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1.0  INTRODUCTION 

The Northwest Boundary System Long-Term Improvements Interim 

Response Action (IRA) is being conducted as part of the IRA 

process for the Rocky Mountain Arsenal (RMA). 

On April 13, 1990, the Northwest Boundary System Improvements IRA 

was divided into the Short-Term Improvements IRA and Long-Term 

Improvements IRA.  The Lead Role for completing the Northwest 

Boundary System Short-Term Improvements IRA was transferred from 

the Army to Shell on April 13, 1990, and included an assessment 

of the alluvial groundwater intercept system followed by detailed 

design and construction of both the Northeast Extension (Phase I) 

and Southwest Extension (Phase II).  Phases I and II construction 

were completed in October 1990 and October 1991, respectively. 

Concurrent with implementation by Shell of the Short-Term 

Improvements IRA, the Army completed an assessment for the 

Northwest Boundary System Long-Term Improvements IRA.  The 

conclusion from this assessment is that the Long-Term 

Improvements IRA should consist of completion of the Short-Term 

Improvements IRA and implementation of a monitoring program for 

the entire Northwest Boundary System, with no modifications to 

the existing treatment plant.  This recommendation is contained 

in the Draft Final Decision Document for Northwest Boundary 

System Long-Term Improvements IRA submitted by the Army to the 

Organizations and State on September 11, 1991 and finalized on 

October 3, 1991. 

Since July 1991, Shell has assumed operation of the Northwest 

Boundary System, and the Army has proposed that the Lead Role for 

detailed design and implementation of the Northwest Boundary 

System Long-Term Improvements IRA be transferred to Shell.  The 
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proposal was contained in a letter submitted by the Army to Shell 

on August 26, 1991. 

The implementation of the Northwest Boundary System Long-Term 

Improvements IRA is intended to provide monitoring data 

sufficient to complete a comprehensive assessment of the 

operational effectiveness of the Northwest Boundary System. 

Specifically, the IRA will include construction of additional 

monitoring wells (including revegetation of areas disturbed 

during construction), monitoring both treatment plant and aguifer 

water quality, water-table monitoring, and preparation of a 

report containing an evaluation of system performance based on 

quarterly monitoring for one year.  If appropriate, the 

evaluation will include any recommendations regarding additional 

improvements to the system. 

A cost estimate and schedule have been prepared and are included. 

The estimated cost and schedule are based upon the assumption 

that the IRA will be complete at the time the annual performance 

report is submitted, following one year of monitoring.  The cost 

of implementation is estimated to be $440,000.00, and the basis 

of the estimate is given in Section 4.0.  The deadline for 

completion of this project (an "IRA Deadline" under the Federal 

Facility Agreement) is July 1, 1993, subject to extension as 

described in Section XXVI of the Federal Facility Agreement. 

Intermediate dates shown in this document comprise the "Schedule" 

(as defined in the Federal Facility Agreement) and are not 

"Deadlines" under the Federal Facility Agreement. 
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MEMORANDUM OF UNDERSTANDING BETWEEN 
THE DEPARTMENT OF THE ARMY AND SHELL OIL COMPANY 

WITH RESPECT TO 
RESPONSE ACTION WORK CONDUCTED PURSUANT TO THE 

FEDERAL FACILITY AGREEMENT 

I.  PARTIES 

This Memorandum of Understanding (*MOU*1 specifies tn» 
cooperative undartaXings which ar« to occur bttvtin th« Arav (1 
potentially responsible party undar CERCLA) and Shall (a 
potentially responsible party undar CERCLA) with raapact to anv 
Scopa of Wor* davalopad pursuant to tha Fadaral Facility 
Agraamant now or haraaftar attached aa an exhibit to thia MOU. 

II.  PURPOSE 

Tha purpoaa of thia MOU ia to provide an appropriate 
basis pursuant to ehe Federal Facility Agreement for Shell to 
participate in the expeditious (a) assessment, selection, design 
and implementation of an IRA or (b) operation and maintenance of 
any Response Action structure. 

III.  DgriHTTTQffff 

The following terms, used in the MOU, shall have the 
meanings indicated: 

(*>  'Army* means the United States Department of 
the Army, and any successors or assigns thereof, and any agency, 
office or other subdivision thereof: and includes the officers 
members, employees and agents of the Army when acting within the 
scope of their authority. 

(b) 'Arsenal* means the united States property 
fcnown as the Recxy Mountain Arsenal and described sore 
particularly on Exhibit A hereto. 

(c) 'CERCLA* meens the Comprehensive Environmental 
Response, Compensation and Liability Act of 1380, as amended by 
the Superrund Amendments and Reauthorization Act of 1986. 

(d) 'Contractor* means any commercial party not a 
part of Shell with which Shell contracts for the performance of 
Response Action woric pursuant to this MOU. Unless otherwise 
indicated, the term also includes a subcontractor retained by a 
prime Contractor or another subcontractor. 



aaendaents or aodificat^cns  t*«r«i«^i^ =,,~ 7 (     d any 
-uui*—at.yns  t.*araor  er supplamanrs  thereto) . 

**M  — Para<?«pn   /.4  af the Sattiaaent Agreeaent. 

causaa beyond t?i conSSJ nf^nZ 3"na any 8V*nr arisin* fr« 

.ire:  war;   insurrection;  civil disturbance;  exalosinnT ' 

fo rh<« -—4—.(3}     *W0Ü* «r "Memorandum of Understandina* aeans 
SSr2^a2^iSLfCC0MB,: and any a»«nda«nra or aodifica?iona 
S.'retn of rSSÜacT" **"*''  ^ ail d0C—* ^rpo'SLl 

Subatances PQliuii«7r^?Mna tha Nation*l Oil and Hazardous 

S^Sh^S""™ Vith CSRCIA and whica «• e«2?"e an5 applicable to any activity undertaken purauant to this MOU 



(1)  'Organization- =aans tu« Aray, z?A cr Shall. 

'Part: 
;aeans tha Aray and Shall, 

(3) llVir7'  "'BanS  CÄa AraV or SHell; 'Parties- 

»*™„„,** „,. -,»"'  "*es?Gnsa Action- has tha saaa aaanira as 

Part vx by vhi^^SS^^^^SSTSS iSSI1'^12 

Lead Party shall be conducted. Sheil "3 r"e 

(p)  'Settiaaent Agreeaent- aeans tha *s««" «m.-«. 
Agreeaent Batvaan tha United States and Shall ?il Coaoanv 
C^Ca?ing ??C*y ««»«« Arsenal,- effective Faar^arv "?  -939 
including all exnibits thereto (and any eBendaen«*- ' 
modifications thereof cr suppleaents tharato™ 

All other capitalized terms used in tM« nnn  =h,n u 

S^I^nr^r^ntlr^ ^'^ ^«"^Agr.^nt or^ne^* 
Sec«"? Wor* *** Manin<? »P«cifiad in an executed 

IV.  SCOP? nr vr^Tj 

Set- •MB?i£J2L,?XÄ  Fadarai  facility Agreaaant and the 
l£lr^ L,H^I!??nr"narirut:a thm enrir8 understanding between tne Army and Shell with respect to Shell's a««urin« rh-  i~   • 
th. Response Action vor* descria.S In an ic2SS5 SLS ofSrf 
except for any subsequently executed Scope oTwcr* "ich Ihm 

c^tSu?:Ytnr«iÄ WitS^MP€Cr t0 SUCh «AS ASIS vor*; 
in "S I*.Mn.! iL?«"ditlSnS c«*»l"»9 Shell's participation 
ASCST«S^LSf wrJc:  and with respect to such Raaponsa 
JSio      ?; JX f!    * any Qth€r a9reaaent<s)   betveen the 
FeSra^Feäl^v ES" a COn£iic1: bat:v"n «» provisions of the 
iw*n    **. ! Y A<*rMMn* and the Sattleaent Agreeaent and this 
SS^STnS^JäiSü^^K^ F€d*rai Facilit? AgreTaent and the 5ett*eaent Agreeaent shall govern. 

V.      OPTgSATTON  nr  von 

^„„«i-JlL^i* axacucion <=* this MOU,   each of the Parties acknowledges and agrees as  follows: 



(a)     Tha provision of tha Raapon.a Action u«~* 
pursuant to thia MOü is a raaaonabla and appwwiaH =Lr?TJ «.« 
to tha as.aa.mam:,   saiaction,   d.aign and iSISSSSlS 5        i0n 

R.apon.a Actions that ara orotaeriv«  «* t-*« I- of 

pualic h.alth and tha anvi?on^I" Pr,"nt and  fata» 

mcon.ist.nt wiä tS?*S?'M *CZi°n* Und*r thi« M0Ü «■ "°* 

crtlfi.d by tÜ'A^Ji^^^sS^^«^^«« 
vita taa HCF. ■»««?«« vi.4.(   ara conaiatant 

(d)     This MOU doaa not oparata to »«f»hn.H -    -. 
SS?!^ Sh%11 °r ArBy liabil^y undSr an?     »    S 'V0 

Facility Agraaaant or tha Sattlaaant Agraaaant    excanr ll Jli extant providad in this MOU. *«™aarcf   excapt to tha 

(•)     This MOU doaa not oparata ta -r««rt«^ ,-„ 
any oi lt, contractor, a caciA r-poiTSiS cc^racwr     " 

(g)     Unlasa otharvi.a providad in a seen» n* u~- w 
upon accaptanc. of tha Ra.pons. Action vor* pursuant £ Suboar^' 
VI.2,  titia to any Raaponaa Action stmctura ineludina »7i 
ralatad sy.taaa and facilitiaa conatructad Ja a    »« I,*Ji.«. 
Raspons. Action vor* shall pas. to S^SStE StllVs ' 

M.<~4~~ (h)     Thm Aray shail b* a«l«ly ra.oon.ihla for 

to s.«i,n m&irysfü sTr^ii^rf"^pur,uMt 
activiti». conduct«! purauMt to tais MOO.    Hoi.v.r   SLn  .k.n 

sss\s ssssr* t*cäni"i -*«* "-.«^"o^i1,« 
«rf.et wi«, ^_ifi_T?i" M0D h" no PMc«i.ntial or controlling 



71 •    SHELL'S P^rnp>uWfT n. »^„sg >CT..„ M|T 

shall  mcluda any raquir.d data or specification«  for IhT 

mauranca to ba Mijuuirt by Sh.il purauant ta Parr VII. 

ISIt P!LP^?U;S,: " SUbpirr VI-A dnd «»«tad by^haxW and 

»«/by «pqsraa ^^k.a'^^rsajLiTcSa.;' 
conauitation and caop.racion vlta cba ArayTI. awStdaT!". Ji. 

srsSpS'.n^?p*"01™ "•RMpon" A«ia- s=« d«c^S'ia 

scop« o£ war*.    A Contractor nay ba tatainatad bv Shall »,»,.. 
rttthSd "^JE"  ""^ ipp"v«1 .b«l"nct a. 2£...o„aaly withh.ld.    Any diaagr.«a«nt with r.«p«ct to «ueh +m<rmi21Z<ZZ y - 
ruolv«. inforaally .hall b. raacI^S 2eS2nä^tS S proviaion« of Pare XIII. ««»rMnc« wita tha 

x~*~l      AggtBtanct gr KOTK:     l.     If Shall p.rform« tha R««Qn«. 
Action wor* xa accordance with tha specification«^.* !nj!!

P?? 
ta. applicabl. scop, of Wor*,   ta. ArS? .haS a^p?"h.?"s wor* 

S!?i   4?1* tf?^ daciin* accap^anca,   it «hall proaptly notify 
fnS f^i^tinq; gt*tln« with .pacificity tixTEStSu? technical and lagal baa.a fer auch nenaccaptanca. ^««nicai 

treating ShelJf SJJ™°nClUd" • th*ti ^ Ar*y ia in «wor for 
any otSSr ration PS??I?!?1 

aa ■ lncö»P^*« or unaccaptabl. for any otn« riuon,  sh.ll shall giv. notic. in writing? within tan 
t^t^lfS.:™: "ript °r «* *»*'» writtan Sotl^tio;? 
iSa«2liJ    i!!TT ;•'     *"? SUCil di»*^«««nt,   if not raaolv.d 
S SS XIII ™«°lyed in accordanca with th. provision« 



711 •     SHSi;,  TWTmrg nBT.Tr;^T^Tn 

say reasonably ba anticipated tSba aid. « * a°Y Ciaiaa ***<=* 
Action work don. pursuan? to any scooa' of' (i

rwit 0i *•«?*««• 
exhibit to this MOD.     At a miniLi    SJ.n  X!?, "**«*•* a» « 

aaount of^XOolwJ^ri^SiS a^nT""" in **• ainiau* 

bodily m.eE^i^?lp£™gr insuranc. f0r 
parson, ü» th. »miaua aaount 0%°^^; SrPS2Sn2.talrt 

with th. »xnts r.sir:a:^id:r?hä*L!5#u
ni* ** ««priSc.7 

a Scop« of VorX,  shall sha.li «~L«-7      art*    Upon tha «igning of 
affidavit that C ,tÄ    SfS^«*" Aray vSl « 
Scop« of Wor*.    upon raguaat^U??^\ f?1^1* Part *» to that 
th« aannar in whiS ShaUEll f^i^L*1!!??** Witil **• *"* P«rc. * WiXX »«ill it« obligation« undar this 

Aray shall release,  defendi^S.«?^ s
1*

t:tl*M«t Agraeaent,  Jn« 
froa all los«..,  tLml,peWtllT fT,?"* h°id *»«*•" Shall 
judgaents,  or expense«  (5K£ä£'.äilM'  3Uita'  labilities, 
aettleaent)   (coUactivalyhtrtft*!?*?"-* of ^tigation or 
with r.«p«ct to anylaath SfiSEFV* ^ Part TLI1'  'claia^ 
daa*ga to proparty^o 32 a^taSt^L?^7 Pracn or lo" of or 

conatructicn,  operation    caiiJUL thM* rMu^t froa tha 
Raapons. ActionPsSu«Sr.    « SI'«2*5? °r failur« °* an* 
accaptanca pursuant to Subpart vr S^L^S**0*'  aftar thm A*»Y's 
rupture,  failura or inaffactivanaaa'a?%S*»opwratlon»  <»"*P««, 
Structure as a rasult of S «Slli ü£4 th* R*«P°n" Action 
ruptur. or failurTcf tte^.Bo^.:r^0n'  0PT«i°n,  collapse, 
not coapansatad by in«uranca^r^!i^°n W°r* wh*n 3Ucii ciaia is 
providad balow: "»ra™ or self-insurance,  to tha extent 

with raspact to*^^ VEr^E*'*1*1 br"Cft of tti» M0D 
«« öcopa of WorJc pursuant to which such Rasponsa 



(including .xp.n.a.^ncid.nlai ST^'SASTL'S "* 5lit» 
tbay raauit,   in whoia or in Darr.    SS Stftff     ° **• «"•« ttat 
racJclassnass by sa.ll; willful aaaeonauet or 

ttia Part by ^U^yis?,";!««^^!^^10"' »—* P»rty to warn Shail £ay b. liabi. „iL »..25?4 or dir««iy to any 
-at party, watca ^.%^^IZ£?*%^>£ £-* 

I witt Part vii i?r^eid*S225\Sr"r*'?" »^«inad in aceordanea 
Part witaout «a IS?" itSSÜLS* "lnl™»« «P«iri.d in wit 

Of   SUCh I      star-«*■ *°° ==s « = asa STA 

against Shall; (1)     P*0»**1* notify tha Aray of «ich claia 

cov.rad by this Parkin STÜfÜ •vid*"ca or Proof of any claia 
by th. Ariy;   a^d *** Ma",r and  fora «a.onably raqu«?.d 

of all parting p.^. ÄS-*? 2u? ^ ^ Vit* co*iM 

not datarminadlo toJttSSFZt^ iS.^"1* °f **■ ciaia ia 

VII or to tha «xtant th*2 ?I! «    *** i1»1*» ■•* «orth in Part 
raa.onably b. SE&S*^^™'*** «*•*■ ««« 
liaita.  Shall and thaArav -h!i? „    5 !? b*.in •xca" of tÄO" 
sattlannt.    onca it ii^J^ij0??1?*! joint *•«•*■• or 
is in axeaaa o/tha uLSTS^ol?1^ ?* Moua* of «*• ci**» 
diract and controTaucS dafanL ^.iV"* VIZ'  **• *«* sh*^ 
Shall aa i« accaptahirto 2S oSL!*"1*"?*' witÄ a«i*«nca by 
any authorizaSna^hic^ tn^JS"1"'  *S Sh*U aha11 axacuc* 
conn.ction with S^StS^anl!7 r~°naJsl* »**»■ i» 

shall not «ccJd^pSSSS^.ÄiS.la*1^ Uad*r tti» Parr «« appropriations availabla during tha tiaa that 



sä  niabUTM Sh.u  for c.rt>!£ ^??      Cf Ju*tle«.     TM» agra«^ 
loolyin, tnat Cong«« sj™    at a ?!'"""« »• inwwSSTS 
sufflci.nt to B..t any d.fIci.n=iL      £ ""*'  aPP"Priat. f^* 

Agr..»«t and th. FSL,"^ M«u.!T ra*d by "" •««—« 

X. 

A. 

JSIAY np pgFrmr-Kpntf nf ^nrnFnft1[! f 

rend^r-d ^ab^ol^ cr^^ SvT''   if * PW' » 
its obligationa undar thil HOD    S« Y      rC* Ma^ur« to carry out 

that Parry,   ao far a« thay ara af?J«.d £'!»*** obli9ationa of 
Majaura tharain apacifiad    «STi? Ü by **• *V€nt °* Forca 
continuanc. of such cauat' ££ for „a"?**1*"1 durln* th. * 
cau.a shall b. raaadiad ao far iTB2.JS?9W4P"lod' and ™<* 
dispatch. "° rar *■ P°««i*la with all raa.cnabla 

SV? laÄOr diaP«*    'n^rr^S^fL'r01^ V1^h «eh Forca Majaura shall ba raaadiad wiJS^rf*^        ***** an* ev>nt of 
shall not raqulra tha wSSSe orVi^f!*"00**1* diaP«ch 
accading to tha daaanda of S1T««S!      »trUca or labor disputa by 
inadviaabl. in tha^^r«^4^55??;1^ party vhan such ccursa L 
striJea or labor diaputa! ^- Parcy ^olvad with such 

dalay'tha^SpritfoTol11"; SiS^1"*? T* occarrad «at 
circuaatancaa conatituta an «v.«?H 2'  and * PartY balisvaa such 
-hall notify tha othardr^SIScS If^??1*""'  *Ucä **"? 
aftar tha notifying Partv oS***«.°?Vin siting within 15 days 
dalay will occui.    Su2TL??cJ SLnf??*ti0n Seating thit a 
•xplanation of tha raaaon7«7 ?«!     i incfud* • datailad 
d-lay,  tha »Maura, ta^ and ?o JfJ?1^1***1 ^»tion of th. 
tha dalay,  and a achadul! 25 i*»?!»^*!*0 P«v™* « ainiaiza 
Failura to provida notica in *~Zl?mnt*Z$on ot «uca »««auraa. 
within tha raquirad S^v o-rfS^r?? Vith thim P»«9«P* 
any claia of PorcTftj^S 5I£*.™« «»«***• a waiv« of 
Ma:.ur. for which notica wa^St ?ST^ gLan* aV*nt °f F°r" 



d.v.i0p.d and ^„»„„d by Ih"!*!A S^AtUTEf" 3BiU "• 
splits. ä?Sä JS r S^ 

unanticipated occurrence GO.« not ntc«.it,r.\l^l 
discrat. portion*s> of tu. act^ti^cvtSed In £a« *? sucH 
portion(s) of the activities shall «™.Li       -art Vlf 3Uch 

xn th. MOU l=-»«3£ S*LÄ'1S?^t^^ 'S"* parts of the MOU. «oaiiicarion of other 

^ SHSLL ftC^^^i P? RQC7TT «nnwriTw ^«r^j, 

all ralavS^poSon^of Sr^"a
Soli'b: mffa?tod aCC«" tt 

obligation, und.r th. SoowrS«?*?!!* ? P-rform its 
th. Ace... and U^lirSLSflSLS S*z2S!tTtr?^ti0n* °f 

Settlement Agraesent until SIUä tST«2\h?i£iS f J%?!, 
execute an applicable aup.rs.Slng agreed. ^ a°d Sh*U . 

m'     PISPÜT7; K^nTTTTTnv  i^   T^TgTlT. PI^TT^ 

A'-i   Dlapqta P.aolu^-I^.     Any diaputa which aris«.  in 
connection with this MOU asv ha «ub»i«!.H  <.«- 7    ? 
to s.ction X of th. S.ttl«Int A™S22    * 2« reaolution pursuant 
eubai.sion,  Sh.ll and S.^Sv ibSFS;    ^i0r t0 any 8UCÄ 

th. disput. inforaSly. Y        U "~* and a"*»P* *° ~»°lv. 

B.       Judicial  HtYltV:     1-     Judicial raviaw of  issuaa ari.in« 

uivolv«m«ne in tn« aausuant,  «alaction, duum and 

R.«™.^«0?»0' n^"0":: *Crl0M'  or «»««^po^ion. of Response Actions,  not subject to such disputa. 
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SCOPE OF WORK 

Shell will perform the following activities as lead party for 

implementation of the Northwest Boundary System Long-Term 

Improvements IRA. 

1. Prepare both the Draft and Final Implementation 

Documents for Northwest Boundary System Long-Term 

Improvements IRA for review and approval by the Army 

and implement the IRA. 

2. Execute the detailed work plan for the selected 

response action, which will include the following: 

a. Construction of seven additional alluvial ground- 

water monitoring wells; five located in the 

vicinity of the new extraction and recharge well 

fields constructed under the Short-Term Improve- 

ments IRA, one located in the reinjection well 

field north of the NWBS treatment plant, and one 

located offpost downgradient of the reinjection 

well field.  This activity will include 

revegetation of areas disturbed during well 

construction.  In an effort to reduce long-term 

maintenance activity, areas that would require 

mowing will be seeded solely with short grass 

species. 

b. Water-table monitoring, including collecting and 

evaluating water-level data from 165 wells 

(including 7 new wells) at a quarterly frequency. 

c. Water-quality monitoring of the alluvial aquifer, 

involving collection and evaluation of data 

utilizing: 



-   10 extraction wells (even-numbered) monitored 

for the presence of dibromochloropropane 

(DBCP), dicyclopentadiene (DCPD), 

diisopropylmethyl phosphonate (DIMP), 

trichloroethene (TRCLE), organochlorine 

pesticides (OCPs), and total trihalomethanes 

(THMs) at a semi-annual frequency; 

38 monitoring wells and 10 extraction wells 

(odd-numbered) monitored for the presence of 

the above-referenced compounds at a quarterly 

frequency; and 

12 monitoring wells monitored for the 

presence of OCPs at a quarterly frequency. 

d. Water-quality monitoring within the treatment 

plant, involving collection and evaluation of data 

utilizing: 

Plant influent and effluent sampled quarterly 

for all six analyte groups listed under 

Item 2.c; 

Plant influent sampled annually for RMA 

target analytes and GC/MS unknowns; and 

Plant effluent sampled annually for RMA 

target analytes, GC/MS unknowns, metals, and 

anions. 

e. Periodic review of program results to assess 

adequacy of the monitoring network, including 

preparation of a report containing a one-year 

evaluation of overall system performance. 



Perform all work required for the implementation of the 

Northwest Boundary System Long-Term Improvements IRA as 

described more fully in the Implementation Document for 

Northwest Boundary System Long-Term Improvements IRA. 

(within which this scope of work is included), 

including the following: 

a. Procure all required materials and subcontractors. 

b. Provide supervisory and construction labor to 

manage subcontractors for the installation of 

wells, revegetation of areas disturbed during 

construction, and laboratory analyses of samples 

collected. 

c. Perform activities described in this paragraph 3 

in accordance with the work plan, basis of the 

estimated cost, schedule, technical specifica- 

tions, drawings, and health and safety 

requirements set forth in the Implementation 

Document for Northwest Boundary System Long-Term 

Improvements IRA. 

Shell has contracted with Morrison-Knudsen Corporation 

(MK) for performance of Items 1, 2, and 3 above and any 

approved modifications thereto. 

Shell will submit forty (40) copies of the Draft 

Implementation Document for Northwest Boundary System 

Long-Term Improvements IRA to the Army.  Within 5 

working days, the Army will issue these copies to the 

Organizations and State.  Following a period of review, 

a meeting will be held to discuss comments regarding 

the document.  Shell will submit forty (40) copies of 

the Final Implementation Document for Northwest 

Boundary System Long-Term Improvements IRA to the Army 



within 20 working days of the meeting.  The Army will 

distribute the document to the Organizations and State 

within 5 days of receipt from Shell. 

6.  During performance of the monitoring plan for this 

Interim Response Action, Shell shall submit letter 

progress reports to the Army summarizing work performed 

versus work planned, highlighting major items 

completed, and updating the schedule until the Interim 

Response Action is completed.  Reports will be 

submitted on a monthly basis during construction, and 

thereafter on a quarterly'basis following each sampling 

event.  Monthly letter reports shall be submitted to 

the Army within ten (10) working days after the end of 

each month.  At the close of the project, a letter will 

be provided to the Army summarizing the work completed. 

IN WITNESS WHEREOF, I have hereunder set my hand as an authorized 

representative of the United States Department of the Army. 

Date   /tS^^A^    /#    /?f/ Atvv, 7~~Ajiir^ 
7        Deputy Program'Manager 

IN WITNESS WHEREOF, I have hereunder set my hand as an authorized 

representative of Shell Oil Company. 

Date /lL^£* £_ /<?<?/ 
Manager proj ectS/£7 Denver Site 
Project 



3.0  MONITORING PLAN 

1. Survey:  The locations of proposed new monitoring wells will 

be surveyed prior to construction, with as-built location 

and elevations surveyed following construction. 

2. Health and Safety Monitoring:  The general nature of 

subsurface contamination has been characterized from 

previous investigations in the Northwest Boundary System 

area, and is reflected in the protective measures outlined 

in the Task Specific Health and Safety Plan. 

All construction and subseguent guarterly monitoring 

activities will be monitored by Health and Safety personnel. 

Should results of Health and Safety monitoring warrant 

further investigations, additional testwork will be 

implemented. 

3. Monitoring Program: 

A.   Treatment Plant Monitoring 

The treatment plant monitoring program consists of the 

collection of water samples for chemical analysis, and 

the collection of plant information such as flowrates 

and carbon inventory.  These data are combined to 

assess the operating effectiveness of the treatment 

plant.  The treatment plant monitoring program is not 

meant to be static in nature.  Modifications to this 

program may be reguired based on operational and 

analytical observations.  Evaluations of this program 

will be performed periodically and changes will be made 

as necessary.  Any modifications to the treatment plant 

monitoring program will be reported to the 

Organizations and State. 
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In order to obtain data which are compatible with 

previous Army sampling schedules, quarterly plant 

influent and effluent samples will be obtained and 

analyzed.  The first six compounds or compound groups 

listed in Table 3-1 will be the target analytes for the 

quarterly influent and effluent sampling.  Table 3-2 

indicates the sample locations, sample identifications, 

and analytical methods for the quarterly sampling 

program. 

TABLE 3-1 

Monitoring Program Analvte List 

Dibromochloropropane (DBCP) 
Dicyclopentadiene (DCPD) 
Diisopropylmethyl phosphonate (DIMP) 
Organochlorine Pesticides (OCPs) 
Trichloroethene (TRCLE) 
Trihalomethanes (THMs) 
RMA Target Analytes 
GC/MS unknowns 
Metals 
Anions 

TABLE 3-2 

Quarterly Water-Quality Sampling Program 

Sample Location      Sample ID   Analytical Method 

Plant Influent        PWININ1     PMRMA 
Plant Effluent        PWEFEF      PMRMA 

Notes: 

2Plant influent samples can be obtained from any influent 
tap on an operational adsorber, upstream of the prefilters, 
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To provide a complete view of the water quality at the 

NWBS, samples will be obtained once per year for the 

plant influent and effluent.  The annual sampling from 

the adsorber ports will be the same as for quarterly 

sampling.  Sampling from the influent/effluent is 

detailed in Table 3-3. PMRMA procedures will be used in 

this part of the sampling program. 

TABLE 3-3 

Annual Water-Quality Sampling Program 

Sample Location    Compounds 

Influent (PWININ)   Organic RMA target analytes, GC/MS unknowns 

Effluent (PWEFEF)   RMA target analytes, GC/MS unknowns, Metals1, 
Anions2 

Notes: 

Petals = Cd, Cr, Cu, Pb, Zn, As, Hg, Se 

2Anions = F, Cl, NIT (N03 + N02), S04 

B.   Aquifer Monitoring 

The NWBS well monitoring program includes water-table 

monitoring and water-quality monitoring both on a 

quarterly and semi-annual basis.  Additional monitoring 

will be conducted, as required, in response to 

operational changes or events such as an extended 

system shut-down.  Since the distribution of 

groundwater contaminants is expected to change as the 

modifications made during the Short-Term Improvements 

IRA influence contaminant migration, the monitoring 
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program is intended to be flexible and will be revised 

when conditions warrant. 

1. Water-Table Monitoring 

Water-level measurements will be taken in 165 

wells each quarter just prior to commencing the 

well sampling program.  Water levels in 84 wells 

located near the NWBS, indicated as List 1 on 

Table 3-4, will be measured within one day to 

minimize the effect of variation in operation of 

the main system on the mapped water-table surface. 

All 165 wells shown in Lists 1 and 2 on Table 3-4 

and shown on the drawings will be measured within 

a maximum of two consecutive days.  Fifteen 

monitoring wells are located offpost.  The Army 

has obtained long-term access agreements for these 

wells. 

2. Water-Quality Monitoring 

Groundwater samples will be collected from the 

extraction and monitoring wells at the frequencies 

and for the analytes indicated on Table 3-5.  The 

locations of wells are shown on the drawings.  Of 

the 20 extraction wells, the 10 odd-numbered 

extraction wells will be sampled during each 

quarter.  The 10 even-numbered extraction wells 

will be sampled during only the second and fourth 

quarters.  All three new extraction wells in the 

southwest extension may not be operated at once; 

therefore, samples will be collected from only 

those wells that are normally in operation.  All 
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TABLE 3-4 

Water-Table Monitoring Program 

List 1 Wells List 2 Wells 

22003 22511* 22001 27518 
22004 22011 27519 
22005 27002 22049 27521 
22007 27004 22054 27522 
22008 27005 22082 27523* 
22009 27006 27524* 
22010 27007 27003 27525* 
22015 27010 27008 27526* 
22016 27011 27009 27527* 
22017 27045 27037 
22018 27062 27042 28002 
22019 27063 27043 28003 
22021 27064 27044 28004 
22034 27065 27053 28005 
22035 27066 27056 28006 
22036 27068 27059 28007 
22040 27069 27072 28008 
22042 27070 27073 28009 
22043 27071 27074 28011 
22044 27085 27075 28012 
22045 27086 27076 28013 
22051 27089 27077 28022 
22052 27090 27078 28023 
22053 27502 27079 28519 
22056 27503 27080 28520 
22057 27504 27083 
22059 27520 27088 37334 
22060 27091 37335 
22061 37330 37382 
22062 37331 27318 37385 
22063 37332 27319 37436 
22064 37333 27320 37437 
22065 37386 37438 
22066 37600* 27422 37439 
22067 84 Wells 27423 37441 
22069 27424 81 Wells 
22070 27425 
22071 165 Total 
22072 27501 Wells 
22073 27505 
22075 27506 *New monitoring 
22076 27507 well proposed 
22077 27508 as part of the 
22078 27509 IRA. 
22081 27510 
22501 27511 
22502 27512 
22504 27513 
22505 27514 
22506 27515 
22507 27516 
22508 27517 
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50 monitoring wells listed on Table 3-5 will be 

sampled each quarter initially.  The number may be 

reduced when the effects of the IRA modifications 

have been demonstrated and the system has 

stabilized. 

Since dieldrin is the only contaminant present in 

the vicinity of the southwest extension, OCPs will 

be the only analyte group sampled from selected 

wells within this plume.  The new extraction wells 

and two monitoring wells upgradient of the new 

extraction wells will be sampled for the complete 

analyte list.  Table 3-5 specifies the 12 

monitoring wells in which OCPs are the only 

analyte group of interest. 

Wells located west of the western edge of the 

primary contaminant plume will be used to monitor 

the potential westward migration of any additional 

contaminants. 

4. Hydrogeoloqical Services;  A hydrogeologist (or designee) 

will be onsite to log information on borehole lithology and 

well construction.  The hydrogeologist will also manage all 

monitoring activities under the IRA following submittal of 

the Final Implementation Document. 

5. Revegetation Management;  A natural resources specialist 

will be onsite to supervise soil preparation, seeding, and 

mulching in areas disturbed by well construction. 
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TABLE 3-5 

Aquifer Water-Quality Monitoring Program 

EXTRACTION WELLS 

List 1-Extraction Wells Sampled Quarterly—ANALYTE LIST SHOWN 
BELOW 

22301 
22303 
22305 
22307 
22309 

22311 
22313 
22315 
22317 
27319 

10 Wells 

List 2 - Extraction Wells Sampled During the Second and Fourth 
Quarters — ANALYTE LIST SHOWN BELOW 

22302 
22304 
22306 
22308 
22310 

22312 
22314 
22316 
27318 
27320 

10 Wells 

MONITORING WELLS 

List 3 - Monitoring Wells Sampled Quarterly — ANALYTE LIST SHOWN 
BELOW EXCEPT WHERE NOTED ^OCPs ONLY 

22010 
22015 
22016 
22017 
22018 
22019 
22021 
22059 
22501 
22507 
22508 

27003 
27005 
27010 
27053 
27072 
27085 
27086 
27091 
27502 
27503 
27504 
275051 

27517 
27519 
27520 
27521 
275221 

27523*1 

27525*1 

27526*J 

27527*] 

28002- 
28003: 

28519] 

28520: 

37330 
37331 
37332 
37333 
37334 
37335 
37382 
37385 
37386 
374361 

374371 

37438 
37439 
37600* 

Note: 
xOCP analysis only 

*New monitoring 
well proposed as 
part of the IRA. 

ANALYTE LIST 

DBCP 
DCPD 
DIMP 
OCPs 
TRCLE 
THMs 

50 Wells 
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6. Health and Safety:  A Health and Safety representative will 

be onsite to monitor well construction and follow-up 

monitoring activities to ensure worker's safety and health 

and identify the presence of any potentially hazardous 

compounds that may be encountered. 

7. Quality Assurance/Quality Control (OA/OC):  Periodic field 

surveillance of construction and subsequent monitoring 

activities will be performed by QA/QC personnel, with audits 

performed by the project QA/QC management. 

8. Reporting:  The Construction Manager shall prepare Daily 

Construction Reports during well construction to record 

field activities.  Separately, a daily personnel log shall 

be used to record the names of all personnel who have 

visited the site.  As described in Section 2.0, work 

summaries will be presented to the Army on a regular basis. 

9. Organization:  An organization chart for construction and 

monitoring under the Northwest Boundary System Long-Term 

Improvements IRA is attached. 
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4.0  ESTIMATED COST AND BASIS OF THE ESTIMATE 

The Cost Estimate Summary shown below has been prepared for 

implementation of the Northwest Boundary System Long-Term 

Improvements IRA, as represented on the schedule shown in 

Section 5.0.  Included in the estimated costs are the monitoring- 

well construction and development, water-table monitoring, water- 

quality monitoring, and preparation of a one-year system 

performance report. 

All activities are defined in the enclosed specifications 

(Volume II) and drawings (Volume III).  The subject specifi- 

cations and drawings are issued as part of this Implementation 

Document for Northwest Boundary System Long-Term Improvements 

IRA. 

Subcontract labor costs are based on the prevailing merit shop 

wage rates in Adams County, Colorado.  Contractor labor costs are 

based upon the average hourly billing rate of program personnel 

applied to total labor hours.  Prices for permanent materials and 

services are based upon verbal quotations, written bids for 

recent site work, and current contract price agreements.  Prices 

for such items as analytical services are subject to change. 

Indirect costs for program management, Contractor's tools and 

consumables, overhead and fee, and contingency are also included 

in the estimate. The estimate has been prepared on the basis of 

Morrison-Knudsen Corporation acting as program manager for Shell 

Oil Company and subcontracting work including well construction, 

revegetation, and laboratory analytical services. 

For the development of costs for health and safety supplies as 

well as labor productivity estimates, it was assumed that all 

work will be performed with Level D personnel protection as 

tabulated in Section 6.0. 
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COST ESTIMATE SUMMARY 

1. Wells Construction and Development $ 25,000 
(including revegetation) 

2. Water-Table Monitoring 7,500 

3. Water-Quality Monitoring 270,000 

4. Annual Report-Support 4,500 

SUBTOTAL $307,000 

5. Program Management, Overheads and Fees 93,000 

SUBTOTAL $400,000 

6. Contingency 40,000 

PROGRAM TOTAL $440,000 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION  0 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

1.0  INTRODUCTION/SCOPE 

This Task-Specific Health and Safety Plan (TSHSP) provides the 

basis for performing the Northwest Boundary System Long-Term 

Improvements Interim Response Action in a way that will control 

and minimize the risk to the health and safety of MK and 

subcontractor personnel.  The plan defines the specific 

requirements and protocols for the protection of personnel 

performing the work. 

Applicability of the TSHSP extends to all MK employees, 

subcontractors, and site visitors under MK's control.  This work 

will be performed in accordance with the MK RMA Project Safety 

and Health Program, the RMA Site Health and Safety Plan, the MK- 

Ferguson Safety Manual, and all federal occupational health and 

safety rules and regulations. 

This TSHSP will be reviewed by all MK and subcontractor personnel 

involved with the task prior to performing the work. 

2.0  HAZARD ASSESSMENT 

2.1 Chemical Hazards 

Historical information indicates that the following 

chemical compounds have been detected in the ground- 

water in the area that the work will be performed. 

Chemical PEL 

Aldrin 0.25 mg/m3 (skin) 

Chloroform 2 ppm 

Dieldrin 0.25 mg/m3 (skin) 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

Dicyclopentadiene 5 ppm 

Diisopropylmethyl phosphonate None established 

Endrin 0.1 mg/m3 (skin) 

Isodrin None established 

Trichloroethene 50 ppm 

Aldrin, chloroform, and dieldrin are considered potential 

occupational carcinogens by NIOSH. 

The concentrations of these chemicals in the groundwater 

pose a small potential exposure risk to personnel involved 

with activities that may involve contact with the 

groundwater.  It is anticipated that the primary potential 

exposure risk is respiratory.  Although a few of the 

detected compounds can be absorbed through the skin and 

mucous tissues, the detected concentrations are far below 

the levels generally associated with adverse effects. 

However, a potential cutaneous exposure risk may be present 

if previously undetected substances are present or known 

constituents are present in higher concentrations than 

previously detected. 

Concentrations of volatile organic compounds may accumulate 

in confined spaces.  Organic compounds may be further 

volatilized by disturbance of contaminated groundwater. 

Dispersion of the volatile organic compounds is anticipated 

to occur in the ambient air before reaching the breathing 

zone of personnel. 

The symptoms of exposure to the chemicals known to be 

present in the groundwater are similar although the 

concentrations which produce the symptoms may vary. 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

Volatile organic materials produce odors particular to each 

compound, and the detection of any unusual odors should be 

considered an indication of potential exposure through 

inhalation.  Medical symptoms produced generally depend upon 

the extent of.exposure.  Initial symptoms include irritation 

of the mucous membranes of the nose and throat, eye 

irritation, headache, nausea and dizziness.  Long-duration 

exposure to low concentrations, or acute exposures to high 

concentrations of contamination may produce weakness, 

vomiting, abdominal pain and central nervous system 

impairment (manifested by tremors, numbness in the limbs, 

lack of coordination, or unconsciousness).  Long-term toxic 

effects are documented for many of the compounds although 

target organs and symptoms are varied and specific for each 

compound. 

2.2  Physical Hazards 

Physical hazards related to this task include personnel 

working with or in close proximity of heavy eguipment, 

use of power tools, falling objects, and heat stress. 

Personnel need to be cognizant that the use of personal 

protective equipment may reduce dexterity and 

visibility and increase the difficulty of performing 

some tasks.  Physical hazards may be controlled through 

the use of equipment guards, work practices, and 

training.  Only equipment that is used for its intended 

task and that is in safe operating condition will be 

used.  Personnel will be trained in the proper use and 

safe operation of the tools and equipment they utilize. 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

3.0  TRAINING 

All personnel performing fieldwork for this task will have 

completed the forty (40) hour hazardous waste operations health 

and safety training pursuant to 29 CFR 1910.120(e) before 

beginning work.  Eight (8) hour annual refresher training is 

required as necessary.  The MK Construction Manager and 

subcontractor supervisors are required to have completed eight 

(8) hour Hazardous Waste Operations Supervisor/Manager training 

prior to the beginning of fieldwork. 

Task/site specific training regarding the following topics will 

be given to all personnel performing fieldwork: 

Name of Site Safety and Health Supervisor and alternate. 

Safety and Health hazards related to this task. 

PPE requirements. 

Work practices'. 

Hazard control. 

Medical surveillance requirements, including recognition of 

signs and symptoms which might indicate overexposure to 

chemical hazards. 

Decontamination procedures. 

-33- 



TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

• Emergency response. 

• Confined space entry procedures. 

4.0  MEDICAL SURVEILLANCE 

The basic requirements of the RMA Project Medical Surveillance 

Program shall apply to implementation of this task.  No 

additional medical surveillance requirements are necessary. 

5.0  PERSONAL PROTECTIVE EQUIPMENT (PPE) 

The PPE to be utilized during NWBS Long-Term Improvements is 

dependent upon the specific task to be performed, the potential 

for contacting potentially contaminated soils or groundwater, and 

the concentration of air contaminants in the breathing zone of 

project personnel.  The following PPE will be utilized (modified, 

as necessary, by the level of air contaminants measured in the 

breathing zone or at the discretion of the Site Health and Safety 

Officer). 

Task PPE Level 

Monitoring Well Construction Level D 

Water-Level Measurements - Wells "    " 

Groundwater Sampling - Wells "    " 

Treatment Plant Sampling "     " 

5.1  Level D Personal Protective Equipment: 

• PVC/Polyurethane steel-toed boots 

• Cotton Coveralls 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION  0 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

• Hard hats 

• Safety glasses with side shields 

• Gloves 

5.2 Level C Modified Personal Protective Equipment: 

• PVC/Polyurethane steel-toed boots 

• Cotton Coveralls (inner) 

• Polyethylene-coated Tyvek coveralls (outer) 

• Hard hats 

• Safety glasses with side shields 

• Latex gloves (inner) 

• Nitrile gloves (outer); leather gloves may be worn 

outside of the nitrile gloves, but must remain on 

site at all times and be disposed of with other 

disposable clothing at the conclusion of the task. 

5.3 Level C Personal Protective Equipment: 

• PVC/Polyurethane steel-toed boots 

• Cotton Coveralls (inner) 

• Polyethylene-coated Tyvek coveralls (outer) 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

• Hard hats 

• Latex gloves (inner) 

• Nitrile gloves (outer); leather gloves may be worn 

outside of the nitrile gloves, but must remain on 

site at all times and be disposed of with other 

disposable clothing at the conclusion of the task. 

• Full-face air-purifying respirator with GMC-H 

cartridges (or equivalent). 

6.0  SAMPLING/MONITORING 

Sampling/monitoring will be performed to assess the exposure of 

personnel to hazardous materials and substances and to ensure 

that the proper level of personal protective equipment has been 

selected.  Monitoring will also be conducted to delineate areas 

where protection is needed. 

Real-time air monitoring will be performed using direct-reading 

instruments.  Direct-reading instruments will be calibrated daily 

before use according to the manufacturer's instructions.  The 

following table describes the appropriate response action for the 

detection of organic vapors.  A flame-ionization detector 

(Foxboro Century OVA-128 or equivalent) will be used to monitor 

organic vapors.  Monitoring will be performed periodically, as 

necessary. 
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TASK SPECIFIC HEALTH AND SAFETY PLAN 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

REVISION  0 

Concentration in Breathing Zone* 

Less than 1 ppm 

Required Response 

1) Level D or Modified 

Level C PPE. 

2) Continue monitoring, 

as necessary. 

Greater than 1 ppm, 

Less than 20 ppm 

1) Upgrade to Level C PPE 

2) Increase frequency of 

monitoring. 

3) Determine extent of 

airborne levels, 

modify extent of 

exclusion zones as 

necessary. 

Greater than 20 ppm 1) Cease disturbing 

contaminated material, 

evacuate area. 

2) Notify Construction 

Mgr. and H&S Mgr. 

3) Determine extent of 

airborne levels, 

modify extent of 

exclusion zones as 

necessary. 

*For five consecutive minutes; these levels are concentrations 

above background. 

Personal air sampling using NIOSH or OSHA methodology will be 

performed at the discretion of the Site Health and Safety 

Officer. 
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TASK SPECIFIC HEALTH AND SAFETY PLAN REVISION 
NORTHWEST BOUNDARY SYSTEM (NWBS) 
DATE 01/17/92 

7.0  SITE CONTROL 

An exclusion zone will be established for each task where Level 

C-Modified PPE (or greater) is required.  Entry into the 

exclusion zone is restricted to those personnel wearing the 

appropriate personal protective equipment.  For the task of well 

drilling, the exclusion zone will be a minimum of 25 feet in all 

directions around the drill rig.  Other work areas will be 

delineated as controlled access work areas or general 

construction areas to maintain safe working conditions for 

personnel and visitors.  The Site Health and Safety Officer has 

at his/her discretion the authority to increase the size of the 

exclusion zone, if necessary, or to establish an exclusion zone 

for any of the other tasks. 
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4.   CONTRACTOR QUALIFICATIONS 

A. The Contractor shall submit evidence to the Engineer, 
including drilling experience in the Denver area and a 
list of available drilling and support equipment, that 
they are competent to construct a monitoring well of 
the design provided by the Engineer. This evidence 
should ensure that the Contractor will have sufficient 
experienced personnel to construct the monitoring 
wells. The Contractor shall supervise the well 
construction including borehole drilling, well 
construction, and well development. 

ALLUVIAL MONITORING WELL DESCRIPTION 

A. The monitoring wells shall be constructed within a 
borehole of the diameter shown on the Drawings to total 
depth. The well shall be completed with PVC slotted 
and blank casing, bottom cap or plug, top cap, well 
pack, bentonite seal, cement/bentonite grout seal, and 
a lockable well cover on a steel protective casing set 
in a reinforced concrete well pad. 

6.   MATERIALS 

A. Blank Casing: Blank casing shall be new, flush- 
threaded (ASTM F480 threads) PVC pipe of the dimensions 
shown on the Drawings with a vented, PVC top cap. 
Blank casing shall either be certified clean from the 
manufacturer and received in sealed bags, or steam 
cleaned prior to use. 

B. Well Screen: The well shall be completed with new, 
flush-threaded (ASTM F480 threads) commercially slotted 
PVC casing; and a solid, one-piece, flush-threaded PVC 
bottom cap or plug. Slot size and well screen 
dimensions are shown on the Drawings. Well screen 
shall either be certified clean from the manufacturer 
and received in sealed bags, or steam cleaned prior to 
use. 

C. Well Pack: The well pack shall consist of washed 
silica sand as produced by Colorado Silica Sand or 
approved equal of the graded size shown in the 
Drawings. Well pack characteristics may be changed by 
the Engineer dependent upon subsurface geologic 
conditions encountered during borehole drilling. 
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D. Bentonite: Bentonite used shall be sodium cation base 
montmorillonite, premium grade Wyoming-type bentonite, 
which conforms to the most recent applicable API 
specifications. The Contractor shall submit a 
certificate of compliance. Bentonite shall be 
protected from moisture during transit and storage. 

E. Water: A source of »potable water for use during 
drilling operations will be identified by the Engineer. 
The Contractor is responsible for transporting water to 
each well site. 

F. Protective Casing and Cover: A carbon steel pipe of 
the dimensions shown in the Drawings shall be used for 
the surface protective casing. The steel casing shall 
have a metal, lockable cover (MAASS or approved equal). 

G. Cement: Type I, II, or I-II Portland cement shall be 
used for applications requiring cement. 

7.   EQUIPMENT 

A. Drilling of the alluvial wells shall be accomplished by 
use of a suitable hollow-stem auger or other well 
drilling rig not requiring drilling fluid for opera- 
tion. The drilling rig shall have the capabilities of 
successfully drilling and completing wells of the type 
and size shown in the Drawings to a depth of at least 
90 ft. The Contractor shall have the capability of 
installing the required PVC casing string, well pack, 
bentonite seal, cement/bentonite grout, protective 
casing, and concrete well pad. 

8. WELL CONSTRUCTION 

A. General: Alluvial monitoring wells shall be completed 
approximately as discussed in the following sections. 
Site-specific geologic conditions may require changes 
to well construction plans. Modifications to 
construction specifications must be approved in advance 
in writing by the Engineer. Each activity must be 
completed to the satisfaction of the Engineer. 

B« Borehole: A borehole of the diameter shown in the 
Drawings shall be drilled to penetrate approximately 1 
ft into the Denver Formation. Sufficient depth into 
the Denver Formation will be verified by the Engineer. 
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Sediment samples shall be collected at the discretion 
of the Engineer. 

C. Well String: The well string, including the well 
screen, blank casing, bottom cap or plug and top cap 
shall be constructed to the dimensions shown on the 
Drawings. 

D. Well Pack: A well pack of washed silica sand shall be 
placed from the total depth of the borehole to the 
depth above the well screen specified in the Drawings. 
The well pack shall fill the annulus between the well 
string and the borehole wall. 

E. Annular Seal: A hydrated bentonite seal of the 
dimensions shown in the Drawings shall be placed on top 
of the well pack. A cement/bentonite grout shall be 
placed from the bentonite seal to the level shown in 
the Drawings. In uncased boreholes drilled to total 
depth, well construction operations shall be conducted 
continuously from the beginning of well pack placement 
until the cement/bentonite grout is placed. Additional 
cement/bentonite grout will be added as necessary to 
maintain the grout level at the desired level. The 
grout shall be machine mixed to the satisfaction of the 
Engineer and shall consist of 20 parts cement to 1 part 
bentonite with a maximum of 6.5 gallons of water added 
per sack of cement. 

F. Surface Completion: The surface completion, including 
protective casing, well pad, and final surface grading 
shall be as shown on the Drawings. The protective 
casing shall be placed in a boring that is at least 
8 inches in diameter. 

G. Well Drill Cuttings: Well cuttings produced from the 
saturated zone during drilling operations shall be 
considered potentially contaminated. These cuttings 
shall be secured in 55-gallon steel drums provided by 
and disposed of by the Engineer. 

H. Surveying: The elevation and location coordinates of 
the northernmost point on the top of the PVC casing on 
the alluvial monitoring wells will be surveyed by the 
Engineer. 
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WELL DEVELOPMENT 

A. The wells shall be developed by the Contractor 
following completion of well construction activities. 
Well development shall be conducted by alternately 
surging, and bailing or pumping each well as directed 
by the Engineer, and shall include surging of all 
screened sections of the aquifer. Surging shall be 
performed by use of a surge block or bailer having an 
outside diameter no more than 1 inch smaller nor more 
than 25 percent smaller than the inside diameter of the 
well screen. Wells shall be developed for a minimum of 
two hours, or until water discharged during surging of 
all screened well sections is essentially free of sand, 
whichever is greater. Water removed from a well during 
development shall be visually monitored for sand 
content and turbidity. In any case, a minimum of five 
(5) times the estimated water contained within the 
borehole (assuming a porosity of the well pack of 0.3) 
shall be bailed and/or pumped from each well during 
well development. The total volume of water removed 
during well development shall be recorded by the 
Engineer. The Contractor shall place water generated 
during well development activities into suitable drums 
or tanks provided and disposed of by the Engineer. 

10.  CLEANUP 

A. At completion and before acceptance of this work, all 
equipment, surplus materials and rubbish shall be 
removed, leaving the site in a neat, presentable 
condition acceptable to the Engineer. The Contractor 
shall take precautions to prevent fuel or lubricant 
spills on the ground surface; and shall be responsible 
for remediating to the satisfaction of the Engineer any 
spills that do occur. 

11.  QUALITY CONTROL 

General: The Contractor shall maintain records as 
required by the Engineer to assure that well 
construction is being conducted within contract limits. 
The results of drilling, well construction, and well 
development activities shall be documented to assure 
they meet specifications. The Contractor shall 
maintain records of observations, measurements and 
tests performed.  These records shall be furnished to 
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the Engineer no later than 24 hours after the tests, 
measurements, and/or observations are made. 

B. Well Construction Log: The Contractor and Engineer 
shall each maintain logs of daily activities. A well 
construction log shall be maintained by both the 
Engineer and Contractor which shall document material 
quantities and placement depths for well construction 
and depths to the water table and Denver Formation. 
The Engineer will also provide a geologic log for each 
borehole drilled. 
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SPECIFICATION 02936 

SOIL PREPARATION. SEEDING, AND MULCHING 

SCOPE 

A. This specification and other Contract Documents cover 
the establishment and maintenance of vegetation over 
the final graded surface. The Contractor shall furnish 
materials, equipment, and labor to complete preparation 
of the seedbed, seeding, and establishment of erosion 
protection in areas where new monitoring wells are 
constructed. 

B. Certificate of Compliance: The Contractor shall 
provide written certification that the labor, equipment 
and materials defined in this specification and on the 
Drawings have been completed in compliance with said 
specifications. This certification shall be provided 
to the Engineer upon completion of the work and prior 
to acceptance. 

RELATED WORK 

A.   The  following  related  work  is  covered  in  other 
specifications: 

1)   Alluvial Monitoring Wells (Specification 02702) 

REFERENCE STANDARDS 

A. Any reference to standards of any society, institute, 
association or governmental agency shall be the edition 
in effect as of the date of this specification, unless 
stated otherwise. 

CONTRACTOR QUALIFICATIONS 

A. The Contractor shall submit evidence to the Engineer 
including a summary of relevant experience, that they 
are competent to complete seedbed preparation, 
fertilization, seeding, and establishment of erosion 
protection. The Contractor shall supervise the work 
specified herein. The work described above shall be 
completed to the satisfaction of the Engineer, who will 
determine the quality of work. 
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5.   GENERAL REQUIREMENTS 

A. Seedbed Preparation 

1) Chiseling: Chisel to a depth of 10-12 inches. 
The Engineer will approve the type of equipment 
used. 

2) Disking: Disk soil to a depth of 6-8 inches to 
loosen and aerate soil. The Engineer will approve 
the type of equipment used and whether one or two 
passes over the ground surface will be required, 
depending upon the type of equipment used and the 
topsoil compaction resulting from final site 
grading. 

3) Soil Amendments/Fertilizer: Following completion 
of disking, apply amendments to the soil at the 
following rates: 

a) Nitrogen - 35 lbs/acre 

b) Phosphorus - 35 lbs/acre 

c) Incorporate commercial fertilizer into the 
upper 2-3 inches of soil using a spiked-tooth 
harrow. The commercial brand and rate of 
application of the fertilizer shall be 
approved in advance by the Engineer. 

The Engineer will approve the type of equipment 
and method to be used for applying and mixing in 
amendments. 

B. Seeding 

1)   Seed Mixes 

Mix #1: 

Seed mix for surface disturbances which will not 
receive maintenance (mowing). 

Scientific Name Common Name 
Lbs. PLS/ 

Variety   Acre 

Bouteloua gracilis     Blue Grama Hachita  0.8 
Pascopyron smithii    Western Wheatgrass Arriba   4.0 
Buchloe dactvloides    Buffaloe Grass Sharp's 11.7 
Sporobolus cryptandrus Sand Dropseed 0.08 

Total 16.58 
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Plus 0.01 PLS of each of the following: 

Erysimum asperum 
Gaillardia aristata 
Linum lewisii 
Helianthus annuus 
Achillea lanulosa 

Wallflower 
Blanket Flower 
Blue Fax 
Annual Sunflower 
Yarrow 

Mix #2: 

Areas to be maintained by mowing: 

Scientific Name 

Bouteloua crracilis 
Buchloe dactvloides 

Common Name 

Blue Grama 
Buffaloe Grass 

Lbs. PLS/ 
Variety   Acre 

Hachita  2.0 
Sharp's 10.0 

Total 12.0 

2) Application  Rate:     (Refer  to  Species  List) 
Dependent on area to be seeded. 

3) Seeding Depth:  1/4 - 1/2 inch 

4) Schedule:   Seed shall be applied as soon after 
construction as soil conditions will allow. 

The equipment and method used to seed will be approved by the 
Engineer. 

C.   Erosion Protection 

Mulching: Following seeding, complete mulching to 
minimize the potential for soil erosion. Mulch shall 
be free of mold, mildew, and weed seeds; and will be 
inspected for approval by the Engineer prior to 
application. 

1) Mulch Type - Grass Hay 

2) Application Rate - 2 tons/acre 
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3) Stem Length - Minimum of 4-6 inches (prior to 
crimping) 

4) Following application, mulch shall be crimped into 
the soil. The equipment used will be approved by 
Engineer. 

D. Some hand work may be necessary in close proximity to 
wells and other surface structures. This work would be 
conducted at the direction of the Engineer. 
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SPECIFICATION 03301 

CAST-IN-PLACE CONCRETE 
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PROJECT: ROCKY MOUNTAIN ARSENAL REMEDIATION PROJECT 

NORTHWEST BOUNDARY SYSTEM LONG-TERM 

IMPROVEMENTS INTERIM RESPONSE ACTION 

LOCATION:    ROCKY MOUNTAIN ARSENAL. COMMERCE CITY, CO 
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SPECIFICATION 03301 

CAST-IN-PLACE CONCRETE 

1. SCOPE 

A. This specification and other Contract Documents cover 
the placement of cast-in-place concrete for aprons at 
new monitoring wells added to the Northwest Boundary 
System monitoring network. Design details are 
presented on the Drawings. 

B. Certificate of Compliance: The Contractor shall 
provide written certification that the labor, equipment 
and materials defined in this specification and on the 
Drawings have been completed in compliance with said 
specifications. This certification shall be provided 
to the Engineer upon completion of the work and prior 
to acceptance. 

2. RELATED WORK 

A. The following related work is covered in other 
specifications: 

1)   Alluvial Monitoring Wells (Specification 02702) 

3. REFERENCE STANDARDS 

A. Organizations whose standards are referenced herein 
include the following: 

1) American Concrete Institute (ACI) 

2) American Society for Testing and Materials (ASTM) 

B. For standards referred to in ACI 3 01, the edition and 
supplements in use and currently available at date of 
this specification shall apply. 
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CONTRACTOR QUALIFICATIONS 

The Contractor shall submit evidence to the Engineer, 
including a summary of relevant experience, that they are 
competent to complete concrete work as described in this 
specification and shown on the Drawings. 

5.   GENERAL REQUIREMENTS 

A. Shop Drawings: None are required and none will be 
furnished. Cast-in-place concrete shall be located and 
sized as required by the design drawings. 

B. Earth Compaction: The earth upon which each of the 
well aprons will bear, shall be undisturbed soil. 

MATERIALS 

A. Concrete: 3,000 psi or commercial dry mix for pouring 
small quantities. 

B. Portland Cement:  ASTM C150, Type I, II, or I-II. 

C. Sand: ASTM C144, washed natural sand, free from 
impurities. 

D. Aggregate: Washed natural aggregate maximum 1/2 inch 
size, free from impurities. 

E. Water: Free of deleterious amount of acids, alkalis, 
and organic materials. 

F. Forms: Wood, steel, or other Engineer approved 
material. 

6. FORMWORK 

8. 

Prior to concrete placement, forms shall be approved by the 
Engineer for compliance with the plans and specifications. 

FINISH 

Trowel finish the concrete aprons at wells. 

CURING 

Requirements for curing and protection shall be as specified 
in ACI 3 01. 
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