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1.0 INTRODUCTION 

As part of the Rocky Flats Enwonmental Technology Site (Site) enwonmental restorabon 
program acbv~bes, a need for sod borrow matenal for the closure of the Operable Umt (Ow 
OUS and O W  Landfills has been identtfied Ad&body, borrow matenal may be reqwred for 
other ou closures 

The purpose of this report is to* 

Describe the assumed matenal and volume requrements for the cap/covers at the 
OU5 and O W  Landfills 

Assess exlstmg Site geolo@c and geotechmal mformatmn to a d  m idenbfymg on- 
ate geoloBc matenals for the potentad use as cap/cover matenal 

Describe the landfill cap/cover mstallaQon acQwt~m conducted at other landfills 
pro~~mal to the Site 

Deterrmne the potenttal locabon and status of on-ate and exlstmg off-slte borrow 
sources m the unmexhate wcmty of the Site and assess the smtabd~ty of the mamal 
avazlable at these sources as cap/cover matenal 

Compare and contrast the economrc advantages and &sadvantages assac~~ted wth 
utdmng on-site versus off-site borrow sourcm for the landfill cap/cover matenal 

Compare and contrast the add~boal factors wth utbmg on-srte versus off-srte 
borrow sources for the landfill cap/cover maw 

Recommend addibonal actmtm to be conducted to fully assess the potent& borrow 
source locabons wth respect to a c h m g  landfill closure 

Construcbon of the landfill cap/cover for the OU5 Landfill is currently scheduled to begm m 
May 1998 Landfill closure construcbon for the OU7 Landfill is currently scheduled to begin 
lil November 1997 
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Thls report is orgaruzed into the followrng secbons 

Sitedescnptmn 
Assumed borrow maw reqmments 
Prewous mvesbgabons and projects 
Potentwl borrow sources 

RecommendaQons for future acbwbes 

Esbmated costs assocMed wth the on-We and off-rite locabons 
AdchtIoml factors re)ated to borrow source locations 
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2.0 SITEDESCRIPTION 

An understandmg of the overall physical sethng of the Site and adjacent enwrons is necessary 
to detemme the potentd sources of borrow matenal for the OU5 and OU7 Landfill caps l k s  
W o n  describes the followmg elements 

Loahon 

Geology 
SurEace Water Hydrology 
Hydrogeology. 

TOPOgraPhY 

2.1 U)CA"ION 

The Site is located m northern Jefferson County, Colorado, approxlmately 26 lulometers (km) 
[la rmles (m)] northwest of Denver and consists of approxmately 2,650 hectares (ha) (6,550 
acres) f i j o r  buldmgs are located w t h  the Site secunty area of approxlmately 162 ha (400 
acres) The security area is surrounded by a buffer zone of approxmately 2,490 ha (6,150 
acres) mWe2-1)  

2.2 TOPOGRAPHY 

The natural enmnment  of the Site and wcmty is mfluenced pn&y by its pronmty to the 
Front Range of the Rocky Mounta~ns The Site is located on a broad, eastward slopmg pediment 
surface developed on coalemg alluvd fans deposited along the Front Range. Operat~onal 
areas at the Site are located near the eastern edge of the ptxhment terrace between two stream- 
cut, east-trendmg valleys (North Walnut Creek and Woman Creek). 

2.3 GEOLOGY 

Geologic wts beneath the Site consist of unconsohdated s u r f i d  umts of Quaternary age 
(Rocky Flats Alluvlum, valley-fill alluwum, and colluvlum), whch unconformably overhe 
Cretaceous-aged bedrock (Arapahoe Formabon, Lamme Formahon, and Fox Iwls Sandstone) 

0 \Of fUO\CRD\RFP-BurrliRFPBurr 
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The Rocky Flats Allumum is a gravelly pediment cover of Nebrasl~in or Aftoman Age (Scott, 
1975) Thls alluwum is composed of poorly sorted, angular to rounded, coarse gravel, sand, 
and gravelly clays The colluvial depouts are commonly represented by sdty clay and clayey 
sllt wth some gravel and sand The valley-fill alluvd deposits are represented by poor- to well- 
graded mtures of reworked Rocky Flats Alluwum, colluwum, and weathered bedrock found 
m dramages throughout the Site 

The Arapahm is predommantly composed of claystone and dtstone, and at the Site it has been 
shown to contam at least five separate, discontmuous, but mappable sandstone wts Those 
umts have been designated as the Number 1 through Number 5 Sandstones The configurahon 
of the Arapahoe Formahon Underlymg the Site is subject to controversy One mveshgatton has 
desMlbed the formahon as approxlmately 150 feet b c k  heath the central porhon of the Site, 
whde a more recent mveshgabon has concluded that it is less than 50 feet thlck at that locahon 

The Latarme Formahon unconformably underhes the Arapahoe Formahon and is approxlmately 
600 to 800 feet thlck The Lamme is subdmded mto two members; the upper member is 
generally much finer g m e d  than the lower member The upper member is 300 to 500 feet 
thxk and conslsts pnmanly of claystone The lower member of the Lamme Formabon is 300 
feet hck and is composed of sandstones, claystones, and coal beds 

The Upper Cretaceous Fox W s  Sandstone ranges from 90 to 140 feet rn thdcness and 
conformably underhes the Lararme Formahon In general, the Fox Hdls Sandstone is a very 
fine- to mednun-gmned, angular to subrounded, well-sorted sllty sandstone The Fox Hdls 
Sandstone, whch represents an aquifer of regional slpficance, hes at a depth of 700 to 800 feet 
below ground surface at the Site 

Underlymg the Fox Hills Sandstone are several thousand feet of the Rem Shale The Pierre 
Shale is predommately a medium to dark gray, noncalcareous shale located to the west of the 
Site The Rem Shale is present m the Western Aggregates, Inc (WA) quarry located adjacent 
to the northwest comer of the Site (see Sechon 5 2 1) 

Ljthological logs from boreholes dnlled m the shallow bedrock matenal indicates a 
predormnance of claystones and slltstones with lesser amounts of sandstone In general, the 
bedrock exlbits a lgher percentage of he-gmned maknal than the overlymg unconsohdated 
surficial deposts, with a lower permeablllty and volume of ground-water flow 
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Also ewdent from the borehole logs is a weathered zone 111 the upper porhon of bedrock 
Fractumg and weathemg mcrease the permeablllty of bedrock mated The weathered zone 
is commonly less than 15 feet h c k ,  but may be as hck as 60 feet The thickness of the 
weathered bedrock zone is dependent on such factors as relatwe abundance of fractures, presence 
of Toot zones, elevabon relame to the water table, and proxlmty of valley bottoms 

2.4 SURFACE WATER HYDROLOGY 

Three mterrmttent streams dram the Site wth flow generally from west to east These dramages 
are Rock Creek, Walnut Creek, and Woman Creek (Figure 2-1) Rock Creek drams the 
northwestern corner of the Site and flows northeast through the buffer ulne to its off-ste 
confluence wlth Coal Creek And east-west trendmg mkrfluve separates the Walnut Creek and 
Woman Creek dramages North and South Walnut Creeks and No Name Gulch dram the 
northern porhon of the Site secunty area These three forks of Walnut Creek J O ~  111 the buffer 
zone and flow toward Great Western Resewox Woman Creek d m s  the southern Site buffer 
zone flowmg eastmud The South Interceptor Ditch hes between the Site secmty area and 
Woman Creek The South Interceptor Ditch collects runoff from the southern Site secunty area 
and hverts it to Pond C-2 where it is momtored, treated, and then pumped to the Walnut Creek 
Watershed where it is released to the Broomfield Diverson Canal 

Wetlands are generally adjacent to surface water Wes such as the streams described 111 h s  
secbon The locabons of wetlands at the Site are shown on the Wetlands Lucabon Map mcluded 
m the Site Land Use Manual (EG&G, 1994) 

2.5 HYDROGEOLOGY 

Two groundwater flow systems are distmguished III the current conceptual model of the 
subsurface hydrology of the Site The upper flow system is unconfined and hes mthm the 
Rocky Flats Alluwum, colluvium, valley-fill alluwum, and weathered bedrock The lower flow 
system is confined w i b  unweathered bedrock sandstones of the lower Arapahoe and upper 
Lararme Formabons 

Groundwater levels xn the upper flow system nse 111 response to recharge dumg the spnng and 
declme dunng the remamder to the year In the Western porbon of the Site, where the thickness 
of the alluval matemils is greatest, the depth to the water table is 15 to 21 m (50 to 70 feet) 
below the surface 'me water table becomes shallower to the east (with local vatratrons) as the 
alluvlal materlal thlns 
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3.0 ESI'IMATED BORROW MATERIAL RJ3Q- 

As part of the ongomg Site enwonmental restomon program acbwbes, a need for sod volumes 
on the order of 758,500 cubic meters (m3) [9!33,000 cubic yards (yd3)] has been idenbfid for 
cappmg/covenng the 0275 and OU7 Landfills The prelmmuy esbmates of the mated type 
requrrements and volumes r e q u v e d  for the OU5 and OU7 Landfills are descrrbed m th~s secbon. 

3.1 MATERIAL T Y P I E R E Q ~  

Two pnmary types of borrow mated have been targeted for the closure of the OU5 and OU7 
Landfills These two matenal types are referred to m h s  report as "low permdhty sod" and 
"structural fill" 
conustent wth its target use as covedcap matenal Structural fill is mdum-textud sod wth 
propertm that are conducive for structural fill apphcations, seed germmabon, and other 
mscellaneous fbncbons. A n o d  amount of dramage mated (1 e , np rap) wdl also be 
necessary for closure of the landfills. Because the quanbbes for &IS materral are relatwely 
small, borrow sources for dramage matenal are not addressed rn &IS report 

Lowr perIn&hty soil 1s fine-gralned sod Wlth ge0teChnlca.l properties 

Low-permeabfity sods comst of fine-gmned mate- or sod types wth hgh clay and sllt 
m o n s  The deagn of a low-permeabhty sod layer wdl depend upon slte-specific factors 
mcludmg the physcal propert~es and enpeemg charactensbcs of the sod bemg compacted, the 
degree of c o m m o n  obiamable, expected loadmgs, and expected pmpitabon 

Sod used as structural borrow matenal wdl opt~mally have the abhty to serve mscellaneous 
funcbons and be able to support a vegetatwe cover Perhnent sod charactensbcs rnclude gram 
SUE, orgatllc content, nutnent levels, pH levels, and water content M~scellaneous functions of 
the sod to be used as structural borrow matenal mclude its ab&@ to 

Distnbuteload 

protect another cap/cover layer dunng construcbon 
Serve as a foundabon or base for construcbon 

Distnbute defonnabon (such as settlement). 

-7- 

0 \Off\30\GRD\RFP-Burr\RFPBurr Lkl 



I 
I 
1; 

1; 

I 
I 
I 
I 

3.2 MATERIAL AND VOLUME ESTIMAW 

Prehmmuy sbmates of the mated types and volumes reqmed for the closure of OU5 and 
OU7 Landfill are described m h s  secbon 

3.2.1 OUS Landfill 

prelrrmnary esbmates of mateds and volume reqmments made by the OU5 Feasibhty Study 
(FS) Propt Team for the OU5 Landfill cap/cover are as follows 

StnlCtLualfiUmaterlal 
- Msceheous fill for regmdmg 153,000 m3 (200,OOO yd3) 
- Protecbonlayer 

[61 centmeters (cm) (24 mches (m) hck] 38,000 m3 (50,000 yd3) 
- Topsod [l5 cm (6 m) hck] 11,500 m3 (15,000 yd3) 
Low permeabhty sod [61 cm (24 m) hck] 38.000 m 3 (50 OOO vd 3) 0 

Total est~mated OU5 cap/cover requvements 240,500 m3 (315,000 yd3) 

These volume estmates were based on the assumpbon that the cover sod wdl be rqmed for 
a 6 hectare (15 acres) area 

3.2.2 OU7Landfill 

P r e h m a r y  esbmates of mated and volume requirements made by the OU7 FS Project Team 
for the cap/cover at the OU7 Landfill are as follows 

structurat fill matem 
- Nscellaneous fill for regradrng 
- Protectwe layer and topsod 
Low permeabhty sod [61 cm (24 m) hck] 

Total estxmated OU7 cap/cover requuements 

261,000 m3 (341,000 yd3) 
154,000 m3 (202,000 yd3) 
103.000 m 3) 

3 (135 000 vd 

518,000 m3 (678,000 yd3) 
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These volume e s w t e s  were based on the assumpbons that the area of the cover system wdl 
be 16 9 hectares (41 8 acres) and wdl be graded to a slope of 7% The OU7 FS Project Team 
also noted that these volume esbmates should be considered upper bound esbmates whch may 
decrease 

II 
I 
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4.0 PREVIOUS INVESTIGATIONS AND PROJECTS 

Th~s seedon descnbes investigabons prev~ously conducted at the Site that prowde useful 
mformabon for idenbfjmg potend on-ate borrow sources for the OU5 and OU7 Landfill 
closure projects Tius secbon also descnbes examples of other landfills proxlmal to the Site that 
have utdued native m a k d s  for landfill caps/covers 

4.1 PREVIOUS INVESTIGATIONS AT THE SITE 

Numerous sod bonng programs have been conducted at the Site to desmbe the hthology of the 
sod at the Site Based on these sod bomg mvagations it appears that the overburden is 
hckest at the west stde of the Site near the Front Range and duns towards the east 

A sofl bomg mvestigabon was conducted at the OU7 Landfill ate m 1974 to gam mformabon 
for the construcbon of an mpervlous nng around the OU7 Landfill and to collect mformation 
wncemmg a samphg structure located downstream from the landfill (Zeff, Cogorno, and Sealy, 
Inc , 1974). Numerous test bomgs were advanced at and m the m m t y  of the O W  Landfill 
Severely weathered claystone was detected at an approxmate depth of 1 2 to 1 5 m (4 to 5 feet) 
below the ground surface to the east of the landfill AddIbonally, a figure wthm the Zeff, 
Cogorno, and Sealy report mdIcated the locabon of a proposed borrow pit area (to the east of 
OU7 m the No Name Gulch dramage) and an alternate borrow area (to the east of the secunty 

area) No mention of these borrow areas were made m the text and it is unknown if these 
potend borrow areas were ever uthzed 

4.2 OFF-SITELANDFILLS 

Marshall/Boulder Landfill, whch is pronmal to the Site, has uthzed nabve matenal for the 
landfill cover Rocky Mountam Arsenal (RMA) is currently evaluatmg the use of native m a t e d  
for a landfill cap/cover A descnption of the landfill cap/cover acbvities conducted at the 
MarshalYBoulder Landfill and Rocky Mountam Arsenal landfill are descnbed rn the followmg 
secbons 
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4.2.1 MarshalvBoulder Landfill 

At the MarsWBoulder Landfill Superhnd Site (Fgure 4-1), Boulw County, Colorado, two 
recent landfill g m h g  projects have been completed mvolvmg the use of native geologic 
matenals The MarshalvBoulder Landfill Natronal Pnor~ty b s t  (NPL) ate, is apprommately 
3 2 km (2 rm) north of the Site, and has undergone the Superfund remedial desigdremedlal 
acQon phase under the IJmted States Enwonmental Protechon Agency @PA) Region Vm In 
1989, an mtenm acbon was completed dunng whch apprommately 61,128 m3 (80,000 yd3) of 
compacted clay matenal was placed on one porbon of the landfill surface Dunng 1992 through 
1993, the mnamder of the landfill was covexed wth over 152,820 m3 (200,000 yd3) of 
compacted clayey matenal as part of construcaon of an engmeered landi5.U cover system 

The Record of Decmon (ROD) for the MarshaWBoulder Landfill idenhfied the mtent of the 
lanm cover system whereby p d m g  was speufied to promote dramage and mmimize 
mfiltratron Dunng negotmtrons wth the EPA, the Colorado Department of Pubhc Health and 
Enmnment (CDPHE), and the PotenWy Responslble Parhes (PRPs) m the deslgn phase, an 
agreement was reached regardmg the &stmcbon between gradmg as a rem& actron versus an 
enpeered cap, as desmbed m EPA’s b m e d n l  Achon Gwdance Document @PA, 1985) As 
a result of h s  agreement, no permeabhty specdicabons were reqwed for the gradmg design 
Deslgn cntern conslsted of the followq: 

Mmmum and m u m  slope reqmments were 3 and 15 percent, respectwely 

Sod cover matenal gradahon reqmments (greater than 50 percent by weight 
passmg the number 200 awe) 

Relatwe compactLon and moisture reqmments for m-place mated (compactwe 
effort equal to or greater than 85 percent of m d f i e d  Proctor and moisture content 
equal to or greater than 2 percent above opbmum) 

This gradaQon spedcaQon was apphed only to the top 0.6 m (2 feet) of cover mated below 
final grade. Construction quahty assurance procedures mcluded control tests of cover m a w  
for gmdabon, compaction, and moisture content, and m-place testmg of compacted hfts for 
compaction and moisture content usrng a nuclear gauge 
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For both the 1989 and 1993 gradmg acbons, plans and specificabons were developed by the 
PRPs and approved by EPA and CDPHE The projects were compebbvely bid under 
procurement systems comparable to those employed by Colorado mumcipahes For the 1993 
gradmg Won, the PRPs had a perrmtted borrow source for general fill and structured the bid 
package for subcontractors to propose a "base bid" for prowion of entuely off-site fill m a t e d  
and an "alternate bid" for use of up to 76,410 m3 (lO0,OOO yd3) of general fill from the PRPs 
borrow area Followmg contract award m 1992, the PRPs elected the alternate bid opbon and 
a combmabon of off-ate matenal and matenal from the PRPs borrow area was employed to 
complete the gradrng acbon Matenal from the PRPs borrow area was excavated and placed 
wth scrapers, whereas off-ate matend was trucked m from a borrow area approxlmately 1.6 
km (1 m) south of the ate. In-place bid costs for the two borrow sources ranged from 
apprommately $1 96/m3 ($1 50/yd3) for the PRPs borrow area to apprommately $5 2 3 / d  to 
$6.54/m3 ($4 00/yd3 to $S.W/y&) for the off-site borrow area 

The geologic materials employed for the gradmg achons were slrmlar III nature to geologic 
matenah at the Site General fill from the PRPs borrow area was a Quaternary gravel deposlt 
slrmlar m gradation to the Rocky Flats Allumum Clayey matenal from the off-ate borrow area 
(Varra Quarry) was a weathered claystone (Larare formabon) The parent claystone matenal 
was parbally mdurated and ehbited geolopc structure m-sltu, but was e a d y  excavated and 
broke down mto a clayey matenal under normal compacbve effort dunng placement Weathered 
claystone deposlts of the Arapaho formahon underlay the Site, and appears to have idenbcal 
engmeenng propertus to the claystone used for the MarshalyBoulder Landfill gradmg acbons 

Revegetabon of the hndfill cover systems at the MarshaWBoulder Landfill was performed 
followmg complebon of gradmg Seedmg specdkabons of the Colorado Department of 
mghways were substantwely mcorpratexl mto the design, and lncluded t d h g  and ferthzabon, 
followed by dnll seedmg and cnmpmg the surface wth straw to m m m m  eroaon Seedmg for 
the 1989 remedtal achon was performed d m g  the fall and the effort was severely damaged by 
Chmook wmds, reseedmg was performed m the followmg spmg season to reestabhsh a 
vegetabve cover 

On August 30, 1994, representahves from the U S Department of Energy (DOE) and EG&G 
Rocky Flats toured the MarshalYBoulder Landfill cover systems Observabons were made 
relabve to the lntegrtty of the cover, degree of erosion, and status of revegetabon Based on the 
bnef mspecbon, it appears that the cover had not expenenced sigmficant erosion from overland 
flow, that an adequate vegetative cover had been estabhshed, and that the Cover system was 
functzoIung as mtended 
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8 4.2.2 Rocky Mountain Arsenal Lgndfiu 

The RMA is an NPL rite, located m Commerce City and is currently 111 the fim stages o 1 the 
Rem& InvesbgabodFeanbhty Study (RI/FS) for the on-post OU The RMA cleanup is 
bemg managed by the Program Manager for Rocky Mountam Arsenal (PMRMA) on behalf of 
the U.S Department of Defense @OD) under jomt agreement wth Shell 011 PMRMA is 
currently evaluatmg the cost and techrucal feasbhty for use of on-ate geologic matenals m the 
final remedy, for cap/mver and landfill her apphcabons Dumg 1993, PMRMA mtnted a 
reco~~iilssance mveshgahon of natwe sods and geologc materials mvolmg advancement of up 
to 50 geotecbcal bonngs Thls study was completed 111 1994 and PMRMA 1s currently 
conductmg pdot testmg of test fills to measure fidd-achmable permeabhty of m-place 
compacted on-ate matenals. Thls mformabon is bemg used m support of the on-post RI/FS 
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5.0 POTENTIAL BORROW SOURCES 

As described m Secbon 3 1, the cap/cover for the OU5 and OU7 L a n a s  vvlll reqwre two types 
of borrow mated, low permeabrllty sod and structural fill Weathered claystone deposlts 
located dvectly beneath the unconsohdated surface umts at the Site and m the surroundmg areas 
may potentnlly be sutable for use as the low-permeabhty matertal Weathered claystone from 
a local borrow area (Vm Quarry) (Figure 4-1) was u t h d  for the landfill cover at the 
Marshallhulder Landfill (Smon 4.2 1) The unconsohdated surface umts 111 the Site area 
appear to be sutable for the structural fill mateds, however, these deposlts have tmbbonally 
been ubhzed because of theu- value as a iugh q d t y  gravel resource on the west slde of Site 

The proposed potentd locabons of borrow sources for the cap/cover of the OU5 and OU7 
Landfills are desclzbed 111 thu secbon These borrow source locabons and theu cntem an 
dwided 111 to on-ate and off-ate sources and are desMlbed below 

5.1 ON-SITE SOURCES 

On-slte source areas were chosen proxrmal to the OU5 and OU7 Landfills The proposed on-ate 
borrow 1ocaQons were to be placed 111 areas meetmg the foUowmg cntena 

Relatwely thn alluvial mated above the weathered claystone for ease of excavation 
of low-permeable matenals 

No wetlands wthm the proposed borrow source area wluch may be affected by 
borrow excavatmg actmties 

Outside of the potentd areas of sod contammabon (known IHSs) 

No potentd effects on surf.. water Wes 

Distant from habitat of the Preble’s Meadow Jumpmg Mouse 

The locabons of the proposed on-site borrow source are shown on Figure 4-1 and Plate 5-1 and 
descnbed m the followmg 

0 \Of f\30\GRD\RFP-Burr\RFPBurr 
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5.1.1 Sources Proximal to the OU5 Landfii 

Three potentml borrow sources (5A, 5B, and 5C) have been iddentdied proxlmal to the OU5 
Landfill (Figure 4-1 and Plate 5-1) Two of the proposed borrow sources are located adjacent 
to the OU5 Landfdl (Source 5A is located approxmately 244 m [SO0 feet] southwest of the 
landfill and Source 5B IS located approxmately 61 m PO0 feet] south of the landfill) These 
two proposed borrow sources may be located mthm the range of the Preble's Meadow Jumpmg 
Mouse (drscussed m Sechon 7 3) and near wetlands; therefore, a thud potend borrow source 
(Source 5C) was located apprommately 550 m (1,800 feet) to the southeast of the OU5 Landfill. 
The sfze of t h ~  proposed borrow sources was based on the esttmated area r e q u u e d  to provide 
the r e q u d  amount of xnatenal needed for the OU5 L a n a  cap/cover (Sechon 3 2 1) 

5.1.2 Sources Proximal to the OU7 Landfill 

Four potentaal borrow sources (7A, 7B, 7C, and 7D) have been identdied proxlmal to the O W  
Landfill Figure 4-1 and Plate 5-1) Two of the proposed borrow sources (7A and 7B) are 
located approxmately 150 m (500 feet) east of the OU7 Landfill These two proposed borrow 
sowces may be located unthrn the range of the Preble's Meadow Jumpmg Mouse discussed m 
Secbon 7 3, therefore,, two add~bonal potentml borrow sources (7C and 7D) were located 
approximately 1,220 m (4,000 feet) and 1,980 m (6,500 feet), respecttvely, to the northeast of 
the OU7 Landfill. "he sfze of these proposed borrow sources was based on the esbmated area 
reqwed to pnmde the amount of matenal needed for the O W  Landfill cap/cover (Secbon 
3.2 2) 

5.2 OFF-SITE SOURCES 

Off-slte sources of the borrow matenal for the OU5 and OU7 Landfills were idenbfied by 
rewewmg the permtts for rmfllng properbes mthm a 8-km (5-mi) ra&us of the Site secunty area 
The off-site borrow source area mvesbgabon was hmted to a 8-km (5-m) radius due to the 
anhcipated hgh cost and impact mvolved wth transporhng the large amount of matenal 
[758,5O0 m3 (993,000 yd3)] for a great &stance Table 5-1 hst the mung permrts and other 
perhnent mformatton for properbes wthm an 8-km (5-m) radius of the Site secunty area After 
the perrmtted mmng properhes were idenbfied, the contact name for these properhes were 
contacted and m q u d  about then abllrty to supply the antmpated types and amounts of borrow 
mated Based on th~s mvesttgabon, only two off-site sources were idenhfied that could 
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potenWy supply the anbcipated borrow matenal to the OU5 and OU7 Landfills These two 
off-site borrow sowces are Western Aggregates, Inc (WA) and Varra Quarry and are descnbed 
III the followmg subsecbons The locabons of these off-ate borrow sources are shown on Figure 
4- 1 

5.2.1 Western Aggregates, Inc. 

Western Aggregates, Inc (WA) is located on Eghway 93 adjacent to the northwest corner of 
the Site Acmrdmg tc, representafives of WA, the types and volumes of borrow matenal 
requued for the cap/covers at the OU5 and OU7 Landfills are wthm the means of the WA 
khty. weathered claystone @em Shale) is present at the WA fwhty and appears to be 
swtable for the permeable layers antmpated to be reqwred for the landfill cap/mver mated 
Laboratory geotechd  tests conducted on the weathered claystone at the WA fachty are 
mcluded as A p n d m  A 

5.2.2 Varra Quarry 

The Vam Quarry is located apprommately 10.5 km (6 5-m) north of the Site usmg present 
roads Amrdmg to representatrves of the Varra Quatry, the quarry is presently not perrmtted 
for the volume of m a W  reqwed for the cap/cover material; however, the types of matemils 
that would be requlred are present at the quarry As stated above, the Varra Quarry supphed 
the low-permeable mated (weathered claystones) for the cover at the Marshall/Boulder Landfill 
(Sectron 4 2 1) 

0 \Off \30\GRD\RFP-Burr1tRFPBurr 
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6.0 ESTIMATED COSTS ASSOCIATED WITH ON-SITE 
AND OFF-SITE LOCATIONS 

Ths secuon &susses p0tent.d on-ate and off-ate sources idenfified wrthm a 8-km (5-m) radius 
of the OU5 and OU7 Landfills It 1s assumed that the borrow matenal from the on-site source 
wdl not reqw to be processed pnor to use for the landfill caps/covers, Therefore, i t  is 
assumed that equpment for processing mated from on-Ute sources is not needed and that 
volume changes from excavabon wdl be essentnlly offset by volume changes from compamon 
Approx~mately 240,500 m3 (315,000 yd3) of borrow mateml is requmd for the cap/cover at 
the OU5 Landfill (Secbon 3 2 1) and the cap/cover at the OU7 Landfill wdl q u e  
approxtmately 518,000 m3 (678,000 yd3) of material (SecQon 3.2 2). 

The pnmary economcal differences between the on-Ute and off-site sources are explorabon 
costs for on-ate sources, royalty fees, transportabon costs from the sources to the landfills, and 
mlamatton costs of on-ate sources Perrmtbng costs will be a major cost factor for on-ate 
sources unless CDPHE, EPA, DOE, FWS, and RFETS agree that a s  project must comply wth 
only the substantwe p0mons of the pexmts It is assumed for h s  report that thls agreement 
willoccur 

Bgher costs may be associated wth off-ate sources because of the lack of reserves wthm a 
reasonable &stance from the ate The cost wdl depend on the local constructmn economy. The 
bds for off-ate matenal wdl be more CompetWe lf thexe are avadable pemutted reserves wthm 
a reasonable proxumty and not many projects requmng the same mated 

' Ibs  sectron &scusses the followmg costs assoclsLted wrth the on-ate and off-~te sources 

Transporta~oncosts 
Reclamationcosts 

ExploraUon surveys and royalty fees 

6.1 ExmxlRATION SURVEYS AND ROYALTY FEES 

r: It is recommended that exploratory surveys be completed for on-ate sources to detemne the 
appronmate amount of matenal avadable for the cover Surveys may have already been 
completed for off-ate sources or the source may have stockpled acceptable matenal so the 
approxlmate volume avadable for the covers should be known The esbmated cost for an on-site 
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exploratory s w e y  is $150,000 based on prof-onaljudgment and expenence wth other slrmlar 
Of prof- 

Royalty fees for off-ate sources are - to cost $1 31/m3 ($l/yd3) based on professmnal 
judgment Howewex, the royalty fees may range W t l y  dependmg on competitive 
cond~tions The meral nghts for on-ate sources must be researched and the Department of 
Energy O E )  wdl ather have to purchase them or negotute a royalty fee wth the owner 

On-ate royalty fees are estmated to range from $1.65 x lvkg ($0 15 ton) to $2.21 x lWkg 
($0.2O/ton) based on dscusslons wth the DOE The total cost for on-ate royalty fees IS 
m t e d  to range from $238,000 to $318,000 

6.2 "SFORTATION COSTS 

The xien- on-ate sources are g e n d y  less than 1.6 lon (1 rm) from the landfills and 
scrapefs can be used to haul borrow m a t e d  from the source to the landfill Uslng scrapefs 

results m a transportation s a w s  that IS not detmnental to schedules Theprebmry estunate, 
from amstmt~on vendors, usmg sc18pefs to haul msrtenal to the landfills is $1.64/d 
($1 25/yd3). The cost estunate for usmg an on-ate source IS $394,000 for OU5 and $848,000 
for OU7. 

Loaders and trucks wdl be req& at off-ate sources to haul borrow matenal to the landfills 
State H~ghways 93 and 128 may be u b k d  to transport m a t e d  from an off-ate source to the 
landfills. The prdmmary est~mate, from constru&on vendors, for usmg loaders and trucks to 
transport the mated IS $6.54/m3 ($5 yd3) for a one-way dutance of 1.6 lon to 4 8 km (1 to 3 
rm) The pnce could mcre!ase to $9 16/& ($7 yd3) for 8- to 14 4-km (5- to 9-rm) one-way 
&stances. S m c a n t  pnce changes wdl occur for one-way &stances greater than 16 km (10 
rm) For OU5, thehaul cost m t e  usmg an off-ate source located 1 6 to 4 8 km (1 to 3 rm) 
from the ate is $1,575,000 The haul cost estimate over the same dnfance for OU7 is 
$3,390,000. 

6.3 RECLAMATION COSTS 

Off-ate borrow mafenal vendors wdl be responable for fulfibng the Colorado Department of 
Enmnment and Natural Resources (CO DENR) requuements for reclamation of the borrow 
source If an on-ate source is used, RFETS wdl be responsible for prowdmg CO DENR a 
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reclamatton plan and ensunng that proper reclamatton is completed at the borrow area The 
surface area that needs to be rechmed wdl depend on the clay hclcness and the amount of 
overburden (sod over the clay layer) Assummg an excavabon depth of 3 m (10 feet), the area 
to be rechmed is esttmated to be 7 7 hectare (19 acres) for OU5 and 17 hectares (42 acres) for 
OU7 Based on mformabon prowded by representattves of EG&G, the esbmated cost for 
reclamatton is $7,413/hecta.m ($3,OOO/acre) The reclamabon costs for the OU5 on-ate borrow 
area is esttmated to be $57,000 The reclamatton cost for the OU7 on-Ute borrow area is 
estmated to be $126,000 

6.4 COMPARISON COSTS 

Table 6-1 hsts the comparable costs for prowdmg landfill covers for OU5 and OU7 umg on-Ute 
and off-Ute borrow areas These comparable costs are not total costs for prowdmg borrow 
m a W  but are based on factors that can be compared m order to deterrmne the cost ddferenbal 
between utdmng an on-Ute source versus an off-Ute source On-ate comparable costs, 
anttapated at thu tune, are esbmated at approxumtely $1 9 -on Royalttes for an on-Ute 
borrow source are dependent on negotxabons between DOE and the owner of the mmeral nghts 
at the borrow source Anttapated comparable costs for the off-ate borrow area are estmated 
at approxunately $6.0 &on 

The cost dflmnbal for use of off-nte borrow sources is esttmated at approxmately $4.1 
&on However, thls cost Merential would W y  be lowered, due to the costs assocmted 
wth the factors Qscussed m Sectton 7 0 
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Table 61 

Prelimina~ Comparable Costs for the OUS and OU7 Landfill Covers 

$150,000 Not apphcable' 

$318,ood $993,000 

$1,242,000 $4,965,000 

Reclamabon Costs $183,000 Not apphcabl~ 

$1,893,000 I $5,958,000 I 
Assumed that the explorabon survey wdl be the responubfity of the off-ute source vendor 

On-ute borrow mated c s ~ l  be transported by  scraper^, however, off-ute borrow mated 
must be excavated by loaders and transported m trucks 

Topsod work and reseedmg of the off-ate borrow area wdl be the responabhty of 
the off-ate source vendor 

These costs are for cornpanson purposes only and are of total costs for ob-g the 
borrow SoUTce material 

The costs for the add~bonal factors hsted m Table 7-1 have not been mcluded due to the 
UnCeTtatnty associated wlth these costs 
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7.0 ADDITIONAL FACTORS RELATED TO BORROW SOURCE LOCATION 

Enwonmental, technical, and msbtubonal factors dated to ob-g borrow matenal from on- 
site and off-ate sources are danbed m thrs -on The Preble’s Meadow Jumpmg Mouse 
may have a major effect at on-site sources so it is Qscussed separately 

The issues Qscussed m thls w o n  may affect the cost Merentml presented m Secbon 5 0 
between on-Ute and off-srte sources because these factors were not taken mto account m the cost 
esbmates A summary of the adQbonal factors affeztmg the evaluabon of on-ate versus off-ate 
sources are hsted m Table 7-1 and are Qscussed m the followmg subsecbons 

7.1 ON-SITE SOURCES 

Enwonmental issues related to on-ate sourca mclude the Preble’s Meadow Jumpmg Mouse 
(Sectron 7.3) and other Nat~onal Enwonmental Poky Act (NEPA) evduatrons, Nabonal 
Resource Damage Assessment (NRDA) estunates, regulatory evaluabons, pernut research, 
contammation assessment of borrow matenal, road construcbon, wetlands mrbgabon, potentd 
dewatemg of the borrow source, eroaon controls, and fugibve dust 

Techcal issues mclude geotechcal analyses, sod bonng surveys, and construcbon acbwbes 
dutlng the wmter 

Insbtubonal factors related to the on-site sources conast of pubhc acceptance for the project, 
acbwty around the Preble’s Meadow Jumpmg Mouse habitat, and quahty assurance/ q d t y  

control (QNQC) 

7.1.1 En7lironmental Factors 

NEPA, NRDA, and the Endangered Species Act wdl be agmficant economrc, envuonmental, 
and msbtubonal issues for on-ate sources If a categoncal exclusion is not obtamed, an 
enwonmental assessment (EA) and posably enwonmental impact statement (EIS) wdl have to 
be conducted to d e t e m e  the effects of the excavabon and transport of the clay material to the 
landfills The Preble’s Meadow Jumpmg Mouse wdl have a sigmficant effect on these reports 
because the Site contams some of its pnme habitats 
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Table 7-1 

EnviroMlental, Technical, and Institutional Factors 
Affecting Borrow Area Evaluations 

Environmental 

NEPA I Project effects on the ate I ~ o a d  construcbon 

Endangered S p e s  Act Preblm Meadow Jumpmg source vendor I Mouse 

Off-ate source vendor I hble  

Perrmts I-- 1 gzte source vendor 

Noncontarmnatron 
cerhfication P- I Zzte source vendor 

I should not be =I- 
Wetlands nubgabon Off-ate source vendor I wle  

Dewatemg controls I probably =I- 
Off-ate source vendor I N l e  

Eroslon controls I-- Off-ate source vendor I Wle 

Fugitwe Dust mmal (short haul I &Stances) 
Controls requred (longer 
haul distances) 

Natural Resource Damage I Potentd Factor I U W ~  a factor 

Technical I I 

Bomg Surveys Requ~red Off-ate source vendor 
Wle 

Cover construcbon tn 
wmter 

May be requed I May not be needed 
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Table 7-1 

EnvironmenW, Technical, and Institutional Factors 
Affecting Borrow Area Evaluations 

Environmental 

NEPA I pr~lect  effects on the ate I ~ o a d  constructm 

E n d a n g e  Speclex Act Prebles Meadow Jump~ng source vendor I Mouse 

Regulatory evaluations 

Perrmts I -- I so- vendor 

I zzte source vendor 

Off-ate source vendor I Wle 

Eroaon controls I-- Off-ate source vendor I w l e  

Fugtlve Dust Mlnlmal (short haul controls requmi (longex 
&Stances) haul distances) 

Natural Resource Damage Potentml Factor U M y  a ktor 

Technical I I 
GeotechnlcalAnalyses Req- Re¶- 

Bomg Surveys mulred Off-ate source vendor 
h b l e  

Cover constructton m MaY be r e q d  May not be needed 
mter 

I I 



Table 7-1 (Cod~ded) 

lhviro- Technical, and Institutional Factors 
Affe!cting Borrow Area Evaluations 

Traffic control 

Maxunum loads per day 

l lmpormon from source 
toLandfill 

I Not Requued I R e q d  

M a y  be unfavorable M a y  not be favorable 
(traffic and au quahty 

R e q . l l l r e d  R e q d  

Mlnlmum tune and effort Maxunum tune and effort 

NOne Requued 
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Regulatory d u a b o n s  wdl be necessary to detemme the types and content of reqwed pemts 
for on-ate sources Table 7-2 hsts a prehmmuy assessment of the permits r e q d  for 
managmg an excavabon operahon The Site may mcur habhty and expense If the search and 
evaluabon is not thorough and a r e q d  perrmt is overlooked 

To mmm health & safety nsks and waste &sposal reqmments, on-ate sources need to be 
venfied as uncontamuted before excavabon can b e p  at them It is assumed that off-ate 
sources are uncontammated 

Wetlands may be an issue for on-ate sources, however, every effort would be made to locate 
potentnl on-ate sources away from known wetlands and to h t  the effects on nearby wetland 
aTeas 

Dewaterrng controls can be agmficant for areas wth a shallow water table, based on the 1993 
Well Evaluabon Reports and wdl W y  be a cost factor for on-ate sources. A hgh annual 
precipitabon would also requue dewaterrng controls, however, the annual preapitabon at the 
Site is low and it 1s not antxipated that local raznfall events wdl be a factor 

Eroaon controls for surface water runoff wdl be r e q d  but are not antmpated to be a major 
cost The controls wdl need to be desrgned to mmmuze changes to the current hydrology of the 
area if the source area 1s near or upgmhent of Preble’s Meadow Jumpmg Mouse habitat 

Fugibve dust controls wdl be r e q d  dumg cxcavatmn of on-ate sources. Controls may be 
as simple as applymg water or a dust control compound to the roads. 

On-ute phyacal duturbances related to remedd acbwbes at the Site (such as on-ate borrow 
areas) wdl b l y  carry a Natural Resource Damage mhty (NRDL) The NRDL costs may 
be sigmficant, however, these costs are currently unknown 

7.1.2 Technical Factors 

The Site wdl need to conduct geotechcal analyses to cerhfy that an on-ate source can provlde 
matenal that meets the landfill cap\cover speaficabons The reqwed analyses may mclude 
gram sm distnbubon, Atterberg huts, Proctor denaty, and compacbon Addibonal analyses 
may mclude tnaxlal shear and consohdabon testtng. The sources wdl need to have bomg 
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Table 7-2 

Identified Permits and Plans for OU5 and OU7 

F ~ n a n d  Surety 
Bond 

Colorado Department 
of Enmronment and 
Natural Resources, 
Divlslon of Geology 
& M l n d s  

Reqwed for 
excavahons 

Mmng and 
Reclamahon 
Perrmt 

Colorado Department 
of Enmnment and 
Natural Resources, 
Diwion of Geology 
& merals 

m o r  to start 
of operahons 

R e q d  for 
excavahons 

Alr Pollutant 
Emtsslon Nohw 

Colorado Department 
of Pubhc Health and 
the Enmnment 
(CDPHE) 

6 months Dust Control and Road 
Construcbon 

Construchon 
Pernut 

CDPHE 90 days R e q M  If Qsturblng 
greater than 10 hectare 
(25 acres) or 
exavauon lasts longer 
than 6 months 

Endangered and 
Threatened 
Species Study 

US Fish & Wddhfe 
Service 

300 days 
pnor to start 
of opexahons 

R e q d  of all Federal 
Agency acbons 

Construcbon 
Storm Water 
Polkon 
Prevenhon Plan 

US Enwonmental 
ProtecUon Agency 
P A )  

Pnor to start 
of p h o n s  

Reqwed for 
Excavahon 

Nabonal Pollutant 
Discharge 
Ehmmahon 
System (NPDD) 
Perrmt 

EPA Pnor to start 
of p h o n s  

Construchon slte 
mvolvmg more than 5 
acres of disturbed sod 

Health and Safety 
Plan 

OSHA m o r  to start 
of opembons 



I Table 7-2 (Concluded) 

Identified Permits and Plans for OUS and OU7 I 
11 Cultural Resources I Historical Society of I 90 days pnor I Reqwred of all Federal 
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sweys conducted ta, prowde an approxunate volume of excavated matenal avadable for the 
caps\covers 

mbgabon measures for on-ate sources that are near or contam Preble’s Meadow Jumpmg 
Mouse habitat may lnclude sod excavabon durrng the mouse’s hbemabon penod The Site area 
can usually support a year-round construcbon season because of its d d  wmters 

7.1.3 Institutional Factors 

It IS antmpated that mzNmal traffic control wdl be needed because the on-ate sources are near 
wstmg roads and the OU5 and OU7 Landfills Ad&body, the borrow matemil wdl not be 
transported on pubhc roads, therefore, there wdl be no restnmon on the numbex of loads of 
matenal hauled per day Debns control wrll be rrrrmmal as compared to transportmg the 
maw on pubhc roads 

The Site may be r e q d  to conduct pubhc comment meetmgs to momtor pubhc acceptance of 
the borrow source excavabon acbwbcs An on-ate excavabon wdl not be as nobce!able as an 
off-ate source because pubhc traffic control unll not be req- The pubhc may be concerned 
about the Preble’s Meadow Jumpmg Mouse habitat at the Site The mouse is bemg considered 
for the endangered spexxes hst and its habitat is bemg conadered for mbcal status 

To ensure that the borrow matenal meets project and contract speclficabons, the borrow 
matenal should be mspected as it is uthed If QNQC problems are idenbfied dumg the ’ 
project, it wdl be much more efficient to momtor excavabons of on-ate sources rather than off- 
slte sources due to the &stance the off-ate sources wdl be from the landfills 

7.2 OF”-SITE SOURCES 

Enwonmental issues mvolved wth an off-slte source whch wdl be of concern to the Site 
mclude NEPA evaluabons and fugbve dust controls The other enwonmental issues noted on 
Table 7-1 (i.e , regulatory evduabons, perrmts, wetlands mbgabon, etc ) are the responsibhty 
of the off-ate borrow source vendor and not Qscussed m detal Techcal factors consist of 
geotechcal analyses, bonng surveys, and posslble wmter excavabon Insbtubonal concerns 
are traffic control, hmts on the -mum number of loads that can be transported per day, 
debns control, pubhc acceptance, QNQC of the ma ted  propeaes, access to the source, and 
secunty at the Site 
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7.2.1 Environmental Factors 

The enwonmental concerns asmated wth excavatmg acbwbes at the potentnl on-site sources 
are not assoclsLted wth the off-ate sources because the potentd off-ate sources are already 
pernutted and pre-existmg d~sturbances However, to allewate traffic concerns on lughways 
adjacent to the ate, addIbonal roads may need to be constructed at the Site for transporhng 
matemil from the off-ate sources to the landfills These add~bonal roads may be necessary if 
the present roads are not able to handle the large number of trucks and loads of mtenal from 
the off-Ute source Any transportabon impacts from road constmcbon wdl M y  requm a 
NEPA evaluabon. The NEPA evaluabon wdl M y  mclude a task evaluatmg degradabon to the 
Preble’s Meadow Jumpmg Mouse habitat Construcbon would need to be planned to mmrmze 
habitat degradabon 

Off-ate source vendors wdl be ltable for procumg the necessary pemuts and complying wth 
enwonmental regulabons Wetlands nubgabon, dewatering controls, and m a o n  controls a! 
the source area wdl be the responabhty of the off-ate source vendor 

Fugibve dust controls wdl be requved for off-ate sources Dust control issues wdl k 
encountered utdmng the off-ate source because of the posshhty of produang dust dunng 
transport The potentd for traffic problems due to losmg matenal d u n g  transport wdl mcrease 
lfpubhc roads are used to had the mtenal from the off-ate sources 

7.2.2 Technical Factors 

Off-ate source vendors wdl be r e q d  to furrush geotechcal analyses cerbfjmg that the 
source can prowde matenal meetmg the cover speclficabons 

Bonng surveys may be r e ! q d  to ensure that the appropmte amounts of suitable mated are 
avahble at the off-ate source, however, thls wdl be the responabhty of the off-ate vendor 

Mbgabon measures for off-ate sources that are near or contam Preble’s Meadow Jumpmg 
Mouse habitat may mclude sod excavabon dmng the mouse’s hbemabon penod (wmter) The 
off-ate source may not be wthm the Preble’s Meadow Jumpmg Mouse habitat and may not be 
affected by this type of excavabon problem 
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Off-ate source vendors must solve traffic control and debm control issues if umg a pnmary 
hghway If these is’iues are not solved sahsfactonly, the project may have problems wth the 
pubhc acceptance If an off-slte source is used, trucks may be umg a pubhc hghway Umg 
a pubhc hghway reqms traffic control, i e ,  detour slgns (if reqd), safety cones, flag 
people, and temporary q n s  mfommg motomts of the mcreased number of trucks entemg the 
transportahon system These precaubons wdl result m an m c d  cost for the project In 
adhbon, local regulahons may requve vehxle perrmts and wdl h u t  the number of loads that 
can be transported each day Ths wdl result m an mcreased cost to the project and a longer 
bme p o d  for hamg the same amount of ma- to the landfills 

The Site wdl need to pod~ca l ly  mspect the operahons of an off-site source to ensure that 
proper procedures are followed and to d e t e m e  the cause of any QNQC problems Mated 
from off-site sources wdl need to be momtored to ensure that the matenal meets contract 
spedicabons Because the off-ate sources wdl be further from the landfills than the on-ate 
sources, QA\QC of the source of the borrow matenal wdl be more difficult unth the off-ate 
X M t e n a l S  

Trucks commg from off-ate sources wdl have to pass through security at the Site Secunty 
checks may result m longer haul tlmes to the landfills because of the tune rexpred to stop, be 
checked, and start transporbng agam The mtmg bme wdl mcrease if the secunty check is 
lengthy Traffic control may be necessary If long ha of trucks occur and it may result m a 
pubhc acceptance issue for atmns who use the hghway often The cost for secunty is not 
expected to be hgh because current on-ate security may be contracted for the task 

7.3 PREBLE’S MEADOW JUMPING MOUSE 

The Preble’s Meadow Jumpmg Mouse may be a h t i n g  factor for evaluating the borrow 
sources The Site is one of four known habitat areas for the mouse m Colorado and has the only 
known vlable and reproducmg populabon The U S Fish and Wddhfe Semce (FWS) has 
recently been pehboned to change the status of the mouse from a speed concern species to a 
threatened and endangered species by the Biodiversity h g a l  Foundahon The pehbon also 
requested that known habitat at the Site be designated as mbcal habitat The imphcabon of the 
pehbon is that the Site wdl conader the mouse as a threatened and endangered species untd 
nobfied that the pebbon was demed 
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The Preble's Meadow Jumpmg Mouse requves moist areas and dense ground cover for its 
habitat A major threat to its 
populahons is degradabon, fragmentabon, and destruction of its habitat Fragmentabon is a 
problem because the mouse Vvlll not move across drsturbed areas, populahons become isolated 
and the genehc pool decreases Fragmentahon of habitat at the Site mcludes parlang lots, roads 
(temporary and permanent), walkways, W s ,  and mgahon canals 

It is found pnmanly m wetlands and npanan comdors 

The known habitat at the Site mcludes the wetlands and npanan corndors along Rock Creek, 
Woman Creek, and Walnut Creek The FWS would k to see the habitat protected by 
deslgnatmg it as an open space preserve They Weve that the deslgnatton would protect the 
habitat, and therefore the mouse, from hydrological changes and habitat destrumon caused by 
commercd, mdustnal, urban, and recreabonal development They specifically statexi a concern 
for habitat affected by a "sand and gravel operation on the west slde of RFETS" wth expanslon 
plans mto the headwaters of Rock Creek and Woman Creek 

The Ecology and Watershed Management WWM) Diwslon at the Site must be notified, m 
wntmg, of any mtrusive achwty or alterahon of such an achwty whch affects the known habitat 
of the mouse The notificabon must occur before the actIwty begms and p r e f d l y  as won as 
poable m the planmng phase of the actIwty Alterattons subject to the nobficabon mclude 
changes m the sue, shape, locatton, and mtenslty of an acttwty or a change m the character, 
flow pattern, and volume of controlled surface water runoff Any excavahon, construchon of 
roads, and dratnage mntrols requred by the project wdl reqm clearance from EWM at the 
site 

The FWS must be n o ~ e d  if a threatened and endangered or specd concern species such as the 
Preble's Meadow Jumpmg Mouse is found m the wcmty of a project dunng any phase 
Precauhons must be taken to avoid duturbmg the mouse or de-g its habitat to the extent 
that field achwhes may be shut down 

The followmg are ways to mrt~lrmze the project's impact on the Preble's Meadow Jumpmg 
Mouse 

B m  the evaluabon towards source areas that do not mclude cnhcal habitat 
Calculate buffer zones to detemune the prox~mty of the source area to the habitat 
Use densibes denved from h e  trappmg and research the home range value of the 
Preble's Meadow Jumpmg Mouse or other species of jumpmg mce to detemune the 
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wdth of the buffer zone The home range value is the =mum &stance that the 
mouse wdl venture from its nest 

Use exlstmg roads and mmrmze construcbon of new roads through the habitat 

Maxtrmze mtrusrve acbwbes to occur dunng the hbernabon season (October through 
Am) 

Muwmze actmtxs m habitat areas dunng the height of htkr producbon (June 
through August) 

Mmmm the area that is enclosed by or encroaches upon the habitat to decrease 
dMurbances and reclamation costs 

Prowde new habitat next to estabhshed habitat when degdabon of current habitat 
cannot be feaslbly avoided 

Deslgn surface water runoff controls so that the hydrolopc effect on the habitat is 
mlnlmal 

7.4 SUMMARY OF ADDITIONAL FACTORS 

The use of off-srte sources would mmrmze the need for regulatory adym and avoid managmg 
an excavabon operahon at the Site. NEPA compbce wdl be r e q m  If new on-site road 
construcbon is requved due to the large truck volume from the off-ate source It is anbapated 
that fugitrve dust wdl be a stronger issue wth off-ute source vendors than on-slte source vendors 
because of the longer haul dstance and the faster speeds Debns control, traffic control, and 
secunty wdl also be issues for an off-srte source 

There is a more mtenslve effort for enwonmental mvesbgabons and regulatory research for on- 
slte sources However, an on-site source would gwe the Site more control over the project 
resultmg m better QNQC and fewer pubhc concern issues wth the excepbon of the Preble’s 
Meadow Jumpmg Mouse Pubhc and agency concerns regardmg the mouse can be lessened wth 
the Site talang a proactwe stance toward mmmmng effects on the mouse’s habitat 
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Geotechcal tests and bomg surveys wdl need to be completed at the proposed on-ate source 
locabons and potentmlly for the off-slte sources to determrne the approamate volume of mated 
avadable, sod properbes, and if the source matenal is contammated Seasonal (October through 
Apd) construcbon may be requlred to decrease any mpacts to the Preble’s Meadow Jumpmg 
Mouse habitat. 
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Th avadabhty of proxlmal borrow m a t e d  for use m enmnmental mtorabon projects at the 
Site wdl be cnbcal to bmely and costeffecbve implementabon of closure plans, correcbve 
measures, and rem- acbons Current estmates of borrow mated r e q d  are on the order 
of 240,500 m3 (315,000 yd3) for OU5 and 518,000 m3 (678,000 yd3) for OU7 Volume 
reqmments for other OUs have not been i d e n W  at thls bme, however, it is reasonable to 
assume that such needs wdl be idenhfid m the near future 

With regard to the off-ate borrow mea, there is a pauaty of currently pemtted reserves 
prommal to the Site The excepbon are reserves currently held by WA, who hold reserves of 
sand and gravel swtable for general fill, as well as weathered claystondshale perre Shale) that 
may be swtable for law-permeabhty matenal The reserve that W A  has avahble would seem 
to prowde WA wth a slpficant compebbve advantage as a potential suppher of borrow 
m a t e d  Varra is also located relabvely pronmal to the Site, however, Varra currently does 
not have the pernutted resources to supply the necessary borrow mated. The advantages and 
disadvantages of the off-ate borrow source opbon have been summanzed heran The pmcipal 
advantage assocmted wth the off-slte borrow source opbon is that it places the burden upon the 
construcbon vendor and off-ate mated supphers to -de pernutted reserves of m a t e d  
meetmg the project specficabons The pmapal potential Qsadvantage, however, is 
transportabon cost The transportabon costs for use of the off-ate borrow source may be 
agmficantly greatez than for the on-ate opbon Thls cost d~fferential could be exacerbated if 
a compebbve enmnment for matenal supply does not mst, if ngorous secmty reqmments 
are idenbfid for its dehvery, or Ifpronmal borrow source matenal is not capable of meetmg 
the project specificabons 

The on-slte borrow area opbon has not been M y  mvesbgated and its feaubhty has not been 
determmed, however,, Qsadvantages and advantages for thls opbon have been idenbfied m thls 

report The p ~ a p a l  Qsadvantages for the on-ate borrow area opbon are the msbtubonal 
constmnts assocmted wth implementabon of on-slte excavabon These msbtubonal constmnts 
mclude the issue of Preble’s Jumprng Mouse habitat, wetlands protechon, an  emsslons, the 
potentul for emstmg surficd contammbon of potentul borrow source areas, and reclamabon 
planmng (notmthstandmg the potentd need for pemts) Costs would accrue for the Site work 
force to address these issues The pmapal advantage for the on-site opbon appears to be cost 
Because of the senabwty to umt costs for borrow mated to haul distance, the p0tentn.l savmgs 
for use of borrow areas sufficiently proxlmal to allow use of scrapers for excavabon and haulmg 
presents opportumbes for sipficant cost savrngs However, adQbonal mvesbgabons would be 
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necessary to confirm the techntcal feasbhty for use of on-ate borrow matemil because of the 
paucity of geotechmcal mformation m or adjacent to potentd sowce areas 
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9.0 RECOMMENDATIONS 

Th~s secbon presents recommendabons relabve to the selecbon of sutable borrow areas for use 
m the OU5 and OU7 closure acbnbes General recommendabons are presented first, followed 
by specdic recommendabons for the off-site and on-slte borrow area alternabves, and finally the 
recommended field mvesbgabons procedures for both the on-Ute and off-slte borrow sources are 
dlscussed 

9.1 GENERAL 

A general recommendabon is for DOE and EG&G to keep theu opbons open relabve to both 
altemat~ves We believe that there are compebtwe advantages to entertamng bids both for the 
prowslon of off-ate matenal and for use of on-ate borrow pit matenal Thls recommendabon 
is based on conslderabons relatzve to enpeemg feanbhty and cost, we Weve that the Site 
workforce is best qwhfied to evaluate and we@ the vanous advantages and Qsadvantages of 
each alternabve, many of whch are quahtabve rn nature 

9.2 OFB-SITE ALTERNATIVE 

Should DOE choose to mplement the off-ate alternabve for prowon of borrow matenal, we 
beheve that the followmg acbnbes should OCCUT 

Promote mmpebbon 
Perfonm llmlted matenal testing 

Contmue Qscusaons wth off-slte borrow matenal suppks 

Keepmg the borrow matenal suppher mfomed as to matenal quanbty requrements and 
specificabons VVlLl enable the matenal suppher to plan thm operatton to W avadable the types 
of matenals requued when needed Because only one off-site borrow matenal suppher (WA) 
was idenbfied wth the perrmtted borrow resources estimated to be necessary, it is recommended 
that the off-ate bomw source mvesbgatron be expanded to a 16-km (10-m) &us 

Should the off-slk altemabve be implemented, it would be m DOE'S best mterest to promote 
compebbon among prospecbve material supphers "his could be accomphshed by advemsmg 
the upcommg prqect m construcbon journals or through trade assoaabons hbal  nobficabon 
regardmg the need tor materlals could promote compebtmn by gvmg tune to prospecbve 
supphers to plan for the project 
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Lmted mated testmg of prospectwe off-slte sources may be advisable to provlde OU5 and 
OU7 specificabon mters mformabon on the enpeenng propert~es of local matenals 

9.3 ON-SITE ALTERNATIVE 

Should DOE choose to implement the on-ate alkmabve for prowaon of borrow mated, the 
followq acbwbes should occur 

Select representatwe sltes 

Perform geotechcal mvesbgabon 
Secure pernuts as necessary 
In~mteNEPArevlew 

S e v d  locabons have been idenmed assoclsLted wth each OU that may be feaslble for the 
purposes of discusaon and costmg Should the on-ate altemabve be camed forward, it wdl be 
necessary to select ]prospec%ve areas for geotechcal mvesbgabon Pnor to mvestmg m 
explorabon, consensus should be developed on whlch ates best meet the cntena for cost- 
effectweness and mmmal envxonmental impacts 

A geotechtllcal mvesbgabon of the selected slte(s) wdl be necessary to i d e n m  whether a 
sufficient quanbty of sutable mated exlsts Specdlc recommendabons 111 thls regard are 
presented m Secbon 9 4 

A regulatory evaluabon should be performed to assess the needs for pemts relatwe to the 
borrow areas "his evaluabon should idenbfy whether the substanbve andor admmstrabve 
qwements of regulabons promulgated by the State of Colorado, Department of Energy, and 
Mme Reclamabon Bureau, are apphcable to development, use, and reclamabon of on-ate borrow 
areas 

9.4 FIELDINVES't'IGATION 

Thls secbon presents a representatwe field program that could be used to further rnvesbgate both 
alternabves 
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9.4.1 meld Data Collection 

It is assumed that up to four on-Ute potentml borrow source areas wdl be idenbfied and up to 
four potentml off-site borrow areas wdl be idenbfied Because of the locabon of these areas 
away from the OUs, there wdl ltkely be a pauaty of exlstmg mformabon regardmg matenal 
charactensbcs 111 these areas 

h t m l  mtena for evaluatmg acceptable low permeabhty sods are proposed as follows 

Atterberg bmts 

Lqud Lmt < 45 or 50 percent 

Plastmty Index > 20percent 

Gram Slze Distnbubon (ASTM 01140) 

Remolded Perme!abhty (U S Army Corps of 
Engmem Procedures ASTM 5084 

> 90 percent pasmg #'2W Sieve 

1 x 10-7 cm/sec 

ASTM procedures are not hsted for the Atterberg mts tests because they reqm that the 
hmts be conducted on w-dned specrmens Thls method can gwe very Merent results than 
if the hmts are conducted at the natural water content 

9.4.1.1 On-Site Geotedmical Boring Program 

A geotechcal bonng program is proposed for on-Ute potentml borrow source areas The 
program would be dmded mto two &stmct stages to (1) c o b  presence of potentally sutable 
borrow matenal and 0bta.m e n p m g  data on sodhock types and properhes, and to (2) 
subsequently refine mformabon regardmg potend borrow areas A total of 60 bonngs is 
proposed (15 per potentd borrow area) A techmcal memoranda would be prepared to propose 
specific locaQons for five bonngs per area (20 total), whch wdl be used to confirm sod/rock 
propert~es and o u h e  the atem to be used to locate up to 40 add~bonal bormgs The two 
stages of bonngs would progress as follows 
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Reconnaissance - Advancement of up to 20 borehoks and collection of g e o t e c h d  
sod samples to confirm presence of sodhock m a t e d  most W l y  to meet both the 
physlcal and geotechcal cntena for borrow matenals Prehrmnary m a w  
estimates, borrow slte locations, and borrow mafenal quantity and q d t y  wdl be 
esbmated from results of reconna~ssance acbwbes 

R e f i i e n t  - Construcbon of up to 40 Wtion boreholes to refine potenbal borrow 
areas aftex a m e w  of the reco-ce samphg results Fmal mapped volumes 
and any re-g sod q d t y  assurance questions wdl also be evaluated 

Standard penetrabon testmg would occur dung dnlhg to quabtatively ewaluate matenaI 
construction characte.nstics (e g abhty to excavate, remold and compact) 

9.4.1.2 Off-Site Borrow Area Field Sampliug 

Samphg of the four assumed off-slte borrow areas IS proposed to evaluate geotechcal 
properhes of avadable matenals A total of 16 samples IS proposed (4 per borrow area), whch 
wdl be collected wa steel trowel from exlstmg borrow pit outcrops, with woperabon from off- 
Slte borrow pit owners. 

9.4.2 Geotechnical Analysis 

To evaluate the matenal properhes of the potenbal on-ate and off-ate borrow sources, a vanety 
of geotechcal analyses wdl be performed on the sod samples The results of the analyses wdl 
be compared with the above proposed values and other mtena to be developed m the techd 
memoranda to evaluate the sutabhty of the sods to be used for low permeabhty and structural 
borrow 

Evaluabon of sod matenal for the recomssance stage wdl focus on the permeabhty and 
shnnk/swell propeaes of the matemil The objective for permeabhty testmg wdl be to simulate 
compactive effort achevable m the field m remolded samples to identify a range of predcted 
field permeabhty values S W s w e l l  potenbal of the low permeabhty sod wdl be evaluated 
because hgh s W s w e l l  potentnl may compromse the macro-permeabhty of engmeered cover 
systems by promotmg craclang 
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It is proposed that two soil samples per on-site bomg and two samples per off-site borrow area 
be submtted for grim uze hstnbubon, Atterberg Lmts, and moisture content (96 total) 
It is assumed that four samples per on-site borrow area (16 total) and two sample per off-site 
borrow area (8 total) wdl be further evaluated to assess pemeabhty and cornpachon 
charactenshcs The 24 samples wall mhally undergo laboratory compacbon testmg (Standard 
proctor) In preparahon for permeabhty testmg, samples wdl then be spht and compacted to 
95 percent and 100 percent of maxunum dry denslty at a moisture content approxunately 2 
percent above opbmum Thls wdl result 111 two permeabhty tests per sod sample (48 total) and 
wdl khtate evaluahons of the relabonshrp between remolded permeabhty and compacbve 
effort 

Adhbonal g e o t e c h d  analyses that may be performed on the sods samples collected d u n g  
the stage two refinement bomg program are attached The stage two analyses wdl be defined 
after mterpretabon of the stage one data and approved by Rocky Flats workforce personnel 
Upon complebon of the stage one bomg program, it is anbapated that the most cntd 
properbes of the borrow source mated wdl be idenMed, and the goals of the stage two 
analyses wdl be to better define the ve!xhcal and lateral extent of the target sod types, to fill m 
any data gaps, and to better evaluate adhhod mpeenng and physlcal propertm of the 
targeted sod, mcludmg, but not hmted to, the followmg 

Settlement and consohdabon potentnl 
Strength 
OrgatllcContent 
Sodreachon 
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Source of Materfal LAB ID Y'l034/2 STOCKPILP 

TEST RESULTS 

Maximum Dry Oenslty 1 1 I .Q PCF 
17 6 96 Optimum Witrr Content 

ATTEABERG LlMlTS 

CURVES Of 100% SATURATION 
FOR SPECIFIC GRAVITY EQUAL TOo 

2 80 

2 70 

WATER CONTENT (Porocnt QryaWeight) 

MOISTURE-DENS ITY RELATI0 NSHlP 
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Attention Mi, Michael DeCaw 

Subject. Laboratory Tesbng on Submitted Sample o€ Raw Shaft Fmes 

Job No. 1377 92 

Dear Mr. D e C w  

h requested, we have conducted laboratory testing on a sample submitted to us, refend 
to as raw shale fines, obtaiacd fro clay pit located on Ikghwoy 93, adlocent to the 
Roc@ FIau plant. The te / g was in accordance wtb the request s a t  to us, which 
iacluded three JwcIl-consotidatfon tests, one performed at the optimum moisture content, 
one at 3% below the optmum moisture conteak and one at 3% above the optimum 
rnouture content. The results of these tests arc presented on the uttachcd Figures 1 and 
2. These siimpler were remolded to 95% of the maxhum Proctor density, based on the 
standard Proctor moisture density relationship pravlded to us. Thls tasg performed by 
Sergeants Hauskins and Beckwith, indicated the shale had an optimum moisture conteat of 
18.8% and a maximum dry density of 107 4 pounds par cubic foot @cf) 

The swell-consoIidatioa tests indicate that the matcnal when tasted at -3% of the optimum 
m o m r e  content possesses a swell potential 0€13% 6th a weIl pressure of3,OOO pounds 
per quare foot (psf). When tested rt the optimum moisture content, the sample exhibited 
a slight well poteodd (0.3%) wth a swrhg pressure of 1,700 psf. The sample tuted at 
+3% of the optimum moisture coateat was moderately compressible and non-cxpandve. 

If there are any questions concerning the test procedures or the data presented herein, 
please call, 

Smcerely, 

Chen-Northern, Xnc 

Rdber L Barker 

Rev,by; DAG 
RLB/kd 
Enclosures 
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UY-UL-YY U G  j /AM !XUM WkSTERN AGGREGATES P O 6  

Ezaphe Laboratorierr, Iho, 
A Dlvlslon of Tho hrrroon Compunls8, Ino. 

7100 N Bro#lway, Sum 70 
Denver, Colorado 80221 
Phon. (303) 428-(00? 
Fax (303) 420-4102 

Chw~rrC Smith PE 
DOIW R am, PC 
~lcturd T mnomuu, PE. 
JaMLQ(Rld*PE. 

Swternber 23 199 3 

Western Aggregates, Inc. 
11 720 Highway 93 
Boulder, Colorado 80303 

Anni Mr Michael Jones 

Rae Laboratory Teat Results, Plsno Shale MltWld, Western Aggngatea Plant, Boulder, 
Calorrda 
ELI Refrrence No, Z6931034 

At your rrqurit, the samplr rubmittad to  our laboratory was tested in rccordance with ASTM D- 
1 140-92 (Amount of Material in Soil8 Finer than the No. 200 Sirve! Tost results indicated that 
07.5% of the marsrfal passed the No. 200 sieva 

We 8ppreCiat0 the opportunity of providing thare smrvicrs to you. If we may ha 
assistance or if additional testing b required, please cont8ct us at your convenience. 

of further 

Sincerely, 
EMPIRE LABORATORIES, INC. 
A Division of The Terracon Com&iss, Inc, 

Philip E, Broncucia, Jr. I 
Business Development 

Principal 
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Screened Reject Llatr") 

Sample A 
Sample B 

Pierre SWeN 

80%/20% Asb Cornposit@ 
8096120% ~ s h  I- 3% Wasre Fincam 
80%/20% Ash f 7% Wast8 Fines" 
80%/20% Ash + 11% WastePfn& 
HDPE or VLDPE Line@ 

2.1 X lo* cmlsec 

1.sx1a"opI/J6c , 
2.2 x I&' Gmlsec 

2.1 X 10' d s e c  
1.0 x 1P cdscc 
6.6 X 10s cmlscc 

2.0 x lo$ cdsac 
4.2 X l0J cmlsec 
1 6 1  x 10-1' d s w  

SampIw were remolded to 95 percent compaction ntaf optimum moisture cwtat in accordance with 
ASTM D698 Permeability testing was parformed in accordance with ASTM D5084 

Samples were remolded 10 90 percent compaction near optimum mobturo content in accordance with 
ASTM D698, Permeability testing wes ped"rmed in accordance With ASTM DS084 

Equivalent hydzaulic conductivity a8 detedntd by the USEPA. C o n s l d d  a conservative measure 
of permeation through an intact gwmembrane with zero defm P A ,  1987) 

PO7 



€3 

.. 
d 

d 

8 8  
4 4  

8 8 :  4 

liil 8 
4 

(P d 



05-02-$J Od 37hM FRO14 WES'IEIZN AGGPEGATES 

LNc? 
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Weathered Shale 18.8 107.4 A S M  0698 A 2-1 
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JUMMARY Of MOISTURE DENJiTY RELATIONSHIP TESTS 

p R O J E C T 7  J 08 NO. E91-7078 

111 + 
LL 

3 
h 
m 
A 
a! L O 7  
t= 
R z 

* 
Q: 
0 

x 
103 

14 16 18 20 99 

MOISTURE CONTENT - R DRY WElGHT 

! 



09-02-94 08 37AM FROllI WESTERN AGGREGATES 
* * I f f  I 4' ' 

? 

PI0 

b 

c I 

11485 West 4 8 t h  Avenue - wdeat Rids@, CO 80033 - (303) 413-2766 

A I O A P P l l I S  R 1 0 0 R 2  
DATE; 08/09/89 PAGE 1 

MARTIN JONES Lab Job mu: 9647-33236-2 
WESTERN AGGREGATES, ZNC. Date Samples RcroeLV8dr 08/03/6 9 
11718 HIGHNAY 93 Custopsar PO #&.rt (nono) 
BOULDER, CO 80303 

8 l l m  - total 
Arunfc 9 total 
br lm total 
ca&ltun totat 
wlmtra total 

Lron tota l  
Mrrowy total 
Lead - total 
kloniua - totrt 

By: 


