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EXECtlTIVE SUMMARy·

This WarmhOUlle Beach Dump Oosure Plan contains a description of design concepts for
closing the Warmhouse Beach Dump (Dump) and discusses considerations affecting Dump
closure. 1heplan was developed in compliance with United States Environmental Protection
Agency's (USEPA) Guidelines for Cleanup and Remediation ofOpen Dumps and Other
Contaminated Sites (USEPA, 1995). Casing the Warmhouse Beach Dump is one of the primary
objectives identified by the Makah Tribal COUIldl, the Indian Health ServiCe (IHS) and the .
USEPA during development of the Ma!cah's Solid Waste Management Plan (Makah. 20(28).

The Dump~y serves a community of about 1.soo people, or 492 households; receiving .
both solid and hazardous wastes. The Dump is unlined, uncovered, and does not meet federal
or Tribal envirOnmental standards. During the past six yN1'S, the USEPA, U.s. ~artmentof
Defense, IHS, and other federal agencies have evaluated this site. The site Is JncIuded in the
IHS' report on Open dumps on Indianlands and is listed in the JHS Sariita~ Deficiency .
System as Number WAlJ5344.0301 (IHS, 1995). This site has also beet\ evaluated using the
scoring system established by the TribalSoJid Waste Interagency Workgroup. The Warmhouse
Beach Dump scored 60 points; sites with scores over 30 are considered to have high hazard .
potential. In its Solid Waste ManageDlent Plan, the Makah Tribe of Indians ideritified closing
the Warmhouse Beach Dump as the highestpziority. .

The Warmhouse Beach Dump poses a high degree of risk to human health and the environment.
and is considered by many to be the Iargest single environmental challenge on the MUah
Reservation. The objective of the Warmhouse Beach Dump Qosure Project is to permanently
close the Warmhouse Beach Dump, reduce the release and threat of release ofhazardous
substances from the site, and thereby reduce risks to human health and the environment.

The active portionof the Dump cOl'lSists of about 7 acres at.the top of a ridge, with a majority of
. the waste presently located within a deep ravine. At an approximate elevation of 260 feet above

mean sea level, the northernmost extent of the Dump is approximately 800 feet inland from the
shoreline of Warmhouse Beach. The Dump is s-raI!y aligned east-west aloag an existing rock
slope and is generally oVal-shaped. 1he average dimensions of the surface portion of the dump
are about SOO feet in width by 250 feet in1engthby up to at least 40~ in height. In the ravine
at t.he toe of the Dump, the waste extends below thesurfa~·t oiat least 22 feet (White
Shield, 1995). The current surface of the Dump occupies t 3 acres. 1bere is 5Cattl!rec1 debris
along the access road to and metal drums; tires, a e1lrls in the ravine west

. of the acceSs road on local waste . .on rates and population estimates, the waste
volume is likely be 55,000 and 65,000 . yards as of early 2003 (Rido1li, 2002b),

This closure plU1 builds· on preVIOUS studies that evaluated various closure options for the
Dump and recommended waste consolidation and closure-in-place. Two alternative cover
configuratiOl'lS were explored for the final shape of the waste containment facility: a NSlope
Option"', where the waste is simply regraded to a more stable slope, and the "Ravine Op~n"',
where the waste is consolidated within the existing ravine.

The Slope Option assumes that the waste from along the.road and the existing hillside would
be consolidated along the existing south slope of the landfi)1. The waste from the east and west
edges of the landfill would also be consolidated into this area. Approximately 22,000 cubic
yards of waste material and contaminated soils located outside of the ~ontainmentfootprint

4/21/03
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would be excavated and placed on the existing waste pile along the hillside.. The waste would
.' be gi:adeaand compacted to form a 3H:lV slope from the top edge of the~ideacross-the- _...

ravine to existing elevation at the south side of the ravine. Forming a waste-wedge against the
hillside. A 12-feet wide access road and drainage channels would placed a10ng about 500 feet of
the southern toe of the slope. The configuration would be one large ova\-shaped hilltop with an
adjacent valley. The containment under .this option would have a fina1 surface area of a little
under an acre, and an estimated initial capital cc6t of $836,100. 'This Option bas advantages of
less material handling, and a more naturall(lOking final shape. but may not aDow as much area
fOr post-remedial use. Figure 4 is a plan view of the concept for the Slope Option, andFi~5
is a typical aoss section that shows this concept.

The~neOption assumes that the waste from a10ng the road, the channels and the existing
hillside would be consolidated on top of the other waste within the existing ravine due. south of
the active landfill face. The waste from the east and westedges of the 1andfill would also be
consolidated into this area. More waste would be relocated under this option - approximately
28.000 cubic yards of waste material and containillllted sons located outside of the containment
footprint wOUld be excavated. placed in the Ravine, and graded and cmnpacted to a final
surface. The waste would be graded and compacted to form it 3 percent top slope from a crown
along the center of the ravine. The top elevation of theCOl\~is estimated to be about 20
feet higller than the existing elevation in this area. The containment would slope to meet .
existing ground at the eastern and western edges at.about a 3;1 slope. The waste would Iotm a
pentagon-shaped shaped wedge against inside the ravine. The containment under this option'
would have a fittalsurface area of a ·little under a halfan acre an estimated initial capital cos.t ol
$949,700. This Option requires more ma~alhandling, and thus haS a higher cost; however.
more of the site is cleaned up rather than capped. FIguze 618 a plan view of the concept for the
Slope Option, and Figure 7is a typical cr<l5S section that shows this concept.

Both options include site drainage and access control measures, and site stabilization. A
multimedia-engineered cover would be installed over th~ consolidated and cmnpacted waste
materials. lhIs cap includes an internal drainage layer, a passive gas venting system, a
geosynthetic barrier layer and a layer withgrowth medis to support vegetative growth. .
Modeling fOr this type cover predicts a 99.6 percent reduction cJ(.the precipitation percolating
through the waste in the Warmhouse Beach Dump Oosure containment.

Both rover options meet the project objectives and meet USBPA Guidance for landfill closure..
Both effectively isolate the waste to reduce the risks to human health and the environment. .
And both options would support future beneficial uses of the Dump site by the Ma\cah Tribe.
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1.0 INTRODUCTION

This document has been prepared to support the Warmhouse Ileach Dump Closure Project for
the Makah Tribe of Indians, a federally recognized Indian Tnbe. The Makah Indian Reservation
lies in the extreme nOrthwest comer of the Olympic Peninsula. on Cape Flattery, in Clallam
County, Washington. Neah Bay, which lS1ocAtedabout70 miles west of the county seat of Port
Angeles, Washington, is the only inCOIpOrated town on the Reservation. The Reservation is
bordered on the south and west by the Pacific Ocean and on the north by the Strait of Juan de
Fuca (FigUre 1).

TheW~useBeach Dump is located about 2 to 3 miles northwest of Neah Bay, off a gravel
road &0lIl the road to Koitlah Point,. at Latitude 48° 23'20" North and Longitude 124° 39~24w

Weilt in the Northwest _ ofSection 4, Township 33 North, Rart&e 15 West of the Willametle
Meridian.. The active portion of the Dump consists of about 7 acres at the top of a ridge, with a .
majority of the waste piesently 1oc:ated within a deep ravine. At an approximate elevatim of 260
feet above mean _level (msl), the northernmost extent of the Pump is approximately 800 feet
inland fr\XIl the shoreline ofWarmhouse Beach.·

This Warmhouse Beach Dump Closure Plan contains a description of the~
closing the Wannhouse Beach Dump (Dump) and discusIIes Considerations the Dump
clOsure. The planwas developed in compliance with United States Environmental .
Agency's (t1SEPA) Guideliiles for Cleanup and Remediation ofOpen Dumps and Other
Contaminated Siles(t1SEPA, 1995a). Closing. the Warmhouse Beach Dump is one 01 the
primary objectives identified by the Makah Tribal Council, the Indian Health Service (IHS) and
the USEPA during deYelopment of the Mabh's Solid WasteManagement Plan (Makah, 2002a).

. The Dump ClOS11Il! Plan is based on c:oi\ditions observed on the surface of the site during
investigations conducted in aummer of 2001 and Fal12002, and on·a topographic survey
completed in November 1995 (White Shield, 1995). The subsurface ~ditions, including depth
of the wastes, ground water level, areal extent of the WBS.te below ground surface, and locations
of subsurface bedroclc, havebeen approximated within the limits of the field inea8urements
taken during site l'eCONIaissance, investigation, and surveying.

This DumpCl~Plan is not intended for use in constructioo. 1lel:ause closure of the
Warmhouse BeAch Dump and construction of the site features descnDed in this document IIJe
not expected to begin for at least 2 years, this Dump Closure Planr~that pre
construction investigations and engineering will be needed to support final design and the
preparation of CQ!:IStruction documents. Pre-c:onstruction enginftring will likely indude
geotechnical, geologic, and pos8I'bly additional hydrogeologi!: investigations and analyses. The
engineering data. design Infonnation; and closure plan presented in this document are intended
to provide a foundation for the final design and construction of.the site features that will be
needed to contain the waste material within the dump and.1o .CODtrol the sources of .
.contamination within the site.

1.1 Backgroandand Historr

The Warmhouse Beach Dump began liS a dump thatsupp~U.S. Defense activities on the
ReservatiOn, and then w8,s later used by other Federal agencies. and the Tn'be. The USAF and
Navy began using the Wanilhouse Beach Dump fOJ waste disposal in the 19405 as well as other
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dmnp~ at KQitlah Point. Cape FlatteJ.y, and at the breakwater. Dep~entof Defense (PoD)
records indicate'that the Warmhouse Beach Dmnp was more actively used after the Koitlah
Point Dump 'was closed in the mid-to-Iate 1960& (Ridolfi. 2001a).

The Makah Air Force Station (APS), which operated on the Reservation from World War n!IDtil
1988,lised the Dump for disposal of solid waste, illduding household and hazardous wastes,
during its operations (Ridolli, 2001a). A lIite a"$E'AlI1eIIt reportprepared for the DoD indicated
that "Hazardous waste is known to have been dispoeed of by DoD in the \andfill" (Tec:wnseh.
1998, as cited in Ridolfi. 2001a). In addition toho~ldwastes, various hazardous materials
including PCBs and ubestos are known to have been disposed at the site (Ridolfi. 20011.). Table
1 includes a summary of waste types identified in the Dump. '

..-
Potentially lIaunlaaa Mel8Wa Ealimale4l'eRmt by VolWlUl

Batteries Leu than 0.1%

Used motor oil (or unknown material) ,Leu than 0.1%

Hypodermic needles Leu than O.oot%

TIres 710 10%
App1lances (maycontain ammonia) Cmcluded tnmebls)

Roofing and COIIStruction maIBrial Leu than 1.Q%

OtherWuie ~byVoIUDUi

Unidentlflable organic material and , 20 to 30% 60-15"10 of this material could be reusable
household wute '

Metal (carbodies, applianci!s. framework) 201030% 85-100% of this material cOuld be ree:yrlable

Glass 2Oto3ll% 85-100% of ibis maierlal could be rec:ydlIble

Data Source: While Shield" 1995

, '

Tdlal 5..- ....1)' cd W....Type In WUmho_ Beach Dump

Theac:tive dump has been used by the Army, Air Force, the Bureau of Indian Affairs (DIA) and
IHS liinc:e the 19608.' As early as 1963, the Malcah Solid Waste Management Department '
,recommended that the Warmhouse Beech Dump be closed (Ridolfi, 2OO1a). However, the
Dump remains in operation, and is currently used by the Tribe for municipal solid waste
(MSW) disposal. Current waste disposal is primarily a mix of materials, including MSW,
roofing and other conawc:tion materials, and anima!'c:an:allSe!l. Barrels of lubricants, and other
petroleum-based products have been also been noted at this sile (White Shield,1995).

Initially, waste materials were dumped into a ravine that runs east and west through the site. '
As the ravine was filled In with waste materisl, a road was amstructedoVer the top of the waste
material and across the ravine. Waste materials are now dumped on the ridge top, burned 10 a
limited extent, and pushed down the south &lope of the ridge toward the ravine. Figure 2
shows a general layout of the existing dump. An estimale of the current volume of solid wasle
material was developed based on waste generation rates and P9Pulation. As of the end of 2002,
In-place waste volumes at the Dump are estimated to be between 50.000 and 60,000 cubic yards
(Ridolfi, 20028). '

Average precipitation at this site is high; It Is estimated to be over 100 inches per year. Rainfall
from the adjacent hillsides drains into the Dump area and flows either over or through the

2/24/.
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wastedeposit in the ravine. A portion of this surface water flow is absorbed by the salls and
thick vegetation, and a portion flows toward Wmnhouse Beach. Warmhouse Beach is an
important natural and cultural resource for the MakahTribe of Indians. The Tribe makes
cultural use of thes~, creeks, arui plants of the area. Warmhouse Beadi is a traditional
summer fishing /:amp that has been used for mUlf generations; however, deterioration of kelp
beds arui shelUish habitat may have occurred, and traditional Tribal harvesting of these natural
resources may have been adversely affected as well. In addition, a historical fishing village of
archaeological and cultural value may also have been impacted by maleria1s from the Dump
(pendleton.. 2002).

1.2 Project Objective •

The objective of the WlII1Ilhouse Beach Dump Closun! Project is to~t1y close the
Wan,nhouae Beach Dump, in order to reduce the release arui tIueat of release ofhazardous
substances from the site, which will1'l!duce risks to hurnanhealth and the environment

Closing the Dump is expected to improve water quality such that itmeets standards protective
of aquatic life, as practicable. Furthermore. clOllure is expeclI!d to reduce the risk ofhuman and
environmental exposures by isolating waste materials thatcontainhazardoua aubstaIices. The
desired result isa functioning waste containment facility that will protect Makah's important
natural and cultural tesources, with minimallong-terrn mainteruul<:e reqUirements.

1.3 "Daign Criteria

This plan baa been developed to comply with applkablefederal, state, and tribal design criteria
reIa~ to the closure of abandoned open dumps. In addition, other relevant and applicable "
requirements, such as regulations governing work inand around waterways or near sensitive
environments, have been considered. "

1.4 Previous Studies and Site Characterization Efforts

This project has been identilied as a high priority throu2h several previo~ ~es sponsored
by different agencies working in concert with the Makah Tribal Council. These previous studies
form the foundation for this closure plan arui are briefly described below.

• USllPA '- Landfill Closun Plan for the Makah Reservation: In 1993, the USEPA
initiated an effort to develop engineeringco~tsforclo8ing the dump. This !!ffort
included a brief site visit, and the develOpment of three concepts for dump closure:
"minilPllll cooer (soil), "cofl8(llidationIInd~ rmd uarvalion rmd Multo II confrmning
ltmdftll". 1h!report recbrnmencted" . tion and capping as an effective method of
dump closure that would be protectiw ofhuman health and theen~t. 1h! .
report also recommended dl!Velaplrig an outline for cI.osute plans and !!DgIneering
design. as the first step towaids dUJJlp closure (SAle, 1993). .

• IHSlUSDHHS Open Dump Inventory: Under Public 03-399, the Indian Lands
{)pI!n Dump Clean-up Act of 1994, the U.s. De t of H Human Services
(USDHHS) and the IHS inventoried the W Be Beach Dump in . The Dump is
listed on the IHS Sanitary deficiency System Number WAll5344-0301." agericies
have ranked the Dump as a high potential th~t to human health and environment
(USDHHS and IHS, 1995). ".
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;.. -MabhLandfill:':WUie-oell.tlon·u'UfCb~r~tkm ~rt; "hi 1995,tbere was
an effort to survey the dump and characterize the wastes and. sublloil materials.' A
topographic survey of the Immediate Dump area was obtained; and nirIe test pits were
excavated into the waste. The results of this effort indicated that the Dump includes an
estimated 3-acre deposit of mixed waste that varies in depth from scattered debris on the
surface, to over 22 feet. 'Water was encountenld. in tWo of the down-gradient test pita.
Samples were obtained of the wastes and.subsurface soils; however, apparently no
analyses on these samples were per£oraled (White Shleld, 1995).

. • Draft Makah Waste Management Plan: In 1999, a draft plan for solid waste
management on the Makah ReservatiOn was developed. This plan included an
evaluation of waste streams, a'review of cunent anc:Ilutule regionAl disposaI
opportunities, and. an evaluation.ofDump closure altematives. This report estimated
that,~ of the end of 1996, there were between 25,000 and 33,000 cubic: yards of waste
on-site at the Dump. The two alternatives £or Dump closure were ConSolidation and
Qosure-in-pJace, and Excavation and Export (Brown" CaldwelL 1999).

• Biolosical~mentfor InclWltrial Development aD the M-akah Relervation: In the
spring of 2001, Tribal wildJ.i{e biologists prepared a BioIogicaI Assesmtent (BA) for
several projects on the Reservation. This BA addressed projects in two primary areas:
the first area included an existing rock quarry, construction site and wastewater .
treatment plant located off ofCape FlatterY Road; the secOnd area was a proposed log
boom facility near Neah Bay. Even though the Dump is not loca~ in either of these
primary areas, the Dump was sp....iflcally idf1l\lified in this BA as a u 80urce of adverse
effects to marbled murreJets (BI'IlChynzmpus 1I1IJI7I'II1I'Itllllrlll1'lllDl'll) (McCoy,2OO1).

• Draft Makah Stratesic Project Impletl\et\tation Piau (SPIP) for Departm.ent of Defense
(DoD) Environmental Mitigation: In Januaiy, 2001, a draft SPIP to address DoD
environmental mitigation on the Makah Reservation was developed. The plan .'
diseusse4 historical uses of the Reservation by the DoD, identified enviromnental
impacts from these uses, and outlined a strategic approaCh to theU cleanup. Initial
project priorities identified in this plari are: closing the Warmhouse Beach Dump, and
cleanup at the Navy Station and former housing area. The plan addressed closing the
Wannhouse Beach Dump using consolidation and c108ure-in-place. (Ridolfi, 2001a).

• Warmhouse Beach Open Dump - 'JlydrogeologicaI Investigation: A hydrogeologiC •
investigation of the Dump was conduded to support plans for dump closure. Using
IHS funding, four monitor wells were drilled around the periphery of the Dump. This
study.identi6ed a layec of waste mixed with soil of variable thiclaless that overlies a
hard grey siltstone. Although water was encounten!d in one well, the fOrmation did not
give up "0.1 gallons per minute ofpotable groundwater," and thus does not meet the
regulatory definition of an aquifer per 40 CFR 258.5 (b) as cited in Brown It Caldwell
(1999) (Ridolfi, 2001b). .

• Draft Solid waste Management Plan: This planad~existing solid waste
challenges for the Makah, including dosing the Wannhouse Beach Dump, providing
alternative solid waste options, and increasing the reuse and recycling of a portion of the
waste stream. (Ridolfi, 2002a).

"""ID
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• .~!imm.ar.r- Bngi.-MgReport .This reportincludechn engineering evaluation of ..
five alternatives to using the Warmhoulle Beach Dump for solid waste di8poeaL and an
evaluation of three sitina options for a solid waste handIlng facility (transler station). A
disc:ussion On the importance ofclosing the Dump was also inclUded (Ridolfi, 2002c).

• Environmental Report: This report Included an en~lronmenta1evaluation of the five
alternatives to using the Warmhouse Beach Dump for solid waste disposal. and an brief
evaluation of potential envi.rollmentallmpacts 8IISOciated with the three aiting optiona
for a solid waste handling facility. A diS!=1JSSion on the existing advl!llIe environmental
effects associated with the Dump was also included (Ridout 2002d).

2.0 DESIGN CONSIDERATION!!

Thla section outlines specific·sIte condJtions that have been c:onsidereddurlng the developm'i'ftl
of the Wannhouse Beach Dump C10sure Plan and identifies additionil1lnformation that sbou1d
be gathered prior to final design and project implementation. .

2.1 . Site DeKl'ipti~on~__------- ~

lI11Il!¢ie Beach Dump is located about 2 to ~ miles northwest ofNeah
d from the road to Koitlah Point, at Latitude 48· 23'20'" North and Loaia8lt1ll4e

t in the northwest quadrant ofSection 4, Township 33 North, Range 15 est
Meridian. The Dump is located on a MsaddleN between the drainage for Claaset

Creek another unnamed creek. The site Is borderedby forests, with drainage to the east
and west; west drainage (Classet Creek) outfalls to Warmhouse Beach Sl!eplIlrom the
Dump area to creeks have been ob8etved (Rido!fi. 2001b).

. .. --::::-:::;..--------------
The active portion of the Dump con8istsofabout 7 acres at the top ofa ridge, witJt a majority of
the waste pl'elll!lltly located within a deep ravine. Figure 2 provides a layout of the existing
Dum.P and shoW! its proximity to 10cai surface drainageways.

At an apptoximate eievation of 260 feet msI, the northeriunoetextent of tJte~p Is approlCilnately
8OO.feet inland from the shoJeIlne of Warmhouae Beach. The Dump is gelle...ny aligned in a near
east-west line along an existing roclc slope and is generally oval-shaped. The average dimensions of
the surface portion of the dump are about 500 teet in width by 250 feet in length by up to at least 40
feet in height. In the ravine at the toe of the waste, the waste extendsbelow the surface to a depth
of at least 22 feet (White Shield, 1995). The current surface of the diUnp occupies about 3 acres.
There is scattered debris a10ng the access road to the dump, and drums, tires, and other debris in
the ravine west of the access road. Because the Dump is open and active, the volume and exact
location of the waste will vary from the co~tionsshownon Figure 2 until the Dump is doeed.
Using local waste projection rates and population estImatee;the waste volume Is like1y to be
between 55,000 and 65,000 cubic yards by early 2003 (Ridolfi, 2002b).

2..2.. Hazardous Waste or Substance Contaminll6on

Criteria established·by the USEPA's Tn'bll1So1id Waste Interagency Workgroup.were used to
quantify the potential hazard to human health and the environment posed by the Dump. In

. this system, sites with a score of more than 30 points are designated as having high hazard
potential. Sites with a high hazard score presentan immediate threat to human health and the
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During the 2001 hydrogeological investigation, a limited number ofsamples of the ground
water, surface water, subsurfaal soils, and stream.sediments were obtained and analyzed for
polynuclear aromatic hydrocubons (PARs), polychlorinated biphenyls (PCBs),"tolll1 petroleum
hydrocarbon (TPH), volatile range (NWI'PH-Gx), 1PHsernivolatile range (NWTPH-Dx) and 15
mellI1s from the USEPA Target Analyte Ust (TAL) (Ridolfi,2OO1b).

Analysis of these initial samples from the.monitoring weDs Ir1dicated.thept'Hene:e oflead at
ccmcentrations In excess.ofUSEPA drinlcing water standlU.'ds, as wen as barl\lJll, chromium;
selenium, vanadium, and zlnI:. Analysis·ofdownstrum surface water and sediment samples .
indicated the~ of cadmium,. c:hromium. copper, lead. arid zlnI: at oonc:entratfons
c:cmsiderably higI:lel' than the Cril2ria for MaxImum COncentrations (Ridolfi,. 2001b). ArseIlic
and silver were also detected. Other substances detected, but at c:onoentratlons below threshold
crilem, are lic:etOrle, 2-butanone, methylene chloride, barium, beryDi\lJll, cobalt, silver, thallium,
total petroleum diesel (TPD-DX), and vanadium (Ridolfi, 2001b). .. .

2.3 GeoteduUcaI EvalUation

'The Warmhouse Beach Dump sile Is located on top of sills1:oNs of the Hoke Rivet" Formation, a
geologic rock formation composed primarily of siltstone andpebble-cobble congJomeralies, with
thin, firIe to medium grained sandstone beds. This formation dips to the northwest at .
approximately 30 degrees. It is estimated that this formation potentially extends to at least 2.000

. feet below the site (USGS, as cited'InBrown &r: CaldwelL 1999).

0rHiib! soils are primarily sandy silts with a high percentage of qrgaAics from the adjacent
folUt area. These soils overlay a hard grey slltstone. Silty soils developed on the Hoko
Formation are often found as slope-wash over cliffand cut laces, and are generally less than
four to live feet thick. This is true for this site; tbere are smlllareasalong the upper portion of
the Dump where the conglomerate has weathen!d to a sandy gravel. but in most areas where
the conglomerate is praent, the surface is cemented. and there is no soil layer. The siltstone is
also exposed in _ along the acc:ess road (USGS, as dted.ln Brown &r: Caldwell, 1999).

While the underlying roc:k mabs an ideal foUDdation for an in-place closure, itmay be
necessary to loCate additional sOils to use for capping materials. As a partof the geotechnical
evalUlll:ion performed in support of.the dosure design, soilgradations and Atlerberg limits
should be analyzed for the QIl-Site soils and any other anticipated. borroW soun:es.

Survey information indicates that the existing angle of repOse for the Waste ranges from nellI'ly
vertical on the westeril slope to about 4S degrees (1H:lV) 01\ the remaining a1ope&. Generally,
these slopes do not appear to be unstable; i\owever,~ for,.sta~iJityon landfill
closures l'IICOIIUIIelId slopes no steeper than 2H:1V, with a 3H:lVsIOpe being the typicalalope
used for· stability and ease of maintenance (Richardson, 1997; USEPA, 1995). A qualified
geotechni.cal engineer should review the final slope configuration as'part of the linal design.

A settlement analysis was not performed, but this is another task that is typi<:allyaddressed
during 6nal design. Because the lower 20 feet of the wasle ha~previously~COJIlIOlidated
within the ravine, it Is expected that most of the settlement should occur in the more recent
upper waste. Because this waste is about 20 leet In height, the resulting settlement is not
expected to'be more than'a foot at most with proper placement and compaction prior to cIosu~.
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Koerner and Daniel (1997) indiC'4te that most cover systems C'4n adjUst to settlement in the range
of 0.5 foot to 1.5 feet without undue defonnation of the liner materlals.

2.4 Ground Water

Ground water on the reservation originates as ptecipitation falling on both the uplands and .
lowlands. It is estimated that nearly 80 percent of this prec:ipitation runs off to streams because
of the low permeability of the impervious bedrock,.and soils that ocxur over much of the
Reservation (USWB, 1965, as dted in Brown oft Caldwell; 1999). With their location within a
temperate rainforest, the remalnIng 20~ of the runoff is removed through .
evapotranspiration (FCG, 1996 in Brown &: Caldwell, 1999). As a result. allhough Neah Bay is
technically one of the wettest places in the United States. the ground water resources are limited
(Brown &: Ca1dwel1,.l999).

This is true to some extent lor the Dump. During the 1995 Dump characterizationeffort. water
was encountered in two of the test pits in the Wllllie l0C'4ted in the ravine (White Shield, 1995).
For the 2001 hydrogeologic investigation, four moIlilur weUs wePt drilled along the toe of the
Dump. During this investigation, water was encountered in only one well, and the formstion
did not give up enough potsble ground Wl!ter to meet the regulatory definition of an aquifer.
This study Identlliecl a layer of waste mixed with soil of variable~ that overlies a hard .
grey siltstone (Ridolfi, 2001b). .

Additional inonitoringof water levels in these wells during inclement weather bas indicated
water in all four wells (Ridolfi, 2003). As these observations are correlated with increased
precipitation, it is belieVed that theee observations are re!llted Iupredpitation Bowing along the
interface between the WQte and the underlying rock formation (Ridolfi, :zq>3).

2.S Surface Water

The Dump is l0C'4ted on a ridge between the dra,inage lor Classet Creekand another unnamed
creek that outfalls to the Strait ofJuan de Fuca near l<ydlkabbit Point (see Figure 1). The site is
bordered by forests, with drainage to the east and west; the west drainage (Classet Creek)
outfatls to Warmhouse Beach. Both aeeks are steep, with relatively narrow streambeds. The
Dump Is 10000ted outside the lOll-year floodplain as delimited by the Feder,l Emergency
Management Agency, as well as outside of wetlands or other critical areas as indicated on the
Clallam County Critical Areas Map (Clallam County, 2000).

Seeps from the Dump ar~ Iu these ereek8 have been observed (Jijdolfi, 2001b). Analysis of
surlace water samples taken from below the Dump in the western drainage indicates the
preseilc:e of hazardous substances and a potential contaminant pathway from the Dump
(Ridolfi,2001b). Additional surface water sampling shouldbe conducted to help assess the
downstream risk, and to provide baseline data lor project monitoring.

2.5.1 Hydrologic Analysis

In order to quantify the surface water flowing from the site, a hydrologic analysis of the
WarmhouR Beach Dlunp site was performed using the U.S. Army COl'p!I of Ilngineers'
(USACE) Hydrologic Engineering tenter's HEC-l hydrologic computer model and the Soil
Conservation Service's (SCS) unit hydrograph methodology. An SCS Type Ia stotm
distribution was utilized for this analysis, with an Antecedent Moisture"Condition ofmto .
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re~.~ fully sahlra~ lIOil.~lions that"woulct be expectl!ct in lIJllln!a- with frequent
precipitation (SCS, 19~). The peak flow rates were developtid for2-year-, l().;year, 25-year-,
and lOO-year.frequency storm events with durations of 2' hours. ,

Because the site is locall!d near sea level. isreJatively small, and within is a roc:k~based

hydrologiC! unit, the rainfall was not adjusted for raln-on-snow events, lIS they an! not a
signifiClant factot- for this type ofappHcation. PointrainfaU amounts &om the Neah Bay were
obtamed from the Nallonal Oceanic and Atmospheric AdJnlnistration (NOAA) Atlas 2 '
NPrecipitation - Prequency Atlas of the Western Unill!d States, Volume, IX, WashingtonNas
excerpted in the Washington State Oeputment ofEcology (WADOE) Surface Water
ManageJrlent Manual, (WADOE, 2OO1b). 'The point rainfall amounts (pridpltation) and
resulting estiJnated peak flows for the,seven acre site are'shown In Ta6le 3. '

Table 3. SU11unDy of Precipitation Hydro).~ uuI Peak Row Rates·

DraiJIaae rat_lei 2-Year »-Hoar to..Year»-Hoar ~Y_K-Hoar tOO-Year K-HQur
SkIIm SIDm;l sam Strmn

PrecipitaUon (Inches)' 4.5 5;8 , 7.8 8.8
PeU: flow rates (cis)2 s.o 7.0 9.0 lL2
D"ta~: 'WADOE,2001b; 2Ridolf1,'2003.

2.5.2 QycIraullc AnalJllis

Hydraulic design for the channels was perfonned ul:ilizing Mannlng's f~ula (Chow, 1959),
with an iterative spreadsheet that allows design &om a raJ1ge ofc:l.umnel aoss-sec:tions. Flows 
ranging from baseflows of 2 to 3 cubic feet per second (ds) to the 1OG-year-&equenc:y storm
event of 11 cfs were used for these analyses. This analysis indicates that the existing drainage
swales are ,sufficient to convey the runoff &om'the too-year event

2.6 'PacolaJion,

The USEPA'. Hydraulic EvalUation of Landfill Performance (HELP) computer D\Odel, version
3,(17, was used to assess the potential for the rurioff to percolate through the Warmhouse Beach
Dtunp (USEPA, 1997), Weather data from the National Weather Service stations at Neah Bay
and at Tatoosh lsh!Jtd were input into the Hl\LP model along with the existing dump cover
configuration and assumed waste density. The average annual precipitation at Ne.m Bay is
over t02.4l,nches, thxee-quarters of which occurs during the six-month period from October
through March (WRCC,2002).

The estimall!d average percolation under existing conditions at the Warmhouse Beach Dump is
74.0 inches pet year. This means that about 72 percent of the precipitation 'falling on the
Warmhouse Beach Dump flows cornpleteJy through the waste and into the underlying soils and
ground water. 'Converting for the whole Dump area, this equates to 806 thousand cUbideet per
year, or around 6.0 million gallons per year. This equates to an average flow rate of a little more
,than 11 gallons per minute (GPM).

JIJoI/OS
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There are nO measurements of gas generation or of waste density for the existing waste in the
Warmhouse Beach Dump. Although IandIill gas has not been identified during
characterization of the WlU'IllI)ouse Beach Dump, an of~ primary constituents necessary for
its formation are preeent (1) wood waste, putrellcible (rotting) food waste, and orguUca have
been identified in the dump; (2) yearly.annual rainfall~ over 100 inches; and (3) the waste is
normally at a moderate temperature (Rkharclson. 1997; McBean et al., 1995). .

Guidance on the design of IandBiIcovera developed.by the Americim Society ofCivil Engineers
(ASCE) recommends the use of a fairly CXlIIlIl!rntive eatimate of gas geMralion, about 0.1
standard cubic foot per pound of waste per.ye.'IJ' (lljchardaon, 1997, based on USDOE, 1981).
Applying this rate to the estimated waste volume yields II theoretical gas generation rate for the
dump of about 3.8 cubic feet per minute (elm). .

Typically,lancUlll gas is an approximate 50-50 mix of metbane and carbon dioxide, With a small.
. percentage of other trace gases and liquids. In ad4ition, theJe are aqueous vapors derived from
. piecipitation. liquids, and solutions that have been burled in the dump, such as chlorinated or
petrOleum hydrOcarbona, pesticides, or products of waste decomposition. The most frequeritly
encountered trace gas witIUn landIill gas is benzene (McBean et al, 1995). Toluene, xylene, and
vinyl chloride are also frequently encountered and canbe generated for a long period of time
(McBean et al., 1995). Ground water and soil samples from the Warmhouse Beach Dump have
been found to containbenzene compowtda, toluene, xylene, and other sImllar substances
(Ridolfi, 2OO1b), indicating the preseI'IL'e of those compound. in ttij! Dump; thus, there is some
l'Otential fOr these constituents to occur in 1andfill gas at the Wamihouse Beach Dump as well.

2.8 Sensitive Environments
. .

The Reservation encompasses about 42 sqwire miles of an area consldered'to be temperate rain
forest: The Flattery Rocks National Wildlife Refuge is located along the western shore of the
Makah Indian Reservation, as is the Olympic Coast National Marine Sanctuary. The OlympiC
National Park Is located about 40 to 50 miles south and east of the Reservation. As a whole, the
Olympic Peninsula 'includes numerous types of habitat and BUpports diverse plant and Wildlife
&pedes. FIsh fOund along the coast of Neah Bay include Pacific halibut, rockfisb. coho salmon.
and chinoolc salmon. Several trout and salmonapecie8 use tbe Sooes and Waatch Rivera, 811

well as other tributary creeks and streamll. Gray whales and orca (killer whales) travel the Strait
of Juan de Fuca from Tatoosh Island; Other marine mammals commonly found in tbevidnity

. include porpoises, dolphins, sea licma, and harbor seals. Deer, elk, mountain lion, bear, and
lynx are common in the upland. Bald eagles, hawks, boreal owls, grouse, and various other
birds have also been sighted throughout the Reservation, mainly along tbe coast and the river
floodplains.

Warmhouse Beach, located adjacent to the cun:ent open Dump, could be considered prUne
habitat fOr marbled.murreleta. However, murrelet nesting is presently lnhlbited by crows and
seagulls UBing the Dump (McCoy, 2(01). Presently, the kelp bed lind aheIlfish habitats of
Warmhouse Beach are deteriorate4 to the point where there may be Impacts to traditional
Tribal uses Of these resources. Table 4 includes a summary ofUsted, propqaed, or candidate
species that may watrant special consideration with .respect to dump closure:
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Table 4. Spedal Stat.. Species OIl tbe Mabh &elavlltioa

Colllll:lOn NlUI\I! Scientific: Name Stat.. with Rupect to the D1IIIlp
BaldeagJ.e 1iIl&edu8~ PoIIIl\tial advene ef£eda auociaIed wllh

8OlIc:I waste haul olf-Resavaticxl;
MitlptIonDUly be required.

~ledmurrelet Bl'IIdtyrIUffplrus 1IIIImlDI'1ItIul AQvenely aHecJed by existingCOIlditiDrls
1IIIIrmonUus at Jhe dump.

Northerrnpotted owl SIrQ: ocddmttllg aIUrinJI No effect.
BuD troIit s.IlIinru ctmflwntus Ncieliect.
SoUKe: McCoy, 2001

2.9 Adjacent lAnd Vie, Traffic, uu:I Aft...

Primary __ to the site iI from Cape Flattery Road, to the road to Koitlah Point. A 12 in 16
feet wide graded but unpaved road winds up the hill to the Dump from the tum-off to I<oitlah
Point. These World War H-era roads were c:onstructed by the V.s. military to serve the airblllll!
located approximatelr 3 miIea south of the Dump. Adjaamt land use iI primarily forest lends.
While the site is relatively~te,access to the site is presently unlimited. . .

2.10 Site Utilities

No permanent utility lnstal1atiOl18 are proposed for this project. There' are no existing water or
power lines located on site. remporary water, power and sanitary fl!lcilities will have to be
provided during the construction period.

3.0 CIVIL ENGIN.EERING DESIGN

On the basis of previous evaluations, and ongoing c:onsultltlon with the USBPA,. Makah Tribal
Coundl, and teehnieil stall, the WiI11JIhouse1leachDump Qosure Plan presented here is for
pl!lftil!ll removal and closure in place (contai:Nnent). This seetion deac:ribesllhe 8pl!dfIc
engineering criteria used to develop the initial c;:oncepts for this clO$UI1! action. .

'.1 DellCl'iptlon of Dump Cloeure Ae:tlon

The Warmhouse BeI.Ch Dump Closure Project ConsistlI Of contaInment, stablfu;atioo, and
recllUJllltion I!le:tlvities for closure of the Warmhouse Beach Dump. Approximately 50,000 to
60,000 c:y of contaminI!lted waste,soll, and sediment are present within the portion of the site
covered by.thiI closure plan. In addition to dump cloinue, the pu¥ct also indudes construction
of a gravel access road, diversion c:hannels and clellnup of associated miscel1aIleous debris
l!l1ong the access road and in the channels immediately downstreun of the Dump.

3.2 De.ign Elementl
. .

Each of the primary design elements included in the Warmhouse 1leI!lch Dump Oosure iI .
discussed below. .....
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.3,2.1 Limited CleariftS

Most of the site work for the dump closure will 0CCII1' in lUellS previously Impacted bY
dumping; therefore, very little established vegetation will require clearing. The proposed

. surface water control measures will require grass and small scrub removal along a to-foot wide
strip. In all, a length of around 500 feet will be affected. The total clearing requirement for thit
prOject aHects an area of a little less than t /2 acre.

3.2.2 Surface Debris Removal and Waste CODllolidation

Surface debris removal will be required for several small accumulatiOns of waste alons the
entrance road. In addition, the drums, barrela, tires and olt!er debris in It!e channels below the
Dump sho\ild be retrieved and disposed of properly. An eStimated 25,000 to 35,(100 cubic yards
of waste will be consolidated oil site in order to minilni%e the waste footprint. and to provide a
more stable landfill slope. The waste should be placed inseparate layers and c:ompaded until
thete is no observed vertkal deflectlo.n, and sUrfacevoids are filled u completely u pracliWlle
with debris, sou, or graveL The existing waste slope ranges from 2:1 to steeper than 1:1. The
wastes will be graded to a 3:1 sidei!Jope along the exterklr0f the containment to minimize
erosion poler\tial. allow for future maintenance, provide more natural aesthetics, and enhance
slope structural stability. Section 4.0 presents two optioI1S for the final configuration of the
waste on site. .

123 Seismic Risks and Tsunamis

Seismic risks. (earthquakes) and tsunamis lire both potentiallycatastrophic events thlit have a
high haDrd risk associated with thelll; however, there is a low frequency of occ:urrence
(WADDE, 2001c:). According to a recent asse.......ent of coastal hazards conducted by the
Washington Departl:nent of Ecology:

"The riskl ufseismic twnts and tsunamis Il1'e eqwdlygrtAt Oil WllSh/ngtorI's ocean coast lind in
Puget Soundl...J Ra:mt .tudies indialtt: thIIt the Pllgtt Sound r~gi01l is uulnurdJlt to seven:
taTthqURka and thRt thUt taTthqURka htn1llleft II rtCOTd ufsetItTt coastlll impIlcts including tsJnvuni,
suddmlandler¥l c1utngef, ground shaldng and ljque{l/ction, lind mIljor lIIrufsliding{••.l_ is the
time to recogniu and begin mitigtlling this 1urLIIrilll1ong our.PllCific CoGst lind inside t~ Strllit of
lUlll\ de Fuca" (WADOB,2001c).

USEPA design guidance concerning seismic hazards for abandoned dumps and landfilIII
includes evaluation of the potential for fault disp1acemenHnduced damage and assessment of
the Impac:lll of earthquake-induced ground motioPs. According to the 1999 BrQWI\ &: Caldwell
allllellSll\8I\t, there is a small, unnamed fault located between the Dump and the ocean; however,
field persoonel have~ unable to locate this fault to date (Brown &: Caldwe1l, 1999). ·There
are l\O!>ther known active faults located within a mile of the dump, and no history of
earthquake epicenters occurring within 100 miles of the site. .

The impacts of earthquake-induced ground ~tions are evaluated on thebaais of a.statistlcally
derived horizontal peak giound acc:eleration. Draft·USEPA design guidance conoeming the
evaluation of seismic hazards for landlills includes USGS probabilistic lII!ismK: mapping
prepared in support ofReRA Subtitle D (40~ Part 258) regulations governing landfiD siting
and closure. Information contained within this guidance indicates that the Warmhouse Beach

.Dump may be located within a Seismic hripact Zone (an area with a 10 percent or greater .
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probability that theuwdmumhorlzontal acceleration will exceed·O.IOg in 2SO years)
(Richardson et al., inprint).' .

The horizOntal peak grow\d acceleration is used to evaluate slope stability and the potential tor
liquefaction of"dump or Iand&l (Richardson, 1991). However, the waste deposita at the
Wannhouse Beach Dump are less than 30 meterll in depth and the soil& are relatively well
coIlllOlidated and located on top ofbedrock; therefoR!, the telative risk to this particular site .
may be minimal Prior to final construction, the Rlamic zones tor this project should be verified
wjth Current USGS seisn'dc mapping. If the revised maps indicate that the project lielI within a
ZOIle of maximum homontal aa:e1eration greater than O.lg in 250 yean, then a full sei&mlic
evaluation per the RCRA Subtitle 0 (258) Seismic Guidance for Municipal Solid Waste Landfill
Facilities shoul~be performed, and the resuIta incorporated into the final project design.

Ts\1J\llIl\is~ a series of very large ocean waves that are normallyassodated with sef.mk
events, but may be triggered byother catastrophic~ta such as Iandslides;mudalides,
volcano eruptioils or even meteors (University of Washington (UW),2003). Geologic studies,
~eologicalevidence, and MakahTribal legends all indicate that tsunamis have occurred '
along Cape PlatteJy in the put (USGS, 2003, Paulsen, 2002. Ludwin, 1999). The National
Weather Service has inBtalIed NOAA Wealher radio receivers at Neah Bay (to COYeI' the Strait of
Juan de Fuca)and on Mount Olympus (Olympic National Park) that are spedficaUy intended to
provide alert capabilities for tsunamis for three CO\D\ties (Grays Harbor, Jefferson. and Clallam)
and five coastal Indian Nations (Quinault,. Makah, Quileute, Hob, and Ozette) (Frinnell
1farIrahan, 1999). Mille there is evidence of~ tswwnis occ:w:rlng along Cape Flattery, the
Dum.P llite is located at a mean elevation of about 240 feet above mean sealeveL and thus
should be elevated above the area likely to be impacted by tsunamis.

o

3.2.4 Slll'face Water Control

Because of the proximity of the dump to existingsurface water and the overall drainage pattern
through the site, effective surface water control will be required before, during, and following
project construction.

The on-sitedrainage will be handled by runoffcontrol channels along the periphery of the
Dump. A small channel will be constructed along the perimeter of the amtainment with a
easterly outfall into the adjacent surface water body. The slOpe along ttUs dlanneI periphery
varies from 0.5 to 3 percent. The chosen typical geometry is a riprap lined V-bottom channel
with a minimum 2-foot depth. , ,

3.2.5 Landfill Cover Design

The landfill cover design was developed using the USIlPA's HELP computer model (Schroeder
at al., 1994). Using weather and soil parameters £rom the National Weather SerVice station at
Neah Bay andTa~ Island, a range of landfill cover altematives was evaluated using the
HELP model to reflect a 1OQ-year repository Hie. Six different cover configurations were

. investigated to detenniIle the retative effectiveness in preventing raiIIfall from percolating into
the landiiJl. All of the covers assumed a one acre area, 3-pen::ent top slope, moderate grass
coverage, and a "fairH designation for cover coristruction quality. The modeled cover
alternatives ranged from existing conditions, to a RCRA Subtitle D-type cover with a double
barrier system. Table 5 summarizes the alternatives evaluated, and their n!istive performance
expressed as percent reduction of ptedpifatiOn into the waste layer.
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Recllldioa iD
Imp_mt

Allenultlve
PlImIlatiOil Plllclpitatlon' ofJlxfatlna

Number Cover A1tematlve Description COIUIililnlr

(!Debes) (cubic feet! (percent) (pelCellt)OIleacre)

X . IlxilItlng amdltioM: 110 cap 74.0 268~ 27.6% 0%

1 12-hlcl. of growth media 68.8 U!l,900 32.6%' 5%

2 Ill-inches of growth mecIIa 66.8 242,400 34.6% 7%

3 ~Ulary break-type cover: III- 64.3 243,900 I 37.0% 9.4%
. ofgrowth media over 6- , ..
Inches lJXlIveI'(note: HELP mocIeI
does noteHectively IllOdeIlateral
draJnqe from this type of a>Yer
(Scbroedor.et,aL.I994)

4. New composite cover. 18-iDchft OM 1,600 99.9% 75.3%
IlI"'Wthmedii,. 61DcIlanftl .
layer, GCL Haft aD IMnda '
_ .-cIlayv, OYlIl,'wuM

5 New eomposite cover: 1lI1ncIles 54.9 206.&00 4.6.2% 19.6%
growth mediaover 6-Irlch gravel
\ayet'. 12-lnchclay liner 'over '
waste

6 New composite RCRA Subtttle D 0.07 30il 99.9% 75.'''.
cover: ll1-in&::hes growth media
over 6-Irlch lJXlIve1layer. GCL
liner, then 6-Inches barrier aoj),
over waste

Notea: '

bald = ReCXlmmendecl alternative for cover cmfi8uration
.GeL: geosynlhetic clay liner

• Reprn I!rlts reclUdlllllof IDte\ initial pl1!dpllation hitt:ilIi the wasle; in odu!r wordI, this altemalift Is
preventing X per cent of the ~1Ia1 precipitation from permlating tIuough the waste.

• Represents cover alternative~rpyemmtinredudng t=lation from e>dsting condiIions~ th!ll
alternative Is preventing an aclUona1 X percent of the tial pm:lpitation from percolating through
ihewaste. '

5oIuce: WdoIB. 2OO2e

From the,~tsof this modeling, itcan be concluded that:

• Covers formed of soil materials alone would not be as effective lIS the composite covers .
in redu~gpercolation.

• It is p08lDble to develop a fairly consenoative cover that can prevent the majority of
precipitation from passing vertically through the waste.
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• . By regrading the wule and pladng a mmposite cover lXlI\taining a geosynthetic liner
material over the existing cap. it is po88ible CO significantly reduce the percolation of
rainfalllhrough the ~1UIte.

• There is very little difference in landfill perionilance between a mver containing a full
RCRA Subtitle 0 douole-lined cover section, and a cap with only geosynthetic clay liner
(GCL). . .',

Given the modeling n!lIII1ts and the fad that GCLs have ahigher aurface friction and provide a
more forgiving matmal with respec:t CO c:onatructibIlity. a cover aylltlem,with a gravel layer OWl

GCL is recommended for this project. It should be noted that the HELP model does not
effectively modellaleral drainage out of the covet or lateral drainage from ground water iii and
O\lt of the containment. The aelected dellign configuration is fairly amaervative, 88 this lyJJe of
cover reliea on lateral drainage in the form of a capillary break COeffedively divert runoff from
passing tNough the waste; thua the actual leachate percolation should be even~ than the
model predicts., '

Using the results of the HELP modeli:n:g. amultl-hyeredcover waa deaigned to isoIale the
waite at the Warrnh0u8e Beach O\lmp.and CO significaritly reduc:e rainfall percolation through
the waste containment. Each layer in the cover has a specific purpose. and several of these
layers actually per form more than one function as a part of the overall cover design. Typtca1 ,
aOllll-sectiona through the containment lI11! included In Figure 3. A desc:ription of the Iayezs
forming the reaulting cover configuration from the waste O\ltward CO the surface'is as foUows:

• tower Gravel Collection Layer - The leachAle and gas coI1ec:tion layer is a 6-inc:h thiclc
'layer of gravel orco~sand placed immediately on top of the WIBle. This layer~
.into the siltstone at the toe of the waate containment. The lower gravel c:oUection layer

, provides a defined pathway for landfill gases to flow upward by diffusion frOm the
waste towards the passive gas vents, and for any liquids within the waste to flow
downward towatds the permlation collection system.

• Barrier Layer - The barrier layer physically prevents rainfall from permiating
. downward into the waste. This layer consists of a geoaynthetic clay liner (GCL)

1.mderlain by a sand or soil cushion. The barrier layer passes'over the gravel colIec:tion
, layer and is also,anchored into the siltstonebeneath the site. thus forming a sys1em that
hydraulically isolates the wasle within the dump. '

• Drainage Layer- Immediatel)' above the barrier layer, there is a 6-inch thick graval
drainage layer. The primary piupose Of this layer is to httel:cept and laterally divert any
runoff percolating throu~ the soniayet'. This layer conveys percolation to the run off
channel that surrounds the dump. "

• SoU Layer - An Ill-Inch thick son layer is placed over the drainage layer to provide
adeq\lale substrale material to support germination and sustained growth for vegetative
CoVer; help prevent erosion of the soil materials and allow for reduction in percolation
by evaporation and transpiration. Thedlfference ht hydraulic eonductivity between the

, soil and gravel materials forms a capillary break. While not apparent ht the models. this
type of capillary break can also help prevent downward percolation of the rainfiill into
the waste (Dwyer, 1998). An erosion mat has been included along the slopes only CO
help prevent soil erosion prlorCO vegetation establishment.

ZlWG
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• Geotextile Filter Fabric - Geotextile filter fabric has been included along the bottom of
the lower gravel layer, and between the soil layer and the gravel drainage layer.

3.2.6 Percolation SJlltem

The previous evaluations of consolidation and closure in place indicate that a formalleacllate
co11e<:tion system should not be necessary (SAle,.1m; Brown &: Caldwell, 1999). However,
because.of oblIervations of existing water within the waste, -.t high annual ~ainfalLit may be
necessary to include ways of managing the residual percolation from the waste idler the cap is
placed (i.e., while the waste "dries ou~). .'

. . .

As this drainage follows the interface between the siltstone and the waste, and the siltstone has
a dip of about 30 degrees, this de-watering should occur fairly rapidly. This dewatering period

·can be handled either~~pinga majotity of the dump, and allowing a portionalong the·toe
to remain open for a . of time (two to three years or so) until bottom draiNge is no longer
noted; or by installing av-shaped section of perforated pipe alOng the toe of the containment,
with a boot through the cqvei system. rn either case, this drainage should be monitored and
periodicany sampled. Ifcontaminants are detected in the percolation, then the drainage may
need to be diverted for treatment. Note that the boot section may allow better Control and
future capture of this drainage as necessary.

3.%.7 Landfill Gas Control MeasUl'U .

Guidance.for dosing abandoned landfills and dum.,. reconunends as a general rule that gas
collection'be Incorporated to address the li1reIihood of gas genera~ (Koerner and DanIel. .
1997; USEPA, 1995b). Under this design SCl!I1llrlo, ASCE guidance recommends installation of a
pllSSive vent system at a rate of one vent per acre, with vents spUd about 90 to 100 feet apart
and located at the Hhjgh points" of the COVei'. The Jiurpoee of these vents is to help prevent the
buildup of methane and other harmful gases within the landfill (Richard~199'1; Koerner and
Daniel, 1997).

Since the Dump has a final footprint of a little less than an acre, the design includes a single vent
placed along the containment centerHne at the top of the waste. A collection system~4-inch
diam~r perforated h1gh-density polyethylene (HOPE) pipes will be placed at about l00-foot
spacing along the top of the waste. .Arranged like veins on a leaf, this network is alIlfIgmed to
encourage gas collection and flow upgradient toward the vents. The gas coUectlon pipes will be

. bedded in the 6-inch gravel gas collection layer placed above the waste. The vent will consist of
a 4-lnch-diameter HOPE "goose neck"-shaped pipe section that .projects above the top of the
covered Dump surface. This allows passive flow of the gases from below the cap and defined
locations for future monitoring of gas from the containment. If monitoring of these vents
indicatee that exhaust exceeds 25 percent of the lower explosive limit (LBL). additional venting
or perhaps an active gas extraction system would be required. If no gas is detecti!d, the vents
can be decommissioned (Richardson. 1997). The gas collection system is shown inFigure 4-

3.%.8' Site GracIlng ancIl!rDsioil Contnll

Site grading and·erosion control measures are designed to minimize the potential for surficial
erosion from disturbed areas. These measures are 'crltlcal to the overall stabilization of the site.
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GrJdinIi Grading will be limited to backB1ling.voids resulting frolJ\ the removal of .. ...
contaminated material and gentle sl1aping of the ground surface to matrh exlsting valley slopes..
Slopes along the site vary~ 0.5 to 3 percent. consistent with the exi8tIng aoss slopes. Design
slopes for site grading have been limited to match exilItinggradell where possible and to
provide a positive gradient toward the surface water area to thew~ of the containment. .

Erotlgn control: Erosion controlme~ should be designed using the Ul\iVersal Soil Loss
Equation and guidelines set forth in Erosion til &dimmt Control HmuIhook (Goldman et at, 1911t!).
Anticipated erosion control measures for this site lnclude: Excelsior matting or equivalent, with

. grass and forb seeding and perimeter vegetation for the c:ontainmeiIt itlie1f; seed, mulch,
vegetation blocks; and willow cuttings for the channel bank areas, and hand seeding with a
grass-forb mixture supplemented by plant blocks for the other disturbed areas of the site.

3.2.9 Site Revegetation md Site RehAbUitation

Revegetation and rehabilitation plan for this site is intended to trraxlmize the use of existing
vegetation as a source of colonization. While there all! exceD.ent lIO\IlQ!S for c:oIonizing the site with
native species from the adjitcentundisturbed areas, the immediate concem.is erosion control W\til
these plants all! established. A limited planlirut scheme is proposed to stabilize the site, and ..
provide initial screening anda~ control. Tiie plant species selected are native plants suitable for
use at this elevation and for the ecotypes.encoW\lered. Meet are also hardy species suitable for use
in a c:IistuIbed regime. Conifers are not included because of the degree of site c:lIstuIbani:e and the
proximityofhealthy conifer populations. It is eXpected that sw:eesidon will occur naturally when
the site becomes able to supportconifet &pedes.

The primary goal of revegetation is site stabiliza~which will be aaxnnplished by installing
willow cuttings along the channel banks and planting the tmtjority of the site with a grass-forb
seed mixture. A mix of native grass and fom plantspecies will be developed.through .
consultation with Makah Natural Resources personnel and several other references pertlnent to
the Olympic Peninsula (USFS, 1996; USDA, 2001; FHWA, 1999; and Pojar and MacKinnon,
1994). Plant species will be selected based 01\ appropriateness for the site,ability to provide
adequate erosion control through sod formation: or root structure, and ability to provide
effective soil stabilization during both the iJlitial year and second year following planting.
Inoculated legumes (lupine, or a short-lived native dover) may be included as necessary to
enhance nitrogen fixation, thus augmenting the soillertility. An application rate will be
determined during final design that will encourage rapid development of a vegetative cover
adequate to stabilize the slopes and prevent invasion by noxious weeds. It should incorporate
several species as a safety faCtor in plant selection, so that if one species does not thrive in a
particular part of the site, there are several others that might .

Soil preparation will consist of disldng natural organic materials such as peat fertilizer, and
lime into the soils used for on-site fill.· Agricultural testing will be required for any borrow or
topsoil material being used as growth media,. and the final quantities of additives will be based
on the quality of the soil being used.

Because the site is located within a narrow valley with healthy adjacent pliint colJUJlWliIies,
limited revegetation is proposed beyond site stabilization. The revegetation for this site is based
on a utrigger approachu in which initial block plantings are provided on a limited scale and
colonization from these groups and the adjacentplant commWlities is relied on for full .
revegetation '(Winterhalder, 1990). . .
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PIaJUing in blockS WIll providesllade for the Cuttings, a maze naturala~,and-u.nuted
protection frOm browaing (Haag, 1993). Each IS-foot by IS-foot planting block will oontain 10
container-based lail.ts from three different tree and shrub. • I established "";"'wthe~·. p speaes. --e
uline-planting" methodS used for reforestation. It is anticipated that thia method will tin
lower costs per blodc and a more random, more natural looking plaitt configuration within each
block. A total of 20 of these blocks is recommended, whkh will provide plantinp atabout one
block per 25 feet aIong the toe of the containment.· . .

3.2.10 Site Accas and Accesa Control

Both site ac:cess and subsequent acce88 controi are important elements of this project. Current
site access is from an existing un~~~Lroadonto the road to KoitIah Point. To provide aa:eas
during co,nstruction and allowo~moaitoring and maintenanCe of the percolation sysleJn,
a new 300-foot-long gravel access road is included along the southern edge of the contairu:llent.
The 6-inch-tlUclc gravel surface course is to be placed and compacted in two Iilt& .

Access control methods include a doubJ.e.swing, steel pipe, padlocked gate at the entry of the
.acceu road to prevent unauthorU.ed entry aIong the toe of the·conta.imN!nt. To prevent
damage to the containment from \lIUIuthorlzed pedestrian and ve1Ucul£ use, a combination of
24-inch diameter boulders and1"hcietne vegetation· is planned foi the lower perlmeter of the
containment. "Hostile vegetation" consisls ofnative plants thathave a pungent OIl unappealing

. odor, have thorns or brambles. or simply grow thickly enough 10 di8courage human ac:cesll.
Nootlca rose (Rosa nutlallta) and Douglas spirea(Sphl!lz douglllSsii) are planta that could be
considered for this purpose on the basis of bolb "hostile!' F,operties and plant aesthetics.

4.0 ALTBRNA11VE COVEll CONFIGUIlATIONS

During sev.eral discussions during the development of theW~ouseBeach Dump Oos!ue
Plan, two alternative cover configurations evolVed for the actual final shape of the c.'ontabunent

...
1. The Slope Option - where the waste is simply regraded to a more stable slope; and

2. The Ravine Option - where the~ is consolic:lated .wilhin the existing ravine.

Bolb options meet the project objective., and meet EPA Guidance for landfill closure. Both .
effectively i50late the waste to reduce the ris1cs to human health and the environment. And boIh
optionS would support future uses of the Dump site by the Makah Tribe for interPretive or
other pmposes.

4.1 Alternative Cover Concept I-The Slope pption

4.LI Description

The Slope Option .assumes that the waste from along the road; the channels and the existing
hillside would be consolidated along the existing south slope of.the Dump. The waste from. the
east and west edges of the Dump would also be consolidated into this area. Approximately
22,000 cubic yards of waste material and contaminated soils located outside of the containment
footprint would be excavated. placed on the existing waste dump along the hl1iside, and graded
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and compacted to a £inal surface. Post-l'l!II\OIIai verification sampling wouht-be conducted 10
confirm COlJlplete retnovals of aU hazardous substances within the retnovallitnits.

The waste would be graded and COIJIpac:ted to form a 3:1 slope fron\ the top edge of the hillside
across the ravine to existing elevation lit the south side of the ravine. The waste would form a
wedge against the hillside. A 12-Eeet wide access road and drainagec:hanne1s wOuld placed
along about 500 feet of the southern toe of the slope. Additionals~data along the eastI!m

.edge of the site may be required to establish final grades for the slope so that there is a _til .
transition to the existing slope. Figure 4 shows the cover grading plan under this cover gption.
The configuration would be one·large oval shaped hilltop with an adjacent valley -1IUlIIf1llcely
~ very natural looking feature. The containment under this optionwould have a £inal surface
area of a little under an acre. .. .

A multimedia engineered cover wouid be installed over theq:>nsolldated and compacted waste
materials. This cap includes an InteinaI drainage layer, a passive gas venting system, a
ge<Jisynthetic barrier layer and a layer with growth media to support vegetative growth. Figure
5 provides a typical a_section through this cover alternative.

Following the removals, the site would be regraded for pos!tive <\rainage, and soil amendments
would be added as necessary to support uplands and riparian revegetation. Disturbed areas of

. the site wowd be revegetated with native plant species appropriate to Cape Flattery and to the .
various habitat typelI (e.g., elevation and aspect) encountered.

At least one monitoring well will need to be relocated under this option, as it is located within
the projected footprint of the containment In addition. additional off-site characterization and
possible remediation of the impacts of the Dump may be reqUired.

In order to prevent re-contalnination of the site froin illegal dumping. site access would be
restricted by a llblel pipe gate; this can be augmented with public information and enfon:ement.
In addition. to protect the integrity of the cover, Ii perimeter barrier formed of ho6tile vegetation
(thorny plants) and boulders would be placed around the containment .. .

4.1.2 Residual Effects

The residual effects of this removal action should be: the top of the Dump would be dean, and
the waste would be a wedge-ehaped depOsit in the adjacent ravine. There ahould be
improvements to downstream water quality and a reduction in the number of crows, seagulls,
and ravena ilt the site. With the establishment of vegetation, sile should be stl!bilized and the
top of the hill could be made available by the Tnbe lor limited publk use. .

There m!lybe a spike, or short-term increase. in measured concentrations of_Is or volatile
organic compounds (VOCs) in the groui\d or surface water immediately following removal.
Such a spike can reflect the inadvertent release ofsome of those materials during the removal
action and would be expected to diminish with time. With increased time following closure.
there should be a reduction of moisture percolating from the waste.. However, if long-term
monitoring does not reflect such a decline, it could be an indication that not all of the
contaminated materials have been successfully removed, and other measures may be required.

21211.
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Whl1e the affected area is currently largely devoid 01 vegetation. thete are healthy vegetative
communities close to the project. Wilh an effective waste removal effort <to e1iminate phytotoxic <
substances from the site and an effective revegetation effort. it is anticipated that habi~t
rehabilitation should be<relatively eesy to 1ICCOmpllsh. <

< UA Evaluation of Effectiv..,..and Ialplementability <

Table 6 provides a brief summary of the evaluation of the AItemativeCoverConoept1- the
Slope Option with respect to effectiveness and implementability criteria.
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Table 6. SUIIUIlaIy EYlIbl.ltion of AltematiYe Cover Concept t-n... Slope Option '

EvaluatfOll Criterion . EYa1uatlqn

Lons-T_llffedhenell and Removl!l only a porlim of the source &om !be lmmedIa\le pnl)ect lite.
Pennanence l!1dudes actions to reduce the mobility of coatamlnanlll of CClIlCIm in the

envirorlment ami thus reduces the potentfal Cor ecoIoglcaIl'llCl!ptors to be
to those coallUiUnlinlll.

Reduction in Potential Reduces~tial Cor dlrect l!Ol1ogk:a1 eJqlO81.lnlto !be JIIDStbishly
Exposure con~urodlmedia and redw:es amtaminant transport via l!l'Cl5IolIand

leadlalll! w:t1oa.
Stlll! Stabilization Site 8lllbi1ized controls.
Monitoring &:rnstftulioNl =:Jong-term management1I1OJIi~ institutional controls; this
Controls ' be admiaiatared by !be
Residual Risks Aasodalled With any contImlinated media left in placw, SOU1'CleS lhat are only

partially COI\tained, and COI\tfnued Ioadlngs of aintaminanb to aquatic
envirorlments.

TIme Requireclto Implement l-:r::n to Implement annp1ele1y with 5-10 year ecolOgical recovery

Compliance With'Cleanup Attainment ofchemk:a1~Il:tlon criteria designed to p10lllct the
Criteria environment, induc1ins Oean Waller Act and both federal. andMabh

waller ai\lerla.
Reduction of Toxtclty, , No rec1udion of toxldty, mobility or vo1ume through tn!allnent.
MobiUty, or Volume Tbroup
Trealllltmt
Shod-Term Effeetivenell

Risks to Community • Low risk to tbe community dw:lnc mnecBation fromhazarda from
Jmported COIIlltructionmateriall.

Risks to On-Sile Worken ' low to modera\le risk to WOlken. In seneraJ, tt- risb irM:re8ee with the
volume of malleriala (currently eiltimated at 22,000 cY) • to .

Risks to Bnvlronment • ConstrudiorI within floodplains and riparian_;
• Some unavoidable temporary disruption of habitat would oa:ur;

• Contamlnalled and I11\CotItaIlllnIled sediznmt loads &om runofhnd
eroeioJi areexpected to I11aease during oonstructlor:l; and

• ' . lionmay be dislUlbed or des~ -'
!mvlementabUitv cover CONll!Ilt lla c:onstdered feuib1e.

Uncertalntfes U~ IN:1ude: the Iallerat extenl of the w..lIe, the depth and
c tlonofthe__~tbe lIerofthe~

( include slope stability of exlstin2 w_.
Administrative • A cultural resources mnsultatioll (National Historic Pleservatfon Act).

, Requirements • Coordlnation With naturall'l!llOU1'O! agendes~ and W'ald1i!e
Coordination Act). .

Off-Si,te Treatment, Storage, Off-site tn!atmerlt storage and disposal 'of wBBlll! not required.
and ofWute

In summary, Cover Alternative I, the Slope Option, would meet the threshold oiterion of
overall protection of the environment. '
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CQst estimates for Altemative Cover Concept 1 were developed using 2003 dolIan,30 years of
operation and maintenance (O&M) and a discount factor of5 percent. Initial capital costs
indQde 20 pen:ent for contingend~and 5percent for eriglneerlng prior to construction.
COl1Struction management, inspection, and yerification samp1i.ilg. A current estimate of
probable costs for implementing the Slope Option is pteSented in Table 7.

.Table 1. s.tlmate of Probable Coat of A1lematift Covel' CoIDCtlpt1-·1he Slape Option

CostEl_t JIstImate DfProbable Cost

General Il!I (11.25%) $62,800
Site Work $38,100

Waste Material Handling. ' S282,OOO
Dump Closure $202,2tXl .
Site Rehabilitation $2O,1DO

Total Conatructkm $605,!lOO
r. (20%) $121,200

Il11gineerIng.~ Jnspec:tioIt CIan-up $109,100
Verification ) .

TOTAL PROJBCT COS'l'S $836,100
Eslimllted Annual O&M $2O,3llO

3OyearsO&M $3l2,6oo

TOTAL LIFE CYCLE COSTS $1,148,700

. It should be' noted that there is a great dealof uncertainty usodated with this estimate, due to
factors such as possible dewatering, undefined subsurface conditio~, and unknown hazardous
m~. . .

4.2 Altemative Cover Concept 2 - The Ravine O])fion

4.2.1. Description

The Ravine Option assumes that tile waste from along the road. the channels and the existing
hillside would be consolidated on top of the other waste within the existing ravine d.ue south of
the.active Dump face. The waste from the east and west edges of the Dump would also be
consolidated into this area. More waste would be relocated under this option - approximately
28,000 cubic yards ofwute material and contaminated soils located outside of the containment
footprint would be excavated, placed in the Ravine, and graded and compacted to a final .
surface. Post-removal verification sampling would be conducted to confirm complete removals
of all hazardous substances within the limits.

The waste would be graded and compacted to fonn a 3 percent top slope from a crown a10ng
the center ofthe ravine. The resulting excavation top elevation of the containment is estimated
to about 20 feet higher than the existing elevation in this area. The contaifunent would slope to
meet existing ground at the eastern and .western edges at ab.out a 3:1 slope. 'The waste would
form a pentagon-shaped shaped wedge inside the ravine. A 12-feet wide acCess road and
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dramaS!!~ wouldp~~a1~t709~_ot~~_e4s!~ft!e !:>w.nP".- .... ...
Additional survey data along the eastern edge of the site may be required to establish final
grades for the slope 80 that there is a amooth transition to the existing slope: Figure 6 shows the
cover grading plan under this eaver option. The configuration would be one large oval shaped
hilltop with an adjacent triangular shaped valley - also thought to be a very natural looking
configuration. 1he containment under this option would haw a finalsurfaoe area of a little
under a halfan acre. . .

A multimedia engineered cover would be iNtaIJed over the Q01l801idated and"compacted WUIIe
materials. ThIs cap includes an internal drainage layer, a passive gas venting system, a
geosynlhetic barrier 'layer: and a layer with growth media to support vegetative growth. Figure
7 provides a typical cross-section through this cover alternative. " "

Following the removals, the site would be regraded for positive drainage, and soil amendments
would be added as necessary to support Upland and riparian revegetation. Disturbed areas of
the site would be revegetated with native plant species apptopnate to Cape Flattery and to the
various habitat types (e.g., elevation andaspec:t) encotmterec:l. " . '

At lea.1t one monitoring weD will need to be reloCated under this~ as it is located'within
the projected footprint of the cont;linment. In addition. additional ofHite c:huac:terization and
possible remecilation of the impacts of the Dump may be required.

In order to prevent re-contamination of the site from illegal dumping, sile accesa would be
restricted by a steel pipe gate; this can be augmented with public information and enforcement.
In addition, to pro\lect the integrity of the cover, a perimeter barrier fonned 01 hostile vegetation
(thomy pJants) and boulders would be placed around the cont8Jnment. .

4.2.1 Keaidual Effects

The residual effects of this removal ~ctlon should. be: the top of the dunip would be *an. and
the waste would be a sma1ler, deeper plug-deposit in the adjacent ravine: There should be .
improvements to downstream water quality and a reduction in the number of crows, seagulls.
and ravens at the site. With the establishmentof vegetation. site should be stabilized and the
top of the hill could be made avallable by the Tribe for limited public use.

As for the first option, there may be a spike, or short !er1J. increase, in measured concentrations
of metals or VOCS in the ground or surface water immediately following removal. With
increased time following closure, there should be a reduction of moistuN percolating from the
waste. However, if long-term monitoringdoes not reflect such a decline, it could be an
indication thatnot all dE the containinated materialshave been successfully reJrioved, and other
measUres may be required..

4.2.3 (:onsideratio~ for Habitat Rehabilitation

While the affected area is cUrrently largely devoid of vegetation, there are healthy vegetative .
communities close to the project. With an effective waste removal effort to eliminate phytotoxic
substances from the site and an effective revegetation effort, it is anticipated chat habitat
rehabilitation should be relatively easy to accomplish.
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.4.2,. Ev@1~ti.on.!!fE~en"UJldhnplementabiUty..

Table 8 provides a brief II1.II1UlWY of the evaluation of the Alternative Cover Concept 2 - the
Ravine Option with respect to effectiveness and :implernentabilitycriteda.

Tali" 8 S\IJIIlIWY Evaluation ofAlternative Cover Cono:ept 2 - The Ravin. OpIioa.
Evaluation Criterion EvaluadOll

Lo....T.rm~and lteaIoveI cmly a portion of tbelOun:e &om the imIIIediale p!'Oject lite.
Pemanence . Reduces the~tial for eooJosical :t'tqplOis to be exposed to thme

contaminants. .
Reductloa in PolBltial ReduClell tt:s=tial forecologkal exposure to the most hJsh1y
Exposure contamina media and reducea.conbUrlinllnt transport via erosion and

leachalemodUdion.. • . .
SIte.Stabmplion Sile stabilired controls.
Monilol'mg &: lNtltutional Requires Ioag-lennmanagement, mOllitodng and illStitutlOlla1 alI\tl'llIs, to
Controls ensure the ; dda c:ouJd be effediwl.,. admlnUlered bv the Makah.
Rea1duti Rlsks Aasodated with any Contaminated media leftIn place, iIoura!s that are only

.

partiallyCCll\taiNd, and ccntlnuedloadings of c:ontaminante to aquatic .
environmerlt&

TIme ReqWred to Implement 1-2 years to implement omtpletety with .5-10 year ec:ologial recovery
loerlod. .

CompUaaOl! with Cleanup Atbinmentof~~ac:tIon aileria~ to protect the
CrileJia envirorunenl,.~ding Clem Water Act andbOth federal and Draft

Makah WIler au . crilerJa. .
Recluction of Toxicity, No redudlan of Ioxlclty, mobility O!:' volume throush treatment
Mobility, or Volume Through
Treatment
Short-TenallffectlftD_

Risks to Community • Low risk to the community during remediation from hazuda from.
Imported c:onatNctlonmateriU..

Risks to On-sile Warliera . Low to moderale rlak to workeD and trafJlNe1ated huaJds. These!isb
Increase with the vollDlle of malerlals (currently estimated at 28.000 cy)

to
Riab 10 Environment • Construction within f100dp1alns and riparian areas;

• Some Unavoidable temporary dl.aruption ofhabitat would oc:cur;
• Contamlnated and W1aII\tamlnated sedimerlt loads from~ and

eJ'oaion are expected to InaUse during~ and

• Exlatlna veaetalion maybe disturbed or
IniViementabl:iliV .Cover 2ls c:onaidered feasible.

Uncertainties Uncertainties include: the depth arui extent of the waste in the removal
areas of the wasle, the depth andcCll!1pOlltion of the waslea along the

I perimeter of the sileo
ChaIl~ include slave atalJillty of waste.

Administrative • A c:uJtural resoui'teI consultation (National HU!torIc Preservation Act).
Requin!ments • Coordination with natural resour.:e agendei (Fish and Wl1dIIfe

Coordination Act).

Ofi.SI=tment, Storage, Off-site treatment, storage and disposal of waste not required.
and Di of Waste

'/HI'"
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.. Ins~,AlWmatiYeConcept 2. the Ravine Option.wouId also meet the thleshold criterion
of overaU pi'otedionol the envirorlinent.

US Eatimate af Probable Caels

Cost estimates for Alternative Cover Concept 2 were developed using 2003 dollars, 30 years of
OIeM and a discount factor of 5 percent. Initial capital costs ltIclude 20 percent for
contingencies and 5 percent for engineeringprior to constrw;tion; construction DUllUlgetnent.
inspection, and verification samplq. A current estimate ofprobable costs for implementing
the Ravine Option is-presented inTable 9.

Table 9. Ilatimate 01 Probable Colt 01 Alternative Cover Concept 2-The aa".. Option

Cost Element 1!&timate of Probable Colt

Gelleral RequiraDenta (11.25%) $71,000 I

Silll! Work $38,2l1O

Wliste Material HandlIng $362,200
Dump Closure .•19O,2lIO

Site Rehabilitation $21,500

Total CoNtrw:ticrI ~600

CClIltinpndes (20%) . $136.900
~ Project InspectIon Clesn-up $123,200
Verification (15%)

TOTAL PROJECT COSTS . $944.700
Estimated AnzI>Ul O&:M $2D,300

.30yeusO&M $3l2,6llO
TOTAL LII'Il CYCLE COSTS $1.251,300

.There is a great deal of wtcertainty assodated with this esii.rnate. due to factors such as posaibIe
dewatering. undefined subsurface c;:onditions, and unknown hazardous substances.

4.3 Summuy of Option Evaluation

In summary, both options should effectively meet the objective of this project. Cover Concept1. the
Slope Option may require less materlal haildling; but Cover Concept 2, the Ravine Option has a
smaller resulting surface area fertile cap. Inaddition,. while the Slope OptIon has a slightly lower
project cost, the costs for both options~ within ten percent of each other. Table 10 tD1JIpare& the
relative advantages and disadvantsges of the two alternatives.
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Alternative Cover Concept t - tI!e Slope Option

Advat.- D.~,

• Natural final configuration that fila well • Wute deposit less well-defined
with suaoundlng topography • With a Jarger am covered, the costs for the cover

• Leu waste hand1ing required (22,000 CY) itself are higher

• Leu road conslrudion • Leu am available to Tribe forpost-~ use

• ~be euler to COlllIImct ~siinply grading
compaction) . .

• One drainage point for monitoring8n!i ..control . . .

• SA:='aIJows _latenl drainage
(po Yless percoIaIlon)'

• Lower overall project COSla

AllUnatl:ve Cover eoa-pt 2 - ~ Ravine Opti_

Aba,.,. m......u,u.

• la'ger area remedlated . • Requires more manipulation mel reWOl'klng of

• Symmetric:al, well-defined cap area
waste (I.e., plactng, gradln" and compad.lng
excavated waste Ins1de closure inlItead ofgrading

• Two areu available to Tribe'Ior po4t- down the hill) .
remedial use • Antidp~ total capital C08tB due to

• Smaller area capped; lDwer capping cosllJ higher handling costs

• More road mcutrudlon teqUIred, more drainage
ieqUIred

• Platter area available for percolation; maybe
oHset my smaller cover area

5.0 SITE MONITORING AND MAINTENANCE RBQlJIREMENTS

Post-closute monitoring and mainterumce requirements are anticipated for- a minimum of 5
years following conslrudion. Table 11 includes a summary of antI.dpaled posklosure
monitoring and~ components: .
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Tabla 11 SUIIIlDaIY of Post-aoeure MonilodDJ lIIUl MaJntnance Jteqa1iemala.
Project I'reqaeacy MollilOr Reqainment -OA:M Requiralentl

Component

Stream Annual 0 In.slrealn habitat _ment_ 0 NA
Rehabilitation Jilspection 0 Channel banks for 0 l!ro8ion repair, channel dearing

eralloI\/repalr 0 Oeadn& ofclebm.. Mdlment
0 Culvert Inspection
0 0IanneI migration

WlISte Annual Broslonlcover condition Erosion repair, minor fil1, raeeding
Containment 1NpeCtion asnea!lllllrY

Semi-Annual • Run-<IIl control syste~ - _ . • Oardebris, repair riprap
lNpectIon- .. debris. eradon ,. function • ,NA

• SUrvey IDlIrklin to asee.
settlement

Surface&: Quarterly SImple &: analyses to assess NA unless succesaive samples over
Ground Water effectiveness ofclosme a year show sublItsnlive residual

- . cxmtaml/:Iants
Landfill Gas Monthly Sample air at passive gas vents • IfIandfiI1 gu exceeds LIIL.

,. analyze for methane additlol\almeuUJell may be
requ1Ied

• -If no metharle is detected over a
year. V_ CIIll be

_- decoDlllllssimed

Percolation Monthly for • Assesa percolation flow rates NA
SYSleln 6r8t 2 years. from contairm:ll!nt

then~y • Sample Outlet to asselS
requlfements for treatment

Site Semi-aIlllual Reclaimed slopes and graded Erosion repair. minor fill, reseeding
Rehabilitation 1nIpection areas for etosIon and for degX-ee as necelllsary

ofvegeialive cover provided .

Quarterly Photo-monltoring from se1ected NA
locations to _ recovery over
time

Monthly Verily~ty of site llCXU1I Ifevidence of i11ep1 dumping, step
control that no further up education and enfotcdllent
unauthorized dlsposal occurs at . effortI; hnptlm! aa:esI control
the site

NA ':' not applicable

2/24103



c-
RIDOLFI Inc. c Mabh Tribe of indians

DRAFT Warmhouse Beach Dump Cloaun Plan
February 211113 Pap 28. .

-.

Bjorn,. T. and D. ReiBer. 1991. HabitatRequirements of Salmonids inStreams. 1nfI_of
Forest and Rangeland Man,ageDlent on Salmonid Fishes and Their Habitats. Amer. Fish. Soc.
Spedal Publication 19:519-55'. Chapter 4. --

Brown &: Caldwell im. Draft Malcah Indian Reaervation Landfill Closure A ssessment.
Prepared for the Ma1cah Tribe of Indians, D el1am County,By Brown &: Caldwell.

Clallam County. 2000. Critical Areas Map, DaUam County, Wuhington. Dept of Community
Development. September 14. Available: <http://wWw.cla11am.net/Map~/>.

Clallam County. 2001. Wetland Function Map, D-118m County, Washington. Dept. of
CommWlity Development February 9. Available: <http://www.clalliim.net/Maps/>.

Dwyer, D. 1998. n Alternate Landfill COVeJII Pus the Test" In: Cillil Engin«ring. September.

Federal Highway Administration (FHWA). 1999. Handbc;lok of Roadside Native P1al:lts.

Freeze, R.A. and JA Cherry. 1979. Groundwater. Prentice Hall, Inc. Jlng1ewood Cliffs, NJ·

PrinneU-Hanralwl, K. 1999. "Community Mitigation SI=ess: NOAA Weather Radio Coverage
for the Entire Washington Coast." In TsuIn}O Alm, a publication by the Washington
Department of Natural Resources, on behalfof the Federal Emergency Management Agency
NatiOna1 Tsunami Hazard Mitigation Program, v. 1, No. 5; t.:hY·

Goldman, S.J., 1<. JaclclIon, and T.D. Bursztynsley. 1986. Erosion'" Sediment Control:
Handbook. McGraw-Hill. New York. '.

Haag, J.e. 1993. Se1edion and acquisition of WoodY Plant Spedes and Materials for Riparian
Corridom and Shorelines. Riparian Wetlands Project Information Series No.2 USDA-Natural
Resources Conservation Service. April.

Indian HealtIJ. Servke(IHS). 1995. First Annual Report of the Indian Lands Open Dump Clean
Up. U.s. Department of Health and Human Services and Indian Health Service (USDHHS and
IHS).

Koerner, R.M. 1994. Designing With Geosynthet!.cs. ·Third Edition. Prentice-HalL Inc.
Englewood Qiffs, New Jersey.

Koerner, R.M. and D.E. Daniel. 1997. Final Covers for Solid Waste Landfills and Abandoned
Dumps. American Society of Civil Engineers (ASCll) Press, Reston, Virginia.

Lambe, T.W. 1951. Soil Testing for Engineers. Massachusetts Institute of Technology. John
Wiley &: Sons, NY. New York. p 31.



o
IUDOLFlInc.

.~ .
c Makah Tribe of Indillris

DRAFT Warmhouse Beach Dumpe-Plan
FebtuaIy 2003 P.29

L~Mn,R...1~..DraftCallCl'diaMegathrustEarlhquakeslnPacifiC.NorthwestIndianMyths_ ....
and Legends. University of Washington, Department of Earth and Spac:e Sciences,under USGS
Grant # 1434-HQ-97.Q3166. Available: <http://www.geophys.WllShington,edu/SEJS/PNSN/
HIST-CAt/STORlES/draftl.html>. PecemlJer29.

Maynard, S.T. 1988. Stable rip rap size for open-ehannel flows. u.s. Army Corps of Engineers.
Waterways Experiment Station. Technical Report HL-88-4. .

McBean. EA, FA Rovers, and G.}. Fuquhar. 1995..Solid Wute Landfill Engineering and
Design. PMltic:e Hall, PTR, Englewood CIif&, New Jersey.

McCoY, R. 2001.· BiolOgical Assessment- Ii.u:lustria1 Development on the Makah Reservation.
Prepared for the Makah Nation, by Makah Porestry, in the Deputment of Natural Resources.
May31. . .

Northw~ Indian Fisheries COmmiasiOlL 1~ AmbientCondiIiDns Monitoring Manual
NWJFC. June. .

Paulson. T. 2002. "Tale of a whale in the river and the tide that never left Ancient stories may
teU of quakes, tsU!l8lnis." In: Stank Post-Intelligenar. June 19,2002.

PencDeton. S. 2002. Personal Communication With Susan Alvarez, COJ'ICll!D\lng Il!ISOIUCl!& of
Wannhouse Beach. Manager, M8lcah Environmentil1 Department. .October 12.

Pojar, J. and A. MacI<inn0lL i994. Plants of the Padfic Northwest Coast, Washingtori..Oregon..
British Columbia & Alaska. British Columbia Forest Service; .Lone Pine Publishing, Vancouver, .
Be,Canada. . .

Riclulrdson, G.N. 1997. Design of Waste Containment I,.iner and Final ClOllUl'e Systems. ASCI!
Sponsored Short Course. February 27-28.1997. Portland,Oregon.

Richardson, G.N., E. Kavazanjian, and N. Matasovic. (In print). RCRA Subtitle D (258) Seismic
Design Guidance for MunidpalSolid Waste Lanclflll Facilities. U.s. Environmental ProliectkJa
Agency, Waste Minimization, Destruction and DispoSal Resem:h Laboratory. Contract No. 68-·
<:3-0315.

Ridolfi Engineers Inc. (Ridolfi).' 20018. DRAFT Makah Strategic: Project Implementation P1an.
Prepared for the Makah Indian Tribe. January.

Ridolfi Enginee1'8IJK:. (Ridolfi). 2001b. Makah Indian Reservation Wannhouse Beach Open
Dump Hydrogeologic: Investigation. Prepared for the Makah Tribal Council. September.

Ridolfi Inc. (Ridolfi). 2002a. Makah Indian Reservation Draft SoUd Waste Management P1an.
Prepared for the Makah Indian Tribe. October'.



cRIDOLFI Inc. c MakahTribe of rndi8ns
DRAFT WanMollM Beach Dump QOIuntPlan

. February 2003 Paee30
. ..'.

Ridolfi Inc. (RidolB). 2002b. Field report conceming observations of. Wmnhouse ~c:hDump
. and Crown ZiiIlerbac:h Ptciperty~' Oi:tobei" 29.' '. ... . . .

Ridolfi Inc. (Ridolfi). 2002c.~ Indian Reservation - Solid Waste Handling Facility
Preliminary Engineering Report. Prepared for the Malcah IndianTribe.~ber.

Ridolfi Inc. (Ridolfi). 2002d. Makah Indian Reservation - Solid Wasil! liandling Facllity
Environmental Report. Prepared for the Makah Indian Tribe. December.

Ridolfi Inc. (Ridolfi). 2OO2e. Unpublished data: results from USEPA HELP Model runs.
October 2002. .

Ridolfi. Inc. (RidolB). :zoo3. Unpublished data from Warmholllle Beach Dump Monitor Wells.
February.

Schroeder, P.R., TS. Dozier, P.A. Zappi. BM. McEnroe, J.W. Sjostrom. and R.L. Peyton
(Schroeder et al.). 1994. The Hydrologic Evaluation of Landfill Performance (HELP) ModeL
Bnginl!erinR Documentation for Version3, EPA/600/R-94/168b, US, EnvironJnei\tal Protectibn
Agency RiBl: Reduction Engineering Laboratory, Cincinnati, Ohio. September.

Science Applicatiorla In1lemational Corporation (SAlC). 1993. Landfill Cosure Plan for the
Makah Reservation. Prepared for the United Stales Environmental Protection Agency, Region
10, under Contract No. 68-W9-0008. August.. .. .

Soil Conservation Service (SCS).I972. National Engineering HandbooIc 4, (NEH-4) Hydrology.
United State8 DepartmentofAgriculture, SoiJa Conservation Service (now Natkmal Reecnm::e
Conservation Service).

U.s Geologic Station (USGS). 2003. Native American Legends of.TSIIlWIli$ in the Padiic
Northwesl Available at: <http://wa1rus.wr.usgs.gov/fsunami/NaIegends.htmJ>.

U.s. ArmyColps ofEngineers (USACll). 1985. HEC-l Flood Hydrograph Package: User's
Manual U.S. Army Corps oflIDgineers, Hydrologic1!ngineering Center. January. .

.U.S. Department of Agriculture (USDA); 1998. Preliminary EngineeringReports for Water and
Waste Projects. Rural Development, Rural Utilities Service. RUS Bul1etUt 1780-4, Version 1.0.
December. .

U.S. Department of Commerce (USDC). 1963. TechnIcal Paper 46: Probable Maxilnum .
Precipitation and Rainfall Frequency Data. United States Department.of Commerce. U.s.
Weather Bureau. January. .

U.S. Department ofEnergy (USDOE). 1981. Landfill Methane Uti,lizatimTechnology
Workbook. . . .

. 2IM/GJ



Ci,
AIDOLPllnc.

.,.
•

c MabhTrIbe ofIndiana
ORAPT Warmhoule Beach Dump ClosuIePlan

February 2llO3 Page 31

u.s. Department at:~~!u.!4H~ Slmces andIndianHea1th semce (USOHHSIUUf IHS);'
.. 1995. Fu-st Armii4l Report of the 'Indian Lands Open Dump Clean Up: .

U.s. Envirotunental Protection Agp:ncy (USEPA). 1993. Region 10 In-Stream Biological
Monitoring Handbook for Wadable Streams In the Pacifk Northwest. EPA 910/9·92~13. July.

U.S. Bnvirotunental Protection Agency (USEPA). 19954. GUidelines for Cleanup and .
Remediation of Open Dumps and Other Contaminated Sites.

U.S. Envirorullental ProtectiOnAgency (USEPA). 1995b. Dedsion-Maker'li Guide to SOlid
Waatl! Management, Second Edition. Offic:e of Solid. Waste IUUf Emergellcy Responee (OSW1!R).
EPAS30-R-95-023. August. ,

U.S. Environmental Protection Agtmt::y (USEPA). 1995c. PresuinptiveRemedies: CBRCLA
Landfill Caps RlfFS PJ:esumptive Remedy'Data Collection Guide-Offic:e of Solid Waste and

. Emergency Response. U.s. BnvironmentalProtedion Agency. EPA/S40fF-9S/009. August.

U.s. Envilonmental Protection Agency (USEPA). 1997. The Hydrologic Evaluation of Lai'ldfill
Perfonnance (HELP) Model, Version 3.5.

U.s. Environmental Protection Agtmt::y (USEPA). 1999. A coUecition of Solid Waste Resoun:es,
F.n 1999 Bdition. Offioe of Solid Waste llIId Bmergency Response (OSWER). EPA530-C99-002
(eD-ROM). November.

U.S.Fo~Servioe (USPS). 1996. N.tive Phmt Guide, A Guide to the Selection of N.Uve Plantse
USDA Porest Servioe, Region 1.

U.S. GeoJo8ical Survey (USGS). 2001. Eutilquakes HuardBPrOgram, N.tional Seismic HUard
MllppfngProject.. . .

United States Department of Agriculture (USDA); N.tural Reaoutces Ccmservation Agency
(NRCS). 2001. The PLANTS Database, VersiOn 3.1. ht!;p:/Iplanta.uss'a lOY N.tlOMl Plant
Data Center, Baton Rouge, Louisiarul. .

University of WlIShington (UW). 2003. Tsunami: mlnteraetlve on-llne tsunami infonnation .
. resource hosted by the Geophysics Department of University of Washingtoit. Available: .

<http://www.geophys.wasliington.edu/tsl1lWl\i>. ..

WllShingtonJ)epartment of Ecology (WADOB). 2001.. Managing Wallhington's Coast:
Washington's Coastal Zone Management Prognun. Publication QO-06-(J29. February.

Washington Department of Ecology (WADdE). 2OO1c. Washington State Coastal Zone
Management Program, Sectlon 309 Assessment and Strategy, 2001 Final Report. -Publication 01
06-003. Shoreland and Environmental Assistance Program, Washington Department of
Ecology.



cRIDOLJl'llnc. Makah Tribe of Indiana
. DRAFI' Warm!louse s-:hDump CIoeure Plan

February 2003 Pas132 .. .

.,

Western Regional Climate Center (WRcq. 2OQ2. Period ofRecord Monthly OiJnate Summary
for Neah Bay WA (Station No 4558801), Period ofRecord. from 6/111948 to 4/3lJ/19trl, and

. Tatoosh Island WA (Station No. 458332), Period ofRi!c:ord from 3/1/1931 to 7/31/1966. Data
available: <http://www.wrcc.dri.edu/>..

White Shield EnViromnental (White Shield). 1995. Waste Dellneation and Characterization,
Mabh Landfill, Neah Bay, Washington. December. .

Winterhalder, K. l~. The Trigger Factor Approach to the Initiation of Natural Regeneration
of Plant Communities On. Industrially Damaged lands at Sudbury Ontario. Proceedings of the
Firn Annual Society of Ecqlogical RestorationC~.



o
RIDOLl'Ilno.

;. .

FIGURES

Makah Tribe of Indians
DRAFI'WarDlhouse BelICh Dump Clcs_·Plan

Pebruary 2llO3

'/24""



,,' .
. _....""

c

~·H. .
: t. • • .

"'--'I·~.'·······- ..

i
! J

i
•

I •



c

i

t
a

t I j
If! .. _

qi( Id I
J 11.1 I J I _
Iu III •
o 0 • .-J~,u .J.

~ ...... . .... .

'1

i

• •



.,
:l
c:
~
5
0
o
(,)

and
layer.

18" I!!
~
N
l

Erosion Mat (side
slope only)

GroWth Media __

Geotextile ---......... / / {' {' /. / £ /. / .

Grovel dr~inage I~er~ U· U U C\ u .6-
Geosynthetlc clay hner . C\ O. . ==.

e.m.e mild _ -~.
(Cushion ·and gas . ~ .:..... <:I . . .. . .6- on slopes, gos
'oll<cl'oll '0"") ~.-:. I........, _II

Mixed woste .. . <1' . 4 .Vanes .. . ... . . .. .q ~ I

Lower bounds of wl1ste not
known

~

Coyer SeQuence· •
·Scole 1" = 2'

•
,

• 1l1OU11nc. Mokah Tribal· Council
Warmhouse Beach DtJmp Closure Plan .

FIIllIrt 3

TypiclII Cover Cross-Section

r

------_.....



_.-

t""'"

o

I
. I

I

I

..." -- . - ..



-. .,
-..

• ,
.~ fg

u

..
8
III

'5
u·

=e
<D'
>~
"0 H
C'
0'"

, .

". ' .....:

-. ,
.....: !

'("" .J:'" '.

"'-1

loll.



!
J
!
1

Ii!

~ c . 0

'I
!
I,

I-_~__.L- ....L,......_:,-,-_-::-~.I... . _.__....

I
I•r
I
]

I



......- I

:

r'· •

~-
~

..
;t
II Ii

.~ ...- -..--'

..
~

~ .

1-10·

.L:. _, _._

-1

~- -:

~~~~
~ .... '" -.::'T::"'-,

~ ...- ...-

.i
!

I

•
,

o

c;
';,i..... ".

.,
Horizontal and Vertical Scale

1·~50· .

RIDOLFI Inc.
Makah Tribal Council

Warmhouse Beach Dump Closure Plan

Figure 7

T)lllcal Cross-SectIon for Ait Co_ Concept 2
The Ravino Option .



~~
•
l!:

It Ii'
:

. tit,

t!:

f
:::-'"-..,::. (l)p) . __.-.

,...,...._.--
.---:~." .... ::-,/..... ~~ '. :1B"'/

'. . /.... ::: .. ' , '.........,,~ eor.. idlocl
'....... .' 22'/+ _

.. ~"""".- " J' "'. '.~..... ·iiIiIi" . ,,. ~ . .: .. '
/ .

.... ~-. .
.....;"....,....,::

t/
,_.....-

J
I

o

u

Horizontal one:!' Vertical Scale
1·",50'

or,

..
- RIDOLFI Inc.

Makah Tribal Council

Wormhouse Beach Dump Closure Plan

figure 7

T)plcal' Cron-Sec:tioll for All Co..... Concept 2
The Ravine Option

.-



c
1Il\. A·

•...
1 1 0. ~

•


	barcode: *632845*
	barcodetext: 632845


