to exceed 
ARARs at the comphaace wells downgrkdient af the East W i l I :  Pond dam In 
adhtion, the expure  pathway is incomplete 

Location-specific ARARs that are generally applicable €or OU 7 are met The cap 
extends over areas designated as wetlands by the US atmy Corps af Engrneers and 
areas identdied as potential habitat for the Preble's =&ow pmmg' mouse (Figure 
2-12) A wetlands assessment, requlred under 40 CFR Part 6, is ppd\;16#3 in S m o n  7 
Inpry to wetlands 1s mt1g;tte8 using aemake from the 8-acre wetian& F g m o n  bank 
proposed for development 4pcent to the Standley kotemon Project, pending 
final approval Iruury to Pmbk's meadw 3umPitlg mmse hbg& is mtigated as 
needed Although the p % i m  of the pond not cove& by tfie 59ndfin cap iemanb in 
place, dredge and fill m m n t s  under SeCtuM 4@t of t b  *A are apphcabie- 
Altematwe 5 mreets substaritwe requi-nk o f p a m ~ ~ m d e r  &e V A  

I 

Acbon-spfic ARARs under the CHW4, iscludmg &mre requmments (5  CCR 

265 117) and post-closure groundwater-&ztumg hxpeme&s (6 C h  1007-3 Part 
265 228) are met for Alternattve 5 

The singlebarrier FWIC cover meets the i ollowing r e m  €or landfill closure 

1007-3 Part 265 310), pOSt-dOSure ~ ~ I I I ~ J Z M I I C ~  --MS. (6 CCR 1007-3 Part 

4 

(6 CCa 1007-3 Part 265 310) 
I 
1 
I 

Funcbons with rmmmum marntenance 

0 Promotes hnsage and mnmzes erosien or abrasion of the cover 

0 Accommmktes settlmg and subsidence io m t a m  tbe mtegnt)l of the cover 

Provides long-term rmmmtzmon of mgratlon of hqu1d.s &rough t-h~closed landfill 

I 
I 
J 

0 Has a permeability less than or equal to ihe pemehdzty of any kx&m liner system 
or natural subsoil present 

1 
The natural subsod under the landfill has a pmeabrhty of €E46 to 1E-07 cdsec 
The single-bamer FMC cotter his a pmh&hty of approxmmely 1E-13 c d s c  
Although the cover for Altematwe 5 meets'afl regulatory reqummemts for closure, this 
cap does not follow EPA guidance for a RCRa Subtitle C cap @PA 198%) The 
guidance recommends a composite bamer with an FhlC layer and a cky layer, sunilar 
to the cover of Al&matwe 9 Engmeenng' analyses e v e  shown that Alternative 5 is 
equally protectwe ConstnrctJon procedures d m g  instilthon of the hd€ill cap meet 
requmments of the Soil Erosion Dust Blokit-tg Act (CRS 35-72-101) Altername 5 

I 
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e 

meets MACs for delisting leachate undcr 40 CFR 260 20 Compliance with NPDES 
(40 CFR Part 125) occurs by meeting substantive requirements for a discharge permit 
for periodic surface-water discharge to decrease water levels in the East Landfill Pond 

Low-Term Effectiveness and Permanence 

The landfill which is the source of contammation, remans in place However risks 
due to direct contact with waste material and leaching of source contarmnants into the 
groundwater are minirmzed by the cap and institutional controls 

The single-barrier FMC cover is considered a proven technology and if properly 
installed and mantaned is effective over the 30-year life of the project The cap is 
designed to prevent breaching from settling erosion, and freezehhaw cycles The 
average annual leakage rate for this alternative is 0 021 inches A description of 
leakage rates is included in Appendix G 

Maintenance of the cap is not difficult or labor intensive but inspections must be 
conducted on a periodic basis and if portions of the cap are damaged must be repaired 
immediately DOE is responsible for conducting routine semiannual inspections of the 
final cover surface-water drainage ditch surveyed benchmarks, security fence 
groundwater-monitoring system and gas-monitoring system Defects will be repaired 

Long-term effectiveness will be monitored and additional measures will be taken as 
required The groundwater-monitoring system consists of one well upgradient of the 
landfill and three wells downgradient of the landfill DOE will monitor the wells 
sermannually as outlined in the OU 7 Closure Plan 

The effectiveness of the remedial action will be evaluated every 5 years Mandated 
under Section 121(c) of CERCLA and Section 300430 (f)(4)(11) of the NCP reviews 
are required of any site where contaminants reman onsite after remediation Reviews 
are required mnimally every 5 years or until contarmnant levels allow for unlimited 
use and unrestricted exposure The purpose of the reviews is to assure that the remedial 
action remans protective of human health and the environment The level of the 
reviews will be at the discretion of CDPHE and EPA however it is expected that a 
Level 1 review consisting of a site visit review of operation and mamtenance 
activities and a brief site inspection will be sufficient 

Reduction of Toxicity, Mobility, and Volume through Treatment 

Although there is no treatment with this option there may be some decrease in toxicity 
and mobility of the waste material over time due to natural attenuation processes The 
cap also decreases infiltration into the waste which then limits the generation and 
migration of leachate 
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Short-Term E€fisiven esq 
I 

The contarmnants are cwent.& under a 12: to 36-&&1ck sod mver. No excavation 
into contammated areas is q r u r e d  to implement tb s  o@im T'hehre, nsks to the 
community and site workers are mnimaI The jxx&xlrty exists that workers could be 
exposed to con-ation accidentallv dunng constru@mn however ths is unlikely 
and proper use of PPE limts such exposure 

The remedial action would result in dust bneratlon b@ excsvabw~l, transport, and 
placement of fill and vegetaplve sod Th& pnxnary method of dust mssions control 
requues frequent penod~c water spray ck Jugh gpitffK: &ways, p m c u h l y  d ~ t  or 
gravel roads An alterme me&& is applsatm ofr$pmml #blyr& sal b m ,  but 
due to the short-tgrm nature o f  &IS pmjdcl, zq~@&a&xf pf Soii hh may not be 
justifiable from a cost standpoint 

Dumg cunstruction, there is potent14 for increased erg&Qn and therefore increased 
solids loadmg to the suda&e-water drain& &tch Erosio~ of tb cover -1 &rmmshes 
as vegetation proliferates on the surface V h  thattiinpa however, befins andhay bales 
are used to intercept surface-water run-off aad prevent *- offsite transport of solids 
Erosional features such as nlls and gullieskdi need to be ~pased "his post-closure 
mantenance work will mvolve import&on and placement of top-soif matend 
Earthwork equipment and manpower to spkad matend 10 the reqmred areas will also 
be necessary The extent of &.IS repar wwk w11 be iargely dependent on the severity 
of the weather 

As dewnbed in &e AlU% section, &r&d adverse envrro&ntaf impacts to 
wetlands and Prebk's meadow jumping &use Mxtat m y  d t  fplom constmction 
and implementation u€ thisfl altemaive @&re 2-22) These impacts are mtigated as 
needd usmg acteage from the 8 - a c r e ' w e b h  won t s n ~ ~  proposed for 
dRvlopmen€ adjacent to-the standley Lake h'tS&im h%$e€$, pn&Bg$jaai appmvd 

Implementauon, inclubg &srgn mid consdpetmn, takes -1y one year 

ImDlementabAtv 

Installing an FNK: is a labor-intensive wmon that includes extensive CQA 
However, industry standards are well developed and companies speciahzing in 
lnstallatlon of geosynthetxs are readily avdable 

I 
- 

i 

1 

I 
1 

I 
The long-term dwahrhty of FhKs  has be& evaluated though field testmg of a c h d  
mstallauons and through laboratory com@brhty testmg designed to smuktte exposure 
to leachate for long p m d s  d m e  Both PVC and €El€% have &en pmvm reliable as 
bamer layers for at least 30 years EII dl'af the cover opons bemg considered, the 

I 
I 

A 
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FMC component is covered with a 36-inch-thick vegetative soil The vegetative soil 
layer prevents exposure of the FMC to ultraviolet radiation and prevents punctures bv 
plant roots and burrowing animals 

The FMC will be exposed to surface water that infiltrates through the vegetative soil 
and to landfill gas The rain water is expected to be nonhazardous and the gases are 
expected to contam onlv low concentrations of hazardous components 

Because the cap is the presumptive remedy for the landfill it is unlikely that future 
actions would be required to address the waste itself It is more likely that containment 
collection or treatment systems would be added to modify or enhance the existing 
remedy In the event that additional remedial actions are required alternatives could 
be developed that do not breach the cap or if necessary an area of the cap could be 
excavated and replaced 

The effectiveness of the remedy will be monitored by post-closure monitoring 
programs as described in Section 8 

The costs for Alternative 5 Single-Barrier FlMC Cover are 

Total capital cost 
Annualized O&M cost 
Total present worth cost 

$8 390 100 

$9 469,100 
$55 000/year 

Detailed cost estimates are provided in Appendix H 

6 2 3 Alternative 7 Single-Barrier FMC with Low-Permeability Soil Cover 

6 2 3 1 Description 

Alternative 7 consists of institutional controls and a single-barrier FMC with a 12-inch 
layer of low-permeability soil The presence of the low-permeability soil gives the 
cover system some of the benefits of a composite cover without the strict installation 
requirements of a full clay liner The existing dam is left in place to contain the 
groundwater The barrier layer is an FMC with a permeability of approximately 1E-13 
c d s e c  This cover section is illustrated in Figure 6-3 

The construction procedures for this alternative are the same as those for Alternative 5 
except that a low-permeability soil replaces the soil bedding layer under the FMC The 
low-permeability soil layer is placed in a single 1-foot lift using low ground pressure 
bulldozers Subsequently this surface is compacted using sheepsfoot or wedgefoot 
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a€ Overall Protection of fIuman Hedth and the Ekvimamg 

As with A l k m v e  5, Altemtive 7 meets& but ekmcd-spific ARARs for 
surface water Swface water in the East Eandfilf P~rtd exceeds eWQ standards €or 
manganese However, rnsd1aUon of the cap redtrces leachate generaQon and 
mgratton, and th&&xe, mabilizatmn of' mangaaese from pcMd sedrments IS not 
expected to contmue Altetnattve 7 doe$ nut me@ chmcd-specrfic ARARs for 
groundwater Groundwater downgradlent of &e IandfiH exceeds SDWA MCLs for 
rutfatelnitnte CWQ ststndards for sulfate, a d  the PQL far selenium Pmcle trackxng 
and contarmnant mmipcm modelmg i&ate that comntmions of nitratelnrtrxte, 
selenium, and sulfate are not expected 'to ex& AIRARS at ccmpllame wells 
downpxhent of the East IadfiIl Pond & In ad8stron, thc grormdwakr exposure 
pathway is incomplete. 
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areas identified as potential habitat for the Preble s meadow jumping mouse (Figure 
2-12) I n j ~ r ~  to wetlands and to Preble s meadow jumping mouse habitat are mitigated 
as needed Although the portion of the pond not covered by the landfill cap will reman 
in place dredge and fill requirements under Section 404 of the CWA are applicable 
Alternative 7 meets substantive requirements of permtting under the CWA 

Action-specific ARARs under the CHWA including closure requirements (6 CCR 
1007-3 Part 265 310) post-closure maintenance requirements (6 CCR 1007-3 Part 
265 1 17) and post-closure groundwater-monitoring requirements (6 CCR 1007-3 Part 
265 228) are met for Alternative 7 The single-barrier FiMC with low-permeability soil 
cover has a permeability of approximately 1E-13 c d s e c  As with Alternative 5 the 
cover for Alternative 7 meets all of the regulatory requirements for closure but does not 
follow EPA guidance for a RCRA Subtitle C cap (EPA 1989e) Construction 
procedures during installation of the landfill cap meet requirements of the Soil Erosion 
Dust Blowing Act (CRS 35-72-101) As with the other alternatives Alternative 7 
meets MACs for delisting leachate under 40 CFR 260 20 Compliance with NPDES 
(40 CFR Part 125) occurs by meeting substantive requirements for a discharge permit 
for periodic surface-Rater discharge to decrease water level in the East Landfill Pond 

Long-Term Effectiveness and Permanence 

The FMC barrier is considered a proven technology and if properlv installed and 
maintamed IS effective over the 30-year life of the project In addition this alternative 
has a second low-permeability laver to act as backup which increases the reliability of 
the technology The average annual leakage rate for Alternative 7 is 0 00016 inches A 
description of cap leakage rates is included in Appendix G 

The mamtenance and monitoring are the same as discussed under Alternative 5 

As directed under the presumptive remedy the source of contarmnation remains 
However risks associated with the direct contact and leaching of source contaminants 
into the groundwater are rmnimzed by the cap and institutional controls As with 
Alternative 5 CDPHE and EPA will evaluate the effectiveness of the remedial action 
every 5 years 

Reduction of Toxicity. Mobility, and Volume through Treatment 

There is no active treatment with this option However there may be some decrease in 
toxicity and mobility over time due to natural attenuation processes Leachate 
generation and rmgration will be reduced as a result of the cap 
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Short-Term Effectwemxs 

No excavahon ma WntaaunaM 1s cbquuwi to iinplaimt this aitemame The 
contarmnants are ClUTeRtly under a 12- to 36-inch-th.lck m m m  soil cover Therefore 
risks to the commumty and site workers 'are mnlmal The possi&&ty exms that 
workers could be exposed to cantarmnation accidentally, however pmper use of PPE 
would lirmt potential exposure 

Dust 1s generated dumg excavataon, transport, and pkement sf fill, the low- 
permeability soil layer- and the vegetmve layer The dust mssiqas aPi mmtmlled by 
water spraying or possibly sod beders &ion dunng &tzuct~m is controlled by 
berms and hay bales 

As described in the ARARs section, constructjun suad impkinmtatmn d - h s  dternative 
may result in pdentrd adverse envm&ta€ q a g t s  t6 wetlands a d  Frebte's 
meadow jumping mouse habitat Figure 2-1k) These mpcts are mitigated as needed 
using acreage from the 8-acre wetlands r&gation bank &roprrseb for &veIope~%t 
adjacent the Standley Lake ProtwtronProject, penhng find approval 

Cap constructron would be compfete withm one year 

t 

I - 

I 

I 
I 
! 

Imdementabdm 

The ddbon  of the low-pemmabfiy 3011 d& not add sqpficantly to &e mstallatron 
of this cap m compmson with the FMC barrier as discussed under Akernatlve 5 The 
low-permeability s d  is p l d  on top of thelgas-co&xt.ian layer and s p a d  in a single 
1-foot hft The surface of the 1-foot iift is' ami mlled to limn a smooth 
low-permeability surface for placement of tk FMC Some mmor grarslng of the low- 
permeability soil may be requxed to m s u n b  surface grades and pgevent pondmg 
Addbon of the low-permeability soil t n c d s  the reliabdrty of &e tecblogy because 
the low-permeabihty sod acts as a backup b&r for the F%IC layer 

- cost 
I 

The costs for Alternative 7 Single-Bmer FMC wrth Luw-Pe&iIity Sod Cover 
1 are 

Total capital cost 
Annuahzed OhM cost 
Total present wurth cost 

1 
Demled cost esbmates are prowded in Appeflcllx H 
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6 2 4 Alternative 9 Composite-Barrier F,VC and Clay Cover 

6 2 4 I Description 

Alternative 9 is a composite barrier with both FMC and 24 inches of compacted clav 
As with all of the alternatives the existing dam remans in place to control groundwater 
migration away from the source Use and access restrictions are described In Section 
5 2 2 The design follows EPA guidance for a RCRA Subtitle C facility This cover 
section is shown in Figure 6-4 

This cover differs from Alternative 5 in that a clay barrier layer with a permeability of 
approximately 1E-07 cdsec  replaces the low-permeability soil Clay must be 
transported, processed and conditioned as described in Section 5 3 5 2 Prepared clay 
material is placed on top of the filter fabric of the upper gas-collection layer in a 1 foot 
or thicker lift using low ground pressure bulldozers Subsequent lifts are placed in 
6- to 9-inch-thick loose lifts and compacted using sheepsfoot or wedgefoot compactors 
The surface of the clay layer is tested and scarified to increase bonding between lifts 

During placement care must be taken to protect the clay from moisture loss during dry 
periods or over moisturizing during rainy periods After the clay is placed and befme it 
is covered with the geomembrane simlar steps must be taken to prevent desiccation 
over moisturizing or erosion 

6 2 4 2 Evaluation 

Overall Protection of Human Health and the Environment 

The composite-barrier FMC and clay cover alternative meets all RAOs The cap 
fence and institutional controls prevent direct contact with landfill contents The cap 
has a permeability of approximately 1E- 13 cdsec  and therefore minimizes infiltration 
leaching and resulting contamnant loading to groundwater The surface is graded and 
revegetated to control surface-water run-off and erosion A gas-collection system is 
designed to control landfill gas Treatment may be added to the system if needed 

The compacted clay liner provides a secondary barner however the clay requires 
intensive effort for proper installation The cap provides protection over the 30-)ear 
life of the project Because there is no planned excavation into landfill waste short- 
term impacts are mnimal 

Comdiance with ARARs 

As with Alternatives 5 and 7 Alternative 9 meets all chemcal-specific ARARs for 
surface water except one Surface water in the East Landfill Pond exceeds CWQ 
standards for manganese Manganese is a naturally occurring element that is likely 
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rnubilized &om pond sediment by leachate Contzmmw$ of the leachate LS expected to 
reduce manganese motiikzat~cm Alternamivc 9’&xs nor meet cbmd-speclfic 
ARARs for groundwater, bundwater downgradmt of &e f d d i  -exceeds SDWA 
MCLs for nitratelnitme, GWQ standards for sulfate, and PQLS for selenium Particle 
traclung and contamnant transport modelmg tnckate tfr;st cmentrations of 
nitratdnmte se?-feruum, and sulfate are Rot expeGbed to exceed ARARs at the 
compliance wells downgradtent of the East landfin Po& dam €a addition, the 
exposure pdrway for gramtiwater IS mccjmpiete 

Long;-.Tem Wmv~mss rmdr Permaoence 

Both the FMC and clay bmers are corrsjdered proven mhchg~es, E p @ y  
installed and m s u ~ n e d ,  they are effective over thc 3fbyea.r hfe of the p m p t  
However the compacted clay layer is sub& to desccatmn cracking The fi-year 
average annuat leakage rate for Alteruative 4 IS 0 oooO1 inches A descnpoon of cap 
leakage rates is included in Apptndrx G 

The schedule for maintenance and monltoriug 1s the same fix all q p m g  alternames 
and is desmbed under AIternatxve 5 
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a 

Every 5 years CDPHE and EPA will evaluate the effectiveness of the action as 
mandated under Section 121(c) of CERCLA and Section 300 430 (f)(4)(ii) of the YCP 
The level of the reviews will be at the discretion of CDPHE and EPA however it is 
expected that a Level 1 review will be sufficient 

Reduction of Toxicity. Mobility, and Volume through Treatment 

This alternative does not include active treatment However as with the other 
alternatives there may be some decrease in toxicity and mobility over time due to 
natural attenuation processes In addition the cap mnimzes infiltration into the waste 
thus decreasing generation and migration of leachate 

S hort-Term Effectlveness 

As with the other alternatives, no excavation into contaminated areas is required to 
implement this alternative Therefore risks to the community and site workers are 
mnimal Workers could be exposed to contamnation accidentally during construction 
however proper use of PPE lirmts exposure 

This remedial action results in dust generation during excavation transport and 
placement of fill clay and vegetative layers The dust emssions are readily mitigated 
using standard dust suppression techniques Erosion during construction is addressed 
by using hay bales and berms 

Potential adverse environmental impacts to wetlands and Preble s meadow jumping 
mouse habitat may result from implementation of this alternative (Figure 2-12) These 
impacts are mitigated as needed using acreage from the 8-acre wetlands mitigation 
bank proposed for development adjacent to the Standley Lake Protection Project 
pending final approval 

Cap construction could be complete within one year 

Implementability 

Installation of the clay barrier layer requires a significant level of effort The clay 
material must be rmned sized moisture conditioned and allowed to cure before it can 
be placed Implementation of other elements of this alternative are the same as those 
for Alternative 5 
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Total capital cost 
Annualized O&M cost 
Total present w& cost 

Dewled cost estrrnrmtes are provided in Appedix H 

6 3 1 Long-Tern Effe-ctwenes a d  Permanence . 

For long-term effectiveness, the focus is an the two matn hnctrons of &e soil layer 
beneath the geomabme 
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Alternatives 7 and 9 have leakage rates approaching zero 
Alternative 5 is the highest of the three alternatives at 0 021 cm/sec 

The leakage rate for 

During the life of the project the kev difference between the low-permeability soil and 
clay barrier is resistance to desiccation Studies indicate that covers constructed with 
clay materials at high moisture contents may be subject to greater desiccation than 
covers constructed of soil materials at lower moisture contents (Corser et al 1992) 
The desiccation crachng provides pathways for liquids to travel through the clay 
barrier layer thus increasing its permeability and reducing its long-term effectiveness 
The low-permeability soil layer which is placed at lower moisture contents may have a 
higher initial permeability when placed but in the long term may be less permeable 
than the clay barrier layer due to its resistance to desiccation Alternative 7 affords the 
highest degree of long-term effectiveness and permanence 

6 3 2 Short-Term Effectiveness 

None of the alternatives present a significant danger to the community construction 
workers or the environment during construction Alternatives 5 7 and 9 may be 
differentiated in terms of dust generation and potential for erosion due to the varving 
quantities of soil Alternative 5 has the greatest short-term effectiveness because it has 
only 6 inches or 16,393 vd3 of bedding soil Alternative 7 has 12 inches or 32 787 yd3 
of low-permeability soil Alternative 9 has 24 inches or 65 573 yd3 of compacted clay 
In addition to having the greatest quantity of soil, the compacted clay in Alternative 9 
requires the most labor during construction and therefore has the potential for the 
most dust generation of the three alternatives 

6 3 3 Implementability 

The three alternatives are compared in terms of technical feasibility administrative 
feasibility and availability of services and materials 

6 3 3 I Technical Feasibility 

Ability to Construct and Operate 

Alternative 5 would be simplest to construct Repars are most easily made to 
Alternatives 5 and 7 because clay materials do not have to be prepared or mantaied 
onsite If in the future, new clay borrow sources are selected to repar the clay layer in 
Alternative 9 it may be necessary to complete a new test fill and chemical 
compatibility tests for that clay material 

The clay barrier in Alternative 9 is more difficult to construct than the low-permeability 
soil layer or the bedding soil layer due to required moisture conditioning and 
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mintenance of exposed day d u n g  consdction The clay typically is moisture 
conditioned and allow@ to wre an stockpiles in advanced scheduled pisem& rn the 
cell Care must be takGn to pmtect the clay from ma- loss dmng & periods or 
over moisturizing dunng mny perrods After the clay is @aced an8 before it is covered 
with the geomembrane, sirmlar steps must be taken io prevent desmauon, over 
moisturizing or emsion I 

Rehabihtv of Technolonv 

All three alternatwes have m FMC bamer dyer that prom ret~ahb in field and 
laboratory testing. Abrnat~ye 7 mludes a low-ptxmeab&tysorl lay= act would be 
most reliable AlterrWive 9 pr-wides a s e e d  baqw fug ack!ed nzh&&ty but the clay 
is subject to deslccatxon The 2-foot-duck c@y barf@' an Aftematlve 9 may tolerate 
more dfiix-entiat settlement than the&r &&atwe -~owe=r,  c l ~ e  valume of 
general fill to be placed over the waste as part of the @ng plk, the'potential for 
localized &fferential settlement is lrmted 

Ease of Addmonstl Remdiltion 

In the event that additional actton is required, it is unlikely that the cap will mterfere 
However if w o n  mW be taken below the c&, Akin&ve 5 Is Siqkstto reparr and 
Altername 9 the most &€ficult 

Moxutonng 

Momtoring the condition of the cover will be the same for Alemarives 5 7 and 9 
Detils of inspctmns and mitltll~nauce are &rsented u1 the OU 7 ~ t - C ~ o s u ~  Plan 
(Sect~on 8 2 2) 

I 

f 

< 

I 
I 

I 
mpir 

I 

I 

I 

6 3 3 2 Administratwe Feasibility 

All dternatwes meet MOs. However, proposed design altemmves that dxffer from 
suggested EPA guidance may undergo mod scrutzny &ring tcchrud renew (EPA 
1989c, EPA 1989d) Ntematwe 9, whcg most closely follows prescribed EPA 
guidance (EPA 198%), would l&dy gamer Ithe most .suppost lutenraave 7, whrch 
includes an FMC-barrier h p r  with a low-perkabdity so& is equally proteetme and 1s 

significantly less expensive 

Avuilabtlrty of Services (LBd Mutemls 

I 

i 

I 

I 
6 3 3 3 

i 
Alternatrves 5 7 ,  and 9 employ standard lnjdustry mends,  equipment, and slullcd 
labor types Owte clay borrow s ~ m s  haveilnot been tocated, however clay matends 
are avmlable from a I O C ~  &site supplier (E&G 19346% 

I 
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6 3 4  Cost 0 
Table 6-3 summarizes the detailed cost estimate The total present worth costs for the 
alternatives are as follows 

Alternative 1 No Action SO 
Alternative 5 Single-Barrier FMC Cover S9 469 100 
Alternative 7 Single-Barrier FMC with Low-Permeabilitv Soil Cover S 10 149 000 
Alternative 9 Composite-Barrier FMC and Clav Cover $12 103 600 

The O&M costs are the same foi all alternatives because inspection mintenance and 
monitoring of the cover are the same for all capping alternatives Periodic inspections 
will mnimze repirs to the barrier layer Capital costs are different for each 
alternative lowest for Alternative 5 and highest for Alternative 9 As a result of the 
difference in capital costs total present worth costs are different for each alternative 
The total present worth cost for Alternative 7 is 7 percent higher than the cost for 
Alternative 5 The total present worth cost for Alternative 9 is 22 percent higher than 
the cost for Alternative 5 and 16 percent higher than the cost for Alternative 7 

- 

6 4  Summary of Comparative Analysis 

Table 6-4 summarizes the detiled analysis of alternatives Each of the seven 
CERCLA criteria is weighted from 0 to 20 based on its relative importance at OU 7 
Overall protection of human health and the environment is the most important criterion 
Compliance with ARARs long-term effectiveness and permanence reduction in 
toxicity mobrlity and volume and cost are next and are equally important criteria 
They are followed by implementability and short-term effectiveness Short-term 
effectiveness is the least important of the balancing criteria because OU 7 is located 
within a large buffer zone and implementation of the remedial action will cause few 
adverse impacts to the community or the environment Each of the three alternatives is 
then ranked based on performance for each criteria Weighting factors are multiplied 
by the rating to reach a weighted score The weighted scores are summed for each 
alternative Alternative 7 Single-Barrier FMC with Low-Permeability Soil Cover has 
the hlghest total score and is proposed as the preferred IM/IRA for OU 7 

e 
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Magnltude of resdual nsk 

Adequacy and rellabilw of controk 

Table 6-1 
Evaluation Cntena for the Detailed Analysls of Alternahves 

Engineenng judgment HELP analysis emton 
analyss settlement analysts 

Threshold Criteria 

Overall Protection of Human Health and the 
Environment 

Compliance with ARARs 

achieved 

Technical feasibility 

Administrative feasibility 

Availability of services and matenals 

Long term effectiveness and permanence 
short term effectiveness and compllance with 
ARARs 

Chemlcal Specnic ARARs 

Locabon SpeciLc ARARs 

Action Specific ARARs 

Constructon and operamn rekabilny 
monitonng effechveness and ease of adddlonal 
remwhal achon 

Regulatory approval and wordmation wlttr other 
agencies 

Offsite treatment storage and disposal 
capacity equipment and spenelists and 
pmwecbve techno)ogies 

Compliance wnh other cntena advrsones and 

Capital costs (direct and indirect) 

Annual O&M costs 

Focused nsk evaluation ARARs engineenng 
judgment 

Detailed cost esbmates 

Federal and state standards 

CWA 40 CFR 6 3 02[a] (wetlands) Endangered 
Species Act 

RCRA and CHWA closure air emlssion 
delisbng discharge and groundwater 
monitonna muirements 

€PA guidance on RCRA Subtrtle C caps 
I guidance I 

Primary Balancing Cdterla 

Long Term Effemveness and Permanence 

Reduction of Toxicny Mobility and Volume 
through Treatment 

Short Term Effectiveness 

lmplementabilny 

I 

Treatment process used and matenals treated Treatment of landfill waste leachate and 
groundwater are not part of the presumptive 
remedv and therefore this cfitenon does not 
apply ifitenon is ~ e d  in reference to reduction 
in volume of landfill leachate 

Degree of expected r e d m n  in toaaty 
mob~lity, and volume 

Degree to which treatment IS irreversible 

Type and quanttty of restduals remaining after 
treatment 

Protection of community dunng implementabon 
of remedial acttons 

Protection of workers dunng implementation of 
remedial actions 

Enwronmental impacts dunng implementaton of 
remedial actions 

Time unbl remedial action obiectives are 

Engneenng judgment airqualy modeling gas 
emission modeling 

Total present worth costs I 
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Top Soil 

Soil Bedding 

Low Permeability 

I 

16,400 

16,400 

32.800 

Table 6-2 
Quantities of Material for Land€ii Cover Construction 

GCL 

FMC 

GCUFMC 

Gemmpostte 

Drainage Layer 

Gas Collechon 

885,240 

885,240 

885,240 

885,240 

885,240 

f? quvCfce1 
yd' cublcylrdc 
GCL pc.synfhenc clay hner 
FMC flcubk mcmbnrne cow 
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7 Recommended Alternative 
e 

The detaled analysis of alternatives an, the comparative analysis presented in Section 
6 highlight the relative advantages and disadvantages of each alternative to identify key 
tradeoffs Tradeoffs coupled with risk management decisions serve as the basis for 
selection of the preferred alternative The recommended alternative is Alternative 7 a 
single-barrier cap with FMC and low-permeability soil 

A draft Proposed Plan has been developed around selection of the recommended 
alternative and is presented as an attachment to th s  report The Phase I IM/IRA DD 
along with the Proposed Plan will be subrmtted for public review and comment in 
December 1995 Results of the detaded analysis support the final selection of a 
remedial action and the foundation for the CADROD for OU 7 

The objective of this section is to describe the components of the recommended action 
in detail and to document how the final RAOs ARARs and other regulatory criteria 
are met Design analyses have been completed to support the selection of the major 
design components that are described in this section Additional design analyses will 
be completed as part of the Title I1 design 

Description 

The recommended alternative for OU 7 consists of a single-barrier cover over the 
Present Landfill (MSS 114) Inactive Hazardous Waste Storage Area (IHSS 203) and 
asbestos-disposal areas and institutional controls to prevent unauthorized access It is 
assumed that the slurry wall mintenance action (Section 1 3  2), scheduled for 
construction in fiscal year 1996 is complete The slurry wall is essential to reducing 
groundwater inflow and leachate generation 

The cover consists of the following layers 

36-inch vegetative-soil layer 

FMC barrier layer 
12-inch low-permeability soil layer 

Grading fill 

Geocomposite lateral-drainage layer (geonet and filter fabric) 

Geocomposite gas-collection layer and venting system (geonet and filter fabric) 

This cover section is shown in Figure 7-1 The presence of the low-permeability soil 
gives the cover system some of the benefits of a composite cover without the rigorous 
installation requirements costs and potential for desiccation of a full clay layer 
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The conceptual site np&I far the source ana shown m figure 3-4 m&ates that the 
exposwre points ae sod, waste, and dud. The gmtintiment presupptive remedy 
elirmnates these exbure points The cap'covers an area u€ appmxintately 20 acres 
most of which encompasses the landfill ' One-tturd o f  &e East I;rtndffil Pond and 
adjacent wetlands area is dso covered by thi cap as a resdt of fhe geaerd fill needed to 
aclueve design grades 

Based on Figure 3 4  there zm two potentiah exposurepints fw l ~ ~ t e  seep water 
and groundwater B e f o ~ c l o s u ~ ~ ,  leachate is illtesceptted at& seepand treated usmg a - 

passive system as P separstte accdaated actron €QF OU 7 POWE& exposure to 
€eachate afkr closuae is a€kinS& by tb p-mvb! 3x%B!edy $or SQftaGG mntatnmeat 
The landfill cap covers the seep &d thus pImbates expure to _tBe smzp A grave€ 
blanket or French dram bene& the #ped"fiIl  pf#&m& ~~~~ up a& 
creatrng a ~ e e p  m the new cap Rte ~ d ~ % ~ ~ w ~ ~ ~ ~  mmnplete 

Based on the scrcemg-kvei nek evduatq and t .k txm@son @-&fACs for &€sting 
piesented in Sectson 3, the Iwhate is n w  , dow not pasea threat to tazman 

* 
health, and there€= should be &lasted A& the f w c b  is &&, it  is no lollger 
subject to CHWA and RCRA Subhtfe C h,&rdous was& regulatmns 

The landi31 cap elmnates mfihratm pf apptpxlmately 99999 percent of the 
precipitabon, whch reduces leachate gknerabon and mgra€ron a d  contarrunant 
loading to groundwater in d b o n ,  the pbposed slurry wall elirmnates 93 percent of 
the groundwater inflow as &scussed in S&ticm 2 3 Leachate con%d for the l&iIl 
exceeds regulatcxy requimaents Under CFR Parts 265 118 and 265 310(bx2) 
exlshng mrs at interim status lmms are k t  requupffl tu have lei&& collection and 
removal systems and are nut reqr-llreb to manage Ieachedurmg &e*pst-dosure period 
(EPA 1987a) 

I 
Surfrace watet in the East Landwl Pond dpes sot q w m  mwiblattaii because it dms 
not pose a risk to human or ecoIoglcal &ptors The pond and the barn currently act 
as bamers to groundwater flow and contaruiant -R and they remarn in place 
and contmue to lrapede flow after landfill closure 

Groundwater downgradient of the landf% II does not requ-m r e e a t i o n  Potential 
exposure pathways associated wth UHSl) groundwater (Figure 3-10) are incomplete 
because there are no plans for future devebpmeat of groundwater €or any use at OU 7 
One-third of t€ie pond area is caved by &e landfill cap, which reduces the amount of 
recharge to groundwzlter in this m a  "he pond SUHI &e dam mpe& the flow of 
groundwater to the east IR No Name Gulch 

1 - 

t 

I c 



OU 7 Draft Phase I IM/IRA Decrszon Document 

7 2  Design Requirements 

Design of the landfill cover must consider all RAOs ARARs and requirements set 
forth by 6 CCR 1007-3 Part 265 310 The regulatory requirements are broadly based 
and allow for individuallv tadored designs to meet site-specific conditions such as 
climate topography and waste characteristics This section describes how the RAOs 
ARARs and guidance requirements are met for the recommended alternative 

7 2 1 Compliance with RAOs 

In order to meet the overall objective of protecting human health and the environment 
RAOs developed in Section 3 must be met All of the RAOs except one (remediate 
wetland areas) are for presumptive remedy components of OU 7 and are specified in 
EPA guidance (EPA 1993a) Media-specific RAOs for other components were 
developed using exposure pathways, risk and compliance with ARARs With the 
exception of remediating wetland areas media-specific RAOs were eliminated from 
the final response action because (1) there is no nsk to the potential receptor (2) 
analytes do not exceed ARARs or (3) the exposure pathwav is incomplete The final 
RAOs for OU 7 are as follows 

0 Prevent direct contact with landfill contents 
Minimize infiltration and resulting contmnant leaching to groundwater 
Control surface-water run-off and erosion 
Control landfill gas (treat as needed) 
Remediate wetland areas (as needed) 

The single-barrier cover with FMC and low-permeability soil addresses each RAO 

Direct contact with soil or waste material in the Present Landfill Inactive Hazardous 
Waste Storage Area and asbestos-disposal areas is prevented by the landfill cover 
Because the continued effectiveness of the contamment remedy depends on the 
integnty of the contamment system, institutional controls are necessary to prevent 
access to the site A deed notation under CHWA limts future development of the 
landfill area 

The cover mnimzes infiltration and resulting contarmnant leaching Contamnant 
leaching is decreased by reducing infiltration of precipitation through the landfill cover 
and controlling surface-water flow by diverting it around the landfill In addition the 
proposed slurry wall mintenance action reduces contarmnant leaching by controlling 
groundwater inflow into the landfill area 

Grading of the landfill surface requires minimum slopes to provide adequate surface- 
water dramage after settlement Promotl ng dramage mnirmzes erosion or abrasion of 
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7 2 2  

7 2 2 1  

i 

the cover The vegetatlve-cover layer provrdes stumble media for the growth of 
vegetation redue&s emsfon Grading of &e fan&U surface forc&i surface water to 
dram to the perimeter ofthe imd&ll, where it is coll&tcd rn the perrnWer surface-water 
dramage ditch arid is muted around the landfill and 

* 
the East LmdfiU P a d  dam 

Exposure to landfill gas is controlled by a ~as-collectmn system The gascollection 
layer collects rmgrathg gases across the lanall surface and tmnsrmts & to selected 
discharge points Gas coIlected in tbs layer Rows to vent p p  or g1-2~~1 columns and 
vents to the surface timu& the cover t he- system i~ the cwiliqG$r addmg gas 
treatment a5 needed 

* >  
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contaminants As a result contaminant mgration down No Name Gulch is expected to 
be mnimal Particle tracking and contamnant transport modeling indicate that 
concentrations of nitrate/nitrite selenium and sulfate are not expected to exceed 
ARARs at the compliance wells downgradient of the East Landfill Pond dam On the 
basis of the focused risk assessment carcinogenic risk from ingestion of UHSU 
groundwater is within the acceptable risk range (IE-05 in groundwater in the vicinitv of 
the pond and below 1E-06 in groundwater downgradient of the dam) however the 
noncarcinogenic risk is above the acceptable risk or HI of 1 (HI = 3) in groundwater in 
the vicinity of the pond The primarv contributor to noncarcinogenic risk is selenium 
UHSU groundwater in wells 4287 52894 and 53 194 meets ARARs 

7 2 2 2 Location-Specific ARARs 

Location-specific ARARs are met Construction of the recommended alternative is 
conducted in a manner that mnimzes destruction loss or degradation of wetlands 
(40 CFR 6 302[a]) and Preble s meadow jumping mouse habitat (CRS 33-2-101) A 
wetlands assessment is included in this section of the report in accordance with 40 CFR 
Part 6 and with wetlands/floodplans environmental review requirements under 10 CFR 
Part 1022 Draning water from the pond to dry out the area before construction is 
considered dredging and triggers substantive requirements for a permit under Section 
404 of the CWA 

Wetlands Assessment 

Wetlands Efsects 

Placement of fill to achieve design grades covers approximately 1 1 acres of wetlands 
including submerged and emergent species It was assumed that another 10 percent or 
0 1 acre may be injured during placement of the various cover layers at the east end of 
the landfill Because two-thirds of the East Landfill Pond and wetland areas remain in 
place after closure the proposed activities have only negligible positive or negative 
direct or indirect short-term or long-term effects on the survival, quality, or natural and 
beneficial values of the wetlands 

Alternatives 

Three other alternatives were evaluated in the detaded analysis of alternatives Two of 
the alternatives Alternative 5 and Alternative 9 would have adverse impacts to 
wetland areas very sirmlar to those of the recommended alternative The other 
alternative Alternative 1 No Action, would result in no adverse impacts to wetlands 
areas However the no-action alternative would not meet applicable state and federal 
water-quality standards nor would it meet closure requirements (6 CCR 1007-3 Part 
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310) and post-closum mntenancs: and rnodmng quinxnents -(6 CCJk 1007-3 Part 
265 I17 and Part 26522.8)+ 

Mitigation of Wetland Impacts 

Acreage h m  the 8 - e  wed& rmtrgation bank prop& for &ve@mmt adjacent 
to the Standley m e  Pmecbon Project IS used to mitigate loss or ul~uy to wetland 
areas, p e n b g  fmal approval of the project: Wc&tds mtxgatmn is b p d  on a 3 1 
maganon to injury ratlo As a result, 3 6 acres of wetfstnds %re m i t ~ g a d f o r  closure of 
ou 7 

i 

1 
I 

I 

i 

I 

Pxeblc’s Meadow Jtj~pmjz Mouse Habitat &t.~nati-on 

7 2 2 3 Action-Specific AR4Rs 

Closure R e a u m n t s  

Because hazardous wastewas d-d 
to meet RCRA Subtle C design q u i  
following requirements for I&W clos 
265 310) 

Ttteprapssed a45a-mrat meet the 
a* CHHrft ti5 cat 1007-3 Pzuz 

c 
Provide lone-term rmnrmtza- of rngtwon of &sds throagh the dad l d l l  

i 
Function with mcillllllm aaultenance ’ 

i 
Promote &anage and m ~ m f z ~  erosioi or abrasion of the cover 

Acmmrn&e settlrng and subsidence to mamtaiu the lntegnty of the cover 
I 

Have a permcabhty less than or equal to the permeahdity of any battom-liner 
system ur uatural subsod present 

r 

* I 
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the barrier layer limts infiltration to the waste HELP modeling indicates that 99 999 
percent of the precipitation on the landfill is diverted as discussed in Section 7 3 3 

Future mintenance is mnimized by designing for post-settlement slopes of 3 to 5 
percent to mnimze damage to the cover from surface water Settlement issues are 
described further in Section 7 3 1 1 Institutional controls are used to limt access and 
control use to protect the integrity of the cap The vegetative cover is planted with 
native species that require low maintenance 

Final slopes are selected to promote dramage and minimze erosion of the cover As 
described in Section 7 3 1 2 the maximum erosion rate does not exceed guidance 
requirements (EPA 1989d EPA 1989e) The existing surface-water dramage ditch is 
modified as necessary to accommodate a 100-year 24-hour storm (Section 7 3 2) 

The grading plan accommodates settling and subsidence to safeguard cover integrity 
As described in Section 7 3 1 settlement has been analyzed and design slopes of 
7 percent ensure post-settlement slopes that meet guidance requirements (Tab!: 7- 1) 
Unstable areas have been identified along the west end of the pond These areas are 
buttressed and subsurface drainage is incorporated into the design 

The permeability of the FMC barrier layer is 1E-13 c d s e c  which is less than the 
permeability of natural subsoils at the landfill (1E-06 to 1E-07 cdsec)  

EPA has issued various guidance documents on the design and construction of cover 
systems for hazardous waste facilities These documents, along with state and federal 
regulations for closure are as follows 

CWHA Hazardous Waste Regulation 6 CCR 1007-3 Colorado Department of 
Health, August 1992 

Title 40 - Code of Federal Regulations (40 CFR) Part 265 

U S Environmental Protection Agency Technical Guidance Document Covers for 
Uncontrolled Hazardous Waste Sites EPN540/2-85-002 September (EPA 1985) 

U S Environmental Protection Agency Draft Minimum Technology Guidance on 
Double Liner Systems for Landfills and Surface Impoundments - Design 
Construction and Operations EPN530-SW-85-014 April (EPA 1987b) 

U S Environmental Protection Agency Technical Guidance Document Final 
Covers on Hazardous Waste and Surface Impoundments EPN530-SW-89-047 
July (EPA 1989d) 
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The existing landfill operations plan for OU 7 envisions mounding waste to 6-percent 
slopes in the center of the landfill to provide surface-water dramage to the perimeter of 
the waste before closure However, given the current and projected waste inflow rates 
the waste does not reach these design grades before closure of the facility in early 1997 
Therefore a large volume of general fill is required to achieve grades that dram surface 
water off of the facility and meet regulatory requirements 
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proposed for the 30-year post-closure care period Two categories of sampling and 
analysis are required Contammation parameters which include pH specific 
conductance TOC and TOX are required semannually whereas groundwater quality 
parameters which include chloride iron manganese phenols sodium and sulfate are 
at a minimum required annually 

Delis tina Res uiremen ts 

Alternative 7 meets MACs for delisting leachate under 40 CFR 260 20 Under the 
presumptive remedy it is proposed that the leachate, which is considered F039 RCRA- 
listed waste contaned in groundwater be delisted Based on the screening-level risk 
evaluation and the comparison to MACs for delisting presented in Section 3 the 
leachate is nonhazardous does not pose a threat to human health and therefore should 
be delisted After the leachate is delisted it is no longer subject to CHWA and RCRA 
Subtitle C hazardous waste regulations 

7 3  Conceptual Design 

The landfill cover extends over the limts of the Present Landfill (IHSS 114), Inactive 
Hazardous Waste Storage Area (IHSS 203) and the north and south asbestos-disposal 
areas The existing topography and surface features are shown on Figure 7-2 The 
limts of the cover are shown on Figure 7-3 To construct the cover over these areas 
and mantan mnimum slopes the general fill extends beyond the limts of the cover in 
some locations 

The conceptual design incorporates the proposed grading plan, settlement soil erosion 
buttressing requirements general fill surface-water control cover section seepage 
control, gas control ancillary facilities and costs It is assumed that the slurry wall 
maintenance action (Section 1 3 2) is completed prior to construction of the cover 

7 3 1 Proposed Grading Plan 

Figure 7-3 shows the conceptual grading plan for OU 7 Figures 7-4 and 7-5 are cross 
sections through the landfill that show the extent of the general fill The gradmg plan 
incorporates a 7-percent surface grade across the majority of the landfill that drams to 
the penmeter Along the east slope of the landfill the grade increases to approximately 
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7 3 1  1 

7 3 1 2  

7 3 1 3  

20 percent Based on tllls plan, ;t total of a~roxmatdy 131,400 yd3 of fill matenal is 
r e q d  to acheve t&e besign d e s  

Settlement 

I 

I 
The 7-percent surface grade is established based on the EPA pclancx catena of 3- to 
5-percent mnimum post-closua surface grades and &e exper=ted a%iowt of surface 
settlement from placement of the general fill and d e c o m p o a ~ ~ & €  the.=+qste 
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addition, a blanket dram or system of French dram is planned in and around the seep 
areas to allow dramage if the seep flow continues after closure This system will be 
designed as part of Title II design It is expected that seep flow will decrease 
significantly due to the combined effects of the proposed slurry wall and cap 
Preliminary stability analyses indicate that the effect of placing buttress fill reducing 
the slope from 33 percent to approximately 20 percent and installation of the 
subsurface drains results in long-term stability 

7 3 I 4 General Fill 

The requirements for the general fill material used to acheve design grades are 
minimal The purpose of the fill is to achieve design grades while rmnirmzing the 
potential for future settlement Therefore the type of material used does not greatly 
impact the performance of the cover system The only requirements for the general fill 
are that it is placed and compacted to form an unyielding subgrade for construction of 
the cover system and that it is sufficiently permeable to allow vertical mgration of 
gases generated in the waste Based on these requirements almost any type of granular 
soil is used A low-plasticity soil could also be used provided that some gravel 
columns are incorporated into the fill to allow gas to migrate to the gas-collection 
system within the cover section 

Based on the performance requirements and to control costs, lirmted requirements for 
placing, spreading and compacting this material will be included in the specifications 
The fill is obtamed from nearby borrow sources Several onsite and offsite borrow 
sources have been evaluated for use at OU 7 in terms of material type, estimated costs 
and other environmental technical and institutional factors (EG&G 1994d) 

7 3 2 Surface-Water Control 

The majority of the surface-water run-off is controlled by grading the surface to shed 
water to the landfill perimeter drainage ditches Surface water in these ditches 
discharges into No Name Gulch below the East Landfill Pond dam The eastern slope 
of the landfill cover dram into the pond The central portion of the landfill is mounded 
and slopes toward the perimeter Slopes are approximately 7 percent Existing surface- 
water dramage ditches on the north and south side of the landfill are rerouted to 
accommodate regrading of surface contours in these areas (Figure 7-3) These ditches 
handle surface-water run-off from the cover as well as intercept the run-on to the 
landfill from the surrounding area 

During final design the volume of run-off from the landfill and run-on to the landfill 
will be detemned to size the dramage ditches around the penmeter of the landfill The 
design analyses will be conducted to detemne the amount of run-off and run-on for a 
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100-year, 24-hdur stmn as required by state regulmons for hazardous waste landfills 
(6 Cm la07-3L Thwex&qditehes - are uptvadeaa8&& pnor toelosure 

I 

As previously described in Sections 5 a d  8, the rewiymmdcd afkmatke, Alternative 
7 Single-Bmer PMC with Low-Permeablity Soil ewer, best me@ the evaluation 
cntena considerect in the ~MRRA screenmi process f ~ t -  ~ a o n  to -rig CERCLA 
cntena, Alternative 7 is compatible with td cover klemnts d k & m s  descnW m 
previous sections For example, if sett lhnt ~ c c t t g  ~a the a n d  -~IWIB of * 
landfill1, the cover t x x x ~ ~ ~  cowssed The phgrsd fkmbiity mc?~ of the sod 
and geosynthehe material COmpoRents 4 1 0 ~  cover to sUstaram@mM@=mnB 3 -  

without z-uptq Srd*, &e geosynrfBetie i3Bsem&-e 

expansron or coa#aaon takes phe T@e ha4 
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7 3 3 Cover Section 
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The indwidual layers of the recOmmen J &ernatme, rWemative ? Smgle-Bmr 
FMC with Low-Pmmd.xhty Sal Cuyer, a$ ~U~~tra&d m Figure 7-1 The components 
from top down are the vegetative layer, drstlnage layer, the FMe bamer, a luw- 
permeabibty soil layer, the g a s c o ~ o n  leer, and a general filt layer that lies & m A y  
on the intanm soil coyer overwg the wkte Each of these components plays an 
important mle 11f t fae  oveM hpkologxc e€ ths cover system as descl.lbed 
in Sectmn 5 1 

Groundwater modellag has shown that A percent of %.he leachate is from inflow 
through the gmua8Fvater-moerceptsys~ and 4tl pcse~t  from in€iltratmn The 
proposed sluny w& ackkwzs the subsutface & and the kmdfii cap ad&sses 
infilmon The top sod compunent and u r lyngveget~vebpr  p v d e  a substrate 
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geonet drainage layer that lies drectly Okr the FJMC Another 38 1 percent of the 
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7 3 4  

7 3 5  

7 3 6  

Of the surface water that originally entered the system this leaves 0 001 percent which 
is either stored in the interim cover or waste layer or flows out of the landfill as 
leachate With the proposed slurry wall diverting upgradient groundwater around the 
landfill flow and the cover diverting surface water away from the landfill water levels 
inside the landfill are expected to decrease Eventually the leachate outflow and 
groundwater baseflow will be reduced substantially 

Seepage Control 

Previous field investigations at OU 7 have documented seeps at the toe of the eastern 
slope of the landfill The propobed slurry wall along the north side of the landfill is 
expected to reduce the amount of groundwater entenng the landfill, and therefore may 
reduce the flow or even stop the flow at the seep A gravel blanket or French dram 
prevents seep water from building up and creating a seep in the new cap 

Gas Control 

Gas generation and discharge from the landfill has been well documented (DOE 
1994a) The final cover is designed to collect and discharge the gas in a safe and 
controlled manner The cover section includes a gas-collection layer at the base of the 
cover section directly on top of the general fill layer Gas is routed to a series of 
collection pipes or gravel columns that penetrate through the cover at select locations to 
vent gas to the surface 

Lateral mgration of landfill gas is prevented by the existing impermeable barrier and 
the proposed slurry wall 

Based on the gas monitoring that has been completed to date an assessment of the 
requirements for pemtting the gas discharge was made and is presented in Appendix I 
This analysis indicates that gas treatment is not required Due to potential future 
changes in gas emssions resulting from construction of the proposed slurry wall and 
final cover, landfill gas will be monitored during the post-closure care period and gas 
will be treated if needed 

Surface-Water Controls 

Recharge to the East Landfill Pond is greatly decreased as a result of the proposed 
slurry wall and landfill cap Water levels in the pond are monitored and water is 
pumped down as necessary The water is presently pumped to the A-ponds for 
treatment and discharge under the existing surface-water management plan Over the 
30-year post-closure care period other alternatives may be considered 
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7 3 7 Institutional COnmXs I 
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Initiation of Title 11 design will begin with approval of the Phase I IM/IRA DD by 
CDPHE and EPA A preliminary list of Title II design drawings is provided in Table 
7-3 A prelimnary list of technical specifications is presented in Table 7-4 

7 5  Justification for Recommended Alternative 

The recommended alternative for OU 7 consists of a single-barrier cover over the 
Present Landfill, Inactive Hazardous Waste Storage Area and asbestos-disposal areas 
and institutional controls to prevent unauthorized access It is assumed that the slurry 
wall mamtenance action is complete 

The single-barrier FMC with low-permeability soil cover meets RAOs and location- 
specific and action-specific ARARs The recommended alternative meets all but one 
chemcal-specific ARAR for surface water and all but three chemcal-specific ARARs 
for groundwater However there is no associated risk to human or ecological receptors 
from surface water in the East Landfill Pond and potential exposure pathways 
associated with UHSU groundwater are incomplete UHSU groundwater in 
downgradient compliance wells 4287 52894 and 53 194 meets ARARs 

The single-bmer FMC with low-permeability soil cover best meets the evaluation 
criteria considered in the IM/IRA screening process Alternative 7 is the best 
alternative for long-term effectiveness and permanence The presence of the low- 
permeability soil gives the cover system some of the benefits of a composite cover 
without the rigorous installation requirements costs and potential for desiccation of a 
full clay liner The physical flexibility properties of the soil and geosynthetic material 
components allow the cover to sustin mnor displacements without rupturing 
Simlarly the geosynthetic materials are flexible when thermal expansion or 
contraction takes place The FMC barrier has proven reliable in field and laboratory 
testing The combination of the FMC and the low-permeability soil layer in the 
recommended alternative is the most reliable technology of all alternatives evaluated 

The recommended alternative in conjunction with the proposed slurry wall elirmnates 
93 percent of the water flowing into the landfill Forty percent of the total water 
flowing into the landfill is from surface water such as precipitation The cap eliminates 
99999 percent of this flow The remaning 60 percent is subsurface flow and is 
addressed by the proposed slurry wall 
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Table 7-1 
Summary of EPA Gudance Cnteria for Design of Cover Systems 

Vegetative Cover 

Drainage Layer 

Barrier Layer FMC Component 

Bamer Layer Soil Component 

> -- t 

Thickness greater than or equal to 2 feet 

Minimal erosion and/or maintenance 

Vegetabve root growth not to extend below 2 feet 

Final top slope between 3 to 5 percent after settlement or subsidence Slopes greater than 5 
percent not to exceed 2 0 tongacre erosion (USDA Universal Sal Loss Equatm) 

Surface-water drainage system capable of conducbng runoff across cover without rills and 

NOW 

'Ihe above h g n  cornponenu arc only ncmmendaucms bv EPA Alwrnanve &t~gns EM be suggested pmndcd that IIUv result m comparable prfonnm of IIU cover aysom 

souras 

EPA 1989d €PA 199la 

DCfinitiOM 

VSD4 
c d x s  cenumeers pr sccond 

U S Depurmeni of Agnculm 

M C  tlCNble JneUlbrane cover 
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Table 7-4 
Prelimnary List of Technical Specifications for Landfill Closure 

Division I Genewal Requirements 

01100 Special Subcontract Requirements 

01 300 Submittals 

01 400 Quality ContrdQuality Assurance 

01 500 

01 600 Matenal and Equipment 

Temporary Facilmes, Controls, and Special Proiect Requirements 

Division 10 SpCifiitkS 

10800 Toilet and Bath Accessones 

10820 Emergency Eyewash and Body Spray Equipment 

Division 11 Epulpment 

11600 Gas Monitonng Instrumentahon 

11700 Alternative Daily Cover System 
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8 Closure and Post-Closure Plans 

Closure of OU 7 is being implemented under CHWA regulations for hazardous waste 
landfills (6 CCR 1007-3) The Phase I IM/IRA DD and the Phase I RFI/RI Report 
constitute the OU 7 Closure Plan (CDPHE 1992) General closure requirements for 
interim status units are contamed in Part 265, Subpart G Specific closure requirements 
for intenm status units are contamed in Part 265, Subparts I through Q 

The CHWA/RCRA closure process includes the following steps 

Idennfication of a treatment, storage or disposal unit that needs to be closed from a 
hazardous waste management perspectwe 

Development of a closure plan 

Implementanon of the closure plan 

Certification of closure 

Performance of a post-closure residual nsk assessment if needed 

Development of a post-closure plan 

0 Implementatlon of the post-closure plan through the CADROD 

Certificahon of compleuon of post-closure acuvitles 

OU 7 was identlfied as an intenm status unit undergoing closure in the IAG In 
accordance with the Rocky Flats Cleanup Agreement in the IAG, DOE agrees to ‘clean 
close’ any unit for which clean closure performance standards are reasonably 
achlevable using decontmnatlon, treatment, andlor removal actlons (DOE 199 1 b) 
Because of the size of the landfill clean closure is not possible and the post-closure 
requirements of 6 CCR 1007-3 Parts 265 117-265 120 apply 

Ths section presents the closure plan for OU 7 whxh addresses the necessary CHWA 
requirements for intenm status closures and can be used for implementanon Because a 
focused risk assessment was performed for this Phase I IM/IRA DD, a post-closure 
residual nsk assessment is not needed The evaluation of risks presented in Sechon 
3 3 shows that the nsk to human health is withm the acceptable nsk range for 
carcinogens (1E-04 to 1E-06) and below the HI of 1 for noncarcinogens for surface 
water and sediment in the East Landfill Pond surface soils in spray evaporation areas, 
and subsurface geologic materials downgradent of the landfill Exposure pathways are 
incomplete for leachate at the seep and groundwater downgradient of the landfill 
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8 1 2  

8 1 3  

Landfill Pond dam are often dry Groundwater is diverted around the landfill by an 
existing groundwater-intercept system and slurry walls Some of the groundwater 
flows under the groundwater-intercept system on the north side of the landfill The 
depth to groundwater withm the landfill is approximately 20 feet Leachate and 
groundwater discharge from the landfill at a seep located at the base of the east face of 
the landfill Seep water flows into the East Landfill Pond 

Under the presumptive remedy, it is proposed that the leachate, whch is considered 
F039 RCRA-listed waste contaned in groundwater be delisted and thus no longer be 
subject to CHWA and RCRA Subhtle C hazardous waste regulahons Sechon 3 4 3 3 
has shown that the leachate is nonhazardous and does not pose a threat to human health 
or the environment 

Critena and standards for NPDES (40 CFR Part 125) under the CWA and CWQA are 
applicable Because OU 7 is an onsite CERCLA action only substantive provisions of 
these acts must be met A NPDES p e m t  is not required for discharges from the East 
Landfill Pond to No Name Gulch However discharge requirements will be negotlated 
with CDPHE and EPA 

Extent of Operahons and Management of Maximum Inventory 

Operation of the Present Landfill began in August 1968 and will end in early 1997 
The active portion of the landfill and the known extent of the waste are shown on 
Figure 5-1 All wastes will reman withm the landfill, mncludmg soils in MSS 203 and 
asbestos in the disposal areas, and will be covered dunng closure 

Given the current and projected waste generahon rates (DOE 1994a), the landfill will 
not reach capacity before closure in 1997 For ths  reason, a large volume of general 
fill will be required to achieve grades that will dram surface water and allow for landfill 
settlement The volume of fill matenal required to acheve grade was deterrmned by 
subtracting the total volume from the total capacity 

Notification of Closure 

DOE will notify CDPHE of the impendmg closure of the landfill in February 1997 at 
least 60 days before closure is to begin (6 CCR 1007-3 Part 265 112[e]) No specific 
form is required for notification of closure Closure must begin no later than 30 days 
after receipt of the final volume of waste matenal Disposal of the final volume of 
waste is assumed to be in Apnl 1997 Completion of closure activihes must occur 
withm 180 days of receipt of the final volume of waste, whlch is October 1997 
Closure requlrements are descnbed below 
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Water-level measurements are collected quarterly as part of the groundwater- 
monitoring program Water levels are measured in accordance with EMD Operating 
Procedure 5-21000-OPS GW 1, Water Level Measurements in Wells and Piezometers 
(EG&G 1992c) Well mintenance activities, including routine assessment of sediment 
buildup in well sumps sediment removal and redevelopment well pad repair, and an 
overall assessment of well condition are also performed during routme monitoring 

The monitoring program for OU 7 will be streamlined after landfill closure The post- 
closure groundwater-monitoring program is described in Section 8 2 3 

8 1 7 Ancillary Closure Activities 

Activities performed concurrently with the closure operation include wetlands 
mtigation Preble’s meadow jumping mouse habitat mtigation surface-water 
management and site secunty Leachate management will be performed as a 
continuation of the accelerated action until the seep is covered Gas monitoring will 
not be performed until after closure 

Acreage from the 8-acre wetlands mtigation bank proposed for development adjacent 
to the Standley Lake Protection Project is used to mtigate the loss of wetland areas that 
fall under the landfill cover and injury to surrounding wetland areas pending final 
approval Injury to Preble’s 
meadow jumping mouse habitat is mitigated as needed Approximately 7 26 acres of 
habitat is mtigated 

Approximately 1 1 acres of wetlands are rmtigated 

Surface-water run-on and run-off will be controlled by grading the surface of the 
landfill Surface water will dram to the perimeter dramage ditches and be routed to No 
Name Gulch The Title II design for the drinage ditches will be based on run-off and 
run-on for a ZOO-year 24-hour storm as required by CHWA (6 CCR 1007-3) The 
water level in the East Landfill Pond will be lowered to allow better access for 
construction activities during closure by transferring water to the A-series ponds 

Site secunty will be maintamed during construction activities for closure A chain-link 
fence surrounds the landfill and prohibits access by unauthorized personnel Gates will 
be installed for construction access Signs will be posted warning the public of the 
potential dangers at the landfill 

8 1 8 Emergency Response 

Hazardous waste facilities are required under 40 CFR 265 50 Subpart D to provide 
contingency plans and emergency procedures The purpose of the emergency response 
plan is to mnimne danger to human health and the environment in the event of a fire 
explosion or release of hazardous waste The plan outlines the actions facility 
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personnel, descll’bes agreements made with load hosgitds, date and Iocal response 
teams, and police sbd fixe departments, specifies the mxxgency CooRbatur, provides 
updated lists of eme&pq qulplhent and &em physical heatmns &d-ckcnptions, and 
includes an ewuktmn pian The Rocky Fhts EiWmmmentd Tkchuology Site 
Emergency Plan (EG&G 19!34fl contans &e necessary infbnnatlon7ts saosfy these 
requvements 
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the owner or operator In adltion, DOE must submt a signed cemficatlon to CDPHE 
stating that the deed notauon has been recorded A copy of the document in which the 
notation has been placed should be included with the cerhficatlon 

8 1 13 Final Closure Schedule 

The schedule for final closure was developed in accordance with the RCRA Guidance 
Manual for Subpart G Closure and Post-Closure Care Standards (EPA 1987a) It was 
assumed that the Present Landfill would receive the final volume of waste for disposal 
and the new landfill would be operational in Apnl 1997 The closure tlmeline is 
presented in Table 8- 1 

8 2  Post-Closure Plan 

Thls OU 7 Post-Closure Plan addresses the requirements for post-closure care outlined 
in 6 CCR 1007-3 Part 265 117-120 and descnbes the monitonng and rmuntenance 
activiQes that will be performed dunng the 30-year post-closure care penod 

8 2 1 Post-Closure Perrmt 

A post-closure perrmt is required for all landfills under 40 CFR 270 l(c) to detsul the 
requirements of post-closure care The landfill closure actlon must comply only with 
the substantive aspects of thls requirement Post-closure perrmts generally include a 
copy of the post-closure inspection schedule, the post-closure plan and a notation to 
the property deed Floodplan information, applicable groundwater and landfill gas 
monitoring data, and informahon demonstratmg compliance or correctlve action are 
also included Perrmts also descnbe IHSSs, provide information on corrective actions 
for releases from those MSSs and information on the potential for the public to be 
exposed to hazardous wastes released from the site 

The Draft Proposed Plan and Draft Modification of the Colorado Hazardous Waste 
P e m t  for the Rocky Flats Environmental Technology Site is included as an attachment 
to ths  report The Draft P e n t  Modification is used to incorporate remedial action 
decisions at Rocky Flats into the site’s RCRA perrmt CDPHE issues the Final 
Hazardous Waste P e m t  Modification after the remedial decision process is complete 

8 2 2 Post-Closure Inspechon and Mamtenance 

Post-closure inspection and mamtenance activities include routine facility inspectlons 
and repam, reprur of the vegetative cover due to erosion damage, mamtenance of 
surveyed waste management area boundary markers, and inspection and mamtenance 
of monitonng systems The proposed frequency of inspection and mamtenance 
activihes that will be performed by DOE is provided in Table 8-2 Routine facility 
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8 2 3 I Gas Monitoring Program 

Landfill gas monitonng will be performed quarterly using the system of passive gas 
vents installed within the engineered cover The objective of the gas-monitomg 
program is to monitor emssions to detemne if gas treatment is needed Gas 
monitonng is performed in accordance with the requirements of 40 CFR Part 258 23 

Gas monitonng will be performed manually at each gas vent location using a portable 
combushble gas indicator (CGI) and a photoionizahon detector (PD) or equivalent 
The CGI detects and measures the concentration of combustible gases and oxygen 
levels to quanhfy the explosive potential and levels of asphyxiant gases and vapors 
The PID will be used to detect and measure volatile orgmc constituents 

An instrument, such as a hot wlre anemometer or equivalent, will be used to obtam gas- 
flow measurements Generally, these field measurements can be accomplished by one 
person equipped with a portable combushble gas meter and velocity/temperature 
measunng instrumentation Precise field flow measurements of landfill gas are 
difficult to aclueve However, these measurements can be improved by conversion 
charts that relate the cooling effect of for example methane versus typical ambient ax 
Conversions can also be made to relate recorded readings to actual flow readings using 
standard condihons 

Quarterly gas-monitonng data will be used to evaluate the effectiveness of the passive 
gas-collection system at the landfill and to assess compliance with a r  emssion 
requirements under CAQCC Regulation No 3 

8 2 3 2 Point of Compliance 

Post-closure groundwater-monitoring requirements are relevant and appropriate to 
intenm status facilihes such as the Present Landfill and require implementahon of a 
groundwater-monitoring program capable of detemning the impact of the landfill on 
groundwater quality in the UHSU (6 CCR 1007-3 Part 265 9O[a]) The requirement 
does not address the point of compliance for remediation acuvities Because intenm 
status units and regulated units are addressed in a simlar manner, the point-of- 
compliance provision that applies to regulated units is relevant and appropnate to the 
remediation of intenm status units (6 CCR 1007-3 Part 264 92) 

The point of compliance is defined as the vertical surface that extends down into the 
UHSU at the downgradient limt of the waste-management area Remediation levels 
should generally be attamed “at and beyond the edge of the waste-management area 
when waste is left in place” (55 Federal Register 8753) Although the downgradient 
limt of the waste-management area is currently at the toe of the landfill face, the cap 
extends out toward the mddle of the East Landfill Pond to achieve design grade 
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One upgradlent and three downgradient monitonng wells are requlred for post-closure 
groundwater monitonng (6 CCR 1007-3 Part 265 9O[a]) The proposed upgrahent 
monitonng well is 70393 whch is due west of the landfill near the headwaters of the 
former dramage (Figure 8-2) This location will provide information on groundwater 
quality upgradient of the landfill The proposed downgradient monitonng wells for 
UHSU groundwater are 4287,52894, and 53194 These wells are downgradient of the 
landfill in the No Name Gulch dramage (Figure 8-2) These locations will ensure that 
contarmnants are detected if they mgrate away from the source and provide 
informanon regarding improvement or degradation of groundwater quality All 
proposed wells are alluvial wells 

The four downgradient weathered bedrock wells (B206789 B206889, B206989, and 
52994) (Figure 8-1) were considered for post-closure monitonng but were rejected for 
several reasons Locatlon B206789 falls under the proposed footpnnt of the landfill 
cap Well B206989 does not exhibit a strong connecnon with the surficial matenals 
The dlfference in potentiometnc surfaces between surficial matenals and weathered 
bedrock exceeds 20 feet at well cluster 4087B206989 Both wells B206889 and 
B206989 consistently exhlbit water levels 12 to 15 feet below the top of bedrock 
elevanon indicating only p m a l  saturatlon of weathered bedrock and a 'perched' 
water table condinon for surficial matenals Neither well produces enough water for a 
full suite of chemcal analyses For most hstoncal sampling events, the wells yielded 
only enough groundwater for a VOC sample (40 mlliliters) Well 52994 is dry 
Downgradient weathered bedrock wells were rejected for post-closure monitoring 
because they were beneath the cap, not hydraulically connected to alluvial wells at well 
clusters, partially saturated or dry 

Groundwater sampling will be performed at the proposed compliance wells in 
accordance with EMD Operating Procedure 5-2 1OOO-OPS, GW 6, Groundwater 
Sampling (EG&G 1992b) Water-level measurements will be collected as part of the 
groundwater-monitoring program Water levels are measured in accordance with EMD 
Operating Procedure 5-21OOO-OPS, GW 1 Water Level Measurements in Wells and 
Piezometers (EG&G 1992c) Groundwater monitonng will be lirmted to the 
background (upgradient) well and the three compliance/detection (downgrahent) wells 
Table 8-3 provides a list of parameters that will be used for sampling and analysis in 
accordance with 6 CCR 1007-3 Part 265 92 Groundwater samples will be collected 
annually for indicator parameters and sermannually for contammanon parameters 

The semannual groundwater-monitonng data will be reviewed and analyzed to 
evaluate groundwater quality at OU 7 New groundwater data will be compared to 
histoncal data to detect trends in potential groundwater contarmnation Statistical 
methods of analysis will be used to detemne if significant changes in contarmnant 
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Ad* 

Nobficabon of Closure 

Table 8-1 
Closure Timehne 

Dlltg 

February 1997 

Receipt of Final Vdume 

Completion of Closure Acbwtres 

Submittal of Survey Plat 

Submittal of Certification of Closure 

Submittal of Record of Wastes 

Submittal of Deed Notabon 

Apnl 1997 

October 1997 

December 1997 

December 1997 

February 1998 

December 1998 

Note 

Assumes final volume of waste received m Apd 1997 
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Table 8-3 
Groundwater-Momtonng Parameters 

Groundwater Quallty List 

Groundwater Contamnabon List 

Chlonde annually 

Iron annually 

Manganese annually 

Phenols annually 

Sodium annually 

Sulfate annually 

pH semiannually 

Specific conductance semiannually 

Total organlc carbon semiannually 

Total orqanic halogens semiannually 

I -m=- 
1 6 CCR 10077 3 265 91(2) 

6 CCR 1007 3 265 91 (3) 
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9 Envlronmental Assessment 

The proposed IM/IRA for landfill closure is the final actlon for OU 7 Implementatlon 
of the remedy has some potential impacts to OU 7 and the surroundmg area when 
compared to the impacts expected from the no-action altematlve T h s  section presents 
potential environmental and human health effects resulting from the proposed IM/IRA 
achvities and is the functional equivalent of an environmental impact statement (EIS) 
Human health exposures dunng construction of the final remedy, and dunng post- 
closure mamtenance and momtonng activihes, and exposures resulhng from possible 
accidents are analyzed for nsks to workers involved with IM/IRA achvities, other 
workers at Rocky Flats, and the public Environmental impacts to ecology, and an-, 
surface-water, and groundwater are also evaluated The comrmtment of personnel and 
matenal resources and potential impacts to transportation and other short-term, long- 
term, and cumulahve impacts are also evaluated 

Proposed construchon activities for the recommended alternative include placement of 
general fill and regradmg to achieve adequate surface dramage, placement of the 
engineered cover system, placement of the final vegetative cover, and upgrading the 
run-off/run-on dramage-ltch system A post-closure inspechon, mamtenance, and 
monitonng program will be performed for 30 years after landfill closure The post- 
closure inspection and mamtenance program will include routlne facility inspectlons 
and repzurs repar of the vegetative cover due to erosion damage, mamtenance of 
surveyed waste management area boundary markers, and inspechon and mamtenance 
of monitonng systems Post-closure monitonng consists of gas monitonng and 
groundwater monitonng 

9 1  Screemng-Level Human Health Rlsk Assessment 

The purpose of thls screening-level nsk assessment is to idenhfj and qualitatively 
e x m n e  the potenoal nsks to human receptors associated with the installahon and 
mamtenance of the engineered cover under the IM/IRA at the Present Landfill T h s  
assessment includes 

Charactenzatlon of potenhal exposure 
0 

Identification of potential contmnants of concern or actlvihes of concern 

Estimahon of potential magnitude of nsk 
Identification of uncertantles associated with the assessment 

Assessment of potential risks associated with IM/IRA achvities will allow nsk 
managers to ensure that measures are taken to mhgate any significant risks that are 
identified Ths  screening-level risk assessment does not e x m n e  nsks associated with 
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In summary, construction actlvities do not involve intrusion into the landfill contents, 
and the fill and cover matenals used are uncontammated Therefore, the only PCOC 
identlfied for the OU 7 IM/IRA is nuisance dust 

9 1 2 Charactenzation of Exposure 

The objectwe of charactenzing exposure is to estimate the type and potential 
magnitude of exposures to the PCOCs that are present at the site or that may mgrate 
from the site The results of the exposure assessment are combined with guidelines for 
nuisance dust to charactenze potential risks 

The exposure assessment consists of the followmg components 

0 Charactenze potentlally exposed human populatlons (1 e , receptors) 
Identify exposure pathways 

0 Qualitatively detemne the extent of exposure 

9 1 2 1 Potentially Exposed Populations and Exposure Pathways 

Potential scenanos and exposure pathways are identdied onsite and offsite Actlvities 
planned for OU 7 include capping, inspectmg, and mzuntaning the engineered cover of 
the closed landfill, and post-closure monitonng These activities involve constructlon 
workers for capping and mzuntenance and field technicians for monitonng actwines 
Because the potential for dust generanon is hgher dmng the earth-moving actlvities 
the exposure to dust is greater for construction workers at OU 7 than for technicians 

Offsite land uses are considered accordmg to current and future uses, whch are 
identified through county zoning maps and observation or projections based on growth 
patterns and community development plans Current land uses around Rocky Flats 
include open space limted agncultural, commercial or industnal, and residential 
Although there is currently no residential use adjacent to Rocky Flats, a hypothetlcal 
residentlal receptor is conservatively assumed for thls screening-level analysis 

Two potentially exposed human receptors are selected for pathway analysis in this 
screening-level human health risk assessment onsite worker and offsite resident 

9 1 2 2 Exposure Pathway Analysis 

An exposure pathway descnbes a specific envlronmental pathway by whch a receptor 
can be exposed to PCOCs that are present at or mgratlng from the site Five elements 
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concentration in the work area is controlled through the application of water by a truck 
such that the occupatlonal limt will not be exceeded A typical occupational exposure 
limt for nuisance dust is 10 mlligrams per cubic meter (mg/m3), a level under whch it 
is believed that nearly all workers can be repeatedly exposed day after day without 
adverse health effects 

Occupatlonal nsks associated with operatlon of heavy equipment and transportatlon of 
the road-base aggregate and fill and cover matenal are expected to be low and are 
controlled through occupatlonal regulauons or standards Furthermore, transportatlon 
associated with OU 7 will occur on pnvate roads and at lower speeds than are 
associated with most vehcle accident data Therefore, these nsks are not addressed 
quantltatlvely 

9 1 4 Identlficatlon of Uncertamty 

The uncertamty analysis charactenzes the uncertamty associated with each step of the 
process of assessing nsk These uncertamtles are dnven by uncertamty in assumptlons 
of work activities, identlfication of PCOCs, estimation of emssion rates, the screening- 
level transport model used to estlmate concentratlons at receptor locatlons, and 
assumed receptor locations Uncertamtles associated with thrs nsk assessment are 
summanzed in Table 9-1 

Of the uncertamhes identlfied, a key assumptlon is that there is no intrusion into the 
landfill contents or asbestos-disposal areas, as part of the IM/IRA It is also assumed 
that there is no direct contact with leachate, adjacent surface water or pond sdments, 
or groundwater downgradient from the landfill In the event that intrusion or contact 
becomes likely, worker safety and any necessary precautions will be addressed by the 
site-specific health and safety plan The health and safety plan descnbes potential 
hazards and locations, entry and exit requirements for controlled areas, use of 
monitonng equipment, and use of PPE such as protective clohng and respirators 
Emergency response is addressed by the Rocky Flats Environmental Technology Site 
Emergency Plan (EG&G 1994e) Occupatlonal nsk is expected to be mantamed well 
within standards under these controls 

9 2  Ecologwl Ruk 

Construction of the proposed IM/IRA requires soil matenals obtaned from offsite 
commercial operations The excavation of borrow matenals may have potential 
impacts to wildlife and vegetation habitats and nearby wetlands and floodplam These 
potential impacts are considered in operational perrmts issued for these facilitles by the 
state of Colorado and local county governments 
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9 2 I 2 Long-Term Impacts 

Construction of the East Landfill Pond to control landfill leachate has created persistent 
wetlands and aquatic habitats that are small but important components of a drv 
environment such as the environment at Rockv Flats As a result species drawn to the 
aquatic resources around the East Landfill Pond are potentially exposed to 
contmnants from landfill leachate Contammant migration from the landfill is 
mnimzed after the engineered cover IS in place A screening-level ecological risk 
assessment performed for OU 7 provides baseline information on the potential 
ecotoxicity and ecological risk of PCOCs in leachate at the seep and in surface water 
and sediments in the East Landfill Pond (Appendix D Screening-Level Ecological Risk 
Assessment) Leaving approximately two-thirds of the East Landfill Pond in place 
results in mnimal risk to aquatic life and wildlife 

Risks to aquatic life in the pond appear to be minimal Results of the literature-based 
toxicity screen and laboraton: toxicity testing indicate that surface water in the pond 
represents negligible risk to aquatic life Results of site-specific surface water and 
sediment toxicity tests indicate no toxicity 

Low potential toxicity to mammalian and avian wildlife is also observed, seep water is 
the man contributor to overall risk for mallards raccoons and coyotes (Appendix D) 
However the seep is eliminated as an exposure point dunng implementation of the 
proposed remedy Pond sediments may pose a risk to raccoons coyotes and Preble s 
meadow jumping mce  (Appendix D) The primary risks are from naturally occurring 
metals such as alumnum vanadium and arsenic but the relatively low HI values 
(HI = 3 to 6) for exposure to the metals suggest low potential toxicity Risks are 
conservatively overestimated because it was assumed that receptors spend all of their 
time at the East Landfill Pond 

Risks to wildlife from surface water in the pond appear to be lirmted to exposure of 
mallards and other waterfowl to bis(2-ethylhexy1)phthalate and di-n-butylphthalate 
k s k s  to mallards are conservatively overestimated because it was assumed that they 
spend all of their time at the East Landfill Pond (Appendix D) 

9 2 I 3 Sensitive Habitats and Endangered Species 

The shoreline of the East Landfill Pond and the No Name Gulch dramage is potential 
habitat for the Preble s meadow jumping mouse Construction of the engineered cover 
reduces Preble s meadow jumping mouse habitat near the west end of the pond 
Habitat rmtigation is proposed as needed 
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Approximate€y two-hds  of the wetlands 
boundary in and &ng tfre East Landfill Pond r e m h m  place dter &e landfill closure 
acbviQes are cornpk-kd One-&& of the pond did *ds fall under the proposed 
engmeered landfill cover A wetlands msessment whkb describes the recommeaded 
altematwe, 1s included m -on 7 The proposed pbgzUon plan is to use acreage 
from the %acre we-& nutqmon bank prqxwd for devzlo~menff adjacent to the 
S t d q  Lake R o t a o n  pro~ect, penctmg fiid 

ltxafd&m the east 
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a The East Landfill Pond does not empty lrectly into a stream under normal flow 
conditions however, large ranstorms could cause the pond to overflow into No Name 
Gulch Because h s  has not occurred, sensihve fish such as common shiners and 
stonerollers are not at nsk from release of contarmnants into streams 

9 3  Impact to Air Quality 

The purpose of this section is to assess the potential impacts to a u  quality associated 
with the proposed installahon and mamtenance of the engineered cover and the 
potential off-gases from the OU 7 landfill Thls assessment includes 

Estimation of potential fugitwe-dust emssions 

0 Estimation of downwind arborne parhculate concentrations at the Rocky Flats 
property boundary using an EPA screemng-level model 

Comparison to EPA an--quality standards 

Estimatlon of potenhal methane emssions 

9 3 1 Estimahon of Potential Fugihve-Dust Emssions 

Fugitive-dust emssions ansing from construction activities are estimated by idenhfying 
the type of equipment and capacihes expected to be used volume of earthen matenals 
travel distances, and climate conditions Construction involved with the IM/IRA 
includes three representatwe tasks 

Construchon of a haul road between an offsite borrow source and the landfill 
Transport of fill and cover matenal to the landfill 
Installation of the engineered cover over the landfill 

Post-construction activities include inspection and mamtenance of the cover and post- 
closure monitonng The landfill contents are covered dady with interim soil as waste is 
placed therefore, the landfill contents are covered before IM/IRA construction 
activities begin Matenals used for the fill and engineered cover include general fill, 
low-permeability soil topsoil and a vegetahve cover after construction is complete 

The construction tasks require the use of bulldozers compactors water trucks and haul 
trucks Because of the transport &stances, the use of scrapers is probably not 
economcally feasible EPA has developed empincal equations for eshmahng dust 
emssions from typical construcbon equipment (EPA 1995b) The equahons used to 
represent emssion rates from anticipated OU 7 construction activities include 
operation of haul trucks on unpaved roads dumping of haul truck contents and 
operation of bulldozers and compactors 
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a Each of the three representative construcnon tasks involves dlfferent assumptions 
regarding distances, matenal volumes, and equipment usage whch result in dlfferent 
eshmated emssion rates These emssion rates are then used as input to the 
conservative EPA screening model Screen2, whch is a module of TSCREEN 
(EPA 1994c) Screen2 was used assumng worst-case downwind dispersion conditions 
to calculate arbome parhculate concentrations at the Rocky Hats property boundary 
The emssion rate for dumping truck contents assumes a lugher wind speed (8 mph) 
than that assumed in the ar-dispersion model (2 2 mph) These are reasonable worst- 
case assumphons because greater emssions result dunng hgher wind speeds, but the 
least amount of lspersion occurs dmng low wind speeds The assumptions, eshmated 
emssions and dispersion modeling results are presented in the following sections for 
each of the three representatwe construction tasks 

9 3 1 I Haul Road Construction 

The construction haul road is built between a nearby borrow and the landfill The 
distance required is assumed to be 2 5 mles With an approximate width of 30 feet, 
the total area is approximately 9 acres The road is built with approximately 8 OOO yd3 
of aggregate road base, with an assumed silt content of 10 percent At 15 yd3 per truck, 
533 round tnps (loads or number of dumps) are required to build the road Trucks need 
to travel only short &stances as the road is started and travel the entire length of the 
road as it is finished Using half the length to represent the average round t r~p  distance, 
1 333 vehcle mles are required Construction of the road requires approximately 10 
workmg days using two bulldozers and two compactors 

These estlmations of vehcle mles traveled and durauons of activities are used as input 
to the equations for estimating fugitive-dust emssions The emssions from 
constructing the haul road, which are displayed in the second column of Table 9-2, 
indicate that haul truck transportation is expected to contnbute the majonty of 
emssions for this task 

For use as input to the a r  model, the emssions are input as grams per second (g/s), and 
the area of the road as 9 acres (36,400 square meters [m2]) Because the trucks 
traveling back and forth along the road and the distance to the west (closest) property 
boundary changes continuously, the average emssions location is assumed to be the 
mdpoint between the borrow pit and the landfill The &stance to the fence line at this 
point is approximately 1,300 meters (m) The estimated arbome particulate 
concentrahons are summarized in Section 9 3 2 

9 3 I 2 Transport of Fill and Cover Material to the Landfill 

An estimated 243 480 yd3 of general fill low-permeability soil, vegetatwe soil and 
topsoil are needed as fill and cover matenal At 15 yd3 per truck and a round mp 
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the modeled and cumulatwe PM- 10 concentrations for the reasonable worst-case 
scenario 

As presented in Table 9-3, under reasonable worst-case conditions, resplrable dust 
concentrations are not expected to exceed the 24-hour standard of 150 pg/m3 at the 
property boundary dunng the construction actwihes Simlarly, emssions are also 
expected to be well below the annual standard 

9 3 3 Estlmation of Potenbal Methane Emssions 

Methane emssions from the OU 7 landfill may be estimated from the volume of the 
waste contents The approximate volume of waste is expected to be approximately 
404,000 yd3 in 1997, with 124,000 yd3 of daly soil cover (DOE 1994a) The methane 
and carbon loxide content of the soil gas is 60 percent and 40 percent, respectively, 
inlcatlng anaerobic conlhons (DOE 1994a) ConcentraQons of these gases are 
lughest in the younger, eastern pomons of the landfill 

Measurements of other landfills with simlar conltions support an average emssions 
factor for landfill gas of 0 1 cubic feet per pound (ft3/lb) refuse per year (DOE 1994a) 
Tlus value is typical of landfills in h e r  climates, as compared to values 10 or more 
times greater in moist climates (Tchobanoglous et al 1992) To use h s  empincal 
approach to estimate landfill gas emssions, it is necessary to calculate the weight of 
landfill contents The density of the inlvidual items in the landfill vanes, but the 
average density of contents is assumed to be approximately 1,000 pounds per cubic 
yard (lb/yd3) (DOE 1994a) Multiplyng 404,000 yd3 times 1,000 lb/yd3 provides a 
total weight of landfill contents of 4 04E+08 lb 

The emssion rate of landfill gas is calculated by multiplying the average emssions 
factor, 0 1 ft3/lb refuse/yr, by the total weight of the landfill contents 4 04E48 lb The 
calculated result, 4 04E+07 lb landfill gas per year, is multiplied bmes the percent 
methane content, 60 percent, to detemne methane emssion rates The resulting 
average annual emssion rate of methane is 2 42Ei-07 cubic feet per year (ft3/yr) and is 
charactensQc of the low generation rates of melum size landfills in h e r  climates 
(Tchobanoglous et al 1992) The result is a conservative overesomate because it 
assumes the older wastes are producing methane at the same rate as younger wastes 
The generation rate is also simlar to that expected from the new Rocky Flats landfill 
(DOE 1994h) 
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using the Universal Soil Loss Equation (USLE) (SCS 1983 SCS 1984) The use of 
straw-mulch, adequately spaced silt fences, and other appropnate measures mnimizes 
soil loss and allows the final vegetative cover to be established within 2 to 3 years 
Potential soil loss from surfaces with established vegetation simfar to surrounding 
areas is estimated at 0 5 tons/acre/vear as presented in Appendix J 

9 4 2 Long-Term Impacts 

Long-term protection is maxirmzed because the proposed IM/IRA engineered cover 
mnimzes infiltration of precipitation and subsequent contact with contmnants and 
incorporates surface drainage features to prevent run-on/run-off and to provide erosion 
control The proposed action ultimately results in a decrease in the risk of 
contarmnants reachng surface water by elimnatmg the possibility of precipitation 
contacting contarmnated soils or waste matenal Precipitation falling within the 
boundary of the landfill is drained off the cover and diverted away from the landfill 
Surface-water drainage from areas outside the landfill boundary would be prevented 
from flowing onto the landfill and diverted around the boundary Using appropnate 
surface-reclamation measures adequate vegetation cover should be established on the 
final surface of the landfill in 2 to 3 years The establishment of vegetative cover on 
stabilized slopes contours of the landfill and the surrounding disturbed surfaces 
greatly reduces erosional hazards to levels simlar to surrounding areas 

Post-closure monitoring activities would include inspections of the landfill surface and 
associated drainage ditch conditions and will continue for 30 years on a semannual 
basis Observations of the vegetative cover and evidence of soil erosion and loss would 
be included in the routine inspection and mamtenance efforts Further erosion-control 
measures regrading and revegetation would be implemented if mamtenance 
inspections indicate that the landfill surface reclamation is not effective as planned 

9 5  Impact to Groundwater Quality 

Sources of groundwater recharge to the UHSU include infiltration of precipitation 
snowmelt storm run-off and downward seepage from the East Landfill Pond The 
level of groundwater rises annually in response to spring and summer recharge and 
declines during the remainder of the year Groundwater generally flows to the east 
however, localized flow follows topographic slopes toward the pond or toward the 
dramage below the dam Groundwater intermittently flows to the east within the 
saturated valley-fill alluvium The average depth to groundwater in the landfill mass is 
approximately 20 feet, the average saturated thckness is 11 feet 
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the reduction of surface-water infiltration a 96-percent reduction of water flow through 
the waste mass is expected A significant reduction of saturated waste would result in 
reduced leachate generation and mgration which would ultimately reduce contaminant 
loading to groundwater 

The overall impact to groundwater from the proposed IM/IRA would be enhanced 
groundwater quality at the site Wo significant negative impact to groundwater qualitv 
is expected from the proposed action 

9 6  Comrmtment of Irreversible and Irretrievable Resources 

The proposed IM/IRA results in some permanent comrmtments of resources but is not 
expected to result in a substantial loss of valuable resources Most of the resources 
used for construction of the engineered cover are permanently comrmtted to the 
implementation of the remedidl action Irreversible and irretrievable resources are 
defined as resources that are either consumed comrmtted or lost For OU 7 
irreversible and irretrievable resources include the following 

Consumptive use of geological resources (e g , quarried rock clay sand, and gravel 
for road construction) is required for construction activities Supplies of these 
materials are provided by the construction contractor The preferred alternative 
requires a permanent c o m t m e n t  of 243,480 yd3 of fill topsoil, and vegetative 
cover from offsite sources to construct the final landfill cover However adequate 
supplies are avalable without affecting local demand for these products 

Fuel consumed in construction equipment and vehicles for the construction of the 
landfill cover will not be recovered 

Soil at OU 7 is disturbed by construction activities Many impacts are temporary 
pending completion of remedial activities and associated restoration programs 

Resources that underlie the landfill are lost 
commercially exploitable mmeral resources at Rocky Flats (DOE 1980) 

However there appear to be no 

C o m t m e n t  of up to 28 acres of land as a landfill permanently comrmts and 
constram the area to lirmted land-use options 

Wetlands and associated natural resources are reduced at OU 7 but will be 
mtigated offsite Long-term direct impacts to the floodplan resulting in changes of 
flood elevations do not occur 

Long-term commitment of personnel and funds to perform post-closure inspection 
mantenance and monitoring activities 
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9 9  Cumulative Impacts 

Cumulative impacts may result from the combination of incremental impacts from past 
present and reasonably foreseeable future actions Cumulative impacts could have the 
potential of being more significant than the individual impacts due to synergism 
between types and areas of impact or the individual impacts collectively resulting in 
significant effects to the environment 

There are no other activities scheduled for the OU 7 area that are expected to cause 
significant impacts Ongoing mintenance and groundwater and landfill gas 
monitoring are limted to short-period events Construction activities at other OUs at 
Rocky Flats will also continue in the future but these activities are not likely to overlap 
due to the lengthy process of design approval and implementation Therefore 
expected short-term future cumulative effects are substantial Long-term cumulative 
impacts (ie IM/IRA activities in conjunction with other Rocky Flats restoration 
activities) facilitate future beneficial use of Rocky Flats land and fulfill mandated 
cleanup objectives 

The following types of cumulative impacts may occur 

Additional construction personnel have an additive effect on existing workload for 
site operations This effect is short-term however maintenance and monitoring 
activities would continue during the post-closure period The anticipated workload 
of these personnel would be significantly less than what is currently required 

Potential waste generated by this proposed action is very limited and may include 
small amounts of soil from construction activities potentially contammated water 
from decontammation operations and water generated from sampling activities 
during groundwater monitoring The small amounts of waste generated are 
insignificant and any impacts are negligible 

Wetlands mtigation is necessary to replace the portion of the East Landfill Pond 
that is covered by implementation of the engineered cover system Potential 
cumulative impacts such as rmtigation of other onsite wetland areas, can be 
expected because the mtigation plan is to use acreage from the offsite wetlands 
mtigation bank proposed for development adjacent to the Standley Lake Protection 
Project pending final approval of the project 

9 10 Comparison of the Preferred I M R A  to the No-Action Alternative 

The potential adverse and beneficial impacts of the Preferred Alternative and No 
Action are expected to be significantly different in the magnitude to whch they affect 
the quality of the environment Implementation of the proposed IM/IRA is not 
expected to have any substantial adverse impacts to human health or the environment 

~~ 
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Table 9-1 
Uncertamties Associated wth Assessing Rlsk 

Assumptions regarding duration 
of work acttvtbes 

Assumptions regarding 
construction matenals 

Assumption that construcbon 
acttvities will not involve intrusion 
into landfill contents 

Esbmation of emission rates 

Actual durattons of acbnties at OU 7 may differ 
from planning assumpbons 

The potenbal for parbculate emissions from 
actual construcbon materials used at OU 7 may 
differ from planning assumptions 

Intrusion into landfill contents is not anticipated 
However If this became necessary or occurred 
accldentally worker protecbon would be 
addressed by health and safety precautions 

Emission rates are esbmated for construcbon 
activities using empirically derived EPA 

Slightly overesttmate or underestimate 
exposure 

Slightly overesbmate or underesbmate 
exposure 

Slightly underestimate exposure 

Moderately overestimate or 
underesbmate exposure 

Use of a screening level 
transport model (gaussian 
dispersion in air) 

Assumptions about receptor 
locations 

Screening level models are based on 
conservative bounding assumpbons and 
algorithms 

Worker exposure may vary depending on the 
proximity to the dust emission sources Dust 
concentrations were modeled at the Rocky 
Flats boundary but current residential 
receptors are located more than 1 mile away 
from this point 

Moderately overestimate exposure 

Moderately overestimate exposure 

Occupational exposure limit for 
nuisance dust 

Limits are based on observation of human I exposure and are reasonable upper bound 
I Moderately overestimate exposure 

Heavy equipment and vehicle 
accident risk 

values 

These are addressed by occupational 
regulations Transportation w~ll be on private 
roads at low speeds 

Slightly underestimate or overesbmate 
exposure 
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DRAFT PROPOSED PLAN AND DRAFT MODIFICATION OF 
COLORADO HAZARDOUS WASTE PERMIT 

FOR ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
OPERABLE UNIT 7 PRESENT LANDFILL 

United States Department 
of Enegv (DOE) Jefferson Comtv Colorado August 24 1995 

DOE Announces Preferred Alternative for OU 7 Present Landfill 

The responsibility for the cleanup of the Rockv Flats 
Environmental Technology Site (Rocky Flats) (formerly known 
as the Rocky Flats Plant) has been assigned to the United States 
Department of Energy (DOE) The site is located north of  
Golden Colorado in Jefferson County 

Cleanup at Rocky Flats is being admnistered under both the 
Comprehensive Envuonmental Response Compensatwn and 
Lrabdrty Act (CERCLA)' and the Resource Conservatwn and 
Recovery Act (RCRA) The specific requirements and 
responsibilities for Rockv Flats cleanup are outlined in the 
Interagency Agreement (IAG) among DOE the United States 
Environmental Protection Agency (EPA) and the Colorado 
Department of Public Health and Environment (CDPHE) 
CDPHE is the lead regulatory agency for this action 

The subject of this document which is a combination Correcfzve 
and Remedrol Actwn Proposed Plan (PP) and Draft Hazardous 
Waste Pemut Modification is Rocky Flats Operuble UnJ (OU) 7 
the Present Landfill OU 7 consists of four indivulual hazardous 
substance sues (IHSSs) including and associated with the Present 
Landfill This PP applies onlv to OU 7 

The purpose of the PP is to announce DOE sprqferred altermve 
for OU 7 The PP serves as the basis for the Correctwe Acmn 
Decrswd Record of Decuwn (CAD/ROD) for OU 7 The Draft 
P e m t  Modification is used to incorporate remedial action 
decisions at Rocky Flats into the site s RCRA penrut CDPHE 
issues the Final Hazardous Waste Pemut Modificahon after the 
remedial decision process is complete Closure requirements for 
OU 7 under RCRA and the Colorado Hazardous Waste Act 
(CHWA) can be achieved through two actions an accelerated 
achon for passive leachate collecnon and treatment and an 
intendfinal action of  landfill mnfitlnment Landfill contamment 
is the preferred remedy for CERCLA murucipal landfills and can 
thus be pursued as a presumptive remedy The accek -red action 
for passive leachate collection and treatment was approved by 
EPA and CDPHE in June 1995 Passive leachate collection will 
be completed by December 1995 This PP addresses the 
presumptive remedy for contamment of  the landfill source area 
and also addresses pathways and potentially contammated media 
outside the source area resulting in a comprehensive plan for 
closure of OU 7 

MARK YOUR CALEYDAR OPPORTLWTIES FOR PUBLIC IYVOLVEMEKT 

Public Comment Period December 15 1995 Februarv 16 1996 

Public Hearing December - 1995 
Time 700  800PM 
Location 4rvada Center 6901 Wadsworth Blvd Arvada 

Send Comments to 
DOE s External Affam Office 
P 0 Box 918 Golden CO 80402 0928 

W Carl Spreng Geologist 
Colorado Department of Public Health and 

4300 Chenv Creek Dnve South 
Denver CO 30222 1530 
Phone (303) 692 3358 

Environment HMWMD HWC B2 

Informahon Repositones 
Rocky Flats Public Reading Room 
Front Range Communitv College 
Level B 
3645 W 112th Avenue 
Westmnster CO 80030 

Colorado Department of Public 
Health and Environment 

Hazardous Matenals and Waste 
Management Division 

4300 Cherry Creek Dnve South 
Denver CO 80222 1530 

Rocky Flats Citizens Advisorv Board 
9035 Wadsworth Parkway 
Suite 2250 
Westnunster CO 80021 

Standley Lake Library 
8485 Kipling 
Arvada,CO 30005 

U S Environmental Pmtccuon Agency 
Superfund Records Center 
999 18th Street 5th floor 
Denver CO 80202 2466 

I 

Words shown in italics on the first mentlon are defined in the glossary at the end of this Proposed Plan -2cl 
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IHSs 114, Present Landfill The Present Landfill is located 
north of the industnal area on the western end of Ilo Name 
Gulch It encompasses approximately 20 acres Initially 
soils were hauled in from an onsite borrow area and 
deposited in the natural dmnage to provide a 5 foot thick 
base to start landfilhng Rocky Flats hazardous waste was 
disposed at the landfill between 1968 and 1986 
nonhazardous wastes have been disposed at the landfill since 
1968 Asbestos was disposed in pits near the eastern edge of 
the landfill 

MSS 203 Inactwe Hazardous Waste Storage Area. The 
Inactive Hazardous Waste Storage Area is located at the 
southwest comer of the Present Landfill The area was 
actively used between 1986 and 1987 as a hazardous waste 
storage area for both drummed liquids and solids Cargo 
contamers on the ground contruned drums wth liquid waste 
solid waste in drums was stored outside the cargo contamers 
All drums and cargo contamers were removed in May 1987 

IHsSs 167 2 and 1673 Spray Evaporabon Areas These 
IHSSs are two discrete areas adjacent to the landfill that 
received spray waters from the East Landfill Pond between 
1975 and 1994 Waters collected in the East Landfill Pond 
were penodically sprayed at the two locations to mntam the 
pond H ater level at 75 percent capacity 

Several intenm response actlons have been implemented at OU 7 
since 1973 to control landfill leachate They include construction 
of a surface water diversion ditch two detention ponds east of the 
landfill a subsurface groundwater intercept system and a 
subsurface leachatecollection trench A sluny wall wll be 
constructed on the north side of the landfill in fiscal year 1996 to 
address falure of the existing system 

SUMMARY OF SITE RISKS 

The nsh to human health and the environment associated with 
OU 7 were charactenzed through two phases of field 
investigations and are summanzed in the OU 7 Draft Phase I 
IWIRA DD Under the presumptlve remedy approach a 
quantitative baselme nsk assessment is not necessary i f  the 

conmnment remedy addresses pathways and contamnants of 
concern associated wth the source Rather all potential exposure 
pathwavs can be idenDfied using a conceptual site model and 
compared to the pathways addressed bv a presumptive remedy 
These compansons are provided in the OU 7 Draft Phase I 
I W R A  DD 

The nsks present in potential exposure pathways at OU 7 that will 
not be addressed bv the presumptive remedy were quantified using 
a focused nsk assessment approach to detemune if a response 
action is necessary The focused nsk assessment process consists 
of companng the maximum concentration of each PCOC 
occurnng at OC 7 aganst the sitewide prelimnary remediation 
goal (PRG) established for Rocky Flats PCOCs occurnng at 
concentrauons exceeding the PRG are then subjected to the 
focused quantltatlve nsk assessment analysis including 
quantificanon of exposure and toncities This process is 
undertaken for both human and ecolog~cal receptors NO 
signtficant envlronmental nsks (outside of  the acceptable range) 
were identlfied beyond the proposed landfill conmnment 
Average concentrations of PCOCs were also compared to 
appkable or relevant and appmpnate requuements (ARARs) 
Final Remedud Achon objectzves (RAOs) were developed bv 
elimnating prelimnarv RAOs for which there is no nsk to the 
potenual receptor analytes do not exceed ARARs or the exposure 
pathway is incomplete Post closure monitonng for 30 vears is 
included as part of the PP in accordance with CHWA 
requirements to confirm that nsk remns  in the acceptable range 

The followng RAOs have been set in accordance with EPA 
guidance for protection of human health and environmental 
receptors from potential adverse effects associated with the 
landfill 

1 

2 

prevent direct contact with landfill contents 

minirmze infiltratlon and resulting contamnant leaching to 
groundwater 

control surface water run off and erosion 

control landfill gas (treat as needed) 

remediate wetland areas (as needed) 

3 

4 

5 

These RAOs were used to formulate appropnate remedial action 
alternatives for OU 7 

I SUMMARY OF REMEDIAL ACTION I ALTERNATIVES 

The followng remedial actlon alternatlves were subjected to a 
demled analysis to identlfy a preferred remedy for OU 7 

0 Alternative 1 No Achon. This alternative as required 
under the NatlonalCh1 and Hazardous Substances Pollution 
Contingency Plan (NCP) provides a baseline for companson 
of other alternatlves Under this alternative the landfill 
remans as is and the existing intenm soil cover serves as the 
final cover 

3 



All alternames are based on the assumpt~on that the slurry wall 
mntenance ecgon IS complete 

I SUMMARY OFDETAILED ANALYSIS I OFALTERNATMS e- 

4 



SUMMARY OF PREFERRED 
ALTERNATIVE 

The OL 7 detaded analvsis of alternatives concludes that 
Alternative 7 the Single Bamer M C  with Low Permeabilitv Soil 
Cover best meets the RAOs of the IWRA Major factors 
including the long term and short term effecuveness and 
implementabilitv coupled with the technical performance made 
this the preferred alternative In addition to the cover and the 
institutional controls the IMARA document proposes a 30 year 
post closure mamtenance and monitonng plan to be implemented 
once the cover is installed This plan includes sermannual 
upgradient and downgradient groundwater monitonng quarterlv 
gas monitonng and annual cover surveys and facility inspections 
The OU 7 Closure and Post Closure Plans are included in the OU 
7 Draft Phase I I W R A  DD located in the information 
repositones listed on page 1 of this plan 

GLOSSARY 

Apphcable or Relevant and Appropnate Requirements 
(4RARs) ARARs are cntena standards or lirmtations 
promulgated under state or federal law that mav be selected to 
establish cleanup levels a remedial action is to obtain 

Basehne h k  Assessment (BRA) An assessment of the nsks to 
human health and the environment at a site The methodolorn 
employed in nsk assessment uses contarmnant concentrations and 
potennal exposure routes to quanti6 nsks associated with present 
and future site conditions 

Comprehemve Enmronmental Response, Compensahon and 
Liabhtv Act (CERCLA or Superfund) A law passed in 1980 
and amended in 1986 to establish a program to idem@ abandoned 
hazardous waste sites ensure that they are cleaned up and 
evaluate damages to natural resources 

Correchve Achon DeuaonlRecord of Deusion (CADROD) 
A public document that explans which cleanup alternative(s) are 
selected at a RCRNCERCLA site The CADROD is based on 
information obtaned from the RFYRI the CMSlFS and 
community participatlon 

Correchve and R e d d  Achon Proposed Plan (PP) The 
public document that first introduces the lead agency s p r e f e d  
alternative for site remediatlon The PP is produced through the 
cooperation of the lead and regulatory agencies and is reviewed by 
the public 

Indmdual Hazardous Substance Site (MSS) An area that mav 
be contarmnated as a result of previous operations and disposal 
practices 

Interagency Agreement (IAG) The January 22 1991 document 
prepared bv representatlves from DOE EPA and CDPHE It 

->resents the objectlves and general protocols for addressing the 
cleanup or evaluation of each of the operable units at Rocky Flats 

Intenm Weaswehtenm R e d d  Achon (IMIIRA) An early 
acuon taken to control a release or threatened release of hazardous 
substances 

Operable Umt (OU) 4 term defined by CERCLA used to 
descnbe a c e m n  portion of a CERCLA site An operable unit 
may be established based on a particular type of contarmnatlon 
contammated media (e g soils water) source of contamnation 
andor geographical location 

Preferred Nternahve The prelirmnarv recommendation that is 
judged to best address the CERCLA cntena of overall protection 
of human health and environment compliance with MARS long 
and short term effectiveness implementability cost and the 
reduction of contarmnant toxicity mobility or volume through 
treatment 

R e d d  Achon Objechves (RAOs) 
specific goals for protecting human health and the environment 

RAOs are medium 

Resource conservahon and Recovery Act (RCRA) A law 
passed in 1976 by the U S  Congress to require the cradle to 
grave management of hazardous wastes CDPHE through the 
Hazardous Matenals and Waste Management Division 
implements RCRA in Colorado 

Responslveness Summary The part of the CADROD that 
summanzes public and agency comments and provides responses 
to those comments 

h s k  The likelihood of an adverse effect on the health of a 
human or ecological population as a result of exposure to 
chemical and/or radiological constituents 
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0 B 1 Drawdown Recovery Test Data and Analytical Solutions 

The data for the hydraulic conductivities are compiled from two sources Tables B-1 
through B-5 present the hydraulic conductivities established in the OU 7 Final Work 
Plan (DOE 1994) In Figures B-1 through B-3, the results of the tests performed in the 
additional Phase I field invesugation are shown The data from addmonal Phase I field 
investiganon are not included in Tables B-1 through B-5 because these tests were 
performed after the informatlon was compiled for the numencal flow model However, 
these values fall well withm the range of the data found in the OU 7 Final Work Plan 
A descnpuon of the methodologies for the drawdown-recovery and slug tests 
performed is located in the OU 7 Final Work Plan 

The hydraulic conductivity ranges for the vanous geological formations are as follows 
the values ranged from 9 62 E-06 to 6 70 E-04 for the artificial fill, the values ranged 
from 5 90 E-06 cdsec to 1 30 E-03 cdsec for the alluvial materials, the values ranged 
from 148 E-07 cdsec to 1 29 E-06 cdsec  for the weathered bedrock hydraulic 
conductivity, and finally, the values ranged from 4 70 E-07 cdsec to 1 05 E-06 cdsec 
for the unweathered bedrock 

Completion information for wells downgradient of the landfill is provided in Table 
B-6 

B 2 References 

DOE 1994 Final Work Plan Technical Memorandum for Operable Unit No 7- 
Present Landfill (MSS 114) and Inactive Hazardous Waste Storage Area (MSS 203) 
U S Department of Energy Rocky Flats Site, Golden Colorado September 
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Table B-1 
Geometnc Mean of Hydraulic Conductivity for OU 7 Surfha1 Materials 

(Alluvial and Artlficial Fill) 
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Table B-3 
Geometric Mean of Hydraulic Conductivity for OU 7 Alluvial Matenals 
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Figure B-1 
AQTESOLV Solution for Well 53094x 
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AQTESOLV Solution for Well 8207089 
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0 C 1 Introduction 

Groundwater flow modeling and particle traclung were performed in support of the 
Phase I Jntenm Measurehterim RemeQal Action (IM/IRA) Decision Document for 
Operable Unit (OU) 7 The flow modeling and particle traclung increased 
understanding of the hydrogeologic system and provided information regarding the 
effectiveness of vanous closure scenanos for the landfill Water balances were 
performed for vanous closure scenanos using the numencal model The purpose of the 
water balances is to assess the contnbutlons of the vanous potentlal sources of inflow 
to the landfill that contnbute to leachate generation These sources include infiltraaon 
of precipitation or recharge, inflow under or through the groundwater-intercept system 
inflow under or through the north and south slurry walls and inflow from the 
weathered bedrock below the landfill 

c 2 Objectives 

The objectives of the groundwater modeling for OU 7 are as follows 

Support the Phase I IM/IRA Decision Document 

Develop an enhanced conceptual model of the flow system at OU 7 

Estimate flow volumes into the landfill through groundwater flow and infiltranon 

Establish the relative importance of surficial matenals and weathered bedrock in 
the transport of contammated groundwater 

Provide estimates of flow into and out of the landfill mass at vanous locations 
around the landfill penmeter 

Detemne pathways for contarmnants and develop strategies to intercept or 
interrupt these pathways 

Provide a relative companson of vanous remedial acnon alternatives designed to 
intercept or interrupt contarmnant pathways 

C 3 Conceptual Model 

The conceptual model is descnbed in Section 2 3 1 of this report Important 
components of the groundwater system in and near the landfill include infiltration flow 
in surficial matenals flow in weathered bedrock flow captured by the groundwater- 
intercept system flow that escapes the groundwater-intercept system, flow to the seep 
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downgradient of the East Landfill Pond to the east 200 feet south of the landfill to a 
groundwater divide and 500 feet north of the landfill The long axis of the model gnd 
is oriented approximately 16 degrees north of magnetic east This onentation puts the 
long axis of the model gnd parallel to the man direction of flow Surficial matenals 
are modeled as the upper layer weathered bedrock is simulated as the second layer, and 
unweathered bedrock is modeled as a no-flow boundary This gnd size and orientation 
focuses on the landfill mass and surrounding area This area has approximately 30 
monitonng wells in surficial matenals and 10 monitonng wells in weathered bedrock 
The area has been well studied by previous investigations (DOE 1994) 

The south boundary of the model is coincident with a groundwater divide and is 
simulated as a no-flow boundary The west and east boundaries are simulated as 
constant head boundanes The north boundary is simulated as a general head 
boundary which allows adjustment of the flux of water in the model The stream 
below the dam was simulated using general head boundary cells Dram cells with low 
conductivity cells directly downgradient were used to simulate the existing 
groundwater-intercept system The East Landfill Pond is modeled as a constant head 
boundary Two different boundary condmons were used to simulate the leachate seep 
a constant head boundary cell and a dram cell No major differences were observed 
between the use of the two different types of boundaries The final calibrated model 
used a constant head cell to simulate the seep Existing slurry walls and the East 
Landfill Pond dam are simulated by low hydraulic conductivity cells Layer 1 model 
grid and model boundanes are presented in Figure C-1 and Table C-1 Layer 2 model 
grid and model boundanes are presented in Figure C-2 and Table C-2 

Selection of Grid Cell Size 

A grid cell size of 50 feet by 50 feet is used throughout the model This size was 
chosen because of the need to simulate a vanety of saturated zone features such as 
slurry walls, drams, capture wells and low conducwity areas (I e landfill dam), that 
are relatively close together 

Topographic and Hydraulic Parameter Data 

The bottom of alluvium and bottom of weathered bedrock elevations were obtined 
from avadable sitewide geographic information system (GIs) information These 
values were refined in the center of the landfill area using information in the OU 7 
Final Work Plan (DOE 1994) Bottom elevations for layers 1 and 2 are presented in 
Figure C-3 and Figure C-4, respectively The number inside each cell represents a 
model zone number ’ for elevation The elevations corresponding to each elevation 
zone number are presented in Table C-3 

The geometric means of previous hydraulic conductivity measurements were used as 
initial values for hydraulic conductivity for the two layers The range of measured 
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The current model calibration uses a recharge value of OOOO2 feedday or 0 8 8  
incheslyear Ths  value is approximately 5 5 percent of the average annual 
precipitation at Rocky Flats This value was selected through a trial and error process 
with hydraulic conductivity values set at the values discussed below The conductances 
of general head boundanes and dram cells were varied to modulate flows into and out 
of these cells Unfortunately, no data exist regarding flows in the 
groundwater-intercept system Simlarly there are no monitoring wells or piezometers 
at or near the selected model boundanes Any errors at the boundanes should be 
relatively unimportant within the area of concern (the landfill mass and surrounding 
area) 

The hydraulic conductivities were changed within the range of conductivities that had 
been exhrbited for the layer in question Hydraulic conductivity values for Layer 1 
range from 0 072 to 7 2 feedday with 0 72 feedday assigned to most cells Most cells 
in Layer 2 are assigned a hydraulic conductlvity value of 0 0022 feedday, with certam 
cells assigned a value of 0 022 feedday Hydraulic conductivity values for layers 1 and 
2 are presented in Figure C-5 and Figure C-6, respectlvely The number inside each 
cell represents a model zone number for hydraulic conductivity Note that each cell 
is assigned a zone number for bottom elevatlon and a different zone number for 
hydraulic conductivity The hydraulic conductivitles corresponding to each hydraulic 
conductivity zone number are presented in Table C-6 

The model was not particularly sensitive to the ratlo of honzontal to vertical hydraulic 
conductivities Ratios between 1 and 10 were evaluated The ratio of 10 was selected 
for the final calibration because this value resulted in a slightly reduced residual sum of 
squares value 

To confirm the assumptions used within the MODFLOW model and the water balance, 
the evidence and conclusions presented in the OU 7 Final Work Plan (DOE 1994) were 
exammed The Final Work Plan concluded that the groundwater-intercept system is 
effective on the south side of the landfill and is not effective on the north side of the 
landfill This conclusion is supported by Figure C-7, Potentiometnc Map of Surficial 
Matenal and by Figure C-8 Saturated Thckness of Surficial Matenal Figure C-7 
shows the 5 970-foot potentiometnc surface line bulging into the landfill mass, and 
Figure C-8 shows that saturated thcknesses on the north side of the landfill range from 
10 to 20 feet The potentiometnc surface is depressed on the south side of the landfill 
The wells on the south side of the landfill (wells 71693 and 6487) in the area where the 
intercept system is potentially not keyed into weathered bedrock are either dry or nearly 
dry Based on the information presented In these figures, the assertion that the 
groundwater-intercept system is fading on the north side and worlung on the south side 
appears justified 
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C 8  

c s 1  

conductances of the general head boundanes and the dram cells The measures used to 
assess quality of fit were the parameters calculated by the CALSTATS program 
CALSTATS calculates the residual mean the residual standard deviation, the residual 
sum of squares, the absolute residual mean, the mmmum residual the maximum 
residual the observed range in head and the residual standard deviatiodrange for the 
entire model and for each of the layers separately The model showed itself to be 
somewhat insensitive to the heads of the constant head and general head boundanes on 
the penmeter of the model A set of estimated head values for the model boundary 
were established from an existing sitewide potentiometnc surface map (EG&G 1995) 
Changing values withn a reasonable range (plus/mnus three feet) did not drastically 
affect the calibration The model was more sensitive with respect to the heads and 
conductances of the general head boundanes representing the streams and the dram 
cells representlng the existing groundwater-intercept system Hydraulic conductivities 
and recharge are heavily interdependent For any given set of hydraulic conductivities 
the model was sensitive with respect to recharge The hydraulic conductiviues used are 
grouped around a value two times the geometnc mean of measured values The model 
also calibrated well (residual sum of squares for Layer 1 less than 150) using values 
grouped around the geometnc mean The model Qd not calibrate well using greater 
hydraulic conductivities (residual sum of squares increased and number of wells not 
meeting calibration target increased) The calibration using two times the geometnc 
mean as the base’ hydraulic conductivity was chosen because of quality of fit and 
reasonableness of simulated flows at the leachate seep 

Predictive Simulations 

As stated above the initial model was run using a transient state for 10 OOO days with a 
time step of 5 days This 10 000-day time penod with no stresses simulated a steady- 
state condition The steady state heads were used as the initial heads for predicuve 
simulations Rather, average 
conditions over time were modeled 

No attempt was made to model seasonal conditions 

Water Balance Calculations for Various Scenarios 

Using the calibrated flow model multiple scenanos using dfferent configurations of 
slurry walls, caps, and drams were modeled A water balance for the landfill mass was 
performed using the MODFLOW model cell-by-cell flow outputs for three alternatlves 
A summary of the flows for the three scenarios is presented in Table C-8 For each 
scenario, outflow equals inflow The model shows that approximately three-fourths of 
the outflow is in the vicinity of the seep The remining one-fourth flows into the pond 
as groundwater baseflow The scenarios and resultant flows are as follows 

1 No-Action Scenario This scenano assumes that the groundwater flow system 
remins unchanged Total flow into the landfill is 1 9 gallons per mnute (gpm) 
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flow rate of recharge is calculated using the recharge area and the recharge flux 
rate (Table C- 1 1) 

5 A water balance is performed using the honzontal inflow, vertical inflow recharge 
and honzontal outflow (Table C-12) 

6 Tables C- 13 to C- 16 provide detiled information on the water balance for the north 
slurry wall alternative Tables C-17 to C-20 provide detaled information on the 
water balance for the north slurry wall and cap alternatlve 

Particle Tracking 

The basic calibrated flow model combined with particle traclung using PATH3D was 
used to establish flow paths in and near the landfill mass Particle traclung for surficial 
materials and weathered bedrock is presented in Figures C-12 and C-13 respectively 
The particle traclung is for 10,OOO days for both figures PATH3D uses effective 
porosity combined with specific discharge to calculate seepage velocity Retardation is 
incorporated in PATH3D by multiplying the effective porosity by the retardation factor 
decreasing the seepage velocity 

For these particle traclung runs, effective porosity is assumed to be 0 30 and retardation 
is set to 1 0  The particle traclung is extremely sensitive to the input values for 
effective porosity and retardation The porosity value of 0 30 is a reasonable value for 
overall porosity Multlple sources report that effective porosity is approximately equal 
to overall porosity (Freeze and Cherry 1989, Fetter 1988) However other studies at 
Rocky Flats have used an effective porosity value of 0 10 which is closer to the 
specific yield than to the overall porosity (Belcher 1995) This smaller value of 
effective porosity would increase the speed of contarmnant movement The speed that 
particles travel is highly dependent on the effective porosity used However the value 
of 0 30 used in these simulations is adequate for the following reasons 

One of the major purposes of the particle traclung is to show flow paths Flow 
paths are the same regardless of the effective porosity used 

Most contarmnants exhibit a retardation factor significantly greater than one If the 
effective porosity is actually 0 10, the value used for porosity is equivalent to an 
effective porosity of 0 10 and a retardation factor of 3 This is a reasonable 
retardation factor for many contarmnants 

One use of the particle traclung IS to estimate the time required to receive a pore 
volume change of water For most types of soils, a value closer to the overall 
porosity should give a better estimate than a value close to the specific yield 



OU 7 Draft Phase, I IM/W Decision Document 

A stmulatmn was run usrng low hydra& conductrwty cells to smdate the pmp0sed 
north slurry wail md recharge was set tb 2E-06 faetlday (mckiced by two orders of 
magmtude) over the landfill mass to &uiate! the proposed cap Flows out of the 
landfill mass over the 10- pen& are presented m Table C-21 Rows out of the 
landfill mass decreased from 1 81 gpm ai zet.0 days to 0 88 gpm at 2,000 days to 0 39 
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gpm at 9 000 days The flow rate remiuned steady after 9,OOO days This implies that 
equilibnum has been reached with the inflow to the landfill equaling the outflow The 
potentiometnc surfaces for Layer 1 for every 1 OOO days of simulated time are 
presented in Figures C-14 through C-24 Areas of dewatenng are shown by multiple 
potentiometnc lines converging around an area Figure C-14 shows four areas of 
dewatenng east of the dam at time zero in the simulation Although no wells exist in 
the dewatered areas t h s  is consistent with the observatlon that wells below the dam are 
often dry At 1 OOO days (Figure C-15), a small area of dewatering is observed west of 
the pond By 3,000 days (Figure C-17) significant areas of dewatenng have developed 
in the eastern portion of the landfill mass Additional dewatenng has occurred by 
6 OOO days (Figure C-20) 

Full dewatenng of the landfill does not occur in the simulation Two factors prevent 
full dewatenng (1) a small amount of infiltration still occurs and (2) a weathered 
bedrock ndge exists near the center of the landfill, effectively trapping some water in 
surficial matenals west of ths  ridge Based on this simulation, a decrease in 
potentiometric surfaces, saturated thickness in landfill mass, and outflow from the 
landfill is expected in 5 to 10 years from the date of implementation of the cap and 
north slurry wall 

C 9 Summary and Conclus~ons 

A MODFLOW model simulating OU 7 groundwater flow system was constructed 
calibrated and venfied Predictive simulations included water balance calculations for 
vanous scenmos particle traclung using PATH3D to identify contanant  pathways, 
estimation of flow to the seep area and estimauon of the time required to dewater the 
landfill mass The model objectives listed in Section C 2 were met 
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Row Column I 

Table C-1 
List of Model Boundaries for Layer 1 

Layer Head Conductance I I 
0 

2 
3 
4 

I 

I 
100 1 5905 I NA 
100 1 I 5905 I NA 

NA 100 i 1 I I 5905 

I 
I 

5 I 100 1 1 5905 
I 6 100 ; 1 I 5903 
I 

NA 
NA 

7 
8 

100 1 I 5901 NA 
1 00 1 I 5893 NA 

I 
9 ; 100 
10 100 
11 I 100 
12 100 

I I 5884 ! NA 1 
1 ! 5871 
1 I 5861 NA 
1 5853 I NA 

I NA I 
4 ~~~ 

I 

13 100 I 1 5845 NA 
14 100 I 1 I 5837 NA 

I 

25 j 100 I 1 
I I 26 I 100 i 1 

I 

5877 i 

5869 I NA 
I NA 

27 I 100 
28 I 100 

I 1 I 5883 NA 
I NA 1 I 5891 I 

I 

20 
21 

I I NA 100 1 5831 ! 
100 I 1 I 5837 NA 1 

I 22 I 100 1 5845 
23 100 1 ! 5853 

I 

I 

I 24 100 1 I 586 1 

NA 
NA 
NA 

16 
17 
18 

100 1 I 5827 I NA 

100 1 I 5825 I NA 
100 1 5825 NA 

I 

19 I 100 
13 I 1 

1 i 5825 NA 
1 i 5990 NA I 

14 1 I 1 i 5990 I NA 
15 I 1 1 5990 
16 I 1 5990 I 

NA 
NA 

17 I 1 1 5990 I NA 
18 1 1 I 5990 

I I I 19 1 1 5990 
20 1 1 1 5990 

I 

NA 
NA 
NA 

21 1 i 1 I 5990 I NA 
I 22 I 1 1 1 I 5990 

23 I 1 I 1 i 5990 
1 I 1 I 5990 24 

25 1 ! 1 I 5990 
1 I I 5990 

I 

I 
26 I 

NA 
NA 
NA 
NA 
NA 
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List of Model Boundaries for Layer 1 

Row Column Layer Herd Conductance I 1 
I 5894 2 00E+00 I 16 I 59 1 ! 

17 I 59 I 1 I 5892 ! 2 00E+00 
I I 1 I 5900 I 2 00E+00 18 59 I 

13 I 71 I 1 I 5880 I 2 00E+00 
I 2 00E+00 19 71 1 5896 I 

I 

I I 

General Head Boundary Cells 
1 41 1 5965 1 00E+00 
1 42 1 1 5964 1 1 OOE+OO 
1 43 1 5963 I 1 00E+00 
1 44 1 I 5963 ! 100E+00 

I 1 00E+00 1 45 I 

I 100E+00 1 47 I 1 5961 1 
1 I 48 I 1 5960 1 00E+00 
1 49 I 1 I 5960 1 1 00E+00 
1 50 ! 1 I 5959 1 00E+00 

I 

I 

I 
I I 

L 1 5962 
I 1 I 46 1 5962 I 1 00E+00 

! 

I 

1 51 I 1 5959 1 OOE-01 
1 I 52 I 1 5958 1 00E-01 

5951 I 100E-01 1 I 54 I 1 I 

1 

1 I 55 I 1 I 5942 100E-01 
1 I 1 56 

1 I 57 I 1 i 

I 
I 5955 1 OOE-01 

! 5938 1 00E-01 

1 I 58 I 1 5950 100E-01 

1 I 60 I 1 I 5944 100E-01 
1 I 61 1 I 5944 1 00E-01 

I 1 OOE-01 1 62 ! 1 5943 1 
1 I 63 I 1 I 5942 100E-01 
1 I 64 1 I 5942 1 00E-01 
1 I 65 1 5941 1 00E-01 
1 66 1 5940 1 OOE-01 

I 1 I 5939 1 OOE-01 1 67 
1 68 I 1 
I I 69 I 1 5937 1 00E-01 
1 I 70 I 1 1 5936 1 OOE-01 
1 I 71 1 I 5936 1 00E-01 
1 I 72 1 I 5936 100E-01 
1 73 1 I 5935 1 00E-01 

1 I 75 1 5934 1 00E-01 
1 I 76 1 I 5934 1 OOE-Ol 

1 I 5933 1 OOE-01 
I 5933 1 OOE-Oq 

1 77 I 
1 1 78 1 

I 1 5932 1 OOE-01 

8 I 5932 1 OOE-01 
1 79 I 
1 80 I 1 

53 I 1 

I 

5940 1 00E-01 
I 

I 1 I 59 I 1 ! 5949 I 1 00E-01 

I 

I 
I 

1 

I 

5938 1 OOE-01 

I 

I 

I 

I I 1 ! 74 1 5935 1 OOE-01 
I 
I 

! 
I 
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Table C-1 
List of Model Boundalres for Layer 1 

Row Column Layer Head 
1 I 27 I 1 5978 

I I 

I 

I 
2 24 I 1 5979 

I 1 5979 2 25 

Conductance 
1 05E+00 
1 05E+00 
1 05E+00 

2 
I 1 I 5978 1 05E+00 26 

3 23 
3 24 

4 20 
4 I 21 
4 22 
5 17 
5 I 18 
5 I 19 
6 ! 14 

15 6 I 

I 

4 I 19 

1 1 5980 I 105E+00 

1 ! 5979 I 1 05E+00 
1 I 5978 I 1 05E+00 

1 ! 5977 ! 1 05E+00 

1 

1 I 5978 i 1 05E+00 
I 

1 5977 105E+00 
1 I 5979 1 05E+00 
1 5979 I 1 05E+00 
1 5978 1 05E+00 
1 5980 1 05E+00 
1 5980 I 1 05E+00 

I 

7 i 13 1 i 
7 I 14 I 1 
8 I 10 ! 1 

5985 1 05E+00 1 
5985 I 1 05E+OO 
5987 1 05E+00 

I 

I 

I 
9 1 

9 ! 10 I 1 
9 

I I 1 10 5 

I 

5987 1 05E+00 
5987 1 05E+00 
5988 1 05E+OO 

] 7 I 1 I 5988 I 
I 11 2 1 1 5989 

10 

11 3 I 1 5989 I 
11  4 1 5989 

1 11 I 5 1 5989 
12 I 1 1 5990 

I 

I 

12 \ 2 I 1 5990 

1 05E+00 
1 05E+00 
105E+00 
105E+00 
1 05E+00 
1 05E+00 
1 05E+00 

1 I 28 1 5978 ! 1 05E+00 

I 
I 1 5976 1 31 1 05E+00 

I 1 I 32 

I I 

I I 1 1 i 5971 1 35 1 05E+00 
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Row I Column 

Table C-2 
List of Model Boundanes for Layer 2 

Layer I Head j Conductance 

2 I 100 2 
100 2 3 I 

5903 I NA 
5903 I NA 

NA 5903 ! 4 1 100 2 

6 I 100 
7 I 100 
8 100 
9 100 
10 j 100 

I 2 I 5901 I NA 
2 5896 NA 
2 5888 I NA 

I 

I 

I 

I 
2 5880 I NA 
2 ! 5868 I NA 

I 
I I 100 I 2 

14 I 100 2 
13 

I 
5842 NA 
5834 I NA I 

16 I 100 1 2 
I I 

18 I 100 I 2 

20 I 100 2 

17 1 100 2 

19 I 100 2 I 

5824 1 NA 
5822 NA 
5822 NA 
5822 NA 
5828 NA 

I 

22 I 100 2 I 5 
23 1 100 2 I 5 

- 
15 

24 [ 100 2 i 5 

25 100 I 2 ! 5 I ! 

26 I 100 I 2 5 
NA 

4 NA 
L 

_ -  _ _  
I 27 i 100 1 2 I 5 

28 100 2 I 5 
29 I 100 2 5 

'8 I NA 
I NA 1 

NA 
16 I NA 
6 I NA 

15 I 

16 2 
17 1 2 

I 

I 1 2 5 
19 I 1 I 2 5 
20 I 1 I 2 5 
21 ! 1 2 I 5 

I 
18 

NA 
NA 

6 i NA 1 - .  I 
I 1 1 

22 I 1 I 2 5 
23 1 I 2 5 
24 1 2 5 
25 1 I 2 5 

I 1 I 2 5 
i 2 I E 1 

I 26 
77 

16 NA 
I 

16 NA 1 
16 ! NA 1 

ili 

NA 

-. 
C 28 I 1 2 

29 1 2 I 
I e 

1 
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Row Column Layer Head Conductance 
7 67 2 5880 1 67E-02 

5878 I 1 67E-02 
2 5876 I 1 67E-02 9 ! 69 

9 I 70 2 5876 1 67E-02 
10 71 2 5874 1 67E-02 

I 1 67E-02 11 72 2 5874 I 
12 I 

13 73 2 5870 1 67E-02 
2 5868 1 67E-02 
2 5864 I 1 67E-02 

14 74 
74 15 I 

2 5975 1 00E-01 1 26 

2 I 23 2 5976 1 OOE-Ol 
2 5976 100E-01 2 I 24 

2 I 25 2 5975 100E-01 
2 I 26 2 5975 1 00E-01 
3 20 I 2 I 5977 1 OOE-Ol 
3 I 21 I 2 5977 1 00E-01 

3 I 23 2 I 5976 1 OOE-Ol 

I 1 00E-01 
4 I 19 I 2 5978 I 1 00E-01 

I 5979 I 1 OOE-01 
4 I 
5 1 15 2 

I 5979 1 00E-01 5 16 I 2 I 
5 I 17 I 2 5979 1 WE-01 
5 ! 18 2 5978 1 00E-01 
6 12 2 5981 I 1 00E-01 

5980 / 1 00E-01 6 13 2 I 

6 I 14 2 5980 100E-01 
6 15 I 2 5980 1 00E-01 
7 I 10 I 2 5982 1 OOE-Ol 
7 11 2 5981 1 OOE-01 
7 12 2 5981 1 00E-01 
8 7 2 5983 100E-01 
8 ! 8 2 5983 1 00E-01 
8 I 9 2 5982 1 00E-01 
8 I 10 2 5982 1 00E-01 
9 I 5 I 2 j 5984 I 1 00E-01 

6 2 I 5984 1 00E-01 
I 1 OOE-01 

I I 1 00E-01 
7 i 2 I 5983 

9 
9 
10 2 2 5985 

2 5985 1 00E-01 10 3 

I 1 00E-01 

8 68 I 2 i 

I 
I 

72 2 I 5874 1 67E-02 

I 
~~~~~~~ 

1 27 2 I 5974 I 1 OOE-01 

I 

I 

3 I 22 2 5976 100E-01 

I 
I 4 18 2 I 5978 i 

20 I 2 5977 1 00E-01 

I I 

I 

- 

I 

I 

I 
I 

10 I 4 2 5985 I 

10 i 5 I 
11 1 2 5986 I 1 OOE-01 
11 2 

2 5984 I 1 00E-01 

2 5986 1 OOE-01 

Table C-2 
List of Model Boundaries for Layer 2 

tpQ5 1 OO78bpp-c doc c-2 1 7/16/95 
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1 76 
1 ! 77 

I I 
I I 2 5930 1 00E-01 

I 1 OOE-01 2 I 5930 

pU5 10078bpp c doc C-23 7/16/95 

I 

1 I 79 2 5929 I 1 OOE-01 

1 
1 
1 
1 

I , a i  i 2 5928 i 1 OOE-01 
5927 I 1 00E-01 82 2 
5926 1 00E-01 83 2 
5925 1 OOE-01 84 I 2 

I 

1 I 85 I 2 
1 1 86 2 

5924 1 00E-01 
5923 1 00E-01 

I 
I 592 1 1 a7 2 
I 5920 1 88 2 I 

1 I 89 I 2 591 9 

1 00E-01 
1 00E-01 
1 00E-01 

I I 5916 1 I 93 2 I 

2 I 591 5 I I 1 ! 94 
1 00E-01 
100E-01 

1 97 i 2 591 1 
2 I 591 0 1 98 I 

99 I 2 5909 1 I 
I 100 2 5908 1 

I 
I 

1 00E-01 
1 00E-01 
100E-01 
100E-01 
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Table C-3 
Elevations Corresponding to Elevabon Zone Numbers 
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Pammetm 

Hydraulic Conducbvity 

Table C-4 
Model Parameters 

Aeolpt.bk -ng. lnfomwtlon Souma 

Layer 1 0 02-3 68 Wday Measured hydraulic 
ConducbwtIes (Figure 2 10 and Appendix 

Layer 2 0 00044 004 Wday 6) 

Specific Storage 

Specific Yield 

Porosity 

Recharge 

With cap approximately 0 01 HELP modeling runs 
inchedyear 

0 005 or less (used 0001) 

0 l o t 0 0  12 

Sand 2540% Freeze and Cherry 1989 

gravel 25-50% 

Silt 35-50% 
Clay 4&70% 

(used 30% value should be effecbve 
porosity whlch is the porosity avalable for 
fluid flow) 

Fetter 1988 

Telephone intemew Barry Roberts 
EG&G Rocky Flats August 18 1994 

No cap 0 8-1 6 inchedyear (!%lo% of 
precipitabon) 

Telephone intermew Barry Roberts 
EGBG Rocky Flats August 18 1994 I I 

tpC5 I OO78bpp c doc C-27 11 16/95 
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Table C-6 
Hydraulic Conductivity Values Corresponding to Hydraulic Conductivity Zones 

y3> tp\251oO78\app c doc C-29 1/17/95 



OU 7 Drafi P h e  I IMnRA Decrsron Document 

, 

I 

I 

i 
F 

I 
I 
I 

! 

I 

I 

I 

! 
I- 
1 

I 
I 
I 

I 

I 









c 

i 



I 

U 

I 



I I 



4 



OU 7 Drafr Phase IIMffRA Decwron Document 
I 



OU 7 Draft Phase I IMARA Decislon Document 

Layer 
1 

e 

Columns No of No of 
Row From To Cells Dry Cells 

9 i 36 42 7 1 0  

Table C-11 
Recharge for the No-Action Scenario 

1 I 10 
1 11 
1 12 

36 48 13 0 
36 48 13 ! 0 
36 48 13 0 

i i 1 3 i 3 6  48 13 ! 0 
I - 

1 I 14 36 
1 i 15 25 
1 1 16 1 21 

48 1 13 0 
48 24 : 0 
48 28 0 

NO ofcetis I 

1 

13 I 

17 I 20 I 48 i 29 0 

I 

1 1  18 20 
1 ! 19 20 
1 ; 20 22 

12 

48 29 I 0 
48 29 I 0 
48 27 I 0 

'otal No of Cells Receiving Recharge 298 I 

1 21 

2 500 wea Der Celt 

24 I 48 25 0 

'otal Area Cf?) 745 000 

I - 

1 I 22 

lecharge Flux (ftlday) (value used in best-fit calibration) 2 00E-04 

~ 

26 48 23 0 

lecharge (ft3/day) 1 49 

1 i 23 I 37 

lecharge (gpm) on I 

48 12 1 0 

tpL?510078\app c doc c-39 7/16/95 
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Layer Rows 
1 17-19 
1 16-19 
1 16-20 
1 16-20 

Table C-14 
Verkal Flows for the North Slurry Wall Scenario 

Column Lower Face Flow 
20 -0 27 
21 -0 09 
22 i -0 03 
23 I 004 

1 0 05 1 6-2 1 I 24 I 

Summary (positive is flow out of landfill) (ft’lday) -31 

-0 016 Summary (positive is flow out of landfill) (gpm) 

1 i 9-23 
1 ! 9-23 

tp\2510078\app c doc c-47 7/16/95 

40 -0 35 
41 -0 23 

9-23 42 1 
1 
1 10-23 44 

10-23 I 43 
-0 08 
-0 33 
-064 

1 10-23 
1 10-23 

45 ! -0 08 
-0 38 46 

, I 1 10-23 ! 47 
I 10-23 ! 40 1 I 

-0 39 
0 77 
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Total Flow into Landfill from North West South ! 924 I ft3/day ! 048 
I ! 

e 

9Pm 

Table C-16 
Water Balance for the North Slurry Wall Scenario 

Vertical Flow In 

IHorizontal Flow In I I I 1 

I 1 I 
Flow into Landfill through Bottom Cell Faces 3 1  ] */day 1 002 I QPm 

Recharge into Landfill 

Flow In + Recharge 

149 ft3/day 077 9Pm 

2444 ft3/day 1 27 9Pm 

I 

Honzontal Flow In as Percent of (Flow In + Recharge) 

Vertical Flow In as Percent of (Flow In + Recharge) 

37 8% 

1 1 3% 

I 
I 

i 

I 

I I 

! I 
I 

/Percent Error ! 15% I I 

I 

Summary of Flows In (percent) I 1000% 1 
i I 

9\25 1007Shpp c doc c-49 7/16/95 

I 

1 

Water Balance 

Flow In + Recharge 

Compare Inflow and Outflow 
! ! 

I 
I ! 

2444 I ft3/day 127 1 gprn 

I 

Honzontal Flow Out of Landfill at East Boundary j -2481 i */day -1 29 1 gpm 
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Table C-19 
Recharge for the North Slurry Wall and Cap Scenario 

Total No of Cells Receiving Recharge 285 

Area per Cell (e) 2 500 

(Total Area Cffl 712500 1 
Recharge Flux (Wday) (value used in best-fit calibratron) 2 00E-06 

Recharge (ft'/day) 1 425 

Recharge (gpm) 0 007 

e 
tpE5 1 OO78bpp E doc c-57 71 16/95 
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Table C-21 
Flows Out of Landfill Mass for the North Slurry Wall and Cap Scenario 

Flow in surficial matenals out of landfill mass estimated by flows out of right face for layer 1 
column 43 rows 10 through 23 inclusive 
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Figure C-l lm MODFLOW Terminology for 
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0 D 1 Introduction 

D 1 1 Background 

The OU 7 Draft Phase I Intenm Measurehtenm Remedial Action (IM/IRA) Decision 
Document descnbes the nature and extent of contammation associated with the landfill 
T h s  information is used to quantify the nsk to human health and the environment 
present at OU 7 Because OU 7 is being closed under a presumptive remedy approach, 
a comprehensive baseline nsk assessment was not necessary The presumphve remedy 
allows a compmson of all exposure pathways that will be addressed by the 
presumptive remedy The Phase I IM/IRA Decision Document concludes that the 
presumptive remedy, contamment, will address all potential pathways with the 
exception of surface water and sekment from the East Landfill Pond The pathways 
not addressed by the presumptive remedy were subjected to a focused risk assessment 
process for both human and ecological receptors This appendix presents the focused 
risk assessment for ecological receptors 

The ecological nsk assessment (ERA) contamed in ths  appendix is a screening-level 
evaluahon of the potential ecotoxicity of surface water and sediments in the East 
Landfill Pond Protechon of environmental (ecological) receptors is mandated in 
Sections 104 and 105 of the Comprehensive Environmental Response, Compensation 
and Liability Act (CERCLA), which requires assessment of nsks and impacts in 
accordance with the National Oil and Hazardous Substances Conhngency Plan (NCP) 
(40 CFR Part 300 430 [e][2][i][G]) Protection of ecological receptors is also 
stipulated in the Interagency Agreement (IAG) between DOE, U S Environmental 
Protection Agency (EPA) and Colorado Department of Public Health and Environment 
(CDPHE) 

OU 7 is located in the Walnut Creek dramage DOE is currently conducting an ERA to 
evaluate the overall ecological risk resulhng from all sources associated with the 
operable units in the Walnut Creek watershed However, results of the watershed ERA 
will not be avalable in time to support current activities at OU 7 Therefore, in order 
to facilitate closure of OU 7 a screening-level nsk assessment is documented here in 
advance of the watershed ERA 

Most of OU 7 has been subjected to extensive physical hsturbance due to landfill 
operations and will probably be covered with a cap The cap is expected to attenuate 
exposure of ecological receptors to chermcals in the landfill sechons of OU 7 and is 
therefore not assessed in h s  document The analyses in t h s  document are restricted to 
evaluation of the potential ecotoxicity of OU7 contmnants in surface water and 
sediment in the East Landfill Pond area 
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Results of the toxxity screen will be used to help detenrrure thc f e d & y  of allowng 
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present an unacceptable toxicological nsk to aquatic life, vegetation, and wildlife that 
may use the East Landfill Pond area Informaoon needed to make these detemnations 
are as follows 

1 Eshmates of exposure and toxicity of PCOCs in sediments and pond water to 
aquatic life are needed to detemne whether condmons in the pond are adequate to 
support a functional aquatic habitat Ths objective will be addressed by compmng 
PCOC concentrations in pond water and sediments to state water-quality standards 
or nsk-based sediment quality benchmarks (Section D 3 1 2 for descnption of 
ecotoxicological benchmarks and cnteria ) 

2 Estimates of potential toxicity to vegetation are needed to evaluate risks from 
exposure to PCOCs in sediments in the East Landfill Pond Ths  objective will be 
addressed by comparing PCOC concentrations in sedments to risk-based 
vegetation benchmarks 

3 Estimates of potential toxicity to aquatic-feeding avian and mammalian wildlife 
species are needed to evaluate risks from exposure to PCOCs in pond water seep 
water and sediments in the East Landfill Pond Mallards and raccoons were 
identified as representative receptors for ths assessment Data needed to address 
ths objective are concentrations of PCOCs in each abiotic medmm data on food 
and water ingestion rates, feeding habits, and home range size of the receptors and 
ecotoxicological benchmarks for detemning the potential toxicity of estimated 
exposures 

4 Estimates of potential toxicity to non-aquatic wildlife species are needed to 
evaluate nsks from exposure to PCOCs in pond water seep water and sediments in 
the East Landfill Pond Mule deer coyotes and Preble’s meadow jumping mouse 
were identified as representative receptors for this assessment The types of data 
needed to address ths  objective are the same as for aquatic-feeding species 

Exposures and ecotoxicity are estimated for chemcals previously identified as PCOCs 
based on the evaluation of nature and extent of contarmnation (Sechon 2 5) Exposures 
and nsk estlmations are based on the same data used to charactenze nature and extent 
of contarmnation and potential human health nsks Results of water and sediment 
toxlcity testing and aquatic community charactenzauon are also used 

D 2 Preliminary Problem Formulation and Ecological Effects Evaluation 

D 2 1 Environmental Setting 

Bnef descnptions of the East Landfill Pond area and OU 7 are provided here More 
detiled descriptions of OU 7 site hstory and the nature and extent of contammation 
are presented in Section 2 of the man report and in DOE (1994) Ecological resources 
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D22 

D23 

Based on aquatic surveys conducted in 1992 it appears that neither fish nor crayfish 
occur in the East Landfill Pond Bated mnnow traps left in the pond for several days 
on two occasions resulted in no captures East Landfill Pond is not hydrologically 
connected with other surface water bodies that may support aquatic life Therefore, it 
is unclear whether the absence of fish and crayfish is a result of toxicity or lack of 
colonization Because the pond lacks predaceous fish such as bass, it may be a 
resource for breeding amphbians such as tiger salamanders, chorus frogs and 
bullfrogs Benthc samples from the pond included large numbers of chironomd 
(nudge) larvae, some odonate (dragonflies and damselflies) larvae, and low numbers of 
several other taxa 

Potential Chemicals of Concern 

PCOCs identified for pond water and seep water are identlfied in Tables D-1 and D-2, 
those for sediments are listed in Table D-3 PCOCs were identified using a standard 
set of statistical and professional judgment cntena established for use at Rocky Flats 
Chemcals identdied as PCOCs include organic compounds, metals, and radionuclides 
The objective of the screening-level nsk assessment is to detemne whether PCOCs 
may have toxic effects on organisms that contact surface water or sediments associated 
with the East Landfill Pond 

Conceptual Exposure Model 

A conceptual exposure model for ecological receptors was developed based on 
distribution of PCOCs in surface water and sediment and ecological information from 
the OU7 area A conceptual model descnbes the source of chemcal contarmnants, 
mechanisms for release and transport, environmental media and locations at which 
receptors may contact contmnants and exposure routes by which receptors take up 
the contmnants (EPA 1989) The conceptual exposure model forms the basis for 
identifying the ecological receptors that may be exposed to site contarmnants, the types 
of direct and inlrect effects that may result, and the species to be used in prelimnary 
risk calculations 

The pnmary source of contmnants at the East Landfill Pond is leachate generated in 
the landfill, which is transported downgradient to the East Landfill Pond via the seep 
and groundwater The East Landfill Pond also receives runoff from the adjacent slopes 
Animal receptors that feed or water at the East Landfill Pond may contact contammated 
surface water and sedment through ingestion or dermal absorption across external 
body surfaces (Figure D-2) 

Under the current remedial strategy for OU 7 the seep at SW097 will be covered by the 
landfill cap thus elirmnating it as a potentlal exposure point for wildlife Although 

i 
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I 
D3 e 

D31 

D 3 1 1  

Screening-Level Exposure Estimates and Preliminary b s k  
Characterization 

Ths  section descnbes the screening-level exposure and risk estimates used to help 
deterrmne whether contmnant concentrations in surface water and sediments at the 
East Landfill Pond represent a hazard to ecological receptors The procedures used 
correspond to the methods descnbed for the Tier 3 ECOC screen descnbed in TM3 
(DOE 1995b) Exposures and toxicity are estimated using conservative assumptions to 
mnimze the chance of underestimating the nsk of contarmnation to the receptors that 
are evaluated For example, initial risk calculations assume that wildlife species spend 
all of their time at the East Landfill Pond The methods and assumpbons used in the 
nsk calculations are descnbed in Section D 3 1 results are presented in Section D 3 2 
Exposure point and benchmark formats used in prelimnary nsk calculations are 
presented in Table D-4 

Methods 

Exposure Point Concentrations 

Summary statistics for pond water, seep water, and sediment PCOCs are listed in 
Tables D-1, D-2, and D-3 Data used in exposure assessments were collected during 
the OU 7 Phase I RFYRI (DOE 1994) As noted previously, attempts to collect fish and 
crayfish for tissue analyses were unsuccessful Therefore, data on PCOC 
concentrations in biological tissues were not avsulable However concentrations of 
PCOCs in surface water provide estimates of bioconcentratlon of contarmnants in 
aquatlc plants and animals that may be eaten by consumers 

Exposure point concentrations for seep water and pond water were estimated from the 
mean and the upper confidence limt of the mean (95 percent) (UChs) h s k  
evaluations for exposure of aquatic life to pond water are based on the dissolved 
(filtered) component of chemcal content The total (unfiltered) component was used to 
estlmate chermcal intakes by aquatic life 

Concentration estimates for PCOCs in sediments were based on three samples collected 
from the East Landfill Pond (Table D-3) Detectlon frequency was 100 percent for 
most metals, but some organic compounds were detected in only one of the three 
samples Because of the low number of samples avalable, the exposure estlmates of 
sediment-borne PCOCs were based on the maximum detected concentranon 
Sediments in the East Landfill Pond were relatively shallow, the maximum sediment 
depth was approximately 10 inches (DOE 1994) The entlre depth was considered to 
be relevant to exposure esbmations, and samples from each location were composited 
over the entire depth interval from the surface to bedrock 
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mammal benchmarks for radionuclides developed specifically for Rocky Flats are 
presented in lieu of vegetation benchmarks because they are considered protective of all 
ecological receptors (figley and Kuperman 1995) 

D 3 1 2 3 Wildllfe 

State and federal water-quality standards for vanous envlronmental contarmnants may 
be considered ' standards ' for regulatlng exposures of wildlife to anthropogenic 
contarmnants However nsk evaluations and remelation decisions are based on nsk- 
based cntena developed in site-specific ERAs A process for developing 
ecotoxicological benchmarks and a database for some chemcals and receptor types 
were developed at ORNL (Opresko et a1 1994) The benchmarks were denved to 
approximate no-observed-adverse-effects levels (NOAELs), which represent the 
greatest exposures at whch no adverse effects are observed NOAELs (and 
benchmarks) may be expressed as a dose ( e g ,  dl igrams contarmnant 
ingestedklogram body weight [bw]/day) or ecological effects concentratlons (EECs) 
(e g rmlligrams contarmnanfliter water) In some cases, data were avadable for the 
wildlife species of concern However, in most cases benchmarks were denved from 
data on the toxicity to laboratory test animals and extrapolated to wildlife species by 
scaling to body size and applying uncertsunty factors to account for vanability among 
species and data types (Opresko et a1 1994) The ORNL database includes information 
for 17 species of birds and mammals that are common in the eastern United States but 
may not be common at Rocky Flats Where appropnate, these benchmarks were 
adapted for use in ERAs at Rocky Flats using methods descnbed in TM3 (DOE 
1995b) 

Benchmarks for surface water (seep water and pond water) are expressed as 
concentrations Ths approach was used because data on contarmnant content of 
biological tissues were not avadable Surface water toxicity benchmarks used in these 
comparisons take into account the potential for bioaccumulation of contarmnants in 
aquatic prey or forage (Opresko et a1 1994) The methods used to estimate 
bioconcentration are based pnmarily on the chemcal-specific octanol-water partition 
coefficient (&w) of organic chemcals Metabolism and elimnation (depuration) rates 
are not explicitly considered 

In some cases, intakes of PCOCs estlmated from concentratlons in soils, surface water, 
or sediments from background (non-impacted) areas of Rocky Flats exceeded 
literature-based ecotoxicological benchmarks In these cases it was assumed that the 
literature-based values were too sensitlve to accurately judge conditlons at Rocky Flats, 
and the background values were used as benchmarks This approach was proposed in 
TM3 (DOE 1995b) and has been approved by EPA for use in ERAs at Rocky Flats 
Estimation of PCOC intakes from background areas is presented in Attachment D1 

J 
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that would result in the NOAEL (Opresko et al 1994) Contarmnant intakes due to 
ingestlon of sediment were estimated as for mallards and raccoons Exposure esbmates 
assumed that individual animals spend all of thelr time at the East Landfill Pond 

D 3 I 3 5 Preble s Meadow Jumping Mouse 

Risks to the Preble’s meadow jumping mouse were estimated for ingestion of surface 
water and sediments Surface water concentrations were compared to benchmark 
concentrations that would result in the NOAEL (Opresko et al 1994) Contarmnant 
intakes due to ingestion of sehments were estimated as for all other wildlife species 
Exposure estimates assumed that each individual animal spends all of its ome at the 
East Landfill Pond 

D 3 1 4 Risk Calculations 

Potential ecotoxicity of contarmnants is evaluated by compmng site-specific exposures 
to ecotoxicological benchmarks The compmson is expressed as a hazard quotient 
(HQ), the ratio of a site-specific exposure esbmate to the benchmark (EPA 1994, DOE 
1995b) 

Exposure Estimate 
Benchmark Exposure 

HQ = 

Benchmarks are usually selected so that significant ecological effects are not expected 
when exposures are lower than the benchmarks (HQ c 1) Concentraoons or exposures 
exceeding benchmarks (HQ > 1) do not necessarily indicate significant risk but do 
indicate that potential effects of the contunant  may require further evaluation 

Cumulative nsk of exposure to multiple contarmnants is evaluated using the hazard 
index (HI) approach (EPA 1994) The HI assumes that the effects of exposure to 
multiple chemcals is an additive funcoon of the effects of individual chemcals The 
HI is calculated as the sum of HQs for individual chemcals withm a medium Thus, an 
HI less than 1 0 is consistent with negligible, or de mznzmzs, nsk (Suter 1993) An HI 
greater than 1 0 indicates potentially significant risk even if no single HQ is greater 
than 1 0 Cumulative or total nsk from all media is summarized as the total HI (HIt,,d), 
which is the sum of the HIS from each exposure point (e g , surface water, seep water, 
and sediments) 

Estimated HQs and HIS are based on the risk of effects to individual organisms This 
level of nsk esbmation is adequate for threatenedendangered or other sensitive species 
for whch protection of individual orgasms is desired However, protection of 
populations is more appropriate for species that are not protected or rare (Barnthouse 
1993) In these cases extrapolation to population-level effects should be considered in 
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D 3 2 2  

Survivorshp and growth were higher for East Landfill Pond samples than for 
controls (clean sand) (Table D-6) 

Simlar tests using larval chronormds were planned but were not implemented due 
to inadequate laboratory cultures Larvae of several chironomd species were 
present in sediment samples from the East Landfill Pond indicating conditions 
adequate to support natural populauons (Table D-8) 

Sediment quality benchmarks for the above PAHs were calculated using the EPA 
equilibnum partitioning (EqP) approach (EPA 1992 Hull and Suter 1994) The EqP 
approach applies only to relatively hydrophobic organic chermcals and is based on the 
assumption that sediment toxicity is pnmanly due to contammants dissolved in 
interstitial waters The approach uses &W and site-specific total organic carbon 
content in sediments to estimate the contmnant concentration in bulk sediments that 
would result in interstitial water concentrations equal to water-quality benchmarks 
The EqP may have overestimated PCOC concentrations in interstitial water leading to 
inconsistencies between the predicted and measured toxicity In additlon water-quality 
benchmarks for PAHs were based on Colorado regulations for the Woman Creek and 
Walnut Creek segments of Big Dry Creek and may be based on risk to human health 
Use of these values may be too conservative for aquatic life 

Vegetation 

The HI for exposure of vegetation to sediments was 12 (Table D-11), indicating the 
potential for toxic conditions PCOCs contributing most to nsk estimates were the 
metals zinc, alumnum vanadium chrormum and selenium However, the HQs for 
these metals were relatively low-1 1 to 2 &(Table D-11 Figure D-21) suggesting 
low potential toxicity In addition, although these metal concentrations in sediments in 
the East Landfill Pond exceed the site-specific benchmarks, the sediment 
concentrations represent concentrations within the range of background metals 
concentrations for Rocky Flats and can be considered to be naturally occurring 

D 3 2 3 Wildlife 

Prelimnary nsk calculations for wildlife species are summarized in the following 
sections Exposure point estimates and risk calculations for surface water seep water 
and sediments are presented in Tables D-9 D-10, and D-1 1 Cumulative risks to 
representative species from all three abiotic media are summanzed in Figure D-5 The 
contnbution of each PCOC and exposure point to total nsk is charactenzed separately 
for each species in the following figures 
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1 Seep water appears to represent a SI@- nsk for adla&, n m ,  an8 coyotes 
(Figure D-5) However, under the CUrecItt mnedral strategy for OU?, thc seep 
(SW097) wdl be covered when the cap 1s mstpllcd &us ehmat~ng the seep as 8 

potential exposure point I 

D 3 2 3 I Mallard 

Rsk estmates were made assuming that d a r d s  feed exclusively m €he East Landfill 
pond ~lthough ttus scenmo is u n i r ~ y ~  it s &€tic& to acc-1~ pciict the level to 
w b h  m d l d  use the East Landfill Pond fn order to assess po&ntd nsk under 
&Berent scenmos, fos UCGZP: estmated for mtem&s of slte use mgmg from zero 
(never used) to 1 0 (& exdusively) (Figure Based on thesexstunates, the HI 
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0 The toxicological study used to establish the benchmarks for phthalates was based 
on eggshell thinning and water permeability of eggs lad  by dosed birds (Peakall 
1974 cited in Opresko et a1 1994) The study included only one dose level 1 11 
mg/kg/day for both compounds Di-n-butyl phthalate had no effect on eggshells at 
this dose rate Therefore, the confidence that the benchmark is at or below the 
NOAEL is high Bis(2-ethylhexy1)phthalate did affect eggs at the admnistered 
dose rate Consequently the nomnal dose rate was considered to be the LOAEL 
and divided by a factor of 10 to estimate the NOAEL (Opresko et a1 1994) The 
confidence that the normnal dose rate was equal to the LOAEL is not high, but the 
ten-fold uncertamty factor applied to the LOAEL to estimate the NOAEL is higher 
than the typical LOAEUNOAEL ratio for organic compounds (Lewis et a1 1990) 
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for mallards would exceed 1 0 for individuals that use the East Landfill Pond greater 
than approximately 10 percent of the bme 

Prelimnary risk calculations should be viewed as conservative estimates of risk 
Potentd uncertanties that may affect evaluation of risk in malung decisions regarding 
risk management and remedial acuons include the following 

Although 10-percent site use is a relatively plausible exposure scenano for 
individual ducks it may be less likely that all of the mallard population at Rocky 
Flats would use the East Landfill Pond to that extent The East Landfill Pond 
represents approximately 3 percent of the total open water habitat on Rocky Flats 
Thus whle some individuals may be at nsk of exceedmg the benchmark 
exposures it is not clear that effects to these individuals would be manifested at the 
population level 

Both phthalate compounds were detected in only one of eight (12 percent) samples 
from SW098 (Table D-1 Figure D-1) (DOE 1994) Bis(2-ethylhexy1)phthalate was 
detected at only SED70093 the sampling locations nearest to the landfill (Figure 
D-1) (DOE 1994) The Occurrence of phthalates in surface water is related to seep 
flow, and these and other semvolatde organic compounds are probably deposited 
in sediments near the seep Exposure estlmates assumed that PCOC concentrations 
remam constant However, these data suggest that concentrations fluctuate and 
exposure of mallards and other waterfowl to phthalates may be far less frequent In 
addition the seep at SW097 will be elirmnated as a source of contarmnants 
Phthalates remaning in pond sediments did not appear to represent a risk to 
mallards (Table D-1 1) 

The ecotoxicological benchmarks for the two phthalate compounds were based 
pnmarily on their capacity for bioconcentration in aquatic forage and prey 
Because concentrations in aquatic biota were not avadable, CW values were based 
on maximum estimates of bioconcentration (Opresko et a1 1994) Both of these 
compounds are metabolized rapidly limting movement through food chams 
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the East Landfill Pond 15 percent of the time or more would exceed an HI of 1 0 
(Figure D-11) It is also unlikely that a significant proportion of the raccoon 
populatlon at Rocky Flats uses the East Landfill Pond to that extent because this 
pond contans only 6 percent of the pond shoreline habitat on Rocky Flats 

The metals that contnbute most of the overall nsk from sediments are present in 
natural soils and sehments of Rocky Flats For alumnum, the HQ of 2 4 (Figure 
D-1 1) inhcates that concentrations of this metal are approximately twice that of 
background sehments Ths estimate may be conservative if background samples 
were collected from areas that contam a lower percentage of fine clays than 
sediments at the East Landfill Pond The clays have a hgh alumnosilicate content 
Therefore, soils or sediments that have a hgher content of fine clays may be 
expected to have a higher alumnum content than coarser materials 

The exposure estimates assume that 100 percent of the chemcal content of soils 
and sediments is bioavadable This may be a reasonable assumption for most 
orgmc compounds but probably overestimates the bioavalable fraction of metals 
Benchmarks for metals are based on studies in which expenmental animals are 
dosed with hghly soluble and bioavalable forms of the metals (Opresko et al 
1994) The prevalent forms of heavy metals in soils and selments are usually far 
less soluble Toxicity estimates were based on compmson of expenmentally 
denved values to site data without adjustment for lower bioavalability of soils and 
sediments This approach was taken because no standard approach is avadable for 
estimating bioavalability without site-specific measurements Thus the exposure 
estimates may overemmate risk 

D 3 2 3 3 Mule Deer 

The total risk (HIt,,d) to mule deer was the lowest among the wildlife receptors (Figure 
D-5) Nearly 100 percent of the nsk to mule deer was due to ingestion of PCOCs in 
sediments (Figure D-5) HQs and HIS associated with ingestion of pond water and seep 
water were all below 10, indicating negligible nsk associated with these media 
(Figures D- 12 and D- 13) 

Alumnum in sediments contnbuted the greatest proportion of the total nsk with an HQ 
of 2 39, none of the other PCOCs were associated with HQs greater than 0 28 (Figure 
D-14) Other naturally occurring metals such as vanadium and arsenic contributed 
approximately 17 percent of the total risk (Figure D-14) Organic contarmnants such as 
benzo(a)pyrene Contributed less than 1 percent of the total use Factors that may affect 
nsk estimates include the following 

0 As with the other wildlife receptors, mule deer were assumed to spend 100 percent 
of their time around the landfill pond Ths  probably is a gross overestimate for ths  
wide-ranging species The East Landfill Pond includes 6 percent of the shoreline 
habitat at Rocky Flats and much higher quality habitats are avadable at other 
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D-20) 
D 3 2 2 2) is also applicable to Preble’s meadow jumping mouse 

The discussion of factors affecting the nsk estimation for raccoons (Secuon 

Although the area around the East Landfill Pond has been identified as possible 
suitable habitat for Preble’s meadow jumping mouse no individuals have been 
identified there However, individuals were caught on pond margins in the B-senes 
detention ponds to the south The B-ponds are associated with a much more extensive 
npman zone the preferred habitat of Preble’s meadow jumping mouse 

D 4 Summary and Conclusions 

The purpose of the OU 7 screening-level ERA was to provide baseline informauon on 
the potential ecotoxicity and ecological nsk of PCOCs in seep water associated with 
SW097 and pond water and sedments in the East Landfill Pond The information was 
needed to help detemne the feasibility of leaving the East Landfill Pond in place as 
part of the OU 7 site remediation strategy Leaving the East Landfill Pond in place 
would reduce costs associated with landfill cap construction However, aquatlc life, 
vegetation and wildlife could be exposed to PCOCs in pond water and sediments in 
the East Landfill Pond The ERA was needed to help detemne whether East Landfill 
Pond water and/or selments should be remediated to mtigate ecotoxicological risks 

Risks were charactenzed by compmng chemcal concentrations in abiotic media to 
literature-based benchmarks to detemne whether PCOCs were present at 
concentrations that could be toxic Conservative assumpuons were adopted in 
developing benchmarks and estimating exposures to mnimze the chance of 
underestimating risk 

Risks to aquatic life in the East Landfill Pond appear to be rmnimal Results of the 
literature-based toxicity screen and laboratory toxicity testing indicate that pond water 
represents negligible nsk to aquatic life For sediments, prelimnary nsk calculations 
based on exposure estimations appear to overemmate risks to aquatic life Based on 
these calculations risk of toxicity to sediment-associated organisms appears to be high 
(Figure D-4) but results of site-specific surface water and sediment toxicity tests 
indicate no toxicity (Table D-6) In addition, many of the species present in sediment 
samples are moderately tolerant of polluted sediments, suggesung that condiuons in the 
pond are not as toxic as indicated by the HQs (Table D-8) 

Risks to vegetation were pnmmly due to exposure to naturally occunng metals in 
sediments These concentrations of zinc, alumnum, vanadium chromum, and 
selenium in sediments exceed site-specific benchmarks however, these sediment 
metals concentratlons represent concentrations within the range of background metals 
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The East Landfill Pond was constructed to control potential release of contarmnants by 
retaning leachate and controlling sediment transport from the landfill dunng operation 
This is common practice in the construction and operation of any solid waste landfill 
As a result, a water body was created that contans surface water and sediments 
contarmnated with chemcals that have leached from the waste areas However, 
construction of the pond also created persistent wetland and aquatic habitats that are 
small but important components of dry ecosystems such as Rocky Flats The current 
biological and abiotic conltlons in the pond reflect its effectiveness as an mficially 
managed catchment for the landfill leachate and runoff The East Landfill Pond does 
not empty lrectly to a stream Therefore, sensitive stream fauna such as common 
shiners and stonerollers are not risk from contarmnant release The area around the 
East Landfill Pond is a potential attractive nuisance because species drawn to the 
aquaac resources are also exposed to contarmnants emanating from the landfill 
Prelimnary nsk calculations suggest that the resultmg exposures present some, albeit 
limted, nsk to wildlife 

The aquatic community in the pond may be hmted, in part, due to the semvolatile 
organic contarmnants in sediments The pond apparently does not contam fish or 
crayfish populatlons or if it does, the populations are very small and difficult to detect 
or quantify Because the pond lacks predaceous fish such as bass, it may be a resource 
for breeding amphlbians such as tiger salamanders, chorus frogs, and bullfrogs The 
lack of a complex aquatic food web with upper-level aquatic organisms makes the pond 
a limted resource for aquatic-feeding wildlife and attenuates the transfer of 
contarmnants via food-web interactions (Rasmussen et a1 1990) 

The East Landfill Pond has been in existence for only 20 years, and therefore, is not an 
historically important component of the local ecosystem The current importance of the 
East Landfill Pond as aquatic habitat at Rocky Flats and in the Big Dry Creek basin 
also appear to be mnimal The East Landfill Pond compnses approximately 3 percent 
of the open water habitat and 6 percent of the avalable shoreline habitat on Rocky 
Flats The wetland in and around the East Landfill Pond compnses approximately 1 6 
percent of the total wetlands at Rocky Flats (COE 1994) The pond area has been 
identified as potential habitat for one federal candidate species, Preble’s meadow 
jumping mouse (DOE 1995a) but their occurrence there has not been confirmed It is 
possible that other state or federally protected species may occasionally use the pond 
area (DOE 1995a), but the resources at the East Landfill Pond are not cntical to any of 
the them 

As noted in Section 1, the East Landfill Pond could be left intact after remediation, 
possibly resulting in a permanent aquauc habitat at Rocky Flats If this option were 
selected the source of contarmnanon in the pond, the seep SW097, would be 
elimnated The pond sediments could represent a continuing source of exposure to 
wildlife and aquatic receptors after remediation However the exposure would be 

D-2 1 7/23/95 

fi 



i 



OU 7 Drafr Phase I IMnRA Decision Document 

EPA (U S Environmental Protection Agency) 1993 Wildlife Exposure Factors 
Handbook Office of Research and Development, Washmgton, D C , EPA/W/R- 
93/187a December 

EPA (U S Environmental Protection Agency) 1994 Ecological fisk Assessment 
Guidance for Superfund Process for Designing and Conducting Ecological fisk 
Assessments Review Draft September 

Hansen, L G ,  and B S Shane 1994 Xenobiotic Metabolism In Basic 
Environmental Toxicology L G Cockerham and B S Shane eds CRC Press 
Boca Raton Fla 627 pp 

Higley, K , and R Kuperman 1995 Radiological Benchmarks for Wildlife at Rocky 
Flats Environmental Technology Site Draft March 

Hull, R N , and G W Suter II 1994 Toxicological Benchmarks for Screening 
Potentlal Contarmnants of Concern for Effects on Sediment-Associated Biota 1994 
Revision Oak kdge  National Laboratory ES/ER/TM-95/R 1 September 

IDEQ (Idaho Division of Environmental Quality) 1993 Water Quality Monitonng 
Protocols Report No 5 Protocols for assessment of bionc integnty 
(macroinvertebrates) for wadable Idaho streams Draft March 

Knox, R C P A Sabatini, and L W Canter 1993 Subsurface Transport and Fate 
Processes Lewis Publishers Boca Raton, FL, 

Lewis S C , J R Lynch and A I Niluforov A New Approach to Denving 
Community Exposure Guidelines from “No-Observed Adverse-Effects-Levels” 
Reg Toxicol and Pharmacol , 11 3 14-330 

1990 

Mackenzie, K M , and D M Angevine 1981 Infertility in mce exposed zn utero to 
benzo(a)pyrene Biol Reprod 24 183- 19 1 

Nelson M K C G Ingersoll and F J Dwyer 1990 Standard guide for conductlng 
sediment toxicity tests with freshwater invertebrates ASTM Comrmttee E 4 7  on 
Biological Effects and Environmental Fate, Method E 1383-90 Annual Book of 
ASTM Standards, Vol 14 02 

Nisbet, I C  T , and P K LaGoy 1992 Toxicity Equivalency Factors (TEFs) for 
Polycyclic Aromatic Hydrocarbons (PAHs) Req Toxicol Pharmacol 16 290- 
300 

L-s tpU5 1 OO78bpp d doc D-23 lf21195 



OU 7 Drafi Phase I LMflRA Decision Document 



Table D-1 
PCOCs In Pond Water (SWO98)' 

0 

Concentmtion 

MEP C WOCS\oU?WCOCTBLS XLS T.by D-1 7/17/95 
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k 

t c 
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Maximum Sample Detection 
Detection Sample Dekted Concantration Limit 

A-lyts Frequency Mean UCl, Concentdon Range units2 

Total Analytes 
Metal. 

Banum 21/21 ! 640 ' 743 I 1550 297 1550 1 002 50000 MgL 
Calclum 21/21 1 151 000 161 000 i 212 000 126000 212000 . 145 1000M) pan 
h r i  , 21/21 i 80510 9OOOO 155 OOO 61 300 155000 4 7  30000 

I 
I Llthiom I 17/21 ' 48 1 55 107 34 107 

Magnesium I 21/21 * 34719 I 37100 ! 49000 29300 49000 0 1  200000 vgk 

Antimony I 4/20 ] 22 . 275 I 604 14 604 I 005 60 ron . 

2 2000 I pg/L 

J 
MEP C lDOCSOU7WCOCTBLS XLS T W  D 2 34/95 

0 

P8gelOf2 

Manganese 21/21 1611 1 1730 1 2490 1320 2 490 1 loo00 
Potassium 20n1 6436 ' 7 240 11 700 5000 11 700 10 200000 lr* 
Silicon 14/14 I 13508 12560 44000 7060 44OOO 7 3  2000 pg/L 

10 5000 rgk Sodium i 21/21 71 367 76740 110000 57700 11oOoo 
919 1010 I 1 370 1 814 1370 3 5  loo00 rgk Strontium 1 19/21 

Zinc 21/21 2945 1 4250 I 16000 ! 857 16000 1 8  loo00 . WL 
Radionuclides 
Gross Beta i 10110 I 11 I 132 I 17 3753 17 ' 169 115 I pCdL 

L 

Strontium 89 90 I io/ io 1 1 3  j 201 I 406 j 066 406 021 1 ! pCdL 
Tritium I 22/22 1 349 I 50615 1 1500 I 110 1500 155 450 1 p C A  

Nitnte I 619 . 3033 I 41 7 I 63 20 63 I 20 20 I w. 
1 1 Dichloroethane 1 17/20 1 6 7 2  1 14 2 10 I 5 5  P!w 
2 Butanone I 6/19 I 12 1 19 I 76 6 76 I 10 10 rsk 

I ran 2 Hexanone I 1/20 ! 5 I 5 7  10 1 10 10 10 
4Methyl2 pentanone i 5/20 1 11 i 185 1 87 10 87 I 10 10 wn 
Acetone I 11/21 1 33 1 529 ! 220 I 10 220 ! 10 10 Msk 
Benzene , 11120 i 2 2 1  I 2 1 5  I 5 5  rsn 
Carbon Disulfide 1 / 2 0 ]  3 i 3 i 6 ! 5 6  5 5  ron 
Chloroethane i 15/20 22 ' 271 I 57 10 57 I 10 10 rg/L 
Chloromethane I 2/20 ' 5 I 5 3  ; 7 I 4 10 I 10 10 1 rsn 
Et hylbenzene 1 19/20 13 I 144 I 18 1 18 I 5 5  i Pon 

190 3 190 I 5 5  wn 
&Xylene 314 j 6 8 5  I 8 1 5 8  5 5  ran 

1 5  5 5  wn 
I 5 88 5 5  van 

Tetrachloroethene I 2/20 I 2 I 2 5  1 1 I 

Total Xylenes I 19/20 I 14 I 168 ! 25 1 25 5 5  r g k  
Trichloroethene I 11/20 j 2 I 2 4  1 4 1 5  5 5  rsn 
Vinyl acetate ~ ~ ~1 1/19 7 i 113 49 10 49 1 10 10 vg/L 
Vinyl Chlonde , 5/20 I 5 i 5 9 i  11 I 3 11 ; 10 10 ! P W  

2 4 Dimethylphenol I 114 5 I 5 5  I 3 I 3 10 10 10 I r g k  

I I I ! llon 2 Methylnaphthalene 414 1 16 , 199 1 23 12 23 10 10 
4 Methylphenol 314 4 ! 5  4 I 2 I O  10 10 I vsn 

I I I Cl@L Acenaphthene 414 3 i 3 2 ;  3 2 3  10 10 
Bis(2ethylhexyl)phthalate I 1 14 5 ! 6 1  I 2 2 12 10 12 j vgk 

Dibenrofuran ! 4i4 1 ; 1 9  1 2 1 2  I 10 10 ! w  
Diethyl Phthalate I 414 3 ! 4 1  3 1 10 10 10 j vgk 
Fluorene I 414 2 2 9  I 3 2 3  1 10 10 I rg/L 

I I ran- Naphthalene 414 I 18 I 213 I 22 14 22 10 10 

Water-Quailty Parameters 

Volatile Organic Compounds 
I 

I 

I 10120 I 29 I Methylene Chloride 14 

Toluene 1 19/20 I 38 1 476 88 

Semivdatile Organic Compounds 

I 

I 

Phenanthrene I 414 ' 4 I 4 9  I 5 ! 4 5  i i o  i o  I p a n  
~~ 



I 

I 



Table D-3 
PCOCs in Sediments’ 

Maximum Sample Detection 
Detection Sample Detected Concentration Limit 

Anaiyte Frequoncy Mean Concentratlon Range’ Range u n t d  

Aluminum 2/2 I 14450 ! 16600 I 12300 16600 I 7 7  12 wlko 

Beryllium 3/3 I 1 2  1 5  081 1 5  022 034 mglkg 
Calcium m I 7070 i 7850 6290 7850 7 5  117 Imgncg 

Iron I 2l2 I 13500 15 400 ‘ 11600 15400 1 8  2 8  ;mglkg 

Metair 

Arsenic 3/3 I 4 5 2 7  5 I 032 042 ‘mglkg 
Banum 3/3 I 198 I 215 1 174 215 1 6  2 5  -0 

I 

I 123 175 064 099 1 mgkg Chromium 3n I 147 I 17 5 
Copper ! 3 n  I 160 18 6 1 112 186 071 1 1  )mgkg 

I 2 5  3 8  mglkg Lead 313 i 297 33 7 216 337 
2170 3250 9 5  148 mgkg Magnesium 1 2 1 2  i 2710 1 3250 

Nickel I 313 j 127 I 15 3 9 3  153 2 7  4 2  mglko 
Potassium 1 2 1 2  ; 1995 I 2 640 1350 2640 ’ 190 295 mgnCg 
Selenium I 3/3 ; 0 8  1 1 1  041 1 1  0 3  0 5  mgkg 

Strontium 2l2 ! 525 1 61 5 ! 435 61 5 1 3  2 1  
Vanadium 3 0  ! 34 41 

Radionuclides 

Volatile Organic Compounds 

I 

Sodium 1 2 1 2  ! 3 6 7 1  447 I 286 447 ’ 15 234 

I msncg 

Zinc ! 3 / 3  I 106 I 187 I 492 187 i 059 091 mgkg 

Cesium 137 l 313 I 0458 0732 I 0286 0732 1 0 0  ; PCllL 

2 Butanone 1/3 I 17 35 I 13 35 I 13 24 1 Pgka 
Toluene I 313 I 307 I 440 I 180 440 I 10 33 pgkg 

Acetone 1 2 / 3  I 68 I 130 63 180 13 24 clones 
Anthracene4 i 10 ! 240 I 160 I 160 670 450 790 pgkg 

Benzo(a)pyrene ’ 113 ! 293 i 320 I 320 670 I 450 790 1 pgkg 
Benzo(b)fiuoranthene 113 I 343 i 470 450 670 I 450 790 ! pgkg 
Benzo(g hi)perykne 1/3 1 253 1 200 200 670 I 450 790 j pgkg 
Benzo(k)fluoranthene I 113 I 230 130 130 670 450 790 I clgkg 

I 2200 3900 pglkg 
Bis(2 chloroisopropyl)ether4 1/3 I 259 47 I 47 790 i 450 790 pgkg 
Bis(2ethylhexyl)phthalate I 1 I3 I 213 ! 80 I 80 670 450 790 pglkg 

Chrysene I 1 I3 i 290 1 31 0 310 670 1 450 790 UgnCg 

Fluorene 113 1 217 j 92 92 670 450 790 pglkg 

I I 450 790 PMSl 
I 73 670 450 790 pgkg 

I 
I 288 41 078 1 2  mgkg 

Semivoiatiie Organic Compounds 
Acenaphthene4 113 220 I 100 100 670 450 790 pgkg 

Benzo(a)anthracene I 113 300 340 I 340 670 450 790 , pgkg 

I 

I I 
Benzoic acid4 I 3/3 I 537 ; 870 j 260 870 

Fluoranthene4 I 2 3  j 415 1 830 79 830 450 790 pglkg 

I I 
Indeno(1 2 3-cd)pyrene 113 1 247 I 1 80 180 670 . 
Phenanthrene 2/3 1 3 4 6 !  630 
Pyrene 1 2 1 3  , 386 750 74 750 450 790 pglkg 

’ PCOCs are defined in the OU 7 Final Work Plan Technical Memorandum 1994 

~~ ~ ~ 

Definitions 
PCOCs Potential chemicals of concern 
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Table D-8 
Summary of Benthic Macroinvertebrate Sampling from the OU 7 East Landfill Pond 

Procladius sp 
Culicoides sp 
unknown 
Sphaenum sp 
Hyallela azteca 
unknown 
Psectrocladius sp 
Dicrotendipes sp 
Limnodnlus hoffmeis, 
Ablabesmyia sp 
Paratanytarsus sp 
Chironomus sp 
Limnochares sp 
Caenis sp 
Glypotendipes sp 
Parametnocnemus 
llyodnlus templetoni . r;;ny:=P unknown pupa 

'unknown 
Ceratopogon sp 
Enallagma sp 
Etpobdella punctata 
unknown 
unknown 
Bezzra sp 
Eukietfenella sp 
Hydroporos sp 
Peltodytes 
Physella sp 

Tanypodinae 
Ceratopogoninae 
Tu bificidae 
Sphaenidae 
Gammandae 
Tubificidae 
Orthocladiinae 
Chironominae 

.a Limnodrilidae 
Tanypodinae 
Chironomidae 
Chironomidae 
Limnocharidae 
Caenidae 
C hironomidae 
Chironomidae 
Tu bificidae 
C haobondae 
Chironomidae 
Glossophonidae 
Tabanidae 
Ceratopogoninae 
Coenagrionidae 
Erpobdellidae 
Hydracanna 
Orthocladiinae 
Ceratopogoninae 
Orthocladiinae 
D yhscidae 
Haliplidae 
Physidae 

Diptera 
Diptera 
Oligochaeta 
Pelecypoda 
Amphipoda 
Oligochaeta 
Diptera 
Diptera 
Oligochaeta 
Diptera 
Diptera 
Diptera 
Hydracanna 
Ephemeroptera 
Diptera 
Diptera 
Oligochaeta 
Diptera 
Diptera 
R hynchobdellida 
Diptera 
Diptera 
Odonata 
Pharyngobdellida 
Hydracanna 
Diptera 
Diptera 
Diptera 
Coleoptera 
Coleoptera 
Limnophila 

1520 f 
1040 f 
760 f 
424 f 
3 4 4 f  
328 f 
320 f 
304 f 
304 f 
208 f 
176 f 
96 f 
96 f 
88 f 
80 f 
6 4 f  
56 f 
48 f 
48 f 
40 f 
40 f 
32 f 
32 f 
32 f 
32 f 
32 f 
16 f 
16 f 
8 f  
8 *  
a *  

2252 
2259 
1369 
594 
367 
292 
427 
341 
636 
209 
236 
104 
171 
91 
179 
1 04 
67 
52 
87 
89 
40 
72 
52 
44 
52 
72 
36 
36 
18 
18 
18 

23% 
16% 
12% 
6% 
5% 
5% 
5% 
5% 
5% 
3% 
3% 
11 % 
11 % 
11 % 
11 % 
11 % 
s i  % 
s l% 
51 % 
s i  % 
11 % 
11 % 
s l% 
s i  % 
11 % 
s1% 
s i  % 
s1% 
11% 
11 % 
11 % 

9 
8 
10 
8 
8 
10 

8 
5 
na 
6 
10 
na 
7 
6 
5 
10 
na 
6 
8 
8 
6 
9 
8 
na 
6 
6 
8 
5 
7 
8 

a 

samples 
*pollution hardinessvalues from IDEQ (1993) ranked on scale of 1 to 10 1 is most sensitive 11 is unknown 
Definition 
na = not available 
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Figure D-3 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 

Potential Toxicity of Pond Water to Aquatic Life 
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Figure D-5 
Tier 3 Exposure Screening for PCOCo at the OU 7 East Landfill Pond 
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Figure D-7 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 

Mallards - Seep Water 
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Figure D-8 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 

Raccoons - Surface Water 
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Figure D-11 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure D-13 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure D-15 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure D-17 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure D-19 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure D-21 
Tier 3 Exposure Screening for PCOCs at the OU 7 East Landfill Pond 
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Figure E- 15 Nitrate/Nitnte Concentrabons ( m a )  in Weathered Bedrock Groundwater 
30-Year Simulation, Sensitivity Analvsis, Seepage Velocity = 0 048 Wday 
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E 1 Groundwater Contaminant Transport Simulations 

Modeling of the groundwater contarmnant plume mgration from the Present Landfill 
uses a three-dmensional solute transport solunon developed by Domenico and Robbins 
(1985) and refined by Domenico (1987) The objective of the modeling is to detemne 
the extent of plume mgrabon 30 years after landfill closure Transport modeling 
focuses on the upper hydrostratigraphc unit (UHSU) which consists of unconsolidated 
surficial deposits and weathered bedrock only because compiled data indicate the 
absence of contammation in the lower hydrostrangraphc unit (LHSU) Modeling 
assumpbons are rather simplistic in that they do not account for the landfill cap or the 
East Landfill Pond dam 

Inorganic contmnants of concern (identified as applicable or relevant and appropriate 
requirements [ARARs] exceedances in Sectlon 3 4 1) include chlonde selenium 
sulfate and nitrate/nitrite In addition 1 1-dichloroethane was also modeled as a point- 
source contmnant originating from the landfill seep (SW097) Although 
1 1 -dichloroethane has not been detected in groundwater, elevated concentrations ( 10 
kg/L) exceeding the practical quantitation limt (PQL) of 1 pg/L have been detected in 
surface water at SW097 The objectives of the modeling simulation are to prelct the 
future groundwater concentrations at the proposed compliance boundary (monitonng 
well 53194) and predict future plume configurations for remedial and design 
consideratlons for landfill closure 

E 2 Methodology 

The analytical solution developed by Domenico and Robbins (1985) and Domenico 
(1987) simulates solute transport from a finite source in a continuous flow regime The 
advantage of this model is that the solution technique allows for a more defined source 
geometry as opposed to a continuous point-source model 

Modeling assumptions include homogeneous and isotropic flow condihons and a 
constant seepage velocity in the x and y lrections The seepage velocity in the z 
direction was set at zero, resulting in two-dimensional solute transport The 
contmnant transport simulations were conducted using the TPLUME software 
package (Golder Associates 1989) The Domenico and Robbins (1985) and Domenico 
(1987) solution for contarmnant concentrations from a continuous source as a function 
of time and space is governed by the following expression 

C(x,y,z t) = (CJ8) exp(-kt) erfc[(~-vt)/2(D,t)’~] 
{efl(y+Y/2)/2 (Dvx/v)”*-efl(y-Y/2)/2 (D,dv)”* I}  
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E 3 1 Source Terms and Hydraulic Parameters 

Modeled source geometnes for inorganic contarmnants ( ie  areas of greatest 
contarmnation) are based on the chlonde, nitrate/mtnte selenium and sulfate plume 
maps presented in Figures E-1 through E 4  Simulated results are predicted at the top 
of the saturated zone for unconsolidated surficial deposits and weathered bedrock, 
respectively Identical selenium and sulfate source terms are used for the weathered 
bedrock and surficial deposits groundwater simulations Although the greatest 
selenium and sulfate concentrabons are detected in weathered bedrock, these analytes 
are also detected above the corresponding ARARs in surficial deposit groundwater 
Given that the saturated surficial deposits and weathered bedrock compnse the UHSU 
and there appears to be hydraulic communication between the surficial deposits and the 
weathered bedrock (DOE 1994 EG&G 1995), using idenbcal selenium and sulfate 
source terms for the both units provides a more conservative prelction of plume 
nugration The modeled source geometry for 1,l-dichloroethane is based on the 
location and area of the leachate seep (SW097) Calibration of source geometries is 
performed by varying the source width and concentrations Simulated plume 
configurabons are compared to observed plume geometnes presented in Figures E-2 
through E-4 

The surficial deposits and weathered bedrock are modeled with thicknesses of 7 and 20 
feet, respectively The geometric mean of site-specific hydraulic conductivity values is 
used for the weathered bedrock simulations (DOE 1994), and the geometnc mean of 
hydraulic conductivity values for valley-fill alluvium (EG&G 1995) is used for the 
surficial deposits simulations The seepage velocity is based on the observed hydraulic 
gradient of 003 along No Name Gulch (EG&G 1995) and an eshmated effective 
porosity value of 0 1 for weathered bedrock and unconsolidated surficial deposits (Hurr 
1976) 

E 3 2 Transport Parameters 

The longitudinal dispersivity ( a ~ )  value is based on the chlonde plume geometry 
presented in Figure E- 1 Field measured values of CXL presented in the literature suggest 
that a~ can be estimated at one-tenth of the flow length (Gelhar 1986, Fetter 1993) 
Therefore, based on the observed flow length of 600 feet (Figure E-1) CXL is estimated 
at 60 feet (0 1 x 600 feet) The transverse ( a ~ )  and vertical dispersivities (az) are 
estimated at one-tenth and one-twentieth of a~ respectively These ratios are within 
the range of values (6 to 20) reported by Fetter (1993) Sensitivity analyses were 
performed for dispersivity These analyses are discussed in Section E 5 2 Diffusion 
coefficient (1 x 10 m2/sec) and tortuosity (0 5 m2/sec) parameters used for the 
modeling simulations are typical values reported in the literature (Fetter 1993) 

E-3 7/21/95 
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Other processes that may attenuate 1,l-dichlorethane in groundwater include 
hydrolysis, oxidation volatllizatlon, and biodegradation Howard et al (1991) report a 
groundwater half-life of 8 to 19 weeks for 1,l-lchloroethane A more conservative 
half-life value of 19 weeks was used for the modeling simulation resulting in a first 
order decay rate (k) of 5 2 1 x 10 day 

E 4 Modeling Results 

E 4 1 Unconsolidated Surficial Deposits Groundwater 

Transport simulations were performed for chlonde, selenium and sulfate in surficial 
deposits groundwater The results of these simulations prelct plume concentratlons 30 
years after landfill closure Nitratehitnte was not modeled because Figure E-3 shows 
that the mean concentrations in the surficial deposits groundwater are well below the 
ARAR of 10 mg/L for nitrate The simulated chlonde plume concentrations (Figure 
E-5) at the proposed compliance boundary (well 53194) approach 150 mg/L whch is 
below the ARAR concentration of 250 mg/L Selenium concentrations at 30 years 
approach 300 pg/L at the proposed compliance boundary significantly higher than the 
10 pg/L ARAR standard (Figure E-6) Simulated sulfate concentrations also exceed 
the ARAR (250 mg/L) at the proposed compliance boundary with plume 
concentrations at 30 years exceeding 1 200 mg/L at 53 194 (Figure E-7) The selenium 
and sulfate simulations may be overly conservative, considering the weathered bedrock 
groundwater concentratlons are modeled as a contlnuous source for the surficial 
deposits groundwater 

The 30-year contarmnant transport modeling shows that the predicted selenium and 
sulfate concentrations in surficial deposits are greater than the corresponding ARARs at 
the proposed compliance boundary It should be noted that the selenium source is 
upgradient of the East Landfill Pond dam The clay core of the dam is keyed into 
bedrock and would likely impede the mgration of contaminants in surficial deposits 
groundwater The presence of the dam was neglected dunng modeling simulations 
because of limitations associated with the solution technique Modeling results 
indicate that inorganic contarmnants in weathered bedrock groundwater and 1 1- 
dichloroethane in unconsolidated surficial deposits groundwater show insignificant 
movement as simulated concentrahons of the respected analytes are well below the 
corresponding ARARs at the proposed compliance boundary Modeling results 
indicate that inorganic contmnants in surficial deposits groundwater may exceed 
ARARs at the proposed compliance boundary, however the modeling neglected the 
East Landfill Pond dam, which impedes groundwater flow 

tp\2 150078\appc doc E-5 1/21/95 
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(aL= 120 ft C%T = 12 ft, 01 = 1 2 ft ) As expected, there is slightly more spreading of 
I 

the plume with the greater dspersivity values resulting in lower concentrabons at the 
compliance boundary Figure E-18 displays the plume configuration with the 
dispersivity values halved (a~= 30 ft a~.r = 3 ft, ol, = 0 3 ft ) Thls simulation result 
shows a sharper solute front with greater concentratlons slightly farther from the 
source The selenium concentrahons (300 pg/L) at the proposed compliance boundary 
exceed the ARAR of 250 mg/L Although Figures E-6 E-17, and E-18 show slightly 
different concentrauons at the proposed compliance boundary the plume 
configurauons show only subtle variatlons in geometry 
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0 F 1 Purpose of the Analysis 

The purpose of the waste settlement analysis is to assess the impact waste settlement 
rmght have on the dramage charactenstics of the proposed cover design for the Present 
Landfill at Operable Unit (OU) 7 

Literature sources suggest that waste settlement in municipal landfills can approach 33 
percent of the waste thlckness (Brunner 1972) Settlement of this magnitude at OU 7 
could conceivably affect the dramage patterns on the cover surface by changing the 
slope or direcuon of flow in localized areas Changes in dramage patterns could result 
in erosion or local ponding necessitaung costly repam to the vegetative layer 

Settlement models used to estimate the changes in surface elevation as a result of waste 
and fill consolidation included a simple percent of thckness assessment, Sower’s 
method, Gibson and Lo model, and the power creep law 

F.2 Description of Grading Plan 

The proposed grading plan has a rectangular-shaped mound along the central 
longitudmal axis of the landfill The 7-percent slopes of this mound are designed to 
shed water off the cover surface radially to penmeter dramage ditches To achieve this 
configuration up to 15 feet of general fill material may potentially be required in the 
central portion of the landfill Because the landfill base is a v-shaped trough following 
the former dramage along the central longitulnal axis the hckest sections of the 
waste (and fill material) are also found along ths  axis Settlement in ths  area can be 
expected to be greater than in other areas 

F 2 1 Landfill Settlement 

Landfill settlement occurs as a result of waste decomposition, filtenng of fine 
matenals and consolidation under the weight of the waste matenal Settlement is also 
influenced by the thickness of soil cover matenal used, compressibility of the waste 
compaction dunng waste placement age of the waste and the amount of water present 
to promote biodegradation (Brunner 1972) Other factors such as iniual waste density, 
waste composition, pH, temperature, and depth are also considered to affect settlement 
(Fasset 1993) 

F 2 2 Differences Between Typical Municipal Solid Waste and OU 7 Waste 

The waste composition of the landfill at OU 7 is reported to consist of construction 
debris nonhazardous industrial wastes sludges and wastes generated by mntenance 

I 

F- 1 
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F31 

F32 

use change in overburden pressure time of load application and compressibility factors 
instead of change in void ratio in the general consolidation theory equation 

Percent Settlement 

Ths  simple approach asserts that waste settlement is a uniform funchon of waste 
thickness For example, if a 15-percent waste settlement is assumed, then the 
settlement at each point is 0 15 times the waste tluckness at that point 

As mentloned above, waste settlement at OU 7 may be significantly less than typical 
municipal landfills due to &fferences in waste composition, amount of soil cover, and 
surcharging the waste with additional fill For the purposes of ths  comparahve study, 
15 percent settlement was used 

Sowers Method 

The Sowers method consists of sumrmng functions representing pnmary settlement and 
secondary compression As menhoned above the pnmary settlements of the OU 7 
waste fill will most likely occur before the cover is constructed Therefore, only the 
secondary compression relationshp was used in estimahng settlement in ths  case The 
form of this relationship is as follows 

S,= H C, /( 1+ eo)log(tz/ tl) 

Where 

S, = secondary compression occumng in layer under consideration 
H = inihal thickness of waste layer under consideration 
C, = secondary compression index 
eo = initial void ratio 
t2  = starting time for long-term time period under consideration 
tl = ending hme for the long-term period under consideratlon 

Fasset (1993) discusses the problems associated with using the secondary compression 
index and void ratio term C, /(l+eo) and suggests the use of a modified secondary 
compression index term defined as 

Using this term the Sowers equation then becomes 

tp\2510078\appf doc F-3 7/22/95 
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The value for the rate of secondary compression, l/b, was selected from the mdpoint of 
the data presented in the point plot Ths value is 0 0oO7/day 

F 3 4 Power Creep Law 

The power creep law presented is expressed in the following form (Sharma and Lewis 
1994) 

S(t) = H Ao m (tJt}" 

Where 

S(t) = settlement at time t 
H = inihal height of refuse 
Ao = change in overburden pressure 
m = reference compressibility 
tr = compression rate 
t 
n 

= reference time used to make tlme dmensionless 
= time since load applicatlon 

As with the Gibson and Lo model above, the power creep law uses ernpincally denved 
values for factors m and n (Edil et al 1990) For the OU 7 waste settlement analysis, a 
value corresponding to old refuse is used for m and a md-range value is selected for n 
as follows 

m = 3 4 x  io5(iflrpa) 
n=O65 

It should be noted that with the power creep law settlement is directly proportional to 
the length of time since the load (addmonal waste placement) is applied to a given 
layer Thus as the time duration is extended, the settlement increases This may not be 
a reasonable assumption when long hme penods are considered because at some point 
consolidation will reach a maximum and settlement will cease 

F 4  Results 

Table F- 1, Settlement Method Comparison, lists the initial waste and fill thicknesses, 
elevation change due to settlement, and percent settlement as a functlon of initial waste 
thickness for points located on four representatlve cross sections through the landfill 
The percent settlement method at 15 percent settlement results in the greatest 
settlements compared to the other settlement methods As previously stated, ths  
method is a simple approach based on hstorical municipal landfill settlement data and 
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I 

0 G 1 Engineered Cover Performance Modeling 

The pnmary purpose of an engineered cover is to mnimze infiltration of precipitation 
and to limt percolation of water through contarmnated soils and liner matenals In 
detemning the most effective engineered cover design, calculation of the amount of 
infiltration percolating through the engineered cover system is necessary to select the 
most viable cover components Infiltration is also important in prediction of the 
potential for contarmnant leachmg and mgration through the underlying vadose zone 
soils The Hydrologic Evaluation of Landfill Performance (HELP), computer model 
Version 3 03 was used to estimate the amount of infiltration that would percolate 
through the final engineered cover design for OU 7 The HELP model was developed 
by the U S  Army Corps of Engineers Waterways Expenment Station for the U S  
Environmental Protection Agency (EPA) It was developed to facilitate rapid and 
economcal estimations of the water movement through and out of landfills HELP was 
chosen because of its widespread acceptance in the engineering community 

The HELP model prediction of the infiltration rate was used to evaluate the relative 
effectiveness of several engineered cover designs It was also used to test the 
sensitivity of several input vanables on the amount of leakage through the covers 
HELP is a quasi-two-dimensional computer code that models landfill performance with 
respect to the hydrologic cycle Figure G-1 presents a conceptual model of the 
hydrologic input and output data The model accepts weather, soil, and design data, 
and uses solution techniques that account for the effects of surface storage snowmelt 
runoff infiltration, evapotranspiration vegetative growth soil moisture storage, lateral 
subsurface dramage leachate recirculation unsaturated vertical dramage, and leakage 
through soil geomembrane or composite liners Landfill systems, including various 
combinations of vegetation cover soils waste cells lateral dram layers, low- 
permeability barrier soils and synthetic geomembrane liners may be modeled (HELP 
Model User’s Guide for Version 3 1994) HELP does not account for capillary flow in 
the vanably saturated cover components and as a consequence provides a conservative 
estimate of percolation through the engineered cover (Nichols 1991) 

Eight engineered cover sections were modeled with HELP The eight proposed 
engineered cover design alternatives are shown in Figure G-2 All eight covers were 
modeled for comparison purposes to evaluate the relative performance of the different 
configurations The seven engineered cover designs were modeled using normal 
climatological and vegetation data for the Rocky Flats area Final HELP output files 
for the eight proposed cover design alternatives are provided in Attachment G1 

G- 1 
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The user can enter the CN dlrectly 

0 The user can enter the CN for a soil type and have HELP modify it for a given slope 
and slope length 

HELP will generate a CN given a soil texture, slope slope length, and vegetation 
condition 

A sensitivity analysis was performed on the effect of dramage layer slope on seepage 
through the vertical percolatlon layer and is presented as Attachment G2 

G 1 2 Site-Specific Soil Characterrstm 

The input soil data for the specific layers of the OU 7 engineered covers are 
summarized in the following paragraphs and in Table G- 1 

0 Vegetative Layer-It was assumed that local soils could be procured for the 
vegetative layer Soil properties for cover alternatives 1 and 3 use manual input to 
create soil texture #53, which is a well-graded sandy soil with a permeability of 
1E-02 centimeters per second (cdsec), that simulates the soil used as a dady cover 
at OU 7 Cover alternanves 4, 5, 6 7 8 and 9 use default soil texture #7 for the 
vegetative layer Thls is a silty sand with a permeability of 5 2E-04 cdsec,  whch 
is sirmlar to the native soils of ths  area It also has a larger difference between the 
field capacity and wilting point, which indicates it has plant water storage 
capabilities needed to support vegetation The vegetative layer was not compacted 
to allow for vegetative growth 

Dramage Layer-Cover alternatives 4 5 6 7 8 and 9 use a geocomposite 
dramage layer This is modeled using default geosynthetic matenal#20 which is a 
0 5-cm-thick dramage net with a hydraulic conductivity of 1E+01 cdsec  

Flexible Membrane Cover (FMC)-Cover alternatives 5 7 8 and 9 use an FMC as 
a barrier component This is modeled using default geosynthetic material 
charactenstic #35 which has a hydraulic conductivity of 2E-13 cdsec  A typical 
thickness for FMCs of 60 mls  (06 inches) was used For the liner material, a 
number of manufacture defects (pinholes) per acre installation defects per acre and 
the quality of contact with the underlying layer need to be assigned The HELP 
manual provides typical estimates for these values For manufacturer defects 0 5 to 
1 pinhole per acre are recommended as typical values (HELP Model User's Guide 
for Version 3 1994) A correlation of installation defects to installation quality as 
deterrmned by construction quality controkonstruction quality assurance (CQC/ 
CQA) programs is shown in Table G-2 

There are six options in the HELP model to describe the contact between the 
geomembrane and the underlying soil 
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Compacted Soil Liner-Ths term is used as a generic label for a compacted clay liner, 
a low-permeability bedding layer a GCL, or a combination of the above The 
compacted soil liner serves two purposes in the cap design First, it serves as a low- 
permeability bamer to retard vemcal rmgration of fluids Second it serves as a 
bedding layer for what is placed over it Th~s second function is most important when 
the soil liner is overlam by a geocomposite, GCL, or FMC Cover alternatives 5, 7, 8, 
and 9 all have a compacted soil liner as one of their components Default Soil Texture 
#17 is used for the GCL and Default Soil Texture #16 is used with the compacted clay 
cover and low-permeability bedding layer Permeabilities of E-07 cdsec  and 1E-05 
cdsec were used for the compacted clay cover and low-permeability bedding soil, 
respectively 

Initial Soil Water Content-The HELP model was allowed to estlmate an equilibrium 
water content for the initial soil water content 

SCS Runoff-Curve Number-The HELP model was used to calculate the SCS runoff- 
curve number assurmng a slope of 5 percent (after settlement) a slope length of 500 
feet, and a f i r  stand of grass Two different soil textures were used as the top layer of 
soil One corresponds to the current soil (#53) used as a di ly  cover and the other 
corresponds to soil #7 to be used in the final cover for the vegetative soil layer 

G 1 3 Cover Design Input Data a 
Input parameters for the engineered cover surface area slope, and lateral dramage 
distance are shown below 

Engineered cover surface area = 1 acre 

Slope of top layer = 5 percent (after settlement) 

0 Maximum lateral drainage distance along slope = 500 feet 

G 1 4 Climate-Related Input Parameters 

Three options are avilable to generate climatologic data a default option, a manual 
option and a synthetic option For the purpose of this performance assessment, the 
synthetic option was used to generate the precipitation, temperature, and solar radiatlon 
data 

Normal (mean) monthly temperature data shown in Table G-4, from the Rocky Flats 
Plant Site Environmental Report for 1992 (EG&G 1992) was used to adjust HELP s 
synthetic temperature generator to approximate actual temperatures at the Rocky Fiats 
site more closely 
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reasonable in that it does not allow excess percolation of water through the vegetative 
layer nor does it restrict percolation to a mnimum 

G 1 7 2 Maximum Leaf Area Index 

Maximum leaf area index is the dimensionless ratlo of the leaf area of actively 
transpinng vegetation to the nomnal surface area of the land on which the vegetation is 
growing Typical values used in the HELP model (Schroeder et al 1994b) are 

0 0 0 for bare ground 
1 0 for poor grass 
2 0 for fu grass 
3 3 for good grass 
5 0 for excellent grass 

As the leaf area index increases, the amount of evapouanspirauon increases (Schroeder 
el al 1994b) Given the precipitation values and the length of the growing season, the 
maximum leaf area index for Denver, Colorado, is 2 5, without irngation A value of 
1 75 was used as the maximum leaf area index for the far grass vegetation Thls is a 
conservative estimate constdenng the maximum leaf area index value for Denver is 
about 2 5 A sensitlvity analysis was performed on the effect of leaf area index on 
seepage through the vertical percolation layer, and is presented in Attachment G2 and 
G3 This indicates that an index value of 1 75 is neither overly conservative or under 
conservative with respect to allowing water to percolate through the vertical percolation 
layer 

0 

G 1 8  Latitude 

The latitude used for solar radiation data generation for normal conditions is 39 77 
degrees North the latitude of Denver Colorado 

G 1 9  Summary 

Results of the HELP modeling runs for each cover section option are summarized in 
Table G-6 

G 2 References 

AS1 (Advanced Sciences Inc) 1991 Storm-Water Runoff Quantity for Vanous 
Design Events Rocky Flats Plant January 

I EG&G Rocky Flats, Inc 1992 Rocky Flats Plant Site Envlronmental Report for 1992 

tp\z510078\appg doc co\q G-7 
~~~ 

7/21/95 





! 



1 OW 7 Drafi. Phase I IMRA Decrswn Document 

.. 
*-- 

I 



OU 7 Draft Phase I IMBRA Decision Document 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

Table 6-4 
Temperature Data Summary 

~ 

37 0 

45 5 

55 5 

645 

71 5 

70 5 

61 5 

52 5 

40 0 

335 

SEPT 

OCT 

NOV 

DEC 

TOTAL 

F degrees Fahrenheit 

1 49 1 24 1 49 

0 92 1 24 0 92 

0 79 0 86 0 79 

064 0 57 064 

15 33 16 08 15 33 

Table G-5 
Precipitation Data 
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............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) 14 

** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 

** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * 
** ** USAE UATERUAYS EXPERIMENT STATION 

.............................................................................. 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\WETHW7\IN\SYN30W D4 
TEMPERATURE DATA FILE C \HELP3\UETHW7\IN\SYN3OM 07 
SOLAR RADIATION DATA FILE C \HELP3\WETHW7\IN\SYN30n D13 
EVAPOTRANSPIRATION DATA C \HELP3\UETHW7\IN\SYN30n Dll 
SOIL AND DESIGN DATA FILE C \HELP3\PATWT\IW\RFNC30RP D10 
WTPUT DATA FILE C \HELP3\PATW7\WT\RFNC3ORP OUT 

TIME 13 59 DATE 4/11/95 

.............................................................................. 

TITLE Rocky Flats Cover options W 7 No Cover RFNC30RP 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER WERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 12 00 INCHES 
POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0405 VOL/VOL 

- - - 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
UILTING POINT - 0 0240 VOL/voL 

- 
- - 

INITIAL SOIL WATER CONTENT = o 0308 VOLIVOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS 1 00 INCHES 

POROS I TY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 a620 VOL/VOL 
WILTING POINT 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 4370 VOL/VOL 
EFFECTIVE SAT HID COND = 0 959999978000E 02 CM/SEC 

- - 
- 
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STO DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STO DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
o a3 

0 003 
0 000 

0 009 
0 000 

0 4% 
1 491 

0 306 
0 765 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 008 
0 000 

0 024 
0 000 

0 438 
1 224 

0 216 
0 848 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKACE THROUGH LAYER 3 

TOTALS 0 0000 0 0020 
0 0248 0 0699 

STD DEVIATIONS 0 0002 0 0108 
0 0955 0 1808 

MAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 021 
0 000 

0 088 
0 000 

0 887 
1 533 

0 472 
0 746 

0 0000 
0 0000 

0 0000 
0 0000 

0 0480 
0 0409 

0 1463 
0 0849 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 543 
0 831 

0 706 
0 532 

0 0000 
0 0000 

0 0000 
0 0000 

0 2359 
0 0149 

0 3442 
0 0812 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 166 
0 672 

0 916 
0 501 

0 0000 
0 0000 

0 0000 
0 0000 

0 7079 
0 0408 

0 7423 
0 1055 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0000 0 0000 0 0005 0 0023 0 0069 
0 0003 0 0006 0 0004 0 0002 0 0004 

STD DEVIATIONS 0 0000 0 0001 0 0017 0 0032 0 0070 
0 0011 0 0017 0 0008 0 0012 0 0011 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

2 042 
0 573 

1 049 
0 267 

0 0000 
0 0000 

0 0000 
0 0000 

0 1953 
0 0294 

0 2506 
0 0673 

0 0021 
0 0003 

0 0026 
0 0007 

............................................................................... 
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............................................................................. 

.............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
***e*** ....................................................................... 
.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\uethou7\in\SYN3(m D4 
TEMPERATURE DATA FILE C \HELP3\wethou7\in\SYN30n D7 
SOLAR RADIATION DATA FILE C \HELP3\uethou7\in\SYN30n Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\wethou7\in\SYN30n D11 
SOIL AND DESIGN DATA FILE C \HELP3\patounin\COVERlB D10 
OUTPUT DATA FILE C \HELP3\patou7\out\cover1b OUT 

TIME 9 31 DATE 6/9/95 
.............................................................................. 

TITLE Rocky Flats Cover Options OU 7 3ft soil coverlb 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU WATER WERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 53 
THICKNESS = 36 00 INCHES - POROSITY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0470 VOLfVOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 

- 
- 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 53 - THICKNESS - 1 00 INCHES 

POROS I TY - 0 4370 VOL/VOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT - 0 0240 VOLfVOL 
INITIAL SOIL WATER CONTENT = 0 0620 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999978000E 02 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 D FEET 

- 
- 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 53 

THICKNESS - 1 00 INCHES 
POROSITY - 0 4370 VOCfVOL 
FIELD CAPACITY - 0 0620 VOL/VOL 
WILTING POINT - 0 0240 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 4370 WL/VOL 

- 
- 
- 
- 

EFFECTIVE SAT HYD COND = 0 999999978000E 02 CMfSEC 

I 
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/ JUL 

0 46 
1 48 

0 36 
0 83 

0 002 
0 000 

0 008 
0 000 

0 472 
1 721 

0 307 
0 876 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 425 
1 358 

0 262 
0 810 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0366 0 0297 
0 2413 0 0821 

STD DEVIATIONS 0 0360 0 0291 
0 1701 0 0326 

MAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 017 
0 000 

0 070 
0 000 

0 930 
1 375 

0 445 
0 731 

0 0000 
0 0000 

0 0000 
0 DO00 

0 0280 
0 0556 

0 0260 
0 0263 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 458 
0 907 

0 735 
D 536 

0 0000 
0 0000 

0 0000 
0 0000 

0 0753 
0 0509 

0 0817 
0 0253 

MAY /NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 000 
0 000 

0 000 
0 000 

2 124 
0 660 

0 990 
0 517 

0 0000 
0 0000 

0 0000 
0 0000 

0 1510 
0 0384 

0 low 
0 0322 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0004 0 0004 0 0003 0 0008 0 0016 
0 0026 0 0009 0 0006 0 0006 0 0004 

STD DEVIATIONS 0 0004 0 0003 0 0003 0 0009 0 0012 
0 0018 0 0004 0 0003 0 0003 0 0004 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

2 262 
0 519 

1 026 
0 262 

0 0000 
0 0000 

0 0000 
0 0000 

0 2583 
0 0426 

0 2607 
0 0419 

0 0029 
0 0005 

0 0029 
0 0005 

............................................................................... 
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******************************W*********~************************************* 

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
I* HELP MOOEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\UETHW7\IN\SYN3OM D4 
TEMPERATURE DATA FILE C \HELP3\UETHW7\IN\SYN3OP( D7 
SOLAR RADIATION DATA FILE C \HELP3\UETHWnIN\SYN3OP( Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\WETHOU7\IN\SYN3OM D11 
SOIL AND DESIGN DATA FILE C \HELP3\PATW7\1N\RFCLAYP D10 
OUTPUT DATA FILE C \HELP3\PATOU7\WT\RFCLAYP OUT 

TIME 13 11 DATE 4/11/95 

.............................................................................. 

TITLE Rocky Flats Cover Options OU7 File RFCLAY 

.............................................................................. 

NOTE INITIAL HOISTURE CONTENT OF THE LAYERS AND S N W  WATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTING POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HID COND = 0 520000001000E 03 CM/SEC 

- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROS I TY = 0 8500 VOL/VOL 
FIELD CAPAC I TY 0 0100 VOL/VOL 
WILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0224 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS = 24 00 INCHES 
POROS I TY - 0 4270 VOL/VOL - 0 4180 VOL/VOL FIELD CAPACITY 
WILTING POINT - 0 3670 VOL/w)L 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 lOOOOOOO1OOOE 06 CM/SEC 

- 
- 
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e 
............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 83 

0 003 
0 000 

0 OD8 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG 

D 48 
1 52 

0 25 
0 94 

0 007 
0 DO0 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 0994 0 0501 
0 5295 0 4226 

STD DEVIATIONS 0 1128 0 0711 
0 3057 0 2988 

PERCOLATION/LEAKAGE THRWGH LAYER 3 

TOTALS 0 0739 0 0684 
0 0996 0 0977 

STD DEVIATIONS 0 0286 0 0314 
0 0069 0 0082 

RAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 0681 
0 4668 

0 0967 
0 3521 

0 0600 
0 0922 

0 0278 
0 0136 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 3978 
0 4810 

0 2741 
0 2276 

0 0873 
0 0975 

0 0168 
0 0140 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

0 9391 
0 3066 

0 4724 
0 2253 

0 1027 
0 0884 

0 0041 
0 0239 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0014 0 DO08 D DO10 0 0059 0 0134 
0 0075 0 0060 0 0069 0 0068 0 0045 

STD DEVIATIONS 0 0016 0 0011 0 DO14 D 0040 0 0067 
0 0044 0 0043 0 0052 0 0032 0 0033 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 7 8 6  
0 204 

0 7787 
0 2695 

0 5033 
0 1996 

0 0972 
0 0949 

0 0072 
0 0187 

0 0115 
0 0038 

0 0074 
0 0028 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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.............................................................................. 

.............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE .* 
** HELP llOOEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA FILE 
TEMPERATURE DATA FILE 
SOLAR RADIATION DATA FILE C \HELP3\PATW7\IN\SYN3OM D13 
EVAPOTRANSPIRATION DATA C \HELP3\PATW7\IN\SYN3OH D11 
SOIL AND DESIGN DATA FILE 
OUTPUT DATA FILE 

C \HELP3\patou7\IN\SYN3OM D4 
C \HELP3\PATW7\IN\SYN3OH D7 

C \HELP3\PATW7\1N\RFFMC3OP DlD 
C \HELPJ\PATW7\WT\RFFMC3OP OUT 

TIME 7 42 DATE 4/12/95 

.............................................................................. 

TITLE Rocky Flats Cover Options oU7 File RFFMC 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
CWPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS 36 00 INCHES 
POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTINC POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND 0 520000001000E 03 CM/SEC 

- 
- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATlVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS 0 20 INCHES 

POROS I TY 0 8500 VOL/VOL 
FIELD CAPACITY = 0 0100 VOL/VOL 
WILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0286 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

- TH1 CKNESS - 0 06 INCHES 
POROSITY - 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
UlLTlNG POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLEWACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 Goo0 

- 
- 
- 

- 
I 
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STO DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEWAUG MAR/SEP 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1728 0 0981 
0 6269 0 5181 

STD DEVIATIONS 0 1318 0 0955 
0 3077 0 3014 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0 0008 0 0005 
0 0023 0 0019 

STO DEVIATIONS 0 0005 0 0004 
0 0009 0 0008 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0025 0 0024 
0 0013 0 0016 

STD DEVIATIONS 0 0007 0 0006 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0384  
0 321 

0 1273 
0 5570 

0 1122 
0 3575 

0 0006 
0 0020 

0 0004 
0 0010 

0 0024 
0 0015 

0 0005 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4830 
0 5765 

0 2839 
0 2341 

0 0018 
0 0021 

0 0009 
0 0007 

0 0013 
0 0015 

0 0007 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0385 
0 3934 

0 4730 
0 2388 

0 0033 
0 0016 

0 0012 
0 0008 

0 0006 
0 0019 

0 0004 

JUN/DEC 

1 85 
0 6 4  

1 11 
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 786 
0 206 

0 8730 
0 3629 

0 5060 
0 2101 

0 0029 
0 0015 

0 0012 
0 0007 

0 0008 
0 0020 

0 0005 
0 0005 0 0007 0 0007 0 0008 0 0008 0 0007 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP HODEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USA€ UATERUAYS EXPERIMENT STATION *I 

** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
.............................................................................. 

PRECIPITATION DATA FILE C \TEMP\HELP3\patou7\in\SYN3OM D4 
TEMPERATURE DATA FILE C \TEMP\HELP3\patou7\in\SYN3OM D7 
SOLAR RADIATION DATA FILE C \TEMP\HELP3\patou7\in\SYN30n D13 
EVAPOTRANSPIRATION DATA C \TEMP\HELP3\patw7\in\SYN3OM D11 
SOIL AND DESIGN DATA FILE C \TEMP\HELP3\ptw7\in\RFGCL30 D10 
OUTPUT DATA FILE C \TEMP\HELP3\patou7\out\rf gc 130p OUT 

TIME 8 1 DATE 4/12/95 

.............................................................................. 

TITLE Rocky Flats Cover Options OU7 30 yrs RFGCL30 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND S N W  UATER UERE 
COMPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMEER 7 
THICKNESS = 36 00 INCHES - POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY 0 2220 VOL/VOL 
WILTING POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 W L / W L  
EFFECTIVE SAT HID COND = 0 520000001000E 03 CM/SEC 

- - 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0285 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- - 

- 

LAYER 3 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUnBER 17 - THICKNESS - 0 20 INCHES 

POROSITY - 0 7500 VOL/VOL 
FIELD CAPACITY - 0 7470 VOL/VOL 
UILTING POINT - 0 4000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 7500 VOL/VOL 
EFFECTIVE SAT HYO CON0 = 0 300000003000E 08 CM/SEC 

- 
- 
- 

I 





a 
............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 83 

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1711 0 0968 
0 6260 0 5168 

STD DEVIATIONS 0 1318 0 0951 
0 3085 0 3021 

PERCOLATICWLEAKAGE THROUGH LAYER 3 

TOTALS 0 0026 0 0018 
0 0033 0 0032 

STD DEVIATIONS 0 0007 0 0010 
0 0001 0 0001 

IUR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1255 
0 5560 

0 1121 
0 3583 

0 0024 
0 0030 

0 0007 
0 0004 

APR/OCT 

173 
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4818 
0 5754 

0 2845 
0 2346 

0 0030 
0 0032 

0 0003 
0 0004 

MY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0384 
0 3920 

0 4741 
0 2392 

0 0034 
0 0029 

0 0001 
0 0006 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 3 

AVERAGES 0 0024 0 0015 0 0018 0 0071 0 0148 
0 0089 0 0074 0 0082 0 0082 0 0058 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 
0 0044 0 0043 0 0053 0 0033 0 0035 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 786 
0 204 

0 8727 
0 3613 

0 5070 
0 2106 

0 0032 
0 0031 

0 0002 
0 0004 

0 0128 
0 0051 

0 0075 
0 0030 

............................................................................... 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP W)EL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE UATERUAYS EXPERIMENT STATION 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
** 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\UETHOU7\IN\SYN3OM D4 
TEMPERATURE DATA FILE C \HELP3\UETHW7\IN\SYN30M 07 
SOLAR RADIATION DATA FILE C \HELP3\UETHW7\IN\SYN3OM D13 
EVAPOTRANSPIRATION DATA C \HELP3\UETHOU7\IN\SYN3OM D11 
SOIL AND DESIGN DATA FILE 
OUTPUT DATA FILE C \HELP3\RFC2 5P W T  

C \HELP3\PATW7\1N\RFC2 5 010 

TIME 7 48 DATE 4/12/95 

.............................................................................. 

TITLE Rocky Flats Cover options OU7 File RFC2 5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE INITlAL MOISTURE CONTENT OF THE LAYERS AND S N W  UATER UERE 
COnPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 DO INCHES 
POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTING POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 52OOOOOOlODOE 03 CM/SEC 

- 
- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROSITY 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT - 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE - 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- 
- 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUnBER 35 - THICKNESS - 0 06 INCHES 

POROSITY - 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD CON0 = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLEWACRE 
FML PLACEMENT QUALITY = 3 GOOD 

- 
- 
- 

- 

I 
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUNDEC 

PRECIPITATION 

TOTALS 0 4 6  0 4 8  1 2 2  1 7 3  2 7 5  1 8 5  
1 4 8  1 5 2  1 4 9  0 9 2  0 7 9  0 6 4  

STD DEVIATIONS 0 36 0 25 0 80 1 01 1 50 1 1 1  
0 8 3  0 9 4  0 6 4  0 6 5  0 5 8  0 3 8  

RUNOFF 

TOTALS 0 003 0 007 0 018 0 000 0 008 0 000 
0 000 0 000 0 000 0 000 0 000 0 001 

STO DEVIATIONS 0 008 0 023 0 072 0 000 0 042 0 OD0 
0 000 0 000 0 000 0 000 0 000 0 003 

EVAPOTRANSPIRATION 

TOTALS 0 393 0 401 0 736 1 011 1 567 1 325 
0 959 0 953 0 757 0 553 0 448 0 363 

STD DEVIATIONS o 292 o 259 o 386 o 600 o a03 o 786 
0 481 0 653 0 321 0 374 0 402 0 204 

LATERAL DRAINAGE COLLECTED FROn LAYER 2 

TOTALS 0 1736 0 0986 0 1279 0 4847 1 0417 0 8759 
0 6292 0 5200 0 5590 0 5786 0 3949 0 3644 

STO OEVIATIONS 0 1323 0 0959 0 1125 0 2847 0 4742 0 5072 
0 3086 0 3022 0 3585 0 2348 0 2396 0 2108 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

STO DEVIATIONS 0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 0 0129 
o 0090 Q 0074 o 0082 o 0082 o 0058 o 0052 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 0 0075 
0 0044 0 0043 0 0053 0 0033 0 0035 0 0030 ! 
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.............................. 

............................................................................. 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MOOEL VERSION 3 01 (14 OCTOBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 

USAE WATERWAYS EXPERIMENT STATION 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY e* 

** ** 

.............................................................................. 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\PATOU7\IN\SYN30M D4 
TEMPERATURE DATA FILE C \HELP3\PATUJ7\IN\SYN3OM 07 
SOLAR RADIATION DATA FILE C \HELP3\PATOUnIN\SYN3OM Dl3 
EVAPOTRANSPIRATION DATA C \HELP3\PATOU7\IN\SYN3OM Dl1 
SOIL AND DESIGN DATA FlLE C \HELP3\PATW7\1N\RFC3 D10 
OUTPUT DATA FILE C \HELP3\PATWnWT\PFC3P OUT 

TIME 8 5 DATE 4/12/95 

TITLE Rocky FLats Cover Options OU7 File RFC3 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND S N W  WATER WERE 
COWPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES 
POROSITY 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
WILTING POINT - 0 1040 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CM/SEC 

- 
- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUNBER 20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY 0 0100 VOL/VOL 
WILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 0287 VOL/VOL 
EFFECTIVE SAT HYD COND = 10 0000000000 CM/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- 
- - 
- - 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NWSER 35 - THICKNESS 0 06 INCHES - POROSITY - 0 0000 VOL/VOL 

FIELD CAPACITY 0 0000 VOL/VOL 
WILTING POINT 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 199999996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLES/ACRE 
FML INSTALLATION DEFECTS = 2 00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3  Goo0 

- 
- - 

- 
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NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THRWGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 8 3  

0 OD3 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1736 0 0986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0959 
0 3086 0 3022 

PERCOLATION/LEAKAGE THRWGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 
0 0000 0 0000 

UAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1279 
0 5591 

0 1125 
0 3585 

0 0000 
0 0000 

0 0000 
0 0000 

APR/OCT 

1 7 3  
0 92 

1 01 
0 65 

0 000 
0 000 

0 DO0 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
0 5786 

0 2847 
0 2348 

0 0000 
0 0000 

0 0000 
0 0000 

UAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 DO8 
0 000 

0 042 
0 000 

1 567 
0 448 

0 803 
0 402 

1 0417 
0 3950 

0 4742 
0 2396 

0 0000 
0 0000 

0 0000 
0 0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 0 0025 0 0016 0 0018 0 0071 0 0148 
0 0090 0 0074 0 0082 0 0082 0 0058 

STD DEVIATIONS 0 0019 0 0015 0 0016 0 0042 0 0067 
0 0044 0 0043 0 0053 0 DO33 0 0035 

JUN/DEC 

1 85 
0 6 4  

1 1 1  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 786 
0 204 

0 8759 
0 3644 

0 5072 
0 2108 

0 0000 
0 0000 

0 0000 
0 0000 

0 0129 
0 0052 

0 0075 
0 0030 

............................................................................... I 
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MOOEL VERSION 3 03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE UATERUAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 

** 

.............................................................................. 

.............................................................................. 

PRECIPITATION DATA FILE C \HELP3\uethou7\in\SYN3OM 04 
TEMPERATURE DATA FILE C \HELP3\wethou7\in\SYN3OM D7 
SOLAR RADIATION DATA FILE C \HELP3\uethoul\in\SYN3OM D13 
EVAPOTRANSPIRATION DATA C \HELR\uethou'l\in\SYN3OM D11 
SOIL AND DESIGN DATA FILE 
OUTPUT DATA FILE 

C \HELM\patou7\in\RFCl D10 
C \HELP3\petou7\out\rfclp OUT 

TIME 10 9 DATE 6/22/95 

.............................................................................. 

TITLE Rocky Flats Cover options OU7 File RFCl 

.............................................................................. 

NOTE INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOU UATER UERE 
CWPUTED AS NEARLY STEADY STATE VALUES BY THE PROGRAM 

LAYER 1 
TYPE 1 VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 7 
THICKNESS = 36 00 INCHES - POROSITY - 0 4730 VOL/VOL 
FIELD CAPACITY - 0 2220 VOL/VOL 
UILTING POINT - 0 lo40 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1667 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 520000001000E 03 CM/SEC 

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE 

- 
- 

NOTE SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 2 68 

LAYER 2 
TYPE 2 LATERAL DRAINAGE LAYER 
MATERiAL TEXTURE NUMBER 20 - THICKNESS - 0 20 INCHES 

POROSITY - 0 8500 VOL/VOL 
FIELD CAPACITY - 0 0100 VOL/VOL 
UILTING POINT 0 0050 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0287 VOL/VOL 
EFFECTIVE SAT HID CON0 = 10 0000000000 CM/SEC 
SLOPE 2 00 PERCENT 
DRAINAGE LENGTH = 500 0 FEET 

- - - 

- 

LAYER 3 
TYPE 4 FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMEER 35 - THICKNESS 0 06 INCHES 

POROSITY - 0 0000 VOL/VOL 
FIELD CAPACITY - 0 0000 VOL/VOL 
UILTING POINT - 0 0000 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 0000 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 159995996000E 12 CM/SEC 
FML PINHOLE DENSITY - 0 50 HOLEWACRE 
FML INSTALLATION DEFECTS = 2 00 HOLEWACRE 
FML PLACEMENT PUALITY = 3 Goo0 

- 
- 
- 

- 
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NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MY/NOV JUN/OEC 

31 00 33 DO 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

............................................................................... 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 

PRECIPITATION 

TOTALS 

STD DEVIATIONS 

RUNOFF 

TOTALS 

STD DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD DEVIATIONS 

JAN/JUL 

0 46 
1 48 

0 36 
0 83 

0 003 
0 000 

0 008 
0 000 

0 393 
0 959 

0 292 
0 481 

FEB/AUG 

0 48 
1 52 

0 25 
0 94 

0 007 
0 000 

0 023 
0 000 

0 401 
0 953 

0 259 
0 653 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0 1736 0 0986 
0 6292 0 5200 

STD DEVIATIONS 0 1323 0 0959 
0 3086 0 3022 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0 0000 0 0000 
0 0000 0 0000 

STD DEVIATIONS 0 0000 0 0000 

MAR/SEP 

1 22 
1 49 

0 80 
0 6 4  

0 018 
0 000 

0 072 
0 000 

0 736 
0 757 

0 384 
0 321 

0 1279 
0 5590 

0 1125 
0 3585 

0 0000 
0 0000 

0 0000 

APR/OCT 

173  
0 92 

1 01 
0 65 

0 000 
0 000 

0 000 
0 000 

1 011 
0 553 

0 600 
0 374 

0 4847 
0 5786 

0 2847 
0 2348 

0 0000 
0 0000 

0 0000 

MAY/NOV 

2 7 5  
0 7 9  

1 50 
0 58 

0 008 
0 000 

0 042 
0 DO0 

1 567 
0 448 

0 803 
0 402 

1 0417 
0 3950 

0 4742 
0 2396 

0 0000 
0 0000 

0 0000 

JUN/DEC 

1 85 
0 6 4  

1 11  
0 38 

0 000 
0 001 

0 000 
0 003 

1 325 
0 363 

0 786 
0 204 

0 8759 
0 3644 

0 5072 
0 2108 

0 0000 
0 0000 

0 0000 
0 0000 0 0000 0 0000 0 0000 0 0000 0 0000 I 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROS I TY - 0 4270 VOL/VOL 
FIELD CAPACITY - 0 4180 VOL/VOL 
UILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 CM/SEC 

- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAN0 OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 74 80 
= 100 0 - 1 000 
= 28 0 
I 4 040 
= 13 244 

2 912 
P 0 000 
= 1 1  132 
= 11 132 

- 

- 

- 0 00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA VAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMlOlTY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 X 
= 50 00 x 
= 49 00 x 
= 54 00 % 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 
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ltUWBFf - 
TOTALS 

EVAPOlWfSPIRAfiW - 
TOTALS 

STD DEVIATIQMS 



............................................................................... 

AVERAGE ANNUAL TOTALS 8 (STO DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 036 (0 0822) 130 55 0 235 
EVAPOTRANSPIRATION 9 467 (2 0334) 34364 64 61 739 
LATERAL DRAINAGE COLLECTED 5 84861 ( 1  23901) 21230 469 38 14230 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00016 (0 00003) 0 591 0 00106 
FROM LAYER 4 
AVERAGE HEAO ACROSS TOP 0 007 ( 0 001) 
OF LAYER 4 
CHANGE IN WATER STORAGE 0 018 ( 0 3106) 65 05 0 117 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FROM LAYER 2 0 29733 1079 30469 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000006 0 02329 
AVERAGE HEAO ACROSS LAYER 4 0 131 
SNOU WATER 1 19 4320 8433 

MAXIMUM VEG SOIL WATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2542 
0 1172 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL WATER STORAGE AT EN0 OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 5 4640 0 1518 
2 0 0060 0 0302 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU UATER 0 000 





I LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUHBER 0 

THICKNESS = 12 00 INCHES 
POROSITY = 0 4270 VOL/VOL 
FIELD CAPACITY = 0 4180 VOL/VOL 
UILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 1270 VOL/VOL 
EFFECTIVE SAT HYD COND 0 9W999975000E 05 CM/SEC 

- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS CfflPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU WATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLW 

= 74  80 
= 100 0 - 1 000 

= 28 0 - 4 040 
= 13 24C 

2 912 - 0 000 
11 130 

= 11 130 
- 0 00 

- 
- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHESIYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 75 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 % 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JANIJUL FEBIAUG MARISEP APR/OCT MAYINOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEBIAUG MAR/SEP APRIOCT MAYINOV JUNIDEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

I 

I 

I 
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............................................................................... 

AVERAGE ANNUAL TOTALS B (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

I 

PRECIPITATION 
RUNOFF 
EVAPOTRANSPIRATION 
LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 
FROn LAYER 4 
AVERAGE HEAD ACROSS TOP 
OF LAYER 4 
CHANGE IN UATER STORAGE 

INCHES 

15 33 (3 026) 
0 036 ( 0  0822) 
9 467 (2 0334) 
5 84867 ( 1  23916) 

0 00011 (0 00002) 

0 005 (0 001) 

0 018 ( 0 3106) 

CU FEET PERCENl 

55661 2 100 00 
130 55 0 235 

34364 64 61 739 
21230 656 38 14264 

0 413 0 00074 

65 06 0 117 

............................................................................... 

********** .................................................................... 

PEAK DAILY VALUES FOR YEARS 1 THRWGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FROn LAYER 2 0 31918 1158 63452 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000005 0 01719 
AVERAGE HEAD ACROSS LAYER 4 0 094 
SNOU UATER 1 19 4320 8433 

M A X I M  VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2542 
0 1172 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES) (VOL/VOL 

1 5 4640 0 1518 
2 0 0047 0 0234 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOW UATER 0 000 
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0 
LAYER 4 

TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES - POROS I TY - 0 4270 VOL/VOL 

WILTING POINT 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYO COND = 0 999999975000E 05 CM/SEC 

- FIELD CAPACITY o 4180 VOLIVOL - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL S N W  UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 74 80 
= 100 0 - 1 000 

- 4 040 
= 13 244 

2 912 
0 000 

= 1 1  130 
= 1 1  130 
- 0 00 

= 28 o - 
- - 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GRWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIOITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 

= 8 80 MPH 
54 00 x 

= 50 00 X 
= 49 00 X 
= 54 00 x 

= 286 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 86 0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 



NOTE SOLAR RADIATION DATA UAS SYNTHET~CALLY GENERATED USING 
COEFFlClEIlTS FOR DENVER COLORADO 

STAtlON LATITUDE = 39 R DE-& 
I * 

STD D E V I M l W  

RUNOFF 

t0TALS 

STD DEVIATlOIIS 

StD DNIATIONS 

JAW/JUL 
.I.) - 

0 4 6  
1 4 8  

036 
0 8 3  

0003 
0000 

0000 
0 -  

0393 
0 959 

0 292 
0 461 

o m '  1 2 2  1 7 3  

0 2 5 '  om 109 

152  3 49 0 9 2  

0 9 4 -  Q 6 L  065 

I 
I 

0 601; 0 716 1011 
0953.  on? 0 %  

O N 9  om 8600 
0 653 0 321 0 3?4 

t 
1 

LATERAL DUAIWGE COLLECTED FROW LAYER 

TOTALS 01729 0 u*1291 0 4m 
44268 05216 &%e7 one 

03019 
0 9  

0 3 W l  0,- 
STD DEVIMlQllS 0 1325 o d  0 l?& 028.53 

. -  

is-;; 

i 
1 



............................................................................... 

AVERAGE ANNUAL TOTALS & (STO OEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 036 ( 0 0822) 130 55 0 235 
EVAPOTRANSPIRATION 9 467 ( 2 0334) 34364 64 61 739 
LATERAL DRAINAGE COLLECTED 5 84869 ( 1 23925) 21230 756 38 14281 
FROM LAYER 2 
PERCOLATION/LEAKAGE THRWGH 0 00009 ( 0 00002) 0 320 0 00058 
FROM LAYER 4 
AVERAGE HEAD ACROSS TOP 0 004 ( 0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 018 ( 0 3106) 65 07 0 117 

............................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES) (CU FT ) 

PRECIPITATION 3 3 4  12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FROM LAYER 2 0 33826 1227 89905 
PERCOLATION/LEAKAGE THRWGH LAYER 4 0 000004 0 01399 
AVERAGE HEAD ACROSS LAYER 4 0 075 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2542 
0 1172 

.............................................................................. 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 5 4640 0 1518 
2 0 0040 0 0201 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU UATER 0 000 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROS I TY I 0 4270 VOL/VOL 
FIELD CAPACITY - 0 4180 VOL/VOL 
UlLTlNG POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HID COND = 0 999999975000E 05 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMEER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UlTH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 74 80 
= 100 0 - 1 000 

= 28 0 
- 4 040 
= 13 244 - 2 912 
- 0 000 
= 1 1  129 
= 1 1  129 - 0 00 

- 
- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROW 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL U N O  SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 177 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

I 



I 

STD BEviAltols 

STD DEVZATIOWS 

I 

0 2 d  ow 0,600 01103 0,706 
0 633: 0.321 0,374 402 4 2oc - 

1 



AVERAGE ANNUAL TOTALS B (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 036 ( 0 0822) 130 55 0 235 
EVAPOTRANSPIRATION 9 467 ( 2 03341 34364 64 61 739 
LATERAL DRAINAGE COLLECTED 5 84871 ( 1 23930) 21230 814 38 14292 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00007 ( 0 00001) 0 264 0 00047 
FRU4 LAYER 4 
AVERAGE HEAD ACROSS TOP 0 003 ( 0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 018 ( 0 3106) 65 07 0 117 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES 1 (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FRU4 LAYER 2 0 34942 1268 39832 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000003 0 01180 
AVERAGE HEAD ACROSS LAYER 4 0 062 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2542 
0 1172 

.............................................................................. 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL 1 

1 5 4640 0 1518 
2 0 0036 0 0181 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU UATER 0 000 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NWBER UAS COWPUTED FROW DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NWBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 40 60 
= 100 0 - 1 000 
= 14 0 - 0 575 - 6 118 
= 0 336 
- 0 000 
= 3 712 

3 712 - 0 00 

- 
- - 
- 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUWIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 5L 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 86 0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER, COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 M 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THRWGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 033 (0 0874) 119 02 0 214 
EVAPOTRANSPIRATION 14 042 (2 6068) 50971 29 91 574 
LATERAL DRAINAGE COLLECTED 0 00000 (0 00000) 0 000 0 OD000 
F R W  LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 25884 (0 93753) 4569 576 8 20962 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0  001) 
OF LAYER 3 
CHANGE IN YATER STORAGE 0 000 (0 4067) 1 32 0 002 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 325 1178 8231 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00116 
PERCOLATION/LEAKAGE THRWGH LAYER 3 0 298615 1083 97266 
AVERAGE HEAD ACROSS LAYER 3 0 101 
SNOU UATER 1 19 4320 0433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2371 
0 OD95 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 3 2241 0 0768 
2 0 0620 0 0620 
3 0 4370 0 1370 

SNOU UATER 0 000 





GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COnPUTED FROn DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOVER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLW 

= 40 60 
= 100 0 

1 000 
= 28 0 
= 0 968 
= 12 236 - 0 672 
- 0 000 

2 744 - 2 744 
I 0 00 

- 

- 
- - 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FRCU 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH PUARTER RELATIVE HUMIDITY 

= 175  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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AVERME M H L Y  VALUES IN IUCHES >OR YEARS 1 THROUGH 30 

0 48.- 
? 52 

0 2 5  
0 %  

! 

I 

I 
I 

0 . q  
O O O O  

TOTALS 



............................................................................... 

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 027 (0 0714) 97 87 0 176 
EVAPOTRANSPIRATION 14 211 (2 9308) 51587 32 92 681 
LATERAL DRAINAGE COLLECTED 0 00000 (0 00000) 0 000 0 00000 
FROU LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 08893 (0 50571) 3952 824 7 10158 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 (0 000) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 006 (0 3198) 23 21 0 042 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 256 930 8232 
DRAINAGE COLLECTED FROU LAYER 2 0 00000 0 00019 
PERCOLATION/LEAKAGE THRWGH LAYER 3 0 112218 407 35193 
AVERAGE HEAD ACROSS LAYER 3 0 038 
SNOW WATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEC SOIL UATER (VOL/VOL) 

0 1709 
0 0175 

FINAL WATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 2 4373 0 0580 
2 0 0620 0 0620 
3 0 4370 0 4370 

SNOU WATER 0 OD0 

I 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 40 60 
= 100 0 

1 000 
= 42 0 

1 246 
= 18 354 
- 1 008 
- 0 000 

1 74s  
- 1 745 

0 00 

- 
- 
- 
- 
- 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND YEATRER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FRDW 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD WARTER RELATIVE HUMIDITY 
AVERAGE ITH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 % 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 L5 50 55 50 64 50 
71 50 70  50 61 50 52 50 40 00 33 so 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

I 
STATION LATITUDE = 39 T7 DEGREES 
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AVERAGE ANNUAL TOTALS 8 (STD DEVIATlONS) FOR YEARS 1 THROUGH 30 

PERCENT INCHES CU FEET 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 026 (0 0668) 94 18 0 169 
EVAPOTRANSPIRATION 13 525 (2 9238) 49096 30 88 206 
LATERAL DRAINAGE COLLECTED 0 00000 (0 00000) 0 001 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 76947 (0 38786) 6423 182 1 1  53978 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 002 (0 000) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 013 (0 3871) 47 55 0 085 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 235 852 3436 
DRAINAGE COLLECTED FROM LAYER 2 D 00000 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 159539 579 12592 
AVERAGE HEAD ACROSS LAYER 3 0 054 
SNOU UATER 1 19 4320 8433 

o 00038 

HAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1248 
0 0211 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 1 6390 0 0390 
2 0 0620 0 0620 
3 0 4370 0 4370 

SNOU UATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

(041 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLWIWG RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL S N W  UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 40 60 
= 100 0 - 1 000 
= 21 0 
- 0 505 - 9 177 
I 0 5w - 0 000 
- 2 896 - 2 8% 
I 0 00 

- 

- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FROn 
DENVER COLORADO 

M A X I M  LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 175 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 OD X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEWAUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 D 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 LO 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30 
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AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 028 ( 0  0772) 103 37 0 186 
EVAPOTRANSPIRATION 14 673 (2 7519) 53262 25 95 690 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0  00000) 0 000 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 62846 (0 57471) 2281 326 4 09859 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 (0 001) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 004 (0 3403) 14 26 0 026 

............................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES 1 (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 283 1028 9380 

0 00029 DRAINAGE COLLECTED FROM LAYER 2 0 00000 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 138481 502 68530 
AVERAGE HEAD ACROSS LAYER 3 0 047 
SNOU UATER 1 19 4320 8433 

CIAXIUUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1930 
0 0146 

********************************************W********************************* 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL 1 

0 os99 1 2 5141 
2 0 0623 0 0623 
3 0 4370 0 4370 

SNOU UATER 0 000 





GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 40 60 
= 100 0 

1 000 
= 35 0 - 1 076 
= 15 295 - 0 840 - 0 000 

2 203 
= 2 203 - 0 00 

- 
- 
- - - 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA VAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE ZND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD PUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/OEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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703 

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

PRECIPITATION 
RUNOFF 
EVAPOTRANSPIRATION 
LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 
LAYER 3 
AVERAGE HEAD ACROSS TOP 
OF LAYER 3 
CHANGE IN UATER STORAGE 

INCHES 

15 33 ( 3 026) 
0 026 ( 0 0683) 

14 022 ( 2 9807) 
0 00000 ( 0 00000) 

1 2n21 ( 0 37353) 

0 001 ( 0 000) 

0 012 ( 0 3713) 

CU FEET PERCENT 

55661 2 100 00 
95 43 0 171 

50899 16 91 445 

- 

0 000 0 00000 

44 a6 0 081 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES) (CU FT ) 

PRECIPITATION 3 3 4  12124 199 

DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00034 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 146034 530 10394 
AVERAGE HEAD ACROSS LAYER 3 0 051 
SNOU UATER 1 19 4320 8433 

RUNOFF 0 241 a76 2462 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1425 
0 0193 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 2 0752 0 0494 
2 0 0620 0 0620 
3 0 4370 0 4370 

SNOU UATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 40 60 
= 100 0 - 1 000 

7 0  
0 162 
3 059 - 0 168 
0 000 - 4 402 
4 402 - 0 00 

- 
- - 
- 
- - - 
- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROW 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEBIAUG MARISEP APR/OCT MAYINOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 177 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 SO 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 

. 
i 

1 
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AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55461 2 100 00 
RUNOFF 0 036 ( 0 0978) 129 61 0 233 

LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 001 0 00000 
FROn LAYER 2 

LAYER 3 
AVERAGE HEAD ACROSS TOP 0 002 ( 0 001) 
OF LAYER 3 
CHANGE IN WATER STORAGE 0 012 ( 0 3292) 42 14 0 076 

EVAPOTRANSPIRATION 12 661 ( 2 5206) 45958 15 a2 568 

PERCOLATION/LEAKAGE THROUGH 2 62570 ( 1 26111) 9531 304 17 12378 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(CU FT ) ( INCHES) 

PRECIPITATION 3 34 12124 199 

DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00214 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 454479 1649 76050 
AVERAGE HEAD ACROSS LAYER 3 0 142 
SNOW WATER 1 19 4320 8433 

RUNOFF 0 362 1313 7338 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2356 
0 0044 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL 1 

1 4 2493 0 1012 
2 0 0641 0 0641 
3 0 4370 0 4370 

SNOW UATER 0 000 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLW 

= 40 60 
= 100 0 - 1 000 
= 17 5 

0 632 
7 648 

L 0 420 
0 000 

0 3 426 
3 426 - 0 00 

- 
- - 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST PUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH OUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USlNG 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
I 
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0132 om 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 032 ( 0 0842) 115 20 0 207 
EVAPOTRANSPIRATION 14 283 ( 2 6420) 51848 48 93 150 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROn LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 01503 ( 0 80131) 3684 542 6 61958 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 001) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 004 ( 0 3454) 13 00 0 023 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 312 1132 7289 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00064 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 262917 954 39050 
AVERAGE HEM) ACROSS LAYER 3 0 073 
SNOW UATER 1 19 4320 8433 

MAXIMUM VEG SOIL WATER (VOL/VOL) 
MINIMUM VEG SOIL WATER (VOL/VOL) 

0 2149 
0 0135 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES (VOL/VOL) 

1 3 0342 0 0722 
2 0 0622 0 0622 
3 0 4370 0 4370 

SNOW WATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.............................................................................. 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUM6ER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLW 

= 40 60 
= 100 0 

1 000 
= 14 0 - 0 575 - 6 118 - 0 336 - 0 000 

3 103 
3 103 
D 00 

- 
- - - - 
- - - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HLtMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE WIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 X 
= 54 00 X 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEWAUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES I 
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............................................................................... 

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

I WCHES CU FEET PERCENT 

55661 2 100 00 PRECIPITATION 15 33 ( 3 026) 
RUNOFF 0 033 ( 0 0874) 119 02 0 214 
EVAPOTRANSPIRATION 14 042 ( 2 6068) 50971 29 91 574 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 001 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 25902 ( 0 95523) 4570 246 8 21083 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 001) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 000 ( 0 3911) 0 65 0 001 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 325 1178 8231 
DRAINAGE COLLECTED FROU LAYER 2 0 00000 0 00302 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 471394 1711 16174 
AVERAGE HEAD ACROSS LAYER 3 0 174 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2371 
0 0095 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 2 6090 0 OR5 
2 0 0620 0 0620 
3 0 4370 0 4370 

SNW UATER 0 000 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED F R W  DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UlTH A 
FAIR STAN0 OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 40 60 
= 100 0 - 1 000 

0 968 
= 12 236 

0 672 
I 0 000 

2 192 - 2 192 
I 0 00 

- 
= za 0 - 
- 
- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
I NCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROn 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
* 286 
= 8 80 WPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEE/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 4s so 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 



PR€CLplTATtoII 

TOTAlS 

TOTALS 

I 



AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 027 ( 0 0714) 97 87 0 176 
EVAPOTRANSPIRATION 14 211 ( 2 9308) 51587 32 92 681 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 08974 ( 0 50658) 3955 751 7 10683 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 000) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 006 ( 0 3132) 20 28 0 036 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 256 930 8232 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00034 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 140044 508 36081 
AVERAGE HEAD ACROSS LAYER 3 0 053 
SNOW WATER 1 19 4320 8433 

UAXIcKm VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL WATER (VOL/VOL) 

0 1709 
0 0175 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL 1 

1 1 8610 0 0517 
2 0 0620 0 0620 
3 0 4370 0 1370 

S N W  WATER 0 000 

A = -  





GENERAL DESIGN AND EVAPORATIVE ZONE DATA - 
NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 

SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

40 60 
= 100 0 - 1 000 
= 37 0 - 1 122 
= 16 169 
- 0 8 8 8  

0 000 
I 1 559 

1 559 
0 00 

- 
- 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST PUARTER RELATIVE HUMIDITY 
AVERAGE 2ND WARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

PERCENT INCHES CU FEET 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 026 ( 0 0674) 94 93 0 171 
EVAPOTRANSPIRATION 13 994 ( 2 9458) 50797 45 91 262 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 001 0 00000 
FROn LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 29524 ( 0 41866) 4701 708 8 44701 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 000) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 018 ( 0 4114) 67 11  0 121 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THRWGH 30 

(INCHES) (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 239 866 7422 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00022 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 127537 462 96069 
AVERAGE HEAD ACROSS LAYER 3 0 041 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1271 
0 0191 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 1 6150 0 0449 
0 0620 2 0 0620 

3 0 4370 0 4370 
SNOW UATER 0 000 



F 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF = 
AREA PROJECTED ON HORIZONTAL PLANE = 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE = 
UPPER LIMIT OF EVAPORATIVE STORAGE = 
LOUER LIMIT OF EVAPORATIVE STORAGE = 
INITIAL SNOU UATER - 
INITIAL UATER IN LAYER MATERIALS = 
TOTAL INITIAL UATER a 

TOTAL SUBSURFACE INFLOU 

- - 

- 

40 60 
100 0 

21 0 
1 000 

0 505 
9 1 7 7  
0 504 
0 000 
2 310 
2 310 
0 00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
1 NCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROVING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlND SPEED 
AVERAGE 1ST WARTER RELATIVE HWIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 175 
= 122 
= 286 

= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 X 

= a a0 MPH 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT UAY/NOV JUN/DEC 

0 60 0 43 1 33 t a0 3 32 177 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG WAR/SEP APR/OCT MY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD DEVIATIWS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PREClPITATIW 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0028  ( 0 0 7 7 2 )  103 37 0 186 
EVAPOTRANSPIRATIW 14 673 ( 2 7519) 53262 25 95 690 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROn LAYER 2 

LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 001) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 003 ( 0 3384) 12 18 0 022 

PERCOLATION/LEAKAGE THROUGH 0 62904 ( 0 57868) 2283 406 4 10233 

............................................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 283 1028 9380 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00077 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 188181 683 09589 
AVERAGE HEAD ACROSS LAYER 3 0 061 
SNOW UATER 1 19 1320 8433 

MAXIMUM VEG SOIL WATER (VOL/VOL) 
MINIMUM VEG SOIL WATER (VOL/VOL) 

0 1930 
0 0146 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 1 9117 0 0531 
2 0 0623 0 0623 
3 0 1370 0 4370 

SNOU UATER 0 000 





GENERAL DESIGN AkD EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 000 FEET 

SCS RUNOFF CURVE NUMBER 

AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATES IN EVAPOEATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORbTIVE STDRAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE 1NFLW 

FRACTION OF AREA ALLOUING RUNOFF 
= 40 60 
= 100 0 - 1 DO0 
= 17 5 - 0 632 
- 7 448 
- 0 420 
- 0 000 
- 2 819 
= 2 819 
- 0 00 

- 
- 
- 
- 
- 
- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAF3TRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START !IF O W I N G  SEASON (JULIAN DATE) 
END OF GGWIffi SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAG 1ST OUARTER RELATIVE HUMIDITY 
AVERACf 2NO QUARTER RELATIVE HUMIDITY 
AVERAE 3RD WARTER RELATIVE HUMIDITY 
AVERhE 4TH QUARTER RELATIVE HUMIDITY 

= 1 75 
= 122 
= 286 
= 8 80 MPH 
= 51, 00 x 
= 50 00 X 
= 49 00 X 
= 54 00 x 

NOTE rKECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
OEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JLL FEB/AUG HAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 77 
1 39 1 53 1 24 1 24 0 86 0 57 

NOTE EMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
OEFFICIENTS FOR DENVER COLORADO 

NOlMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55  50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE sOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
OEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 032 ( 0 0862) 115 20 0 207 
EVAPOTRANSPIRATION 14 283 ( 2 6420) 51848 48 93 150 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 01457 ( 0 81597) 3682 896 6 61662 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 001) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 004 ( 0 3394) 14 65 0 026 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 312 1 132 7289 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00142 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 387852 1407 90405 
AVERAGE HEAD ACROSS LAYER 3 0 095 
SNOU UATER 1 19 4320 8433 

MAXIHUW VEG SOIL UATER (VOL/VOL) 
MINIMLIM VEG SOIL UATER (VOL/VOL) 

0 2149 
0 0135 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 2 4411 0 0678 
2 0 0622 0 0622 
3 0 4370 0 4370 

SNOW UATER 0 000 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES - POROS I TY - 0 4270 VOL/VOL 
FIELD CAPACITY - 0 4180 VOL/VOL 
WILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 W S E C  

- 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE I 7  UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 74 80 
= 100 0 - 1 000 
= 14 0 - 1 940 
- 6 622 
- 1 456 
0 0 000 
= 1 1  950 
= 1 1  950 - 0 00 

- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIOITY 
AVERAGE 4TH OUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 % 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 00 3 32 1n 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 
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............................................................................... 

AVERAGE ANNUAL TOTALS & (SI0 DEVIATIONS) FOa YEARS 1 THROUGH 30 - -- 
1 NCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 046 ( 0 1061) 166 84 0 300 
EVAPOTRANSPIRATION 14 022 ( 2 5340) 50900 71 91 447 
LATERAL DRAINAGE COLLECTED 1 27595 ( 0 76860) 4631 708 8 32125 
FROn LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00004 ( 0 00002) 0 142 0 00025 
FRCM LAYER 4 
AVERAGE HEAD ACROSS TOP 0 002 ( 0 001) 
OF LAYER 4 
CHANGE IN WATER STORAGE 0 011 ( 0 3485) 38 18 0 069 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 365 1324 0475 
DRAINAGE COLLECTED FROn LAYER 2 0 15389 558 63672 
PERCOLATION/LEAKAGE THRdUGH LAYER 4 0 000004 0 01287 
AVERAGE HEAD ACROSS LAYER 4 0 068 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 3549 
0 0896 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL WATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES ) (VOL/VOL) 

1 6 5070 0 1807 
2 0 0032 0 0160 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOW UATER 0 000 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MTERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROSITY - 0 4270 w)L/VOL 
FIELD CAPACITY 0 4180 VOL/VOL 
WILTING POINT 0 3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 W S E C  

- - 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 % 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLW 

= 74 00 
= 100 0 
= 1 000 
= 28 0 

4 040 
= 13 244 - 2 912 

0 000 
= 11 132 
= 11 132 - 0 00 

- 
- - 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FRCM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HWIDITY 
AVERAGE 2ND QUARTER RELATIVE HWIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 WPH 
= 54 00 % 
= SO 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 63 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEWAUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THRWGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 036 ( 0 0822) 130 55 0 235 
EVAPOTRANSPIRATION 9 467 ( 2 0334) 34364 64 61 739 
LATERAL DRAINAGE COLLECTED 5 84861 ( 1 23901) 21230 469 38 14230 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00016 ( 0 00003) 0 591 0 00106 
FROM LAYER 4 
AVERAGE HEAD ACROSS TOP 0 007 ( 0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 018 ( 0 3106) 65 05 0 117 

............................................................................... 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FROM LAYER 2 0 29733 1079 30469 
PERCOLATION/LEAKAGE THRWGH LAYER 4 0 000006 0 02329 
AVERAGE HEAD ACROSS LAYER 4 0 131 
SNOW UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
HINIMLJM VEG SOIL UATER (VOL/VOL) 

0 2542 
0 1172 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES) (VOL/VOL) 

1 5 4640 0 1518 
2 0 0060 0 0302 
3 0 OD00 0 0000 
4 5 1240 0 4270 

S N W  UATER 0 000 





LAYER 4 
TYPE 3 BARRIER M I L  LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROSITY - 0 4270 VOL/VOL 
FIELD CAPACITY 0 4180 VOL/VOL 
UILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/w)L 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 CM/SEC 

- - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 74 80 
= 100 0 

1 000 
= 21 0 - 2 185 
- 9 933 

2 184 
I 0 000 
= 10641 
= 10641 
I 0 00 

- 
- 
- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FROW 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 

50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEWAUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 



*.- 

STD DEVUTSUJS 

o b 6  0 4 8  1 2 2  1 7 3  275  le  
1.48 1-52 t.49 0.92 0 79 Q 64 

TOTALS 

STD orvrrtrrawr 0 8007 
0 0013 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 037 ( 0 0849) 133 12 0 239 
EVAPOTRANSPIRATION 13 770 ( 2 7303) 49986 73 89 805 

FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00005 ( 0 00001) 0 179 0 00032 
FROn LAYER 4 
AVERAGE HEAD ACROSS TOP 0 002 ( 0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 002 ( 0 3000) 6 10 0 011 

LATERAL DRAINAGE COLLECTED 1 52482 ( 0 49130) 5535 oao 9 94423 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 286 1038 9980 
DRAINAGE COLLECTED FROn LAYER 2 0 15764 572 24786 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000004 0 01315 
AVERAGE HEAD ACROSS LAYER 4 0 070 
SNOU UATER 1 19 4320 8633 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2650 
0 0947 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES) (VOL/VOL) 

1 5 5650 0 1546 
2 0 0020 0 0100 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOW UATER 0 000 

.............................................................................. 

.............................................................................. 
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0 

LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROSITY - 0 4270 VOL/VOL 
FIELD CAPACITY 0 4180 VOL/VOL 
UILTING POINT 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 CH/SEC 

- - - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTE0 FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOVER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOV 

= 74 80 
= 100 0 

1 000 
= 35 0 

5 086 
= 16 555 

3 640 - 0 000 
= 10 459 
= 10 459 - 0 00 

- 
- 
- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 

8 80 MPH 
= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 86 0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG HAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50  55 5 0  64 50  
71 50 70 50 61 50 52 50 40 00 33 50  

I 

I 

3. - 
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............................................................................... 

AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THRWGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 036 ( 0 0813) 130 67 0 235 
EVAPOTRANSPIRATION 6 702 ( 1 2427) 24327 75 43 707 
LATERAL DRAINAGE COLLECTED 8 59218 ( 2 09163) 31189 604 56 03471 
FROM LAYER 2 
PERCOLATION/LEAKAGE THRWGH 0 00036 ( 0 00038) 1 305 0 00234 
FROM LAYER 4 
AVERAGE HEAD ACROSS TOP 0 021 ( 0 029) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 003 ( 0 3229) 11  08 0 021 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 

3 34 12124 199 PRECIPITATION 
RUNOFF 0 256 929 9605 
DRAINAGE COLLECTED FROM LAYER 2 0 45343 1645 96484 
PERCOLATION/LEAKAGE THRWGH LAYER 4 0 000297 1 07685 
AVERAGE HEAD ACROSS LAYER 4 8 599 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2276 
0 1383 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 5 4273 0 1508 
2 0 0060 0 0302 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU UATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



L 



LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES - POROSITY - 0 4270 VOL/VOL 
FIELD CAPACITY - 0 4180 VOL/VOL 
UILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD CWD = 0 999999975000E 05 CM/SEC 

- 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUn6ER UAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE I 7  UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 74 80 
= 100 0 - 1 000 

7 0  
I 1 130 
- 3 311 

0 728 
0 000 

= 12 694 
= 12 694 
= 0 00 

- - 
- - 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HWIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 OD x 
= 50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEWAUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

I 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS 8 (STO DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 052 ( 0 1209) 187 78 0 337 

48240 40 86 668 EVAPOTRANSPIRATION 13 289 ( 2 5525) 
7228 448 12 98651 LATERAL DRAINAGE COLLECTED 1 99131 ( 1 03594) 

FROH LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00006 ( 0 00003) 0 216 0 00039 
LAYER 4 
AVERAGE HEAD ACROSS TOP 0 002 ( 0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 001 ( 0 3340) 4 36 0 008 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 412 1496 3047 
DRAINAGE COLLECTED FROM LAYER 2 0 29096 1056 17444 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000006 0 02285 
AVERAGE HEAD ACROSS LAYER 4 0 128 
SNOW UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 3816 
0 0573 

.............................................................................. 

.............................................................................. 

FINAL UATER STORAGE AT EN0 OF YEAR 30 

LAYER ( INCHES) (VOL/VOL) 

1 7 6028 0 2112 
2 0 0036 0 0182 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOW UATER 0 000 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 40 60 
= 100 0 - 1 000 
= 28 0 

0 968 
= 12 236 
t 0 672 

0 000 
I 2 192 - 2 192 
= 0 00 

- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUnIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 175 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 X 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 I 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 OD 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 027 ( 0 0714) 97 87 0 176 
EVAPOTRANSPIRATION 14 211 ( 2 9308) 51587 32 92 681 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 1 08974 ( 0 50658) 3955 751 7 10683 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 000) 
OF LAYER 3 
CHANGE IN WATER STORAGE 0 006 ( 0 3132) 20 28 0 036 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 256 930 8232 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00034 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 140044 508 36081 
AVERAGE HEAD ACROSS LAYER 3 0 053 
SNOW WATER 1 19 4320 0433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1709 
0 0175 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL WATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 1 8610 0 0517 

2 0 0620 0 0620 

3 0 4370 0 4370 

SNOW UATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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NOTE SCS RUNOFF CURVE NWBER UAS COC(WTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UITH A 
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUM6ER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 40 60 
= 100 0 
= 1 000 
= 28 0 

0 935 
= 12 236 

0 672 
0 000 
2 167 

a 2 167 
0 00 

- 
- - - 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATIOW AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FROn 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE ZND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 00 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 X 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 177 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 

NOTE SOLAR RADIATIm DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THRWGH 30 

PRECIPITATION 
RUNOFF 
EVAPOTRANSPIRATIN 
LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 
PERCOLATION/LEAKAGE THROUGH 
LAYER 3 
AVERAGE HEAD ACROSS TOP 
OF LAYER 3 
CHANGE IN UATER STORAGE 

INCHES CU FEET PERCENT 

15 33 ( 3 026) 55661 2 100 00 
0 027 ( 0 0715) 97 98 0 176 

14 093 ( 2 8511) 51157 47 91 909 
0 00000 ( 0 00000) 0 000 0 00000 

1 20556 ( 0 52142) 4376 175 7 86216 

0 001 ( 0 000) 

D 008 ( 0 4014) 29 58 0 053 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 256 930 6218 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00026 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 132577 481 25348 
AVERAGE HEAD ACROSS LAYER 3 0 043 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIUUM VEG SOIL UATER (VOL/VOL) 

0 1700 
0 0184 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER ( INCHES) (VOL/VOL) 

0 0531 1 1 9113 
2 0 0629 0 0629 
3 0 4370 0 4370 

SNOU UATER 0 000 

.............................................................................. 

.............................................................................. 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COWPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 1 UlTH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NWBER 
FRACTION OF AREA ALLWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 40 60 
= 100 0 - 1 000 
= 28 0 - 0 996 

= 12 236 - 0 672 - 0 000 
- 2 232 
- 2 232 - 0 00 

- 

- 
- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE ZND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 2 50 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG WAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 177 
1 39 1 53 1 24 1 24 0 86 0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 5 2  50 40 00 33 50 

NOTE SOLAR RADIATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

STATION LATITUDE = 39 77 DEGREES 



0 4 6  
1 -48 

STD DEVIATIONS 0 313 
0 621 

I 
LATERAL BRAXNAW COLLECTED FRON LAYER 2 , c 

TOTALS 

TOTALS 

AVERAGES 



AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 027 ( 0 0719) 98 23 0 176 
EVAPOTRANSPIRATION 14 277 ( 2 8785) 51825 16 93 108 
LATERAL DRAINAGE COLLECTED 0 00000 ( 0 00000) 0 000 0 00000 
FROH LAYER 2 
PERCOLATION/LEAKAGE THRWGH 1 02314 ( 0 47533) 3714 005 6 67252 
LAYER 3 
AVERAGE HEAD ACROSS TOP 0 001 ( 0 000) 
OF LAYER 3 
CHANGE IN UATER STORAGE 0 007 ( 0 3513) 23 81 0 043 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES 1 (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 258 936 2756 
DRAINAGE COLLECTED FROM LAYER 2 0 00000 0 00034 
PERCOLATION/LEAKAGE THROUGH LAYER 3 0 163690 521 59631 
AVERAGE HEAD ACROSS LAYER 3 0 053 
SNOV UATER 1 19 6320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 1713 
0 0167 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 1 9284 0 0536 
2 0 0631 0 0631 
3 0 4370 0 4370 

SNOW UATER 0 000 

c 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NWBER 0 

THICKNESS = 12 00 INCHES 
POROSITY 0 4270 VOL/VOL 
FIELO CAPACITY - 0 4180 VOL/VOL 
UILTING POINT - 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HID COND = 0 999999975DOOE 05 M/SEC 

- 
- - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUMBER UAS COMPUTED FROM DEFAULT 
SOIL DATA EASE USING SOIL TEXTURE I 7  WITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

= 74 80 
= 100 0 

1 000 
= 28 0 - 4 040 
= 13 244 
- 2 912 
- 0 000 
= 11  132 
= 1 1  132 - 0 00 

- 
- 
- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA VAS OBTAINED F R W  
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UlNO SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE ZND QUARTER RELATIVE HUMIOITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 7 5  
= 122 
= 286 
= 8 80 MPH 
= 54 00 X 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA VAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 43 1 33 1 80 3 32 1 7 7  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR OENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEE/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 50 55 50 64 50 
71 50 70 50 61 50 52 50 40 00 33 50 



TOTALS 

0600 
0 3% 

0 -7 
0 5 m  

1 8417 
:a 3949 

0 4742 
sa96 

0*9oOo 
-- &om0 

0.U75P 
03624 
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AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

PRECIPITATION 
RUNOFF 
EVAPOTRANSPIRATION 
LATERAL DRAINAGE COLLECTED 
F R W  LAYER 2 
PERCOLATION/LEAKAGE THROUGH 
FROM LAYER 4 
AVERAGE HEAD ACROSS TOP 
OF LAYER 4 
CHANGE IN WATER STORAGE 

INCHES 

15 33 ( 3 026) 
0 036 ( 0 0822) 
9 467 ( 2 0334) 
5 84861 ( 1 23901) 

0 00016 ( 0 00003) 

0 007 ( 0 001) 

CU FEET PERCENT 

55661 2 100 00 
130 55 0 235 

34364 64 61 739 
21230 469 3a 14230 

0 591 0 00106 

65 05 0 117 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

( INCHES 1 (CU FT ) 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 268 974 4993 
DRAINAGE COLLECTED FROH LAYER 2 0 29733 1079 30469 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000006 0 02329 
AVERAGE HEAD ACROSS LAYER 4 0 131 
SNOW WATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOLIVOL) 

0 2542 
0 1172 

.............................................................................. 

.............................................................................. 

FINAL WATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 5 0640 o 1518 
2 0 0060 0 0302 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOW UATER 0 000 
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LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROSITY - 0 4270 VOL/VOL 
FIELD CAPACITY 0 4180 VOL/VOL 
UILTING POINT 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 CM/SEC 

- 
- - - 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NWBER VAS COWPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF LOO FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOU UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOU 

= 74 80 
= 100 0 

1 000 
= 28 0 

3 461 
= 13 244 

2 912 
0 000 

= 10 451 
= 10 451 
- 0 00 

- 
- 

- 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
1 NCHES 
INCHES 
INCHEWYEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DENVER COLORADO 

MAXIMUU LEAF AREA INDEX 
START OF GROUING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 1 00 
= 122 
= 286 
= 8 80 MPH 
= 54 00 x 
= 50 00 x 
= 49 00 x 
= 54 00 x 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV J W D E C  

0 60 0 43 1 33 1 80 3 32 177 
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 00 37 00 45 so 55 50 64 50 
71 SO 70 50 61 50 52 50 40 00 33 50 

I 



STD OEVlATfLslS 

Sro OEVIA-TlQYE 

STD OEVIATIOIIS 

1 

* 

3 
.b 

P 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGE ANNUAL TOTALS 8 (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 ( 3 026) 55661 2 100 00 
RUNOFF 0 036 ( 0 0833) 130 11  0 234 
EVAPOTRANSPIRATION 6 501 ( 1 2168) 23600 26 42 400 
LATERAL DRAINAGE COLLECTED 8 79172 ( 2 07055) 31913 945 57 33605 
FROn LAYER 2 
PERCOLATION/LEAKAGE THRWGH 0 00037 ( 0 00034) 1 334 0 00240 
AVERAGE HEAD ACROSS TOP 0 021 ( 0 026) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 004 ( 0 2885) 15 56 0 028 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THRWGH 30 

(INCHES) (CU FT ) 

3 34 12124 199 PRECIPITATION 
RUNOFF 0 275 996 9226 
DRAINAGE COLLECTED FROM LAYER 2 0 38885 1411 52979 

0 96276 PERCOLATION/LEAKAGE THRWGH LAYER 4 0 000265 
AVERAGE HEAD ACROSS LAYER 4 7 651 
SNOU WATER 1 19 4320 8433 

HAXIMUM VEG SOIL UATER (VOL/VOL) 
MINIMUM VEG SOIL UATER (VOL/VOL) 

0 2290 
0 1200 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL) 

1 5 4500 0 1514 
2 0 0058 0 0288 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU WATER 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  





LAYER 4 
TYPE 3 BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 12 00 INCHES 
POROS I TY 0 4270 VOL/VOL 
FIELD CAPACITY 0 4180 VOL/VOL 
UILTING POINT 0 3670 VOL/VOL 
INITIAL SOIL UATER CONTENT = 0 4270 VOL/VOL 
EFFECTIVE SAT HYD COND = 0 999999975000E 05 CM/SEC 

- - - 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE SCS RUNOFF CURVE NUWBER UAS COCIPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 UITH A 
FAIR STAND OF GRASS A SURFACE SLOPE OF 5 X 
AND A SLOPE LENGTH OF 400 FEET 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOUING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
lNlTlAL UATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOUER LIMIT OF EVAPORATIVE STORAGE 
INITIAL S N W  UATER 
INITIAL UATER IN LAYER MATERIALS 
TOTAL INITIAL UATER 
TOTAL SUBSURFACE INFLOW 

= 74 80 
= 100 0 - 1 000 
= 28 0 - 3 461 
= 13 244 - 2 912 
- 0 000 
= 10 429 
= 10 429 - 0 00 

- 
- 
- - 

- 

PERCENT 
ACRES 
INCHES 
lNCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND UEATHER DATA 

NOTE EVAPOTRANSPIRATION DATA UAS OBTAINED FRffl 
DENVER COLORADO 

MAXIMUM LEAF AREA INDEX 
START OF GRWING SEASON (JULIAN DATE) 
END OF GROUING SEASON (JULIAN DATE) 
AVERAGE ANNUAL UIND SPEED 
AVERAGE IS1 QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 2 50 
= 122 
= 286 
= 8 80 MPH 
= 54 00 X 
= 50 00 X 
= 69 00 X 
= 54 OD X 

NOTE PRECIPITATION DATA UAS SYNTHETICALLY GENERATED USING 
COEFFlCIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0 60 0 63  1 33 1 80 3 32 1 7 1  
1 39 1 53 1 24 1 24 0 8 6  0 57 

NOTE TEMPERATURE DATA UAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DENVER COLORADO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

I 
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

31 00 33 DO 37 00 45 50 55 50 64 SO 
71 50 70 50 61 50 52 50 60 00 33 50 
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............................................................................... 

AVERAGE ANNUAL TOTALS & (STD DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES CU FEET PERCENT 

PRECIPITATION 15 33 (3 026) 55661 2 100 00 
RUNOFF 0 036 (0 0811) 130 26 0 234 
EVAPOTRANSPIRATION 12 572 (2 7183) 45638 13 81 993 

FRU4 LAYER 2 
PERCOLATION/LEAKAGE THROUGH 0 00008 ( 0  00002) 0 295 0 00053 
FRU4 LAYER 4 
AVERAGE HEAD ACROSS TOP 0 003 (0 001) 
OF LAYER 4 
CHANGE IN UATER STORAGE 0 005 (0 3519) 18 77 0 034 

LATERAL DRAINAGE COLLECTED 2 72004 (0 58883) 9873 753 17 73902 

............................................................................... 

.............................................................................. 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30 

(INCHES) (CU FT 1 

PRECIPITATION 3 34 12124 199 
RUNOFF 0 263 955 5568 
DRAINAGE COLLECTED FROM LAYER 2 0 33404 1212 57751 
PERCOLATION/LEAKAGE THROUGH LAYER 4 0 000007 0 02582 
AVERAGE HEAD ACROSS LAYER 4 0 147 
SNOU UATER 1 19 4320 8433 

MAXIMUM VEG SOIL UATER (VOL/VOL) 
HINIMUM VEG SOIL UATER (VOL/VOL) 

0 2525 
0 0991 

.............................................................................. 

FINAL UATER STORAGE AT END OF YEAR 30 

LAYER (INCHES) (VOL/VOL 1 

1 5 4544 0 1515 
2 0 0057 0 0283 
3 0 0000 0 0000 
4 5 1240 0 4270 

SNOU UATER 0 000 

.............................................................................. 

.............................................................................. 
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OU 7 Draj? Phase I IMflU4 Decision Document 

a H1 

H2 

H3 

H31 

Landfill Closure Cost Estimation Requirements 

A demled cost estlmate for landfill closure and for the 30-year post-closure care period 
is mandated by 40 CFR Parts H 265 142 and 265 144 Subpart H, respectively The 
numbers must reflect the expenses incurred when hmng a thrd party and the dollar 
value at the time of the estimate and must be adjusted annually for inflahon thereafter 

Cost Estimate Sources 

The cost eshmate presented in ths secnon is based on the following sources 

Guidance Manual Cost Eshmates for Closure and Post-Closure Plans (Subparts G 
and H) EPA #530-SW-86-036, OSWER Policy Dmctive Number 9476 00-6 1987 

0 Means Building Construction Cost Data 1994 

0 Vendor quotes 

Professional operator expenence 

Previous closure activities 

The guidance manual is used as a check list to detemne the components applicable for 
the cost estimate The relevant actions to be implemented during closure are wetland 
mtigation, Preble s meadow jumping mouse habitat mtiganon, landfill cover 
installation, gas monitonng, and groundwater monitonng Detaled units and 
frequencies are obtamed from vendors operator experience, and previous closure plans 

Assumptions and Calculations 

Assumptions and calculations are descnbed for the closure penod and the 30-year post- 
closure care penod by unit Unit costs for components of all cover systems are 
provided in Table H-1 Conceptual cost estimates for the nine alternatives are provided 
in Tables H-2 through H-11 Detaded cost estlmates for Alternatives 5, 7 and 9 are 
provided in Tables H-12 through H-15 Post-closure costs are the same for each of the 
detsuled estimates and are provided in Table H-12 A nsk analysis and assessment 
form is provided in Table H- 16 and Table H- 17 

Closure Period 

Assume 6 months for complenon and 21 worlung days In a month 
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H 3 1 5 Reroute South Surface-Water Dramage Ditch 

The cap extends over the existmg south surface-water dramage ditch requinng the 
&version ditch to be rerouted Assume 1300 feet of the diversion ditch will be 
rerouted at $8 per foot Tlus construction cost is for an unlined, 12-foot-wide by 3- 
foot-deep trapezoidal ditch Design of the ditch will be undertaken dunng the final 
design 

H 3 1 6 Landfill Cover 

Matenals obtmned onsite or offsite will vary in cost When such a range exists for the 
vmous cover components, the more conservative unit cost is selected The 
assumpbons associated with the lfferent cover components are summarized below 

H 3 1 6 1 Vegetative Layer 

The fill matenal will be obtamed onsite or from a nearby offsite source The net fill 
material required is 13 1 400 yd3 and the total surface area is 1,3 15 600 square feet 
(302 acres) with varying depths across the landfill It is assumed that special 
preparation of this matenal is not required 

The 36-inch vegetative cover consists of 6 inches of soil on top of 36 inches of 
soil 

H 3 I 6 2 Lateral-Drainage Layer and Gas Collection Layer 

The geocomposite layer is a combination of geotextiles and geonets sequentially 
heat bonded in the following order geotextile geonet and geotextile This 
matenal will be used for both the gas-collection and dramage layer 

H 3 1 6 3 Barrier Layer 

The FMC layer made from a 30-rml PVC is 0 06 inches thick 

0 GCL is bentomte between two layers of geotextiles and is 0 1 inches thick 

0 FMC/GCL layer is a bonded composite of both the FMC and the GCL and is 0 16 
inches thick 

The soil bedding layer is 6 inches of soil It is assumed that special preparation of 
tlus material is not requlred 

The low-permeability soil layer is 12 inches thick and requires wet table 
conditioning and compaction 

tpU510078hpp-h doc H-3 7/22/95 
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H32 

H 3 2 1  

0 

Certificatlon of Closure/ Survey Plat / Surveying (2 percent) 
ProjectKonstruction Management (20 percent) 
Contractor Overhead and Profit (25 percent of all activities related to installation of 
landfill cover) 
CQA (15 percent) 
Health and Safety (5 percent) 
Admnistration (10 percent) 
Contlngency (15 to 25 percent) 

Dunng the closure penod a survey team supervised by a professional surveyor will be 
present to perform activities such as stalung the landfill, venfying the cap is built to 
specifications and creating topographc maps The data accumulated in this process 
will be used in the cemficatlon of closure and survey plat All associated costs such as 
attorney and professional engineer fees are included in ths lump sum 

Contingency calculations are based on the method descnbed in the Rocky Flats ERM 
Cost Estimating Handbook (DOE 1994) Conceptual cost estimates use a 25-percent 
contingency Detaled cost estimates use a 15-percent contingency 

Post-Closure Care Period 

Present Worth 

The present worth for each cost component is detemned using the following formula 
The post-closure penod is assumed to be 30 years, however, at any time the post- 
closure penod may be shortened or extended as necessary to protect human health and 
the environment based on indicators such as groundwater monitonng [6 CCR 1007-3 
Part 265 1171 Also a 3-percent discount rate was used (per RMRS) Some costs occur 
annually whle others occur periodically (such as replacement costs) 

Present Worth Cost 

where DC = direct annual cost of each component 

1 = discount rate (3 percent) 

t = year(s) in which the cost occurs Annual costs are summed from 1 to 30 years 
Penodic costs are summed for the years in which the event occurs ( ie  well 
replacement costs are incurred in year 20 only) 

I 
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- 
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H 3 2 7 5-Year Review 

Under CERCLA, Sectlon 121 (c) and the Natlonal Contingency Plan (NCP) Section 
300 430 (f) (4) (ii), Statutory Reviews are requlred at least every five years Assurmng 
a Level 1 review will be followed, an estimated 160 to 170 man hours are adequate for 
each review Thls includes time to prepare the reports visit the site, perform a lirmted 
analysis of the site conditions, and gather informanon Addtionally, approximately 
$8,000 will be allotted for associated costs 

H 3 2 8 Cernfication of Post-Closure 

Assume dunng the post-closure penod an independent professional engineer wdl make 
two visits per year each visit requinng six hours Time for traveling to and from the 
site inspection, and documentation are included in th~s estimate 

2 visitslyear x 6 hours/visit x 30 years = 360 hours 

Additionally four hours will be required for closure review and four hours for final 
documentanon preparauon 

H 3 2 9 Indlrect Costs 

In additlon to the direct costs lscussed above, the following is a list of the indirect 
costs The indirect costs are a percentage of total direct annual costs 

Admnistration (10 percent) 
Contingency (15 to 25 percent) 

H 4 References 

DOE 1994 Rocky Flats Plant Environmenta Restoration IvAmagement Cost 
Estimatlng Handbook Document Number RF'PERM-94-ooOo9 Rev 1 May 

Means 1994 Means Buildmg Construction Cost Data 52nd Annual Edition R S 
Means Company, Inc Kmgston, Massachusetts 
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Table H-1 
Units Costs for Cover System Components 
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Health & Safety (5%) 

Administrative (1 0%) 

Contingency (25%) 

e 

LS $3,900 

LS $7,800 

LS $19,400 

Table H-3 
Alternative 2 - Conceptual Closure Cost Estunate 

tpE510078bpp htbl doc H-10 7/22/95 
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ti1 Top Soil 

B Placement 

I Fill Layer Placement 

II  Vegetabve Layer 

iii Top Soil 

Table H-5 
Alternative 3 - Conceptual Closure Cost Estimate 

CY 16400 $10 00 $164 Ooo 

CY 131 400 $2 00 $262.800 I 

CY 82.000 $200 $164,OOO 

CY 16,400 $2 00 $32.800 

H-12 
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Secunty System 

A Chained Linked Fence (6 w l 3  Strand Barbed Wlre,lO 0 c ) 
B Gate, 3 Wide, Galv Steel 

C Signs (24 X24 , No Post, Reflectonzed) 

Total Direct Capital Costs 

LF 6,000 $12 54 $75.300 

EA 1 5175 $200 

EA 12 $38 $500 

$5,120,900 . 

tpQ510078k1pp-htbl doc H- 14 1/22/95 
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Table H-7 
Alternative 5 - Conceptual Closure Cost Estimate 

rpQ5 10078bpp htbl doc H-16 
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B Placement 

I Fill Layer Placement 

II Vegetative Layer 

111 Top Soil 

0 

CY 131.400 $2 00 $262 800 

CY 82,000 $2 00 $164.000 

CY 16,400 $2 00 $32.800 

Table H-8 
Alternative 6 - Conceptual Closure Cost Estamate 

C Trim 

I FillLayer Surface 

II Vegetattve Layer Surface 

iii Top Soil 

D GCL Procure & Install 

E Geecomposite Procure & Install (Drainaqe & Gas Collection) 

F Vegetation 

Gas Monitonng & Collection System 

Secunty System 

A Chained Linked Fence (6 wl3 Strand Barbed Wire,lO 0 C ) 

6 Gate, 3 Wide, Galv Steel 

C Signs (24 X24 , No Post, Reflectonzed) 

Total Direct Capital Costs 

$75,300 11 
I 54,235 700 
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Table H-9 
Alternatme 7 - Conceptual Closure Cost Estimate 

I Fill Layer Placement 
0 

II Vegetabve Layer CY 82 OOO s2 00 8164,OOO 

iii Top Soil CY 16,400 $2 00 $32,800 

146,172 $1 00 8146.200 

98,360 $1 00 $98,400 

98.360 $1 00 $98,400 

885 240 $0 28 Q47.Soo 

885,240 $0 50 $442,700 

1,770,480 $0 41 $725,900 

1,315 556 SO 07 $92,100 

1 $200.000 $200,000 

$75,300 

tpD5 1oO78bpp htbl doc H-20 1/22/95 
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a Table H-10 
Alternative 8 - Conceptual Closure Cost Estimate 

tpE510078bpp htbl doc H-22 7/22/95 
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C Analyt~calCosts 

i Groundwater Quality 

it Groundwater Contamination 

iii Validatton 

Landfill Waste Surface Grading And Tnm 

EA 1 $491 $500 

EA 1 $239 $300 

EA 2 $52 $200 

SY 98,360 $1 00 598,400 

Security System 

A Chained Linked Fence (6 wl3 Strand Barbed Wire 10 0 C ) 

6 Gate 3 Wide, Galv Steel 

C Signs (24 X24 , No Post, Reflectonzed) 

Total Direct Capltal Costs 

tpl2510078bpp htbl doc H-24 1/22/95 

LF 6,000 $12 54 $75.300 

EA 1 $1 75 $200 

EA 12 $38 $500 

s5,388,800 
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G Vegetation 

Gas Monitoring & Collection System 

Equipment Decontamrnabon 

Lights Electncal 

Communications Systems 

e 

SF 1,315.556 $0 07 $92,100 

LS 1 $200,000 $rn,OOo 

PIECE 15 $800 $1 2,000 

! 
I 

LS 1 $50.000 $50,000 

LS 1 $2O.O00 $2O,OOO I 

Table H-13 
Alternative 5 - Detaded Closure Cost Estimate 

tpE510078hpp htbl doc Q$ H-28 7/22/95 
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Table H-14 
Alternatwe 7 - Detailed Closure Cost Eshmate 

e 

H-30 1/22/95 
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I Fill Matenal 

II Vegetative Matenal 

iii Top Soil 

B Placement 

I Fill Layer Placement 

Table H-15 
Alternative 9 - Detailed Closure Cost Estunate 

CY 131,400 $600 $788,400 

CY 82 OOO $400 $328,000 

CY 16,400 $10 00 $164 OOO 

CY 131,400 $2 00 $262.800 

tpQ510078kipphtbl doc %\? 
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I1 Introduction 

The closure of the Present Landfill at OU 7 could potentially tngger some an pollution 
control and pemtting requirements Placement of the cap will require standard 
construcbon project dust-control measures The final capped facility could potentially 
release regulated quantities of volatile organic compounds (VOCs) and other regulated 
ax pollutants Therefore, an evaluation of applicable federal and Colorado regulations 
governing these types of facilities relabve to ax pemtbng was completed 

I 2  Air Pollution Control and Permitting 

I 2  1 Construction Project Reqwrements 

Colorado An Regulation No 1 requires new construcbon projects on sites over 1 acre 
in a non-attamment area to implement dust control measures defined in the regulations 
Placement of the cap as part of a Comprehensive Environmental Response, 
Compensation and Lability Act (CERCLA) action meets the definition of new 
construction under RegulaQon No 1 Therefore, the requirements for dust control 
would be considered an applicable or relevant and appropnate requirement (ARAR) 
under CERCLA Additionally unpaved roadways with vehcle traffic of 150 vehcles 
per day (in a non-attsunment area) and haul roads exceeding 40 haul loads or 200 
vehicles per day are required to subnut a control and abatement plan descnbing the 
control measures that will be taken to mninuze such fugitive-dust generabon Some 
standard dust-control measures are provided in Regulation No 1 and include basic 
activities such as application of dust suppressants, covering hauled loads, and d i l y  
compaction of the construction site that should not greatly impact the planned 
activities 

I 2 2 Air Pollution Emssion Notices and Permits 

Air pollution control pemts for sources in Colorado are issued by the Air Pollubon 
Control Division of the Colorado Department of Public Health and Environment 
(CDPHE) Requirements are outlined in Colorado Au Quality Control Comrmssion 
(CAQCC) Regulation No 3 (Ar Pollution Emssion Notices, Construction Pemts and 
Fees, Operating Pemts and including the Prevention of Significant Detenoration) 
and include requirements for operating pemts and for prevention of significant 
deterioration (PSD) Facilities subject to these requirements, inclulng any facility or 
activity disturbing more than 25 acres, must file an Air Pollution Emssion Notice 
(APEN) for each source or group of sources of uncontrolled emssions Faciliues that 

I- 1 1/21/95 
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I 3 2  

I 3 2 1  

I 3 2 2  

design and other monitonng There are no specific provisions m the RCRA treatment, 
storage and disposal facility (TSDF) regulations for a r  pollubon controls, however 

Based on this regulatory status, no specific landfill i r  polluuon control standards apply 
to the landfill at OU 7 

Criteria Pollutants 

The cntena pollutant most likely to tngger pemtting or notification requirements at 
OU 7 is VOCs VOCs are compounds of carbon that participate in atmosphenc 
photochermcal reactivity, although the regulatory defimbon specifically excludes a 
number of volatile compounds, including methane 

The non-methane organic compounds (NMOCs) measured at the site are made up 
largely of VOCs as defined in the regulations and can serve as a surrogate for VOC 
emssion estimates Methods for estimating NMOC emssions from the landfill are 
descnbed in the proposed federal regulations for MSW landfills 

EPA Proposed Standards 

In May of 1991 EPA proposed standards of performance for new MSW landfills and 
emssion guidelines for existmg MSW landfills The rules included a threshold for 
applicability based on estimated or measured emssions of NMOCs of 150 
Megagrams/year (Mglyr) or approximately 167 tondyear Formulas for estlmaung 
NMOC ermssions were included in the regulabon and best demonstrated technology 
(BDT) for control of those emssions was descnbed BDT is not provided as a specific 
technology but, instead in terms of reduction of NMOCs by 98 weight-percent This 
standard would apply to both new and existing sources EPA identlfied several control 
systems that they believed could meet the 98-percent reduction cntenon, including 
active collection and flare systems 

NMOC Ermssion Calculauons 

Formulas for estimating NMOC emssions were presented in the proposed federal 
regulation At the initial level estimates of NMOC ermssions can be made based 
solely on the annual waste acceptance rates at the facility, without any sampling or 
monitonng data from the site If that prelimnary calculation shows the facility to be 
over the threshold of 150 Mg/yr then additional calculations can be made following 
site-specific sampling 

1-3 
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e 

I 3 3  

total volume placed over the life of the facility Table 1-1 presents the results of those 
two eshmates 

If eshmates of yearly volumes of waste are used, the total annual predicted NMOC 
emssions are less than 1 Mg/year, well below the threshold level of 150 Mg/yr for the 
MSW proposed regulations and below the 1 todyr cntena pollutant level necessary to 
tngger an APEN (1 Mg = 1 1 tons) Alternahvely, when the total waste volume 
anticipated in the landfill is used to deterrmne an average annual acceptance rate, the 
prelcted NMOC emssions are approximately 54 Mg/yr, still below the MSW 
regulatory trigger level, but above the 1 todyr critena pollutant level 

These estimates can be compared to the measured NMOC concentrations from the 
methane survey conducted dunng the Phase I RFYRI at OU 7 (DOE 1994) These 
concentrations vaned widely from one part of the landfill to another, with peak 
concentrations as hgh as 147000 ppm (mg/L) Even at ths  hghest recorded 
concentration, however gas emssion rates would need to be approximately 2,800 
literdday to lead to NMOC levels exceelng the 150 Mdyr tngger level Most NMOC 
levels measured were well below that peak level 

Based on the more accurate annual waste volume calculahons, the facility is not 
expected to exceed either the 1 todyr cntena pollutant level tnggenng an APEN or the 
150 Mg/yr level tnggenng coverage under the as yet not promulgated MSW landfill 
requirements 

Hazardous Air Pollutants 

HAP emssions may also trigger APEN and perrmthng requirements The methodology 
for deterrmning applicability of perrmttmg based on HAPs involves detemning which 
of three scenanos applies to the emssion points identifying the type of HAP by 
reporting bin and companng estimated emssion levels to the threshold or 
deminzmis levels defined in the regulations Because ermssions from the capped 
landfill will occur more than 500 meters from the facility boundary Scenario 3 limts 
are assumed to apply The chemcals listed in the OU 7 Final Work Plan (DOE 1994) 
as being identified dunng soil gas sampling that are included on the HAP lists in 
Regulation No 3 are shown in the Table 1-2 along with their reporting bin and the 
de minimis threshold levels of annual emssions 

Soil gas sampling was conducted at several points throughout the landfill to deterrmne 
concentrations of HAPs Concentrations were reported as ppm (mg/L) but no 
corresponding emssion rates for generated gases were reported HAPs detected at the 
landfill and covered by Colorado Ax  Regulation No 3 are shown in Table 1-3 along 
with their corresponding de minimis levels of emssions An estimate of the gas 
emssion rates that would be necessary to exceed the de minimis levels in the 

tp\2510078\appI doc 1-5 7/21/95 
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Table 1-1 
Estimated NMOC Ermssions from the Present Landfill 

KOIM 

Bared on 20 rd rcceivcd pcr dav for 365 darr/year frnm 1Y6R to l Y 7 U  (01: - Final Work Plan p 4 7 DOE 19%) 
Bared on toul161)~W yd avenged anndlr from 1974 10 1986 (OL' 7 F~nal Work Plan p 4 7  DOE 1994) 
Bared on MikG monitonng fmm Piovemkr 1W2 10 Apnl1993 - I 1110 yd per month ( a 1  7 Find Work Ran p 4-81 
Bawd nn one mnlc br yard 898 Meg gnmlho 
Bared on mnd l&np cdculaud 
Baud on mul volume of maIccnaJ expected in landfill ai closure inrluding fill 
Form I c )(I I( ) fmm 56 Fed Reg 24503 
FonnulaiaKl)(u) from 56 Fed Reg 24503 

' 

7 Fuul Work Plan p 4 8  DOE 19941 
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Civil software Design -- SEDCAD+ Verrrion 3.1 
Copyright (C) 1987-1992a Pamela 3 .  Schwab, A l l  rights rQPOWBdr 

Company Name. ACZ, XNC 
Filonamo: Dm\TOX\RFLATS\SL7PERCT User. TEL 

Date- 06-20-1995 The. 15 12 47  
ROCKY FLATS OU-7 SOIL LOSS 7 SLOPES 

Hydrograph Convolution Interval: 0.1 hr 
Storm 3 20 inches, 10 year-24 hour, SCS Type X I  

J 

GUBWATERSHED/STRUC!CURE INPUT/OUTPUT TABLE 

-Hydrology- 

SED Sediment 
SCp Peak Sedrmtnt Concentration 
SBp Peak Settleable Concentration 

24VW: Volume Wezghted Average Settleable Concentration - PeaR 24 hours 
24AA Arithmetic Average Settleable Concantration - Peak 24 hours 



I 

! 



OU 7 Draft Phase I IMnRA Decision Document 

Table of Contents 

J 1 SEDCAD+ Sedimentanon Computer Model 

J 1 1 Runoff Volume, V, and Peak Discharge, Q 

J 1 2 Soil Erohbihty Factor, K 

J 1 3 Representanve Slope Length h 

J 1 4 Average Slope 

J 1 5 Control Racnce Factor, CP 

J 1 5 1 Annual Sediment Yield, Vmud 

J 16 Results 

List of Tables 

@ Table J-1 

Table 5-2 

Runoff Volume and Peak Discharge for the OU 7 Cover 

Results of Soil-Loss CalculaQons 

List of Attachments 

Attachment J1 Rocky Flats OU 7 Soil Loss 6H 1V Slopes 

Attachment 52 Rocky Flats OU 7 Soil Loss 7 Slopes 

J- 1 

5-2 

5-2 

J-2 

5-2 

5-3 

5-3 

5-4 

J-i 

--_ 

7/22/95 

dl 



1 -- 

I c 

. 

* 

i 

\ - -  ! - 

! -  
P 

I 



OU 7 Drafr Phase I I M L .  Decision Document 

@ J 1 SEDCAD+ Sedimentaoon Computer Model 

Sediment yield was deterrmned for a single storm event (10-year 24-hour) and 
converted to an annual yield 

The calculatlons to detemne the storm selment yield were performed using the 
SEDCAD+ computer model developed by Civil Software Design 

The SEDCAD+ model deterrmnes soil loss using the Revised Universal Soil Loss 
Equatlon (RUSLE) with the following input parameters 

Y = 95 x (V x Q,)056 x K x LS x CP 

Where 

Y = Selment yield (tons) 
V = Runoff volume (acre-feet) 
Qp = Peak Qscharge (cubic feet per second) 
K = Soil erodibility factor 
LS = Representative length-slope factor 
CP = Control practlce factor 

The length-slope factor for the RUSLE subroutine is as follows 

Am 
72 6 

LS = - x (slope factor) 

Where 

h = Representatwe slope length (feet) 
m = 0 6 for slope > 10 percent 
m = 0 5 for slope >4 percent and c10 percent 
m = 0 4 for slope = 4 percent 
m = 0 3 for slope c4  percent 

The slope factor is a piecewise linear relationshlp with the slope breakpoint at 8 percent 
as shown on Figure 5 5, Slope Factor for the RUSLE, contamed in the SEDCAD+ 
Users Manual 

J- 1 
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J 1 5 Control Practice Factor, CP e 
The control practlce factor is defined as the ratio of sediment loss from an area with a 
given cover and conservatlon practice to that of a field in continuous fallow Using the 
tables in SEDCAD the following value was determned 

Type and Height of Canopy None 
Percent Ground Cover 40 percent 
CP 010 

J 1 5 1 Annual Sediment Yield Vannud 

Sediment yields calculated by SEDCAD+ for single storm events can be converted to 
annual yields by the following equation 

Where 

Vannud = Annual sehment yield (tondyear) 
Rannud = Single storm ramfall factor 
Rstorm - - Single storm ramfall factor 
Y - - Settlement yield for 10-year 24-hour storm event (tons) 

For a SCS Type II storm 

Where 

p2 6 - - 2-year 6-hour precipitatlon in inches =1 6 inches 

Where 

Plo 24 

D 
= 10-year, 24-hour precipitation in inches = 3 2 inches 
= Storm Duration = 24 hours 

I 

5-3 
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Table J-1 
Runoff Volume and Peak Dacharge for the OU 7 Cover 

Soil Type 

Hwoww- 
10-yr 24-hr event 

Peak Discharge (cfs) 19 0 
Runoff Volume (ac ft) 1 5  

3 2  

Medrum 

12 7 

81 
C 
Herbaceous (fair) 

19 7 
1 6  
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CIVIL SOFTWARE DESIGN 

SED- Version 3 

ROCKY FLATS OU-7 BOIL LOSS 6H'lV SLOPES 

Company Name ACZ, INC 
F i l e  Name D \ToM\RFLATS\SL6HlV 



Soil Loss For Final Cover 

Method SEDCAD (RUSLE) 
Inputs 

Soil Type (45) Flatrons 
K factor 

Curve Number (CN) 
Vegetative Type 
Cover 
Soil Group 
CN 

Area (measured) 
7 percent Area = 
6H l V =  

Control Practice (CP) Factor 
canopy 
Cover 
CP 

Tc 

7 percent Area 
6H 1V 

S-6 1 
S-62 

Rainfall 
1 0-year, 24-hour 
2-year, 6-hour 

Results 
6H 1V Storm Yield 
Annual Yield 

HydeType C 
0 05 (SCS) 

Herbaceous 
Fur 
C 
81 

12 7 
12 2 

None 
40 percent 
0 10 (grass) 

Distance 

300 feet 

500 feet 
400 feet 

3 2 (NOAA) 
16(NOAA) 

Slope 

7 percent 

7 percent 
16 6 percent 

= 164 tons 
= R annual (storm yield) 

R storm 

R Storm = 27 (P2,j)22 = 27 (1  6)22 = 75 9 



= 564 
i9SlP'  19 25x3 22" 

24046n - Rstorm = -$mz-- = i 

I 
x 164 =22 1 tonidyear 75 9 

Annual Yie€d = - 
56 4 

22 1 
122 

Annual Yield Per Acre = -= 1 8 tondacdyear 

I 
7 percent Storm Y A d  = 4 8 tons 

I 
x 4 8  =65tons&ar 75 9 

Annual Yield = - 
56 4 

I 

I 



Civil Software Design -- $EDCAD+ Version 3.1 
Copyright (C) 1987-1992 Pamela 5 Schwab A l l  rights reserved. 

Company Name. AC2, XNC. 
Filenames bt\TOM\RFLAT6\SL6HlV User: TEL 

Date; 06-20-1995 Time. l5:OO 48 
ROCXY FLATS OU-7r SOIL LOSS 6H 1V SLOPES 

xydrograph convolution Intervalr 0 1 hr 
B t O m  3 ao inchoe, 10 year-24 hour, sc8 Type 11 

-Hydrology- 

~ ~ n ~ u ~ ~ - ~ m ~ m ~ w ~ ~ m m m ~ ~ ~ ~ w ~ m m m m ~ m u  

SUBWATERSHED/STRUCTURE INPUT/ODTPUT TABLE 
n ~ - = I I = m ~ = - L I L = . - ~ ~ ~ = L = - n = a = = ~ = = =  

-6cdincntology- 

SED. Sediment 
SCp Peak Sodiment Concentration 
SSp: Peak Settleable Concentration 
24VW Volume Weighted Average Settleable Concontration - Peak 24 hours 
24- Arithmetic Averaye Settleable Concontration - Peak 24 hours 
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ROCKY FLATS OU-78 SOIL LOSS 7 SLOPES 

Name, TEL 

Company Name ACZ, INC 
File Name D \TOM\RFLATS\SL7PERCT 

e 

Dater 06-20-1995 
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