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GLOSSARY OF MUNITIONS TERMS 

Department of Defense Explosive Safety Board (DDESB):  The DDESB mission is to provide 

objective advice to the Secretary of Defense and Service Secretaries on matters concerning 

explosives safety and to prevent hazardous conditions to life and property on and off Department of 

Defense installations from the explosives and environmental effects of DoD titled munitions. 

 

Discarded Military Munitions (DMM):  Military munitions that have been abandoned without proper 

disposal or removed from storage in a military magazine or other storage are for the purpose of disposal.  

The term does not include unexploded ordnance, military munitions that area being held for future use of 

planned disposal, or military munitions that have been properly disposed of consistent with applicable 

environmental laws and regulations. (10 U.S.C. 2710(e)(2)) 

 

Explosive Hazard:  A condition where danger exists because explosives are present that may react 

(e.g., detonate, deflagrate) in a mishap with potential unacceptable effects (e.g., death, injury, damage) to 

people, property, operational capability, or the environment. 

 

Explosive Ordnance Disposal (EOD):  The detection, identification, field evaluation, rendering-safe, 

recovery, and final disposal of unexploded explosive ordnance.  It may also include the rendering-safe and/or 

disposal of explosive ordnance (EO) that has become hazardous by damage or deterioration, when 

disposal of such EO requires techniques, procedures, or equipment that exceeds the normal 

requirements for routine disposal. (Naval Operations Instruction 8027.1G, 14 February 1992)  

 

Munitions Constituents (MC):  Any material originating from unexploded ordnance, discarded military 

munitions, or other military munitions, including explosive and nonexplosive materials, and emission, 

degradation, or breakdown elements of such ordnance or munitions. (10 U.S.C. 2710 (e)(4)) 

 

Material Documented as Safe (MDAS):  MPPEH that has been assessed and documented as not 

presenting an explosive hazard and for which the chain of custody has been established and maintained.  

This material is no longer considered to be MPPEH. 

 

Material Documented as an Explosive Hazard (MDEH):  (Formerly referred to as material documented 

as hazardous, or MDAH.) MPPEH that cannot be documented as MDAS, that has been assessed and 

documented as to the maximum explosive hazards the material is known or suspected to present, and for 

which the chain of custody has been established and maintained. This material is no longer considered to 

be MPPEH. 
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Military Munitions:  Military munitions means all ammunition products and components produced for or 

used by the armed forces for national defense and security, including ammunition products or components 

under the control of the Department of Defense, the Coast Guard, the Department of Energy, and the 

National Guard.  The term includes confined gaseous, liquid, and solid propellants, explosives, 

pyrotechnics, chemical and riot control agents, smokes, and incendiaries, including bulk explosives, and 

chemical warfare agents, chemical munitions, rockets, guided and ballistic missiles, bombs, warheads, 

mortar rounds, artillery ammunition, small arms ammunition, grenades, mines, torpedoes, depth charges, 

cluster munitions and dispensers, demolition charges, and devices and components thereof.  The term does 

not include wholly inert items, improvised explosives devices, and nuclear weapons, nuclear devices, and 

nuclear components, other than non-nuclear components of nuclear devices that are managed under the 

nuclear weapons program of the Department of Energy after all required sanitization operations under the 

Atomic Energy Act of 1954 (42 U.S.C. 2011 et seq.) have been completed. (10 U.S.C. 101 (e)(4))   

 

Munitions and Explosives of Concern (MEC):   This term, which distinguishes specific categories of 

military munitions that may pose unique explosives safety risks, means unexploded ordnance, DMM, or 

MC (e.g., trinitrotoluene, hexogen) present in high enough concentrations to pose an explosive hazard.  

(Office of the Under Secretary of Defense for Acquisition, Technology, and Logistics, 18 December 2003)  

 

Material Potentially Presenting an Explosive Hazard (MPPEH):  Military munitions, to include their 

components; munitions packaging material; residues from the research, development, testing and evaluation, 

production, use (to include range residues), operational and quality testing, or demilitarization of munitions; 

or any other materials, equipment, or facilities potentially contaminated with explosives.   Both end 

items and residues derived from processing end-items within the United Nations Organization Hazard 

class.  Munitions related items, pieces, models, training aids, etc. that are suspected, but not confirmed, 

to be wholly inert. (DoD 4715.13, 01 February 2002)  

 

It is material owned or controlled by the Department of Defense that, prior to determination of its 

explosives safety status, potentially contains explosives or munitions (e.g., munitions containers and 

packaging material; munitions debris remaining after munitions use, demilitarization, or disposal; and 

range-related debris) or potentially contains a high enough concentration of explosives that the material 

presents an explosive hazard (e.g., equipment, drainage systems, holding tanks, piping, or ventilation 

ducts that were associated with munitions production, demilitarization, or disposal operations).  Excluded 

from MPPEH are munitions within the DoD-established munitions management system and other items 

that may present explosion hazards (e.g., gasoline cans and compressed gas cylinders) that are not 

munitions and are not intended for use as munitions. 
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Range:  A designated land or water area set aside, managed, and used for range activities of the DoD.  

Ranges include firing lines and positions, maneuver areas, firing lanes, test pads, detonation pads, impact 

areas, electronic scoring sites, buffer zones with restricted access and exclusionary areas, and airspace 

areas designated for military use in accordance with regulations and procedures prescribed by the 

Administrator of the Federal Aviation Administration.  (10 U.S.C. 101(e)(3))  

 

Unexploded Ordnance (UXO):  Military munitions that have been primed, fused, armed, or otherwise 

prepared for action; have been fired, dropped, launched, projected, or placed in such a manner as to 

constitute a hazard to operations, installations, personnel, or material; and remain unexploded either by 

malfunction, design, or any other cause.  (10 U.S.C. 101(e)(5))  
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1.0  INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF REPORT 

1.1.1 

This Feasibility Study (FS) Report for the Lake Hancock Target Range (LHTR) at the Naval Air Station 

(NAS) Whidbey Island, Washington, was prepared for Navy Facilities Engineering Command (NAVFAC) 

Northwest by Tetra Tech NUS, Inc. (Tetra Tech) under Contract Task Order (CTO) KR02 of the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number N62470-08-D-

1001.  The document was prepared to fulfill the requirements of the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) and is consistent with United States 

Environmental Protection Agency (USEPA) Guidance for Conducting Remedial Investigations and 

Feasibility Studies Under CERCLA (1988), the Navy Environmental Restoration Program (NERP) Manual 

(Navy, 2006), and the Washington State Model Toxics Control Act (MTCA).  This FS Report describes the 

formulation and evaluation of remedial alternatives to determine whether and how to remove potential 

munitions and explosives of concern (MEC)/material potentially containing and explosive hazard 

(MPPEH) and munitions debris from the former LHTR.  The FS establishes Remedial Action Objectives 

(RAOs) and cleanup goals; screens remedial technologies; and assembles, evaluates, and compares 

remedial alternatives.  The FS is based on data collected during the Site Hazard Assessment of the Lake 

Hancock Target Bombing Range [URS Greiner, Inc. (URSG), 1998], the Final Preliminary Assessment of 

NAS Whidbey Island (Malcolm Pirnie, 2007), the Site Investigation of the Lake Hancock Munitions 

Response Site (Tetra Tech EC, 2010), and also the Archaeological Trip Report (URS Consultants, 1996), 

Ecological Survey Report (URS Consultants, 1996) and the Final Report for the Aerial and Ground Based 

Geophysical Survey conducted at the Former Lake Hancock Target Area (EOD Technology, 1996) along 

with the guidance documents Munitions Response Remedial Investigation/Feasibility Study Guidance 

(United States Army, 2009) and Guidance for Conducting Remedial Investigations and Feasibility Studies 

under CERCLA (USEPA, 1998). 

Purpose 

 

The purpose of the FS process is to gather and evaluate information sufficient to select an appropriate 

remedy for a site based on an informed risk management decision-making process.  Within an FS report, 

the results of previous investigations are used to develop and evaluate potential remedial alternatives that 

will reduce risks to human health and the environment that have been identified at the site.  The 

alternatives should provide cost-effective methods to mitigate the identified risks, and the range of 

alternatives should be adequate so that decisions can be made regarding the selected response action. 
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Subsequent to the FS, the Navy presents the preferred remedial alternative(s) in a Proposed Plan.  

Following a 30-day public comment period, the Navy selects the remedial alternative(s) and seeks the 

concurrence of Washington State Department of Ecology (Ecology).  The final remedial alternative(s) are 

presented in a Record of Decision (ROD). 

 

1.1.2 

This FS Report has been organized with the intent of meeting the general requirements specified in the 

Remedial Investigation (RI)/FS Guidance Document (USEPA, 1988) and MTCA.  This report contains the 

following five sections: 

Document Organization 

 

• Section 1.0, Introduction, summarizes the purpose of the report, provides site background 

information, summarizes the findings of the previous investigations, and provides the report outline.   

 

• Section 2.0, Remedial Action Objectives and General Response Actions, presents the RAOs, 

identifies Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered 

(TBC) criteria, and develops General Response Actions (GRAs). 

 

• Section 3.0, Screening of Remediation Technologies and Process Options, provides a two-tiered 

screening of potentially applicable remediation technologies, and identifies the technologies that were 

assembled into remedial alternatives.   

 

• Section 4.0, Assembly and Detailed Analysis of Remedial Alternatives, assembles the remedial 

technologies retained from the Section 3.0 screening process into multiple remedial alternatives, 

describes these alternatives, and performs a detailed analysis of these alternatives in accordance 

with seven of the nine CERCLA criteria.  

 

• Section 5.0, Comparative Analysis of Remedial Alternatives, compares the remedial alternatives to 

one another on a criterion-by-criterion basis, for each of the seven CERCLA analysis criteria used in 

Section 4. 

 

Sustainability evaluations were performed for each remedial alternative and are provided in Appendix A.  

Appendix B contains the cost estimates for each alternative.   
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1.2 SITE BACKGROUND 

The following paragraphs provide background information about NAS Whidbey Island and LHTR.  

Figure 1-1 provides the general location map and shows general features of the NAS Whidbey Island, 

and Figure 1-2 shows the main site features at LHTR.   

 

1.2.1 

NAS Whidbey Island is located on the north central part of Whidbey Island adjacent to the town of Oak 

Harbor, Washington (see Figure 1-1). It is located about 30 miles north of Seattle, and lies between 

Olympic Peninsula and the Interstate-5 corridor of western Washington.  The island forms the northern 

boundary of Puget Sound.   

Description and History of NAS Whidbey Island 

 

The NAS was commissioned on September 21, 1942, originally as a base for seaplane patrol operations, 

rocket firing training, torpedo overhaul, and both recruit and petty officer training.  NAS Whidbey Island is 

divided into four distinct parcels:  1) the main airfield or Ault Field, 2) Seaplane Base located at Crescent 

Harbor, 3) Lake Hancock Target Range, and 4) Outlying Field Coupeville.  The Mission of Naval Air 

Station Whidbey Island is to provide the highest quality facilities, services and products to the Naval 

Aviation Community, and all organizations utilizing the NAS on Whidbey Island.  

 

1.2.2 

The Lake Hancock Target Range occupies roughly 423 acres approximately 20 miles south of Ault field 

and 1 mile north of Greenbank, Washington.  The site includes a saltwater lagoon (Lake Hancock) 

surrounded by a salt marsh. To the east, the site is bordered by a horseshoe-shaped ridge.  A 50-foot-

wide channel connects Lake Hancock to Admiralty Inlet, which creates a tidal influence to Lake Hancock.  

The range was formerly used as a commercial cranberry bog and fish trap by the Native American Coast 

Salish Tribe during the early 1900s.  In the early 1900s, the entire area surrounding the lake was largely 

isolated from Admiralty Inlet and contained freshwater wetlands.  However, the area now exists as a 

saltwater marsh, as a result of a large storm in 1914 that breached the land along the beach.  Lake 

Hancock is an exceptionally large and diverse coastal lagoon system that includes salt marsh, brackish 

marsh, freshwater marsh, and bog forest.  These communities have been recognized by the Nature 

Conservancy and the Washington Department of Natural Resources (WDNR) as unique and valuable 

natural resources as identified under the Natural Heritage Program. 

Description and History of the Lake Hancock Target Range 

 

The site was obtained by the Department of Defense (DoD) circa 1943.  LHTR was used for aerial 

bombing training between 1943 and 1971, and a portion of the site is currently used to monitor training in 

Admiralty Bay and other Navy and Marine training exercises that do not include military ordnance.  During 
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World War II, practice bombs used in training altered the marsh surface.  The large number of salt pans 

(small, shallow ponds of saline water without emergent vegetation) may be the result of the impact of the 

munitions.  The range was damaged by fire in 1951 and remained inactive until 1953, after which time it 

was re-activated.  It was reportedly heavily used in 1957. 

 

Munitions utilized at this range included practice bombs and rockets equipped with spotting charges or 

filled with sand to aid in strike determinations.  Aircraft would approach the site from the east, make a 

steep diving approach over the target area, release the practice bombs, and exit the area westward over 

Admiralty Inlet.  The original range included a triangular shaped yellow target with a white bull’s-eye, a 

radar screen, two range and deflection observation shacks, a scoring house (for determining the aircraft 

range and dive angle), and an observation post with a radio transmitter and receiver.  A scoring building 

was constructed near the beach in the northwest corner of the property.  A microwave tower and building 

were also constructed on the north end of the property approximately 1,500 feet inland and approximately 

200 feet east of the scoring station.  

 

The LHTR was listed as closed in 2002; the site is no longer used for aerial bombing target practice.  This 

area is still underneath restricted air space, and a portion of the site is currently being used by the military 

to monitor training in Admiralty Bay and for other military training exercises.  The Navy uses the area just 

off shore of LHTR which is known as operating area Navy 7.  However, when this operating area is not 

activated, access to the public from the water is not restricted.  The LHTR is currently fenced on the north, 

east, and south sides with locked gates, but is accessible from the beach.  Access to the beach and lake 

by the general public is restricted by the Navy; however, there are no physical barriers to prevent access 

to the beach or lake.  Future land use is consistent with current land use (military installation).  No future 

residential uses are planned for this site. 

 

Lake Hancock is not listed on the National Priorities List (NPL).  The Navy is the lead agency for this site 

and Ecology has regulatory oversight of LHTR. 

 

1.2.3 

Previous Removal Actions 

Site Investigations 

In 1972 and 1973, three separate surface clearances were conducted by military personnel to support 

potential land transfer options.  The first clearance, between October 2 and November 3, 1972, was 

conducted on debris located primarily near the target area.  Divers also cleared the intertidal area from 

the beach to 50 yards out into Admiralty Inlet.  A large number of rocket motors were found in the waters 

off the beach.  Divers also searched the lagoon and determined its depth to be about 2 feet.  No 

ordnance was found within the lagoon due to the muddy lake bottom.  Approximately 14 tons of munitions 
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debris (consisting of bombs, rockets, and smoke/pyrotechnic devices) were removed during this 

clearance.  All recovered munitions debris was declared inert.  The second search was conducted during 

the first 2 weeks of May 1973, and the third was conducted in August 1973.  The third search was 

hindered by the presence of scrap metals, and only three inert rocket motors were found and removed 

from the site.  During these three clearances, more than 15 tons of ordnance-related scrap (ORS) was 

removed from the site.  During the three surface clearances, the following ordnance items were found and 

identified: 

 

• MK 23, 43, 76 and 89 practice bombs. 

• 2.25-inch sub-caliber rockets (SCARs). 

• 5-inch high velocity air rockets (HVARs). 

• 100-, 250-, and 500-pound water sand filled bombs. 

• MK 6, 25, and 58 smoke bombs. 

 

Approximately 97 percent of all munitions recovered at Lake Hancock during the 1970s were 2.25-inch 

SCARs for aircraft.  In addition to the three clearances referenced above, a fourth clearance was 

conducted at Lake Hancock on an unknown date.  The occurrence of the clearance was documented in a 

February 1982 memorandum from the Executive Officer of NAS Whidbey.  The document stated that 

several undetonated 25-pound bombs containing spotting charges had been recovered from the site.   

 

There are no records indicating the use of full-up live ordnance at the LHTR site, and previous site 

investigations and searches did not reveal any evidence of live ordnance.  However, it is still possible that 

ordnance capable of causing harm to human and ecological receptors, (e.g., unexpended rocket motors 

and cartridges) depending upon the type of spotting charge, could be encountered.  

 

Archaeological Trip Report, Lake Hancock Target Range (URS Consultants, 1996) 

In May, 1996, an archaeological reconnaissance survey of LHTR was conducted, to relocate known 

archaeological sites to determine whether sediment sampling activities (planned as part of the Site 

Hazard Assessment investigation at Lake Hancock) might adversely impact cultural resources on the 

property.  Four known archaeological sites, presumed eligible for listing on the National Register of 

Historic Places, were located and visual inspections of these sites were made in order to compare 

descriptions given on Washington Archaeological Site Inventory forms to their condition during this 

survey.  The survey concluded that as long as sampling personnel were restricted from the locations of 

the known archaeological sites and archaeologically sensitive areas, it was highly unlikely that the limited 

samples planned would impact cultural resources located at LHTR.  The survey further recommended 

that in the event of a major excavation, that an archaeologically trained person be present to determine 

whether subsurface cultural materials were encountered during excavation. 
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Ecological Survey Report, Lake Hancock (URS Consultants, 1996) 

This survey was conducted to provide information on site conditions during work plan design for the Site 

Hazard Assessment investigation at Lake Hancock, and the subsequent report provided a qualitative 

discussion of the potential effects of remedial alternatives on the habitats present at Lake Hancock.  The 

results of the survey led to the conclusion that the planned sampling for the Site Hazard Investigation 

would pose minimal impacts to Lake Hancock; therefore, no mitigation measures were recommended. 

 

This report further stated that the results of the Site Hazard Assessment might indicate the need for 

remedial actions centered around the aerial bombing target in the southwest corner of the site.  Almost all 

active sediment remediation activities in this area of the site were determined to be impractical and would 

likely cause excessive ecological damage, because they  would require heavy equipment operation 

(e.g., backhoes, trucks, and front-end loaders) in an area where the substrate is a loose sediment down 

to at least 3 feet.  Furthermore, the report stated that any active remedial activities would temporarily 

destroy the existing salt marsh and could negatively impact adjacent areas through mass movement of 

sediment.  Therefore, active remedial action was not recommended for most of the saltmarsh area. 

 

Final Report for the Aerial and Ground Based Geophysical Surveys (EOD Technology, Inc., 1996) 

EOD Technology (EODT) conducted aerial and ground-based geophysical surveys using magnetometry 

and electromagnetics to detect surface and subsurface ferrous objects within the former target area at 

LHTR.  The aerial survey and ground verification surveys positively identified surface and subsurface 

metallic debris and anomalies of various origins, such as: steel plates, braided steel wire rope, railroad 

spikes embedded in large timber, and an expended 2.25 inch rocket motor (visually identified).  Several 

anomalies were identified as strong signals that had the potential for being unexploded ordnance (UXO) 

and/or inert ORS.  EODT also identified lower signal intensity anomalies that were to be treated as 

possible UXO/ORS.  

 

Site Hazard Assessment, Lake Hancock Target Bombing Range (URSG, 1998) 

URS Greiner conducted a multi-phase Site Hazard Assessment (SHA) at LHTR (URSG, 1998).  The 

Preliminary Phase investigation (discussed above) involved ecological, archaeological, and geophysical 

screening surveys.  Because of the ecological resources at the site, the Preliminary Phase geophysical 

surveys were conducted by air, with ground-based confirmation to identify any target range metallic 

debris which still remained after the removal sweeps of the 1970s and 1980s.  The Initial Phase 

investigation of the SHA was performed to assess potentially elevated chemical levels near the target 

zone.  Phase I was performed to sample sediment and surface water near identified geophysical 
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anomalies.  Phase II activities involved removing rusted steel plates and visibly contaminated sediments 

from the site.  X-ray fluorescence (XRF) screening measurements for metals, and confirmational sampling 

were also conducted to assess the effectiveness of the removal process.   

 

The results of Phase I of the SHA are as follows:  

 

• No significant release or threatened release of a hazardous substance had occurred.  The SHA 

confirmed the presence of organics and inorganics in sediment and surface water at low 

concentrations; they were of limited extent and were determined not to be a threat. 

 

• Suspected hazardous substances were identified and information was provided about their extent 

and concentrations.  The SHA identified inorganics and organics in surface water and soil, and 

defined the limited extent of one hazardous substance (lead) in soil. 

 

• Site characteristics that could result in the hazardous substances entering and moving through the 

environment were identified.  The SHA characterized contaminant levels at selected locations 

throughout the site, including at the location of a former metal observation shed where exceedances 

of the Washington Sediment Management Standards (SMS) cleanup screening levels (CSLs) were 

detected.  However, water quality measurements suggested no significant partitioning of heavy 

metals to surface water. 

 

• The potential for the threat to human health and the environment was evaluated. The SHA evaluation 

identified no immediate threat to human health or the environment. 

 

• Hazard rankings using the Washington Ranking Method (WARM) and Sediment Management 

Standard Ranking Method for Sediments (SEDRANK) were calculated for the site under Washington 

Administrative Code (WAC) 173-340-330. 

 

Phase II was initiated in response to Phase I exceedances of marine sediment standards at the location 

of the former metal observation shed (see above).  Heavy metal concentrations (lead, copper, and zinc) 

in that area were found to be statistically correlated with iron concentrations in proximity to a set of rusted 

0.25-inch steel plates. The Navy removed the plates and sampled discolored soils below the plates.  

Sediment samples were field screened with a portable XRF unit to direct the extent and depth of 

sediment removal near the plates. The results of Phase II of the SHA are as follows: 
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• Fourteen rusted steel plates and four 16-gallon drums of visibly contaminated soils and rust debris 

were airlifted from the LHTR site by the NAS Whidbey Island Search and Rescue Unit.  The rusted 

plates were recycled and the drums of soil were disposed of off site. 

 

• XRF field screening samples collected during Phase II showed that iron concentrations diminished 

rapidly with increasing depth below the metal plates. 

 

• Phase II confirmation samples analyzed at an off-site laboratory showed a high correlation between 

lead, copper, zinc, and iron. Concentrations of lead, copper, zinc, and iron had been effectively 

reduced from pre-removal (Phase I) levels. 

 

• Only 1 of 14 sample analyses (including the reanalysis of 3 apparently anomalous samples) 

contained a lead result slightly above the Washington SMS CSLs.  All other heavy metal detections 

were below SMS regulatory levels. 

 

Therefore, No Further Action (NFA) was recommended for this site because all Ecology criteria for 

evaluating the success of the cleanup action at LHTR had been fulfilled.  The Navy installed perimeter 

signs to prevent unauthorized entry into the site and to further reduce potential damage to this area. 

 

Preliminary Assessment, Naval Air Station Whidbey Island, Washington (Malcolm Pirnie, Inc., 

2007) 

The Preliminary Assessment (PA) summarized the history of munitions use for the following former 

ranges at NAS Whidbey Island: Aviation Fleet Gunnery School Machine Gun Ranges, Polnell Point, the 

Lake Hancock Target Range, and the Crescent Harbor Practice Range. The PA provided an assessment 

of the current conditions with respect to MEC and munitions constituents (MC). 

 

A visual survey of the Lake Hancock Target Range was conducted in August 2006 during the PA site 

visit.  The purpose of the visual survey was to identify any MEC-related materials (e.g., rocket motors, 

warheads, rocket body, fragmentation, debris), evidence of MC (e.g., ground scarring, stressed 

vegetation, chemical residue), or surface features that could provide additional information to aid in site 

characterization.  Because of the large size of the range, the site reconnaissance covered approximately 

5 percent of the site.  However, because of the predominance of open space, approximately 50 percent of 

the site was visually observed.  The site walk concentrated on the target area and the area surrounding it 

in the southern half of the range, the beach to the west, and the southern area around Lake Hancock.  

The visual survey was conducted at low tide; under these conditions, the team observed isolated pools of 

water within the salt marsh, exposed mud flats, and a lowered lake level.  Many salt pans were observed 
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within the southern half of the range area, particularly around the former target area, and these salt pans 

may have been created from the impact of munitions in the area. 

 

The former target center consisted of approximately 1.5 acres of exposed water with emergent vegetation 

along the edges. No visual evidence of the former range structures, including the target center and 

scoring houses, was observed during the visual survey.  The presence of timbers laid out in a linear 

pattern east of the target area provided evidence of the former target structures.  Practice 2.75-inch 

rocket motors and warheads were observed during the site reconnaissance.  The highest concentration of 

motors was located near the target area.  Several rocket motors were found at a distance of 900 feet or 

more from the center of the target, in the direction of the beach. The munitions debris surrounding the 

target area was encountered within exposed water from the surface to a depth of approximately 6 to 

8 inches.  Exposed munitions debris was also observed protruding from embankments along surface 

drainages in some locations.  The condition of the items (rusted and deteriorating) and locations within 

the water prevented the team from determining whether items represented MEC or munitions debris.  

Munitions debris was also observed on the western beach of the property.  One rocket motor was found 

amidst debris collected on the beach (logs and trash washed onto the beach), and two rocket motors 

were found in the surf along the beach.  All of the munitions debris was corroded, and several pieces had 

rocks and other debris cemented to the item.  

 

Based on the historical use of the range and the observance of expended rocket components in several 

locations during the site reconnaissance, the entire Lake Hancock property was classified as suspected 

to contain MEC in the PA Report.  While the majority of remaining ordnance items are likely present within 

and surrounding the former target center, the presence of munitions debris along the western beach 

indicates that misfires likely occurred during training operations.  Such occurrences may have distributed 

munitions debris to other areas within the property.  In addition, historical documentation obtained at the 

installation indicated that there had been complaints from a landowner south of the range about bombs 

entering off-site properties. 

 

Explosive compounds were not detected in samples collected from the impact/target area where the 

majority of the residual munitions debris was located (based on observations made during the site 

reconnaissance and known range operations).  The analytical data indicated that MC contamination 

either did not remain on the range or that it was present within the limits of regulatory criteria, given the 

sporadic distribution of residual munitions debris across the remaining portions of the site. 

 

The PA determined that the potential existed for MEC to be present in surface and subsurface soil and 

sediment, based on the former use of the site as a target training range and the recovery of rocket motors 

MEC Pathway Analysis 
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and warheads from the target area and beach.  It was determined that MEC and munitions debris may be 

present in the subsurface soil and subsurface sediment of Lake Hancock up to a depth of 10 feet.  While 

the items observed during the PA site reconnaissance were all determined to be inert munitions debris, 

the potential exists for practice bombs and rockets containing unfired spotting charges to be present. 

 

Potentially complete exposure pathways were identified in the PA for all receptors that may access the 

site.  Navy personnel, contractors, and trespassers who gain access to the site may come into contact 

with MEC via handling/removing or walking overtop of the items.  Ecological (biota) receptors may come 

into contact with MEC on the surface or subsurface soil and/or sediment of Lake Hancock.  Potential 

receptors who may be exposed to MEC potentially present on the beach or in the nearshore sediments of 

Admiralty Inlet are Navy personnel, contractors, visitors and recreational users who may gain access to 

the site from Admiralty Inlet, trespassers hiking along the beach or the marsh, and ecological receptors 

foraging or nesting in the area. 

 

Sediment and surface water sampling and analysis conducted during the SHA indicated that MC were 

either not present at the site [explosives and semivolatile organic compounds (SVOCs)], or were within 

acceptable background levels for the site (metals).  Because the samples were collected from locations 

with the greatest probability of containing MC (the former target area and in areas identified by the 

geophysical survey), MC were not expected to be present at levels that could endanger human health or 

the environment.  In addition, the low concentrations that were expected to be found are unlikely to 

migrate to exposure points (domestic wells north and south of the site) at appreciable levels.  Well reports 

for domestic use wells in the area indicate water levels greater than 50 feet in depth; therefore, any MC 

left at the range are unlikely to migrate vertically to this depth, but could migrate laterally at shallow 

depths toward Admiralty Inlet.  Consequently, the PA pathway analysis for MC indicated that there are no 

complete pathways to potential receptors. 

MC Pathway Analysis 

 

Site Investigation Report of Lake Hancock Munitions Response Site (Tetra Tech, 2010) 

The Site Investigation (SI) report documents the results of MC sampling efforts conducted at the former 

LHTR.  The focus of the sampling activities was to determine whether any chemical constituents 

remained at this site at concentrations above screening levels as identified in the approved work plan.  

Several remedial actions and site sampling activities had previously been conducted at this former range 

during which one chemical constituent (lead) was identified to be above an allowable level at one 

sampling point.  Additionally, the site had never been evaluated for perchlorate, a common chemical 

constituent associated with rocket fuels.  Therefore, to address the prior lead detection and to address the 

potential for perchlorate, the SI was conducted.  The activities conducted during the SI included sampling 
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of surface and subsurface soil, sediment, and surface water to define the nature and extent of potential 

contamination at the site. 

 

Sampling results indicated that there were no detected contaminants of potential concern (COPC) with 

concentrations above their respective screening values.  Lead was detected above the method detection 

limit at several locations, but none of the detections were above the screening value of 400 milligrams per 

kilogram (mg/kg).  The maximum lead detection was 239 mg/kg.  Perchlorate was analyzed in six soil and 

surface water samples and three duplicate/triplicate samples.  Perchlorate was not detected in any 

sample. 

 

Four munitions clearances and two sampling events had been conducted at the former LHTR prior to the 

SI.  The most recent of these sampling activities prior to the SI was summarized in an August 2000 

Closure Report (URS, 2000) in which the site was recommended for NFA.  Sampling activities completed 

under the SI confirmed that no COPCs existed at the site above their respective screening values.  It was 

therefore recommended that for munitions constituents, the former LHTR be considered NFA. 

 

1.3 SUMMARY OF FINDINGS OF PREVIOUS INVESTIGATIONS 

1.3.1 

The Lake Hancock site ranges in elevation from below sea level to approximately 140 feet above mean 

sea level (msl).  The northern and eastern boundaries of the site slope gently to the southwest and west, 

respectively.  The wooded zone in the southwest corner of the range slopes to the northeast.  Bluffs 

approximately 100 feet high are present on the northern and southern beach areas.  The rest of the site is 

virtually flat, and much of it receives regular tidal flooding. 

Topography  

 

1.3.2 

There are three primary geologic units present at Lake Hancock.  These units include a till unit to the 

south, a marsh deposit unit near the lake, and a recessional-continental deposit unit to the north.  In 

addition, there are sand and gravel beach deposits west of the site on the berm separating the site from 

Admiralty Inlet. 

Geology 

 

1.3.3 

The wetland soils at the site are low permeability materials consisting of organic and alluvial peat type 

deposits.  The soils at Lake Hancock are glacial in origin, and include parent materials of glacial till, 

glacial outwash, glacial drift, and glacio-lacustrine and glacio-marine sediments.  The majority of the site, 

including the former target area, is designated as tidal marsh. The sediments within this soil type are 

Soil and Vegetation Types 
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largely medium to fine in texture.  Tidal marsh soils may be completely submerged during high tide and 

remain marsh-like at low tide.  The western extent of the site bordering on Admiralty Inlet consists of 

coastal beach soils.  This soil type is predominantly gravelly with some sand, and is covered with 

driftwood and other debris deposited by storms. 

 

The northern and southern portions of the site are classified as Hoypus gravelly loamy sand, with slopes 

between 5 and 15 percent.  Drainage of these soils is considered excessive; internal drainage is very 

rapid, and the water-holding capacity is low.  These soils support the Douglas fir, hemlock, spruce, and 

cedar vegetation communities.  A portion of this soil type in the northeastern portion of the site contains 

slopes between 15 and 30 percent.  The southeast corner of the site consists of Whidbey gravelly sandy 

loam, which exhibits good natural drainage.  Surface runoff is slow as a result of absorption of water by 

the surface layer and subsoil. 

 

Vegetation within Lake Hancock consists of a mix of salt marsh, mixed forest, Douglas fir, and alder 

forest.  Vegetated wetland areas at Lake Hancock cover roughly one-third of the site, including the former 

target area.  The wetlands support five major plant community types: high salt marsh, low salt marsh, 

scrub-shrub wetland, freshwater marsh, and Sitka spruce bog.  Upland areas include coniferous and 

deciduous forests as well as an open grassland area that has been planted with coniferous trees.  Upland 

forest vegetation covers about 38 percent of the area, including areas of mixed forest, Douglas fir, and 

alder forest. 

 

1.3.4 

The Lake Hancock lagoon is a shallow, permanent pond that covers approximately 37 acres.  Two sand 

spits separate the Lake Hancock lagoon system from the open salt water of Admiralty Inlet.  The lagoon 

system is connected to the marine waters of Admiralty Inlet by a single tidal channel.  Surface water 

directions in the lowland area vary according to the tidal cycle, toward the lake during the flood cycle and 

toward the Admiralty Inlet during the ebb cycle.  Surface water from the bluff faces and beach drain 

directly into Admiralty Inlet. 

Hydrology and Hydrogeology 

 

Lake Hancock contains intertidal saltwater wetlands with adjacent freshwater wetlands, possibly with 

limited hydrologic connection to the salt water.  Approximately 1 mile of shoreline separates the marsh 

habitat from Admiralty Inlet. Salt pans are present within the southern half of the range area, particularly 

around the former target area.  There are no significant freshwater incursions into this marsh, it exists as 

a marine-influenced habitat.  Surface runoff or penetration would be the only freshwater entering the 

wetland system at Lake Hancock. 
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Hydrogeologic conditions at LHTR are not known.  Groundwater monitoring wells have not been installed 

within the property boundary.  In addition, there are no known groundwater production wells within the 

LHTR area.  As aquifer elevations generally reflect the surface topography and most of the site is located 

near sea level, it is anticipated that the water table is very shallow.  The groundwater direction is likely 

west toward Admiralty Inlet.  The primary source of water for NAS Whidbey Island is the Skagit pipeline, 

which pumps water to Whidbey Island from the Skagit River, located approximately 18 miles to the 

northeast.  

 

A 4-mile radius water well search was conducted by Banks Information Solutions during the PA for LHTR.  

A total of 170 wells were found to be documented within the 4-mile radius, with two wells located on the 

LHTR.  One well, on the northwestern end of the range, is likely an error; the record indicates that the well 

was drilled in Ferndale, Washington, in Whatcom County, which is a great distance from the site.  The 

other domestic well location at the southwestern end of the range was assigned using the township and 

range convention and is likely to be actually located outside of the range to the south.  There are 

numerous other domestic use wells surrounding the range. 

 

1.3.5  

Archaeological sites have been identified within LHTR.  As described in Section 1.2.3, an archaeological 

survey conducted in 1996 in support of the SHA located and confirmed that archaeologically significant 

sites exist at LHTR.  The survey report concluded that sampling activities would not impact cultural 

resources, so long as the sampling personnel did not collect samples from the sites.  The report 

recommended the inclusion of an archaeologically trained monitor during any planned excavation 

activities in order to examine possible subsurface cultural materials.   

Cultural and Natural Resources 

 

Lake Hancock is a large and diverse coastal lagoon system that includes salt marsh, brackish marsh, 

freshwater marsh, and bog forest.  A total of 17 habitat types that support a variety of wildlife species 

have been identified within the property.  The largest habitat types include salt marsh (23.8 percent) 

within the interior of the site, and dense pole forests (27 percent) in the southwest, southeast, and 

northeast sections of the site.  The open marshland, lagoon, and intertidal zones are prime foraging areas 

for birds of prey in the area, and the grassland and forested areas serve as prime foraging, cover, and 

nesting habitat for songbirds.  The lack of development at the site has enhanced the biological diversity 

within the Lake Hancock property.  The presence of the unique coastal lagoon system led to the area 

being placed on the Washington Register of Natural Areas in 1992 under an agreement between the 

Navy and The Nature Conservancy.  These communities have also been recognized by The Nature 

Conservancy and the WDNR as unique and valuable natural resources as identified under the Natural 

Heritage Program. 
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1.3.6 

Several of the sensitive bird species, as identified in the PA, are known to occur within the LHTR, 

including the great blue heron, common loon, and red-necked grebe.  Among the threatened and 

endangered species, only the bald eagle is known to frequent the area.  Lake Hancock may have been a 

past nesting site for the bald eagle, and the birds may use Lake Hancock as their home range.  The 

threatened marbled murrelet has been documented off shore at the site; however, suitable nesting habitat 

is not present at Lake Hancock.   

Endangered and Special Status Species  

 

1.3.7 

A saltwater lagoon, salt marsh, and freshwater wetland system occupy approximately 200 acres of the 

LHTR site.  The lagoon is connected to Admiralty Inlet by a saltwater slough and the hydrology in the 

marsh system is tidally driven.  Approximately 32 acres of freshwater marsh scrub-scrub wetland, and 

forested bog border the salt marsh.  Overall, wetlands comprise roughly 55 percent of the area at the 

Lake Hancock site. 

Wetlands 

 

Lake Hancock is a coastal lagoon surrounded by salt marsh and driftwood-strewn mudflats.  The area 

was once a freshwater lake and marsh, however, storms over the last century has breached the sand bar 

that once separated this area from Admiralty Inlet.  Tidal flow to this area was established via two 

channels, one of which has since been closed off by beach dune development; the remaining inlet 

provides for tidal access during each cycle. 

 

True salt marshes are a relatively rare wetland type in the State of Washington and the marsh at Lake 

Hancock is considered to have biological values of statewide significance.  Consequently, this area was 

listed on the Washington Register of Natural Areas in 1992 under agreement between the Navy and the 

Nature Conservancy.   

 

Numerous types of wetlands exist at the Lake Hancock site including:  Estuarine, Subtidal, 

Unconsolidated Bottom; Estuarine, Intertidal, Emergent, Persistent; Estuarine, Intertidal, Unconsolidated 

Shore; Palustrine, Forested, Broad Leaved Deciduous; Palustrine, Forested, Needle Leaved Evergreen; 

Palustrine, Scrub-shrub, Broad Leaved Deciduous; and Palustrine, Emergent, Persistent.  Approximately 

231.5 acres of the Lake Hancock site are wetlands.     

 

WDNR has identified Lake Hancock as a high quality wetland/aquatic ecosystem.  Most of the wetland 

area at the site has been designated as an element occurrence of “High Salinity Lagoon, Northern Puget 

Trough”.  This is a landscape level element occurrence that incorporated four specific types of estuarine 

marsh occurrences:  sandy, high salinity low marsh; sandy, moderate salinity low marsh; silty, moderate 
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salinity low marsh; and, transition zone wetland.  These areas are further described below.  Two other 

marsh types occur on the south side of the lagoon:  high salinity low marsh and low salinity low marsh.  

The Lake Hancock system is recognized for its high quality and has been designated as a registry site in 

the Washington Register of Natural Areas.  This type of element occurrence is high priority for protection 

in Washington State. 

 

The high salinity lagoon (landscape level occurrence) covers 191 acres including the 38 acre high salinity 

pond, additional smaller ponds, and the remaining marsh wetlands listed next.  The dominant plant 

species in this area are an unvegetated lagoon, tidal sloughs, 12 acres of driftwood-covered mudflat, and 

marsh vegetation listed in the remaining wetlands.  This area is considered in good ecological condition 

and has a high state priority for protection rating.  The sandy, high salinity low marsh and sandy, 

moderate salinity low marsh (element occurrence) covers 80.4 acres and the dominant plant species are 

pickleweed, seashore saltgrass, jaumea, seaside arrowgrass, orache, Canada sandspurry, sea plantain, 

and saltmarsh dodder.  This area is considered in very good ecological condition and has a moderate 

state priority for protection rating.  The silty, moderate salinity low marsh covers 30.1 acres and the 

dominant plant species are seaside arrowgrass, pickleweed, seashore saltgrass, orache, sea plantain, 

jaumea, and alkaligrass.  This area is considered in very good ecological condition and has a moderate 

state priority for protection rating.  The transition zone wetland covers 4.7 acres and the dominant plant 

species are cattail and Pacific silverweed.  This area is considered in good ecological condition and has a 

very high state priority for protection rating.  The low elevation freshwater wetland covers 9 acres and the 

dominant plant species are red alder, lodgepole pine, Sitka spruce, western hemlock, sweet gale, and 

slough sedge.  This area is considered in good ecological condition and has a high state priority for 

protection rating. 

 

1.3.8 

There are no elevated levels of chemical contaminants present in the soil, sediment, or surface water of 

LHTR.  The SHA confirmed the presence of organics and inorganics in sediment and surface water at low 

concentrations; however, they were of limited extent and were determined not to be a threat.  Sampling 

results from the SI at LHTR indicated that there were no COPCs above their respective screening values.   

Nature and Extent of Contamination 

 

For this FS, there is the potential for MEC/MPPEH to be present at the site as a result of former bombing 

activities.  To date, munitions-related items and debris have been located primarily near the target area.  

However, munitions debris has been observed scattered throughout the site and rocket motors have been 

found in the waters off the beach out into Admiralty Inlet.   
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1.3.9  

There is no chemical contamination above screening concentrations present in the soil, sediment, or 

surface water of LHTR.  Munitions-related items, debris, and/or MEC/MPPEH present at this site are not 

expected to migrate significantly from the point of impact; however, munitions-related items may migrate 

as a result of erosion and tidal activity. 

Contaminant Fate and Transport 

 

1.3.10 

The potential threat to human health from COPCs was evaluated in the SHA, and no immediate threat to 

human health was identified.   

Human Health Risk 

 

For this FS, the presence of MEC/MPPEH at the site is of concern.  Munitions-related items have been 

observed on the surface, and based on site history and the results of previous removal actions, are most 

likely present in the subsurface.  The exposure pathway for potential human receptors at this site (which 

include Navy personnel, contractors, and trespassers) is direct contact with munitions items located on 

the surface, and possibly in the shallow subsurface if items have migrated through erosion and tidal 

activity.  There is a human health hazard associated with potential munitions-related items present at this 

site because spotting charges and unburned propellants may remain within munitions items and cause 

injuries if detonated.  It is important to note that exposure to MEC does not mean that an incident or injury 

will occur, since a receptor would have to disturb the MEC item (e.g., apply heat, friction, or shock to the 

item) in order to be exposed to actual explosive hazards.   

 

1.3.11 

A Baseline Ecological Risk Assessment for chemical contamination was not conducted, because there 

are no COPCs at this site.  The potential threat to the environment from chemical contamination was 

evaluated in the SHA, and no immediate threat to the environment was identified. 

Ecological Risk 

 

For this FS, the presence of MEC/MPPEH at the site is of concern.  Similar to the pathway for human 

health receptors, the exposure pathway for any potential ecological receptors at this site is direct contact 

of munitions-related items on the surface, and to a lesser extent, in the shallow subsurface.   

 

1.3.12 

There are no COPCs at the LHTR.  MEC/MPPEH potentially present on the surface, and most likely in 

the subsurface, are a concern at LHTR.     

Conclusions 
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2.0  REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

This section develops RAOs, GRAs, and presents remediation goals for removal of munitions-related 

items.  The regulatory requirements and guidances (e.g., ARARs) that may potentially govern remedial 

activities are presented in this section.  In addition, this section presents the materials of concern identified 

in Section 1.0 and the conceptual pathways through which these contaminants may affect human health 

and the environment.   

 

2.1 MEDIA AND CONTAMINANTS OF CONCERN 

There are no COPCs present at LHTR.  MEC/MPPEH potentially present at the site are a concern, and 

the exposure pathway for potential human and ecological receptors is direct contact with munitions-related 

items in site media.  Exposure to MEC does not mean that an incident or injury will occur, since a receptor 

would have to disturb the MEC item (e.g. apply heat, friction or shock to the item) in order to be exposed 

to actual explosive hazards.   

 

2.2 REMEDIAL ACTION OBJECTIVES AND ARARS/TBCS 

RAOs are medium-specific goals that define the objective of conducting remedial actions to protect 

human health and the environment.  The RAOs specify the materials of concern, potential exposure 

routes and receptors, and acceptable residual risk that will remain at the site. 

 

The development of remediation goals takes into consideration location-specific and action-specific 

ARARs and TBCs at this site.  There are no chemical-specific ARARs and TBCs as there are no chemical 

contaminants of concern at this site.   

 

The remedial action selected must reduce risks to and be protective of human health and the 

environment, maintain that protection over time, and comply with federal and state ARARs/TBCs.  Several 

removal actions have been conducted at LHTR which have significantly reduced the risks to human health 

and the environment.  However, MEC/MPPEH items potentially remain on site.  Therefore, to manage the 

residual risk to site receptors from munitions-related items and MEC/MPPEH that remain at the site, 

remedial action alternatives were evaluated and are described in the remaining sections of this FS. 

 

2.2.1 

To protect the public from potential current and future health risks, as well as to protect the environment, 

the following RAOs have been developed for LHTR. 

Statement of Remedial Action Objectives 
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RAO No. 1: Prevent and/or reduce the potential for site receptors to come in direct contact MEC/MPPEH 

items remaining at LHTR. 

 

RAO No. 2:  Minimize the impact to wetlands and other natural and archaeological resources located at 

LHTR. 

 

2.2.2 

ARARs consist of the following: 

Applicable or Relevant and Appropriate Requirements and To Be Considered Criteria 

 

• Any standard, requirement, criterion, or limitation under federal environmental law. 

• Any promulgated standard, requirement, criterion, or limitation under a state environmental or facility-

siting law that is more stringent than the associated federal standard, requirement, criterion, or 

limitation. 

 

Per 40 Code of Federal Regulations (CFR) 300.400(g)(3), TBCs are non-promulgated, non-enforceable 

guidelines or criteria that may be useful for developing a remedial action or are necessary for determining 

what is protective to human health and/or the environment.  Examples of TBCs include USEPA Drinking 

Water Health Advisories, Reference Doses (RfDs) and Cancer Slope Factors (CSFs). 

 

According to 40 CFR 300.430(f)(1)(i)(A), overall protection of human health and the environment and 

compliance with ARARs are threshold requirements that each remedial alternative must meet to be 

eligible for selection. 

 

2.2.2.1 Definitions 

The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) at 40 CFR 300.5 provides 

the following definitions for ARARs: 

 

• Applicable Requirements are those cleanup standards, standards of control, and other substantive 

environmental protection requirements, criteria, or limitations promulgated under federal or state law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstance at a CERCLA site. 

 

• Relevant and Appropriate Requirements are cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under federal 

or state law, although not "applicable" to a hazardous substance, pollutant, contaminant, or remedial 
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action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently 

similar to those encountered at the CERCLA site that their use is well suited to the particular site. 

 

Per 40 CFR 300.400(g)(3), other advisories, criteria, or guidance are to be considered for a particular 

release.  The TBC category consists of advisories, criteria, or guidance developed by USEPA, other 

federal agencies, or states that may be useful in developing CERCLA remedies. 

 

Under CERCLA Section 121(d)(4), USEPA may waive compliance with an ARAR if one of the following 

conditions can be demonstrated: 

 

• The remedial action selected is only part of a total remedial action that will attain the ARAR level or 

standard of control upon completion. 

 

• Compliance with the requirement will result in greater risk to human health and the environment than 

other alternatives. 

 

• Compliance with the requirement is technically impracticable from an engineering perspective. 

 

• The remedial action selected will attain a standard of performance that is equivalent to that required 

by the ARAR through the use of another method or approach. 

 

• With respect to a state requirement, the state has not consistently applied the ARAR in similar 

circumstances at other remedial actions within the state. 

 

• Compliance with the ARAR will not provide a balance between protecting public health, welfare, and 

the environment at the facility with the availability of Superfund money for response at other facilities 

(fund-balancing).  This condition only applies to Superfund-financed actions. 

 

USEPA in various guidance documents and the NCP has divided ARARs into three categories to facilitate 

identification.  Chemical-specific and location-specific ARARs are identified early in the process, generally 

during the RI; and action-specific ARARs are normally identified during the FS in the detailed analysis of 

alternatives.  These three types of ARARs are defined as follows: 

 

• Chemical-Specific

 

:  Health- or risk-based numerical values or methodologies that establish 

concentration or discharge limits for particular contaminants.  Examples include maximum 

contaminant levels (MCLs) and Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC). 
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• Location-Specific

 

:  Restrict actions or contaminant concentrations in certain environmentally sensitive 

areas.  Examples of these areas regulated under various federal laws include floodplains, wetlands, 

and locations where endangered species or historically significant cultural resources are present. 

• Action-Specific

 

:  Technology- or activity-based requirements, limitations on actions, or conditions 

involving special substances.  Examples of action-specific ARARs include: Resource Conservation 

and Recovery Act (RCRA) regulations for generation, characterization, and management of 

hazardous wastes; and CWA effluent limitations and pre-treatment standards for wastewater 

discharges. 

The following section discusses location- and action-specific ARARs and TBCs for this site.   

 

2.2.2.2 Chemical-Specific ARARs and TBCs 

Chemical sampling and analysis have resulted in an NFA recommendation; therefore, there are no 

chemical-specific ARARs or TBCs for this site. 

 

2.2.2.3 Location-Specific ARARs and TBCs 

Federal and State of Washington laws and regulations are potential location-specific ARARs/TBCs for any 

remedial action at LHTR.  Potential location-specific ARARs/TBCs include federal and State of 

Washington regulations, as well as regulations for the protection of fish and wildlife and their habitat, 

protection of wetlands, and protection of historic and archaeological resources.   

 

Table 2-1 presents federal and State of Washington location-specific ARARs and TBCs for this FS. 

 

2.2.2.4 Action-Specific ARARs and TBCs 

Potential action-specific ARARs/TBCs include federal and State of Washington regulations; hazardous 

waste generation, storage, disposal, and transportation regulations, including specific regulations for 

MEC-related wastes and solid waste regulations. 

 

Action-specific ARARs/TBCs focus primarily on the management of MEC as a potential explosive hazard.  

Munitions that would otherwise be classified as hazardous wastes can be managed in accordance with the 

substantive requirements of the Resource Conservation and Recovery Act and the Washington hazardous 

waste management regulations when treated wholly on site. 

 

Table 2-2 presents federal and State of Washington action-specific ARARs and TBCs for this FS. 
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2.3  GENERAL RESPONSE ACTIONS  

GRAs are broadly defined remedial approaches that may be used (by themselves or in combination with 

one or more of the others) to attain the RAOs.   

 

GRAs describe categories of actions that could be implemented to satisfy or address a component of the 

RAOs for the site.  Remedial action alternatives are formed using GRAs singly or in combination to meet 

the RAOs.  The remedial action alternatives, composed of GRAs, will be capable of achieving the RAOs 

at the site.   

 

The following GRAs will be considered at LHTR: 

 

• No Action 

• Land Use Controls 

• Detection 

• Removal 

• Treatment and Disposal 

 



TABLE 2-1 
 

LOCATION-SPECIFIC ARARs AND TBCs 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 

PAGE 1 OF 4 
 

Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Federal     

Coastal Zone 
Management Act 

16 USC 1451 et 
seq. 

Applies to actions that affect coastal 
resources.  Ensures that remedial 
action/corrective measures protect 
coastal resources. 

Applicable A Coastal Zone Consistency Determination 
will be prepared to identify that the Navy’s 
actions are consistent to the maximum 
extent practicable with the enforceable 
policies of the State’s Shoreline 
Management Program.  

Floodplain 
Management and 
Protection of 
Wetlands    

44 CFR 9 FEMA regulations that set forth the 
policy, procedure and responsibilities to 
implement and enforce Executive Order 
11988 Floodplain Management and 
Executive Order 11990, Protection of 
Wetlands. 

Applicable Remedial actions will take place in a 
floodplain and near wetlands, alternatives 
would be considered that would reduce the 
risk of loss and restore and preserve the 
floodplain and wetlands. 

CWA 

Section 404(b)(1) 
Guidelines for 
Specifications of 
Disposal Sites for 
Dredged or Fill 
Material 

33 USC 40 CFR 
Part 230 and 33 
CFR 320-323 

Regulates the placement of fill materials 
in waters of the United Sates including 
wetlands.  No activity which adversely 
affects an aquatic ecosystem, including 
wetlands, shall be permitted if a 
practicable alternative that has less 
adverse impact is available.  If there is 
no other practical alternative, impacts 
must be minimized. 

Applicable The Navy will take steps to minimize 
adverse impacts to wetlands.   
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Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Fish and Wildlife 
Coordination Act 

16 USC Part 661 
et seq. 

Requires any federal agency proposing 
to modify a body of water to coordinate 
with the US Fish and Wildlife Service or 
National Marine Fisheries Service and 
appropriate state agencies if an 
alteration of a body of water will occur as 
a result of remedial activities. 

Applicable  Agencies will be consulted, and remedial 
activities will be conducted to avoid 
disturbance of affect fish and wildlife and 
their habitat. 

Endangered Species 
Act 

16 USC 1531 et 
seq.; 50 CFR 17 
and 402 

Provides for consideration of the impacts 
on federally-listed 
endangered/threatened species and their 
habitats.  Requires federal agencies to 
ensure that any action carried out by the 
agency is not likely to jeopardize the 
continued existence of any 
endangered/threatened species and their 
habitats. 

Applicable  Threatened and/or endangered species 
have been reported at LHTR as well as 
nearby LHTR.  Site surveys will be 
conducted prior to beginning remedial 
activities to determine if any threatened or 
endangered species are present.  If ESA 
species are present and Navy actions will 
have an effect on the listed species, then 
Navy will consult with USFWS and NMFS.  

The Bald and Golden 
Eagle Protection Act 

16 USC 668-
668(d) 

Requires project activities to protect and 
preserve eagle habitat. 

Applicable  Bald eagles have been observed at and 
near LHTR, and the area has been 
identified as a current and past nesting 
site.  Appropriate actions will be taken 
during remedial action to ensure that no 
eagles and their habitat are affected.  Site 
surveys will be conducted prior to 
beginning remedial activities to determine 
if any bald eagles or potential nesting 
areas are present. 



TABLE 2-1 
 

LOCATION-SPECIFIC ARARs AND TBCs 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 

PAGE 3 OF 4 
 

Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Migratory Bird Treaty 
Act 

16 USC 703-712 Provides protection for migrating birds, 
nests, and eggs.  Makes it illegal for 
people to “take” migratory birds, their 
eggs, feathers, or nests. 

Applicable Appropriate actions will be taken during 
remedial action to ensure that no migratory 
birds or nests are affected.  Site surveys 
will be conducted prior to beginning 
remedial activities to determine if any birds 
and nesting areas are present. 

National Historic 
Preservation Act 

16 USC 470 et 
seq; 36 CFR 800 

Preserves sites with archaeological and 
historic significance.  Section 106 of the 
Act requires consultation with 
appropriate agencies to identify historic 
properties potentially affected by the site 
activities, assess the effects, and seek 
ways to avoid, minimize, or mitigate 
adverse effects on historic properties.  

Applicable  Archaeologically significant sites have 
been identified at LHTR that may be 
disturbed by removal activities, so the 
State Historic Preservation Office will be 
consulted per Section 106 of the Act.  An 
archeological specialist will be on site 
during remedial activities and any identified 
archeologically significant areas will be 
protected during remediation. 

State     

Shoreline 
Management Act  
and State of 
Washington Coastal 
Zone Management 
Program  

Chapter 173-27 
WAC and 
Chapter 90.58 
RCW 

The SMA regulates most shorelines of 
the state including marine waters, 
streams and rivers (with a mean annual 
flow of 20 cfs or more), lakes and 
reservoirs or water areas of the state 
(larger than 20 acres), associated 
wetlands, and portions of the flood plain. 
The CZMP applies to activities which 
may impact Washington’s coastal 
resources (within 15 counties specified). 

Applicable Agencies will be consulted, and remedial 
activities will be conducted to avoid 
disturbance of shorelines and to minimize 
impacts to coastal resources in 
accordance with the Shoreline 
Management Element of the Island County 
Comprehensive Plan. 
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Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Water Quality 
Standards For 
Surface Waters 

Chapter 173-
201A WAC 

Regulates wetland water quality and 
antidegradation. 

Applicable Remedial actions will take place near 
wetlands, alternatives would be considered 
that would reduce the risk of loss and 
restore and preserve wetlands according 
to Ecology guidance. 

 
Notes: 
ARARs  Applicable or Relevant and Appropriate Requirements.  RCW  Revised Code of Washington. 
CFR  Code of Federal Regulations.     SMA  Shoreline Management Act. 
CWA  Clean Water Act.      TBCs  To Be Considered Criteria. 
CZMP  Coastal Zone Management Program.    USC  Unites States Code. 
LHTR  Lake Hancock Target Range.     WAC  Washington Administrative Code 
NMFS  National Marine Fisheries Service 
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Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Federal     

RCRA - Identification 
and Listing of 
Hazardous Waste 

40 CFR 261, 
subparts A, B, C, 
and D 

Identifies those solid wastes that are 
subject to regulation as a hazardous 
waste. 

Applicable  Materials removed during removal action 
will be analyzed by appropriate test 
methods and, if applicable, managed in 
accordance with the substantive 
requirements of the hazardous waste 
regulations. 

RCRA -Standards 
Applicable to 
Generators of 
Hazardous Waste 

40 CFR 262 
Subparts A, B, C, 
and D 

Establishes standards for generators of 
hazardous waste. 

Applicable  Any hazardous waste that is generated 
from during remedial activities would be 
managed in compliance with these 
standards prior to disposal.   

Military Munitions 
Rule 

40 CFR 266 
Subpart M   

Regulations identify when military 
munitions become solid waste, and if 
hazardous, how they are managed.  

Applicable  Military munitions to be disposed of off-site 
are solid waste.  A hazardous waste 
determination will be made prior to 
disposal.  

LUC Guidance Principles and 
Procedures for 
Specifying, 
Monitoring, and 
Enforcement of 
Land Use 
Controls and 
Other Post-ROD 
Actions 
(DoD/Navy, 
October, 2003) 

Provides a framework for the efficient 
implementation of land use controls at 
DoD installations. 

To be 
considered 

Land use controls, to restrict residential 
use, for UXO construction support, and 
signage, if required, would be developed in 
the ROD with clear objectives including 
when and where LUCs will be 
implemented, and identifying the 
responsibilities for implementation, 
monitoring, reporting, and enforcement of 
LUCs.  Implementation actions, operation, 
maintenance, and enforcement actions 
would be described in subsequent design 
documents. 
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Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

State     

Washington Clean Air 
Act - General 
Regulations for Air 
Pollution Sources 

RCW 70.94; 
WAC 173-400-
040 (3) and (8) 

Establishes standards and rules 
generally applicable to the control and/or 
prevention of the emission of air 
contaminants.  

Applicable Fugitive dust may be generated during 
munitions and soil excavation, handling, or 
treatment activities. 

Designation of 
Dangerous Waste 

WAC 303-060-
070 

Identifies those solid wastes that are 
subject to regulation as a hazardous 
waste. 

Applicable  Wastes may be generated depending on 
MEC/MPPEH findings and type of 
treatment. 

Requirements for 
Generators of 
Dangerous Waste 

WAC 303-060-
170 

Establishes standards for generators of 
hazardous waste. 

Applicable  Any hazardous waste that is generated 
from during remedial activities would be 
managed in compliance with these 
standards prior to disposal.   

Dangerous Waste 
Regulations (Military 
Munitions) 

WAC Chapter 
173-303-578 

Washington state has adopted portions 
of the federal MR and amended other 
portions by developing state-specific 
military munitions regulations.  Military 
munitions regulations for the State of 
Washington are located with the state’s 
hazardous waste program regulations, 
Chapter 173-303 – Dangerous Waste 
Regulations  

Applicable  Munitions will be managed and disposed of 
according to these regulations. 
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Requirement/ 
Criteria 

Citation Synopsis Status Evaluation/Action to be Taken 

Model Toxics Control 
Act (MTCA) 

WAC Chapter 
173-340-100, -
110, -200, -360, -
370, -400, -410, -
420, -800, -810, 
and -840 

Creates a comprehensive regulatory 
scheme to identify, investigate, and 
clean up contaminated properties that 
are, or may be, a threat to human health 
or the environment.  MTCA requires 
owners and operators to report the 
discovery of hazardous substances that 
had been previously released on or 
under their property. 

Applicable Selection of and implementation of 
remedial actions will be conducted 
according to MTCA. 

 
Notes: 
ARARs Applicable or relevant and appropriate requirements.  
CFR Code of Federal Regulations. 
DoD Department of Defense. 
LUC Land Use Control. 
MEC Munitions and Explosives of Concern. 
MPPEH Material Potentially Presenting an Explosive Hazard. 
MTCA Model Toxics Control Act  
RCRA Resource Conservation and Recovery Act.  
RCW   Revised Code of Washington. 
ROD  Record of Decision. 
TBCs To Be Considered Criteria. 
UXO Unexploded Ordnance 
WAC Washington Administrative Code. 
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3.0  SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies, screens, and evaluates the potential technologies and process options that may be 

applicable to the remedial alternatives for LHTR.  The primary objective of this phase of the FS is to 

develop an appropriate set of remedial technologies and process options to be used for developing the 

remedial alternatives.  

 

The basis for technology identification and screening began in Section 2.0 with the following:  

 

• Identification of ARARs 

• Development of RAOs 

• Identification of GRAs 

 

A technology screening evaluation is performed in this section with the completion of the following 

analytical steps: 

 

• Identification and screening of remedial technologies and process options 

• Evaluation and selection of representative process options 

 

A variety of technologies and process options are identified for each GRA (see Section 2.4), and are 

evaluated to determine if they could achieve the RAOs identified in Section 2.2.  The selection of 

technologies and process options for initial screening is based on the Guidance for Conducting RI/FSs 

under CERCLA (USEPA, 1988) and MTCA.  The screening is first conducted at a preliminary level to 

focus on relevant technologies and process options; then, the screening is conducted at a more detailed 

level based on certain evaluation criteria.  Finally, technologies and process options retained through the 

detailed screening process are used to develop remedial alternatives.  The screening criteria are:  

 

The effectiveness evaluation is focused on the following elements: 

Effectiveness 

 

• Potential effectiveness of process options in handling MEC/MPPEH present at the site and in meeting 

the RAOs. 

• Potential impacts to human health and the environment during the implementation phases. 

• Reliability and proven effectiveness of process options with respect to the materials of concern and 

the site-specific conditions. 
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The implementability evaluation includes both the technical and institutional (administrative) feasibility of 

implementing each technology or process option. This initial technology screening eliminates technology 

types or process options that are clearly ineffective or unworkable at the site. The institutional aspects 

considered include the following: 

Implementability 

 

• Potential for obtaining regulatory approval. 

• Availability of necessary equipment and skilled workers to implement the technology. 

• Availability of treatment, storage, and disposal services. 

• Time required for implementation. 

• Ability to achieve the RAOs within a reasonable timeframe. 

 

For the screening cost evaluation, a qualitative cost analysis is presented to indicate whether costs are 

prohibitive or if other process options within the same technology type would be comparably effective and 

implementable but less costly.  Preliminary cost estimates for the remedial technologies retained in the 

screening step are presented in Section 4. 

Cost 

 

3.1 PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

This section identifies and screens remediation technologies and process options based on 

implementability with respect to site-specific conditions and materials of concern.  Table 3-1 summarizes 

the results of this preliminary screening process.  It presents the GRAs, identifies the technologies and 

process options, and provides a brief description of each process option followed by comments about the 

results of the screening process.  

 

As indicated in Table 3-1, several process options (towed/cart-mounted detectors, mechanized 

excavation, mass excavation and mechanized soil processing, disassembly or render safe procedures, 

and contained detonation chambers) are eliminated as a result of the initial screening process.  The 

technologies and process options retained for more detailed screening include: 
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General Response 
Action 

Technology Process Options 

No Action None Not applicable 

Land Use Controls 

Engineering Controls - 
Active Controls 

Physical Controls/Fencing and Signage 

Institutional Controls - 
Passive Controls 

Residential Use Restriction/Deed and Zoning 
Restrictions 

Construction Support 

Detection 
Visual Observation 

Visual Observation and Identification of MEC/MPPEH 
Items on the Surface 

Instrument-Aided 
Detection 

Use of Hand-Held/Man Portable 
Magnetometer/Ferrous and All-Metals Detectors 

Removal 

Surface Removal Manual Removal from Ground Surface 

Subsurface Removal 
[up to 1 foot (below 
ground surface (bgs)] 

Manual Excavation/Intrusive Investigation and Removal 

Treatment and Disposal 

MEC/Material 
Documented as an 
Explosive Hazard 
(MDEH) 

Blow-In-Place 

Consolidate and Blow 

MEC Residual Processing 

Material Documented 
as Safe (MDAS) and 
Munitions-Related 
Scrap 

Treatment and Transport of MDAS and Munitions-
Related Scrap for Off Site Disposal 

 

3.2 DETAILED SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

3.2.1 

No Action consists of maintaining the status quo at a site.  As required under CERCLA regulations, the 

No Action alternative is carried through the FS to provide a baseline for comparison with other 

alternatives and their effectiveness in mitigating risks posed by site contaminants.   

No Action 

 

No Action would not be effective in meeting RAO 1.  No Action would not be effective in preventing and/or 

reducing the potential for site receptors to come in direct contact with MEC/MPPEH and munitions-related 

scrap remaining at the LHTR because no MEC/MPPEH nor munitions-related scrap removal would take 

place.  Because no action would be taken, there would be no impacts to wetlands and archaeological 

resources; therefore, RAO 2 would be met. 

Effectiveness 

 

There would be no implementability concerns because no action would be implemented. 

Implementability 
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Because there is no action, there are no associated costs. 

Cost 

 

No Action is retained because of CERCLA requirements, although it would not be effective in reducing 

the potential for site receptors to come in direct contact with MEC/MPPEH and munitions-related scrap 

remaining at the LHTR. 

Conclusion 

 

3.2.2 

Land Use Controls (LUCs) would be designed to protect human health and the environment from residual 

risks present at the LHTR.  LUCs would consist of administrative and legal mechanisms (e.g., deed or 

zoning restrictions, permits, construction support, etc.) designated as institutional controls, and/or 

physical controls (e.g., fencing, security guards, etc.) designated as engineering controls.  Site-specific 

LUCs would typically be formulated through an LUC remedial design (RD) that is prepared in accordance 

with the Navy’s LUC Principles (DoD, 2003) following approval of the ROD.  LUCs would typically also 

include the performance of regular site inspections to verify continued implementation.   

Land Use Controls  

 

Site use restrictions would be effective for reducing human and ecological exposure to MEC/MPPEH 

present at LHTR through the use of access controls and/or implementation of deed restrictions.  

Permanent or interim deed or zoning restrictions could be effectively used to prevent residential use of 

the LHTR.  UXO support would also be required during any ground disturbing activities (up to 10 feet bgs) 

at LHTR.  The effectiveness of these measures would be dependent on adequate enforcement of the 

administrative controls.  Physical restrictions such as additional signage, fencing, physical barriers, and 

site security could also be effectively used to restrict access to the LHTR.     

Effectiveness 

 

Currently, site use is controlled by the Navy.  If the area is redeveloped in the future, limitations on use 

(e.g., residential use, well installation, building construction methods) of the LHTR would be readily 

implementable as part of any property transfer process and documentation.  Short-term LUCs would be 

easily implemented until any remedial action is complete.  

Implementability 
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Site use restrictions are generally inexpensive, although long-term administration, enforcement, and 

maintenance would be required if LUCs are applied long-term.   

Cost 

 

LUCs are retained for use in combination with other GRAs for the development of remedial alternatives.  

Conclusion 

 

3.2.3 

Detection of MEC/MPPEH items on the surface and in the shallow subsurface (up to 1 foot bgs) would 

need to be conducted before any removal activities could begin.  Detection of munitions-related items 

would be conducted through visual and detector-aided surveys.  Hand-held, man portable, 

magnetometer/ferrous and all-metals detectors would be used to detect anomalies.  Areas at LHTR that 

are covered by standing water and are not solid ground will not be surveyed and will be excluded.  It is 

unknown at this time the exact locations and how much area will be excluded.  The locations of the areas 

not surveyed and excluded will be identified via GPS and these areas will be presented in a Remedial 

Action Completion Report. 

Detection 

 

Once a munitions-related item is identified during the remedial action, the UXO Team Leader would make 

a determination as to whether the item is MEC or MPPEH.  If the item is MEC and not safe to move, it 

would be left in place and prepared for MEC Blow-In-Place (BIP) treatment (see Section 3.2.5.1).  If the 

item is deemed MEC and safe to move, it could be transported to a staging area to await MEC treatment 

(see Section 3.2.5.1).  MPPEH items would be segregated into MDEH and MDAS.  MDEH items could be 

transported to a staging area to await treatment using MEC treatment procedures, or, if determined that 

the item was not safe to move, it would be left in place and prepared for BIP treatment.  MDAS would 

then be segregated into those requiring demilitarization or venting, and those items that are munitions-

related scrap.  MDAS would be inspected and certified prior to transport off site to an approved metal 

recycler (see Section 3.2.5.2).  

 

Numerous munitions-related items have previously been identified at LHTR; however, the entire removal 

action area has not been walked/surveyed since the last removal action.  Therefore, a visual survey of the 

entire removal action area would be conducted to identify remaining munitions-related items on the 

surface.  The conduct of visual and detector-aided surveys are the industry standard for locating 

munitions-related items.  It is assumed based on historical munitions use and previous removal actions, 

that the majority of munitions-related items that would be present at LHTR are ferrous items; therefore, 

Effectiveness 
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magnetometers would be used to locate shallow subsurface anomalies and to identify surface munitions-

related items that may not be visible, e.g., items that may be covered by brush and other vegetation 

present at the site.  There is also the potential that munitions-related items may be made of nonferrous 

materials; therefore, all-metals detectors will be used during detector-aided surveying.  During the visual 

and detector-aided surveys, UXO Technicians would provide essentially complete coverage of the 

accessible portions of the removal action area. 

 

A visual and detector-aided survey could be easily implemented.  The length of time for completion of this 

phase of a remedial action would be dependent on the number of personnel available to complete the 

surveys and the area to be surveyed.  Prior to surveying, Archeological and Ecological surveys within the 

removal action area boundary should be conducted to locate known archeological sites and identify 

wetlands areas where ecological habitat may be impacted by the remedial activities.  Detection activities 

would not adversely affect the ecological habitat as disturbance to the area would be minimal; UXO 

Technicians would walk the site.  Tidal marsh areas that exist at LHTR may be completely submerged 

during high tide and may remain marshlike at low tide which may hinder work at the site.  Therefore, all 

work will be conducted at low tide to provide optimal access to the site.   

Implementability 

 

In general, the costs to conduct visual and detector-aided surveys would be low; however, such costs 

could become high if surveying is to be implemented on an annual basis. 

Cost 

 

Detection is retained for use in combination with other GRAs for the development of remedial alternatives. 

Conclusion 

 

3.2.4 

Process options for surface and subsurface (up to 1 foot bgs) removal of munitions-related items would 

include manual removal of surface items and manual excavation and removal of subsurface anomalies, 

up to one foot bgs.  Note that metallic non-munitions debris encountered while conducting these remedial 

activities would also be removed from the site and transported off-site for disposal to an approved 

commercial metal recycler. 

Removal 
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3.2.4.1 Manual Removal of Surface Items 

The following types of munitions-related items identified on the ground surface would be manually 

removed: MEC which is categorized as safe to move; MDEH which is categorized as safe to move; and, 

MDAS.  Once items are “removed,” they would be moved and combined with other MEC, MDEH, or 

MDAS as appropriate, treated if necessary, and transported off-site for disposal.  Each “removal” would 

be conducted by a UXO team.  The removal effort would be carried out by UXO teams, each team 

consisting of six UXO personnel, these teams would them break into groups appropriately to complete the 

work.  Should items be identified as MEC which are not safe to move, these items would be treated in place 

before being handled. 

 

This removal method would be very effective and could provide valuable data about items collected from 

the surface.  This method would focus on recovering each item one at a time.  It is also the removal 

method least likely to expose MEC/MPPEH to inadvertent movement, jarring, or impact that could lead to 

unplanned detonation.   

Effectiveness 

 

Manual removal could be implemented in almost any terrain and climate and would be limited only by the 

number of UXO personnel available. This is currently one of the most widely used methods for removal of 

MEC/MPPEH.  Depending on the items identified, equipment required to conduct the surface removals 

would be minimal. 

Implementability 

 

Manual removal can, however, be very difficult and time-consuming and requires a high degree of direct 

MEC/MPPEH exposure for workers.  Manual-removal is a labor-intensive operation which must be 

performed by UXO Technicians. 

 

A staging area would need to be established for those items which have been removed while they are 

awaiting treatment and disposal. 

 

Costs for hand removal would be moderate depending on how many munitions-related items would be 

identified, and how many UXO Technicians are available to conduct the removals.   

Cost 
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Manual removal is retained because of its effectiveness and ease of implementation.  Manual removal will 

be considered for use in combination with other GRAs and technologies for the development of remedial 

alternatives. 

Conclusion  

 

3.2.4.2 Manual Excavation and Removal of Subsurface Items 

Manual excavation is the industry standard for investigation and removal of subsurface anomalies.  

Without intrusive investigation, the identity of anomalies is unknown.  The method involves using manual 

tools (e.g., shovels, picks, trowels, etc.) to excavate selected items using only human power to do the 

work.  Excavations using manual procedures would be conducted at each anomaly location identified 

during the detection phase of the remedial activity until the sidewalls and bottom of each small excavation 

(up to 1 foot bgs and 2 feet diameter) were clear of anomalies.  Each excavation would be conducted by 

an intrusive dig team.  Each intrusive “dig team” would consist of qualified UXO personnel. 

 

As described previously, once a munitions-related item is excavated, the UXO Team Leader would make 

a determination as to whether the item is MEC or MPPEH.  If the item is MEC and not safe to move, it 

would be left in place and prepared for MEC BIP treatment.  If the item is deemed MEC and safe to move, 

it could be transported to a staging area to await MEC treatment.  MPPEH items would be segregated by 

whether they were determined to be MDEH and either not safe to more or safe to move, or MDAS and 

transported to a staging area to await treatment and disposal.   

 

This removal method would be very effective, and could provide valuable data about items identified in 

the subsurface.  This method focuses on recovering each item/anomaly one at a time, and the results of 

each excavation are verified in real-time.  It is also the removal method least likely to expose 

MEC/MPPEH to inadvertent movement, jarring, or impact that could lead to unplanned detonation.   

Effectiveness 

 

Manual excavations could be implemented in almost any terrain and climate, and are the only viable 

removal method in very tough terrain (e.g., steep, reduced access, etc.).  This method is currently the 

most widely used for removal of munitions-related items, and all firms and personnel in the MEC industry 

have developed effective methods for this removal technology.  Equipment required to conduct the 

excavations is minimal and consists of manual tools. 

Implementability 
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Manual excavation can, however, be very difficult and time-consuming and requires a high degree of 

direct MEC/MPPEH exposure for workers.  Manual excavation is a labor-intensive operation which must 

be performed by UXO Technicians. 

 

Costs for manual excavation would be moderate and would depend on the number of anomalies identified 

for excavation, and how many UXO Technicians are available to conduct the excavations.   

Cost 

 

Manual excavation is retained because of its effectiveness and ease of implementation.  Manual 

excavation will be considered for use in combination with other GRAs and technologies for the 

development of remedial alternatives. 

Conclusion  

 

3.2.5 

The technologies considered under this GRA are MEC/MDEH treatment, and treatment of MDAS and 

munitions-related scrap.  Process options evaluated include:  BIP; consolidate and blow; MEC residual 

processing; and off-site treatment and disposal of MDAS and munitions-related scrap.  

Treatment and Disposal 

 

As described previously, once a munitions-related item is identified during the detection phase of a 

remedial action at the site, the UXO Team Leader would make the final determination if the item is MEC 

or MPPEH, and subsequently if the MPPEH item is MDEH, MDAS, or munitions-related scrap.   

 

3.2.5.1 MEC/MDEH Treatment 

If identified at LHTR, MEC/MDEH would need to be treated during the remedial activities.  Based on the 

results of the previous removal actions conducted at this site, and the history of munitions used, it is not 

anticipated that any MEC/MDEH would be identified at LHTR.  Therefore, it is unlikely that any treatment 

of MEC/MDEH would be required during remedial activities; however, these options will be evaluated and 

included in the planning and preparation of any remedial activities at LHTR in the event that MEC/MDEH 

are identified. 

 

BIP is the destruction of MEC/MDEH by detonating the item without moving it from the location where it is 

found.  Normally, this is accomplished by placing an explosive charge alongside the item.  Individual 

MEC/MDEH items are evaluated using this approach, which requires direct exposure of personnel to 

Blow-In-Place 
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each individual item.  Based on the types of munitions known to have been used at LHTR, and the results 

of previous removal actions, it is not anticipated that MEC/MDEH would be identified at LHTR.  However, 

if necessary, BIP operations would be conducted by UXO Technicians.  After MEC/MDEH treatment, 

100 percent of all recovered items would be re-inspected to determine if they are free of explosive 

hazards and able to be classified as MDAS.    

 

BIP operations are highly effective, items are disposed of individually, and confirmation is done 

immediately after disposal operations.  This treatment option does not require the movement of 

MEC/MDEH.  This reduces personnel exposure and contributes to workers’ safety.  However, each 

MEC/MDEH item must be separately evaluated, which increases the exposure of personnel to danger 

areas.  These operations require a higher ratio of donor/priming explosives for each item (as compared to 

consolidated disposal operations).  These operations also present the possibility of repeated public 

exposure to demolition operations.  Waste streams generated from BIP operations may also fall under 

further regulatory guidance for treatment and/or final disposition. 

Effectiveness 

 

BIP would be relatively easy to implement when site conditions/environment and location permit.  BIP 

operations are suitable for singular or low-volume MEC/MDEH items located in areas capable of 

accommodating high-order detonations and providing the associated safety distances.  These operations 

often allow application of certain engineering controls (e.g., shot temping, barriers, and employment of 

On-Site Ordnance Demolition Containers) which may result in reduced safety distance requirements. 

Implementability 

 

These types of operations require less general area security, signage, and access controls than other 

treatment operations (consolidate and blow).  Scrap and residue collection may also be required after 

demolition. 

 

Little equipment is necessary for this treatment option other than that associated with demolition materials 

and equipment.  Application of engineering controls would require items such as manual shovels or 

mechanized handling equipment for earth moving, sand bags, or specific controls such as On-Site 

Ordnance Demolition Containers.  Donor/priming explosives would need to be purchased for demolitions.  

This would require permits, and a storage area for purchased explosives if these items are to be stored 

on-site.  There would also be many issues to be consider related to the transportation of explosives to the 

site, and once on site, to the detonation location of the MEC/MDEH item(s) at the site. 

 



   FINAL 
  OCTOBER 2011 
 

031101/P 3-11 CTO KR02  

This option may adversely impact wetlands and archeological areas known to exist at LHTR, depending 

on where MEC/MDEH items are located, since MEC/MDEH items are detonated at the location where 

they are found. 

 

Costs associated with BIP operations are low compared to other treatment operations.  The man-hours 

associated with this treatment option are approximately the same as other treatment options.  Little 

expense is associated with equipment, with the exception of demolitions materials and equipment.  

However, costs will increase with the number of demolitions. 

Cost 

 

BIP is retained for use in combination with other GRAs and technologies for the development of remedial 

alternatives for any MEC/MDEH item that cannot safely be moved from the location where found.  It is not 

anticipated that any MEC/MDEH items would be located; therefore, this treatment option is not likely to be 

utilized.   

Conclusion 

 

Consolidate and blow operations are defined as the collection, configuration, and subsequent destruction 

of MEC/MDEH by explosive detonation.  This process can be used “in grid” (i.e., within a current working 

sector), or at an established demolition ground, but can only be employed for munitions that have been 

inspected and deemed safe to move.  Based on the types of munitions known to have been used at 

LHTR, and the results of previous removal actions, it is not anticipated that MEC will be identified at 

LHTR.  However, if necessary, consolidate and blow operations would be conducted by UXO 

Technicians.  After MEC/MDEH treatment, 100 percent of all recovered items would be re-inspected to 

determine if they are free of explosive hazards and able to be classified as MDAS.    

Consolidate and Blow 

 

Consolidate and blow operations are very effective and are suitable for limited operations involving large 

numbers of stable MEC/MDEH items.  This option requires fewer planned explosions than BIP to affect 

disposal of the MEC/MDEH items.  Additionally, in many cases, MEC/MDEH items that are being 

destroyed can serve as donor explosives for other munitions that are harder to destroy.  More time is 

required to assemble the shots than would be necessary to address individual MEC/MDEH items such as 

with BIP.  This increases personnel exposure, and movement and configuration of MEC/MDEH for 

consolidation operations requires a greater number of personnel to remain in proximity/contact with 

MEC/MDEH for a greater period of time.   

Effectiveness 
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There is also greater risk of kick-outs as the quantity of munitions in each respective shot increases.  An 

increase in kick-outs results in a larger area potentially affected by kick-outs where scrap and residual 

collection would be required.  This increases the difficulty in locating all kick-outs after demolition 

operations cease.  In addition, the larger shot size would increase security/control requirements.  

Furthermore, waste streams generated from consolidate and blow operations could fall under further 

regulatory guidance for treatment and/or final disposition. 

 

Specific requirements regarding surrounding features (e.g., buildings roads, etc.) and area size must be 

addressed prior to implementing this MEC treatment option, but special tools and equipment required for 

implementation are limited.  Larger detonations also increase the coordination concern with other 

agencies (e.g., Federal Aviation Administration and/or military air traffic control, etc.).      

Implementability 

 

Additionally, there may be special requirements for protective packaging and transportation of 

MEC/MDEH to the consolidation area.  If vehicles are needed, they may be required to meet Department 

of Transportation (DOT) and other agency requirements for transport of ammunitions and explosives.  

Planning for consolidate and blow operations must also take into account the possibility that MEC/MDEH 

may have to be temporarily stored if an interruption or suspension of work takes place during the remedial 

activity.  Consolidate and blow operations also require increases in both occurrence and complexity of 

site communications.  In addition, emergency fire support requirements increase as the site increases in 

size in order to ensure adequate coverage in the event of a fire.  An area would need to be identified for 

the consolidation and detonation area. 

 

Costs associated with consolidate and blow operations are moderate compared to other treatment 

operations.  The man-hours associated with this treatment option are approximately the same as other 

treatment options; however, there may be additional equipment/vehicle requirements in order to transport 

MEC/MDEH/munitions.  Security, signage, and access controls costs would also increase as demolition 

and safety areas increase. 

Cost 

 

Consolidate and blow is retained for use in combination with other GRAs and technologies for the 

development of remedial alternatives for MEC/MEDH items identified that are safe to move.  It is not 

Conclusion 
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anticipated that any MEC/MDEH items will be located; therefore, this treatment option is not likely to be 

utilized.   

 

MEC/MDEH treatment activities leave behind residue ranging from packaging materials to metal scrap 

from munitions.  Metallic scrap can (and often must) be recycled in accordance with DoD regulations.  

This scrap must have all hazardous materials (including explosives and other MC) removed prior to 

releasing it to commercial facilities.  MEC/MDEH items may need to undergo one or more residual 

treatment processes to meet the requirements for being classified as free of explosives.   

MEC Residual Processing 

 

The methods evaluated include:  chemical decontamination; flashing furnaces; and shredding, cutting, 

and other manual procedures.   

 

Chemical decontamination is still in development and three of the more studied methods include: 

supercritical water oxidation, photocatalysis, and molten salt oxidation.   

Chemical Decontamination 

 

Compared to other MEC residual processing methods, the effectiveness of chemical decontamination is 

low to medium.  Most of these methods are still in some stage of development or testing. 

Effectiveness 

 

Compared to other MEC residual processing methods, chemical decontamination is not easily 

implemented because of added equipment, facilities, skilled labor, and possible hazardous materials 

requirements. 

Implementability 

 

Relative costs are medium to high when compared to other MEC residue treatment options. 

Cost 

 

Chemical decontamination is not retained for use in the development of remedial alternatives because of 

its low to medium effectiveness and ease of implementability, and relatively high cost.     

Conclusion 
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The purpose of flashing furnaces is to thermally remove minor explosives residue from metallic scrap.  

These types of systems are also known by terms such as deactivation chambers, deactivation furnaces, 

and incinerators. 

Flashing Furnaces 

 

Compared to other MEC residual processing methods, the effectiveness is high.  Flashing furnaces are 

highly effective in removing minor residue from metal scrap.  This is one of the best methods available for 

obtaining the highest level decontamination standards. 

Effectiveness 

 

Flashing furnaces require additional facilities and equipment, but not as much as other technologies such 

as blast chambers.  These systems also produce hazardous waste streams requiring further disposition.  

Therefore, compared to other MEC residual processing methods, the use of flash furnaces is not easily 

implemented. 

Implementability 

  

Cost 

Flashing furnaces present relatively high costs among residue treatment options. 

 

Conclusion 

Flashing furnaces are not retained for use in the development of remedial alternatives because of 

medium ease of implementability and relatively high cost.     

 

Shredding/Cutting and Use of Other Manual Procedures 

These technologies are intended to deform and/or demilitarize munitions-related items, thus making them 

unusable for weapons purposes.  This results in unusable remnants and overall reduced volume of scrap.  

These options can also be used with MDAS (see Section 3.2.5.2).   

 

Effectiveness 

Compared to other MEC residual processing methods, the effectiveness is moderate.  However, if an 

explosive hazard and/or MC are present, these methods offer no integral means of eliminating these 

hazards from scrap and residue; therefore, additional processes and equipment are required.  
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Implementability 

Compared to other MEC residual processing methods, shredding/cutting and the use of other manual 

procedures is relatively easy to implement, depending on the equipment required/used. 

  

Cost 

The cost of some shredding/cutting equipment may be high as compared other equipment used in other 

manual procedures that may be used for this technology.  Therefore, costs will depend on the type of 

equipment used for this technology.  Commercial metal recyclers can also be used in some cases to 

conduct the shredding/cutting, which may require lower costs than renting or buying shredding/crushing 

equipment. 

 

Conclusion 

This technology is retained for use in the development of remedial alternatives.  However, only the use of 

manual procedures for shredding/cutting and off-site commercial metal recyclers is retained.  It is not 

anticipated that any MEC/MDEH items will be located; therefore, this treatment option is not likely to be 

utilized for MEC/MDEH.  However, this technology is being retained for use with MDAS (see 

Section 3.2.5.2); therefore, if MEC/MDEH are identified at LHTR, this technology can be used to treat 

both MEC/MDEH and MDAS items. 

 

3.2.5.2 Treatment and Off-Site Disposal of MDAS and Other Munitions-Related Scrap 

Once a munitions-related item is identified as MDAS or munitions-related scrap, has been treated as 

necessary, and MDAS is certified and verified, then these items can be released to a certified 

subcontractor/approved commercial metal recycler for off-site disposal.   

 

MDAS items requiring treatment/demilitarization (resembling military munitions) or venting may be 

treated/demilitarized on site using manual procedures, or containerized and transported to an approved 

commercial metal recycler.  Certified MDAS and any metallic non-munitions debris would be transported 

off-site for disposal to an approved commercial metal recycler.  An “End Use” certification would be 

generated confirming that the material has been recycled. 

 

Effectiveness 

Manual procedures would be very effective for demilitarizing MDAS items expected to be found at LHTR.  

Should treatment be required, a 100 percent inspection of the demilitarized scrap would be conducted 

after treatment to ensure no resemblance to military munitions.  Once this has been completed, the scrap 
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could be transported to a qualified recycler and recycled.  The use of off-site commercial metal recyclers 

is the industry standard for disposal of MDAS. 

 

Implementability 

Manual procedures would be easily implementable, depending on the type of equipment used.  

Additionally, a recycler that accepts munitions-related scrap would need to be located.  No explosives or 

chemicals are required for this technology and no secondary waste streams are produced.  Special 

consideration would be given to safety issues and associated liabilities when considering and choosing a 

commercial metal recycler.  Particular attention is required during the classification of items, MDAS 

certification, and documentation of quality assurance (QA)/quality control (QC) procedures associated 

with the remedial activities.  Certification of any scrap leaving the site will require careful inspection by 

qualified personnel (UXO Technician). 

 

An area would also need to be found for staging and storage of MDAS until the commercial metal recycler 

could pick up the items. 

 

Cost 

The purchase or rental of equipment to be used during manual procedures would be inexpensive.  Some 

commercial metals recycling companies will purchase and/or accept MDAS and munitions-related scrap 

at little to no cost.   

 

Conclusion 

This technology is retained for use in the development of remedial alternatives because of its 

effectiveness, ease of implementation, and relative cost.  The use of manual procedures for 

shredding/cutting and off-site commercial metal recyclers are retained.  This technology is also being 

retained for use with MEC/MDEH, if MEC/MDEH are identified at LHTR. 

 

3.3 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS  

The technologies and process options, under the GRAs as noted, were retained for use in combination 

with other GRAs and technologies for the development of remedial alternatives.  The exception is No 

Action which will be retained as a stand-alone alternative.  

 

The next step was to select representative process options from each technology to assemble an 

adequate variety of alternatives, and evaluate the alternatives in sufficient detail to aid in the final 

selection process.  The alternatives are presented in Section 4. 
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Technology Process Options Description Screening Comment 

No Action Not Applicable No activities would be conducted at the site. Retain:  Required by law, retain for baseline 
comparison to other technologies. 

Land Use 
Controls 

Engineering Controls - Active 
Controls (Physical Barriers/ 
Security Guards) 

Fencing, markers, and warning signs to restrict 
site access. 

Retain.  Restricted access would reduce risk 
of exposure and potential disturbance of 
MEC/MPPEH.   

Institutional Controls - Passive 
Controls (Restrictions on land use 
type) 

Administrative action, such as restrict the future 
land use to military land use. 

Retain.  This option will be retained for 
consideration to prevent residential 
development. 

Institutional Controls - Passive 
Controls (Construction Support) 

UXO support during any ground disturbing 
activities (up to 10 feet bgs). 

Retain.  Would reduce risk of exposure and 
potential disturbance of MEC/MPPEH during 
any future intrusive actions.   

Detection Visual Observation  Visually locate and identify surface 
MEC/MPPEH and MDAS items. 

Retain.  Visual observation is retained to 
identify surface MEC/MPPEH and MDAS 
items.   

Hand-held/man portable 
magnetometer/ferrous and all-
metals detectors 

UXO Technicians will carry ferrous and all-
metals detectors during surveying. 

Retain:  UXO Technicians would walk 
across site carrying metal detectors to 
identify anomalies. 

Towed/cart-mounted 
magnetometer/ferrous and all-
metals detectors 

Detector is mounted and UXO Technician will 
push/pull detector across site. 

Eliminate.  Due to site conditions (soft sediment 
which is often covered with water) it would be 
difficult to pull carts, etc., across the site. 

Surface Removal  Manual Removal Remove MEC/MPPEH and MDAS items 
identified on the ground surface. 

Retain.  Manual removal is retained to 
remove MEC/MPPEH and MDAS items.   
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Technology Process Options Description Screening Comment 

Subsurface 
Removal (to 1 
foot bgs) 

Manual Excavation Utilization of manual tools and procedures to 
investigate and remove individual anomalies. 

Retain.  Manual excavation is retained to 
investigate and remove anomalies.   

Mechanized Excavation Use of common construction equipment to dig 
anomalies (backhoe, bulldozer, loader, etc.). 

Eliminate.  Would destroy wetlands and 
archaeological areas at the site. Would be 
difficult to use due to site conditions (soft 
sediment which is often covered with water). 

Mass Excavation and 
Sifting/Mechanized Soil 
Processing 

Use of armored excavation equipment for high-
volume earth moving. 

Eliminate.  Would destroy wetlands and 
archaeological areas at the site.  Would be 
difficult to use due to site conditions (soft 
sediment which is often covered with water). 

Treatment 
MEC/MDEH 

Blow-in-Place Detonation of explosive materials without 
moving the item from the location where it was 
found. 

Retain:  Addresses MEC/MDEH items which 
cannot safely be moved from the location 
they are found.  There would be potential to 
damage wetlands and archaeological areas 
at the site. 

Consolidate and Blow The collection, configuration, and subsequent 
destruction by explosive detonation of 
MEC/MDEH. 

Retain:  Address MEC/MDEH items that can 
be safely moved from the location they are 
found.  Munitions will be collected, moved, 
and detonated in a designated disposal 
area, outside of wetlands and 
archaeological sites. 

Contained Detonation Chambers Involves detonation in chamber, vessel, or 
facility designated and constructed chamber for 
the purpose of containing blast and fragments 
from MEC/MDEH detonation. 

Eliminate:  It is not expected that many 
MEC/MDEH items, if any, will need to be 
detonated.  Would be costly and not easily 
implemented.   
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Technology Process Options Description Screening Comment 

Disassembly or Render Safe 
Procedures 

These procedures enable the neutralization 
and/or disarming of munitions to occur.  
Additional disposal procedures are generally 
required along with this process option.  Must be 
conducted by military EOD. 

Eliminate:  Hazardous to personnel performing 
procedures.  Procedures are manpower 
intensive and specialized tools and equipment 
are required.  Difficult to implement. 

MEC Residual Processing Should BIP or consolidate and blow be 
conducted, these activities may leave behind 
residue ranging from packaging materials to 
metal scrap from munitions.  This scrap must 
have all hazardous materials (MC) removed 
prior to releasing it to commercial facilities for 
disposal. 

Retain:  Should MEC/MDEH be identified on-
site, residual processing may need to take 
place. 

Treatment  and 
Disposal of 
MDAS, 
Munitions-
Related Scrap, 
and Metallic Non-
Munitions Debris 

Treatment and Off-Site Disposal   Treatment of MDAS and other munitions-related 
scrap and disposal of certified MDAS, 
munitions-related scrap and other metallic non-
munitions debris at a permitted off-site facility.   

Retain.  Off-site disposal of certified MDAS, 
munitions-related scrap, and other metallic 
non-munitions debris is retained for use 
with surface removal and subsurface 
excavation options. 

 
bgs = below ground surface 
EOD = Explosive ordnance disposal 
MC = Munitions constituents 
MDAS = Material documented as safe 
MDEH = Material documented as an explosive hazard 
MEC = Munitions and explosives of concern 
MPPEH = Material potentially presenting an explosive hazard 
UXO = Unexploded ordnance 
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4.0  ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP 

(40 CFR Part 300).  These criteria and their relative importance are described in the following 

subsections. 

 

4.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

As outlined in Sections 2.2 and 2.3, RAOs and GRAs for the Site were developed to: 1) prevent and/or 

reduce the potential for site receptors to come in direct contact with MEC/MPPEH items remaining at 

LHTR, and 2) to minimize the impact to wetlands and other natural and archaeological resources located 

at LHTR.  This section presents the development and detailed analysis of the remedial alternatives to 

achieve the Site RAOs.  Each alternative was developed from the technologies that were retained from 

the screening process presented in Section 3.  The alternatives incorporate a variety of technologies.  

From the technologies retained from the preliminary screening summarized in Table 3-1, the following 

potential remedial alternatives were developed to mitigate the potential risk to site receptors at LHTR from 

MEC/MPPEH: 

 

• Alternative 1:  No Action 

• Alternative 2:  Surface Removal with Land Use Controls 

• Alternative 3:  Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

• Alternative 4:  Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

 

Note:  Based on the results of the previous removal actions conducted at this site, and the history of 

munitions used, it is not anticipated that any MEC/MDEH would be identified at LHTR.  Therefore, it is 

unlikely that any treatment of MEC/MDEH would be required during remedial activities; however, these 

options are evaluated and included in the planning and preparation of Alternatives 2 through 4 at LHTR in 

the event that MEC/MDEH are identified at LHTR. 

 

4.1.1 

In accordance with the NCP (40 CFR Part 300.430), the following nine criteria are used for the evaluation 

of remedial alternatives: 

Evaluation Criteria 

 

• Overall Protection of Human Health and the Environment. 

• Compliance with ARARs. 

• Long-Term Effectiveness and Permanence. 
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• Reduction of Toxicity, Mobility, or Volume through Treatment. 

• Short-Term Effectiveness. 

• Implementability. 

• Cost. 

• State Acceptance. 

• Community Acceptance. 

 

The last two evaluation criteria, State Acceptance and Community Acceptance, are not formally 

addressed until the ROD is prepared.  Each of the remaining seven criteria are discussed below. 

 

4.1.1.1 Overall Protection of Human Health and the Environment 

Alternatives must be assessed for adequate protection of human health and the environment, in both the 

short and long term, from unacceptable risks posed by hazards or contaminants present at the site by 

eliminating, reducing, or controlling exposure to these hazards.  Overall protection draws on the 

assessments of the other evaluation criteria, especially long-term effectiveness and permanence, short-

term effectiveness, and compliance with ARARs. 

 

4.1.1.2 Compliance with ARARs 

Alternatives must be assessed to determine whether they attain ARARs under federal environmental laws 

and state environmental or facility siting laws.  CERCLA Section 121(d), specifies in part, that remedial 

actions for cleanup of hazardous substances must comply with requirements and standards under federal 

or more stringent state environmental laws and regulations that are applicable or relevant and appropriate 

(i.e., ARARs) to the hazardous substances or particular circumstances at a site, or a waiver must be 

obtained [see also 40 CFR 300.430(f)(1)(ii)(B)].  ARARs include only federal and state environmental or 

facility siting laws/regulations and do not include occupational safety or worker protection requirements.  

In addition, per 40 CFR 300.405(g)(3), other advisories, criteria, or guidance may be considered in 

determining remedies (TBC guidance category). 

 

4.1.1.3 Long-Term Effectiveness and Permanence 

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the 

degree of certainty that the alternative would prove successful.  Factors to be considered, as appropriate, 

include the following: 
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• Magnitude of Residual Risk

 

 - Risk posed by residual materials at the conclusion of remedial activities.  

The characteristics of residuals should be considered to the degree that they remain hazardous, 

taking into account their volume and mobility. 

• Adequacy and Reliability of Controls

 

 - Controls such as containment systems and LUCs that are 

necessary to manage residual materials and untreated waste must be shown to be reliable.  In 

assessing controls, the following must be considered: the uncertainties associated with land disposal 

for providing long-term protection from residuals; the potential need to replace technical components 

of the alternative; and potential exposure pathways and risks posed if the remedial action needs 

replacement. 

4.1.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility, or 

volume is to be assessed, including how treatment is used to address the principal threats posed by the 

site.  Chemical contamination is not a concern at this site; therefore, toxicity is not a concern.  Factors to 

be considered, as appropriate, include the following: 

 

• The treatment or recycling processes the alternative employs and the materials that these processes 

will treat. 

 

• The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or 

recycled. 

 

• The degree of expected reduction in mobility or volume of waste as a result of treatment or recycling, 

and the amount of reduction(s) that is occurring. 

 

• The degree to which the treatment is irreversible. 

 

• The type and quantity of residuals that will remain following treatment considering the persistence 

and mobility of such substances. 

 

• The degree to which treatment reduces the inherent hazards posed by the principal threats at the 

site. 

 

4.1.1.5 Short-Term Effectiveness 

The short-term impacts of the alternatives are to be assessed considering the following: 
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• Short-term risks that might be posed to the community during implementation. 

 

• Potential impacts on workers during the remedial action and the effectiveness and reliability of 

protective measures. 

 

• Potential environmental impacts of the remedial action and the effectiveness and reliability of 

mitigative measures during implementation. 

 

• Time until protection is achieved. 

 

Although not a CERCLA-criterion, the sustainability of each alternative is also evaluated per Navy policy.  

Sustainability factors are similar to those evaluated as part of the Short-Term Effectiveness criterion, so 

they are discussed in this section.  Sustainability evaluations provide insight into elements of a remedy 

that have the greatest impact on the environmental footprint.  Other factors that are considered include 

emissions of criteria air pollutants, water usage, and energy consumption.  Sensitivity analysis of such 

factors can help provide an optimal design that minimizes the overall environmental footprint of the 

remedial action.  Sustainability evaluations were performed for each remedial alternative and are 

provided in Appendix A. 

 

4.1.1.6 Implementability 

The ease or difficulty of implementing the alternatives is to be assessed by considering the following 

types of factors, as appropriate:   

 

• Technical feasibility, including technical difficulties and unknowns associated with the construction 

and operation of a technology, reliability of the technology, ease of undertaking additional remedial 

actions, and ability to monitor the effectiveness of the remedy. 

 

• Administrative feasibility, including activities to be coordinated with other offices and agencies, and 

the ability and time required to obtain any necessary approvals and permits from other agencies (for 

off-site actions). 

 

• Availability of services and materials, including the availability of adequate off-site treatment capacity, 

storage capacity, and disposal capacity and services; availability of necessary equipment and 

specialists and provisions to ensure necessary additional resources; availability of services and 

materials; and availability of prospective technologies. 
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4.1.1.7 Cost 

Capital costs, including both direct and indirect costs, and annual operations and maintenance (O&M) 

costs are provided.  A net present value of the capital and O&M costs is also provided.  Typically, the cost 

estimate accuracy range is plus 50 percent to minus 30 percent. 

 

4.1.2 

Among the nine criteria, the threshold criteria are considered to be: 

Relative Importance of Criteria 

 

• Overall Protection of Human Health and the Environment 

• Compliance with ARARs (excluding those that may be waived) 

 

The threshold criteria must be satisfied for an alternative to be eligible for selection. 

 

Among the remaining criteria, the following five criteria are considered to be the primary balancing 

criteria: 

 

• Long-Term Effectiveness and Permanence. 

• Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment. 

• Short-Term Effectiveness. 

• Implementability. 

• Cost. 

 

The balancing criteria are used to weigh the relative merits of the alternatives. 

 

The remaining two of the nine criteria (State Acceptance and Community Acceptance) are considered to 

be modifying criteria that must be considered during remedy selection.  The state’s concerns that must be 

assessed include the state’s position and key concerns related to the preferred alternative and other 

alternatives, and state comments on ARARs or the proposed use of waivers. The assessment of 

community acceptance consists of evaluating community responses to the Proposed Plan, and includes 

determining which components of the alternatives interested persons in the community support, have 

reservations about, or oppose.  These last two criteria will be evaluated after the FS has been reviewed 

by the State of Washington and the Proposed Plan has been made available for public review and 

comment.   
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4.1.3 

The selection of a remedy is a two-step process.  The first step consists of identification of a preferred 

alternative and presentation of the alternative in a Proposed Plan to the community for review and 

comment.  The preferred alternative must meet the following criteria: 

Selection of Remedy 

 

• Protection of human health and the environment. 

• Compliance with ARARs unless a waiver is justified. 

• Cost effectiveness in protecting human health and environment and in complying with ARARs. 

• Utilization of permanent solutions and alternate treatment technologies or resource recovery 

technologies to the maximum extent practicable. 

 

The second step consists of the review of the public comments and determination of whether or not the 

preferred alternative continues to be the most appropriate remedial action for the site, in consultation with 

the State of Washington. 

 

4.2 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

The detailed descriptions and evaluation of the remedial alternatives developed for LHTR are presented 

in Sections 4.2.1 through 4.2.4. 

 

Alternative 1 was developed and analyzed to serve as a baseline for comparison to the other alternatives, 

as required by CERCLA and the NCP.  Alternatives 2, 3, and 4 were developed to allow for different 

variations of removal of surface and/or subsurface munitions-related items at LHTR.  A description and 

detailed analysis of these alternatives are presented in the following sections. 

 

The areas shown on Figures 4-1, 4-2, and 4-3 were selected as the area(s) for active 

remediation/removal action, because based on historical use and results of past removal actions, these 

are the areas which would be expected to contain the highest density of munitions-related items.   

 

4.2.1 

4.2.1.1 Description 

Alternative 1: No Action 

The No Action alternative maintains the site as is.  This alternative would not be effective in preventing 

and/or reducing the potential for site receptors to come in direct contact with MEC/MPPEH items 

remaining on the surface and in the shallow subsurface, because no MEC/MPPEH removal would take 

place.  This alternative is retained to provide a baseline for comparison to other alternatives.  It should be 



FINAL 
OCTOBER 2011 

 

031101 4-7 CTO KR02 

noted that the government will respond to any MEC discovery at this site regardless of whether the site is 

designated for “No Action.” 

 

4.2.1.2 Detailed Analysis 

No action would not result in any reduction in explosive safety hazard risks at the site.  There could be 

unacceptable risks to human health and the environment from direct exposure to MEC/MPPEH.  Because 

no action would be taken, there would be no impacts to wetlands and potential archaeological resources. 

Overall Protection of Human Health and the Environment 

 

Because no action would take place, Alternative 1 would comply with some location and action-specific 

ARARs or TBCs listed in Tables 2-1 and 2-2.   

Compliance with ARARs and TBCs 

 

Alternative 1 would have little long-term effectiveness and permanence because exposure to 

MEC/MPPEH would continue, and there would be no LUCs to restrict residential development, to 

construct additional engineering controls, or to provide UXO construction support.   

Long-Term Effectiveness and Permanence 

 

Alternative 1 would not reduce the volume of MEC/MPPEH present at this site because no remedial 

activities would occur.  Toxicity and mobility of contaminants are not a concern at this site as there are no 

chemical contaminants of concern.  However, if MEC/MPPEH are identified on-site there may be 

potentially hazardous substances associated with these items, and environmental sampling would need 

to be conducted to confirm their presence. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Because no action would occur, implementation of Alternative 1 would not have any short-term adverse 

impact from cleanup activities to the local community or the environment.  Alternative 1 would achieve the 

RAO of not adversely impacting wetlands and other natural and archaeological resources located at the 

site because no action would occur.  However, munitions-related items that are present at LHTR would 

remain on-site, and their presence may adversely impact the wetlands and archeological resources over 

time.   

Short-Term Effectiveness 
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Because no action would occur, Alternative 1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

additional administrative measures is not applicable because no such measures would be taken. 

Implementability 

 

There is no cost associated with the No Action alternative. 

Cost 

 

4.2.2 

4.2.2.1 Description 

Alternative 2: Surface Removal with Land Use Controls 

The following activities would be associated with the implementation of Alternative 2: 

 

• Archeological and Ecological/Wetlands surveys within the removal action area boundary to locate 

known archeological sites and identify wetlands areas prior to the beginning of any remedial action 

activities (see Figure 4-1).  The boundaries/locations of these areas would be recorded via Global 

Positioning System (GPS) for future reference.   Based on previous investigations and observations 

during the site visit, it is assumed that all of the proposed removal action area is identified as 

wetlands.  It is assumed that remedial activities would impact wetlands; activities would be conducted 

to mitigate damage to wetlands.  Further, based on previous archeological surveys (URS 

Consultants, 1996), it is assumed that archeologically significant areas are not present within the 

removal action area boundary.  An archeological expert will be on site during excavations to ensure 

that potential archeological areas are not present and if so, are not disturbed.  

 

• Visual and detector-aided (magnetometer and all-metals detectors) surveys to locate surface 

munitions-related items within the removal action area (Figure 4-1). The site would be subdivided into 

grids prior to surveying.  All work would be conducted at low tide.  

 

• Identification of areas with a high density of munitions related items would take place during the 

detection phase of the remedial activity and would include target areas and those areas where more 

than 10 munitions items were identified in a grid.  The boundaries of these areas would be recorded 

via GPS for future reference. 

 



FINAL 
OCTOBER 2011 

 

031101 4-9 CTO KR02 

• Manual removal of surface items within the entire removal action area.  Metallic non-munitions debris 

encountered while conducting these remedial activities would also be removed from the site and 

transported off-site. 

 

• Determination by the UXO Team Leader as to whether detected munitions-related items are MEC or 

MPPEH.  If an item is MEC and not safe to move, it would be left in place and prepared for MEC BIP 

treatment.  If an item is deemed MEC and safe to move, it could be transported to a staging area to 

await MEC treatment.  MPPEH items would be further differentiated as either MDEH or MDAS.  

MDEH items could be transported to a staging area to await MEC treatment procedures, or if 

determined unsafe to move, would be left in place and prepared for BIP treatment.  MDAS would be 

further classified as either requiring demilitarization or venting, or as being munitions-related scrap.  

MDAS would be inspected and certified prior to transport off site to an approved metal recycler.  

 

• If MEC is identified on the surface within 50 feet of the edge of the investigation area, step-outs will 

be conducted in 50-foot increments in all directions to form a 50 by 50 foot grid. 

 

• The recording of the location of MEC/MDEH items using GPS.  All items would be given a unique 

identification number, and all information and observations would be recorded on the MEC Tracking 

Log.  No MEC/MDEH item would be moved until a positive identification is made. 

 

• Depending on the density of MDAS and other munitions-related scrap items identified, it may be 

impractical to record individual item’s locations and identity via GPS.  Therefore, “areas” of MDAS 

and munitions-related scrap items would be recorded if the density of such items is so great that it 

would be impractical to record individual locations.  In such cases, the number(s) and type(s) of items 

would be qualitatively described.   

 

• Treatment of MEC/MDEH, in the event that such items are identified at LHTR.  However, based on 

the results of the previous removal actions conducted at this site and the history of munitions used, it 

is not anticipated that MEC/MDEH would be identified at LHTR, still, these activities would need to be 

included in the remedial alternative for planning and preparation in the event that MEC/MDEH are 

identified at LHTR. 

 

• If MEC/MDEH items are identified at LHTR, explosive substances (MC) could be present and 

confirmatory sampling would need to be conducted after these items are removed from the site to 

confirm the absence or presence of potential chemical contamination (MC only). 
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• Re-inspection of 100 percent of all recovered items after MEC/MDEH treatment to determine if they 

are free of explosive hazards and able to be classified as MDAS. 

 

• Onsite treatment/demilitarization of MDAS items resembling military munitions or in need of venting. 

Items could also be containerized and transported off-site to an approved commercial metal recycler.  

 

• Transport of certified MDAS and any metallic non-munitions debris to an approved off-site 

commercial metal recycler for disposal.  

 

• Obtaining an “End Use” certification confirming that material has been recycled. 

 

• Surface inspection annually of the high density areas with surface removal, as necessary. 

 

- The need for annual inspections of high density areas would be evaluated after three annual 

inspections and would be reduced to every five years (in high density areas only) if no 

MEC/MDEH or less than 10 MDAS items are identified in the most recent survey. 

 

- Once reduced to five-year inspections of high density areas, five-year inspections would be 

ended after one five-year inspection with no MEC/MDEH and less than 10 MDAS items identified. 

 

• Surface inspections every five years within entire removal action area (as shown on Figure 4-1) with 

surface removal, as necessary.   

 

- The need for five-year inspections within the entire removal action area would be evaluated after 

two five-year inspections and would be ended if no MEC/MPPEH items or less than 10 MDAS 

items are identified.   

 

• Application of LUCs to the entire LHTR site.  LUCs would include:  

 

- Residential use restrictions.  Land use would be restricted to military uses.   

 

- Construction support for any intrusive/construction activities in this area.  UXO support would be 

necessary during any ground-disturbing activities (up to 10 feet bgs).   

 

- Signage designating area as restricted access area and potential UXO area. 

 

- An annual one-day site visit would be conducted to verify LUCs. 
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4.2.2.2 Detailed Analysis 

Alternative 2 would be protective of human health and the environment. 

Overall Protection of Human Health and the Environment 

 

Surface removal of munitions-related items would reduce the risk of exposure and direct contact for both 

human and ecological receptors whose most likely exposure would be contact with MEC via 

handling/removing or walking overtop of items.  Surface removal in high density munitions areas would be 

repeated on an annual basis while surface removal would be repeated throughout the entire removal 

action area every 5 years.  This would ensure that munitions-related risks at the site are being 

reevaluated regularly, and mitigated if present.  A site receptor would have to disturb a munitions-related 

item to be exposed to explosive hazards; therefore, by actively removing these items, the risks would be 

reduced and this alternative would be protective of both human health and the environment. 

 

Although less likely, exposure to MEC items in the shallow subsurface would be possible for both human 

and ecological receptors.  Furthermore, items located in the subsurface could migrate to the surface 

through erosion and tidal activity.  Alternative 2 does not directly address subsurface munitions related 

items.  Although risks in the subsurface would not be immediately addressed, these risks would be 

addressed in future annual removals as munitions items present in the subsurface would eventually 

migrate to the surface over time.   

 

Application of LUCs would also be protective of human health and the environment by reducing the risk of 

exposure and direct contact to MEC/MPPEH located at this site.  LUCs would include restrictions to 

prevent residential use, UXO support during any ground-disturbing activities (up to 10 feet bgs), and the 

installation of additional signs, fencing, and physical barriers.     

 

Alternative 2 may not comply with ARARs and TBCs that deal with wetlands and other ecologically 

sensitive areas because this alternative does not exclude the performance of remedial activities within 

wetlands.  Activities will be conducted to mitigate damage to wetlands and other ecological sensitive 

areas and an archeological expert would be on site to ensure that potential archeological areas are not 

disturbed.  Alternative 2 would comply with all other ARARs and TBCs.  The location- and action-specific 

ARARs and TBCs are listed in Tables 2-1 and 2-2.  Table 4-1 provides a list of guidance that will also be 

evaluated and used, as applicable, during the remedial action.   

Compliance with ARARs and TBCs 
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Alternative 2 would provide long-term effectiveness and permanence through the performance of annual 

surface removals within high density munitions areas, and surface removals within the entire removal 

action area every 5 years.  This alternative does not immediately address items potentially located in the 

subsurface.  No MEC detection method is 100 percent accurate, and based on site history, munitions-

related items would most likely remain on the surface and in the subsurface after the initial removal action 

is complete.  Even though the subsurface is not directly addressed in this alternative, munitions items 

would likely migrate from the subsurface to the surface via surface erosion and tidal activity; therefore, the 

annual surface inspections and removals would be conducted in response to the presence and migration 

of MEC/MPPEH items at the site, and would reduce risk of exposure for receptors to residual MEC 

hazards which would remain on-site.  The removal frequency would be evaluated periodically and could 

be reduced if appropriate.  Furthermore, the engineering and administrative controls proposed as LUCs in 

this alternative are considered reliable and would be effective to reduce the risk of exposure and direct 

contact for both human health and ecological receptors.  Engineering controls, such as fencing and signs, 

would need to be monitored and periodically repaired and/or replaced. 

Long-Term Effectiveness and Permanence 

 

There are no COPCs present at LHTR; therefore, toxicity and mobility of chemical contaminants are not a 

concern at this site.  By conducting the removal action(s), the volume of munitions-related items located 

at LHTR would be reduced.  Furthermore, any metallic items removed from LHTR would be sent to an off-

site metals recycler for disposal.  If MEC/MPPEH items are identified at LHTR, explosive substances 

(MC) could be present and confirmatory sampling would need to be conducted after these items are 

removed from the site to confirm the absence or presence of potential chemical contaminants (MC only).   

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Alternative 2 would reduce human health and ecological risks in the short term because risks to site 

receptors would be reduced as soon as the first removal action was completed.  While this alternative 

does not directly address the subsurface, it is expected that these items would migrate to the surface over 

time via erosion and tidal activity, and would be addressed during future removals.  Exposure of workers 

to explosive hazards may be present during remedial activities, but would be minimized by compliance 

with the requirements of the Occupational Safety and Health Administration (OSHA) and other explosives 

safety guidance, including wearing of appropriate personal protective equipment (PPE) and adherence to 

site-specific health and safety procedures.  However, if MEC/MPPEH items are identified at the site and 

detonations occur, these detonations could impact the surrounding community.  Implementation of LUCs 

would not adversely impact the surrounding community or the environment.   

Short-Term Effectiveness 
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Wetlands and archaeological areas would be identified prior to the beginning of remedial activities to 

ensure that any impact would be minimized.  If wetlands were adversely impacted, such as if by 

MEC/MDEH detonations on site, the loss would be temporary, although it would be years before the 

original conditions were restored. 

 

Sustainability evaluations were performed for this remedial alternative and are provided in Appendix A.  

Since the excavating will be done by hand, there will be no heavy equipment used and any impacts would 

only come from transportation.  Greenhouse gas (GHG) emissions would be approximately 12.6 tons.  

NOx, SOx, and PM10 emissions would result from transportation.  Site transportation would contribute to 

energy demand.  Water usage is not associated with this alternative.   

 

This remedial alternative would occur in phases as described in Section 4.2.2.1.  The performance of 

these activities would require a high degree of coordination between field personnel, the Navy, and other 

parties involved in the remedial activity.  The visual and detector-aided surveys could be easily 

implemented and the length of time for completion would depend on the number of UXO personnel 

available to complete the surveys.    

Implementability 

 

Surface inspection and manual removal are easily implemented and can be implemented in almost any 

terrain and climate.  Manual removal is a very labor-intensive operation, can be very difficult and time-

consuming, and would also require a high degree of direct MEC/MPPEH exposure for workers should 

MEC/MPPEH be identified at LHTR.  Equipment utilized during this phase would be easy to obtain 

(manual tools) and would be relatively inexpensive.  

 

Should MEC/MPPEH be identified at LHTR, the treatment of these items would not be easily 

implemented.  Permits would be required to obtain donor/priming explosives, an area for staging and 

storage of explosives for detonation would be required, and higher general area security, signage, and 

access controls would be required than if treatment were not necessary.  If MEC are moved, there would 

be special requirements for protective packaging and transportation of MEC to the consolidation area for 

treatment.  Should items be located that cannot be moved, the detonations could adversely impact 

wetlands and archeological areas known to exist at LHTR.   

 

The use of manual tools for treatment/demilitarization, if necessary, would be easily implementable, 

depending on the type of equipment used.  Additionally, a commercial metal recycler that accepts 

munitions-related scrap would need to be located.  Furthermore, special consideration would need to be 

given to safety issues and associated liabilities when considering and choosing a commercial metal 
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recycler.  Particular attention would be required during classification of items, MDAS certification, and in 

the documentation QA/QC procedures associated with the remedial activities.  Certification of any 

certified MDAS and munitions-related scrap leaving the site would require careful inspection by qualified 

personnel (UXO Technician).  An area would also need to be found for staging and storage of MDAS and 

munitions-related scrap items until the commercial metal recycler could pick up the items. 

 

Implementation of LUCs at this site could readily be accomplished.  The administrative aspects of the 

LUCs for this property are currently under the control of the Navy.   

 

The estimated costs for Alternative 2 are as follows: 

Cost 

 

Capital Cost:       $ 387,750 

(initial removal) 

 

30-Year Net Present Worth (NPW) of Annual Costs:   $ 877,112 

(assume three annual removals years 1, 2, and 3; two 5-year removals years 5 and 10; and LUC site 

inspection and report for 30 years):      

 

30-Year NPW:       $ 1,264,862 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix B. 

 

4.2.3 

4.2.3.1 Description 

Alternative 3: Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

The following activities would be associated with the implementation of Alternative 3: 

 

• Archeological and Ecological/Wetlands surveys within the removal action area boundary to locate 

known archeological sites and identify wetlands areas prior to the beginning of any remedial action 

activities (see Figure 4-2).  The boundaries/locations of these areas would be recorded via GPS for 

future reference.   Based on previous investigations and observations during the site visit, it is 

assumed all of the proposed removal action area is identified as wetlands.  It is assumed that 

remedial activities would impact wetlands; activities would be conducted to mitigate damage to 

wetlands.  Further, based on previous archeological surveys (URS Consultants, 1996), it is assumed 

that archeologically significant areas are not present within the removal action area boundary.  An 
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archeological expert will be on site during excavations to ensure that potential archeological areas are 

not present, and if so, are not disturbed.  

 

• Visual and detector-aided (magnetometer and all-metals detectors) surveys to locate surface 

munitions-related items and shallow subsurface anomalies (up to 1 foot bgs) within the removal 

action area.  The site would be subdivided into grids prior to surveying.  All work would be conducted 

at low tide. 

 

• Identification of areas with a high density of munitions related items would take place during the 

detection phase of the remedial activity and would include the target areas and those areas where 

more than 10 munitions items were identified in a grid.  The boundaries of these areas will be 

recorded via GPS for future reference. 

 

• Manual removal of surface items, and intrusive investigations/manual excavation and removal of 

subsurface anomalies to a maximum depth of 1 foot bgs.  Metallic non-munitions debris encountered 

while conducting these remedial activities would also be removed from the site and transported off-

site.  

 

• Determination by the UXO Team Leader as to whether detected munitions-related items are MEC or 

MPPEH.  If an item is MEC and not safe to move, it would be left in place and prepared for MEC BIP 

treatment.  If an item is deemed MEC and safe to move, it could be transported to a staging area to 

await MEC treatment.  MPPEH items would be further differentiated as either MDEH or MDAS.  

MDEH items could be transported to a staging area to await MEC treatment procedures, or if 

determined unsafe to move, would be left in place and prepared for BIP treatment.  MDAS would be 

further classified as either requiring demilitarization or venting, or as being munitions-related scrap.  

MDAS would be inspected and certified prior to transport off site to an approved metal recycler.  

 

• If MEC is identified in either the surface or shallow subsurface within 50 feet of the edge of the 

investigation area, step-outs will be conducted in 50-foot increments in all directions to form a 50 by 

50 foot grid. 

 

• The recording of the location of MEC/MDEH items using GPS.  All items would be given a unique 

identification number, and all information and observations would be recorded on the MEC Tracking 

Log.  No MEC/MDEH item would be moved until a positive identification is made. 

 

• Depending on the density of MDAS and other munitions-related scrap items identified, it may be 

impractical to record individual item’s locations via GPS.  Therefore, “areas” of MDAS and munitions-



FINAL 
OCTOBER 2011 

 

031101 4-16 CTO KR02 

related scrap items would be recorded if the density of such items is so great that it would be 

impractical to record individual locations.  In such cases, the number(s) and type(s) of items would be 

qualitatively described.   

 

• Treatment of MEC/MDEH, in the event that such items are identified at LHTR.  However, based on 

the results of the previous removal actions conducted at this site and the history of munitions used, it 

is not anticipated that MEC/MDEH would be identified at LHTR, still, these activities will need to be 

included in the remedial alternative for planning and preparation in the event that MEC/MDEH are 

identified at LHTR. 

 

• If MEC/MDEH items are identified at LHTR, explosive substances (MC) could be present and 

confirmatory sampling would need to be conducted after these items are removed from the site to 

confirm the absence or presence of potential chemical contamination (MC only). 

 

• Re-inspection of 100 percent of all recovered items after MEC/MDEH treatment to determine if they 

are free of explosive hazards and able to be classified as MDAS. 

 

• Onsite treatment/demilitarization of MDAS items resembling military munitions or in need of venting.  

Items could also be containerized and transported off-site to an approved commercial metal recycler.  

 

• Transport of certified MDAS, munitions-related scrap, and any metallic non-munitions debris to an 

approved off-site commercial metal recycler for disposal. 

 

• Obtaining an “End Use” certification confirming that material has been recycled. 

 

• Surface inspection annually of the high density areas with surface removal, as necessary. 

 

- The need for annual inspections of high density areas would be evaluated after three annual 

inspections and would be reduced to every five years (in high density areas only) if no 

MEC/MDEH or less than 10 MDAS items are identified in the most recent survey.  

 

- Once reduced to five-year inspections of high density areas, five-year inspections would be 

ended after one five-year inspection with no MEC/MDEH and less than 10 MDAS items identified. 

 

• Surface inspections every five years within the entire removal action area (as shown on Figure 4-2) 

with surface removal, as necessary.  Wetlands and archeological areas would be excluded from the 

subsurface inspection and removal area.  
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- The need for five-year inspections of the entire removal action area would be evaluated after two 

five-year inspections and ended after if no MEC/MPPEH items and less than 10 MDAS items are 

identified. 

 

• Application of LUCs to the entire LHTR site.  LUCs would include:  

 

- Residential use restrictions.  Land use would be restricted to military uses.   

 

- Construction support for any intrusive/construction activities in this area.  UXO support would be 

necessary during any ground-disturbing activities (up to 10 feet bgs).   

 

- Signage designating area as restricted access area and potential UXO area. 

 

- An annual one-day site visit would be conducted to verify LUCs. 

 

 

4.2.3.2 Detailed Analysis 

Alternative 3 would be protective of human health and the environment. 

Overall Protection of Human Health and the Environment 

 

Surface and subsurface removal of munitions-related items would reduce the risk of exposure and direct 

contact for both human and ecological receptors.  The most likely exposure for site receptors would be 

contact with MEC via handling/removing or walking overtop of items.  Although less likely, exposure to 

MEC items in the shallow subsurface is possible for both human and ecological receptors.  Furthermore, 

items located in the subsurface could migrate to the surface through erosion and tidal activity.  Surface 

removal in high density munitions areas would be repeated on an annual basis, while surface removal 

would be repeated throughout the entire removal action area every 5 years. This would ensure that risks 

are being reevaluated regularly and mitigated if present.  A site receptor would have to disturb a 

munitions-related item to be exposed to explosive hazards; therefore, by actively removing these items, 

the risks would be reduced and this alternative would be protective of both human health and the 

environment. 

 

Application of LUCs would also be protective of human health and the environment by reducing the risk of 

exposure and direct contact to MEC/MPPEH located at this site.  LUCs would include restrictions to 
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prevent residential use, UXO support during any ground disturbing activities (up to 10 feet bgs), and the 

installation of additional signs, fencing, and physical barriers.     

 

Alternative 3 may not comply with ARARs and TBCs that deal with wetlands and other ecologically 

sensitive areas because this alternative does not exclude the performance of remedial activities within 

wetlands.  Activities will be conducted to mitigate damage to wetlands and other ecological sensitive 

areas and an archeological expert would be on site during excavations to ensure that potential 

archeological areas are not disturbed. Alternative 3 would comply with all other ARARs and TBCs.  The 

location- and action-specific ARARs and TBCs are listed in Tables 2-1 and 2-2, respectively.  Table 4-1 

provides a list of guidance that will also be evaluated and used, as applicable, during the remedial action. 

Compliance with ARARs and TBCs 

 

Alternative 3 would provide long-term effectiveness and permanence through the performance of annual 

surface removals within high density munitions areas, and surface removals within the entire removal 

action area every 5 years.  No MEC detection method is 100 percent accurate, and based on site history, 

munitions-related items would most likely remain on site after the initial removal action is complete.  

Munitions items could also migrate from the subsurface to the surface via surface erosion and tidal 

activity; migration would be reduced through subsurface removals.  Therefore, the inspections and 

additional annual removals would be conducted in response to the presence and migration of 

MEC/MPPEH items at the site, and would reduce risk of exposure for receptors to residual MEC hazards 

which would remain on-site.  The removal frequency would be evaluated periodically and could be 

reduced if appropriate.  Furthermore, the engineering and administrative controls proposed as LUCs in 

this alternative are considered reliable and would be effective to reduce the risk of exposure and direct 

contact for both human health and ecological receptors.  Engineering controls, such as fencing and signs, 

would need to be monitored and periodically repaired and/or replaced. 

Long-Term Effectiveness and Permanence 

 

There are no COPCs present at LHTR; therefore, toxicity and mobility of chemical contaminants are not a 

concern at this site.  By conducting the removal action(s), the volume of munitions-related items located 

at LHTR would be reduced.  Furthermore, any metallic items removed from LHTR would be sent to an off-

site metals recycler for disposal.  If MEC/MPPEH items are identified at LHTR, explosive substances 

(MC) could be present and confirmatory sampling would need to be conducted after these items are 

removed from the site to confirm the absence or presence of potential chemical contaminants (MC only).   

Reduction of Toxicity, Mobility, or Volume through Treatment 
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Alternative 3 would reduce human health and ecological risks in the short term because risks to site 

receptors would be reduced as soon as the first removal action was completed.  Exposure of workers to 

explosive hazards may be present during remedial activities, but would be minimized by compliance with 

the requirements of OSHA and other explosives safety guidance, including wearing of appropriate PPE 

and adherence to site-specific health and safety procedures.  However, if MEC/MPPEH items are 

identified at the site and detonations occur, these detonations could impact the surrounding community.  

Implementation of LUCs would not adversely impact the surrounding community or the environment.   

Short-Term Effectiveness 

 

Wetlands and archaeological areas would be identified prior to the beginning of remedial activities to 

ensure that any impact would be minimized.  If wetlands were adversely impacted, such as if by 

MEC/MDEH detonations on site, the loss would be temporary, although it would be years before the 

original conditions were restored. Further, wetlands are not excluded from intrusive subsurface activities 

under this alternative, and it is assumed that at least a portion of these areas would be adversely 

impacted, and the compliance with RAO 2 is reduced.  

 

Sustainability evaluations were performed for this remedial alternative and are provided in Appendix A.  

Since the excavating will be done by hand, there will be no heavy equipment used and any impacts would 

only come from transportation.  GHG emissions would be approximately 13 tons.  NOx, SOx, and PM10 

emissions would result from transportation.  Site transportation would contribute to energy demand.  

Water usage is not associated with this alternative.   

 

This remedial alternative would occur in phases as described in Section 4.2.3.1.  The performance of 

these activities would require a high degree of coordination between field personnel, the Navy, and other 

parties involved in the remedial activity.  The visual and detector-aided surveys could be easily 

implemented and the length of time for completion would depend on the number of UXO personnel 

available to complete the surveys.    

Implementability 

 

Manual removal and excavation are easily implemented and can be implemented in almost any terrain 

and climate.  Manual removal and excavation are very labor-intensive operations, and subsurface 

excavation and removal is significantly more labor-intensive than just surface removal.  Manual removal 

and excavation can be very difficult and time-consuming, and also require a high degree of direct 

MEC/MPPEH exposure for workers should MEC/MPPEH be identified at LHTR.  Equipment utilized 

during this phase would be easy to obtain (manual tools) and would be relatively inexpensive.  
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Should MEC/MPPEH be identified at LHTR, the treatment of these items would not be easily 

implemented.  Permits would be required to obtain donor/priming explosives, an area for staging and 

storage of explosives for detonation would be required, and higher general area security, signage, and 

access controls would be required than if treatment were not necessary.  If MEC are moved, there would 

be special requirements for protective packaging and transportation of MEC to the consolidation area for 

treatment.  Should items be located that cannot be moved, the detonations could adversely impact 

wetlands and archeological areas known to exist at LHTR.   

 

The use of manual tools for treatment/demilitarization, if necessary, would be easily implementable, 

depending on the type of equipment used.  Additionally, a commercial metal recycler that accepts 

munitions-related scrap would need to be located.  Furthermore, special consideration would need to be 

given to safety issues and associated liabilities when considering and choosing a commercial metal 

recycler.  Particular attention would be required during classification of items, MDAS certification, and in 

the documentation of QA/QC procedures associated with the remedial activities.  Certification of any 

certified MDAS and munitions-related scrap leaving the site would require careful inspection by qualified 

personnel (UXO Technician).  An area would also need to be found for staging and storage of MDAS and 

munitions-related scrap items until the commercial metal recycler could pick up the items. 

 

Implementation of LUCs at this site could readily be accomplished.  The administrative aspects of the 

LUCs for this property are currently under the control of the Navy.   

 

The estimated costs for Alternative 3 are as follows: 

Cost 

 

Capital Cost:       $ 561,043 

(initial removal) 

 

30-Year Net Present Worth (NPW) of Annual Costs:   $ 877,112 

(assume three annual removals years 1, 2, and 3; two 5-year removals years 5 and 10; and LUC site 

inspection and report for 30 years)    

 

30-Year NPW:       $1,438,155 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix B. 
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4.2.4 

4.2.4.1 Description 

Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use 

Controls 

The following activities would be associated with the implementation of Alternative 4: 

 

• Archeological and Ecological/Wetlands surveys within the removal action area boundary to locate 

known archeological sites and identify wetlands areas prior to the beginning of any remedial action 

activities (see Figure 4-3).  The boundaries/locations of these areas would be recorded via GPS for 

future reference.  Based on previous investigations and observations during the site visit, it is 

assumed that all of the proposed removal action area is identified as wetlands.  It is assumed that 

remedial activities would impact wetlands; activities would be conducted to mitigate damage to 

wetlands.  Further, based on previous archeological surveys (URS Consultants, 1996), it is assumed 

that archeologically significant areas are not present within the removal action area boundary.  An 

archeological expert will be on site during excavations to ensure that potential archeological areas are 

not present, and if so, are not disturbed.   

 

• Visual and detector-aided (magnetometer and all-metals detectors) surveys to locate surface 

munitions-related items and shallow subsurface anomalies (up to 1 foot bgs) within the removal 

action area.  The site would be subdivided into grids prior to surveying.  All work would be conducted 

at low tide. 

 

• Identification of areas with a high density of munitions related items would take place during the 

detection phase of the remedial activity and would include target areas and those areas where more 

than 10 munitions items were identified in a grid.  The boundaries of these areas will be recorded via 

GPS for future reference. 

 

• Manual removal of surface items, and intrusive investigations/manual excavation and removal of 

subsurface anomalies to a maximum depth of 1 foot bgs.  Metallic non-munitions debris encountered 

while conducting these remedial activities would also be removed from the site and transported off-

site. 

 

• Determination by the UXO Team Leader as to whether detected munitions-related items are MEC or 

MPPEH.  If an item is MEC and not safe to move, it would be left in place and prepared for MEC BIP 

treatment.  If an item is deemed MEC and safe to move, it could be transported to a staging area to 

await MEC treatment.  MPPEH items would be further differentiated as either MDEH or MDAS.  

MDEH items could be transported to a staging area to await MEC treatment procedures, or if 
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determined to be unsafe to move, would be left in place and prepared for MEC BIP treatment.  MDAS 

would be further classified as either requiring demilitarization or venting, or as being munitions-related 

scrap.  MDAS would be inspected and certified prior to transport off site to an approved metal 

recycler.  

 

• If MEC is identified on the surface within 50 feet of the edge of the investigation area, step-outs will 

be conducted in 50-foot increments in all directions to form a 50 by 50 foot grid. 

 

• The recording of the location of MEC/MDEH items using GPS.  All items would be given a unique 

identification number, and all information and observations would be recorded on the MEC Tracking 

Log.  No MEC/MDEH item would be moved until a positive identification is made. 

 

• Depending on the density of MDAS and other munitions-related scrap items identified, it may be 

impractical to record individual item’s locations via GPS.  Therefore, “areas” of MDAS and munitions-

related scrap items would be recorded if the density of such items is so great that it would be 

impractical to record individual locations. In such cases, the number(s) and type(s) of items would be 

qualitatively described.   

 

• Treatment of MEC/MDEH, in the event that such items are identified at LHTR.  However, based on 

the results of the previous removal actions conducted at this site and the history of munitions used, it 

is not anticipated that MEC/MDEH would be identified at LHTR, still, these activities would need to be 

included in the remedial alternative for planning and preparation in the event that MEC/MDEH are 

identified at LHTR. 

 

• If MEC/MDEH items are identified at LHTR, explosive substances (MC) could be present and 

confirmatory sampling would need to be conducted after these items are removed from the site to 

confirm the absence or presence of potential chemical contamination (MC only). 

 

• Re-inspection of 100 percent of all recovered items after MEC treatment to determine if they are free 

of explosive hazards and able to be classified as MDAS. 

 

• Onsite treatment/demilitarization of MDAS items resembling military munitions or in need of venting.  

Items could also be containerized and transported off-site to an approved commercial metal recycler.  

 

• Transport of certified MDAS, munitions-related scrap, and any metallic non-munitions debris to an 

approved off-site commercial metal recycler for disposal.  
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• Obtaining an “End Use” certification confirming that material has been recycled. 

 

• Surface inspection annually of high density areas with surface removal, as necessary. 

 

- The need for annual inspections of high density areas would be evaluated after three annual 

inspections and would be reduced to every five years (in high density areas only) if no 

MEC/MDEH or less than 10 MDAS items are identified in the most recent survey. 

 

- Once reduced to five-year inspections of high density areas, five-year inspections would be 

ended after one five-year inspection with no MEC/MDEH and less than 10 MDAS items identified. 

 

• Surface inspections every five years of entire removal action area (as shown on Figure 4-3) with 

surface removal, as necessary.   

 

- The need for five-year inspections of the entire removal action area would be evaluated after two 

five-year inspections and ended if no MEC/MPPEH items and less than 10 MDAS items are 

identified. 

 

• Application of LUCs to the entire LHTR site. LUCs would include:  

 

- Residential use restrictions.  Land use would be restricted to military uses.   

 

- Construction support for any intrusive/construction activities in this area, UXO support is 

necessary during any ground disturbing activities (up to 10 feet bgs).   

 

- Signage designating area as restricted access area and potential UXO area. 

 

- An annual one-day site visit would be conducted to verify LUCs. 

 

 

4.2.4.2 Detailed Analysis 

Alternative 4 would be protective of human health and the environment. 

Overall Protection of Human Health and the Environment 

 

Surface and subsurface removal of munitions-related items would reduce the risk of exposure and direct 

contact for both human and ecological receptors.  The most likely exposure for site receptors would be 
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contact with MEC via handling/removing or walking overtop of items.  Although less likely, exposure to 

MEC items in the shallow subsurface is possible for both human and ecological receptors.  Furthermore, 

items located in the subsurface could migrate to the surface through erosion and tidal activity.  Surface 

removal in high density munitions areas would be repeated on an annual basis while surface removal 

would be repeated throughout the entire removal action area every 5 years.  This would ensure that risks 

are being reevaluated regularly and mitigated if present.  A site receptor would have to disturb a 

munitions-related item to be exposed to explosive hazards; therefore, by actively removing these items, 

the risks would be reduced and this alternative would be protective of both human health and the 

environment. 

 

Application of LUCs would also be protective of human health and the environment by reducing the risk of 

exposure and direct contact to MEC/MPPEH located at this site.  LUCs would include restrictions to 

prevent residential use, UXO support during any ground disturbing activities (up to 10 feet bgs), and the 

installation of additional signs, fencing, and physical barriers.     

 

Alternative 4 may not comply with ARARs and TBCs that deal with wetlands and other ecologically 

sensitive areas because this alternative does not exclude the performance of remedial activities within 

wetlands.  Activities will be conducted to mitigate damage to wetlands and other ecological sensitive 

areas and an archeological expert would be on site during excavations to ensure that potential 

archeological areas are not disturbed.  Alternative 4 would comply with all other ARARs and TBCs.  The 

location- and action-specific ARARs and TBCs are listed in Tables 2-1 and 2-2, respectively.  Table 4-1 

provides a list of guidance that will also be evaluated and used, as applicable, during the remedial action. 

Compliance with ARARs and TBCs 

 

Alternative 4 would provide long-term effectiveness and permanence through the performance of annual 

surface removals within high density munitions areas, and surface removals within the entire removal 

action area every 5 years.  No MEC detection method is 100 percent accurate, and based on site history, 

munitions-related items would most likely remain on site after the initial removal action is complete.  

Munitions items could also migrate from the subsurface to the surface via surface erosion and tidal 

activity; therefore, these inspections and additional removals would be conducted in response to the 

presence and migration of MEC/MPPEH items at the site, and would reduce risk of exposure for 

receptors to residual MEC hazards which would remain on-site.  The removal frequency would be 

evaluated periodically and could be reduced if appropriate.  Furthermore, the engineering and 

administrative controls proposed as LUCs in this alternative are considered reliable and would be 

effective to reduce the risk of exposure and direct contact for both human health and ecological receptors.  

Long-Term Effectiveness and Permanence 
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Engineering controls, such as fencing and signs, would need to be monitored and periodically repaired 

and/or replaced. 

 

There are no COPCs present at LHTR; therefore, toxicity and mobility of chemical contaminants are not a 

concern at this site.  By conducting the removal action(s), the volume of munitions-related items located 

at LHTR would be reduced.  Furthermore, any metallic items removed from LHTR would be sent to an off-

site metals recycler for disposal.  If MEC/MPPEH items are identified at LHTR, explosive substances 

(MC) could be present and confirmatory sampling would need to be conducted after these items are 

removed from the site to confirm the absence or presence of potential chemical contaminants (MC only).   

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Alternative 4 would reduce human health and ecological risks in the short term because risks to site 

receptors would be reduced as soon as the first removal action was completed.  Exposure of workers to 

explosive hazards may be present during remedial activities, but would be minimized by compliance with 

the requirements of OSHA and other explosives safety guidance, including wearing of appropriate PPE 

and adherence to site-specific health and safety procedures.  However, if MEC/MPPEH items are 

identified at the site and detonations occur, these detonations could impact the surrounding community.  

Implementation of LUCs would not adversely impact the surrounding community or the environment.   

Short-Term Effectiveness 

 

Wetlands and archaeological areas would be identified prior to the beginning of remedial activities to 

ensure that any impact would be minimized.  If wetlands were adversely impacted, such as if by 

MEC/MDEH detonations on site, the loss would be temporary, although it would be years before the 

original conditions were restored.  Wetlands are not excluded from intrusive subsurface activities under 

this alternative, and it is assumed that at least a portion of these areas would be adversely impacted, and 

the compliance with RAO 2 is reduced.   

 

Sustainability evaluations were performed for this remedial alternative and are provided in Appendix A.  

Since the excavating will be done by hand, there will be no heavy equipment used and any impacts would 

only come from transportation.  GHG emissions would be approximately 13.2 tons.  NOx, SOx, and PM10 

emissions would result from transportation.  Site transportation would contribute to energy demand.  

Water usage is not associated with this alternative.   
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This remedial alternative would occur in phases as described in Section 4.2.4.1.  The performance of 

these activities would require a high degree of coordination between field personnel, the Navy, and other 

parties involved in the remedial activity.  The visual and detector-aided surveys could be easily 

implemented and the length of time for completion would depend on the number of UXO personnel 

available to complete the surveys.    

Implementability 

 

Manual removal and excavation are easily implemented and can be implemented in almost any terrain 

and climate.  Manual removal and excavation are very labor-intensive operations, can be very difficult and 

time-consuming, and also require a high degree of direct MEC/MPPEH exposure for workers should 

MEC/MPPEH be identified at LHTR.  Equipment utilized during this phase would be easy to obtain 

(manual tools) and would be relatively inexpensive.  

 

Should MEC/MPPEH be identified at LHTR, the treatment of these items would not be easily 

implemented.  Permits would be required to obtain donor/priming explosives, an area for staging and 

storage of explosives for detonation would be required, and higher general area security, signage, and 

access controls would be required than if treatment were not necessary.  If MEC are moved, there would 

be special requirements for protective packaging and transportation of MEC to the consolidation area for 

treatment.  Should items be located that cannot be moved, the detonations could adversely impact 

wetlands and archeological areas known to exist at LHTR.   

 

The use of manual tools for treatment/demilitarization, if necessary, would be easily implementable, 

depending on the type of equipment used.  Additionally, a commercial metal recycler that accepts 

munitions-related scrap would need to be located.  Furthermore, special consideration would need to be 

given to safety issues and associated liabilities when considering and choosing a commercial metal 

recycler.  Particular attention would be required during classification of items, MDAS certification, and in 

the documentation of QA/QC procedures associated with the remedial activities.  Certification of any 

certified MDAS and munitions-related scrap leaving the site would require careful inspection by qualified 

personnel (UXO Technician).  An area would also need to be found for staging and storage of MDAS and 

munitions-related scrap items until the commercial metal recycler could pick up the items. 

 

Implementation of LUCs at this site could readily be accomplished.  The administrative aspects of the 

LUCs for this property are currently under the control of the Navy.   
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The estimated costs for Alternative 4 are as follows: 

Cost 

 

Capital Cost:       $ 907,151 

(initial removal)  

 

30-Year Net Present Worth (NPW) of Annual Costs:   $ 898,487 

(assume three annual removals years 1, 2, and 3; two 5-year removals years 5 and 10; and LUC site 

inspection and report for 30 years)    

 

30-Year NPW:       $1,805,638 

 

A detailed breakdown of estimated costs for this alternative is provided in Appendix B. 
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GUIDANCE TO BE USED IN REMEDIAL ACTION 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 

PAGE 1 OF 5 
 

Requirement/ 
Criteria 

Citation (1) Brief Description Consideration in the Remedial Action 
Process 

Federal    

Transportation ATF P 5400.1 Bureau of Alcohol, Tobacco, Firearms and 
Explosives, vehicle bomb explosion hazard 
and evacuation distance table. 

These standards would be applicable if 
explosives/MEC/MPPEH are transported. 

MEC/UXO 
Management 

DoD 4160-21-M-
1, Revision 1 

Defense Demilitarization Manual, its 
purpose is to set for DoD demilitarization 
policy, prescribe uniform procedures for 
assigning demilitarization codes to DoD 
property, and direct methods for completing 
demilitarization. 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present.  

MEC/UXO 
Management 

DoD 4160.21-M Defense Material Disposition Manual Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

DoD 6055.9-STD Ammunitions and Explosives Safety 
Standards 
DoD standard issued under the DDESB that 
established policies and procedures 
necessary to provide protection to 
personnel as a result of DoD ammunitions, 
explosives, or chemical agents and 
contamination of real property currently or 
formerly owned, leased, or used by DoD. 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present.   

MEC/UXO 
Management 

DoD Instruction 
4140.62 

Material Potentially Presenting an Explosive 
Hazard 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

DoD 4715.11 Environmental and Explosives Safety 
Management on Department of Defense, 
Active and Inactive Ranges Within the 
United States 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 



TABLE 4-1 
 

GUIDANCE TO BE USED IN REMEDIAL ACTION 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 

PAGE 2 OF 5 
 

Requirement/ 
Criteria 

Citation (1) Brief Description Consideration in the Remedial Action 
Process 

MEC/UXO 
Management 

DDESB TP 16 Methodologies for Calculating Primary 
Fragment Characteristics 

May be applicable depending on types of 
munitions suspected at site. 

MEC/UXO 
Management 

DDESB TP 18 Minimum Qualifications for Unexploded 
Ordnance (UXO) Technicians and 
Personnel 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

NAVSEA OP 5 
Volume 1 

Ammunition and Explosives Safety Ashore: 
Safety Regulations for Handling, Storing, 
Production, Renovation, and Shipping 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

NAVSEA OP 
2165 

Navy Transportation Safety Handbook for 
Ammunition, Explosives, and Related 
Hazardous Materials 

Applicable if explosives/MEC/MPPEH are 
transported. 

MEC/UXO 
Management 

NAVSEA OP 
2239 

Motor Vehicle Driver’s Handbook, 
Ammunition, Explosives, and Related 
Hazardous Materials 

Applicable if explosives/MEC/MPPEH are 
transported. 

MEC/UXO 
Management 

NAVSEA OP 
4570.1 

Demilitarization and Disposal of Excess, 
Surplus, and Foreign Excess Ammunition, 
Explosives and Other Dangerous Articles 
and Inert Ordnance Material 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

NAVSEA OP 
8020.9 

Non-Nuclear Ordnance and Explosives 
Handling Qualification and Certification 
Program 

Applicable to work conducted at munitions 
sites where MEC/MPPEH may be present. 

MEC/UXO 
Management 

NAVSEAINST 
8020.1H 

DoD Ammunition and Explosive Hazard 
Classification Procedures Joint Technical 
Bulletin 

Applicable if MEC/MPPEH are identified at 
LHTR. 

MEC/UXO 
Management 

NOSSA 
Instruction 
8020.15B 

Explosive Safety Review, Oversight and 
Verification of Munitions Responses 

May apply to work conducted during the 
remedial activity. 
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Requirement/ 
Criteria 

Citation (1) Brief Description Consideration in the Remedial Action 
Process 

MEC/UXO 
Management 

EM 1110-1-4009 Engineering and Design – Ordnance and 
Explosives Response, manual provides 
personnel with procedures to be used to 
perform engineering and design activities 
for all phases of the Military Munitions 
Response Program 

Applicable to work conducted during the 
remedial activity. 

MEC/UXO 
Management 

OE Guidance 
Memoranda, 

December, 2000 

Interim Final Management Principles for 
Implementing Response Action at Closed, 
Transferring, and Transferred Ranges 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

OE Guidance 
Memoranda, 

January, 1994 

Application of the Hazardous Waste 
Operations and Emergency Response 
Regulation to Ordnance and Explosives 
Sites 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

OE Guidance 
Memoranda, 
May, 1997 

Coordination with the Ordnance and 
Explosives Center of Expertise (OE CX) 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

OPNAVINST 
5090.1 

Environmental and Natural Resources 
Protection Manual (Navy) 

Potential guidance for operations that may 
impact environmental and natural resources. 

MEC/UXO 
Management 

OPNAVINST 
5102.1C 

Mishap Investigation and Reporting May apply to work conducted during the 
remedial activity. 

MEC/UXO 
Management 

OPNAVINST 
5530.13 

Department of the Navy Physical Security 
Instruction for Sensitive Conventional Arms, 
Ammunition, and Explosives 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

OPNAVINST 
8026.2 

Assignment for the Responsibility and 
Management of the Navy Munitions 
Disposition Program 

Potentially applicable if MEC/MPPEH 
identified on site. 

MEC/UXO 
Management 

OPNAVINST 
8026.2A 

Navy Munitions Disposition Policy Potentially applicable if MEC/MPPEH 
identified on site. 
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Requirement/ 
Criteria 

Citation (1) Brief Description Consideration in the Remedial Action 
Process 

MEC/UXO 
Management 

OPNAVINST 
8027.1 

Inter-service Responsibilities for Explosive 
Ordnance Disposal 

Potentially applicable if MEC/MPPEH 
identified on site. 

MEC/UXO 
Management 

OPNAVINST 
8027.6E 

Naval Responsibilities for Explosive 
Ordnance Disposal 

Potentially applicable if MEC/MPPEH 
identified on site. 

MEC/UXO 
Management 

OPNAVINST 
8070.1B 

Responsibilities for Technical Escort of 
Dangerous Materials 

Potentially applicable if dangerous materials 
are acquired or are transported from the site. 

MEC/UXO 
Management 

SWO60-AA-
MMA-010 

Demolition Materials Potentially applicable if demolition materials 
are acquired or are transported from the site. 

MEC/UXO 
Management 

EP 385-1-95b Explosives Safety Submission Applicable for intrusive work done at 
munitions response site. 

MEC/UXO 
Management 

EP 75-1-2 Munitions and Explosives of Concern 
Support During Hazardous, Toxic, and 
Radioactive Waste and Construction 
Activities 

Applicable to work conducted at munitions 
sites.  

MEC/UXO 
Management 

EP 1110-1-18 Ordnance and Explosive Response Potentially applicable to work conducted at 
munitions sites. 

MEC/UXO 
Management 

EP 1110-1-24 Establishing and Maintaining Institutional 
Controls for Ordnance and Explosives 
Projects 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

ER 1110-1-8153 Engineering and Design Ordnance 
Explosives Response 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

IGD 98-04 USACE Huntsville Interim Guidance:  
Reportable Material at Ordnance Explosives 
Response Sites 

Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

USACE DID OE-
025.01 

Personnel/Work Standards; U.S. Army 
Engineering and Support Center 

Applicable to work conducted at munitions 
sites. 



TABLE 4-1 
 

GUIDANCE TO BE USED IN REMEDIAL ACTION 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 

PAGE 5 OF 5 
 

Requirement/ 
Criteria 

Citation (1) Brief Description Consideration in the Remedial Action 
Process 

MEC/UXO 
Management 

USACE, 2003 Ordnance and Explosives Digital 
Geophysical Mapping Guidance – 
Operational Procedures and Quality Manual 

Applicable to work conducted at munitions 
sites where geophysical applications are 
used. 

MEC/UXO 
Management 

USEPA, 2003 USEPA Guidelines for Munitions Response Applicable to work conducted at munitions 
sites. 

MEC/UXO 
Management 

27 CFR 55 Commerce in Explosives, contains 
regulations related to manufactures and 
dealers of explosives and the acquisition 
and disposition of explosives  

Applicable if donor explosives are 
purchased. 

 
1.  The most updated and recent guidance will be reviewed and followed at the time of the removal action.  
 
Notes: 
ATF Alcohol, Tobacco, and Firearms. NAVSEA Naval Sea Systems Command.  
CFR Code of Federal Regulations. NAVSEAINST Naval Sea Systems Command Instruction. 
DDESB Department of Defense Explosives Safety Board. NOSSA Naval Ordnance Safety and Security Activity. 
DoD Department of Defense. OE  Ordnance and Explosives. 
EM Engineer Manual. OP  Operations Pamphlet. 
EP Engineer Pamphlet. OPNAVINST  Office of the Chief of Naval Operations Instruction. 
ER Engineer Regulation. TP  Technical Paper. 
IGD Interim Guidance Document. USACE United States Army Corps of Engineers. 
MEC Munitions and Explosives of Concern. USEPA United States Environmental Protection Agency. 
MPPEH Munitions Potentially Presenting an Explosive Hazard. UXO  Unexploded Ordnance. 
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5.0  COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section compares remedial alternatives presented in Section 4.0 of this FS.  The criteria for 

comparison are identical to those used for the detailed analysis of individual alternatives. 

 

5.1 COMPARISON OF REMEDIAL ALTERNATIVES BY CRITERIA 

The following remedial alternatives for the LHTR are compared in this section: 

 

• Alternative 1:  No Action 

• Alternative 2:  Surface Removal with Land Use Controls 

• Alternative 3:  Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

• Alternative 4:  Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

 

5.1.1 

Alternative 1 would not be protective of human health and the environment because the explosive 

hazards would not be removed or mitigated.  Furthermore, the absence of LUCs would allow for 

increased chances of exposure. 

Overall Protection of Human Health and the Environment 

 

Alternatives 2, 3, and 4 would provide protection to human health and the environment.  Surface and 

shallow subsurface removals of munitions-related items would remove explosive hazards present in the 

surface and shallow subsurface at the site, thereby reducing the risk of exposure by human and 

ecological receptors.  Alternatives 2 and 3 cover the same area (see Figures 4-1 and 4-2); Alternative 2 

consists of surface removal only while Alternative 3 consists of both surface and subsurface removal 

within the same area.  Alternatives 3 and 4 consist of both surface and subsurface removal, these 

alternatives covers the same area for subsurface removal while Alternative 4 covers an expanded area 

for surface removal as compared to Alternative 3 (see Figures 4-2 and 4-3).  While Alternative 2 does not 

directly address the subsurface, it is expected that these items would migrate to the surface over time via 

erosion and tidal activity, so, by conducting annual surface removals, items which have migrated to the 

surface from the subsurface would be addressed.  Surface removals would be conducted annually, for 

Alternatives 2, 3, and 4, within high density areas and every 5 years within the entire removal action area 

boundary, thereby addressing residual risks which would remain at the site.  Wetlands would be included 

within the removal action areas for each alternative, which may adversely impact these sensitive 

environments; therefore, compliance with RAO 2 would be reduced.   
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LUCs proposed as part of Alternatives 2, 3, and 4 would provide protection of human health by restricting 

the area from residential use, providing UXO support during construction activities should any 

development occur in the area, and posting additional warning signs for trespassers and hikers that may 

enter the site.   

 

5.1.2 

Alternative 1 may not comply with location- and action-specific ARARs or TBCs, although most would not 

apply.  Alternative 1 would comply with wetlands and other natural resources ARARs because not action 

would be taken, these sensitive environments would not be impacted. 

Compliance with ARARs and TBCs 

 

Alternative 2, 3, and 4 may not comply with ARARs and TBCs that deal with wetlands and other 

ecologically sensitive areas because these alternatives do not exclude the performance of remedial 

activities in these areas.  These alternatives would comply with all other location- and action-specific 

ARARs and TBCs. 

 

5.1.3 

Alternative 1 would have no long-term effectiveness and permanence because there would be no 

activities to remove MEC/MPPEH, and no LUCs to restrict site access and use.     

Long-Term Effectiveness and Permanence 

 

Alternative 2 would provide long-term effectiveness and permanence through the performance of surface 

removals of munitions-related items, while Alternatives 3 and 4 would provide long-term effectiveness and 

permanence through a combination of surface removals of munitions-related items and limited shallow 

subsurface removals of munitions-related items.  Alternative 2 does not directly address the subsurface; 

however, items which would migrate to the surface would be addressed during future annual surface 

removals.  Conducting annual surface removals within high density areas and surface removals within the 

entire removal action area boundary every 5 years during Alternatives 2, 3, and 4, would reduce risks 

from residual explosive hazards remaining on site after the initial removal action has been completed.  

Additionally, LUCs proposed for Alternatives 2, 3, and 4, are considered adequate and reliable and would 

be protective of human health and the environment.   

 

5.1.4 

There are no COPCs at LHTR; therefore, reduction of toxicity and mobility of chemical contaminants are 

not applicable.  Alternatives 2, 3, and 4 would achieve a reduction in the volume of munitions-related 

items present at LHTR by removing these items from the site.  Additional future removal actions would 

continue to reduce the volume of munitions-related items present at the site.  Certified MDAS and any 

Reduction of Toxicity, Mobility, or Volume through Treatment 
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metallic non-munitions debris which may also be located at the site, would be transported off-site for 

disposal to an approved commercial metal recycler, thereby reducing the volume of these materials 

present at the site.  

 

Alternative 1 would not achieve reduction of volume of munitions-related items at LHTR.   

 

5.1.5 

Implementation of Alternative 1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.  Because no 

actions would be implemented in Alternative 1, there would be no impacts on sustainability factors. 

Short-Term Effectiveness 

 

Alternatives 2, 3, and 4 would reduce human and ecological receptor risks in the short term because risks 

to site receptors would be reduced as soon as the first removal action was completed.  

 

Implementation of Alternatives 2, 3, and 4 may result in exposing site workers to explosive hazards during 

remedial activities, particularly during detonations of MEC/MDEH should any occur.  However, these risks 

of exposure would be effectively controlled by compliance with OSHA and other explosive safety 

procedures.   

 

Wetlands areas would not be excluded from the removal action area under Alternatives 2, 3, and 4.  It is 

assumed that remedial activities would impact wetlands.  Activities conducted during Alternatives 2, 3, 

and 4 would be conducted to mitigate damage to wetlands and an archeological expert would be on site 

during excavations to ensure that potential archeological areas are not present, and if so, are not 

disturbed.  If wetlands were adversely impacted during any alternative, such as if MEC/MDEH 

detonations would take place on site, the loss would be temporary, although it would be years before the 

original conditions were restored. 

 

Implementation of Alternatives 2, 3, and 4 would have a slight adverse impact on the surrounding 

community or environment should MEC/MDEH detonations take place.  These alternatives would also 

have short-term impact as a result of the transport of metallic items for off-site disposal and metal 

recycling. 

 

Alternative 4 would have the highest GHG emissions and energy demand, followed by Alternative 3, with 

Alternative 2 having the lowest GHG emissions and energy demand.  Alternatives 2, 3, and 4 have 

approximately the same NOx, SOx, and PM10 emissions. 

 



FINAL 
OCTOBER 2011 

 

031101/P 5-4 CTO KR02 

5.1.6 

Alternative 1 would be easiest to implement because there would be no action taken. 

Implementability 

 

Alternatives 2, 3, and 4 would all be implemented in phases.  The difference between the alternatives is in 

the area(s) and depth(s) where detection and removal would take place.  These differences would also 

affect the length of time for completion.  It is assumed that Alternative 2 would be most easily 

implemented and completed within the shortest amount of time, with Alternative 3 next, and Alternative 4 

being the most difficult to implement and taking the longest to complete.    

 

Should MEC/MDEH be identified on site during Alternatives 2, 3, or 4, treatment of these items would be 

more difficult to implement than if only MDAS and metallic debris are found on site during the completion 

of any of these alternatives.    

 

Implementation of LUCs under Alternatives 2, 3, and 4 could readily be accomplished.  The administrative 

aspects of the LUCs for this property are currently under the control of the Navy.   

 

5.1.7 

The capital and O&M costs and NPW of the alternatives are as follows.   

Cost 

 

Alternative Capital NPW of Annual Costs NPW 

1 0 0 0 

2 $387,750 $877,112 $1,264,862 

3 $561,043 $877,112 $1,438,155 

4 $907,151 $898,487 $1,805,638 
 

Detailed cost estimates are provided in Appendix B. 

 

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES 

Table 5-1 summarizes the comparative analysis of the remedial alternatives.   
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Evaluation 

Criteria 

 
Alternative 1: No 

Action 

Alternative 2: Surface Removal 
with Land Use Controls 

Alternative 3: Surface and 
Subsurface Removal (to 1 foot 
bgs) with Land Use Controls 

Alternative 4: Expanded 
Surface and Subsurface 

Removal (to 1 foot bgs) with 
Land Use Controls 

Overall Protection 

of Human Health 

and Environment 

No action would not result 

in any reduction in 

explosive safety hazard 

risk at the site. 

Would be protective of human health and 

the environment by reducing the risk of 

exposure to munitions items present on 

the surface.  Inclusion of wetlands areas in 

the removal action area may adversely 

impact these sensitive environments. 

Would be protective of human health and 

the environment by reducing the risk of 

exposure to munitions items present on 

the surface and within the shallow 

subsurface.   Inclusion of wetlands areas 

in the removal action area may adversely 

impact these sensitive environments. 

Would be protective of human health and 

the environment by reducing the risk of 

exposure to munitions items present on 

the surface and within the shallow 

subsurface.  Inclusion of wetlands areas in 

the removal action area may adversely 

impact these sensitive environments. 

Compliance with 

ARARs and TBCs:  

    

Chemical-Specific Not applicable Not applicable Not applicable Not applicable 

 

Location-Specific Would comply with some 

ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 

 

Action-Specific Would comply with some 

ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 

May not comply with some ARARs/TBCs 

related to wetlands, would comply with all 

other ARARs/TBCs 
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Evaluation 

Criteria 

 
Alternative 1: No 

Action 

Alternative 2: Surface Removal 
with Land Use Controls 

Alternative 3: Surface and 
Subsurface Removal (to 1 foot 
bgs) with Land Use Controls 

Alternative 4: Expanded 
Surface and Subsurface 

Removal (to 1 foot bgs) with 
Land Use Controls 

Long-Term 

Effectiveness and 

Permanence 

Would have no long-term 

effectiveness and 

permanence since no 

action would occur.  

Munitions items would 

remain on site. 

Would provide long-term effectiveness 

and permanence through the performance 

of an initial surface removal and annual 

surface removals in high density areas, 

and surface removals within the entire 

removal action area every five years.  

While this alternative does not directly 

address the subsurface, it is expected that 

subsurface items will migrate to the 

surface, over time, via erosion and tidal 

activity and would then be addressed 

during future annual surface removals.  

Wetlands areas are included in the 

removal action area.  LUCs are 

considered reliable and would be effective 

to reduce risks to site receptors.   

Would provide long-term effectiveness 

and permanence through the performance 

of surface and limited subsurface 

removals and annual surface removals in 

high density areas, and removals within 

the entire removal action area every five 

years.  Wetlands areas are included in the 

removal action area.  LUCs are 

considered reliable and would be effective 

to reduce risks to site receptors. 

Alternative 3 would provide slightly more 

long-term effectiveness and permanence 

than Alternative 2.  

Would provide long-term effectiveness 

and permanence through the performance 

of surface and subsurface removals and 

annual surface removals in high density 

areas, and removals within the entire 

removal action area every five years.  

Wetlands and are included in the removal 

action area.  LUCs are considered reliable 

and would be effective to reduce risks to 

site receptors. 

Alternative 4 would provide slightly more 

long-term effectiveness and permanence 

than Alternatives 2 and 3. 

Reduction of 

Contaminant 

Toxicity, Mobility, 

or Volume through 

Treatment 

There are no COPCs at 

LHTR; therefore, reduction 

of toxicity and mobility of 

chemical contaminants are 

not applicable.  Would not 

reduce volume of 

munitions-related items 

since no removal would 

occur.  

There are no COPCs at LHTR; therefore, 

reduction of toxicity and mobility of 

chemical contaminants are not applicable.  

Would reduce volume of munitions-related 

items through removal.  Additional 

removal(s) may be necessary to address 

items that may remain.   

There are no COPCs at LHTR; therefore, 

reduction of toxicity and mobility of 

chemical contaminants are not applicable.  

Would reduce volume of munitions-related 

items through removal.  Additional 

removal(s) may be necessary to address 

items that may remain.   

Alternative 3 would be slightly more 

effective than Alternative 2. 

There are no COPCs at LHTR; therefore, 

reduction of toxicity and mobility of 

chemical contaminants are not applicable.  

Would reduce volume of munitions-related 

items through removal.  Additional 

removal(s) may be necessary to address 

items that may remain.   

Alternative 4 would be slightly more 

effective than Alternatives 2 and  3. 
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Evaluation 

Criteria 

 
Alternative 1: No 

Action 

Alternative 2: Surface Removal 
with Land Use Controls 

Alternative 3: Surface and 
Subsurface Removal (to 1 foot 
bgs) with Land Use Controls 

Alternative 4: Expanded 
Surface and Subsurface 

Removal (to 1 foot bgs) with 
Land Use Controls 

Short-Term 

Effectiveness 

Would not reduce human 

or ecological receptor risks 

in the short term nor would 

there be any short-term 

risk to site workers or 

adverse impact to the 

surrounding community or 

environment since no 

action would occur.  

Munitions-related items 

would remain on site.   

Would reduce human and ecological 

receptor risks in the short term because 

risks to site receptors would be reduced 

as soon as the first removal action was 

completed.  Exposure of workers to 

explosive hazards may be high during 

remedial activities.  This risk would be 

reduced through compliance with site-

specific health and safety procedures and 

explosives safety guidance.  The RAOs 

would be partially achieved immediately 

upon completion of the first removal of 

munitions-related items from the site.  

While this alternative does not directly 

address the subsurface, it is expected that 

these items will migrate to the surface, 

over time, via erosion and tidal activity and 

would be addressed during future annual 

removals. Implementation of this 

alternative would have a slight short-term 

adverse impact on the surrounding 

community or environment should 

MEC/MDEH detonations take place.  This 

alternative would also have short-term 

impact due to transport of metallic items 

for off-site disposal and metal recycling. 

Would reduce human and ecological 

receptor risks due to surface and 

subsurface exposure in the short term 

because risks to site receptors would be 

reduced as soon as the first removal 

action was completed.  Exposure of 

workers to explosive hazards may be high 

during remedial activities.  This risk would 

be reduced through compliance with site-

specific health and safety procedures and 

explosives safety guidance.  The RAOs 

would be partially achieved immediately 

upon completion of the first removal of 

munitions-related items from the surface 

and subsurface. By the inclusion of 

wetlands areas within the subsurface 

removal action area, these sensitive areas 

may be adversely impacted and 

compliance with RAO 2 would be reduced.  

Implementation of this alternative would 

have a slight short-term adverse impact on 

the surrounding community or 

environment should MEC/MDEH 

detonations take place.  This alternative 

would also have short-term impact due to 

transport of metallic items for off-site 

disposal and metal recycling. 

Would reduce human and ecological 

receptor risks due to surface and 

subsurface exposure in the short term 

because risks to site receptors would be 

reduced as soon as the first removal 

action was completed.  Exposure of 

workers to explosive hazards may be high 

during remedial activities.  This risk would 

be reduced through compliance with site-

specific health and safety procedures and 

explosives safety guidance.  The RAOs 

would be partially achieved immediately 

upon completion of the first removal of 

munitions-related items from the site. By 

the inclusion of wetlands areas within the 

subsurface removal action area, these 

sensitive areas may be adversely 

impacted and compliance with RAO 2 

would be reduced.  Implementation of this 

alternative would have a slight short-term 

adverse impact on the surrounding 

community or environment should 

MEC/MDEH detonations take place.  This 

alternative would also have short-term 

impact due to transport of metallic items 

for off-site disposal and metal recycling. 
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SUMMARY OF COMPARATIVE EVALUATION OF ALTERNATIVES 
LAKE HANCOCK TARGET RANGE 

NAS WHIDBEY ISLAND 
WHIDBEY ISLAND, WASHINGTON 
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Evaluation 

Criteria 

 
Alternative 1: No 

Action 

Alternative 2: Surface Removal 
with Land Use Controls 

Alternative 3: Surface and 
Subsurface Removal (to 1 foot 
bgs) with Land Use Controls 

Alternative 4: Expanded 
Surface and Subsurface 

Removal (to 1 foot bgs) with 
Land Use Controls 

Implementability Technical and 

administrative 

implementation would be 

simple since there would 

be no action to implement. 

The detection and removal components of 

this alternative could be performed with 

manual tools, which would be readily 

available for this purpose.  Should 

MEC/MDEH items be identified on site, 

the technical implementability of this 

phase would be more difficult than if only 

MDAS and other metallic related scrap 

items are identified on site.  A commercial 

metal recycler that would accept munitions 

related scrap will need to be located.  

Comparatively, this alternative would be 

completed within the shortest amount of 

time. 

The detection and removal components of 

this alternative could be performed with 

manual tools, which would be readily 

available for this purpose.  Should 

MEC/MDEH items be identified on site, 

the technical implementability of this 

phase would be more difficult than if only 

MDAS and other metallic related scrap 

items are identified on site.  A commercial 

metal recycler that would accept munitions 

related scrap will need to be located.  

Comparatively, this alternative would be 

completed within a timeframe between 

Alternative 2 and Alternative 4. 

The detection and removal components of 

this alternative could be performed with 

manual tools, which would be readily 

available for this purpose.  Should 

MEC/MDEH items be identified on site, 

the technical implementability of this 

phase would be more difficult than if only 

MDAS and other metallic scrap items are 

identified on site.  A commercial metal 

recycler that would accept munitions 

related scrap will need to be located.  

Comparatively, this alternative would be 

completed within the longest amount of 

time. 

Costs: 

Capital 

30-Yr NPW of 

O&M 

30-Yr NPW 

There would be no current 

costs associated with the 

No Action alternative.  

However, No Action could 

result in the exposure of 

future receptors to 

munitions-related items 

that would remain on site.  

Costs associated with 

future corrective actions 

could be substantial.   

 

Capital Cost:  $387,750 

30-Year NPW of Annual Costs:  $877,112 

30-Year NPW:  $1,264,862 

 

Capital Cost:  $561,043 

30-Year NPW of Annual Costs:  $877,112 

30-Year NPW:  $1,438,155 

 

Capital Cost:  $907,151 

30-Year NPW of Annual Costs:  $898,487 

30-Year NPW:  $1,805,638 
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APPENDIX A 

Sustainability Evaluation of Remedial Alternatives 
for  

Lake Hancock Target Range 

Naval Air Station Whidbey Island 

Whidbey Island, Washington 

March 2011 

Objective 

This Sustainable Remediation Evaluation (SRE) of Remedial Alternatives including references 

is provided as an appendix to the Feasibility Study (FS) for Lake Hancock Target Range, Naval 

Air Station (NAS) Whidbey Island, Whidbey Island, Washington.  The purpose of the SRE is to 

assess the sustainability of the proposed remedial alternatives using the metrics of greenhouse 

gas (GHG) emissions, energy use, air emissions of criteria pollutants, water consumption, and 

worker safety.   The results of the SRE are intended to provide additional information for 

consideration with the remedy selection criteria described in the FS and to enhance the 

understanding of the net environmental benefit of the selected remedy. 

Sustainability Evaluation Policy Background 

Department of Defense (DOD) and Navy policies require continual optimization of remedies in 

every phase from remedy selection through site closeout.  In January 2007, Executive Order 

13423 set targets for sustainable practices for (i) energy efficiency, greenhouse gas emissions 

avoidance or reduction, and petroleum products use reduction, (ii) renewable energy, including 

bioenergy, (iii) water conservation, (iv) acquisition, (v) pollution and waste prevention and 

recycling, etc.  In October 2009, Executive Order 13514 was issued, which reinforced these 

sustainability requirements and established specific goals for federal agencies to meet by 2020. 

In August 2009 DOD issued policy for “Consideration of Green and Sustainable Remediation 

Practices in the Defense Environmental Restoration Program.”  The DOD policy and related 

Navy guidance state that opportunities to increase sustainability should be considered 

throughout all phases of remediation (i.e., site investigation, remedy selection, remedy design 

and construction, operation, monitoring, and site closeout).    In response to this policy, the 
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Navy issued an updated Navy Guidance for “Optimizing Remedy Evaluation, Selection, and 

Design” (Battelle, 2010), which includes sustainability evaluations as part of the traditional Navy 

optimization review process for remedy selection, design, and remedial action operation.   In 

August  2010 the Naval Facilities Engineering Command (NAVFAC) issued policy requiring use 

of the SiteWise tool to perform sustainability reviews as part of all Feasibility Studies.    As such, 

this sustainability evaluation of remedial alternatives is being performed to estimate the 

environmental footprint associated with each alternative in the interest of increasing the 

sustainability of remedial action at Lake Hancock Target Range. 

Evaluation Tools 

This evaluation was done by using the Navy’s SiteWise tool.  SiteWise is a stand-alone tool 

developed jointly by the U.S.  Navy, U.S. Army Corps of Engineers (USACE), and Battelle that 

assesses the environmental footprint of a remedial alternative/technology in terms of a 

consistent set of metrics.   The assessment is carried out using a building block approach where 

every remedial alternative is first broken down into modules that mimic the remedial phases in 

most remedial actions, including remedial investigation (RI), remedial action constructions 

(RAC), remedial action operation (RA-O), and long-term monitoring (LTM).   Once broken down 

into various modules, the footprint of each module is individually calculated.  The different 

footprints are then combined to estimate the overall footprint of the remedial alternative.  This 

building block approach reduces redundancy in the sustainability evaluation and facilitates the 

identification of specific activities that have the greatest environmental footprint.  The inputs that 

need to be considered include (1) production of material required by the activity; (2) 

transportation of the required materials to the site; (3) all site activities to be performed; and (4) 

management of the waste produced by the activity. 

Sustainability Evaluation Framework 

The sustainability evaluation performed for Alternatives 2, 3, and 4 considered life-cycle metrics 

for GHG emissions, criteria pollutant emissions, energy consumption, and water usage. The no 

action alternative (Alternative 1) was not evaluated, as hypothetically no direct emissions or 

consumption occur as part of implementation of the no action alternatives.   

The following three remedial alternatives were analyzed, which are summarized in detail in the 

Feasibility Study: 
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• Alternative 2:  Surface Removal with Land Use Controls 

• Alternative 3:  Surface and Limited Subsurface Removal (to 1 foot bgs) with Land Use 

Controls 

• Alternative 4:  Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls 

Life cycle impacts were calculated for energy consumption, emissions of greenhouse gases 

(GHG) [carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O)] and criteria pollutants 

[nitrogen oxides (NOx), sulfur oxides (SOx) and particulate matter (PM10)], water usage, and 

energy consumption.  In addition, worker safety and life cycle cost were considered. 

Calculation of these metrics was divided into four modules – materials production; transportation 

of personnel; transportation of materials, and equipment; equipment use and miscellaneous; 

and residual handling.   Cost estimates from the Feasibility Study and design calculations from 

each alternative were used as a basis for quantities and related assumptions. 

Limitations and Assumptions 

Since the excavating will be done by hand, there will be no heavy equipment used and the 

impacts will be only coming from transportation.  The following assumptions were made: 

• 1 person will be flying to the site, approximately 2100 each way, 4200 round trip. 

• Each person driving to the site will travel approximately 1000 miles. 

• 30 miles per person is assumed for daily travel to and from the site. 

• 10 drums will be removed for Alternative 2, weighing approximately 400 pounds each 

• 12 drums will be removed for Alternative 3 and 14 drums will be removed Alternative 4, 

weighing approximately 400 pounds each 

• 1 drum will be removed for each annual removal, years 1, 2, 3, 5, and 10, weighing 

approximately 400 pounds each 

Sustainability Evaluation Results 

The SiteWise input sheets and summary of results are in the attachment to this report.  The 

following section summarizes the results of the evaluation and provides figures. 

Greenhouse Gas Emissions 
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Emissions of CO2, CH4, and N2O were normalized to CO2 equivalents (CO2e), which is a 

cumulative method of weighing GHG emissions relative to global warming potential.  Analysis of 

GHG emissions for each alternative are summarized in Figure 1.  Alternative 2 has the least 

amount of GHG emissions and Alternative 4 has the most.  This is due to the additional days 

spent onsite for Alternative 4 and the travel associated with this. 
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Figure 1: GHG Emissions

Criteria Pollutant Emissions 

Criteria pollutant emissions for NOx, SOx, and PM10 were estimated for each remedy. Results 

from the evaluation of NOx, SOx, and PM10 are summarized in Figures 2, 3, and 4 respectively.  

Alternative 4 has the most criteria pollutant emissions, again due to the most amount of travel 

daily to the site.   
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Figure 2: NOx Emissions
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Figure 3: SOx Emissions
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Figure 4: PM10 Emissions

 

Energy Consumption 

Similar to GHG, and Criteria Pollutants, Energy consumption is also proportional to days 

traveled to and from the site by site workers.  
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Figure 5: Total Energy Used 

6 
 



Water Usage  

Since transportation is the only input into this model, there is no water usage. 

Accident Risk 

Accident risk comes from traveling by car and plane to and from the site.  Thus, Alternative 2 

has the least risk, and Alternative 4 has the highest amount of risk. 
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Figure 6: Accident Risk Fatality
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Figure 7: Accident Risk Injury
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Cost of Remedy Alternatives 

The estimated life-cycle costs are summarized in Figure 8.  The costs increase as the 

excavating becomes more intensive for each alternative and travel to and from the site 

increases.   
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Figure 8: Lifetime Cost

Conclusions 

In general, optimization of the selected remedy to decrease the primary components of GHG 

emissions could potentially increase the net environmental benefit of remedy implementation.  

During selection and design of the remedy, a sensitivity analysis considering elements of the 

remedy that have the greatest impact on remedy effectiveness, life-cycle cost, and sustainability 

metrics may provide additional insight into appropriate optimization. 

Measures identified in the evaluation that may reduce the environmental footprint of the 

alternatives are listed below for consideration.   

• Assuming site workers will be coming from the same place, carpooling daily to and from 

the site is a simple and effective way to reduce impact for this remedy implementation.   

• Some reduction of the environmental footprint, particularly GHG emissions, could be 

realized for all alternatives through the possible use of emission control measures such 

as alternate fuel sources (e.g. biodiesel), equipment exhaust controls (e.g. diesel), and 

equipment idle reduction for the trucks transporting the removed material. 
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• Purchasing carbon offsets for all transportation would offset GHG impacts. 

• Worker risk can be minimized if travel distances are minimized. 

 

Continual optimization of the selected remedy and related monitoring plan throughout the 

project life-cycle (FS, RD, RA, RAO/LTM phases) in accordance with Navy policy and guidance 

will continually reduce the life-cycle environmental footprint, as well as costs, of the project. 

 



GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

2 12.61 143.51 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.01E-04 2.86E-02

3 12.95 147.25 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.47E-04 3.19E-02

4 13.20 149.98 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.80E-04 3.43E-02

Remedial Alternatives
Accident Risk 

Fatality
Accident Risk Injury
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Sustainable Remediation - Environmental Footprint Summary

2

GHG Emissions Total Energy Used Water Impacts NOx Emissions SOx Emissions PM10 Emissions GHG

metric ton MMBTU gallons metric ton metric ton metric ton Remedial Investigation

Consumables

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Transportation-Personnel

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Residual Handling

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 TotEnergy

Remedial Investigation

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Consumables

Transportation-Personnel 12.49 1.4E+02 NA 1.7E+01 3.5E+00 8.1E-01 4.0E-04 2.9E-02 Transportation-Personnel

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Residual Handling 0.12 1.8E+00 NA 1.4E-04 2.6E-05 1.8E-05 3.8E-07 7.9E-05 Residual Handling

Sub-Total 12.61 1.44E+02 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.01E-04 2.86E-02

WaterConsump

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Remedial Investigation

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Equpiment Use and Misc 0.00 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Sub-Total 0.00 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Residual Handling

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Nox

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Remedial Investigation

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Equpiment Use and Misc

Residual Handling

12.61 1.44E+02 0.00E+00 16.89 3.53 8.07E-01 4.01E-04 0.03

Accident Risk Injury
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Sustainable Remediation - Environmental Footprint Summary

3

GHG Emissions Total Energy Used Water Impacts NOx Emissions SOx Emissions PM10 Emissions GHG

metric ton MMBTU gallons metric ton metric ton metric ton Remedial Investigation

Consumables

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Transportation-Personnel

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Residual Handling

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 TotEnergy

Remedial Investigation

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Consumables

Transportation-Personnel 12.83 1.5E+02 NA 1.7E+01 3.5E+00 8.1E-01 4.5E-04 3.2E-02 Transportation-Personnel

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Residual Handling 0.12 1.8E+00 NA 1.4E-04 2.6E-05 1.8E-05 3.8E-07 7.9E-05 Residual Handling

Sub-Total 12.95 1.47E+02 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.47E-04 3.19E-02

WaterConsump

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Remedial Investigation

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Residual Handling

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Nox

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Remedial Investigation

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Equpiment Use and Misc

Residual Handling

12.95 1.47E+02 0.00E+00 16.89 3.53 8.07E-01 4.47E-04 0.03
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Equpiment Use and Misc
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Sustainable Remediation - Environmental Footprint Summary

4

GHG Emissions Total Energy Used Water Impacts NOx Emissions SOx Emissions PM10 Emissions GHG

metric ton MMBTU gallons metric ton metric ton metric ton Remedial Investigation

Consumables

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Transportation-Personnel

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Residual Handling

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 TotEnergy

Remedial Investigation

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Consumables

Transportation-Personnel 13.08 1.5E+02 NA 1.7E+01 3.5E+00 8.1E-01 4.8E-04 3.4E-02 Transportation-Personnel

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Residual Handling 0.12 1.8E+00 NA 1.4E-04 2.6E-05 1.8E-05 3.8E-07 7.9E-05 Residual Handling

Sub-Total 13.20 1.50E+02 0.00E+00 1.69E+01 3.53E+00 8.07E-01 4.80E-04 3.43E-02

WaterConsump

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Remedial Investigation

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Equpiment Use and Misc

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Residual Handling

Consumables 0.00 0.0E+00 NA NA NA NA NA NA Nox

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Remedial Investigation

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Consumables

Equpiment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Personnel

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 Transportation-Equipment

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 Equpiment Use and Misc

Residual Handling

13.20 1.50E+02 0.00E+00 16.89 3.53 8.07E-01 4.80E-04 0.03
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Remedial Action Construction

This worksheet allows the user to define material production, transportation, equipment use, and residual handling variables for the remedial alternative

Yellow cells require the user to choose an input from a drop down menu

White cells require the user to type in a value

MATERIAL PRODUCTION

WELL MATERIALS Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Choose well diameter (in) from drop down menu 1/2 1/2 1/2 1/2 1/2 1/2

Choose material type from drop down menu PVC PVC PVC PVC PVC PVC

Choose specific material schedule from drop down menu Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC

TREATMENT CHEMICALS & MATERIALS Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input number of injection points

Choose material type from drop down menu Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide

Input amount of material injected at each point (pounds dry mass)

Input number of injections per injection point

GAC Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input weight of GAC used (lbs)

Choose material type from drop down menu Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC

CONSTRUCTION MATERIALS Material 1 Material 2 Material 3 Material 4 Material 5 Material 6

Choose material type from drop down menu HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner

Input area of material (ft
2
)

Input depth of material (ft)

WELL DECOMMISSIONING  Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Input well diameter (in) 1 1 1 1 1 1

Choose material from drop down menu Soil Soil Soil Soil Soil Soil

TRANSPORTATION

Initial Mob/Demob Initial Dailies Annual Mob/Demob Annual Dailies

PERSONNEL TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose vehicle type from drop down menu* Light truck Light truck Light truck Light truck Cars Cars

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled per trip (miles) 1000 30 1000 30

Input number of trips taken 1 20 5 20

Input number of travelers 11 12 5 6

Input estimated vehicular fuel economy (mi/gal) (Input only if known for the vehicle selected, 

otherwise a default will be used by the tool)

*For vehicle type 'Other' please enter values in Table 2b in the Look Up Table tab.

PERSONNEL TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles) 4,200 4,200

Input number of travelers 1 1

Input number of flights taken 1 5

PERSONNEL TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Choose vehicle type from drop down menu Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail

Input distance traveled (miles)

Input number of trips taken

Input number of travelers 

EQUIPMENT TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of load (tons)

EQUIPMENT TRANSPORTATION - WATER Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (mile)

Input weight of load (tons)



EQUIPMENT USE

EARTHWORK Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose earthwork equipment type from drop down menu Dozer Dozer Dozer Dozer Dozer Dozer

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input volume of material to be removed (yd
3
)

Will DIESEL-run equipment be retrofitted with a particulate reduction technology? No No No No No No

DRILLING Event 1 Event 2 Event 3 Event 4 Event 5 Event 6

Input number of drilling locations

Choose drilling method from drop down menu Direct Push Direct Push Direct Push Direct Push Direct Push Direct Push

Input time spent drilling at each location (hr)

Input depth of wells (ft)

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

For each pump, select only one of the three methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused pump columns or unused methods

PUMP OPERATION Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose method from drop down Method 2 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - ELECTRICAL USAGE IS KNOWN

Input pump electrical usage (KWh) 0 0 0 0 0 0

Method 2 - PUMP HEAD IS KNOWN

Input flow rate (gpm) 0 0 0 0 0 0

Input total head (ft) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Pump efficiency times motor efficiency (default already present, user override possible) 0.51 0.51 0.51 0.51 0.51 0.51

Input specific gravity (default already present, user override possible) 1 1 1 1 1 1

Method 3 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input pump horsepower (hp) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Input pump load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input pump motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Region 

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

DIESEL AND GASOLINE PUMPS Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1

Equipment operating hours (hrs)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the pump selected, 

otherwise a default will be used by the tool)

For each type of equipment, select only one of the methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused equipment columns or unused methods

BLOWER, COMPRESSOR, MIXER, AND OTHER EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose type of equipment from drop down Blower Blower Blower Blower Blower Blower

Choose method from drop down Method 1 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input equipment horsepower (hp) 0 0 0 0 0 0

Input number of equipments operating 0 0 0 0 0 0

Input operating time for each equipment (hrs) 0 0 0 0 0 0

Input equipment load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Method 2 - ELECTRICAL USAGE IS KNOWN

Input equipment electrical usage, if known (KWh) 0 0 0 0 0 0

Region

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

GENERATORS Generator 1 Generator 2 Generator 3 Generator 4 Generator 5 Generator 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Choose horsepower range from drop down menu 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6

Input operating hours (hr)

AGRICULTURAL EQUIPMENT Tillage Tractor 1 Tillage Tractor 2 Tillage Tractor 3 Tillage Tractor 4 Tillage Tractor 5 Tillage Tractor 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area to till (acre) 

Choose soil condition from drop down menu Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil

Choose soil type from drop down menu Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil

Input time available (work days)

Input depth of tillage (in)

CAPPING EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose stabilization equipment type from drop down menu Roller Roller Roller Roller Roller Roller

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area (ft
2
)

Input time available (work days)

MIXING EQUIPMENT Mixer 1 Mixer 2 Mixer 3 Mixer 4 Mixer 5 Mixer 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3

Input volume (yd
3
)

Input production rate (yd
3
/hr)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the mixer selected, 

otherwise a default will be used by the tool)



RESIDUAL HANDLING

RESIDUE DISPOSAL/RECYCLING Soil Residue Residual Water Material Residue Other Residuals Other Residuals Other Residuals

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Input weight of the waste transported to 

landfill or recycling per trip (tons)
3

Choose vehicle type from drop down menu Heavy Duty On-road truck On-road truck On-road truck On-road truck On-road truck

Choose fuel used from drop down menu Diesel Gasoline Gasoline Gasoline Gasoline Gasoline

Input total number of trips 1

Input number of miles per trip 100

LANDFILL OPERATIONS Operation 1 Operation 2 Operation 3 Operation 4 Operation 5 Operation 6

Input tons of soil or waste to be incinerated (user must input emission factors in the Look Up 

Table, Table 7a)

THERMAL/CATALYTIC OXIDIZERS* Oxidizer 1 Oxidizer 2 Oxidizer 3 Oxidizer 4 Oxidizer 5 Oxidizer 6

Choose oxidizer type from drop down menu
Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Choose fuel type from drop down menu natural gas Propane natural gas natural gas natural gas natural gas

Input waste gas flow rate (scfm)

Input time running (hours)

Input waste gas inlet temperature (F)

Input contaminant concentration (ppmV)

*(Electric blowers are included in the analysis)

WATER CONSUMPTION Treatment System 1 Treatment System 2 Treatment System 3 Treatment System 4 Treatment System 5 Treatment System 6

Input water disposed/collected during treatment (gal)

Input water disposed/collected during site preparation (gal)

Input water disposed/collected during sampling (gal)

Input water disposed/collected during site demobilization (gal)

LANDFILL METHANE EMISSIONS Landfill 1 Landfill 2 Landfill 3 Landfill 4 Landfill 5 Landfill 6

Input landfill methane emissions (metric tons)

OTHER KNOWN ONSITE ACTIVITIES Entire Site

Input energy usage (MMBTU)

Water consumption (gallon)

Input CO2 emission (metric ton)

Input N2O emission (metric ton CO2 e)

Input CH4 emissions (metric ton CO2 e)

Input NOx emission (metric ton)

Input SOx emission (metric ton)

Input PM10 emission (metric ton)

Input fatality risk

Input injury risk



Remedial Action Construction

This worksheet allows the user to define material production, transportation, equipment use, and residual handling variables for the remedial alternative

Yellow cells require the user to choose an input from a drop down menu

White cells require the user to type in a value

MATERIAL PRODUCTION

WELL MATERIALS Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Choose well diameter (in) from drop down menu 1/2 1/2 1/2 1/2 1/2 1/2

Choose material type from drop down menu PVC PVC PVC PVC PVC PVC

Choose specific material schedule from drop down menu Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC

TREATMENT CHEMICALS & MATERIALS Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input number of injection points

Choose material type from drop down menu Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide

Input amount of material injected at each point (pounds dry mass)

Input number of injections per injection point

GAC Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input weight of GAC used (lbs)

Choose material type from drop down menu Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC

CONSTRUCTION MATERIALS Material 1 Material 2 Material 3 Material 4 Material 5 Material 6

Choose material type from drop down menu HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner

Input area of material (ft
2
)

Input depth of material (ft)

WELL DECOMMISSIONING  Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Input well diameter (in) 1 1 1 1 1 1

Choose material from drop down menu Soil Soil Soil Soil Soil Soil

TRANSPORTATION

Initial Mob/Demob Initial Daily Annual Mob/Demob Annual Dailies

PERSONNEL TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose vehicle type from drop down menu* Light truck Light truck Light truck Light truck Cars Cars

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled per trip (miles) 1000 30 1000 30

Input number of trips taken 1 35 5 20

Input number of travelers 11 12 5 6

Input estimated vehicular fuel economy (mi/gal) (Input only if known for the vehicle selected, 

otherwise a default will be used by the tool)

*For vehicle type 'Other' please enter values in Table 2b in the Look Up Table tab.

PERSONNEL TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles) 4,200 4,200

Input number of travelers 1 1

Input number of flights taken 1 5

PERSONNEL TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Choose vehicle type from drop down menu Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail

Input distance traveled (miles)

Input number of trips taken

Input number of travelers 

EQUIPMENT TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of load (tons)

EQUIPMENT TRANSPORTATION - WATER Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (mile)

Input weight of load (tons)



EQUIPMENT USE

EARTHWORK Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose earthwork equipment type from drop down menu Dozer Dozer Dozer Dozer Dozer Dozer

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input volume of material to be removed (yd
3
)

Will DIESEL-run equipment be retrofitted with a particulate reduction technology? No No No No No No

DRILLING Event 1 Event 2 Event 3 Event 4 Event 5 Event 6

Input number of drilling locations

Choose drilling method from drop down menu Direct Push Direct Push Direct Push Direct Push Direct Push Direct Push

Input time spent drilling at each location (hr)

Input depth of wells (ft)

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

For each pump, select only one of the three methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused pump columns or unused methods

PUMP OPERATION Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose method from drop down Method 2 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - ELECTRICAL USAGE IS KNOWN

Input pump electrical usage (KWh) 0 0 0 0 0 0

Method 2 - PUMP HEAD IS KNOWN

Input flow rate (gpm) 0 0 0 0 0 0

Input total head (ft) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Pump efficiency times motor efficiency (default already present, user override possible) 0.51 0.51 0.51 0.51 0.51 0.51

Input specific gravity (default already present, user override possible) 1 1 1 1 1 1

Method 3 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input pump horsepower (hp) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Input pump load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input pump motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Region 

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

DIESEL AND GASOLINE PUMPS Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1

Equipment operating hours (hrs)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the pump selected, 

otherwise a default will be used by the tool)

For each type of equipment, select only one of the methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused equipment columns or unused methods

BLOWER, COMPRESSOR, MIXER, AND OTHER EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose type of equipment from drop down Blower Blower Blower Blower Blower Blower

Choose method from drop down Method 1 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input equipment horsepower (hp) 0 0 0 0 0 0

Input number of equipments operating 0 0 0 0 0 0

Input operating time for each equipment (hrs) 0 0 0 0 0 0

Input equipment load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Method 2 - ELECTRICAL USAGE IS KNOWN

Input equipment electrical usage, if known (KWh) 0 0 0 0 0 0

Region

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

GENERATORS Generator 1 Generator 2 Generator 3 Generator 4 Generator 5 Generator 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Choose horsepower range from drop down menu 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6

Input operating hours (hr)

AGRICULTURAL EQUIPMENT Tillage Tractor 1 Tillage Tractor 2 Tillage Tractor 3 Tillage Tractor 4 Tillage Tractor 5 Tillage Tractor 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area to till (acre) 

Choose soil condition from drop down menu Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil

Choose soil type from drop down menu Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil

Input time available (work days)

Input depth of tillage (in)

CAPPING EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose stabilization equipment type from drop down menu Roller Roller Roller Roller Roller Roller

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area (ft
2
)

Input time available (work days)

MIXING EQUIPMENT Mixer 1 Mixer 2 Mixer 3 Mixer 4 Mixer 5 Mixer 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3

Input volume (yd
3
)

Input production rate (yd
3
/hr)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the mixer selected, 

otherwise a default will be used by the tool)



RESIDUAL HANDLING

RESIDUE DISPOSAL/RECYCLING Soil Residue Residual Water Material Residue Other Residuals Other Residuals Other Residuals

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Input weight of the waste transported to 

landfill or recycling per trip (tons)
4

Choose vehicle type from drop down menu Heavy Duty On-road truck On-road truck On-road truck On-road truck On-road truck

Choose fuel used from drop down menu Diesel Gasoline Gasoline Gasoline Gasoline Gasoline

Input total number of trips 1

Input number of miles per trip 100

LANDFILL OPERATIONS Operation 1 Operation 2 Operation 3 Operation 4 Operation 5 Operation 6

Input tons of soil or waste to be incinerated (user must input emission factors in the Look Up 

Table, Table 7a)

THERMAL/CATALYTIC OXIDIZERS* Oxidizer 1 Oxidizer 2 Oxidizer 3 Oxidizer 4 Oxidizer 5 Oxidizer 6

Choose oxidizer type from drop down menu
Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Choose fuel type from drop down menu natural gas Propane natural gas natural gas natural gas natural gas

Input waste gas flow rate (scfm)

Input time running (hours)

Input waste gas inlet temperature (F)

Input contaminant concentration (ppmV)

*(Electric blowers are included in the analysis)

WATER CONSUMPTION Treatment System 1 Treatment System 2 Treatment System 3 Treatment System 4 Treatment System 5 Treatment System 6

Input water disposed/collected during treatment (gal)

Input water disposed/collected during site preparation (gal)

Input water disposed/collected during sampling (gal)

Input water disposed/collected during site demobilization (gal)

LANDFILL METHANE EMISSIONS Landfill 1 Landfill 2 Landfill 3 Landfill 4 Landfill 5 Landfill 6

Input landfill methane emissions (metric tons)

OTHER KNOWN ONSITE ACTIVITIES Entire Site

Input energy usage (MMBTU)

Water consumption (gallon)

Input CO2 emission (metric ton)

Input N2O emission (metric ton CO2 e)

Input CH4 emissions (metric ton CO2 e)

Input NOx emission (metric ton)

Input SOx emission (metric ton)

Input PM10 emission (metric ton)

Input fatality risk

Input injury risk



Remedial Action Construction

This worksheet allows the user to define material production, transportation, equipment use, and residual handling variables for the remedial alternative

Yellow cells require the user to choose an input from a drop down menu

White cells require the user to type in a value

MATERIAL PRODUCTION

WELL MATERIALS Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Choose well diameter (in) from drop down menu 1/2 1/2 1/2 1/2 1/2 1/2

Choose material type from drop down menu PVC PVC PVC PVC PVC PVC

Choose specific material schedule from drop down menu Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC Schedule 40 PVC

TREATMENT CHEMICALS & MATERIALS Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input number of injection points

Choose material type from drop down menu Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide Hydrogen Peroxide

Input amount of material injected at each point (pounds dry mass)

Input number of injections per injection point

GAC Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6

Input weight of GAC used (lbs)

Choose material type from drop down menu Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC Virgin GAC

CONSTRUCTION MATERIALS Material 1 Material 2 Material 3 Material 4 Material 5 Material 6

Choose material type from drop down menu HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner HDPE Liner

Input area of material (ft
2
)

Input depth of material (ft)

WELL DECOMMISSIONING  Well Type 1 Well Type 2 Well Type 3 Well Type 4 Well Type 5 Well Type 6

Input number of wells

Input depth of wells (ft)

Input well diameter (in) 1 1 1 1 1 1

Choose material from drop down menu Soil Soil Soil Soil Soil Soil

TRANSPORTATION

Mob/Demob Initial Initial Dailies Annual Mob/Demob Annual Dailies

PERSONNEL TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose vehicle type from drop down menu* Light truck Light truck Light truck Light truck Cars Cars

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled per trip (miles) 1000 30 1000 30

Input number of trips taken 1 46 5 20

Input number of travelers 11 12 5 6

Input estimated vehicular fuel economy (mi/gal) (Input only if known for the vehicle selected, 

otherwise a default will be used by the tool)

*For vehicle type 'Other' please enter values in Table 2b in the Look Up Table tab.

PERSONNEL TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles) 4,200 4,200

Input number of travelers 1 1

Input number of flights taken 1 5

PERSONNEL TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Choose vehicle type from drop down menu Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail Intercity rail

Input distance traveled (miles)

Input number of trips taken

Input number of travelers 

EQUIPMENT TRANSPORTATION - ROAD Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Choose fuel used from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - AIR Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of equipment transported (tons)

EQUIPMENT TRANSPORTATION - RAIL Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (miles)

Input weight of load (tons)

EQUIPMENT TRANSPORTATION - WATER Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6

Input distance traveled (mile)

Input weight of load (tons)



EQUIPMENT USE

EARTHWORK Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose earthwork equipment type from drop down menu Dozer Dozer Dozer Dozer Dozer Dozer

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input volume of material to be removed (yd
3
)

Will DIESEL-run equipment be retrofitted with a particulate reduction technology? No No No No No No

DRILLING Event 1 Event 2 Event 3 Event 4 Event 5 Event 6

Input number of drilling locations

Choose drilling method from drop down menu Direct Push Direct Push Direct Push Direct Push Direct Push Direct Push

Input time spent drilling at each location (hr)

Input depth of wells (ft)

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

For each pump, select only one of the three methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused pump columns or unused methods

PUMP OPERATION Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose method from drop down Method 2 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - ELECTRICAL USAGE IS KNOWN

Input pump electrical usage (KWh) 0 0 0 0 0 0

Method 2 - PUMP HEAD IS KNOWN

Input flow rate (gpm) 0 0 0 0 0 0

Input total head (ft) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Pump efficiency times motor efficiency (default already present, user override possible) 0.51 0.51 0.51 0.51 0.51 0.51

Input specific gravity (default already present, user override possible) 1 1 1 1 1 1

Method 3 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input pump horsepower (hp) 0 0 0 0 0 0

Input number of pumps operating 0 0 0 0 0 0

Input operating time for each pump (hrs) 0 0 0 0 0 0

Input pump load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input pump motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Region 

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

DIESEL AND GASOLINE PUMPS Pump 1 Pump 2 Pump 3 Pump 4 Pump 5 Pump 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1 2-Stroke: 0 to 1

Equipment operating hours (hrs)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the pump selected, 

otherwise a default will be used by the tool)

For each type of equipment, select only one of the methods to calculate energy and GHG emissions

Enter "0" for all user input values for unused equipment columns or unused methods

BLOWER, COMPRESSOR, MIXER, AND OTHER EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose type of equipment from drop down Blower Blower Blower Blower Blower Blower

Choose method from drop down Method 1 Method 1 Method 1 Method 1 Method 1 Method 1

Method 1 - NAME PLATE SPECIFICATIONS ARE KNOWN

Input equipment horsepower (hp) 0 0 0 0 0 0

Input number of equipments operating 0 0 0 0 0 0

Input operating time for each equipment (hrs) 0 0 0 0 0 0

Input equipment load (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Input motor efficiency (default already present, user override possible) 0.85 0.85 0.85 0.85 0.85 0.85

Method 2 - ELECTRICAL USAGE IS KNOWN

Input equipment electrical usage, if known (KWh) 0 0 0 0 0 0

Region

Choose region from drop down menu (scroll right to see figure)  AKGD   AKGD   AKGD   AKGD   AKGD   AKGD  

GENERATORS Generator 1 Generator 2 Generator 3 Generator 4 Generator 5 Generator 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Choose horsepower range from drop down menu 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6 3 to 6

Input operating hours (hr)

AGRICULTURAL EQUIPMENT Tillage Tractor 1 Tillage Tractor 2 Tillage Tractor 3 Tillage Tractor 4 Tillage Tractor 5 Tillage Tractor 6

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area to till (acre) 

Choose soil condition from drop down menu Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil Firm untilled soil

Choose soil type from drop down menu Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil Clay Soil

Input time available (work days)

Input depth of tillage (in)

CAPPING EQUIPMENT Equipment 1 Equipment 2 Equipment 3 Equipment 4 Equipment 5 Equipment 6

Choose stabilization equipment type from drop down menu Roller Roller Roller Roller Roller Roller

Choose fuel type from drop down menu Diesel Diesel Diesel Diesel Diesel Diesel

Input area (ft
2
)

Input time available (work days)

MIXING EQUIPMENT Mixer 1 Mixer 2 Mixer 3 Mixer 4 Mixer 5 Mixer 6

Choose fuel type from drop down menu Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Choose horsepower range from drop down menu 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3 1 to 3

Input volume (yd
3
)

Input production rate (yd
3
/hr)

Input estimated fuel consumption rate (gal/hr) (Input only if known for the mixer selected, 

otherwise a default will be used by the tool)



RESIDUAL HANDLING

RESIDUE DISPOSAL/RECYCLING Soil Residue Residual Water Material Residue Other Residuals Other Residuals Other Residuals

Will DIESEL-run vehicles be retrofitted with a particulate reduction technology? No No No No No No

Input weight of the waste transported to 

landfill or recycling per trip (tons)
4

Choose vehicle type from drop down menu Heavy Duty On-road truck On-road truck On-road truck On-road truck On-road truck

Choose fuel used from drop down menu Diesel Gasoline Gasoline Gasoline Gasoline Gasoline

Input total number of trips 1

Input number of miles per trip 100

LANDFILL OPERATIONS Operation 1 Operation 2 Operation 3 Operation 4 Operation 5 Operation 6

Input tons of soil or waste to be incinerated (user must input emission factors in the Look Up 

Table, Table 7a)

THERMAL/CATALYTIC OXIDIZERS* Oxidizer 1 Oxidizer 2 Oxidizer 3 Oxidizer 4 Oxidizer 5 Oxidizer 6

Choose oxidizer type from drop down menu
Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Simple Thermal 

Oxidizer

Choose fuel type from drop down menu natural gas Propane natural gas natural gas natural gas natural gas

Input waste gas flow rate (scfm)

Input time running (hours)

Input waste gas inlet temperature (F)

Input contaminant concentration (ppmV)

*(Electric blowers are included in the analysis)

WATER CONSUMPTION Treatment System 1 Treatment System 2 Treatment System 3 Treatment System 4 Treatment System 5 Treatment System 6

Input water disposed/collected during treatment (gal)

Input water disposed/collected during site preparation (gal)

Input water disposed/collected during sampling (gal)

Input water disposed/collected during site demobilization (gal)

LANDFILL METHANE EMISSIONS Landfill 1 Landfill 2 Landfill 3 Landfill 4 Landfill 5 Landfill 6

Input landfill methane emissions (metric tons)

OTHER KNOWN ONSITE ACTIVITIES Entire Site

Input energy usage (MMBTU)

Water consumption (gallon)

Input CO2 emission (metric ton)

Input N2O emission (metric ton CO2 e)

Input CH4 emissions (metric ton CO2 e)

Input NOx emission (metric ton)

Input SOx emission (metric ton)

Input PM10 emission (metric ton)

Input fatality risk

Input injury risk



APPENDIX B 
 

COST ESTIMATES 



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 1 OF 1     

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: TJR DATE:

Date: 8-29-11 Date:

Assumptions

All site labor is set as a 10 hour day.

No MEC/MDEH will be located on the site.

All removed materials can be moved be site personnel.

No restoration of wetlands is included in the estimate.

Standard crew of 12 is used for the cleanup including superintendent for initial removal.

Install/replace 6 perimeter signs upon completion of first removal.

Time to complete and volume of removed material:

Initial Removal
Alternative 2: 22 days and 10 drums

Alternative 3: 37 days and 12 drums

Alternative 4: 66 days and 14 drums

Follow-up Removal (years 1, 2, & 3)
All alternatives: 20 days and 1 drum 

Follow-up Removal (years 5 & 10)
Alternatives 2 & 3: 20 days and 1 drum 

Follow-up Removal (years 5 & 10)
Alternative 4: 22 days and 1 drum 

APPROVED BY:

Standard crew of 6 is used for the cleanup including superintendent for removals during years 1, 

2, 3, 5, & 10.

Metal drums are used to transport and dispose of removed materials.  Maximum weight per drum 

is 400 pounds.

All site labor is from out of area.  Travel (mobilization & demobilization) of site personnel and per 

diem is included in estimate.  Per diem @ $151 per day, mob/demob @ $1,400 per trip ($800 

travel: $600 labor).

 
CHECKED BY:

NAS WHIDBEY ISLAND 112G02853.FS.RA.DF

Lake Hancock Target Range

DRAWING NUMBER:
 



NAS WHIDBEY ISLAND
Whidbey Island, Washington

Capital Cost (First Removal)
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 220 hr $38.00 $0 $0 $8,360 $0 $8,360

1.2 Prepare Work Plans 300 hr $38.00 $0 $0 $11,400 $0 $11,400

1.3 Prepare LUCs 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION
2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 12 ea $800.00 $600.00 $0 $9,600 $7,200 $0 $16,800

3 FIELD SUPPORT
3.1 Storage Trailer 1.5 mo $94.00 $0 $0 $0 $141 $141

3.2 Pickups, 2 each 44 day $100.00 $0 $0 $0 $4,400 $4,400

4 SURVEY AND REMOVAL
4.1 Site Superintendent including per diem 22 day $151.00 $360.00 $0 $3,322 $7,920 $0 $11,242

4.2 UXO Technician including per diem, 11 each 242 day $151.00 $310.00 $0 $36,542 $75,020 $0 $111,562

4.3 Hand Equipment & Tools 22 day $450.00 $0 $0 $0 $9,900 $9,900

4.4 Field Transportation, 2 each 44 day $30.00 $0 $0 $0 $1,320 $1,320

5 DISPOSAL
5.1 Drums & Pallets 10 ea $175.00 $0 $1,750 $0 $0 $1,750

5.2 Transportation and Disposal 4,000 lb $2.95  $11,800 $0 $0 $0 $11,800

6 LAND USE CONTROLS
6.1 Perimeter Signs 6 ea $69.50 $0 $417 $0 $0 $417

7 POST CONSTRUCTION COST
7.1 Contractor Completion Report 150 hr $38.00 $0 $0 $5,700 $0 $5,700

 

Subtotal $11,800 $52,631 $121,483 $19,779 $205,693

Overhead on Labor Cost @ 30% $36,445 $36,445

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $1,180 $5,263 $12,148 $1,978 $20,569

Tax on Materials and Equipment Cost @ 6.5% $3,421 $1,286 $4,707

Total Direct Cost $12,980 $61,315 $170,076 $23,043 $267,414

Indirects on Total Direct Cost @ 15%  $40,112

Profit on Total Direct Cost @ 10% $26,741

Total Field Cost $334,267

Engineering on Total Field Cost @ 6%  $20,056

Contingency on Total Field Cost @ 10%  $33,427

TOTAL CAPITAL COST $387,750

Lake Hancock Target Range
Alternative 2: Surface Removal with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington

Capital Cost (Removal Years 1, 2, 3, 5, and 10)
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 100 hr $38.00 $0 $0 $3,800 $0 $3,800

1.2 Prepare Work Plans 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION
2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 6 ea $800.00 $600.00 $0 $4,800 $3,600 $0 $8,400

3 FIELD SUPPORT
3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94

3.2 Pickup 20 day $100.00 $0 $0 $0 $2,000 $2,000

4 SURVEY AND REMOVAL
4.1 Site Superintendent including per diem 20 day $151.00 $360.00 $0 $3,020 $7,200 $0 $10,220

4.2 UXO Technician including per diem, 5 each 100 day $151.00 $310.00 $0 $15,100 $31,000 $0 $46,100

4.3 Hand Equipment & Tools 20 day $450.00 $0 $0 $0 $9,000 $9,000

4.4 Field Transportation, 2 each 40 day $30.00 $0 $0 $0 $1,200 $1,200

5 DISPOSAL
5.1 Drum 1 ea $175.00 $0 $175 $0 $0 $175

5.2 Transportation and Disposal 1 ls $3,300.00  $3,300 $0 $0 $0 $3,300

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 50 hr $38.00 $0 $0 $1,900 $0 $1,900

 

Subtotal $3,300 $24,095 $53,383 $16,312 $97,090

Overhead on Labor Cost @ 30% $16,015 $16,015

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $330 $2,410 $5,338 $1,631 $9,709

Tax on Materials and Equipment Cost @ 6.5% $1,566 $1,060 $2,626

Total Direct Cost $3,630 $28,071 $74,736 $19,003 $125,440

Indirects on Total Direct Cost @ 15%  $18,816

Profit on Total Direct Cost @ 10% $12,544

Total Field Cost $156,800

Engineering on Total Field Cost @ 4%  $6,272

Contingency on Total Field Cost @ 10%  $15,680

TOTAL CAPITAL COST $178,753

Lake Hancock Target Range
Alternative 2: Surface Removal with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington
Lake Hancock Target Range

Annual Cost
Item Cost

Item yearly Notes

Site Inspection & Report $2,650 One-day visit to verify LUCs

Subtotal $2,650

Contingency @ 10% $265

TOTAL $2,915

Alternative 2: Surface Removal with Land Use Controls



NAS WHIDBEY ISLAND
Lake Hancock Target Range
Whidbey Island, Washington

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth

0 $387,750 $387,750 1.000 $387,750

1 $178,753 $2,915 $181,668 0.978 $177,583

2 $178,753 $2,915 $181,668 0.956 $173,591

3 $178,753 $2,915 $181,668 0.934 $169,688

4 $2,915 $2,915 0.913 $2,662

5 $178,753 $2,915 $181,668 0.893 $162,143

6 $2,915 $2,915 0.872 $2,543

7 $2,915 $2,915 0.853 $2,486

8 $2,915 $2,915 0.834 $2,430

9 $2,915 $2,915 0.815 $2,376

10 $178,753 $2,915 $181,668 0.797 $144,717

11 $2,915 $2,915 0.779 $2,270

12 $2,915 $2,915 0.761 $2,219

13 $2,915 $2,915 0.744 $2,169

14 $2,915 $2,915 0.727 $2,120

15 $2,915 $2,915 0.711 $2,073

16 $2,915 $2,915 0.695 $2,026

17 $2,915 $2,915 0.679 $1,980

18 $2,915 $2,915 0.664 $1,936

19 $2,915 $2,915 0.649 $1,892

20 $2,915 $2,915 0.635 $1,850

21 $2,915 $2,915 0.620 $1,808

22 $2,915 $2,915 0.606 $1,768

23 $2,915 $2,915 0.593 $1,728

24 $2,915 $2,915 0.579 $1,689

25 $2,915 $2,915 0.566 $1,651

26 $2,915 $2,915 0.554 $1,614

27 $2,915 $2,915 0.541 $1,578

28 $2,915 $2,915 0.529 $1,542

29 $2,915 $2,915 0.517 $1,507

30 $2,915 $2,915 0.506 $1,474

TOTAL PRESENT WORTH $1,264,862

Alternative 2: Surface Removal with Land Use Controls



NAS WHIDBEY ISLAND

Whidbey Island, Washington

Capital Cost (First Removal)

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare Documents & Plans 220 hr $38.00 $0 $0 $8,360 $0 $8,360

1.2 Prepare Work Plans 300 hr $38.00 $0 $0 $11,400 $0 $11,400

1.3 Prepare LUCs 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 12 ea $800.00 $600.00 $0 $9,600 $7,200 $0 $16,800

3 FIELD SUPPORT

3.1 Storage Trailer 2 mo $94.00 $0 $0 $0 $188 $188

3.2 Pickups, 2 each 74 day $100.00 $0 $0 $0 $7,400 $7,400

4 SURVEY AND REMOVAL

4.1 Site Superintendent including per diem 37 day $151.00 $360.00 $0 $5,587 $13,320 $0 $18,907

4.2 UXO Technician including per diem, 11 each 407 day $151.00 $310.00 $0 $61,457 $126,170 $0 $187,627

4.3 Hand Equipment & Tools 37 day $450.00 $0 $0 $0 $16,650 $16,650

4.4 Field Transportation, 2 each 74 day $30.00 $0 $0 $0 $2,220 $2,220

5 DISPOSAL

5.1 Drums & Pallets 12 ea $175.00 $0 $2,100 $0 $0 $2,100

5.2 Transportation and Disposal 4,800 lb $2.95  $14,160 $0 $0 $0 $14,160

6 LAND USE CONTROLS

6.1 Perimeter Signs 6 ea $69.50 $0 $417 $0 $0 $417

7 POST CONSTRUCTION COST

7.1 Contractor Completion Report 150 hr $38.00 $0 $0 $5,700 $0 $5,700

 

Subtotal $14,160 $80,161 $178,033 $30,476 $302,830

Overhead on Labor Cost @ 30% $53,410 $53,410

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $1,416 $8,016 $17,803 $3,048 $30,283

Tax on Materials and Equipment Cost @ 6.5% $5,210 $1,981 $7,191

Total Direct Cost $15,576 $93,388 $249,246 $35,505 $393,714

Indirects on Total Direct Cost @ 15%  $59,057

Profit on Total Direct Cost @ 10% $39,371

Total Field Cost $492,143

Engineering on Total Field Cost @ 4%  $19,686

Contingency on Total Field Cost @ 10%  $49,214

TOTAL CAPITAL COST $561,043

Lake Hancock Target Range

Alternative 3: Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND

Whidbey Island, Washington

Capital Cost (Removal Years 1, 2, 3, 5, and 10)

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS

1.1 Prepare Documents & Plans 100 hr $38.00 $0 $0 $3,800 $0 $3,800

1.2 Prepare Work Plans 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 6 ea $800.00 $600.00 $0 $4,800 $3,600 $0 $8,400

3 FIELD SUPPORT

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94

3.2 Pickup 20 day $100.00 $0 $0 $0 $2,000 $2,000

4 SURVEY AND REMOVAL

4.1 Site Superintendent including per diem 20 day $151.00 $360.00 $0 $3,020 $7,200 $0 $10,220

4.2 UXO Technician including per diem, 5 each 100 day $151.00 $310.00 $0 $15,100 $31,000 $0 $46,100

4.3 Hand Equipment & Tools 20 day $450.00 $0 $0 $0 $9,000 $9,000

4.4 Field Transportation, 2 each 40 day $30.00 $0 $0 $0 $1,200 $1,200

5 DISPOSAL

5.1 Drum 1 ea $175.00 $0 $175 $0 $0 $175

5.2 Transportation and Disposal 1 ls $3,300.00  $3,300 $0 $0 $0 $3,300

6 POST CONSTRUCTION COST

6.1 Contractor Completion Report 50 hr $38.00 $0 $0 $1,900 $0 $1,900

 

Subtotal $3,300 $24,095 $53,383 $16,312 $97,090

Overhead on Labor Cost @ 30% $16,015 $16,015

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $330 $2,410 $5,338 $1,631 $9,709

Tax on Materials and Equipment Cost @ 6.5% $1,566 $1,060 $2,626

Total Direct Cost $3,630 $28,071 $74,736 $19,003 $125,440

Indirects on Total Direct Cost @ 15%  $18,816

Profit on Total Direct Cost @ 10% $12,544

Total Field Cost $156,800

Engineering on Total Field Cost @ 4%  $6,272

Contingency on Total Field Cost @ 10%  $15,680

TOTAL CAPITAL COST $178,753

Lake Hancock Target Range

Alternative 3: Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND

Whidbey Island, Washington

Lake Hancock Target Range

Annual Cost

Item Cost
Item yearly Notes

Site Inspection & Report $2,650 One-day visit to verify LUCs

Subtotal $2,650

Contingency @ 10% $265

TOTAL $2,915

Alternative 3: Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND

Lake Hancock Target Range

Whidbey Island, Washington

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.3% Worth

0 $561,043 $561,043 1.000 $561,043

1 $178,753 $2,915 $181,668 0.978 $177,583

2 $178,753 $2,915 $181,668 0.956 $173,591

3 $178,753 $2,915 $181,668 0.934 $169,688

4 $2,915 $2,915 0.913 $2,662

5 $178,753 $2,915 $181,668 0.893 $162,143

6 $2,915 $2,915 0.872 $2,543

7 $2,915 $2,915 0.853 $2,486

8 $2,915 $2,915 0.834 $2,430

9 $2,915 $2,915 0.815 $2,376

10 $178,753 $2,915 $181,668 0.797 $144,717

11 $2,915 $2,915 0.779 $2,270

12 $2,915 $2,915 0.761 $2,219

13 $2,915 $2,915 0.744 $2,169

14 $2,915 $2,915 0.727 $2,120

15 $2,915 $2,915 0.711 $2,073

16 $2,915 $2,915 0.695 $2,026

17 $2,915 $2,915 0.679 $1,980

18 $2,915 $2,915 0.664 $1,936

19 $2,915 $2,915 0.649 $1,892

20 $2,915 $2,915 0.635 $1,850

21 $2,915 $2,915 0.620 $1,808

22 $2,915 $2,915 0.606 $1,768

23 $2,915 $2,915 0.593 $1,728

24 $2,915 $2,915 0.579 $1,689

25 $2,915 $2,915 0.566 $1,651

26 $2,915 $2,915 0.554 $1,614

27 $2,915 $2,915 0.541 $1,578

28 $2,915 $2,915 0.529 $1,542

29 $2,915 $2,915 0.517 $1,507

30 $2,915 $2,915 0.506 $1,474

TOTAL PRESENT WORTH $1,438,155

Alternative 3: Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington

Capital Cost (First Removal)
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 220 hr $38.00 $0 $0 $8,360 $0 $8,360

1.2 Prepare Work Plans 300 hr $38.00 $0 $0 $11,400 $0 $11,400

1.3 Prepare LUCs 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION
2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 12 ea $800.00 $600.00 $0 $9,600 $7,200 $0 $16,800

3 FIELD SUPPORT
3.1 Storage Trailer 3 mo $94.00 $0 $0 $0 $282 $282

3.2 Pickups, 2 each 132 day $100.00 $0 $0 $0 $13,200 $13,200

4 SURVEY AND REMOVAL
4.1 Site Superintendent including per diem 66 day $151.00 $360.00 $0 $9,966 $23,760 $0 $33,726

4.2 UXO Technician including per diem, 11 each 726 day $151.00 $310.00 $0 $109,626 $225,060 $0 $334,686

4.3 Hand Equipment & Tools 66 day $450.00 $0 $0 $0 $29,700 $29,700

4.4 Field Transportation, 2 each 132 day $30.00 $0 $0 $0 $3,960 $3,960

5 DISPOSAL
5.1 Drums & Pallets 15 ea $175.00 $0 $2,625 $0 $0 $2,625

5.2 Transportation and Disposal 6,000 lb $2.95  $17,700 $0 $0 $0 $17,700

6 LAND USE CONTROLS
6.1 Perimeter Signs 6 ea $69.50 $0 $417 $0 $0 $417

7 POST CONSTRUCTION COST
7.1 Contractor Completion Report 150 hr $38.00 $0 $0 $5,700 $0 $5,700

 

Subtotal $17,700 $133,234 $287,363 $51,160 $489,457

Overhead on Labor Cost @ 30% $86,209 $86,209

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $1,770 $13,323 $28,736 $5,116 $48,946

Tax on Materials and Equipment Cost @ 6.5% $8,660 $3,325 $11,986

Total Direct Cost $19,470 $155,218 $402,308 $59,601 $636,597

Indirects on Total Direct Cost @ 15%  $95,490

Profit on Total Direct Cost @ 10% $63,660

Total Field Cost $795,747

Engineering on Total Field Cost @ 4%  $31,830

Contingency on Total Field Cost @ 10%  $79,575

TOTAL CAPITAL COST $907,151

Lake Hancock Target Range
Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington

Capital Cost (Removal Years 1, 2, and 3)
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 100 hr $38.00 $0 $0 $3,800 $0 $3,800

1.2 Prepare Work Plans 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION
2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 6 ea $800.00 $600.00 $0 $4,800 $3,600 $0 $8,400

3 FIELD SUPPORT
3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94

3.2 Pickup 20 day $100.00 $0 $0 $0 $2,000 $2,000

4 SURVEY AND REMOVAL
4.1 Site Superintendent including per diem 20 day $151.00 $360.00 $0 $3,020 $7,200 $0 $10,220

4.2 UXO Technician including per diem, 5 each 100 day $151.00 $310.00 $0 $15,100 $31,000 $0 $46,100

4.3 Hand Equipment & Tools 20 day $450.00 $0 $0 $0 $9,000 $9,000

4.4 Field Transportation, 2 each 40 day $30.00 $0 $0 $0 $1,200 $1,200

5 DISPOSAL
5.1 Drum 1 ea $175.00 $0 $175 $0 $0 $175

5.2 Transportation and Disposal 1 ls $3,300.00  $3,300 $0 $0 $0 $3,300

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 50 hr $38.00 $0 $0 $1,900 $0 $1,900

 

Subtotal $3,300 $24,095 $53,383 $16,312 $97,090

Overhead on Labor Cost @ 30% $16,015 $16,015

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $330 $2,410 $5,338 $1,631 $9,709

Tax on Materials and Equipment Cost @ 6.5% $1,566 $1,060 $2,626

Total Direct Cost $3,630 $28,071 $74,736 $19,003 $125,440

Indirects on Total Direct Cost @ 15%  $18,816

Profit on Total Direct Cost @ 10% $12,544

Total Field Cost $156,800

Engineering on Total Field Cost @ 4%  $6,272

Contingency on Total Field Cost @ 10%  $15,680

TOTAL CAPITAL COST $178,753

Lake Hancock Target Range
Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington

Capital Cost (Removal Years 5 and 10)
Unit Cost Extended Cost

Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 100 hr $38.00 $0 $0 $3,800 $0 $3,800

1.2 Prepare Work Plans 150 hr $38.00 $0 $0 $5,700 $0 $5,700

2 MOBILIZATION AND DEMOBILIZATION
2.1 Site Support Facilities (trailers, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500

2.2 Equipment Mobilization/Demobilization 1 ls $183.00 $518.00 $0 $0 $183 $518 $701

2.3 Personnel Mobilization/Demobilization 6 ea $800.00 $600.00 $0 $4,800 $3,600 $0 $8,400

3 FIELD SUPPORT
3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94

3.2 Pickup 22 day $100.00 $0 $0 $0 $2,200 $2,200

4 SURVEY AND REMOVAL
4.1 Site Superintendent including per diem 22 day $151.00 $360.00 $0 $3,322 $7,920 $0 $11,242

4.2 UXO Technician including per diem, 5 each 110 day $151.00 $310.00 $0 $16,610 $34,100 $0 $50,710

4.3 Hand Equipment & Tools 22 day $450.00 $0 $0 $0 $9,900 $9,900

4.4 Field Transportation, 2 each 44 day $30.00 $0 $0 $0 $1,320 $1,320

5 DISPOSAL
5.1 Drum 1 ea $175.00 $0 $175 $0 $0 $175

5.2 Transportation and Disposal 1 ls $3,300.00  $3,300 $0 $0 $0 $3,300

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 50 hr $38.00 $0 $0 $1,900 $0 $1,900

 

Subtotal $3,300 $25,907 $57,203 $17,532 $103,942

Overhead on Labor Cost @ 30% $17,161 $17,161

G & A on Labor, Material, Equipment, & Subs Cost @ 10% $330 $2,591 $5,720 $1,753 $10,394

Tax on Materials and Equipment Cost @ 6.5% $1,684 $1,140 $2,824

Total Direct Cost $3,630 $30,182 $80,084 $20,425 $134,321

Indirects on Total Direct Cost @ 15%  $20,148

Profit on Total Direct Cost @ 10% $13,432

Total Field Cost $167,901

Engineering on Total Field Cost @ 4%  $6,716

Contingency on Total Field Cost @ 10%  $16,790

TOTAL CAPITAL COST $191,407

Lake Hancock Target Range
Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND
Whidbey Island, Washington
Lake Hancock Target Range

Annual Cost
Item Cost

Item yearly Notes

Site Inspection & Report $2,650 One-day visit to verify LUCs

Subtotal $2,650

Contingency @ 10% $265

TOTAL $2,915

Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls



NAS WHIDBEY ISLAND
Lake Hancock Target Range
Whidbey Island, Washington

Present Worth Analysis
Capital Annual Total Year Annual Discount Rate Present 

Year Cost Cost Cost 2.3% Worth

0 $907,151 $907,151 1.000 $907,151

1 $178,753 $2,915 $181,668 0.978 $177,583

2 $178,753 $2,915 $181,668 0.956 $173,591

3 $178,753 $2,915 $181,668 0.934 $169,688

4 $2,915 $2,915 0.913 $2,662

5 $191,407 $2,915 $194,322 0.893 $173,438

6 $2,915 $2,915 0.872 $2,543

7 $2,915 $2,915 0.853 $2,486

8 $2,915 $2,915 0.834 $2,430

9 $2,915 $2,915 0.815 $2,376

10 $191,407 $2,915 $194,322 0.797 $154,798

11 $2,915 $2,915 0.779 $2,270

12 $2,915 $2,915 0.761 $2,219

13 $2,915 $2,915 0.744 $2,169

14 $2,915 $2,915 0.727 $2,120

15 $2,915 $2,915 0.711 $2,073

16 $2,915 $2,915 0.695 $2,026

17 $2,915 $2,915 0.679 $1,980

18 $2,915 $2,915 0.664 $1,936

19 $2,915 $2,915 0.649 $1,892

20 $2,915 $2,915 0.635 $1,850

21 $2,915 $2,915 0.620 $1,808

22 $2,915 $2,915 0.606 $1,768

23 $2,915 $2,915 0.593 $1,728

24 $2,915 $2,915 0.579 $1,689

25 $2,915 $2,915 0.566 $1,651

26 $2,915 $2,915 0.554 $1,614

27 $2,915 $2,915 0.541 $1,578

28 $2,915 $2,915 0.529 $1,542

29 $2,915 $2,915 0.517 $1,507

30 $2,915 $2,915 0.506 $1,474

TOTAL PRESENT WORTH $1,805,638

Alternative 4: Expanded Surface and Subsurface Removal (to 1 foot bgs) with Land Use Controls
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LAKE HANCOCK ECOLOGICAL SURVEY REPORT

PURPOSE AND OBJECTIVES

This surveywas conductedto provide informationon site conditionsthatwill be usedto
designa work planfor the upcomingsite hazardassessmentfor Lake Hancock.

Specific objectivesof the surveywere as follows:

Confirm the existenceof ecologicallysensitivehabitats.

• Providea detaileddescriptionof existentwaterquality andsediment
characteristics.

• Describemitigationmeasuresto reduceecologicalimpacts that might be
practicedduring intrusivesamplingto be conductedduring the site hazard
assessment.

• Provide a qualitativediscussionof potentialremedialalternativeeffects on
the habitatspresentat Lake Hancock.

METHODS

A 1-dayfield surveywas conductedon May 17, 1996. The surveybeganat 10:00 hours
underheavy overcastskieswith intermittentshowers,a slight wind from the south,anda
temperatureof 50 degreesFahrenheit(°F). Theweathermodified to scatteredclouds,
with a few light showers,strongsoutherlywinds, and 60°Fby theendof thefield survey
at 16:00hours. The low tide wasminus 1.2 meters(m) at MarrowstonePoint at 10:46
hours.

Thesurveyconsistedof a site reconnaissanceduring which eachhabitatdescribedby
Fonda(1981) (i.e., saltmarsh,brackishmarsh, freshwatermarsh,andbogforest)was
visited andevaluated. Observationsandmeasurementsof surfacewaterquality and
sedimentcharacteristicsweremade at appropriatelocations. Observationson flora and
faunawererecorded. A photographicrecordof relevantactivitiesandobservationwas
made. Sedimentsampleswere collectedat appropriatelocationsandbroughtbackto

32070\9606. 024
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the office for measurementof sedimentgrainsize. Samplestationlocationsareshown
on Figure 1.

Surfacewaterquality measurementswere madewith theHoribaU-b Water Quality
Checker. The inultiprobe was carefully submergedin the waterandallowed to reston
the sedimentsurface(the designof theprobekeptsensorsat least3 to 5 centimeters
[cm] abovethesedimentsurface). The instrumentwas allowed to equffibrate,and
measurementswere recorded.The instrumentwas calibratedfor salt waterfor all
samplesexceptthe freshwatermarshstation(Station5). Water qualitymeasurementsat
thebrackishmarshlocation(Station4) were madeusing both the salt waterand
freshwatercalibrations. The averageof the two measurementsis reported.

Sedimentsampleswere collectedat severalstationsandreturnedto the office for grain
size determination.Grain size was estimatedby using a volumetric sievingtechniquein
which thepercentageby volume of fine grainedmateriallessthan 63 micronsis
measured. -

RESULTS

Resultsof thewaterquality measurementstakenat six stationsarepresentedin Table 1.

Table 1
SurfaceWaterQuality Measurements

Sthtion :
- : -

-- - -

- -ph -

- - - -

- --

çouduçthit~-
- ~mSjcrn

- -

Turbidity
tNTfl

- -

- Di~~n1ved
- Oxygen
- 4mg/U

Ttmperatw~-
- -

- - -

Salinity -

jc~J
-

1 8.5 35.9 3 9.5 12.1 2.26
2 8.3 36.4 7 7.2 15.6 2.29

3 8.7 36.0 22 8.8 15.2 2.26

4 6.9 13.3 11 1.9 16.9 0.76

5 7.4 1.8 10 11.7 15.1 0.08

8 9.5 35.2 15 1.5 20.4 2.23

NTU Neplielometric turbidity unit
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Generaldescriptionsof observationandmeasurementstakenat eachstationare
presentedbelow.

Station1

Thestationwas occupiedat 10:00 hours. Station 1 is locatedat the mouthof the stream
dischargingfrom Lake Hancockinto Admiralty Inlet. Water flowed swiftly on the
outgoingtide andwasapproximately50 to 75 cm deepat the deepestpoint. Substrate
wasa mixture of cobbleandcoarsesand(Figures2 and3). Somelocal patchesof finer
materialexist. Severalspeciesof low growing algaewere attachedto therocky substrate
aswell aslittle eel grass(Zosteramarina). Barnaclesandseaanemonewere commonon
rock surfaces. Eight greatblue heronswere foraging in the shallowsat the mouthof the
stream,and a bald eaglewas restingon the sandybeach. Seagulls flew overhead,and
severalvarietiesof duckswere observedin the off-shorewaters. A waterquality
measurementwas takenfrom thenorth side of the streamat a depthof 30 cm (see
Table 1). A sedimentsamplewas takenfrom theupper5 cm in a depositionalintertidal
areaof finer grainedmaterialon thenorth side of the stream. Thegrain sizecould not
be accuratelydeterminedbecausethe high proportionof algaein the sampleprecluded
anaccuratemeasurement.However,a largeamount of coarsegrainedmaterialwas
retainedin the sieve.

Station2

Thestationwas occupiedat 11:00 hours. Station2 is locatedabout100 m eastof the
Admiralty Inlet beachand150 m north of thestreamdrainingLakeHancock. At low
tide, it wastypified by a undulatingterrainwith standingor slowly drainingpools of
marinewaterand moundsof vegetation(Figure 4). Maximum relief wasapproximately
1 m from thebottom of the deeperpools to thetop of the mounds. The pools appeared
to be flushed with seawaterduring eachhigh tide and were free from vegetation. The
pool substratewas typically a fine grainedloose materialin which apersonwould sink
up to 15 to 25 cm. Many deadsmall crabswere observedin thepools,andinterface
betweenthe pools andmoundswere typically lacedwith anetwork of 3- to 5-cm-
diametertunnelspresumablymadeby crabsor someotherinvertebrate. A waterquality
measurementwas madein one of the shallowpools at a waterdepthof 10 cm, and
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resultsare shownin Table 1. Figure5 showsthe sedimentprofile of atest pit in a
typical pool habitat,a descriptionof which follows:

• Zeroto 10 cm of loosesilty sand,grey/brown,with few roots. Grain size
couldnot be determinedbecauseof partially decomposedfibrous plant
material;however,only a small amountof materialwas retainedin the
sieve. This suggeststhatthepercentof fine grainedmaterialwas very
high.

• Greater than 10 cm of looseorganicsilt, lots of deadroots,partially
decomposed organicmaterial,anda sulfide odor. Grainsize could not be
determined because of the high proportion of partially decomposedplant
material;however,a large amountof materialwas retainedin thesieve.
This suggeststhat the percentof fine grainedmaterialwas low.

The crestsof the moundswereflat andsupporteda denseplant communitydominated
by picideweed(Salicorniavirginica) andseaarrow-grass(Triglochin maritimum) (Figures
6 and7). A few clumps of Townsend’scordgrass(Spartinaangilca) were noted
(Figure7). Figure8 showsthe sedimentproffle of a testpit in a typical moundhabitat
and is described as follows:

• Zeroto 12 cm of denserootmat,grey/brown,with little sedimentpresent.
Grain size could not be determinedbecauseof the high proportion of
partially decomposedplant material;however,a largeamountof material
was retainedin the sieve. This suggeststhatthe percentof fine grained
materialwaslow.

• Twelve to 19 cm of dense root mat, dark brown.

• Nineteen to 25 cm of denserootmat,mediumgrey/brown. Grain size
could not be determinedbecauseof the high proportionof partially
decomposedplant material;however,a large amountof materialwas
retainedin the sieve. This suggeststhat the percentof fine grained
materialwas low.

• Twenty-five to 27 cmof narrow, light grey horizon,with no live roots.
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• Greaterthan 27 cm of dark chocolatebrown, silty clay with no sand,high
organicmatter content,no live roots, anda sulfide odor. Grain size could
not be determinedbecauseof the high proportionof partially decomposed
plant material;however,a large amountof materialwas retainedin the
sieve. This suggeststhat thepercentof fine grainedmaterialwas low.

A few duckswere observedin the salt marshpools, andwrensandsparrowswere
observedforaging on the mounds.

Station 3

The stationwas occupiedat 12:30 hours. Station3 is locatedat the southeastcorner of
Lake Hancock. The tide was low andexposeda broadintertidal zone. Theupper
portionof the intertidal zonewas composedof cobblesandsand,andthelower portion
was a soft, fine-grainedsand(Figure 9). Cobbleson theuppershoresupported
barnacles,andnumeroussmall crabswere observedin the small pools of waterbetween
the cobbles. Water quality measurementswere takenat about25 to 30 cm water depth,
andresultsarereportedin Table1. A sedimentsamplewas takenfrom theupper5 cm
of fine-grainedsubstrate,just abovethewaterline. The grainsize was26 percentfines.
Sedimentcharacteristicsappeareduniform to a depthof 25 to 30 cm, belowwhich large
cobblesoccurred. Numerouspolycheatewormsof severalspecieswere observedin the
sand. Large Neris sp. sandworms werepresent. Numerousbent-noseclams (Macoma
nasuta),averaging5 cm in length,werepresentat 20 cm below the sedimentsurface.
Someducks wereobservedin Lake Hancock,as wereCanadageese. An eagle was
observedresting on thewesternshorelineof the lake,anda hawk circled overhead.
Somesmall fish werestartledwhile walking alongthe shorelinein the shallows.

Station 4

Thestationwas occupiedat 13:00 hours. Station4 is locatedin thebrackishwetlands
about50 m southof Lake Hancock. The vegetationin this zone consistedof
communitiesof Baltic rush (Juncusbalticus) andPacific silverweed(Potentillapacifica)
(Figure 10), seaarrow-grassandPacific silverweed,andLyngby’s sedge(CarexLyngbyei).
The substratewas fine-grained,high organicmatter. Sedimentwas not fully
characterizedat this stationbecausethe brackishwetlandsrepresenta very smallportion
of thetotal areaat Lake Hancockandareunlikely to be sampledduring the site hazard
assessment.A waterquality measurementwas taken in a shallowpool (i.e., 15 cm deep)
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andresultsarereportedin Table 1. Smallwrensandsparrowswere observedforaging

in the area.

Station5

This stationwas occupiedat 13:30 hours. Station5 is locatedin thefreshwatermarsh
about100 m southof Lake Hancock. The dominantvegetationis cattail (Typhalatifolia)
andPacific silverweed(Figures 11 and 12). The substratewas fine-grainedandhigh in
organicmatter. Sedimentwas not fully characterizedat this stationbecausethe
freshwater marsh represents a very small portion of the total area at Lake Hancock and
is unlikely to be sampledduring the site hazardassessment.A water quality
measurementwas taken in a shallowpool (i.e., 10 cm deep),andresultsarereportedin
Table 1. A small brown frog was observedin oneof the pools,but was not capturedfor
identification. Small wrensandsparrowsforagedin the area,andapair of king fishers
wereobservedflying over thearea.

Station6

The stationwas occupiedat 13:45. It is locatedimmediatelysouthof the freshwater
marshandrepresentsthebogforestcommunity. Large spruce(Pkeasitchensis)
dominate,with a denseunderstoryof salal (Gaultheriashallon) andothershrubs. The
vegetationwas too denseto allow passage.

Station7

The stationwas occupiedat 14:00 hours. Station7 is locatedsouthwestof Lake
Hancockon flat terraindrainedby small channels.Seaarrow-grass,pickleweed,and
jaumea(Jaumeacarnosa)comprisedthe dominant vegetation (Figure 13). A parasitic
orange-coloreddodderpresumablya salt marshdodder (Cuscutasauna),heavily infested
the jaurnea. Figure 14 showsthesedimentprofile of a testpit that is describedas
follows:

• Zeroto 10 cm of denseroots,high organicmatter, andlittle inorganic soil.

• Ten to 25 cm of dark brown to black denseroots with high organicmatter.
Grain size could not be determinedbecauseof the high proportionof
partially decomposedplant material;however,a largeamountof material

32070\9606.024



ECOLOGICAL SURVEYREPORT
U.S.Navy CLEAN Contract RevisionNo.: 0
EngineeringFieldActivity, Northwest Date: 06/12/96
Contract No. N62474-89-D-9295 Page 7
CTO 0207

was retainedin the sieve. This suggeststhatthe percentof fine grained
materialwas low.

• Greaterthan 25 cm of brown, few living roots,with astrong sulfide odor.
Grain size could not be determinedbecauseof the high proportionof
partially decomposedplant material;however,only a small amountof
materialwas retainedin the sieve. This suggeststhatthepercentof fine
grainedmaterialwas high.

Station 8

The stationwas occupiedat 1430hours. Station8 is locatedin thelarge pondthat is the
targetcenter. The immediateareais typified by low mounds(e.g., 10 cm abovethe high
tide mark) of pickleweedandbroaddrainagechannels(Figure 15). The sedimentin the
channelswasa very looseorganicmaterial. A shovelwould easilypenetrateto a depth
of 50 cm. Thepickleweedmoundssatatop the loose organicmaterialandwere
“bouncy” as onewalked from moundto mound. Thesubstratein the channelsand
pondswas coveredwith a 2 to 3 millimeter (mm) thick bacterialmat. Waterquality was
measuredin thepool at about15 cmwaterdepth, andresultsarepresentedin Table1.
No life was seenin the pool exceptthe bacterialmatsandalittle greenalgae(Figure
16).

Random Observations

• A small standof softstembuhush(Scirpusvalidus) was observedalongthe

southernborderof the site.

• Severalextensivestandsof Californiawax-myrtle (Myrica californica)
approximately75 cm tall were observedextendingfrom the baseof the bogforest
south of the site into the flats. Themyrtle was growing on a benchelevated25
cm above the marshlands.

• An abandonedduckblind was locatedon thetargetpond.

• The largewaterbody locatedin the southwestcorner of the site, as well asmany
smallerpools in that area,hadcharacteristicssimilar to the targetpond (i.e.,
bacterialmat, somegreenalgae,andnot much animallife).
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• A well usedanimal trail led from the southwestcornerof LakeHancockinto the
forest directly to thesouth. The dominanttrack on the trail was asmall, 4 to 5
cm round-clawedmammaltrack.

• Small deertrackswere observedat severallocations.

• A largegartersnakewas observedamongthebeachrye grass(Elyinusmollis)
growing alongthe sandybermseparatingthebeachfrom themarshin the
southwestcornerof the site.

• Wave-depositedlogs wereobservedup againstthesouthernandnorthernborders
of the site, proving the wholesite can sometimesbe inundatedwith seawater.

DISCUSSIONAND CONCLUSIONS

Lake Hancockcontainsavariety of uniqueandsensitivehabitats. Fonda(1981) and
Chappellet al. (1995) definedthesehabitatsandtheir associatedplant communitiesin
detail. They consistof thefollowing:

• A salt marshthat coversmost of theareanorth andwestof Lake Hancock.
Dominantvegetationis pickleweedandseaarrow-grass.SampleStations2
and8 fall within this community.

• A brackishmarshsouth andwest of Lake Hancock. Dominantvegetation
is Baltic rush,Pacific silverweed,Lynby’s sedge,andseaarrow-grass.
SampleStations4 and 7 fall within this community.

• A freshwatermarshsouthof Lake Hancockat the foot of theslope.
Dominantvegetationis cattailandPacific silverweed. SampleStation5
falls within this community.

• A bogforestsouth of Lake Hancockon the gentlenorthfacing hillside.
Dominantvegetationis Sitka spruceandsalal.

The only rareplant speciesthatpotentiallyoccursat theLake Hancocksite is northern
rice root (Fritillaria camschatcensis).Chappellet al. (1995) statethatLakeHancockmay
providesuitablehabitatfor northernrice foot, althoughtheplant hasnot beenobserved
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at the site. Northernrice foot probablyis limited to freshwaterandpossibly to low
salinity habitats. Northernrice rootwould not be expectedto occurin the salt marsh
surroundingthebombingtarget. This is the mostlikely areafor intrusivesampling
during thesite hazardassessment(SHA).

Varietiesof birds andmammalsusethemarshesas foraging areas. Although no small
mammalruns were noted(e.g.,voles, mice, andrabbits),tracksof deeranda clawed
mammalwere observed. Severalspeciesof passerinebirds (e.g., sparrows,wrens, and
finches)forageon insectsandseedsin themarshes.Greatblue herons,ducks, geese,
king fishers,andshorebirdsforagein the aquaticareas. Eaglesandhawkswere
observedrestingandforaging over the marshes.Althoughno bird nestswere seen,many
speciesprobablynestin the surroundingforestedarea.

Aquatic animallife was abundantin certainareas. The mouth of the streamdischarging
from LakeHancockinto Admiralty Inlet supportedadensecommunityof barnaclesand
anemone.The portionof the salt marshthatwas regularlytidally influencedcontained
manysmall crabs. However, theportionof the salt marshlocatedin the southwest
corner of the marshapparentlyis not regularlyflushedwith seawater, creatingstagnant
conditionsin the pools. Aquatic animalswerevirtually absentfrom thesepools. The
manmadeditch drainingthehill to the southof the marshdivertsfreshwaterfrom the
salt marsheastinto Lake Hancock. The ditch may aggravatethestagnantconditions
causedby little tidal flushing. The freshwatermarshesthatborderthe toe of thebifi to
the southof Lake Hancocksupportnumeroussmall invertebratesandamphibians.

Waterquality variedacrossthearea(Table 1). Stationsforming the salt marshhabitat
(Stations1, 2, 3, and8) have similar salinity (i.e., uniformly high in the salt marsh,
averagingabout2.25 percent)andpH (i.e., varyingfrom 8.3 to 9.5), but variable
temperature(i.e., temperaturevariedfrom 12.1 to 20.4°centigrade[C]) and dissolved
oxygen(i.e., dissolvedoxygenvaried from 9.5 to 1.5 mg/L). The temperatureand
dissolvedoxygenvariedbetweensamplestationsbecausemeasurementsweremadeat
different times of the day andsomestationscontainedflowing water(Stations1, 2,
and3), while onewas a shallow stagnatepool (Station8). Both temperatureand
dissolvedoxygenat Station8 reachedbiologically limiting levels for manyaquatic
organisms. Salinity was intermediatein thebrackishmarsh(Station4) andlowestin the
freshwatermarsh(Station5). Thepool measuredat Station4 was shallow andstagnant.
It was typified by low dissolvedoxygenconcentrations(i.e., 1.9.mg/L) thatwould limit
aquaticlife.
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Sedimentin Lake Hancockandthe streamdraining it hada sandytexture. All sediment
samplescollectedfrom themarshproperwere high in organicmatterandhad little or
no sand. Themarshsedimentorganicmatterwas typified aspartially decomposed
fibrous material.

Under thecurrentconceptof the samplingeffort requiredfor the site hazardassessment
(SHA) for LakeHancock,it is anticipatedthat sedimentsamplingwill occur at
approximately10 locationswere metallic anomaliesarelocatedby the magneticsurvey.
The locationof the samplingis unknown,but will likely occur in the southwestcornerof
the site were the aerialbombingtargetwas located. The samplingwill consistof a
two-personfield crewusing abandaugerto collect sedimentsamplesat variousdepths
below the ground~urface for chemicalanalysis. Samplingwill be conductedat the end
of thesummerandshouldtakeapproximately2 days. This samplingeffort will pose
minimal impactsto LakeHancock,andno mitigationmeasuresarerecommended.

It is possiblethatresultsof the SFIA could indicate the needfor remedialactionbased
on laboratoryresults. It is alsomost likely that potentialremedialactionswiJi be
centeredaround theaerialbombingtargetin the southwestcornerof the site. Active
sedimentremediationactivities in thesouthwestcornerof the siteareimpracticaland
will likely causeexcessiveecologicaldamage. Almost all active remedialaction
measuresrequireheavyequipmentoperation(e.g., backhoes,trucks, andfront-end
loaders). Use of heavyequipmentin southwestcorner of the site is impracticalbecause
the substrateis a loosesedimentdownto at least3 feet. This situationwould prohibit
use of heavyequipment. Any activeremedialactivitieswould temporarilydestroythe
existing salt marshandcould negativelyimpact adjacentareasthroughmassmovement
of sediment. Therefore,active remedialactionis not recommendedfor most of the salt
marsharea.
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1.0 INTRODUCTION -

EOD Technology,Inc. (EODT) ofKnoxville, TennesseewasissuedSubcontractNumberSE-96-
P-185 from URS Consultants,Inc. (IJRS), datedJuly 30, 1996, to provide an airborneand
groundbasedsurveyoftheNAS WhidbeyIsland,FormerLakeHancockTargetRange(LHTR).
The objectiveof the aerialandgroundbasedsurveyswas to identify the possiblepresenceof
surfaceor subsurfaceanomalieswhich couldbe unexplodedordnance(UXO) or inert ordnance
relatedscrap(ORS)within the 418-acreLHTR site.

1.1 DESCRIPTIONOF WORK
As part of the US Navy’s ComprehensiveLong-TermEnvironmentalAction Navy (CLEAN)
program,URS was taskedwith the performanceof a Site HazardAssessment(SHA) of the
LHTR. As a componentof this SHA, EODT was taskedwith the conductof an aerialand
ground-basedgeophysicalsurveyusingmagnetometryandelectromagneticsfor thedetectionof
surfaceand sub-surfaceferrousobjects. The surveyswereconductedat the LHTR adjacentto
WashingtonState Highway 525 and Admiralty Inlet, approximately20 miles southof NAS
Whidbey on WhidbeyIsland.

During this project,theaerialandgroundbasedsurveyswereconductedovera five dayperiod.
While relatedby objective, the two surveyshaddistinct missions. The aerialsurvey was to
identify, recordandmaphigh concentrationsof ferrousobjectswithin the former targetarea.
Onceplottedonthetwo-dimensional,multi-coloredmaps,eachanomalywasassignedanunique

identificationnumber,andthenorthingandeastingcoordinatesweredeterminedandrecor4ed.
Onceanomalieswere plotted by the aerial survey,the groundbasedsurveywas conductedto
verify thepresenceof the anomaliesandto gain further informationrelatedto anomalydepth,
size, description,etc.

1.2 GEOPHYSICALSURVEYS
The aerial surveys were performed by Aerodat utilizing a Eurocopter SA35OD Squirrel
helicopter towing a multi-componentmagnetic gradiometer array coupled with real time
navigationanddatapositioningequipmentintegratedthroughaDigital GlobalPositioningSystem
(DGPS) radio link. A completedetailed descriptionof the aerial survey equipmentand
methodologieshasbeenpresentedin theattachedAerodatFinal Report.

Verification of the anomalieswas conductedby EODT personnel. The numberedanomalies
identifiedby the aerialsurveywereassessedby EODT, URS and Aerodatpersonnelasto their
location, andsignalintensity. Thoseanomaliesthatwereaccessiblewereinvestigatedby EODT
personnelutilizing the GeometricsG-858 FerromagneticCesiumMagnetometerwith Data
Logger,in conjunctionwith aG-868BaseStationandTrimblePro XL DGPS. Combined,these
systemsarecapableof correlatingtime/positiondatawith magnetometersensordatafor accurate
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mappingofanomalysizeandsignalstrength. Wheredetailedanomalymappingwasnotpossible
dueto terrainor otherlimitations,EODT personnelusedthe G-858andG-868/DGPSto verify
theanomalylocationandto gatheradditional informationrelatedto anomalysize, shape,depth
and orientation. As permittedby terrain, 16 anomalieswere locatedand their positioning
validatedby EODT personnelthroughtheuseof a magnetometerandDGPS. EODT personnel
alsoconducteda detailedgeophysicalsurveyof two anomalies,from which multi-coloredthree
dimensionalmapsweregeneratedusingtheelectronicallyrecordeddatafrom themagnetometer
and DGPS.

1.3 PERSONNELAND EQUIPMENT
EODT providedthe necessaiymanagement,labor, materials,equipment,tools, insuranceand
servicesnecessaryto performthe Scope of Work for this project. Detailed descriptionsare
provided in applicablesectionsof this report for the equipmentsystemsand personnelutilized
on thisproject. All aerialandgroundbasedsite operationswereperformedin OSHA Level D
personalprotectiveequipment(PPE).

1.4 SITE SPECIFICWORK PLAN I SAFETY PLAN
In conjunctionwith it’s CorporateHealthandSafetyProgram,EODTpersonnelgenerateda site
specificWorkPlanlSafetyPlan(WTP/SP)whichoutlined: thescopeof theproject; identifiedthe
tasksto be completedby EODT; the potentialhazardsassociatedwith the assignedtasks; the
proceduresto beusedfor thecompletionof thetasks;andthemethodsto beemployedto control
task/sitehazards. This WP/SPwas developedasan attachmentto the 13115 ProjectPlansand
was designedto supplementthe URS planswith taskspecific information. The WPISP was
reviewedby URS, EODT andAerodatpersonnelandall personnelcompliedwith theprovisions
ofthe EODTWP/SP,andURS ProjectPlans. To ensureemployeeawarenessandto enhance
site safety, tailgatesafety briefs wereconductedby EODT daily prior to commencingwork.

2.0 DESCRIPTION OF TUE SURVEY SITE
2.1 TARGET RANGEDESCRIPTION
The Whidbey Island LHTR is locatedadjacentto U.S. Highway 525, 20 miles southof NAS
Whidbey,Washington. TheLakeHancockareaconsistsof approximately410 acresof marsh
with a 60 acre lake located in the middle of the area. The primary targetimpact areais
surroundedwith tidal wetlandand low lying vegetation.

2.2 OPERATIONALHISTORY
The LHTR wasusedfor aerialbombing trainingbetween1943 and1971, andaportion of the
site is currentlybeingusedto monitor aerialgunnerytraining in the Admiralty Bay adjacentto
thesite. DuringWWII, live trainingordnance,whichcontainedspottingcharges,weredeployed
on the site during bombing training. The largenumberof salt pans(small, shallow pondsof
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salinewaterwithout emergentvegetation)may be due to jrnpact and explosionof munitions.
In 1972and1973,threeseparatesurfaceclearanceswereconductedby military personnel. The
first clearancewas conductedbetweenOctober 2 and November3, 1972, to remove any
ordnanceitems identified; the secondsearchwas conductedduring the first 2 weeksof May,
1973; andthe third wasconductedin August1973,usinganMX 10 ordnancelocator. The third
searchwas hinderedby the presenceof scrapmetalsand only three inert rocketmotors were
found andremovedfrom the site. Due to thethreeclearances,an excessof 15 tonsof inert
ordnancerelatedscrap(ORS)wasremovedfrom thesite. However,asrecentas 1995,ordnance
items were still being found at the site. During the threesurfaceclearances,the following
ordnanceitems were found andidentified:

• •lvlIK 23, 43, 76 and~89 practicebombs
• 2.25-inchSCARrockets
• 5-inchHVAR rockets
• 100, 250, and500poundwatersandfilled bombs
• MK 6, 25, and58 smokebombs

Archival dataprovidedto EODT by URS.indicatedthepresenceof oneprimarypracticetarget,
howeverprevioussite visits also indicatedthatsecondarytargetareasmayhavealsobeenused
duringpastbombing training. One of thepurposesof the geophysicalsurveyswasto identify
anysuchsecondarytargets. Thereareno recordsindicating theuseof full-up live ordnanceat
the Lake HancockTargetsite, and previoussite searchesdid not revealany evidenceof live
ordnance. However,dependinguponthe type of spottingchargeused, it was still possibleto
encounterordnancecapableof causingharmto site personnel. In all instanceswhere site
personnelwereinvolved in thesurfaceinvestigationof anomalies,EODTpersonneladheredto
propersite andUXO precautionsandprocedures.

3.0 INITIAL SITE WORK
3.1 PROJECTSCHEDULE
OnMonday,August12, 1996, EODT personnelmetwith URS Consultantpersonnelat thesite
for initial entry with BaseE.P.A. personnelin orderto discussand developplansof actionfor
both Aerial andGroundGeophysicalSurveys. The groupwasjoinedby theAerial teamlater
in the day for ground equipmentpositioning. Mr. William Rohrer, URS ConsultantProject
Manager, pointed out to all personnelconcerned where the survey efforts should focus.
Equipmentconfigurationon the supporthelicopterwas alsobeingaccomplishedwith theinitial
flight to be conductedAugust13,. 1996.

3.2 KEY PERSONNEL
During the geophysicalsurveysof the NAS Whidbey IslandLakeHancockTargetRange,the
following key personnelworkedat, or visited, the site:
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Mr. Jeffery Gamey Aerodat ManagerEnvironmentalServices
Mr. William Brindle Jr. EODT Sr. UXO/Field OperationsMgr.
Mr. Terry Willis EODT UXO ProgramSpecialist
Mr. D. Nicholas EagleAviation HelicopterPilot

4.0 GEOPHYSICAL SURVEY ACTIVITIES
4.1 GENERAL
Prior to geophysicalsite activities, thefirst day wasspentestablishinga DGPS locationneara
local survey monument,and a magneticbasestation was positionedin the vicinity. EODT
validation equipment was calibrated and response checked in accordance with (JAW)
manufacturer’srecommendaiionsandwas determinedto be functioning properly. The aerial
platform instrumentationwas installed and functional by mid-day and the initial fly over
calibrationcheckswith preliminarydatarunswereconductedin thelateafternoonofAugust13,
1996.

4.2 TAJIGETRANGE STJRVIEY
4.2.1 Aerial Survey
The aerial survey identifying high concentrationsof metallic anomaliesusing a rigid
magnetometer(bird) towed30 metersbeneaththe helicoptercommencedon August 14, 1996,
and concluded on August 15, 1996. The aerial survey entailed four sorties (flights).
Information related to the equipmentused, and the direction and speedof the traversesare
discussedin theAerodatreportlocatedin Attachment1 of this report.

4.2.2 GroundSurvey
The groundbasedsurvey was commencedon August15, 1996 to validateanomaliesindicated
ona preliminaryaerialmap. This surveywasconductedusinga Trimble DGPSPro XL, G-858
magnetometer,and0-868BaseStation,andwas concludedon August16, 1996. Verifications
were conductedat the locationsidentified in Table 1, with threedimensionalgeophysicalgrid
survey mapsproducedfor anomalies30 and 101. All locations investigatedwere positive
anomalycontactswithin the parametersof the ~urveyprotocol. The survey mapsof items 30
and 101 are containedin Figures 1 and2. Anomalies 17, 18, 41 and 51 were by far the
strongestanomaliesrecorded,however,only item 51 could be verified. The other threeitems
werelocatedin waterandmudduringboth tidal phasesandwereunaccessibleto site personnel
by foot.

4.2.3 GroundSurveyEquipment
The Model 0-858 is a ferromagneticmappingtool offering exceptionalspeedandefficiency.
This systemoffers the capabilitiesneededto determineburied ferromagneticobjectdepthand
orientation. The 0-858hasexcellentdepthof explorationandcandetecta singledrumat three
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Table 1. Resultsof Ground BasedAnomaly Investigations

Anomaly
Identification

Anomaly Coordinates Anomaly
Description

Estimated Anomaly
DepthNorthing Easting

01 5328489.48 529917.34 Unknown (small item) 3 - 5 inches

10 5328579.86 530192.15 Unknown 6 - 8 inches

16 5326617.38 530256.79 Targetdebris Surface

20 5328638.40 530230.49 Targetdebris Surface

30 5328723.42 530276.79 Unknown (medium item) 10 - 12 inches

32 5328724.48 529931.80 Unknown Shallow (1 - 2 inches)

33 5328736.05 529942.41 Wire rope 3 - 5 inches

36 5328740.64 529937.94 Unknown(small item) Shallow (1 - 2 inches)

39 5328738.94 529930.70 Unknown (small item) Shallow (1 - 2 inches)

40 5328766.01 529940.94 Timber with rail road spikes Surface

45 5328785.85 529930.81 Partialmetal culvert Surface

51 5328945.21 530157.33 Four square1/4 inch steelplates,with
nearbyexpended2.25 inch rocketmotor

Surface

95 5328992.51 530309.41 Unknown(mediumitem) 6 - 8 inches

100 5329000.89 529910.17 Unknown (small item) 3 - 5 inches

101 5328995.27 530208.96 Unknown (large item) 12 - 18 inches

117 5329078.61 529893.81 “I” Beam Surface
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to four metersin non-ferroussoil. Two modesof operationare available: the magnetometer
mode, using a single cesiumsensor;or, the gradiometermodeusing a pairedset of cesium
sensorsspacedaboutonemeterin width. Themagnetometeris usedin total field mode,giving
thegreatestdepthof exploration,moderatetargetdiscrimination,andrequirestheuseof abase
stationfor contourquality data. The gradiometermode gives reduceddepth, better spatial
resolution,anddatathatcanbe directly contoured. The systempresentsa “Quick Look” to the
operatorofup to five stackedsurveyprofiles. Datais storedin non-volatileRAM for playback
review in the field anddownloadingat the basesite. The systemincludesa comprehensive
softwarepackageto down-load,edit and interpolatethe date into two and threedimensional
contourreadyformat. Hardcopy, fully annotatedcolor mapscan be producedwithin minutes
afterdatatransferto the basecomputer.

The 0-858canbe usedin conjunction with the TrimblePro XL DGPSfor sub-meterpositioning
accuracy,and can be upgradedto centimeteraccuracywith the additionof the 0-868 Base
Station. During the survey,the DGPSsuppliesa time/positionstampto k’s output,which is
correlatedwith the G-858 sensordatafor accuratemapping.

4.3 SURVEY MAPS AN) TRANSPARENCIES
Aerial andgroundbasedsurveymapshavebeenenclosedin this reportandin theAerodatreport
in Attachment 1 to this report. To aid in orientation, a flight path map and an approximate
targetrangemap havebeensuperimposedover a reducedversionof the Aerodatsurveymap
(targetrangemap not to scaleandof approximatesize).

5.0 RECOMLVIENI)ATIONS
The aerialsurvey,coupledwith thegroundverificationsurveys,positivelyidentifiedsurfaceand
subsurfacemetallicdebrisandanomaliesof variousorigins, i.e., steelplates,braidedsteelwire
rope, railroadspikesembeddedin largetimber, and an expended2.25 inch rocketmotor were
visually identified. As previouslydiscussed,severalanomalieswereidentifiedasstrong signals
andhave thepotential for beingUXO/ORS sites. While other anomalieswere identifiedwith
lower signal intensities,eachanomalywill haveto be treatedas a possibleTJXO/ORS,until
provenotherwise. Exceptfor thoseanomalieslistedin Table 1 asbeingnon-UXOrelateditems,
EODT recommendsthat care be taken when sampling near suspectanomlies, and that no
samplingbe conductedon top of suspectanomalies.

6.0 CONCLUSION
EODT providedbothaerialand groundbasedsurveypersonnelto conductgeophysicalsurveys
as previouslydescribed. Time on site was dictatedby project duration andaccessto some
anomalieswaslimited by tidal functionsandterrain,with themarshmudandnon-weightbearing
vegetationexcludingtheproductionof moregroundbasedgeophysicalgridmaps. Evidenceof
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the abovementionedlimitationsareshownin site pictures 1, 2, and 3, found in Appendix 1 of
this report. While moreverificationgeophysicalsurvey grid mapswere not possible,EODT
personnelconductedgroundbasedvalidationof all accessibleanomaliesandwereableto verify
the presenceof surfaceand subsurfaceferrousanomaliesat eachlocation.
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2.2.3 SurfaceWater

ThelandaroundLakeHancockis mostly flat with agentleto moderateslopeto the eastrising
approximately100feet. LakeHancockcontainsintertidal saltwaterwetlandswith adjacent
freshwaterwetlands,possiblywith limited hydrologicconnectionto saltwater. Thereareno
storinwaterconveyancesfromthehighwayinto thelowlandportionsofthesite.

Surfacewaterdirectionin thelowland areavariesaccordingto thetidal cycle, towardthelake
during theflood cycle and towardAdmiralty Inlet duringtheebb cycle.

2.2.4 Geology

TherearethreeprimarygeologicunitspresentatLakeHancock, Theseunits includeatill unit to
thesouth,marshdepositunit nearthe lake,andarecessional-continentaldepositunit to the
north. In addition,therearebeachdepositsconsistingof sandandgravelto thewestofthesite
locatedon thebermseparatingthesite from Admiralty Inlet. Theseunitson a regional scaleare
shownin Figure2-3. Thesoils atthesitearelow-permeabilitymaterialsconsistingof organic
andalluvial peattypedeposits.

2.2.5 Ecosystem

Figure2-7 showsthelocationsofwetlandsatLakeHancockbasedon U.S. Departmentof
Agricultureclassifications(USDA 1990). Thediscussionbelow, however,is basedon more
recentfield work atthesite (WDINR 1995;Dames& Moore 1994). Thefollowing sections
describethevariousaquaticwetlandtypesfoundatthe site.

2.2.5.1 High-SalinityLagoon

The‘agoonpond is ashallow,permanentpondofapproxima~e1y37 acres(correspondingto the
classificationshownasEJOWL in Figure2-7). It is currentlycdnnectedwith marinev~atersof
PugetSoundby asingle channel.

This lagoonsystemincludeslargelynon-vegetatedpondsandtidal channels,driftwoodpiles, and
marshvegetation.Theentire lagoonsystemconsistsof191 acresandincorporatesfourother
elementoccurrencesofspecific typesofestuarinemarsh: sandy,hIgh-salinity, low marsh;
sandy,moderate-salinity,low marsh;silty, moderate-salinity,low marsh;andtransitionzone
wetland. Two othertypesof marsharepresenton thesouthsideofthelagoonsystem: high-
salinity, iow marshand low-salinity, low marsh.

32070\9811.020\section2.doc
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TheLakeHancocklagoonsystemis protectedfrom theopensaltwaterofAdmiralty Inlet to the
westby two sandspitsthat arenearlyconnected.A tidal channelcutsbetweenthetwo spits and
connectsto thelargehigh-salinitypondapproximately1,700 feetto theeast. Two muchsmaller,
shallowsaltypondsoccurjustbehindthespitsnearthebaseof eachspit totaling4 acres. At one
time in therecentpast,asecondanthropogenictidal channelbreachedthe spits,but hassince
beenoccluded. TheLakeHancocklagoonsystemis dynamic,with largeaccumulationsof
driftwood coveringapproximately12 acresalongthenorthernedgeofthesystem.

A freshwaterwetlandis locateddirectly adjacentto the intertidal systemand maybe a minor
sourceoffreshwaterinfluencein theintertidal system. Thereis no directinflow offreshwaterto
the lagoonsystem. Forested,gentleto moderateslopesborderthewetlandsystemto thenorth,
east,andsouth. A small clearedareabordersaportionofthe eastside. Thesurrounding
landscapeis coveredprimarily with youngconifersanddeciduousbroadleafforestand
secondarilywith agriculturalfields that arelocated1,200feetsoutheastofthelagoon.

Thehigh-salinity,high marshis intermediatebetweenlow andtruehigh marsh. lit is dominated
by seashoresaltgrassandnon-nativebentgrassthat dominateapproximately6.5 acres. Thelow-
salinity, high marshis thehighestelevationportionofthe intertidalmarsh. Theseareasare
floodedduringmany hightides,are exposedon all low tides,andencompassapproximately
6.2 acres. Thevegetationis dominatedby varyingamountsof Pacific silverweedandBaltic
rush. Thenon-nativebentgrassis of secondaryimportancein someareas.

Vegetationin thehigh-salinity lagoonis mostlynativesaltmarshspecies.Someofthetidal
channelsarearesultof ditching activity by humans. Someofthesaltpansmaybearesultofthe
impactsofshellsassociatedwith theaerialtargetpractice. A nat-rowstrip offill hasbeenplaced
alongtheeastbankofthe lagoon. Thesouthernportionofthewetlandhasmanyrathersmall
snags,theremainsoftreesthatgrewwhentheareahadfreshwater. A stormin 1914breached
thebermthatprotectedtheformerlyfreshwaterlakefrom saltwaterinfluences.Thehigh-salinity
lagoonsystemhasdevelopedin thetime thathaselapsedsincethis storm.

2.2,5.2Sandy,Moderate-Salinity,LowMarsh andSandy,High-Salinizy,Low Marsh

High quality examplesofthesetwo typesof intertidalmarsharelocatedatLakeHancock. They
aredescribedtogetherbecausetheyarevery similar in vegetationcompositionanddifficult to
delineate.Thetotal extentofthesetwo occurrencesis 80.5 acres(E2EMN inFigure2-7). The
high-salinitymarshis probablymoreextensivethanthemoderate-salinitymarsh. Thesearethe
mostextensivetypesof marshsurroundingLakeHancock.

Thesemarshesarelocatedwithin thelowestintertida’ areasthat arecontinuouslyvegetated,
Salinity rangesfrom moderateto high (27to 46 partsperthousand).The substrateis sandwith

32070’9Sj1.020’section2.doc
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minor quantitiesofsilt. The lagoonsystemhaslittle topographicreliefand containsan extensive
networkoftidal channelsthat carrytidal watersthroughoutmostofthemarsh. Tidal channels
andsaltpansarenumerousin this marsh. Along thesouthsideofthe lagoonsystem,the
vegetationgradesgraduallyfrom low intertidalmarshto ahighintertidalmarshandtransition
zonewetlandbeforeshifting to purelyuplandvegetation.Thesandy,high intertidalmarshhasa
widerangeof salinities,rangingfrom polyhalineto brackish.

Vegetationin thesemarshesconsistsofnearlycompletecoverageby oneor moreof thethree
salt-tolerantspecies:pickleweed,seashoresaltgrass,andjaumea. Generally,any oneareais
dominatedeitherby saltgrass,oramixtureof saltgrassandoneoftheothertwo species.Other
speciesof secondaryimportanceinclude seasidearrowgrass,orache,Canadasandspurry,sea
plantain,andsaltmarshdodder. Theinvasionofnon-nativecordgrasshasestablishedin recent
yearsin the low marsh,primarily alongtheedgeoftidal channels.

2.2.5.3 Silty, Moderate-Salinity,Low Marsh

A goodexampleofasilty, moderate-salinity,low marshoccursatLakeHancock. Mostofthis
transitionaltypeofmarshis locatedfartherawayfrom themain tidal channelandlagoonthanthe
sandymarshon both thenorth andsouth sidesof thesite. Thismarshis approximately30.5
acresin extent.

Salinity is moderateat27 to 28 partsperthousand. Substrateis predominantlysilt andorganic
matter. A few small tidal channelspenetratethis portionofthe marsh. Vegetationis dominated
by seasidearrowgrass,pickleweed,and seashoresaltgrass.Speciesofsecondaryimportance
includeorache,seaplantain,jaumea,andailcaligrass.Theco-dominanceof seasidearrowgrassis
anindicationof silty substrate.

2.2.5.4 TransitionZoneWetland

Thetransitionzonewetlandoccursassmallpatchesandrelativelynarrowstrips alongthe
southernedgeofthe sitetotalingapproximately4.7 acres(E2EMPin Figure2-7). It consistsof
a small transitionbetweenfreshwaterandsaltwatermarshes.Thetransitionis mainly from fresh
waterto low-salinity, high intertidalmarsh. Soils areorganicandaresaturatedwith standing
water. Thevegetationis dominatedby cattail andPacific silverweed. Theecologicalcondition
ofthetransitionzonewetlandis goodwith no non-nativespeciespresentattheselocations.
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2.2.5.5 Low ElevationFreshwater

This 14-acrefreshwaterwetlandoccursatthesoutheastendofthe lagoonandintertidal wetland
system(PSSCin Figure2-7). It is separatedfrom theintertidal wetlandsonly by arelatively
narrowtransitionzonewetlandandextendsto thesouthbeyondthepropertyline.

Theareais flat with groundwaternearthesurface. It containssmall, permanentlyfloodedareas
with thesouthernportionsofthisminerotrophicwetlandgradinginto asphagnumbog, where
nutrientsandpH arelower. Intertidalandtransitionzonewetlandsborderthefreshwater
wetlandsto thenorth.

Vegetationis variableandis divided into two majortypes. Most ofthe areais dominatedby an
opentreecanopyof mixed red alder,lodgepolepine, Sitkaspruce,andwesternhemlock. The
areasclosestto the intertidal lagoonsystemareprimarily dominatedby the shrubsweetgalewith
a slight admixtureofcattail. Theunderstorylayeris dominatedby sloughsedgewith sweetgale
becomingco-dominantatthenorth end, Severalotherspeciesareimportantto varying degrees
in this openforestedwetlandcommunityincludingbogLabrador-tea,salal,blacktwinberry,
water-parsley,and salmonberry.ThebogLabrador-teais indicativeof areastransitionaltothe
sphagnumbeglocatedon adjacentproperties.

2.2.6 ThreatenedandEndangeredSpecies

A few endangeredmarinemammalsincluding thegraywhale, thegreenseaturtle, andthe
leatherneckturtlehavebeenreportedin PugetSound. Thesespeciesoccuronly rarelyin Puget
Soundandthereareno breedingpopulationshere.

LakeHancockhasbeenidentified asa currentandpastnestingsitefor thebaldeagle,which is
listed asathreatenedspecies. In addition, winteringpopulationsofperegrinefalconhave
recentlybeenreportedin thePugetSoundarea. Althoughthereareno knownnestingpairson
WhidbeyIs’and, sightingsatLakeHancockwerereportedduringtheecologicalsun’ey(URS
1996b).
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Symbol Subsystem Class Water Regime Modifier
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Table 2-1
Featuresof Glacial and Interglacial GeologicUnits, Whidbey Island

aj~ki~S?4~i[;~p i~anw~::tIUS~SS1~W
Recent~ost~gIaciaI)Deposits: steamalluvium
(organic-richsand,silt, clay); beachdeposits(sand,
gravel); post-glacialmarineandnonmarinesilt, clay,
peat, sax~d,landslides;unconsolidated.

Up to 30feet Low to very
high

Lessthan10,000
yearsold

EversonGlaciomarine Drift: Sandyor clayeysilt,
silty claywith minor sandandgravel;maybe
stratifiedor till-like; somemarineshellslocally
present:depositedin marineenvironmentbeneath
floating ice; moderatelyto very consolidated.

Up to 40 feet Very low to
moderate

13,000to 11,000
yeaisold

VashonRecessionalOutwash: sandandgravelwith
silt layers;mayincludesomemarinedeposits;usually
well-stratified;depositedby meitwaterfrom retreating
glacier;generallypoorlyconsolidated.

Up to 150 feet,
usuallyfairly thin
asaveneeron till

Vciy high 15,000to 13,000
yearsold

Vashon Till: clayey, gravelly, sandysilt or silty
sand;lypically lookslike pebblyconcreteandis
referredto as“hardpan”;generallypoorly sortedand
unstratified; depositedonlanddirectlyundera
glacier;usuallyhighly consolidated.

Upto 200 feet;
typically 10 to
100feet

~

Extremelylow
to moderate

.

16,000to 15,000
yearsold

Vaslion AdvanceOutwash (in part,the Esperance
Sand): cleantosilty, pebblysand,with aminor silt
layers; commonlycoarsensupward; local cross-
bedding;well stratified; depositedby meitwaterfrom
advancingglacier;well consolidated.

Typically 20 to
150 feet

Usuallyvery
high

18,000to 16,000
yearsold

Olympia Nonglacial Sediments(in part,
“transitional beds”): silt, clay, sand,peat,gravel;
somecross-bedding;depositedin afloodplainand
lacustrineenvironmentduring anonglacial interval.

Up to 150 feet,
typically 25 to 65
feet

$ Low to
moderately
high

28,000to 20,000
yearsold

PossessionDrift: includes very discontinuoustill and
glaciomarinedrift, aswell asoutwashsand,gravel,
andclay; locally fossiliferous;depositedduringthe
PossessionglaciationandthelaterOakHarbor
substage;very consolidated.

Variable,and
usuallythin; $

typically 10 to
100feet

Generallylow
to moderate

90,000to 70,000
and50,000to
35,000yearsold

WhidbeyFormation: sand(somepumiceous),sill;
peat,clay; somecross-beddedsand;depositedin a
floodplainenvironmentduring the lastmajor
interglacialperiod;well-consolidated.

50 to 200feet Low to
moderately
high

110,000to 90,000
yearsold

DoubleBluff Drift: includestill, glaciomarinedrift,
sand,gravel, silt, clay; somecross-beddedsand;
depositedduringthe DoubleBluff glaciation;veiy
consolidated.

10 to 100feet

~

Low to
moderately
high

250,000to
140,000yearsold
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Photograph 1.  View facing northwest toward Lake Hancock 
 

 
Photograph 2.  View facing west toward Lake Hancock DU 1, DU 2 and DU 3 
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Photograph 3.  Sample locations at DU 4 
 

 
Photograph 4.  View facing south toward DU 2 
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Photograph 5.  MEC avoidance at Lake Hancock 
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Photograph 6.  Submerged MEC at DU 3 
 

 
Photograph 7.  View facing south toward DU 3 
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