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Project Management 
 
 
 
 
1.1 Project/Task Organization 
This subsection outlines the individuals directly involved with Camp Bonneville 
and their specific responsibilities.  Communication lines are shown in the Project 
Organization Chart (Figure 1-1). 
 
1.1.1 United States Environmental Protection Agency, Region 10, 

Task Monitor 
The United States Environmental Protection Agency (EPA) Task Monitor (TM) is 
the overall coordinator of the project and decision maker.  The TM reviews and 
approves the site-specific sampling and quality assurance plan (SQAP) and 
subsequent revisions in terms of project scope, objectives, and schedules.  The 
TM ensures site-specific SQAP implementation and is the primary point of 
contact for project problem resolution and has approving authority for the project. 
 
1.1.2 EPA Region 10 Quality Assurance Officer 
The EPA Quality Assurance (QA) officer reviews and approves the site-specific 
SQAP and revisions in terms of QA aspects and may conduct assessments of field 
activities. 
 
1.1.3 EPA, Region 10, Regional Sample Control Coordinator 
The EPA Regional Sample Control Coordinator (RSCC) coordinates sample 
analyses performed through the EPA Contract Laboratory Program (CLP) or the 
EPA Region 10 Manchester Environmental Laboratory (MEL) or both and 
provides sample identification numbers. 
 
1.1.4 Ecology and Environment, Inc. Superfund Technical 

Assessment and Response Team-3 Project Manager 
The Ecology and Environment, Inc. (E & E) Superfund Technical Assessment 
and Response Team (START)-3 PM provides overall coordination of field work 
and provides oversight during the preparation of the site-specific SQAP.  The PM 
implements the final approved version of the site-specific SQAP and records any 
deviations and acts as the primary contact point with the EPA TM.  The PM 
receives CLP/EPA Region 10 laboratory information from the RSCC, acts as 
primary START-3 point of contact for technical problems, and is responsible for 
the execution of decisions and courses of action deemed appropriate by the TM.  
In the absence of the START-3 PM, a START-3 site manager will assume the 
PM’s responsibilities. 
 

1 
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1.1.5 E & E START-3 Quality Assurance Officer 
The Quality Assurance Officer (QAO) reviews and approves the site-specific 
SQAP, conducts in-house audits of field operations, and is responsible for 
auditing and reviewing the field activities and final deliverables and proposing 
corrective action, if necessary, for nonconformities. 
 
1.1.6 E & E START-3 Program Manager and EPA Project Officer 
The Project Officer (PO) is responsible for coordinating resources requested by 
the TM for this project and for the overall execution of the START-3 program. 
 
1.2 Problem Definition/Background 
Pursuant to EPA START-3 Contract Number EP-S7-06-02 and Technical 
Direction Document (TDD) numbers 10-03-0010 and 11-02-010, E & E will 
perform a site inspection (SI) at Camp Bonneville, which is located near 
Vancouver, Washington.  The SI will consist of sampling at potential contaminant 
source and target areas for site characterization purposes.  This document outlines 
the technical and analytical approaches E & E will employ during the SI field 
work.  This document is a combined field operations work plan (FOWP) and 
site-specific quality assurance project plan (QAPP) for field sampling activities.  
The combined FOWP/QAPP, hereafter called the SQAP, includes a brief site 
summary, project objectives, sampling and analytical procedures, and QA 
requirements that will be used to obtain valid, representative field samples and 
measurements.  The SQAP is intended to be combined with information presented 
in E & E’s (2005a) quality management plan (QMP) for Region 10 START-3.  A 
copy of the QMP is available in E & E’s office located at 2101 Fourth Avenue, 
Suite 1900, Seattle, Washington  98121.  
 
This subsection discusses the site background (subsection 1.2.1), site operations 
and source characteristics (subsection 1.2.2), and site characterization 
(subsection 1.2.3). 
 
1.2.1 Site Background 
Information presented in this subsection is based on a review of site background 
information and the preliminary assessment (PA) conducted by E & E. 
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1.2.1.1 Site Location 
Site Name: Camp Bonneville 
CERCLIS ID Number: WAN001002030 
State ID Number 5093080 
Site Address: 23201 NE Pluss Road 

Vancouver, Washington  98682 
Latitude: 45° 41’ 29.338” North (at center of site) 
Longitude: 122° 24’ 0.144” West (at center of site) 
Legal Description: Township 3 North, Range 3 East, Sections 34 

and 35 
Township 2 North, Range 3 East, Sections 1, 2, 
3, and 10 

County: Clark 
Congressional District: 3 

 
1.2.1.2 Site Description 
Camp Bonneville is located in Clark County, approximately 12 miles northeast of 
Vancouver, Washington (Figure 1-2).  Generally, Lacamas Creek flows through 
the middle of the site with a number of tributaries that feed it.  The general 
topography of the site is flat in the Lacamas Creek Valley, the remainder of the 
site consists of gently rolling hills.  Camp Bonneville is a sub-installation of the 
Vancouver Barracks (located approximately 12 miles southwest of Camp 
Bonneville in Vancouver, Washington), which is a sub-installation of Fort Lewis 
(located approximately 100 miles north of Camp Bonneville in Tacoma, 
Washington).  Camp Bonneville consists of approximately 3,840 acres of land 
that historically was used by the United States Department of Defense (DOD) to 
provide training for active Army, Army Reserve, National Guard, Marine Corps 
Reserve, Navy Reserve, Coast Guard Reserve units, and other DOD personnel.  
The installation consists of two cantonment areas, Bonneville cantonment and 
Killpack cantonment, 25 firing ranges, former sewage lagoons, and four historic 
landfills (Figures 1-3 through 1-5; WC 1997).   
 
Camp Bonneville is located on the western slope of the Cascade Mountains in the 
Lacamas Creek Valley.  The terrain is generally rolling.  Elevations range from 
289 feet above mean sea level (amsl) in Lacamas Creek at the southwest corner of 
the site to 1,000 feet amsl at the northwest corner, 1,350 feet amsl at the southeast 
corner, and 1,452 feet amsl at the south central boundary (WC 1997). 
 
In 1910, the federal government entered into a lease with a purchase option on 
approximately 3,000 acres of land to use for military training.  The lease expired 
in 1915, and the War Department acquired the land in 1918 by purchase and 
condemnation.  The site was briefly declared surplus in the mod 1940s, but in 
May 1947, Camp Bonneville was removed from surplus status.  In the early 
1950s, the Defense Department leased an additional 840 acres from the State of 
Washington, and in 1957, the federal government returned 20 acres of the overall 
property to the State of Washington.  From 1957 until placement on the Base 
Realignment and Closure (BRAC) list in 1995, the remaining 3,839 acres 
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remained under the military’s jurisdiction (Parsons 2004).  Following is a more 
detailed time-line of uses at Camp Bonneville. 
 Pre-World War II Era:  Troops from Vancouver Barracks began to use 

the land for a target range in 1910 due to the near-level range floor that 
was protected from wind by the foothills of the Cascade Mountains.  The 
plateau-valley (350 yards wide by 2,000 yards long) contained the Army’s 
14 short-range and 7 long-range small arms ranges.  The federal 
government did not own the land at this time but had an option on the 
property.  In 1912, the government obtained another option, but after it 
expired in 1915, the army began conducting its target practice at an 
Oregon National Guard range near Clackamas, Oregon.  The acquisition 
of the original reservation (consisting of approximately 3,000 acres) 
occurred in 1918 by purchase and condemnation.  When the Army 
resumed activities at Camp Bonneville in 1918, the valley contained 24 
targets.  The installation was officially named Camp Bonneville in 1926.  
At some point prior to 1929, a machine gun range was added to the 
training facilities.  Camp Bonneville contains two separate cantonment 
areas.  The Camp Bonneville cantonment area was built in the late 1920s 
and in 1935 the Civilian Conservation Corps (CCC) built and occupied the 
Camp Killpack cantonment area.  These facilities included barracks, 
kitchens and mess halls, an infirmary, latrines, administration and 
recreation buildings, and a library.  Several organizations other than the 
garrison at Vancouver Barracks used the facilities at Camp Bonneville.  
Citizens Military Training Camps (CMTC) and the Reserve Officer 
Training Corps (ROTC) used the camp.  The ROTC program prepared 
college students for a commission in the army and CMTC exposed high-
school-aged males to military discipline and training.  (Parsons 2004) 

 World War II Era:  Camp Bonneville continued to be used as a training 
area for the Vancouver Barracks during World War II.  The camp 
reportedly housed Italian prisoners-of-war during this period.  In 1946, the 
War Department declared the property excess.  In May 1947, the military 
withdrew the camp from surplus citing a continued need for its training 
facilities.  The ranges activated during the World War II era were the 0.22-
caliber, 0.30-caliber, and 0.45-caliber small arms ranges. 

 Post World War II (1950s Era):  The army refurbished many of the 
buildings and systems at the cantonment areas along with the ranges on 
the installation in 1950.  This project was performed in preparation for 
training by the US Army Reserve units in southern Washington and 
northern Oregon.  During this time, the National Guard and the Marine 
Corps also expressed an interest in training at Camp Bonneville.  In the 
early 1950s, the Defense Department arranged to lease an additional 840 
acres from the State of Washington Department of Natural Resources 
(WDNR) to expand the training facilities at Camp Bonneville.  The Army 
returned 20 acres of the leased land to WDNR in 1957.  In 1959, 
Vancouver Barracks became a sub-installation of US Army, Fort Lewis.  
As a result, Fort Lewis assumed responsibility for Camp Bonneville.  By 
1959, the property inventory included a known distance range, a pistol 
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range (20 targets), a submachine gun range (21 targets), a live hand 
grenade range, and a mortar training range.  Targets and target storage 
buildings for machine gun and anti-aircraft ranges were inventoried; 
however, the actual ranges could not be located (the purposed of the 
inventory is not known).  Two demolition areas of unknown chronology 
were also mentioned.  These demolition areas were approximately located 
in the southwest quadrant of the site along Lacamas Creek and in the 
northwest quadrant of the site near Little Elkhorn Mountain.  These 
demolition areas had been used for destruction of unserviceable munitions 
since the late 1950s.  Since 1993, the destruction of unserviceable 
munitions by any method (burning or detonation) has not been permitted. 

 Late 1960s through 1995:  Camp Bonneville provided training areas for a 
variety of military units as well as federal, state, and local law 
enforcement agencies until selection for closure under the BRAC process 
in 1995.  From 1969 to 1985, artillery units had conducted live firing 
exercises about twice a year with each training session resulting in the 
firing of approximately 50 rounds.  During the 1970s, the military 
switched to sub-caliber rounds for training purposes.  Additional training 
maneuvers, bivouacking, and tactics were practiced on the many 
preexisting training areas at Camp Bonneville, and occasionally vehicles 
would support this training with the use of smoke or riot control agents.  
These training areas utilized land from previously established ranges.  No 
new range installation occurred during this time.  (Parsons 2004) 

 1987 though 1991:  During the period from 1987 to 1991, three new 
ranges were introduced at Camp Bonneville.  The ranges included an M16 
rifle range and two M203 ranges.  The M203 ranges were used for troop 
training in the use of 40mm rifle grenades.  One range was reportedly used 
solely for inert, practice 40mm training, while the second range was used 
for High Explosive (HE) 40mm training.  (Parsons 2004) 

 
In 1996, following the selection of Camp Bonneville for closure (in 1995) under 
the BRAC authorization, all active military training units ceased operations at the 
camp.  All out-grants for use of the facilities were cancelled with the exception of 
the FBI firing range. (SWI 1999a) 
 
1.2.1.3 Site Ownership History 
In 1910, the federal government entered into a lease for approximately 3,000 
acres of land.  In 1912, the government obtained another option which expired in 
1915.  The land was obtained in 1918 through purchase and condemnation.  An 
additional 840 acres was added through a lease with WDNR and approximately 
20 of these acres were returned to WDNR in 1957.  In October 2006, the Army 
transferred ownership of the property to Clark County in an “early transfer,” 
under which the DOD continued to provide funding for cleanup of the site.  Clark 
County then transferred ownership of the land to the Bonneville Conservation 
Restoration and Renewal Team LLC (BCRRT), an organization managing a team 
of contractors in the cleanup and removal of hazardous wastes and unexploded 
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ordnance (UXO).  Currently, BCRRT is the site owner, but the County operates 
the site under lease from BCRRT. 
 
1.2.2 Site Operations and Source Characteristics 
Historical operations at the site have included the storage of pesticides, 
maintenance of vehicles, storage of diesel fuel for building heating, sewage 
lagoons, at least four landfills (one landfill, Landfill 1 has been reported but not 
located), various caliber firing ranges, and troop maneuvers.  All of these 
historical operations are discussed in detail in the “Previous Investigations” 
section below.  
 
Current operations include continuing evaluation of contamination in one landfill 
(Landfill 4; discussed in detail below), and clearing of UXO. 
 
1.2.3 Previous Investigations 
This section discusses previous investigations that concern the discovery, 
classification, or sampling of areas or features which may have involved the use, 
storage, disposal, or spilling of hazardous substances.  A complete administrative 
record of all reports relating to the site is available at the Washington State 
University – Vancouver library. 
 
1.2.3.1 Environmental Baseline Survey 
In 1997, Woodward Clyde completed an Environmental Baseline Survey (EBS) 
report for the United States Army Corps of Engineers (Corps).  The purpose of 
the report was to classify discrete areas of property associated with Camp 
Bonneville subject to transfer or lease into one of the standard environmental 
conditions types as defined in the Community Environmental Response 
Facilitation Act (CERFA) guidance and the DOD BRAC Cleanup Plan 
Guidebook.  The standard environmental condition of property types are 
presented below (WC 1997): 
 Category 1:  Areas where no storage of hazardous substances or petroleum 

products has occurred for 1 year or longer and no release or disposal of 
hazardous substances or petroleum products has occurred (including no 
migration of these substances from adjacent properties).  Additionally, 
Category 1 includes areas where no evidence exists for the release, disposal, 
or migration of hazardous substances or petroleum products; however, the 
area has been used to store less than reportable quantities of hazardous 
substances (40 CFR 302.4) or 600 or fewer gallons of petroleum products. 

 Category 2:  Areas where only storage of hazardous substances in amounts 
exceeding their reportable quantity or petroleum products exceeding 600 
gallons has occurred, but no release, disposal, or migration has occurred. 

 Category 3:  Areas where storage, release, disposal, or migration of 
hazardous substances or petroleum products has occurred, but at 
concentrations that do not require a removal or remedial action. 

 Category 4:  Areas where storage, release, disposal, or migration of 
hazardous substances or petroleum products has occurred, and all removal or 
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remedial actions to protect human health and the environment have been 
taken. 

 Category 5:  Areas where storage, release, disposal, or migration of 
hazardous substances or petroleum products has occurred, and removal or 
remedial actions are under way, but all required actions have not yet been 
implemented. 

 Category 6:  Areas where storage, release, disposal, or migration of 
hazardous substances or petroleum products has occurred, but required 
removal or remedial actions have not yet been initiated. 

 Category 7:  Areas that are not evaluated or require additional evaluation. 
 
Areas that are designated Category 1 through 4 are suitable for property transfer 
or lease, subject to consideration of the qualifiers.  Areas that are designated 
Category 5 through 7 are not suitable for transfer, but may be suitable for lease 
(WC 1997).  The designation of site areas identified under the BRAC Cleanup 
Plan and the basis for their designation is presented in Table 1-1.  The reference 
map for this survey is provided in Figure 1-6.  No samples were collected as part 
of this survey. 
 
1.2.3.2 Base Realignment and Closure Cleanup Plan 
In 1995, Woodward Clyde prepared a BRAC Cleanup Plan for the Corps.  The 
BRAC Cleanup Plan included a brief history of site operations and outlined the 
areas of concern with regard to environmental cleanup and disposal, and reuse of 
the site.  The objectives of the cleanup plan were to:  summarize the current status 
of Camp Bonneville environmental restoration programs; present a 
comprehensive strategy for implementing response actions necessary to protect 
human health and the environment; and present schedules for restoration and 
compliance activities.  (WC 1995) 
 
Twenty areas of concern for restoration or assessment were identified during the 
investigation; of these 20 areas, 10 consisted of known or suspected disposal 
areas (Figure 1-6).  A summary of these areas is provided below: 
 Landfill 1:  A cultural resources survey performed in 1980 located a landfill 

east of the Bonneville cantonment and north of the sewage lagoon.  The 
cultural resources survey described the disposal area as a 4-meter by 5-meter 
shallow depression and stated that bottle fragments contained in the landfill 
date its use to the early 1900s.  Neither the length of use nor a comprehensive 
list of the quantities and types of trash disposed of in this landfill is known 
(WC 1995). 

 Landfill 2:  This landfill, located northeast of the Bonneville cantonment, was 
reported to have been partially excavated during the construction of the 
sewage lagoon in approximately 1978.  According to an interview conducted 
for the EBS, fill material was unearthed at the eastern and northern borders of 
the sewage lagoon.  Neither the type nor quantity of material disposed of in 
this landfill is known.  The period of use is estimated at 1940-1950 
(WC 1995). 
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 Landfill 3:  This landfill, which is suspected to have been used as a trash 
burial area, is located south of Landfill 2 and the sewage lagoon.  According 
to an interview conducted for the EBS, this area contains a refrigerator and a 
locker.  Neither the length of use nor a comprehensive list of the quantities 
and types of trash is known.  The period of disposal is estimated to have been 
in the 1970s (WC 1995). 

 Three Grease Pits:  Two grease pits are located at the Bonneville cantonment 
north of Building 1828, and one is located at the Killpack cantonment east of 
Building 4389.  The pits are composed of corrugated metal tubes, 
approximately 2 feet in diameter, that extend into gravel-filled pits to an 
unknown depth.  The pits reportedly received cooking grease and oils from 
the mess halls.  An interview conducted for the EBS indicates there was a 
potential for the uncontrolled disposal of potentially hazardous substances in 
these pits.  The period of disposal is estimated to have been from 1935 to 
shortly before base closure (WC 1995). 

 Drum Burial Area:  A suspected drum disposal site was identified in May 
1996 by an anonymous telephone caller, identifying himself as a former 
facility employee to the current Camp Bonneville Facility Manager.  The 
suspected drum disposal area was located southeast of the Killpack 
cantonment and east of the gravel road.  Metal anomalies have been 
confirmed at this location (WC 1995).  

 Paint/Solvent Burial Area:  A suspected paint/solvent disposal area was 
identified in May 1996 by an anonymous telephone caller, identifying himself 
as a former facility employee to the current Camp Bonneville Facility 
Manager.  The suspected paint/solvent disposal area was located southeast of 
the Killpack cantonment and west of the gravel road.  It was reported by the 
caller that paint, pesticides, and solvents were disposed of in this area 
(WC 1995). 

 Two Wash Racks:  The first wash rack, associated with Building 4475 at the 
Killpack cantonment, was identified in one of the previous environmental 
compliance inspections performed at Camp Bonneville.  The wash rack does 
not have an oil/water separator.  The second wash rack, associated with 
Building 4476, is an open gravel-covered area that gently slopes toward the 
road.  The wash racks may have received waste oil and antifreeze during their 
period of use (WC 1995).   

 Maintenance Pit:  Building 4475 at the Killpack cantonment reportedly had a 
maintenance pit located west of the building that is now covered with 
concrete.  The pit was an unlined excavation in the ground that potentially 
received vehicle fluids such as oil or antifreeze for an unknown period of 
time.  Additionally, the ground south of the building in an area measuring 
approximately 4 feet by 85 feet was noted during the EBS to have stressed 
vegetation and red staining.  This area received runoff from the galvanized 
steel roof of Building 4475 (WC 1995). 

 Chemical Warfare Burial Area:  The Department of the Army informed the 
BRAC Cleanup Team that chemical warfare burial sites had been identified at 
training facilities with similar utilizations and construction dates as Camp 
Bonneville.  There had been no documentation at the time of this report that 
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chemical warfare material was buried on the property; however, the potential 
was recognized and noted (WC 1995). 

 Burn Pit:  The burn pit is located north of Landfill 3.  The area had been 
repeatedly used on an infrequent basis to burn wood and debris.  Wood debris 
was observed to have been disposed of in this area (WC 1995). 

 
1.2.3.3 Endangered Species Survey 
In 1995, Pentec Environmental, Inc. (Pentec) conducted an endangered species 
survey for the Corps.  The objective of the survey was to determine the presence 
of plant and animal species that were Federally or State-listed as endangered or 
threatened, or were candidates for such listing, and to estimate the relative 
abundance of these species within the boundaries of the site.  Five target species 
were identified within the Camp Bonneville boundaries.  None of the species 
were Federally listed threatened or endangered.  Among the animals, two were 
State candidate species and one was a Federal candidate species.  Among the 
plants, one was a State endangered species and one was a State sensitive species.  
The report recommended monitoring of invasive species and implementation of 
control measures.  The hairy-stemmed checker-mallow population was deemed at 
risk because of its roadside location.  It was recommended to install permanent 
markers around the plants to ensure that the area is not mowed or sprayed with 
herbicides.  (Pentec 1995) 
 
1.2.3.4 Archives Search Report 
In July 1997, the Corps conducted an archives search to determine the types, 
quantities, and probable locations of ordnance items abandoned by DOD prior to 
relinquishing ownership of Camp Bonneville.  Information in the report was 
based on a review of existing historical documents and maps, interviews, a site 
inspection, and descriptions of known or suspected contamination.  The 
conclusions and recommendations from the archives search report are discussed 
below in the following subsections.  (Corps 1997) 
 
1.2.3.4.1 Ranges and Training Areas 
The Army started target practice on a rifle range at Camp Bonneville in 1910.  
The Army placed 14 short-range and seven long-range targets in the valley, which 
was 350 yards wide and 2,000 yards long.  In 1918, the range contained 24 
targets.  At some time prior to 1929, a machine gun and howitzer range was added 
to the training facilities.  The 1959 property inventory includes the following 
ranges: a known distance range, a pistol range (20 targets), a submachine gun 
range (21 targets), a live hand grenade range, and a mortar training shell range.  
These targets are also depicted on a historical map dated May 28, 1943.  Artillery 
units conducted firing exercises about twice a year from 1969 to 1985, resulting 
in approximately 50 rounds being fired into the impact area during each training 
session.  Sometime in the 1970s, however, the military switched to sub-caliber 
rounds for training purposes.  Historical maps dated between 1926 and 1994 
identified many additional ranges and firing points throughout Camp Bonneville.  
These included the following: 
 Rifle Range; 
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 Machine Gun Range; 
 Anti-Aircraft Range – 500 inches miniature (includes overhead, parachute, 

climbing, and diving, and horizontal targets); 
 Pistol Range; 
 1,000 inches Rifle and Light Machine Gun Range; 
 Infiltration Course; 
 Sub-machine Gun Range; 
 Artillery Impact Area; 
 Field Firing Area; 
 Record Firing Range; 
 1,000 inches and Moving Target Range; 
 Artillery Firing Points; 
 Mortar Training Shell Course; 
 Practice Grenade Range; 
 Live Grenade Range; 
 Rifle Grenade; 
 Rocket Launcher; 
 TF-1 25M; 
 Free Firing .30 caliber Machine Gun Range Mortar Positions; 
 Close Combat Course; 
 Night Fire, KD Range; 
 M60 and 25M Range; 
 14.5 Range; 
 LAW, Sub-caliber, and M203 Practice Range 25-Meter Range; 
 M16 Qualification Range; 
 FBI Range; 
 ARF Range; 
 Combat Pistol Range; 
 M203 Grenade Launcher (HE) Range M-31 Field Artillery Range; and 
 Known Distance and Training Fire Range 25-Meter and Machine Gun Range. 
 
Additional training in maneuvers, bivouacking, and tactics was accomplished on 
the many training areas at Camp Bonneville.  Occasionally, vehicles would 
support this training, and the use of smoke or riot control agents would be 
authorized. 
 
The archives search report concluded that it was possible that unserviceable 
munitions may have been burned in the demolition areas.  A 1971 agreement 
between the Army and Air Force stated that all munitions had to be destroyed by 
burning or detonation.  A 1986 amendment allowed unserviceable munitions to be 
destroyed by a high order detonation only, and later in 1993, the destruction of 
unserviceable munitions by any method was not permitted. 
 
1.2.3.4.2 Ammunition and Storage Facilities 
A building list from 1946 listed two ammunition magazines, buildings, 2950 and 
3754.  The property inventory produced in 1959 when Camp Bonneville became a 
sub-installation of Fort Lewis shows that building 2950 was still used as a 
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ammunition storage facility, but it does not show a building 3754.  The archives 
search report indicated that the EBS building list noted three ammunition bunkers, 
and buildings 2950-52, and it listed their construction date as 1976. 
 
1.2.3.4.3 Chemical Warfare Service Activities 
Several documents from the 1930s discussed the expenditure of detonating gas 
identification (ID) sets from the Vancouver Barracks' supply.  The gas ID sets 
consisted of a chemical agent placed in glass ampoules, vials, or bottles to train 
soldiers in the safe handling, identification, and decontamination of chemical 
warfare agents (CMA 2007).  These documents all referred to the use of one set 
per instance, but they did not specify the location or extent of the training 
involved.  The archives search report indicated it was known, however, that Camp 
Bonneville could have been the location of this activity.  Camp Bonneville had 
two gas chambers, and it also had a 100-yard by 100-yard mustard training area.  
An undated map from the Real Estate Office at Fort Lewis was reviewed.  It had a 
hand-written note in the mustard training area which read, "Gas ID."  Other 
Chemical Warfare Service items mentioned in historical documentation included 
gas masks, smoke pots, demustardizing agents and apparatuses, tear gas capsules, 
and land mines.  It was reported that the old gas chamber was burned in the 
1970s.  The two possible locations for the second gas chamber are Buildings 1834 
and 1864, both of which are located in the Bonneville cantonment. 
 
1.2.3.4.4 Potential and Confirmed Ordnance Presence 
The archives search report concluded that the potential for ordnance existed 
throughout most of the installation.  Figure 1-7 identifies the areas recommended 
for further action with respect to ordnance.  The types of UXO determined to 
possibly be present at the site ranged from small arms ammunition to 155-
millimeter (mm) artillery rounds, up to 4.2-inch mortars, 2.36-inch and 3.5-inch 
rockets, and grenades (hand and rifle).  Training devices were also expected to be 
found throughout the post. 
 
Ordnance confirmed to be present throughout the post included one 2.36-inch 
rocket, which was found near the sewage treatment facility, 3.5-inch rockets, 40-
mm grenades (HE), 3-inch Trench Mortar (sandfilled), 10-mm and 155-mm 
phosphorous grenades, and several pieces of small arms ammunition.  Based on 
interviews with people knowledgeable about Camp Bonneville, it was determined 
that ordnance items also have been found off post near the post's eastern boundary 
and north of the Bonneville cantonment area.  
 
1.2.3.4.5 Archives Search Report Recommendations 
The archives search report recommended that statistical sampling for UXO be 
conducted to delineate the areas containing UXO.  The areas with the greatest 
potential for UXO were depicted on an Areas Recommended for Further Action 
figure (Figure 1-7). 
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1.2.3.5 Surface Water Investigation of Lacamas Creek and 
Tributaries 

In 1998, Hart Crowser performed a limited surface water investigation of 
Lacamas Creek and its tributaries for the Corps.  The objectives of the 
investigation were to determine where constituents of concern (COCs) were 
entering Camp Bonneville via tributaries of Lacamas Creek; and whether COCs 
were exiting Camp Bonneville via Lacamas Creek and potentially impacting 
Lacamas Lake (HC 1998).  The sample locations for this investigation are 
provided in Figure 1-8. 
 
A total of six surface water samples (HC-H1 through HC-H5 and HC-D1) and 
one blind duplicate sample (HC-D10) were collected during the investigation.  
Five samples were collected from near the headwaters of various tributaries to 
Lacamas Creek near their entry points to the post to determine concentrations 
upstream of the post:  sample HC-H1 was collected from East Fork Lacamas 
Creek, sample HC-H2 was collected from an unnamed tributary to David Creek, 
sample HC-H3 was collected from David Creek, sample HC-H4 was collected 
from North Fork Lacamas Creek, and sample HC-H5 was collected from an 
unnamed tributary to the North Fork Lacamas Creek (Figure 1-8).  Samples HC-
H1 through HC-H5 were composited at the laboratory into one sample.  One 
sample was collected from Lacamas Creek downstream of the post (HC-D1) just 
before the creek exits the post.   
 
The samples were analyzed for hardness (EPA Method 6010), total suspended 
solids (EPA Method 160.2), cyanide (EPA Method 9012), nitrate (EPA Method 
300.0), nitrate/nitrite (EPA Method 353.2), total phosphorus (EPA Method 
365.4), orthophosphate (EPA Method 365.2), fecal coliform (SM 9331E), fecal 
streptococcus (SM 9330C), total and dissolved priority pollutant metals and 
barium (EPA Method 6020/7470), total petroleum hydrocarbons (TPH; Methods 
NWTPH-Gx and NWTPH-Dx), semivolatile organic compounds (SVOCs; EPA 
Method 8270C), pesticides/polychlorinated biphenyls (PCBs; EPA Method 
8081A/8082), organophosphorous pesticides (EPA Method 8141A), pentaerthritol 
tetranitrate (PETN; EPA Method 8330), and ammonium picrate/picric acid 
(AP/PA, LTL 8303).   
  
Sample results indicated that the dissolved metal barium and the total metals 
arsenic, barium, cadmium, chromium, copper, silver, and zinc were detected at 
concentrations above the composited up-post sample concentrations.  No other 
analytes were detected at concentrations above the up-post concentrations and no 
SVOCs or pesticides/PCBs were detected above the instrument detection limit in 
any samples.  (HC 1998) 

 
The report concluded that site activities had not impacted the water quality of 
Lacamas Creek.  (HC 1998) 
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1.2.3.6 Camp Bonneville Reuse Plan 
In September 1998, a Reuse Plan was published for future possible uses of the 
site.  The plan was prepared by the Camp Bonneville Local Redevelopment 
Authority (LRA) with the assistance of Otak, Inc.  The plan was subsequently 
updated in February 20, 2003 and November 15, 2005.  When the military closes 
a base, it asks the local community to form an LRA to prepare a reuse plan for the 
property.  The LRA typically includes any jurisdictions, such as cities and 
counties, in which the military base is located.  Since Camp Bonneville is in Clark 
County and is not within any city boundaries, Clark County formed the officially 
recognized Camp Bonneville LRA in November 1995.  (LRA 1998)   
 
Figure 1-9 illustrates the future possible uses of the site as outlined in the 
Preferred Reuse Plan. 
 
To assist with the community-based planning effort, the Clark County Board of 
County Commissioners appointed a five-member Reuse Planning Committee 
(RPC) to oversee the reuse planning process.  The RPC established six 
subcommittees made up of community representatives to assist in preparing 
planning options.  The LRA RPC established seven guiding principles for 
planning, which required the reuse plan to be self sustaining, locally focused and 
directed, an open process, considerate of impacts to the surrounding 
neighborhoods, addressed to overall community need, based on cooperation and 
consensus building, and environmentally conservative (LRA 1998).  The 
preferred reuse plan components are discussed in the following subsections. 
 
1.2.3.6.1 Regional Park 
A regional park was proposed that would comprise approximately 1,000 acres 
along the western portion of the property.  The public park would provide 
opportunities for the local community to enjoy both active and passive 
recreational activities.  The park would be managed and maintained by Clark 
County and would provide the following recreational opportunities: 
 Recreation trails (for hiking, mountain biking, and equestrian use); 
 Group picnic areas and picnic shelters; 
 Amphitheater and stage (for outdoor school and small local events); 
 Restroom facilities; 
 Tent camping facilities; 
 Recreational vehicle camping facilities; 
 Public firing range; 
 Archery practice range; 
 Park watch person’s residences; 
 Vehicle access road; 
 Designated parking area; 
 Ponds for recreational use and environmental education; 
 Native American cultural center in the Bonneville cantonment area; 
 Environmental study area; and  
 Orienteering. 
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1.2.3.6.2 Law Enforcement Training Center 
A law enforcement training center was proposed to serve the regional needs of 
law enforcement agencies of southwest Washington.  At this facility, police 
officers would receive basic training, learn new skills, and learn firearms 
techniques.  The training center would be located in the Killpack cantonment.  A 
new training building would be constructed to provide three to six classrooms for 
use by Clark College and county law enforcement for environmental and law 
enforcement training.  Additionally, local law enforcement firing ranges were 
proposed east of Lacamas Creek in the southwest corner of the property.  An 
equestrian riding ring was proposed in the general vicinity of the Killpack 
cantonment, and would be open to the general public when not being used for 
local law enforcement training.  A physical fitness course and canine training 
areas were also proposed in the area.  Proposed firing ranges would include a 
handgun range, a rifle range, and an area for the future construction of an indoor 
firing range.   
 
1.2.3.6.3 Rustic Retreat Center/Outdoor School 
A Rustic Retreat Center/Outdoor School was proposed as the primary reuse of the 
barracks areas.  The retreat center/outdoor school would reuse many of the 
existing structures after upgrades were completed for compliance with applicable 
building codes, and structural and utility service improvements.  New buildings 
such as a meeting hall would be located within the existing Bonneville 
cantonment area. 
 
1.2.3.6.4 Native American Cultural Center 
Rattling Thunder, a non-profit Native American cultural group representing area 
tribes, provides training (drums, art, Native American culture) to Native 
American youth in the region and assists in coordinating tribal activities such as 
regional powwows.  Rattling Thunder requested use of a barracks building and 
access to kitchen and meadow areas at Camp Bonneville for a Native American 
Cultural Center.  The center would also be open to the general public visiting the 
regional park and outdoor school.  The Cowlitz Indian Tribe and the 
Confederated Tribes of Grand Ronde were also involved in the planning process 
and were supportive of the development of a Native American Cultural Center at 
Camp Bonneville. 
 
1.2.3.6.5 Clark College Environmental Field Station 
Approximately 50 to 60 acres were proposed to be designated for environmental 
studies in the southwest corner of the property.  This area was selected due to the 
various ecosystems in this creek watershed area and its suitability for water 
quality research, wildlife habitat studies, and native plant community preservation 
and restoration programs.  A new classroom building at the Killpack cantonment 
would also be constructed to provide three to six classrooms for use by Clark 
College and county law enforcement for environmental and law enforcement 
training.  
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1.2.3.6.6 Trails and Nature Area 
Approximately 2,000 acres were proposed to be maintained for trails and nature 
areas in the central and eastern portions of the property.  The public would access 
this area through hiking trails, mountain bike trails, and equestrian riding trails.  
Environmental learning areas would be developed for use by all age groups.  
Most of these recreational trails would utilize gravel and unpaved roads and cart 
tracks that already exist throughout the property; however, additional trails would 
be created as funding became available.  Trails in these natural areas would also 
be utilized by trail maintenance staff, timber management crews, and emergency 
response personnel such as firefighters. 
 
1.2.3.6.7 Federal Bureau of Investigation Firing Range 
An area immediately adjacent to the law enforcement firing ranges was identified 
for lease by the FBI.  Noise studies indicate that firing ranges must be located no 
closer than 2,000 feet from neighborhoods and public use areas.  Because of this, 
the FBI had been asked (and had agreed) to move its range to an area that would 
meet this criterion.  Due to safety issues, the FBI was supportive of the LRA's 
requirement that the relocated FBI range be baffled.  The FBI estimated past 
usage to be 60 – 80 days per year, with usage (except for emergency training) 
usually able to be scheduled in advance.  It was determined to be essential for the 
viability of the regional park that FBI use of the firing range be limited to solely 
meeting the FBI's needs, particularly during the peak months for park and outdoor 
school usage at the nearby meadow areas.  The FBI was willing to share range 
usage with law enforcement agencies when FBI agents are available to oversee 
the usage. 
 
1.2.3.6.8 Timber Resource Management Area 
The property has significant forested areas that provide valuable wildlife habitat, 
stream water quality and watershed protection, and open space.  Timber thinning 
was recommended as part of the management plan to maintain the health of this 
forest environment, reduce potential fire hazards, and provide a revenue product 
from timber sales.  Forest management goals would include, but not be limited to: 
simulating an old growth timber stand structure by generating an older age class 
of Douglas fir; and optimizing growth, yield, and forest health.  The county 
forestry staff planned to use several silvicultural techniques to accomplish this, 
which would be addressed in detail in a forest management plan that would span a 
50-year period.  The Timber Resource Management Area was divided into two 
phases.  Phase 1 would consist of the western portion of the property, most of 
which is proposed as a county regional park.  Phase 2 would include the balance 
of the property, the majority of which would be designated as open space 
greenway. 
 
1.2.3.6.9 Wetland/Riparian Area Restoration/Enhancement and 

Habitat Restoration 
The plan proposed the restoration and enhancement of existing wetland and 
riparian areas.  Additionally, it was intended that the reuse development process 
would enhance the entire site for wildlife, fish, and native plants.  Clark County 
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would work with the Washington State Department of Fish and Wildlife and the 
United States Fish and Wildlife Service to explore opportunities on the site to 
enhance fish population and reintroduce native species.   
 
1.2.3.7 Multi-Sites Investigation 
In 1999, Shannon and Wilson, Inc. (SWI) conducted a Multi-Sites Investigation 
for the Seattle District U. S. Army Corps of Engineers.  The overall objective was 
to identify contaminated areas and determine the next appropriate step toward 
restoration of those areas.  The areas that were investigated included the three 
landfills, two suspected disposal areas, the former burn area, the former vehicle 
maintenance pit, the two former vehicle wash racks, and two hazardous material 
storage buildings.  During the investigation, each of the areas was characterized 
and samples were collected, with the exception of Landfill 1, which could not be 
located.  The analyses and methods applied are presented in Table 1-2.   
 
Ground water sample results were compared to federal maximum contaminant 
levels (MCLs), EPA Region 3 tap water standards, and Model Toxics Control Act 
(MTCA) Method B standards for ground water protection.  Soil sample results 
were compared to EPA Region 3 risk-based concentrations for residential soil 
exposure levels, MTCA Method A and Method B cleanup levels, and statewide 
background concentrations for metals.  Additionally, a number of background soil 
samples were collected to determine background metals concentrations for the 
site (SWI 1999a).  Each of the areas assessed is discussed below in the following 
subsections.  Figures 1-10 through 1-17 provide illustrations of the exploration 
plan areas.  The investigation of an additional location (Landfill 4) was to be 
described in an addendum to the Multi-Sites Investigation report, but this 
addendum could not be located. 
 
1.2.3.7.1 Landfill 2 
This former landfill was discovered in about 1978 during excavation for 
construction of the sewage lagoon.  According to an interview conducted during 
the EBS, landfill material was unearthed at the eastern and northern borders of the 
sewage lagoon.  No description was found of the materials encountered during 
construction of the sewage lagoon.  There is no record of the type or quantity of 
material that was placed in this landfill, and the dates of use are not known.   
 
The general landfill area is bounded by the existing sewage lagoon to the 
northwest and wooded areas to the south and east (Figure 1-10).  The landfill area 
slopes gently southward toward Lacamas Creek.  Although most of the site area is 
relatively flat, portions of the area are bumpy and uneven.  The area between the 
sewage lagoon and the gravel road to the south is covered with native grasses. 

 
Sixty-four soil gas samples were collected in the Landfill 2 area.  The soil gas 
sample locations were not depicted on the report map.  The samples were 
analyzed for halogenated hydrocarbons and benzene, toluene, ethylbenzene, and 
xylenes (BTEX) compounds by EPA Methods SW8010 and SW8020.  These data 
were used as a screening tool to determine whether volatile constituents were 
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present in and escaping from the landfill, rather than to provide a reliable 
quantitation of concentrations.  Analytical results from this sampling event were 
below the method detection limits for all soil gas samples with the exception of 
chloroform.  Trace concentrations of chloroform were detected in two samples at 
4 nanograms (ng) in sample L2-SG-40 and 6 ng in sample L2-SG-58.  These trace 
concentrations of chloroform may be due to contamination from sampling or 
analytical procedures. 
 
Three soil borings (L2-SB01, L2-SB02, and L2-SB03) were drilled in the 
Landfill 2 area during July 1998.  Monitoring wells were installed in all three 
borings (L2-MW01, L2-MW02, and L2-MW03).  The monitoring wells were 
installed at locations assumed to be upgradient (one well) and downgradient (two 
wells) of the landfill.  The locations were determined based on area topography 
and surface drainage.  For safety purposes, each soil boring was initially advanced 
by the UXO specialists to a depth of approximately 5 to 7 feet below ground 
surface (bgs), which is also below the water table.  The drilling rig was then 
moved over the hole (or immediately adjacent to it), and drilling continued by the 
hollow-stem auger method.  One soil sample was collected for chemical analysis 
at or immediately above the water table in each of the downgradient soil borings.  
No ground water was encountered in the upgradient boring.  Because the UXO 
specialists were required to advance the holes to depths below the water table (for 
safety purposes), soil samples for chemical analysis were collected from the hand 
auger barrel in the two downgradient borings.  A soil sample was collected from 
the anticipated wet season water table zone at the upgradient boring (L2-SB03) 
using a split-spoon sampler.  One soil sample was collected from each of the three 
soil borings.   
 
The samples were analyzed for TPH, volatile organic compounds (VOCs), 
SVOCs, pesticides/PCBs, nitroaromatic and nitramine explosives, PETN, picric 
acid, cyanide, total organic carbon (TOC), and priority pollutant metals.  In the 
soil samples, arsenic, barium, beryllium, chromium, copper, and thallium were 
detected at concentrations that exceeded one or more of the regulatory criteria.  
Of these, copper was detected at a concentration that exceeded the background 
concentration in one of the soil samples.  PETN was detected above the 
instrument detection limit in one of the samples; however, there are no regulatory 
criteria for this constituent and the background sample was not analyzed for 
PETN. 
 
Due to the suspect landfill material that was found to extend to and slightly within 
a dense stand of trees south of the gravel road, the two downgradient monitoring 
wells (L2-MW01 and L2-MW02) were installed to the south of the trees, as close 
to the landfill as possible (Figure 1-10).  These two wells were installed to depths 
of 13.3 feet and 12.7 feet bgs, respectively.  The upgradient well (L2-MW03) was 
installed to a depth of 10.4 feet bgs, near the northwest corner of the sewage 
lagoon, to allow for potential seasonal monitoring of ground water.  This depth 
corresponded with the top of the bedrock, which is expected to perch shallow 
ground water during the rainy season.   
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Ground water samples were collected from both downgradient monitoring wells 
and analyzed for TPH, VOCs, SVOCs, PETN, picric acid, explosives, 
pesticides/PCBs, total metals, dissolved metals, and cyanide.  Sample results 
indicate that both total and dissolved arsenic were detected at concentrations that 
exceeded one or more of the regulatory criteria in both ground water samples.  
Naphthalene was detected above the instrument detection limit but not above the 
regulatory criterion. 
 
1.2.3.7.2 Landfill 3 
This former landfill was located southeast of the existing sewage lagoon, near 
Lacamas Creek, and approximately 300 feet southeast of Landfill 2 (Figure 1-10).  
The site was described by the previous Camp Bonneville Facility Manager as 
having been used as a trash burial area from the mid- to late 1970s to the early 
mid-1980s.  The landfill reportedly was approximately 40 feet long by 12 feet 
wide by 8 feet deep, and trended north-south.  Objects such as a refrigerator, a 
locker, wallboard, and paint cans were reportedly buried here.  Soil had been 
scraped from nearby and pushed onto the landfill, creating a broad mound that 
marked the location of the landfill in an otherwise fairly flat area on the Lacamas 
Creek floodplain.  Lacamas Creek flows along the eastern and southern sides of 
the area.  At its closest point, Lacamas Creek was approximately 20 feet east of 
the landfill area. 
 
Eleven soil gas samples were installed in and around the perimeter of the 
Landfill 3 area to screen for halogenated hydrocarbons and BTEX compounds.  
The analyses were performed by EPA Methods SW8010 and SW8020.  
Analytical results for the soil gas samples were below the detection limits for all 
analytes in every sample. 
 
Five soil borings (L3-SB01 through L3-SB05) were drilled in the Landfill 3 area 
during July 1998.  The borings were drilled to characterize the shallow subsurface 
conditions and to evaluate potential pathways for contaminant migration from the 
landfill.  For safety purposes, each soil boring was initially advanced by the UXO 
specialists to a depth of approximately 5 feet bgs.  The drilling rig was then 
moved over the hole, and drilling continued by the hollow-stem auger method.  
One soil sample was collected at or immediately above the water table in each 
soil boring to characterize the shallow ground water pathway.  Because the water 
table was shallow and safety provisions required the UXO specialists to advance 
the holes to depths of approximately 5 feet bgs using hand augers, soil samples 
for chemical analysis were collected from the hand auger rather than from split-
spoon samplers advanced by the drilling rig.  The samples were analyzed for 
TPH, VOCs, SVOCs, pesticides/PCBs, nitroaromatic and nitramine explosives, 
PETN, picric acid, cyanide, TOC, and priority pollutant metals.  Sample results 
indicate that arsenic, barium, beryllium, chromium, copper, and thallium were 
detected at concentrations that exceeded at least one of the regulatory criteria. 
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Four ground water samples (L3-MW01 through L3-MW04) were collected from 
the monitoring wells installed in Landfill 3.  All samples were analyzed for TPH, 
VOCs, SVOCs, nitroaromatic and nitramine explosives, PETN, picric acid, 
PCBs/pesticides, cyanide, and priority pollutant metals (total and dissolved).  
Sample results indicate that arsenic was detected at concentrations that exceeded 
at least one of the regulatory criteria and the background concentration in all of 
the ground water samples.  Naphthalene was detected above the instrument 
detection limit but not above the regulatory criterion. 
 
1.2.3.7.3 Burn Area 
The former Burn Area was located immediately north of Landfill 3, to the 
southeast of the sewage lagoon (Figure 1-10).  A pile of wooden debris 
approximately 20 feet long by 15 feet wide marked the area.  The use of the area 
to burn wood and debris was reportedly infrequent and there is no record of the 
period of use or list of materials burned.  This area has apparently not been used 
for burning material since the mid-1980s. 
 
Surface and near-surface soil samples were collected from five locations in and 
adjacent to the former Burn Area (Figure 1-10).  The samples were collected to 
evaluate the potential for contamination resulting from past disposal and burning 
activities.  Three sampling locations (BA-SS-03, BA-SS-04, and BA-SS-05) were 
within the former Burn Area.  The other two locations (BA-SS-01 and BA-SS-02) 
were upslope (background) and downslope of the Burn Area, respectively.  Two 
samples were collected from each location to assess the vertical extent of 
contamination: one from the 0 to 1-foot bgs interval, and one from the 1- to 2-foot 
bgs interval.  Each sample was analyzed for TPH, VOCs, SVOCs, pesticides/ 
PCBs, nitroaromatic and nitramine explosives, PETN, picric acid, and priority 
pollutant metals.  Sample results indicate that arsenic, beryllium, chromium, 
copper, and thallium were detected at concentrations that exceeded at least one 
regulatory criterion.  Of these, thallium was also detected at a concentration 
slightly above the background concentration.  Four VOCs (acetone, toluene, m- & 
p-xylenes, and o-xylene) were detected above the instrument detection limit but 
not above the regulatory criterion.  The background sample was not analyzed for 
VOCs. 
 
1.2.3.7.4 Former Buildings 1962 and 1983 
Buildings 1962 and 1983 were located near the southeastern corner of the 
Bonneville cantonment (Figure 1-11).  They were burned in place, and the burn 
debris was removed to an unknown location.  The report does not indicate when 
the buildings were burned, only that they had been burned in the past.  Both 
buildings were constructed in the 1930s with wooden frames, walls, floors, and 
wooden post/concrete pillar foundations and rolled composition roofs.  Based on 
the age and type of construction, it was assumed that lead-based paint may have 
been used in the buildings.  Lead from the paint may have been released to soil 
when the buildings were burned.  Additionally, asbestos and SVOCs may have 
been present in the composition roofing materials and, therefore, released to the 
soils when the buildings were burned. 
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Fifteen soil samples (BD-SS01-01, BD-SS02-01, BD-SS03-01, BD-SS04-03, BD-
SS05-01, BD-SS06-01, BD-SS06-02, BD-SS07-01, BD-SS07-02, BD-SS08-01, 
BD-SS08-02, BD-SS09-01, BD-SS09-02, BD-SS10-01, and BD-SS10-02) were 
collected from 10 locations at the Former Buildings 1962 and 1983 areas.  The 
samples were analyzed for SVOCs, asbestos, and lead.  No SVOCs or asbestos 
was detected in any of the samples.  Lead was not detected at concentrations that 
exceeded the regulatory criteria. 
 
1.2.3.7.5 Drum Disposal Area 
A suspected drum burial area was identified in May 1996 by an anonymous caller 
to the Camp Bonneville Facility Manager.  The caller, who claimed to be a former 
employee at the camp, reported that pesticides, paints, and solvents were disposed 
of in this area (and in the Paint and Solvent Disposal Area, described in Section 
2.5.7.6).  The Drum Disposal Area reportedly was located south of the Killpack 
cantonment, east of the gravel road leading south from the main east-west 
roadway through the facility (Figure 1-12). Following the anonymous call, the 
Facility Manager located suspected buried metal in this area using a metal 
detector. 

Borings DB-SB01 and DB-SB02 were advanced immediately north and south of 
the disposal area, respectively (Figure 1-12).  The UXO contractors advanced the 
borings to a total depth of 5 feet bgs.  Downhole magnetometer readings were 
obtained every 2 feet.  Refusal of the hand auger was encountered at shallow 
depth because cobbles were present.  Therefore, a shovel was used to excavate a 
large hole to a depth of approximately 4 feet bgs at each location.  A hand auger 
was then used to collect the samples from the 4- to 5-foot bgs interval 
(approximately 1 foot below the estimated depth of the buried drums).  Soil 
samples from various depths were screened using a photoionization detector 
(PID) during excavation of the borings/holes.  A wide range of analyses were 
performed on the soil samples from this site because of the unknown contents (if 
any) of the buried drums.  Each soil sample was analyzed for TPH, VOCs, 
SVOCs, pesticides/PCBs, nitroaromatic and nitramine explosives, PETN, picric 
acid, and priority pollutant metals.   

Sample results indicate that antimony, arsenic, beryllium, chromium, and copper 
were detected at concentrations that exceeded at least one of the regulatory 
criteria, and antimony, barium, and copper also exceeded the background 
concentration.  An unknown hydrocarbon, and a total of 13 VOCs (acetone, 2-
butanone, ethylbenzene, m- & p-xylenes, o-xylene, isopropylbenzene, n-
propylbenzene, 1,3,5-trimethylbenzene, tert-butylbenzene, 1,2,4-trimethyl-
benzene, isopropyltoluene, naphthalene, and 2-hexanone) were detected above the 
instrument detection limit; however, none of the concentrations exceeded the 
regulatory criteria.  The background sample was not analyzed for VOCs. 
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1.2.3.7.6 Paint and Solvent Disposal Area 
The suspected Paint and Solvent Disposal Area was identified in May 1996 by an 
anonymous caller to the Camp Bonneville Facility Manager.  The caller, who 
claimed to be a former employee at the camp, reported that pesticides, paints, and 
solvents were disposed of in this area and in another nearby location (the Drum 
Disposal Area, discussed in Section 2.5.7.5).  The Paint and Solvent Disposal 
Area was reportedly located south of the Killpack cantonment, in an open area 
where a (covered) tractor shed currently exists (Figure 1-13).  Following the 
anonymous call, the Facility Manager used a metal detector in this area to locate 
suspected buried metal. 
 
Two soil borings were advanced adjacent to each of the two identified disposal 
locations.  The UXO contractors advanced the borings to their total depths with a 
hand auger.  Downhole magnetometer readings were obtained every 2 feet.  
Refusal of the hand auger was encountered at shallow depths in all boring 
locations because of cobbles; therefore, a shovel was used to excavate a large hole 
to the top of the sampling interval.  A hand auger was then used to collect the 
samples from the desired interval.  One soil sample was collected from each of 
the four soil borings (PD-SB01 through PD-SB04).  The samples were collected 
from depths estimated to be just below the base of the debris.  Soil samples were 
screened using a PID during excavation of the borings/holes.  All soil samples 
collected at the Paint and Solvent Disposal Area were analyzed for TPH, VOCs, 
SVOCs, pesticides/PCBs, nitroaromatic and nitramine explosives, PETN, picric 
acid, and priority pollutant metals.  Sample results indicate that an unknown 
hydrocarbon, arsenic, barium, beryllium, chromium, and copper were detected at 
concentrations that exceeded at least one of the regulatory criteria.  None of these 
analytes, however, were detected at concentrations that exceeded the background 
concentration (the background sample was analyzed only for metals). 
 
1.2.3.7.7 Maintenance Pit 
The Maintenance Pit was located beneath the concrete floor slab under the west 
end of Building 4475, in the Killpack cantonment (Figure 1-14).  Building 4475 
was used as the Camp Bonneville shop office.  The Maintenance Pit reportedly 
was an unlined excavation; the exact size, depth, and location are not known.  The 
pit may have received vehicle fluids, such as gasoline, waste oil, lubricants, and 
antifreeze, as well as solvents, for an unknown period of time.  In addition, 
pesticides may have been handled in front of the building.  Building 4475 and the 
Maintenance Pit were bounded by Wash Rack No. 1 and a small stream to the 
west, a gravel drive and storage buildings to the north, and a ditch and the main 
road to the south.  The building extends east of the Maintenance Pit area over a 
former underground storage tank (UST) location, which was remediated.  A 
heating oil aboveground storage tank (AST) was located along the front (north) 
wall of the building.  A chain link fence surrounds the entire shop office area, 
including the wash rack, a Hazardous Material Accumulation Point associated 
with the building, and a number of smaller buildings.  The fence runs between 
Building 4475 and the ditch to the south.  Numerous underground and 
aboveground utilities run through the area immediately west of the building.  The 
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surrounding ground surface is a mix of gravel (to the north and south) and soil (to 
the west).  Much of this area appeared to have been filled to provide a level work 
area.  Stressed vegetation was noted around this area.  Potential causes of the 
vegetative stress include metals contamination from roof runoff, or other 
unknown factors. 
 
Six soil samples were collected from two soil borings at the Maintenance Pit area.  
An attempt was made to advance soil borings at three locations in the 
Maintenance Pit area.  One soil boring (MP-SB01) was drilled on the northeast 
side of the building, near the front door.  Boring MP-SB01 was drilled and 
sampled to 11.5 feet bgs, using a hollow-stem auger drilling rig and split-spoon 
sampler.  Three soil samples were collected from boring MP-SB01 at depths of 0, 
2.5, and 10 feet bgs for laboratory analysis.  Samples from boring MP-SB01 were 
not analyzed for pesticides/PCBs as originally planned.  Therefore, a second 
boring (MP-SB01A) was drilled and sampled adjacent to the original boring.  
Boring MP-SB01A was advanced and sampled using a Geoprobe™ sampling 
system.  Samples were collected from this boring for PCB/pesticide analyses 
only.  Boring MP-SB02 was attempted inside of the shop office building at the 
Maintenance Pit location.  A hole was cut in the concrete floor, and a hand auger 
was used to attempt to dig down to the bottom of the pit.  No samples were 
collected from boring MP-SB02 because rubble that had apparently been placed 
in the pit when it was abandoned prohibited drilling and sampling.  Boring MP-
SB03 was drilled and sampled behind (south of) the building.  Because access 
was limited, a Geoprobe™ sampling system was used.  Three soil samples were 
collected from this boring for laboratory analyses: at the ground surface, starting 
at 1.5 feet bgs, and starting at 3.5 feet bgs.  All samples were analyzed for TPH, 
SVOCs, pesticides/PCBs, and priority pollutant metals.  Subsurface samples were 
also analyzed for VOCs.  Sample results indicate that an unknown hydrocarbon, 
one VOC (vinyl chloride), five pesticides (4,4,-DDE, 4,4-DDD, 4,4-DDT, alpha 
chlordane, and gamma chlordane), and six metals (arsenic, barium, beryllium, 
chromium, copper, and lead) were detected at concentrations that exceeded at 
least one of the regulatory criteria.  Of the metals, copper and lead were detected 
at concentrations above the background concentration (the background sample 
was analyzed only for metals). 
 
1.2.3.7.8 Wash Rack Number 1 
The Wash Rack No. 1 area is located immediately west of the shop office 
building (Building 4475) in the Killpack cantonment (Figure 1-14).  The wash 
rack was used for vehicle washing, reportedly between approximately 1978 and 
1994.  The wooden wash rack structure consisted of a two-track vehicle ramp.  
This area was initially identified as a concern during an environmental 
compliance inspection because it did not drain to an oil-water separator.  Instead, 
wash water was discharged via uncontrolled overland flow to a nearby ditch.  
Potential contaminants at the Wash Rack No. 1 site include vehicle fluids, such as 
gasoline, waste oil, lubricants, and antifreeze; as well as solvents that may have 
been used during cleaning activities.   
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Except for a 1-inch thickness of asphalt at the extreme north end of the wash rack, 
the area was not paved and was covered with grass.  The wash rack area is 
bounded by gravel (with minor asphalt) driving surfaces to the north and west.  
To the east of the area were a culvert and small stream, and Building 4475 (which 
includes the former Maintenance Pit).  The wash rack structure abuts the chain-
link fence that surrounds the shop office area.  Most of the wash water discharge 
from the site would have flowed to the unnamed stream that crosses the site.  The 
stream emerges from a culvert located below the gravel fill pad, between the shop 
office building and the wooden ramps of the wash rack.  It flows aboveground for 
about 15 feet before entering another culvert running southward under the main 
road.  A ditch that runs along the north side of the road also joins the stream and 
runs under the road through the same culvert.  The wash rack area slopes 
downward to the east and south, toward the stream and ditch, respectively. 
 
Surface soil samples (WR-SS-01-01 and WR-SS-02-01) were collected from two 
locations at the wash rack to evaluate potential contamination from the wash rack 
area.  One soil boring (WR-SB01) was drilled between the two ramps of the wash 
rack.  The boring was drilled to a depth of 11.5 feet bgs using a hollow-stem 
auger.  Three soil samples were collected from this boring using a split-spoon 
sampler.  All samples were analyzed for TPH, SVOCs, and priority pollutant 
metals.  In addition, the two subsurface soil samples were analyzed for VOCs, 
and the two surface soil samples were analyzed for pesticides/PCBs.  Sample 
results indicate that an unknown hydrocarbon, arsenic, barium, beryllium, 
cadmium, chromium, copper, and lead were detected at concentrations that 
exceeded at least one of the regulatory criteria.  Of the metals, cadmium, 
copper, and lead also exceeded the background concentration.  One VOC 
(acetone), two SVOCs [bis(2-ethylhexyl)phthalate and di-n-butylphthalate], and 
three pesticides (4,4-DDT, alpha chlordane, and gamma chlordane) were 
detected at concentrations above the instrument detection limit but not above 
any of the regulatory criteria (the background sample was not analyzed for these 
constituents). 
 
1.2.3.7.9 Grease Pits 
Three grease pits were identified:  two located in the Bonneville cantonment north 
of Buildings 1828 and 1920 (Figure 1-11), and one located in the Killpack 
cantonment northeast of Building 4389 (Figure 1-14).  Each of the grease pits 
consisted of a gravel-filled excavation with a corrugated metal pipe extending 
vertically down into the gravel.  The grease pits were used for disposal of waste 
cooking greases and oils from nearby mess halls.  Use of the pits reportedly began 
around 1935. 
 
Four soil samples (GP-SB02-01, GP-SB02-02, GP-SB03-01, and GP-SB03-02) 
were collected from the grease pits at depths ranging from 3 to 9 feet bgs.  The 
samples were analyzed for TPH, SVOCs, pesticides/PCBs, VOCs, and priority 
pollutant metals.  Sample results indicate the presence of arsenic, barium, copper, 
and thallium in at least one of the four samples at concentrations that exceeded 
the regulatory cleanup criteria. 
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1.2.3.7.10  Pesticide Mixing/Storage Building 
The pesticide mixing/storage building (number 1864) is located in the Bonneville 
cantonment (Figure 1-11).  The building was reportedly built in 1955 and was 
used for pesticide mixing and storage from 1977 to 1980.  A small unnamed 
creek, located approximately 130 feet east of the building, flows south towards 
Lacamas Creek.  A sink inside the building was located during the investigation 
and found to discharge to a dry well along the eastern side of the building.   
 
During the investigation, two surface soil samples (PM-SS01 and PM-SS02) were 
collected from the south side of the building.  Additionally, four boring locations 
(PM-SB01 through PM-SB04) were drilled around the building.  Boring PM-
SB03 was advanced using a hand auger due to the presence of overhead power 
lines.  Samples were collected from three intervals in each of the borings.  
Monitoring wells were installed in these borings and ground water samples were 
collected.  Samples were analyzed for TPH, VOCs (only on subsurface samples), 
SVOCs, PCBs/pesticides, organophosphorus pesticides, chlorinated herbicides, 
and priority pollutants metals.  Sample results for the soil samples indicate an 
unknown hydrocarbon, one SVOC (hexachlorobenzene), two pesticides (4,4-DDE 
and 4,4-DDT), and eight metals (arsenic, barium, beryllium, cadmium, chromium, 
copper, lead, and thallium) were detected at concentrations that exceeded at least 
one of the regulatory criteria.  Of the metals, arsenic, cadmium, copper, and lead 
were detected at concentrations that also exceeded the background concentration.  
Two VOCs (acetone and carbon disulfide), three SVOCs [di-n-butylphthalate, 
bis(2-ethylhexyl)phthalate, and butylbenzylphthalate), one pesticide (4,4-DDD), 
and two chlorinated herbicides (2,4-D and 2,4,5-T) were detected at 
concentrations above the instrument detection limit but not above their regulatory 
criteria (the background sample was not analyzed for these constituents).  Sample 
results for the ground water samples did not indicate the presence of analytes 
above the regulatory criteria. 
 
1.2.3.7.11  Aboveground Storage Tanks 
A total of 26 ASTs were present at Camp Bonneville.  Three were located in the 
Killpack cantonment and 23 were located in the Bonneville cantonment.  During 
the investigation, no evidence of releases from the tanks was discovered; 
however, incidental spillage was reported to have occurred during tank filling.  
Each of the AST locations was inspected for evidence of leaks or spills.  Stained 
soils and/or elevated PID readings were discovered at eight ASTs.  One soil 
sample was collected from each of the eight areas and submitted for off-site fixed 
laboratory analysis of TPH.  Sample results indicate the presence of diesel or 
hydrocarbons in all eight samples at concentrations that exceeded the regulatory 
criteria. 
 
1.2.3.7.12  Former Sewage Pond 
The sewage pond was located south of the Bonneville cantonment area 
(Figure 1-15).  The exact location and dimensions of the pond were not 
documented.  Anecdotal information indicates that the pond was an unlined 
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lagoon that was pumped out and filled with clean soil from a local source when 
the lagoon was abandoned in 1978.  The general area of the former sewage pond 
is on the Lacamas Creek floodplain and within approximately 200 feet of the 
creek.   
 
During the investigation, five soil borings were advanced in the former sewage 
pond area.  Borings SP-SB01, SP-SB02, and SP-SB03 were drilled within the 
apparent former pond area.  Additionally, borings SP-SB04 and SP-SB05 were 
advanced for the installation of monitoring wells: one at an upgradient location 
(SP-SB04) and one at a downgradient location (SP-SB05).  Ground water was 
encountered at a depth of 4 to 5.5 feet bgs.  A total of 15 subsurface soil samples 
were collected from these boring locations.  All samples were analyzed for TPH, 
SVOCs, VOCs, pesticide/PCBs, and priority pollutant metals; however, the water 
samples were not analyzed for pesticides/PCBs.  In the soil samples, arsenic, 
beryllium, chromium, copper, and thallium were detected at concentrations above 
one or more of the regulatory criteria.  Arsenic, copper, and thallium were 
detected at concentrations that also exceeded the background concentration.  In 
the ground water samples, arsenic was detected at a concentration that exceeded 
at least one of the regulatory criteria.  This detection was in the upgradient well. 
 
1.2.3.7.13  Ammunition Storage Magazines 
The Ammunition Storage Magazines are located east of the Bonneville 
cantonment and southwest of the sewage treatment lagoon (Figure 1-16).  The 
three magazines are designated as Buildings 2950, 2951, and 2953.  These small 
structures were constructed of concrete with heavy metal doors, and each was 
covered with a mound of soil.  The buildings are reported to have been 
constructed in 1976.  The magazines were used to store munitions of various 
types that were brought to Camp Bonneville for training.  The area was 
surrounded by a chain-link barbed wire-topped fence.  Lacamas Creek is located 
immediately south of the fence.   
 
During the investigation, 15 surface soil samples (AS-SS01 through AS-SS15) 
were collected from areas around the magazines.  Additionally, one soil boring 
(AS-SB01) was advanced in the area to a total depth of 6 feet bgs.  Samples were 
analyzed for priority pollutant metals, nitroaromatic and nitramine explosives, 
PETN, and picric acid.  Sample results indicate that arsenic, barium, beryllium, 
cadmium, chromium, copper, nickel, thallium, and zinc were detected at 
concentrations that exceeded at least one of the regulatory criteria. 
 
1.2.3.7.14  Hazardous Materials Accumulation Point 
The Hazardous Material Accumulation Point, Building 4476, is located in the 
northeast corner of the Camp Bonneville shop area, in the Killpack cantonment 
(Figure 1-14).  The building is a three-walled structure, built in 1990, with cement 
masonry block walls and a concrete slab floor.  The open front of the structure is 
secured with locking metal gates.  The structure, also referred to as the Covered 
Vehicle Maintenance Storage, has been used for the storage of drums containing 
liquids such as antifreeze and waste oil.  It may have been used for temporary 
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storage of drums of other hazardous materials.  The concrete floor of the building 
is sloped toward a sump in the middle of the floor.  The sump measures 
approximately 2 feet square and is approximately 2 feet deep.  No drains are 
present in the sump.  No evidence or reports of spills at this location were found.  
The building is bounded by a gravel driving surface to the south and east, small 
storage buildings and equipment to the west, and woods to the north.  A vehicle 
fuel AST, covered and within a concrete containment structure, is located 
immediately west of the building.  The chain-link fence that surrounds the shop 
office area runs along the north and east sides of the building.  The area is fairly 
flat.  Drainage from the area likely flows to the ditch running parallel to the main 
access road, south of the fenced shop area.  
 
Two surface soil samples (HM-SS-01 and HM-SS-02) were collected from the 
area.  Additionally, one liquid sample (HM-SU01-01) was collected from the 
sump.  The samples were analyzed for TPH, SVOCs, PCBs/pesticides, and 
priority pollutant metals.  Soil sample results indicate that arsenic and beryllium 
were detected at concentrations above one of the regulatory criteria but not above 
the background concentration.  Additionally, TPH and one SVOC [bis(2-
ethylhexyl)phthalate] were detected at concentrations above the instrument 
detection limit but not above the regulatory criterion.  These constituents were not 
analyzed in the background sample.  For the liquid sample, an unknown 
hydrocarbon, one SVOC [bis(2-ethylhexyl)phthalate], and five metals (antimony, 
arsenic, beryllium, lead, and zinc) were detected at concentrations that exceeded 
at least one regulatory criterion and, in the case of metals, also exceeded the 
background concentration. 
 
1.2.3.7.15  Former CS Training Building 
The former CS training building was located south of the Bonneville cantonment 
and north of Lacamas Creek (Figure 1-17).  The building burned to the ground 
sometime in the 1970s.  CS gas (aka tear gas) is the common name for 
2-chlorobenzalmalononitrile. 
 
During the investigation, five soil borings were drilled at the CS training building 
area and 10 samples were collected.  All samples were analyzed for tear gas and 
cyanide; additionally, one sample from each boring was submitted for SVOC and 
lead analysis.  Sample results indicate that one SVOC [benzo(b)fluoranthene] and 
lead were detected above the regulatory criteria in at least one of the samples. 
 
1.2.3.7.16  Wash Rack Number 2 
The former Wash Rack Number 2 (or former maintenance rack site) is located in 
the Killpack cantonment at the northeast corner of the shop office area, near 
Building 4476 (Figure 1-14).  No visible signs of contamination were noted.  The 
wash rack was demolished in the 1980s. 
 
During the investigation, four subsurface soil samples (W2-SB01-01, W2-SB01-
2, WS-SB02-01, and W2-SB02-02) were collected from the Wash Rack Number 
2 area.  The samples were analyzed for TPH, SVOCs, and priority pollutant 
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metals.  Sample results indicate the presence of an unknown hydrocarbon, 
arsenic, barium, beryllium, chromium, and copper at concentrations that exceeded 
at least one of the regulatory criteria.  None of the metals were detected at 
concentrations that exceeded the background concentrations. 
 
1.2.3.7.17 Investigation Recommendations 
The Multi-Sites Investigation report prepared by Shannon and Wilson, Inc. for the 
Seattle District U. S. Army Corps of Engineers recommended no further action 
for various locations because either no evidence of contamination was detected or 
constituents of concern were detected at concentrations below the project 
screening level.  The locations where no further action was recommended are: 
 Landfill Number 1 (existence could not be substantiated); 
 Landfill Number 2; 
 Landfill Number 3; 
 Burn area; 
 Paint and Solvent Disposal Area; 
 Hazardous Materials Accumulation Point; and 
 Wash Rack Number 2. 
  
The report also recommended remedial action for those areas where soil 
contamination posed a potential risk to human health and the environment.  
Locations where remedial action was recommended are: 
 Drum disposal area; and 
 Wash Rack Number 1. 
 
One area, the Maintenance Pit, was recommended for additional investigation 
(SWI 1999a).  The Multi-Sites Investigation report did not provide the 
recommendations for the CS building, ammunitions building, sewage pond, 
ASTs, pesticide mixing/storage building (1862), grease pits, and Buildings 1962 
and 1983. 
 
1.2.3.8 Landfill 4 Investigation 
In December 1998, SWI conducted an investigation of Landfill 4 as part of the 
Multi-Sites Investigation.  A delay in the investigation of Landfill 4 was 
necessary to complete UXO clearance at the landfill.  The investigation of 
Landfill 4 included UXO avoidance, geophysical surveying, collection of surface 
and subsurface soil samples, installation of monitoring wells, and collection of 
ground water samples from the monitoring wells.  It was reported that building 
demolition debris was deposited in the landfill during the mid-1960s.  The facility 
manager (at the time of the report) indicated that firearms were also disposed at 
the landfill; however, the time frame of this disposal was not reported.  (SWI 
1999b) 
 
During the investigation, two surface soil samples (L4-SS01 and L4-SS02) were 
collected in an area of discolored soil.  The samples were submitted for analysis 
of SVOCs, pesticides/PCBs, nitroaromatic and nitramine explosives, PETN, 
picric acid, and priority pollutant metals.  Sample locations are depicted on Figure 
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1-18.  No background samples were collected during the investigation; however, 
the surface soil samples were compared to the background samples collected 
during the Multi-Sites Investigation.  Soil samples were compared to background, 
EPA Region 3 risk-based concentrations for residential exposure to soil, and 
MTCA Method A, Method B, and Method B protection of ground water criteria.  
The report does not specify if these are unrestricted land use or industrial use.  
Arsenic, barium, beryllium chromium, and copper were detected at concentrations 
that exceeded one or more cleanup criteria but were below the site background 
concentrations.  No other analytes were detected above the instrument detection 
limit in the surface soil samples.  Five soil borings (L4-MW01, L4-MW02, L4-
SB03, L4-SB04, and L4-SB05) were drilled and monitoring wells (L4-MW01 and 
L4-MW02) were installed in two of the borings.  Boring locations are depicted on 
Figure 1-18.   
 
Three soil samples were collected from each of the borings and were submitted 
for off-site fixed analysis of TPH, SVOCs, pesticides/PCBs, nitroaromatic and 
nitramine explosives, PETN, picric acid, and priority pollutant metals.  
Additionally, the two deep samples were submitted for VOC analysis.  Barium, 
chromium, and copper were detected at concentrations that exceeded one or more 
of the cleanup criteria and background concentrations.  No other analytes were 
detected at concentrations that exceeded cleanup criteria.  Finally, two ground 
water samples were collected from the monitoring wells and were submitted for 
off-site fixed laboratory analysis of TPH, VOCs, SVOCs, pesticides/PCBs, 
nitroaromatic and nitramine explosives, PETN, picric acid, and priority pollutant 
metals (total and dissolved).  No background ground water samples were 
collected during the investigation.  Sample results were compared to EPA 
maximum contaminant levels, EPA Region 3 risk-based concentrations for tap 
water, and MTCA Method A and Method B cleanup criteria.  Sample results 
indicated the presence of RDX at concentrations that exceeded at least one 
cleanup criteria.  No other analytes were detected at concentrations that exceeded 
cleanup criteria.  (SWI 1999b) 
 
Based on the sample results, it was recommended that additional monitoring well 
installation occur at the landfill in order to further characterize potential 
contamination associated with it.  It was also recommended that surface water and 
sediment samples from North Fork Lacamas Creek be collected to determine if 
contamination was migrating from the landfill to the creek.  (SWI 1999b) 
 
1.2.3.9 Base Realignment and Closure Hazardous, Toxic, and 

Radioactive Waste Site Closure Report 
In September 2000, URS completed a site closure report for the Corps.  The 
objectives of the site closure report were to document that past work at eight 
locations within Camp Bonneville met cleanup requirements of the Camp 
Bonneville BRAC cleanup team, and to prepare closeout documentation for the 
eight separate locations within Camp Bonneville that require no further action to 
meet Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) requirements.  The closure report pertained only to the hazardous, 



 
 

1.  Project Management 
 

 
10:\STARTDOC\10030010\S1325 1-29 

toxic, and radioactive waste components of the locations and did not include 
UXO (URS 2000b).   
 
In order to achieve the objectives of the closure report, previous investigations 
that had been performed at the facility were reviewed, existing data was compared 
to cleanup levels, and potential exposure pathways and receptors were evaluated 
in conceptual site models. 
 
The eight locations evaluated and recommended for closure in the report include: 
 Landfill 1; 
 Landfill 2; 
 Landfill 3; 
 Former Burn Area; 
 Buildings 1962 and 1983; 
 Grease Pits at the Camp Bonneville and Killpack cantonments; 
 Former Sewage Pond; and 
 Hazardous Materials Accumulation Point. 
 
The site closure report prepared by URS presents the rationale for no further 
action at these eight locations.  The rationale stated in the report is provided 
below. 
 Landfill Number 1:  The landfill was not located by reconnaissance and 

geophysical methods.  Previously collected information is interpreted to be 
consistent with the presence of a small debris pile associated with a former 
residence (URS 2000b). 

 Landfill Number 2:  The soil gas survey indicated no impact to air and no 
evidence of volatile organics in the landfill materials.  Metals were the only 
constituents detected in downgradient borings, and none were detected at 
concentrations above the screening criteria and background.  Both total and 
dissolved arsenic were detected in both ground water wells sampled at 
concentrations exceeding risk-based criteria but below the MCL.  Arsenic 
concentrations in area wells are typically slightly elevated, which may be 
related to background conditions (URS 2000a). 

 Landfill Number 3:  The soil gas survey indicated no impact to air and no 
evidence of volatile organics in the landfill materials.  Metals were the only 
constituents detected in downgradient borings, and none were detected at 
concentrations above the screening criteria and background.  Total and 
dissolved arsenic were detected in the downgradient ground water wells at 
concentrations exceeding risk-based criteria but below the MCL.  Total and 
dissolved arsenic concentrations in area wells are typically slightly elevated, 
which may be related to background conditions (URS 2000b). 

 Burn Area:  Metals were the only constituents detected in soil in 
downgradient borings, and only thallium was found at a concentration above 
the screening criteria and background.  Thallium was detected in one surface 
soil sample at a concentration slightly above background and the MTCA 
Method B ground water protection criterion, but less than two times 
background.  Slightly elevated thallium levels, detected in one surface soil 
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sample, may not exceed the actual natural concentration in site soils.  Arsenic 
was detected in one nearby downgradient landfill ground water well at a 
concentration exceeding risk-based criteria, but below the MCL.  The site 
does not appear to pose a threat to ground water. Arsenic concentrations in 
area wells are typically slightly elevated, which may be related to background 
conditions (URS 2000b). 

 Former Buildings 1962 and 1983:  Only lead was detected in the surface and 
near-surface soil samples.  Concentrations detected did not exceed the 
screening criteria (URS 2000b). 

 Camp Bonneville Grease Pits:  No organics in soil were detected at 
concentrations above the screening criteria.  Barium and copper were detected 
in soil above the MTCA Method B ground water protection level and slightly 
above background levels in soil, but less than two times background.  Ground 
water was not encountered in the boring, which extends to volcanic rock 
(URS 2000b). 

 Camp Killpack Grease Pit:  No organics were detected at concentrations 
above the screening criteria in soil.  Arsenic was detected in one soil sample 
at a concentration above the screening criteria and slightly above background, 
but less than two times background.  Thallium was detected at a concentration 
above the MTCA Method B ground water criterion and slightly above 
background in one soil sample, but less than two times background.  Ground 
water was not encountered in the boring (URS 2000b). 

 Former Sewage Pond:  Thallium was detected in one soil sample at a 
concentration above the MTCA Method B ground water protection level and 
slightly above background, but less than two times background.  Arsenic was 
detected in one soil sample at a concentration above the screening levels and 
slightly above background, but less than two times background.  Copper was 
detected above the MTCA Method B ground water protection criterion and 
slightly above background in one subsurface soil sample from the upgradient 
boring, but less than two times background.  Arsenic, copper, and thallium, 
detected in only one soil sample each at concentrations only slightly above 
background, may be representative of natural conditions.  No organic 
compounds were detected in ground water samples.  The only metal detected 
in ground water above screening criteria was arsenic in the upgradient well.  
The ground water arsenic concentration exceeded both MTCA and Region 3 
risk-based criteria but was well below the MCL.  Arsenic was not detected in 
the downgradient ground water well.  Arsenic concentrations in ground water 
at Camp Bonneville typically appear to be slightly elevated and may be 
related to background conditions (URS 2000b). 

 Hazardous Materials Accumulation Point:  The only organics detected in 
surface soil samples were low concentrations of TPH and bis(2-ethylhexyl) 
phthalate (below screening levels).  No metals were detected at concentrations 
above the screening levels or background (URS 2000b). 

 
The site closure report did not address the recommendations for the pesticide 
mixing/storage building, ASTs, ammunitions building, or Wash Rack 2.  A 
previous report, i.e., the Multi-Sites Investigation report recommended that the 
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drum disposal area and Wash Rack 1 locations required remediation and the 
maintenance pit required further investigation. 
 
1.2.3.10 Environmental Restoration – Multi-Sites 
In 2000, Gary Struthers Associates, Inc. (GSA) conducted remedial 
environmental restoration in areas that had been recommended for remedial work 
during the 1991 SWI Multi-Sites Investigation and prepared the areas for closure.  
The scope of the work conducted included the remediation of identified hazards at 
each of seven designated sites to meet regulatory cleanup standards and allow for 
unrestricted use of the property.  The closure for each location included the 
excavation and stockpiling of suspected contaminated soil; screening of the in-
place soil for the analytes of concern, followed by additional excavation (as 
needed); and concluded with confirmation sampling and fixed laboratory analysis 
(GSA 2000).  The seven areas remediated during this investigation are described 
below.  The remedial environmental restoration report prepared by Gary Struthers 
Associates, Inc. does not address the recommendations/disposition of the ASTs, 
ammunitions building, or Wash Rack 2. 
 
1.2.3.10.1 Drum Disposal Area 
Initial concerns with contamination in this area were raised prior to conducting 
excavation activities due to the discovery of surficial drum debris not previously 
documented.  Upon commencement of the backhoe excavation activities, 
numerous pieces of metallic debris were found and removed, including a locker, a 
large sink, an apparent bookshelf, numerous rusted-through buckets, and a 
bumper.  These items and other debris were excavated and stockpiled.  Upon 
further excavation, a solvent-like odor was noted.  Excavation immediately 
ceased, and field screening was conducted with a PID on the freshly exposed soil.  
The PID readings from the exposed area were as high as 150 parts per million 
(ppm). 
 
A total of 26 test pits were excavated from the area (Figure 1-19).  The test pits 
were numbered 1 to 26 in the approximate sequence in which they were dug.  
Each of these test pits had an approximate footprint of 4 feet by 6 feet and was 
advanced to approximately 4 feet deep.  Water was observed in several of the 
test pits.  While digging in Test Pit #25, the backhoe bucket pulled up a 
relatively intact bucket (approximately 5-gallon size) containing fresh paint.  
The paint bucket was damaged by the time it was brought to the surface, and 
paint was dripping from it.  The bucket of paint was placed upon a separate 
visqueen staging area.  Another item of concern, which was discovered during the 
test pit activities, was an apparent clay tile drain line running through the area from 
the general direction of the Killpack cantonment.  Two soil samples and three 
ground water samples were collected from the 26 test pits.  The samples were 
submitted for off-site fixed laboratory analysis of VOCs, SVOCs, pesticides/ 
PCBs, herbicides, and metals (not all samples were analyzed for all constituents).  
Sample results indicated that concentrations for all analytes detected were below 
the site-specific cleanup criteria.  Restoration at this site included placement of 
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plastic sheeting into each of the exposed test pits prior to backfilling the test pits 
with the excavated soil. 
 
1.2.3.10.2 Paint and Solvent Disposal Areas 
The remediation activities for this area began with a geophysical survey to 
attempt to identify and delineate the extent of buried drums or metal debris. The 
geophysical survey uncovered two disposal areas each to a limited extent.  Based 
on the survey, two soil borings were drilled at each location (Figure 1-13).  
Samples were analyzed for TPH, VOCs, SVOCs, pesticides/PCBs, nitroaromatic 
and nitramine explosives, PETN, picric acid, and priority pollutant metals.  
Sample results indicated the presence of arsenic, barium, beryllium, chromium, 
and copper at concentrations that exceeded the regulatory criteria; however, all 
results were below the background concentrations.  Restoration of this area 
consisted of returning the excavated soil, less the debris, to the excavations and 
regrading of the area. 
 
1.2.3.10.3 Wash Rack Number 1 
The remediation activities for this area began with the dismantling of the timbers 
that formed the wash rack.  Once the wash rack was removed, a backhoe was used 
to excavate the footprint of the area (Figure 1-20).  The area was excavated to a 
depth of 3 feet bgs.  At a depth of 3.0 feet bgs, a soil sample (H1) was collected 
from the floor of the excavation for Hanby field analysis.  An additional field 
sample (H2) was collected from the 3.6-foot bgs depth of the excavation floor.  A 
third field sample (H3) was collected from the 3.5-foot depth interval of the west 
sidewall of the excavation.  These three field Hanby analyses revealed screening 
level concentrations of 0 ppm, 10 ppm, and 0 ppm, respectively.   

 
Confirmation samples were collected and analyzed for diesel- and heavy oil- 
range TPH, cadmium, and lead.  The results from the initial confirmation samples 
indicated that additional excavation of the northern and western sidewalls was 
needed due to the presence of elevated levels of diesel-range TPH.  Additional 
excavation of 3 feet was conducted in the area.  A total of eight soil samples 
(including one duplicate sample) were collected and submitted for off-site fixed 
laboratory analysis of TPH, VOCs, SVOCs, pesticides/PCBs, and metals (not all 
samples were submitted for all analyses).  Sample results indicated that 
concentrations for all analytes detected were below the screening criteria.  
Restoration of this area included hauling in imported backfill material to match 
the native material, and regrading of the area. 
 
1.2.3.10.4 Maintenance Pit 
Remediation of the area included excavation of the footprint of the maintenance 
pit to a depth of 0.8 feet bgs and collection of soil samples H4 and H5 from the 
eastern portion of the excavation floor, and sample H6 from the western portion 
of the floor (Figure 1-20).  The samples were submitted for laboratory analysis for 
diesel- and heavy oil-range TPH, vinyl chloride, PCBs, DDD, DDE, DDT, and 
lead.  Sample results indicated that additional excavation was required due to the 
presence of TPH and lead.  The excavation was advanced to approximately 2.7 
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feet bgs and expanded in the northern, eastern, southern, and western sidewalls by 
approximately 2, 4.3, 0.5, and 5.6 feet, respectively.  A total of 12 soil samples 
were collected and submitted for off-site fixed laboratory analysis of TPH, VOCs, 
SVOCs, pesticides/PCBs, and metals (not all samples were submitted for all 
analyses).  Sample results indicated that concentrations for all analytes detected 
were below the established cleanup levels.  Restoration of this area included 
hauling in imported backfill material to match the native material, and regrading 
the area. 
 
1.2.3.10.5 Former CS Training Building 
During the investigation, five soil samples were collected from the former CS 
training building area (Figure 1-21).  Samples were analyzed for VOCs, SVOCs, 
and metals.  Sample results indicated that lead was detected at concentrations that 
exceeded the regulatory criteria in two of the samples.  Restoration of this area 
included hauling in imported backfill material to match the native material, and 
regrading the area. 
 
1.2.3.10.6 Pesticide Mixing/Storage Building 
Excavation was conducted south of the entry of the building (number 1864) and 
continued to a depth of 2.5 feet bgs (Figure 1-22).  A total of eight soil samples 
(including one duplicate) were collected and submitted for off-site fixed 
laboratory analysis of TPH, VOCs, SVOCs, pesticides/PCBs, chlorinated 
herbicides, and metals (not all samples were submitted for all analyses).  Sample 
results indicated that concentrations for all analytes detected were below the 
established cleanup levels.  No remediation was conducted at this location. 
 
1.2.3.10.7 Selected Aboveground Storage Tank Locations 
A total of eight AST locations were selected for remedial action.  Samples 
collected from the AST locations were submitted for off-site fixed laboratory 
analysis of TPH using method NWTPH-Gx and Dx.  These locations are 
discussed below. 
 AST #1 – Building T-1833:  Soil around the AST was excavated until visual 

observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 2 feet bgs.  The confirmation 
sample from this area indicated additional contamination.  Based on these 
results, further excavation was conducted to 4 feet bgs.  Again, confirmation 
samples were collected and submitted for analysis.  Sample results indicated 
no TPH above regulatory criteria.  Restoration of this area included hauling in 
imported backfill material to match the native material, and regrading the 
area.  The AST support blocks were reset at the original location and the AST 
was placed on them. 

 AST #2 – Building T-1837:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 5 feet bgs.  Confirmation 
sample results indicated no TPH above regulatory criteria.  Restoration of this 
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area included hauling in imported backfill material to match the native 
material, and regrading the area.  The AST support blocks were reset at the 
original location and the AST was placed on them. 

 AST #3 – Building T-1828:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 5 feet bgs.  Confirmation 
sample results indicated no TPH above regulatory criteria.  Restoration of this 
area included hauling in imported backfill material to match the native 
material, and regrading of the area.  The AST support blocks were reset at the 
original location and the AST was placed on them. 

 AST #4 – Building T-1940 (Day Room):  Soil around the AST was 
excavated until visual observation and field screening by Hanby analysis 
indicated that residual contamination above regulatory criteria had likely been 
removed.  The excavation in this area reached approximately 2.5 feet bgs.  
Confirmation sample results indicated no TPH above regulatory criteria.  
Restoration of this area included hauling in imported backfill material to 
match the native material, and regrading of the area.  The AST support blocks 
were reset at the original location and the AST was placed on them. 

 AST #5 – Building T-1922:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 2.3 feet bgs.  Confirmation 
sample results indicated no TPH above regulatory criteria.  Restoration of this 
area included hauling in imported backfill material to match the native 
material, and regrading of the area.  The AST support blocks were reset at the 
original location and the AST was placed on them. 

 AST #6 – Building T-1922:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 4.5 feet bgs.  Confirmation 
sample results indicated no TPH above regulatory criteria.  Restoration of this 
area included hauling in imported backfill material to match the native 
material, and regrading of the area.  The AST support blocks were reset at the 
original location and the AST was placed on them. 

 AST #7 – Building T-1942:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 4.5 feet bgs.  Confirmation 
sample results indicated no TPH above regulatory criteria.  Restoration of this 
area included hauling in imported backfill material to match the native 
material, and regrading of the area.  The AST support blocks were reset at the 
original location and the AST was placed on them. 

 AST #8 – Building T-1980:  Soil around the AST was excavated until visual 
observation and field screening by Hanby analysis indicated that residual 
contamination above regulatory criteria had likely been removed.  The 
excavation in this area reached approximately 2.5 feet bgs.  The confirmation 
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sample from this area indicated additional contamination.  Based on these 
results; further excavation was conducted to 5 feet bgs.  Again, confirmation 
samples were collected and submitted for analysis.  Sample results indicated 
no TPH above regulatory criteria.  Restoration of this area included hauling in 
imported backfill material to match the native material, and regrading of the 
area.  The AST support blocks were reset at the original location and the AST 
was placed on them. 

 
1.2.3.10.8 Site Summary and Recommendations 
The GSA study results from the confirmation sampling data indicated that the 
paint and solvent disposal area, Wash Rack Number 1 area, the maintenance pit 
area, the former CS training building, the pesticide mixing/storage building, and 
the eight AST locations were in compliance with the site clean-closure levels.  
Additionally, results of this remedial activity indicated that further investigation 
of the drum disposal area and surrounding fields was necessary prior to 
continuing remedial actions in that area. 
 
1.2.3.11 Supplemental Site Investigation 
In 2000, URS completed a supplemental site investigation (SSI) for the Corps at 
two locations near the Killpack cantonment.  The objectives of the SSI were to:  
evaluate chemicals of potential concern (COPCs) in surface soil and in flooring 
material of Building 4126 at the Pesticide Storage Area that had not previously 
been investigated; evaluate COPCs in surface and subsurface soil and ground 
water at the largest Ammunition Storage Magazine (Building 2953); and evaluate 
potential exposure to human and ecological receptors based on a conceptual site 
model (URS 2000a). 
 
Sample results were compared to MTCA Method A and B cleanup levels, natural 
background soil metals concentrations in Washington State, and the background 
soil metals concentrations that were calculated in the 1999 SWI investigation.  
The following subsections provide a discussion of the specific areas included in 
the supplemental site investigation performed by URS. 
 
1.2.3.11.1  Pesticide Storage Area 
The Pesticide Storage Area (Building 4126) is located on the edge of a small, flat, 
grassy field approximately 75 feet south of the gravel road in front of the Killpack 
cantonment (Figure 1-23).  Overall, the ground surface in this area slopes very 
gently to the south, away from the road.  The building is approximately 4 feet 
west of an approximately 8-foot by 8-foot concrete pad.  A surface soil sample 
(SS04) was collected from an exposed strip of soil between the building entrance 
and the building, and a surface soil sample (SS05) was collected from the south 
side of the building.  Additionally, a flooring material sample (FS01) was 
collected.   
 
The soil samples were submitted to an off-site fixed laboratory for analysis of 
petroleum hydrocarbons, organochlorine pesticides/PCBs, metals, and herbicides.  
Sample results indicated that 4,4-DDT and 2,4,5-T were detected at 
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concentrations that exceeded the screening criteria.  Based on these results, it was 
recommended that the building be demolished and that surface soil to 
approximately 1 foot bgs beneath the footprint of the building and to a distance of 
approximately 4 feet outside the footprint of the building be excavated and 
disposed. 
 
1.2.3.11.2  Ammunition Storage Magazines 
The Ammunition Storage Magazines (Buildings 2950, 2951, and 2953 as 
previously discussed in section 2.5.7.13) are located approximately 2,000 feet 
northeast of the Pesticide Storage Area on the south side of the road leading into 
the facility from the Killpack cantonment (Figure 1-16).  They are positioned on a 
flat, graded terrace approximately 10 feet below the elevation of the road.  The 
SSI investigated soil near the largest magazine, Building 2953 (Figure 1-24).  An 
approximately 10-foot-wide by 50-foot-long access road descends from the main 
gravel road on the west side of Building 2953 and ends in front of the magazine 
entrance on the south side.  Overall, the ground surface in this area slopes away 
from the road and continues to descend toward the south away from the terrace.   
 
Three surface soil samples (SS01, SS02, and SS03) were collected in three 
locations in front of the magazine door.  Subsurface soil samples were collected 
from soil boring SB-0l approximately 15 feet south of the bunker.  Ground water 
was not encountered in the boring location.  The samples were submitted to an 
off-site fixed laboratory for analysis of priority pollutant metals, SVOCs, 
ordnance, and propellants.  Sample results indicated that antimony, cadmium, 
lead, and 2,4-dinitrotoluene were detected at concentrations that exceeded the 
screening criteria.   
 
Based on these sample results, it was recommended to dispose of soil (0 to 1-foot 
bgs) along the short footpath leading to the door of Building 2953.  This included 
an approximately 4-foot-wide area along the approximately 6-foot-long path.  In 
addition, it was recommended that soil (0 to 1-foot bgs) at Buildings 2950 and 
2951 be excavated and disposed of in areas where metals concentrations exceeded 
screening values during the 1999 SWI investigation. 
 
1.2.3.12 Geophysical Survey 
In October 2000, Parsons Engineering Science, Inc. (Parsons) conducted a 
geophysical survey of a suspected drum burial area.  The survey was conducted 
using a G-858 portable cesium magnetometer/gradiometer.  Eleven anomalies 
were encountered during the investigation that indicated the possibility of buried 
drums.  These anomalies were mostly encountered in the suspect drum burial 
area, which was estimated to be approximately 10 to 15 feet across.  The total 
depth was not determined. (Parsons 2001)  
 
1.2.3.13 Environmental Restoration – Pesticide Storage Area and 

Ammunition Storage Magazines 
Based on the results and recommendations of the SSI in 2001 (discussed in 
Subsection 2.5.10), GSA performed a remediation environmental restoration for 
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the Pesticide Storage Area (Building 4126) and the Ammunition Storage 
Magazines (Buildings 2950, 2951, and 2953; GSA 2001).   
 
1.2.3.13.1  Pesticide Storage Area 
Work on the Pesticide Storage Area (Building 4126) began with characterization 
and sampling of the physical structure.  Following sampling, the structure was 
dismantled.  After demolition was completed, a backhoe was used to excavate the 
footprint of the building and its drip-line to a depth of 1 foot bgs.  Samples were 
collected from each side wall of the excavation as well as the floor.  The results 
from the samples indicated that no additional excavation was required.  Clean 
backfill was imported and the excavation area filled and graded. 
 
1.2.3.13.2  Ammunition Storage Magazines 
A backhoe was used to excavate the footprint of three magazines (2950, 2951, 
2953) to a depth of 1 foot bgs.  Confirmation samples were collected from the 
four side walls as well as the floor in each of the magazines.  Results from the 
samples indicated that no additional excavation was required.  Clean fill material 
was imported and the areas were filled and graded. 
 
1.2.3.14 Environmental Restoration – Drum Burial Area 
Based on information contained in previous reports, an environmental restoration 
was performed at the drum burial area in 2002, by GSA for the Corps.  During the 
investigation, soil from the drum burial area (as discussed in Subsections 2.5.9.1 
and 2.5.11) was excavated and stockpiled.  Confirmation soil samples were 
collected for fixed laboratory analysis of Resource Conservation and Recovery 
Act (RCRA) metals plus copper, VOCs, SVOCs, polyaromatic hydrocarbons 
(PAHs), pesticides/PCBs, and TPH.  Following receipt of sample results that were 
below the cleanup criteria established under previous investigations, the area was 
backfilled and was no longer considered an environmental concern.  The 
environmental restoration report does not indicate the depth of the excavation 
(GSA 2002). 
 
1.2.3.15 Record of Decision – Multi-Sites 
In August 2002, URS completed a Record of Decision (ROD) for multiple sites 
for the Corps.  The sites included in the ROD were Landfill 1, 2, and 3; the 
former Burn Area; Buildings 1962 and 1983; the Grease Pits; the former Sewage 
Pond; the Hazardous Materials Accumulation Point; the Drum Disposal Area; the 
Paint and Solvent Disposal Area; Wash Rack 1; the Maintenance Pit, Wash Rack 
2; the Pesticide Mixing/Storage Building 1864; the ASTs; the CS Gas Training 
Building; the Pesticide Storage Area Building 4126; and the Ammunition Storage 
Magazines 2950, 2951, and 2953.  Based on analysis from previous 
investigations, COPCs either were not detected or were detected below the 
regulatory cleanup levels at some of the areas.  The remaining areas contained 
contaminants above regulatory cleanup levels.  At these areas, remediation had 
been conducted and contaminants had been removed.  Subsequent confirmation 
sampling at these areas determined that contaminants were below established 
cleanup levels.  Because contaminants were either not present or had been 
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removed, it was determined that no risk to human health or the environment was 
posed at these areas.  The EPA, Washington State Department of Ecology 
(Ecology), and the Army determined that no further action would be required at 
these locations (URS 2002). 
 
1.2.3.16  Department of Ecology Enforcement Order 
On February 4, 2003, an Enforcement Order 03TCPHQ-5286 was issued for 
Camp Bonneville.  The enforcement order divided the site into three remedial 
action units (RAUs).  The RAUs and their status are described below 
(Ecology 2003). 
 RAU 1:  This RAU consists of the 20 acres where hazardous substances other 

than military munitions had been located (Figure 1-25).  This RAU contained 
the majority of the areas previously discussed in this PA report. 

 RAU 2:  This RAU consists of the areas where hazardous substances have 
been located, but not addressed through remedial actions.  This RAU has been 
further divided into three subunits. 
o RAU2A:  This RAU consists of the 21 small arms range areas 

(Figure 1-26). 
o RAU2B:  This RAU consists of Demolition Areas (DA) 2 and 3 

(Figure 1-27). 
o RAU2C:  This RAU consists of the Landfill 4 area (Figure 1-28). 

 RAU 3:  This RAU consists of any area where military munitions may have 
come to be located (Figure 1-29). 

 
Additionally, the enforcement order dictated the work and work schedule to be 
performed in each of the RAUs. 
 
1.2.3.17 Expanded Site Inspection – Landfill 4 
In 2003, URS Corporation completed an expanded site inspection (ESI) in 
Landfill 4 for the Corps.  The ESI was conducted in response to the discovery of 
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) above screening criteria in two 
monitoring wells that were installed during the 1999 SWI Multi-Sites 
investigation.  During the ESI, a total of eight new monitoring wells (L4-
MW01B, L4-MW02B, L4-MW03A, L4-MW03B, L4-MW04A, L4-MW05A, L4-
MW06A, and L4-MW07B) were installed at the landfill (Figure 1-30).  One of 
these wells (L4-MW06A) was not developed due to lack of water.  Other 
activities associated with the ESI included:  well slug tests, a topographic survey 
from the landfill to North Fork Lacamas Creek, and ground water sampling from 
the new monitoring wells as well as two previously existing monitoring wells.  
Ground water sampling of the new wells was conducted approximately 2 weeks 
after installation and in July 2001, October 2001, January 2002, and April 2002.  
Additionally, monitoring wells L4-MW01A and L4-MW02A, previously installed 
in 1999, also were sampled in these months (URS 2003).   
 
Ground water data from this investigation was compared to MTCA Method A 
(for TPH only) and Method B cleanup levels for ground water, National Ambient 
Water Quality Criteria, EPA Region 9 Preliminary Remediation Goals (PRGs), 
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and EPA Region 10 risk-based concentrations (RBCs).  The ground water 
samples were analyzed for VOCs (EPA SW-846 Method 8260B), SVOCs (EPA 
SW-846 Method 8270C), herbicides (EPA SW-846 Method 8151A), total and 
dissolved metals (EPA SW-846 Method 6010B), TPH-Gx (Method NWTPH-Gx), 
TPH-Dx (Method NTWPH-Dx), water quality (alkalinity – SM 2320; sulfate, 
chloride, nitrite and nitrate – EPA Method 300.0; total cyanide – EPA Method 
335.2; total suspended solids – EPA Method 160.2; and total and dissolved TOC 
– EPA Method 415.1), explosives (EPA SW-846 Method 8330A), nitroguanidine 
(EPA SW-846 Method 8330A modified), and ammonium perchlorate (Method 
314.0; URS 2003).   
 
Analytical results for water samples from monitoring well MW-01A indicated the 
presence of perchlorate above regulatory criteria in January 2002; and total 
arsenic, total copper, and total lead above regulatory criteria in October 2001.  
Although there were detections above the method detection limits, there were no 
other results above regulatory criteria.  Analytical results for water samples from 
monitoring well MW-01B did not indicate concentrations above the regulatory 
criteria during any of the sampling events (URS 2003).   
 
Analytical results for water samples from monitoring well MW-02A indicated 
RDX and perchlorate above regulatory criteria in all sampling rounds.  No other 
analytes were detected above the regulatory criteria.  Analytical results for water 
samples from monitoring well MW-02B indicated the presence of 2,4-
Dinitrotoluene, RDX, perchlorate, 1,1,1-trichloroethane (1,1,1-TCA), 1,1-
dichloroethene (1,1-DCE) and dichlorofluoromethane, above regulatory criteria 
for all sampling rounds.  Additionally the following analytes were detected above 
the regulatory criteria on the specified sample dates: benzene in July 2001; 
tetrachloroethene in July 2001, October 2001, and April 2002; total arsenic, total 
copper, and total lead in July 2001 and April 2002; and dissolved arsenic in 
October 2001 (URS 2003).   
 
Analytical results for water samples from monitoring well MW-03A indicated 
RDX and perchlorate were detected above the regulatory criteria in all sampling 
rounds.  Total iron was detected above the regulatory criteria in the sample 
collected in January 2002; and dissolved lead was detected above the regulatory 
criteria in the sample collected in October 2001.  Analytical results for water 
samples from monitoring well MW-03B indicate that perchlorate was detected 
above regulatory criteria in all sampling rounds; RDX was detected above the 
regulatory criteria in all but the sample collected in July 2001; total arsenic was 
detected above the regulatory criteria in the samples collected in October 2001 
and January 2002; total copper was detected above the regulatory criteria in all 
the samples collected except for July 2001; total iron was detected above the 
regulatory criteria in the samples collected in January and April 2002; and total 
lead was detected above the regulatory criteria in the sample collected in April 
2002 (URS 2003).   
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Analytical results for water samples from monitoring well MW-04A indicated 
RDX, perchlorate, total iron, and total copper were detected above the regulatory 
criteria in all sampling rounds.  Total arsenic was detected above the regulatory 
criteria in the samples collected in July and October 2001; and total lead was 
detected above the regulatory criteria in the sample collected in April 2002.   
 
Analytical results for water from monitoring well MW-05A indicated RDX and 
perchlorate were detected above the regulatory criteria in all sampling rounds.  
Also, total copper was detected above the regulatory criteria in the sample 
collected in October 2001.   
 
Analytical results for water samples from monitoring well MW-07B indicated the 
presence of total and dissolved arsenic above the regulatory criteria in the sample 
collected in January 2003 (URS 2003). 
 
1.2.3.18 Small Arms Range Site Inspection 
In September 2003, Atlanta Environmental Management, Inc. (AEM) conducted a 
site inspection of the small arms ranges for the Corps.  The locations of the small 
arms ranges that were part of this investigation are presented in Figure 1-31.  The 
purpose of the investigation was to (AEM 2003): 
 Determine the concentration of lead residues in the top 0–6 inches of soil at 

307 one-half acre grids within the firing ranges; 
 Determine the background concentrations of lead in the top 0–6 inches of soil 

at 20 undisturbed/unused locations within Camp Bonneville; 
 Determine the concentrations of explosive residues, including picric acid and 

PETN, in soil in the muzzle blast area of the firing ranges where the firing 
location is known; and 

 Determine the concentrations of explosive residues, perchlorate residues, and 
metals in soil samples from Demolition Areas 2 and 3. 

 
The sample results were compared to MTCA cleanup levels (the report does not 
specify Method A or Method B) and EPA Region 9 PRGs.  Additionally, a total 
of 20 background soil samples were collected.  Sampling grids that measured 
approximately 80 feet by 80 feet were created at each of the small arms ranges.  
Soil samples were collected from the center of the grid and one each from 
locations approximately 40 feet north, south, east, and west of the center.  A total 
of 1,535 soil samples were collected from the grids and submitted to an off-site 
fixed laboratory for analysis of lead using EP Method 7420.  Ten locations 
randomly selected from the range grids and from two randomly selected 
background locations from Demolition Area 2 and Demolition Area 3 were 
submitted for off-site fixed laboratory analysis of Priority Pollutant Metals by 
EPA Method 6010.   
 
Arsenic and barium were detected at concentrations that exceeded at least one of 
the regulatory criteria.  Additionally, samples were analyzed for explosive 
residues using EPA Method 8330 modified.  The numbers of samples submitted 
for this analysis are not indicated in the report.  Explosive residues were detected 
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in the samples collected from the muzzle blast zone at the 25-meter and machine 
gun ranges but not above the regulatory criteria.  Samples were collected from 
Demolition Area 2 and Demolition Area 3 (the number of samples is not specified 
in the report) and were submitted for off-site fixed laboratory analysis of 
perchlorate using EPA Method 314.  Perchlorate was not detected above the 
method detection limit in any of the samples.  No conclusions were included in 
the report prepared by AEM. 

 
1.2.3.19 Interim Removal Action – Landfill 4/Demolition Area 1 
In 2004, Tetra Tech, Inc. conducted an interim removal action at Landfill 
4/Demolition Area 1 for the U.S. Department of the Army.  The primary purpose 
of the removal action was to remove source contamination (2.5-acre footprint) 
within the landfill that was impacting downgradient ground water.  The secondary 
objective was the removal and disposal of OB/OD ordnance and landfill materials 
and associated contaminated soils to meet regulatory requirements to gain a 
declaration of “no further action” from Ecology for the landfill debris/soils.  
Cleanup action levels were established in accordance with MTCA Cleanup 
Regulations for the protection of ground water.  Part of the removal action 
included a report that provided a compilation of ground water monitoring data 
and historical ground water information related to Landfill 4.  The report 
consisted of a review of ground water monitoring data at Landfill 4 and 
established a baseline concentration for the primary ground water contaminants at 
the site.  These contaminants included RDX, perchlorate, 1,1,1-TCA, 1,1-DCA, 
1,1-DCE, total chromium, total copper, and total zinc.  It was recommended that 
ground water monitoring continue at the landfill following the removal of the 2.5 
acre foot-print (Tetra Tech 2006). 
 
The removal action at Landfill 4 was completed from May through December 
2004.  In designing the removal action, it was assumed that Landfill 4 was 
constructed using normal landfill characteristics which typically do not include 
excavation below the water table.  For this reason, it was assumed that 
contaminated soil would not be present below the saturated zone.  Likewise, it 
was assumed that demolition activities which were conducted after landfill 
operations ceased were unlikely to have included excavation through landfill 
debris to the water table for the purpose of destroying munitions.  Based on these 
assumptions, the removal action was designed to terminate excavation activities 
once native soil was encountered.  (Tetra Tech 2006) 
 
Prior to the removal of contaminated soils, UXO avoidance was conducted.  
Munitions discovered during the avoidance were removed from the area and 
staged near the Camp Bonneville cantonment for off-site disposal.  One phase of 
this removal included a “mag and dig” (the process of manually clearing smaller 
areas with the aid of shovels and handheld metal detectors) phase of MEC support 
work.  During this work, a total of 21 pits/trenches were excavated.  The locations 
of these pits/trenches are depicted on Figure 1-32.  (Tetra Tech 2006) 
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It was discovered that four of the pits (pits 6, 11, 15, and 16) were used for open 
burn disposal of MC.  These pits contained remnants of burned military flares and 
rocket mortars along with practice ordnance, ammunition, casings, and other 
munitions debris (MD).  Blackened soil and/or fuel-related odors were noted at 
each of these pits.  Six additional pits (pits 7 through 10, 12, and 17) contained 
MC, MD, and scrap metal that had been disposed of by burial.  These pits were 
classified as disposal pits rather than burn pits because there was no visual or 
olfactory signs of burning.  These pits contained bomb casings, empty or inert 
material filled projectiles, rocket pods and tubes, missile sections, empty casings 
of various sizes, practice landmines, and practice rockets.  These pits were 
generally located near the outer estimated boundary of the landfill.  Finally, seven 
of the pits (pits 1, through 5, 13, and 14) were used for open burn disposal of 
civilian fireworks and other ordnance-like items.  The fireworks disposal areas 
were generally clustered in the central portion of the landfill and sometimes 
overlapped.  The areas used to burn fireworks were characterized by a black layer 
of waste containing items such as whole bottle rockets, star shells, and whirligigs, 
along with civilian flares, and tear gas/mace canisters.  All of the fireworks burn 
pits/trenches exuded a diesel fuel odor indicating the use of an initiating fuel for 
the burn.  The maximum depth of all of the trenches was between 13 feet bgs and 
18 feet bgs.  (Tetra Tech 2006) 
 
Following completion of MEC/MC removal activities, excavation of 
contaminated soil and other debris was conducted.  Soil was removed until 
confirmation samples indicated that perchlorate was at concentrations below 
MTCA Method B soil cleanup levels for protection of ground water of 0.5 mg/kg 
(or 500 g/kg).  In one area, on the western boundary of the landfill, excavation 
continued to approximately 27 feet bgs where saturated soils were encountered, 
and sample results indicated that perchlorate levels continued to exceed the 
cleanup criteria.  Excavation at this location was ceased due to safety concerns.  
Ecology determined that residual contamination remaining at this depth would be 
remediated during a ground water remediation phase of work.  The areas where 
perchlorate contamination remained in soils are presented in Figure 1-33.  It was 
estimated that 13,333 cubic yards of material were removed from the landfill.  
(Tetra Tech 2006) 
 
1.2.3.20 Remedial Investigation/Feasibility Study of Remedial Action 

Unit 3 
In 2004, Parsons Infrastructure and Technology Group conducted a remedial 
investigation/feasibility study (RI/FS) for the Corps of RAU3, which was any 
area where military munitions may have come to be located.  The purpose of the 
RI/FS was to document and present munitions and explosives of concern (MEC); 
site characterization processes and findings; development of appropriate MEC 
risk assessment methods and results; develop MEC remediation levels; 
identification and screening of various cleanup actions; and rationale for selection 
of proposed cleanup action(s) for the different areas investigated.  A total of six 
alternatives for cleanup were developed during this investigation.  The cleanup 
alternative, or remedy, recommended for each area investigated was based on the 
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specific characteristics of the area.  The alternatives were as follows (Parsons 
2004): 
 Alternative 1 – No Further Action:  No cleanup action would be 

implemented to reduce the potential explosive safety risk posed by different 
areas located within Camp Bonneville.  This alternative, if implemented, 
would involve the continued use of the areas in their current condition. 

 Alternative 2 – Institutional Controls:  Institutional Controls (ICs) are 
measures undertaken to limit public exposure to residual explosives materials 
at Camp Bonneville.  These preventive measures may include educational 
awareness and training programs, legally enforceable restrictions on future 
land use, and physical access controls. 

 Alternative 3 - Surface Clearance with Institutional Controls:  Surface 
clearance would require clearance of MEC items located on the ground 
surface.  Prior to performing any MEC clearance activities at the site, control 
points would be established by a land surveyor for the areas that would 
undergo surface clearance.  UXO-qualified personnel would perform a 
magnetometer-assisted surface sweep to locate metallic objects.  The sweep 
would be performed in fixed width intervals.  During the surface sweep, 
metallic objects located on the ground surface would be identified as either 
benign metallic scrap or MEC items and removed. 

 Alternative 4 - Clearance to Frost Depth (14 inches) with Institutional 
Controls:  Clearance to frost depth would require clearance of MEC items 
located on the ground surface and within 14 inches bgs.  Clearance to the 
published frost penetration depth of 14 inches was determined to be necessary 
due to the potential for frost heave to push buried items at or above this depth 
to the surface.  Based on the minimal amount of UXO recovered to date, all 
being less than 18 inches bgs, it was anticipated that the majority of remaining 
UXO at the site was within this frost depth interval.  During MEC clearance 
activities at the site, control points would be established by a land surveyor for 
the areas that would undergo surface clearance.  Brush clearing crews would 
clear sufficient undergrowth so that the MEC clearance crews could 
adequately perform their work. The brush clearance crews would be 
accompanied by UXO-qualified safety personnel. 

 Alternative 5 - Subsurface Clearance with Institutional Controls:  
Subsurface clearance would require clearance of MEC items to a specified 
depth based on the projected end use of the site and the resulting potential for 
exposure to MEC.  Under this alternative, each anomaly would be intrusively 
investigated until the anomaly was identified or until the site-specific risk-
based specified depth was reached.  Implementation of this alternative would 
involve land surveying and brush clearing operations.  This alternative would 
also involve a magnetometer-assisted surface sweep to remove all surface 
clutter which includes benign metallic scrap items and MEC items.  The 
surface sweep would be performed by experienced UXO-qualified personnel.   

 Alternative 6 – Subsurface Clearance and Restoration:  Subsurface 
clearance and restoration would require excavation of the complete area in 
order to remove all metallic and MEC items located at the area.  Under this 
alternative, prior to excavating any site soils all existing vegetation, including 
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tree cover, would be cleared.  No geophysical survey would be performed for 
this alternative.  All the soils located at the site would be excavated to a depth 
of 10 feet and would be sifted to identify MEC items for proper disposal 
(based on the reuse of the site as being recreational).  The soils free of any 
MEC items would be reused at the site for backfilling the excavations.  As a 
result of the process, this alternative would require extensive repair of all 
ecological damages during the MEC removal action. 

 
The remedy (cleanup alternative) recommended for selection by Parsons for each 
area within RAU3 is discussed in the following subsections along with the 
rationale for making the selection. 
 
1.2.3.20.1  Target Areas 
The five Target areas investigated included the 3.5-inch Rocket Range Target, the 
Rifle Grenade Range Target, the HE Range Target, the M203 HE Range Target, 
and the 2.36-inch Rocket Range Target (Figure 1-34).  Of these areas, the 3.5-
inch Rocket Range Target, the Rifle Grenade Range Target, the HE Range Target, 
and the 2.36-inch Rocket Range Target were deemed to have the highest relative 
explosive safety risk based on the type and likelihood of MEC occurrence.  For 
all areas except the M203 HE Target area, alternative 4 (clearance to frost depth 
and institutional controls) was selected.  For the M203 HE Target Area, 
alternative 2 (institutional controls) was selected.  The clearance action was 
recommended to be conducted in the footprint of each of the target areas.  The 
area and extent of the targets was based upon prior characterization and 
reconnaissance efforts.  It was recommended to begin at the presumed center of 
the areas and proceed outward in a grid-based manner.  The calculated total area 
for the removal action was approximately 10.6 acres and the total area of ICs was 
approximately 14.6 acres (Parsons 2004). 
 
1.2.3.20.2  Central Impact Target Area 
The Central Impact Target Area (CITA) Ordnance and Explosive Area is located 
in the central portion of Camp Bonneville (Figure 1-35) and is comprised of three 
adjacent target areas known as the West Impact Area Car Target 2, Combined 
Impact Area 1, and Combined Impact Area 2.  This CITA was deemed to have a 
high relative explosive risk based on the type and likelihood of MEC occurrence.  
There are no future reuse activities planned for this area.  Alternative 2 
(institutional controls) was selected for this area and included the construction of 
signage to inform the public of previous uses, and land use controls in the form of 
restrictive covenants to prohibit any future development and/or forestry activities 
in the area.  The implementation of this alternative was recommended for the 
footprint of the area for a total of 83 acres (Parsons 2004). 
 
1.2.3.20.3  Open Burn/Open Detonation Areas 
The Open Burn/Open Detonation (OB/OD) MEC source area consists of three 
OB/OD areas known as Demolition Area 1, Demolition Area 2, and Demolition 
Area 3 (Figure 1-36).  A wide range of explosives and ordnance were reportedly 
disposed of in the OB/OD areas.  Demolition Area 1 is a low future reuse area as 
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it is located in the proposed Wildlife Management Area.  Demolition Area 2 is a 
high future reuse area since Clark County is proposing a “Logging Camp” for this 
area.  Intrusive activities may be conducted in the logging camp.  Demolition 
Area 3 is a medium future reuse area as it is near to the planned Environmental 
Study Area.   
 
No subsurface clearance cleanup was recommended for Demolition Area 1 since 
it is co-located with Landfill 4 and the entire 2.5 acre footprint had been removed.  
Alternative 5 (subsurface clearance with institutional controls) was recommended 
for Demolition Areas 2 and 3 because it would eliminate substantially all of the 
explosive exposure risk.  In addition, Alternative 3 was recommended as a “buffer 
area” surrounding all three OB/OD areas to address the potential from kick-out 
(which is the unintended dispersal of explosives during disposal activities and/or 
the inadvertent release of submunitions).  The subsurface clearance was 
recommended to be performed in a 300-foot by 300-foot grid centered over the 
Demolition Areas 2 and 3.  The removal was proposed to begin in the center and 
proceed outward in a grid-based manner.  The total area of subsurface clearance 
for Demolition Areas 2 and 3 was estimated to be two acres each for a total of 
four acres (Parsons 2004).   
 
1.2.3.20.4  Firing Points 
The Firing Points MEC source area consist of six mortar firing positions, seven 
artillery firing positions, one rifle grenade range firing point, one 3.5-inch rocket 
range firing point, and one M20340-mm HE range (Figure 1-37).  These areas 
have a medium relative explosive safety risk based on the type and likelihood of 
MEC occurrence.  The firing points are accessible based on their proximity to 
roads and trails.  The activities proposed for future reuse are surficial and non-
intrusive.  Alternative 2 (institutional controls) was selected for these areas 
because it would substantially eliminate the explosive exposure risk.  The 
implementation of institutional controls would also provide the necessary public 
awareness of the former military use of the site to park visitors.  The clearance 
action would be conducted in the footprint of each of the firing points.  Although 
Alternative 2 does not include clearance actions, they were recommended for the 
firing points in addition to Alternative 2.  The total area for the removal would be 
approximately 19 acres (Parsons 2004). 
 
1.2.3.20.5  Training Areas 
One training area (the M203 Practice Range co-located with the Mortar Practice 
Range) was determined to pose a potential MEC risk.  Alternative 2 (institutional 
controls) was determined to be appropriate for this area.  No further information 
regarding the recommendations for the implementation of this alternative in this 
area is provided in the report (Parsons 2004). 
 
1.2.3.20.6  Range Safety Fans 
The Range Safety Fans (RSF) Ordnance and Explosive (OE) area consists of a 
total of 16 range safety fans associated with each of the 16 Firing Point Locations.  
The majority of Camp Bonneville is overlain by one or more RSFs.  The RSFs are 
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designed to contain those single event items that fall at some distance from their 
intended targets.  The likelihood of encountering UXO in an RSF is negligible, 
because of the infrequency of historical artillery firing practices and the large size 
of the RSFs.  The report indicates that most of the proposed future reuse of the 
areas is considered low, except those areas that overlie a High Reuse Intensity 
Area.  For these areas, Alternative 5 (subsurface clearance with institutional 
controls) was selected (Parsons 2004). 
 
1.2.3.20.7  Storage Magazine/Transfer Points 
The solitary Storage Magazine/Transfer Point MEC source is Building 2950 
(Figure 1-38), consisting of three bunkers located approximately 1,000 feet 
northeast of the Bonneville cantonment.  The likelihood of any non-deployed 
military munitions in this area is remote; therefore, it has a low relative explosive 
safety risk.  Alternative 2 (institutional controls) was selected for this area 
(Parsons 2004). 
 
1.2.3.20.8  Maneuver Areas 
The Maneuver Areas MEC sources are those areas that were not specifically 
identified as troop training areas.  Maneuver Areas overlay the vast majority of 
the site and included the roads and trails, bivouac, and maneuver areas, including 
the Camp Killpack and Bonneville cantonments.  These areas were determined to 
have a very low relative explosive safety risk.  Alternative 2 (institutional 
controls) was selected to remediate these areas (Parsons 2004). 
 
1.2.3.20.9  Central Impact Target Area 
The Central Impact Area is approximately 458 acres and comprised of the 83 acre 
CITA and 375 acres of associated RSFs.  The area is fenced with a three-strand 
barbed wire fence encircling the entire area.  Additionally, signage warning of the 
potential danger to trespassers is in place.  People are not expected to venture into 
this area due to the fencing, signage, and steep terrain; therefore, the number of 
potential human receptors was determined to be negligible.  Alternative 2 (ICs) 
was determined appropriate for remediation in this area (Parsons 2004). 
 
1.2.3.20.10 Roads and Trails 
There are approximately 46 miles of roads and trails throughout the site, of which 
25 miles are located within the proposed Regional Park (Figure 1-39).  The roads 
and trails have the same munitions related historical use and characteristics as the 
Maneuver Areas.  The roads and trails have a low relative explosive safety risk.  
Alternative 4 (clearance to frost depth and institutional controls) was determined 
to be the most appropriate remediation.  The clearance was recommended to 
include geophysical mapping of roads and trails.  Area-specific institutional 
controls that were recommended included signs along the roads and trails to 
inform the public about past military use of the site (Parsons 2004).   
 
1.2.3.20.11 High Intensity Reuse Areas 
Areas of the proposed Regional Park that are High Intensity Reuse Areas 
comprise approximately 210 acres.  It was assumed that the future visitors would 



 
 

1.  Project Management 
 

 
10:\STARTDOC\10030010\S1325 1-47 

conduct a wide range of recreational and educational activities within the 
footprint of the High Intensity Reuse Areas.  Alternative 5 (subsurface clearance 
with institutional controls) was selected as the best remediation method for these 
areas, with some locations being cleared to 14 inches and some to 4 feet.  The 
total area estimated for conducting the 14-inch clearance is approximately 160 
acres.  The area estimated for requiring the 4-foot clearance is approximately 50 
acres and includes the following proposed future uses within the park: Rustic 
Retreat Future Expansion, Logging Camp, Tent and Yurt Camping sites, and an 
estimated additional 5 acres for other construction areas (Parsons 2004). 
 
1.2.3.20.12 High-Accessible Medium Intensity Reuse Areas 
Areas of the proposed Regional Park that are High-Accessible Medium Intensity 
Reuse Areas comprise those areas that are located between the High Intensity 
Reuse Areas, have a gentle topographic slope and low vegetative cover, and 
therefore provide the opportunity to draw people together for informal 
recreational activities.  These areas cover approximately 180 acres along the 
Lacamas Creek valley floor.  Alternative 4 (clearance to frost depth and 
institutional controls) was selected for remediation efforts in these locations.  The 
clearance action was recommended to be conducted in the footprint of the High-
Accessible Medium Intensity Reuse Areas.  The total area for conducting the 
clearance is approximately 180 acres (Parsons 2004). 
 
1.2.3.20.13 Remaining Medium Reuse Intensity Areas 
The remaining Medium Reuse Intensity Areas of the proposed Regional Park 
consist of those areas that are located between specific designated reuse areas, 
and do not have the high accessibility characteristics of gentle slope and low 
vegetation.  These remaining Medium Reuse Intensity Areas comprise 
approximately 770 acres.  Alternative 2 (institutional controls) was selected for 
these areas, including signage that would serve to inform visitors of the past 
military history of the site (Parsons 2004).  
 
1.2.3.20.14 Wildlife Management Area 
The Wildlife Management Area is comprised of approximately 2,000 acres in the 
eastern portion of the site and includes the Washington State Department of 
Natural Resources (DNR) leased lands (Figure 1-9).  The Wildlife Management 
Area does not include the Central Impact Area nor the roads and trails located in 
the Wildlife Management Area.  The majority of the Wildlife Management Area 
was used as maneuver areas and, therefore, has a low relative explosive safety 
risk.  Alternative 2 (ICs) was recommended for remediation in this area 
(Parsons 2004). 
 
1.2.3.21 Cultural and Historical Resources Protection Plan 
In November 2006, Michael Baker Jr. Inc. (Baker) prepared a cultural and 
historical resources protection plan for the BCRRT.  The goals and objectives of 
the protection plan included protecting and preserving the cultural resources at the 
site; implementation of cultural resource preservation as a regular component of 
site planning; identification of procedures to follow in the event that conservation 
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actions have the potential to adversely affect cultural resources; and ensure that 
the identification of previously unidentified cultural resources at the site is 
comprehensive and consistent with state and federal regulations.  The Cowlitz 
Indian Tribe declared the presence of a series of historic and prehistoric Indian 
villages, burial ground, and trails on or near the site that are considered sacred 
ground.  The Cultural and Historical Resources Protection Plan indicated that any 
actions in these areas would not be endorsed by the Cowlitz Indian Tribe to take 
place without consultation with the tribe.  The plan also concluded that the 
buildings associated with the Camp Bonneville and Killpack cantonments were 
not eligible for listing in the National Register of Historical Places (Baker 2006c). 
 
1.2.3.22 Remedial Investigation Demolition Areas 2 and 3 
In 2006, Baker conducted a remedial investigation (RI) at Demolition Areas 2 and 
3 for the BCRRT.  The purpose of the remedial investigation was to determine the 
presence or absence of contamination in ground water discharging from Camp 
Bonneville at the base’s boundary and at locations downgradient from Demolition 
Areas 2 and 3; to determine the presence or absence of contamination in ground 
water in the vicinity of Demolition Areas 2 and 3; to determine the presence or 
absence of soil contamination in Demolition Areas 2 and 3; and to determine the 
geologic/hydrogeologic conditions in the investigation areas (Figure 1-40).  To 
meet these stated objectives, the investigation included the installation and 
sampling of 16 monitoring wells located in three areas and soil sampling in 
Demolition Areas 2 and 3.  Three wells were installed in the shallow 
alluvium/weathered bedrock in a line normal to the direction of flow from 
Demolition Area 2 (Figure 1-41).  One well pair (shallow and deep) and three 
shallow wells were installed at four compass points surrounding the Demolition 
Area 3 crater (Figure 1-42).  In addition, four well pairs (shallow and deep) were 
installed in a transect across the Lacamas Creek valley near the boundary of 
Camp Bonneville and downgradient of Demolition Area 3 (Figure 1-43).  Surface 
and subsurface soil samples were collected from Demolition Areas 2 and 3 (Baker 
2006b). 
 
1.2.3.22.1  Demolition Area 2 
The ground water from three shallow wells in Demolition Area 2 were sampled 
and analyzed for explosives, perchlorate, total and dissolved metals, and water 
quality parameters [chloride sulfate, total alkalinity, dissolved organic carbon 
(DOC), nitrite/nitrates as nitrogen, TOC and total suspended solids (TSS)].  
Additionally, five soil samples at the ground surface, two feet bgs, and five feet 
bgs were collected (one from the center of DA 2 and one each from 
approximately 100 feet north, south, east, and west of the center) and were 
submitted for analysis of explosives, perchlorate, and metals.  Sample results 
were compared to MTCA Method A cleanup levels for residential land use, 
MCLs, and EPA PRGs (Baker 2006b). 
 
No explosives, perchlorate, or total and dissolved metals were detected at 
concentrations at or above the regulatory criteria in the ground water samples.  No 
explosives or perchlorate were present in the soil samples above the reporting 
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limit.  Arsenic was detected at concentrations that exceeded the regulatory criteria 
in all 15 of the soil samples; however, they were below the background 
concentration established for Clark County, Washington (Baker 2006b).   
 
1.2.3.22.2  Demolition Area 3 
Five wells were installed in this demolition area, four shallow and one deep.  
Ground water samples were analyzed for explosives, perchlorate, total and 
dissolved metals, and the same water quality parameters as stated in the previous 
subsection.  Soil samples were collected during the drilling of wells in Demolition 
Area 3.  The soil samples were collected at the ground surface and at depths of 
two feet, five feet, and 15 feet bgs; however, the 15 foot interval was not sampled 
in one of the monitoring wells.  Soil samples were analyzed for explosives, 
perchlorate, and total metals.  Sample results were compared to MTCA Method A 
cleanup levels for residential land use, MCLs, and EPA PRGs (Baker 2006b). 
 
No explosives or total metals were detected at concentrations at or above the 
regulatory criteria in the ground water samples.  Perchlorate and nitrate were 
detected above the regulatory criteria in one of the wells.  As perchlorate may 
produce a false negative, additional samples were collected and submitted to two 
different laboratories for reanalysis.  These analyses did not indicate the presence 
of perchlorate or nitrate above the regulatory criteria.  It was determined that the 
initial analysis had reported a “false positive”.  Results for the soil samples did 
not indicate the presence of explosives, perchlorate, or metals at concentrations 
above the regulatory criteria (Baker 2006b).   
 
In addition, four well pairs (shallow and deep) were installed in a transect across 
the Lacamas Creek valley near the boundary of Camp Bonneville and 
downgradient of Demolition Area 3.  Sample results did not indicate the presence 
of any metals or perchlorate at concentrations that exceeded the regulatory 
criteria. 
 
During the RI, an area where corroded drums and shell debris had been 
encountered was excavated.  Samples were collected from the sidewalls and 
bottom of the excavation area.  The samples were analyzed for explosives, 
perchlorate, and picric acid.  None of these constituents were detected in the 
excavation samples.  (Baker 2006b) 
 
1.2.3.22.3  Remedial Investigation Conclusions and 

Recommendations 
The constituents detected in ground water and soils in Demolition Areas 2 and 3 
were deemed to be present at “relatively low concentrations that do not pose a 
threat to human health or the environment”.  It was recommended that Demolition 
Areas 2 and 3 be considered for no further action (Baker 2006b). 
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1.2.3.23 Remedial Investigation/Feasibility Study – Small Arms 
Ranges 

In 2006, Baker conducted an RI/FS for 17 small arms ranges at Camp Bonneville 
for the BCRRT.  The RI was conducted to characterize soils at 17 Small Arms 
Ranges in order to provide data upon which to base decisions for further actions.  
Based on the results of the RI, the feasibility study (FS) was conducted to identify 
and evaluate cleanup action alternatives and select a cleanup action for the Small 
Arms Ranges (Baker 2006a). 
 
Surface soil samples were collected from half-acre grids across the Small Arms 
Ranges.  All range samples were analyzed for lead by EPA Method 7420.  A total 
of 307 half-acre plots were samples.  Each of the grids consisted of five grab soil 
sample collected from 0 to 6 inches bgs.  Samples were collected from near the 
center of each grid and at 40 feet from the center of four compass points.  A total 
of 1,535 soil samples were collected from the grids.  At ten of the Small Arms 
Range grid locations, ten samples were randomly selected from the range soils 
and analyzed for Priority Pollutant Metals by EPA Method 6010B (Baker 2006a). 
 
For ranges where the firing line had been determined, a muzzle blast zone was 
designated as a strip in front of and parallel to the firing line.  Samples were 
collected along the strip at approximately 30-foot intervals and within 10 feet of 
the firing line.  These samples were analyzed for explosive residues including 
picric acid and PETN by EPA Method 8330 Modified.  Twenty soil samples were 
collected and analyzed to identify the background levels of lead in the soil by 
EPA Method 6010.  The soil samples collected from the Small Arms Ranges were 
compared to MTCA Method A cleanup criteria.  Sample results indicated the 
presence of lead above the regulatory cleanup level at 14 of the 17 ranges.  
Approximately 12 percent of the samples collected had concentrations that 
exceeded the cleanup criteria.  None of the samples collected from the muzzle 
blast zone contained concentrations of explosive residues at concentrations that 
exceeded the EPA Region 9 PRGs (there are no established MTCA criteria for 
explosive residues; Baker 2006a). 
 
As part of the investigation, five remedial alternatives were developed.  The 
alternatives included no further action (Alternative 1), implementation of 
institutional controls such as signage (Alternative 2), capping (Alternative 3), 
consolidation and capping (Alternative 4), and excavation and off-site disposal or 
recycling (Alternative 5).  Alternative 5 was recommended as the most permanent 
solution for the contaminated soils at the Small Arms Ranges (Baker 2006a). 
 
1.2.3.24 Soil and Sediment Investigation – Artillery/Mortar Firing 

Points, Artillery/Mortar Impact Areas, and “Pop-up” Pond 
In October 2007, Baker conducted a soil and sediment investigation of the 
artillery/mortar firing point, the artillery/mortar impact areas, and the “pop-up” 
pond for BCRRT.  The report generated as an outcome of this work was reviewed 
by Ecology.  The objectives of the artillery points and target areas were to 
determine the presence or absence of explosive constituents in surficial soil and to 
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determine the likelihood that these contaminants are impacting site ground water.  
The objective of the “pop-up” pond was to determine the presence or absence of 
lead in sediments within the pond for the purpose of determining if cleanup 
actions are necessary.  The pop-up pond was used in the 1970s for live-fire 
training with 30- and 50-caliber weapons in an automated pop-up target course.   
 
A total of 435 soil samples were collected from 15 firing points.  The samples 
were analyzed for explosives by EPA Method SW-8330.  Additionally, the 
samples from the 3.5-inch Rocket Range Firing Point were analyzed for 
perchlorate by EPA Method 314.0.  The sample results were compared to MTCA 
Method A, and when no value for a constituent was available, then the results 
were compared to the EPA Region 3 RBCs.  No analytes were detected at 
concentrations that exceeded the regulatory criteria for any of the soil samples.  
Based on the samples results, a determination of “No Further Action” was 
recommended for all of the artillery/mortar firing points and the artillery/mortar 
impact areas sampled. 
 
A total of 10 sediment samples were collected from the pop-up pond.  The 
samples were analyzed for lead by EPA Method SW-846 6010.  The sample 
results were compared to the MTCA Screening Level for the Ecological Indicator 
Soil Concentrations for protection of Terrestrial Plants and Animals.  Lead was 
detected above instrument detection limits in all 10 of the samples; however, only 
one sample’s result exceeded the most conservative screening criteria.  Based on 
the sample results, a determination of “No Further Action” was recommended for 
the pop-up pond. 
 
1.2.3.25 Environmental Study Area Interim Action 
In November 2007 and February 2008, an interim action was performed in the 
Environmental Study Area.   The objectives of the action were to locate and 
remove MEC and MD.  During the action, a total of four MEC items (all 3-inch 
Stokes mortars, fired and unfuzed) were identified and demilitarized.  The MEC 
were disposed of by detonation.  A total of 32 MD findings were recorded and 
were relocated to on-site storage to be consolidated with other MD found at the 
site for future disposal.  During the MEC surface clearance activities, several 
items were discovered that indicated the presence of a former homestead.  These 
items were collected and submitted to the Clark County staff archeologist.  
(BCRRT 2009c) 
 
1.2.3.26 Public Health Assessment 
In 2008, the Agency for Toxic Substances and Disease Registry (ATSDR) 
completed a public health assessment for the site as a result of a public petition.  
As part of the assessment, ATSDR met with the petitioner and community 
members.  Based on these meetings, ten areas of concern were identified.  These 
concerns are presented in the Public Health Assessment report for the Camp 
Bonneville Military Reservation prepared by ATSDR and are discussed below: 
 Concern 1 – Potential physical hazards from exposure to UXO 
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The Public Health Assessment states “UXO is present on Camp 
Bonneville.  However, there are several factors that limit the public’s 
access to the ordnance, including the location of the UXO, fences with 
warning signs, and UXO removal.  Despite these efforts there is a small 
potential for people to encounter UXO.  Therefore, it is very important to 
educate those who visit the future regional park about the dangers posed 
by UXO.”  (ATSDR 2008) 

 Concern 2 – Exposure to soil and ground water contamination for 
residents living within the Artillery Impact Fan and Range Safety Fan 
areas 

The Public Health Assessment states “There was some discrepancy 
regarding the location of range safety fans at Camp Bonneville.  Current 
maps do not show safety fan areas extending beyond Camp Bonneville’s 
property line.  However, older maps show safety fans extending offsite 
onto the property of residents living to the east of Camp Bonneville.  
Understandably, this has caused confusion and concern for the residents 
neighboring Camp Bonneville to the east.  According to the WDOE, the 
historical maps showing range safety fans extending offsite contain 
cartographical errors and the safety fans never extended offsite.  
Therefore, there are no residents living within the Artillery Impact Fan 
and Range Safety Fan areas.  In addition those residents to the east of 
Camp Bonneville are upgradient of any known ground water 
contamination.”  (ATSDR 2008) 

 Concern 3 – Exposure to ground water contamination (specifically, 
perchlorate and RDX plumes) 

The Public Health Assessment states “Ground water was sampled from 18 
sites at Camp Bonneville.  The only area found to contain ground water 
contamination was Landfill 4.  The plume at Landfill 4 contains RDX, 
perchlorate, and 1,1,-dichloroethene.  However, no one is drinking water 
from this area.  Therefore, exposure to ground water contamination is an 
incomplete pathway.”  (ATSDR 2008) 

 Concern 4 – Exposure to contaminated soil (specifically, at the sewage 
pond/lagoon areas and the small arms firing areas) 

The Public Health Assessment states “Soil at the Former Sewage Pond 
and Landfill 2 was sampled in 1998.  None of the contaminants were 
detected at levels of health concern.  People are not being exposed to the 
soil at the CITA because the area is fenced.  Further, remediation is being 
conducted to remove soil containing elevated levels of lead around the 
former targets at the small arms firing ranges.”  (ATSDR 2008) 
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 Concern 5 – Exposure to surface water and sediment contamination in 
Lacamas Creek, Lacamas Lake, and the Columbia River 

The Public Health Assessment states “In 1998, a surface water 
investigation was conducted on Lacamas Creek and its tributaries at Camp 
Bonneville.  The investigation concluded that, in general, site activities 
have not impacted the water quality of Lacamas Creek.  Due to limited use 
of the creek and the minimal contamination found, ATSDR does not 
expect harmful health effects to result from exposure to surface water and 
sediment in Lacamas Creek.”  (ATSDR 2008) 

 Concern 6 – Exposure to runoff water and standing rainwater, 
particularly near the Open Burn/Open Detonation sites 

The Public Health Assessment states “Even though standing water is 
sometimes seen in and around the Open Burn/Open Detonation (OB/OD) 
sites, exposure to it would be short-term and infrequent.  Further, soil, 
ground water, and surface water at the OB/OD sites have been sampled 
and no chemicals were detected at levels of health concern.”  (ATSDR 
2008) 

 Concern 7 – Inhalation exposure to agents used during past chemical 
warfare testing and training activities 

The Public Health Assessment states “CS gas was the only chemical 
warfare agent used during training.  It decomposes quickly and has no 
persistent metabolites.  Therefore, ATSDR does not expect that past 
inhalation exposure to CS gas occurred off site.  Further, the building and 
soil surrounding the gas chambers were sampled and no residual 
hazardous substances were detected.”  (ATSDR 2008) 

 Concern 8 – Hunting and eating wildlife on Camp Bonneville 
The Public Health Assessment states “Hunting may have occurred on 
Camp Bonneville in the past, but is not expected to occur currently or in 
the future.  Because of the lack of site data, it is indeterminate whether 
eating wildlife from Camp Bonneville in the past is expected to have 
caused harmful health effects.  However, based on studies conducted at 
Army ammunition plants, it is unlikely that the wildlife at Camp 
Bonneville would have accumulated harmful levels of contaminants.”  
(ATSDR 2008) 

 Concern 9 – Early property transfer as a public regional camping facility 
and potential exposures to future site users 

The Public Health Assessment states “Camp Bonneville was transferred 
from DOD to Clark County, Washington in October 2006, prior to the 
completion of environmental cleanup (i.e., early transfer).  BCRRT is 
responsible for continuing the cleanup of Camp Bonneville, with oversight 
by Ecology.  The redevelopment or reuse of the facility is not likely to 
contribute to any existing release or threatened release, interfere with any 
remedial actions, or increase health risks at or in the vicinity of the site.”  
(ATSDR 2008) 

 Concern 10 – Fire response and suppression at Camp Bonneville 
The Public Health Assessment states “Even though UXO is present on 
Camp Bonneville, the Washington State Department of Natural Resources 
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will respond to wildfires at the property in close coordination with 
BCRRT.  There may be some areas (e.g., the CITA) that are too dangerous 
for fire fighters to enter, however, in those cases, the fires will be carefully 
monitored and other methods of fire suppression may be employed.”  
(ATSDR 2008) 

 
Based on the health evaluation of each of these concerns, the recommendations by 
ATSDR state: 
 “ATSDR recommends that Clark County educate future visitors to the 

regional park about the appearance of UXO and what to do if they encounter 
it.  It should be emphasized that UXO should never be handled.” 

 “ATSDR recommends that ground water in the vicinity of ground water 
contamination at Landfill 4 not be used for drinking water in the future, and 
that ground water monitoring in the area continue.  ATSDR also recommends 
continued monitoring of sentinel wells to prevent contamination of off-site 
drinking water wells.” 

 “Because hunting was not recommended as a future use of Camp Bonneville 
in the reuse plan, ATSDR recommends that “No Hunting” signs be posted on 
the Camp Bonneville property.” 

 “ATSDR does not recommend firing ranges as a future use in the regional 
park.”  (ATSDR 2008) 

 
1.2.3.27 RI/FS for Remedial Action Unit 3 
In 2008, BCRRT prepared an RI/FS for RAU 3.  The report deals exclusively 
with explosives safety of MEC resulting from prior actions at the site.  As part of 
this investigation, a total of 207 MEC sampling grids, covering approximately 40 
acres, were geophysically mapped and sampled.  During previous investigations, 
over 2,400 acres of the site had been characterized for the presence of MEC-
related activities including all of the known and suspected MEC source sites; all 
of the proposed regional park reuse areas; all of the existing trails and roads, and 
the entire 1,200-acre area of the proposed future regional park.  (BCRRT 2008) 
 
The RI/FS subdivided the MEC concerns into eight Remedial Work Areas 
(RWAs) requiring MEC surface and/or subsurface clearance cleanup.  The RWAs 
are depicted on Figure 1-44 and include: 
 Target Areas; 
 CITA targets and Non-Target Zone; 
 OB/OD areas; 
 Firing Points; 
 Roads and Trails; 
 Central Valley Floor (CVF); 
 Regional Park Western Slopes Area; and 
 Wildlife Management Area. 

  
Five cleanup action alternatives were evaluated for each of the MEC source types 
and proposed reuse areas: 
 ICs; 
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 Surface clearance with ICs; 
 Clearance to frost depth (14 inches) with ICs; 
 Subsurface clearance (24 to 48 inches) with ICs; and 
 Excavation and Restoration. 

 
The recommended cleanup actions presented were based on the potential degree 
to which a MEC source and receptor interaction was likely to occur.  A 
remediated MEC site generally means that a site is cleaned to a point that the 
likelihood for MEC source and receptor interaction is negligible.  For each of the 
site types, a preferred alternative was selected as the most “practicable permanent 
solution” to reduce the explosive hazard.  The cleanup actions recommended are 
as follows: 
 Target Areas – Frost depth clearance; 
 Firing Points – Subsurface clearance; 
 OB/OD Areas – Surface clearance (approximately 5 acres at each area); 
 High Intensity Reuse Areas – Subsurface clearance and frost depth 

clearance depending on the proposed future reuse; and 
 Medium Intensity Reuse Areas – Confirmatory investigation via surface 

clearance transects. 
 
In addition to clearance activities, site-specific ICs consisting of signage and/or 
fencing were recommended. 
 
1.2.3.28 EPA Preliminary Assessment 
In 2009, EPA conducted a Preliminary Assessment (PA) of the Camp Bonneville 
site.  The PA was conducted under the authority of the Comprehensive 
Environmental Response, Compensation and Liability Act of 1980 (CERCLA) as 
amended by the Superfund Amendments and Reauthorization Act of 1986 
(SARA).  During the PA, historical documents were reviewed, a site visit was 
conducted, and a PA report was prepared.  The objectives of the PA were to 
determine if the site was releasing or has the potential to release hazardous 
substances into the environment; identify potential public health and/or 
environmental threats posed by the site; assess the need for additional 
investigation and/or response action; and determine the potential for placement of 
the site on the National Priorities List (NPL).  Based on the review of available 
information and an evaluation of migration pathways and receptors, further 
investigation of the site was recommended. (E & E 2010) 
 
1.2.3.29 Remedial Action Unit 3 Supplemental RI/FS 
In May 2009, BCRRT prepared a supplemental RI/FS for RAU 3 
(BCRRT 2009b).  The Supplemental RI/FS addresses the additional MEC and 
MD findings since the RI/FS was finalized in 2008.  During the MEC and MD 
removal, new remedial work areas were discovered.  The discovery of these 
additional work areas resulted in either changing the area’s classification and 
associated MEC cleanup requirements, or identifying additional areas requiring 
MEC cleanup.  The cleanup actions for the newly discovered areas included: 
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 MEC subsurface clearance for the entire CVF and associated wetlands 
(previously designated as the Accessible High and Medium Intensity 
Reuse Area in the Final RI/FS).  This decision was based on the 
determination that the CVF and associated wetlands are an extensively 
used direct and indirect fire weapon target area, and an extensively used 
training area due to the number of subsurface anomalies and surface MEC 
and MD discovered.  The MEC and MD discovered are depicted on Figure 
1-44 and include: 

o Stokes Mortar Target Area; 
o MEC Disposal Area (burial pit); 
o OB/OD Area; 
o 37-mm Artillery Stokes Mortar Target Area; 
o Rifle Grenade Target Area; and 
o 2.36-inch Rocket Target Area near the Former Sewage Lagoons. 

 MEC surface clearance, access limitations based on steep slopes, and ICs 
are being required for the Regional Park Western Slopes Area.  The 
Western Slopes had been designated as the Limited Access Medium 
Intensity Reuse in the Final RI/FS. 

 Expansion of the CITA fence line northward to encompass an additional 
107 acres believed to have been impacted by artillery and mortar firing. 

 MEC surface clearance of Demolition Area 1/Landfill 4 kick-out area 
encompassing 104 acres. 

 
This work has not been conducted as yet.  A Cleanup Action Plan (CAP) has been 
prepared and submitted for public review.  The final CAP describes details and 
next steps for cleanup within each of the RAU-3 RWAs and includes MEC and 
MD findings to date; accessibility, reuse, and hazard ranking considerations; 
cleanup action evaluation and selection; and the recommended cleanup action(s).  
 
1.2.4 Migration/Exposure Pathways and Targets 
This subsection discusses the ground water migration, the surface water 
migration, the soil exposure, and the air migration pathways and potential targets 
within the site’s range of influence (Figures 1-45 and 1-46). 
 
1.2.4.1 Ground Water Migration Pathway 
The target distance limit (TDL) for the ground water migration pathway is a 4-
mile radius that extends from the sources at the site.  Figure 1-45 depicts the 
ground water 4-mile TDL. 
 
1.2.4.1.1 Geologic Setting 
Camp Bonneville lies within the Willamette Lowland portion of the Willamette 
Valley and Puget Sound Physiographic Province.  The Willamette Lowland lies 
between the Cascade Mountains to the east and the Coast Range to the west.  The 
Willamette Valley is part of an elongate alluvial plain whose elevation is near sea 
level in Portland, Oregon and at the Columbia River.  
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Camp Bonneville is located along the eastern edge of the Willamette Lowland 
near the foothills of the Cascade Mountains.  The U.S. Geological Survey 
published a geologic map of the Lacamas Creek 7.5-minute quadrangle in 2006 
(Evarts 2006).  This map provides a more detailed description of the geology in 
the Camp Bonneville area.  The following geologic units are present at Camp 
Bonneville in order from oldest to youngest: Basaltic Andesite of the Elkhorn 
Mountain, Sandy River Mudstone, Lower (Conglomerate) member of the 
Troutdale Formation, Landslide Deposits, and Alluvial Sediments. 
 
The geologic history of the area includes the accretion of a submarine oceanic 
island archipelago (Orr and Orr 1999) as evidenced through the presence of 
Oligocene age tholeiitic basaltic andesite and basalt flows and flow breccia 
(Basaltic Andesite of Elkhorn Mountain; Evarts 2006).  The Basaltic Andesite of 
the Elkhorn Mountain unit is present as bedrock throughout Camp Bonneville.  
The uppermost bedrock is severely weathered as characterized by clay-rich 
materials described in boring logs from throughout the site.   
 
The Sandy River Mudstone unconformably overlies the basaltic andesite and was 
formed when the Portland Basin was a lake fed by the ancestral Columbia and 
Willamette Rivers (Orr and Orr 1999; Evarts 2006).  The mudstone is 
characterized in boring logs from throughout Camp Bonneville by clayey siltstone 
and fine-grained sandstone.  At Camp Bonneville, the Sandy River Mudstone is 
present in a small valley that extends between Camp Killpack and Camp 
Bonneville cantonments (Figure 1-3; BCRRT 2009a).   
 
The Troutdale Formation is the result of deposition of western flowing streams 
that crossed the Cascade Range; including the ancestral Columbia River.  An 
older conglomerate member of the Troutdale Formation is present along the west 
- southwest portion of Camp Bonneville (Evarts 2006).  In addition, a remnant of 
the conglomerate is present in the Landfill 4/Demolition Area 1.  At Camp 
Bonneville, the conglomerate is deeply weathered.  It is described as a weakly to 
moderately cemented pebble and cobble conglomerate with lenses of coarse 
sandstone (BCRRT 2009a).   
 
Recent alluvium and landslide deposits are present along Lacamas Creek, East 
Fork Lacamas Creek, North Fork Lacamas Creek, and David Creek (Evarts 
2006).  The alluvial deposits consist of unconsolidated silt, sand, and gravel.  
Well-rounded quartzite pebbles from the Troutdale Formation are present in these 
deposits (BCRRT 2009a).  Recent landslide deposits consist of diamictons of 
bedrock and surficial material that has been transported downslope.  These 
landslide deposits are located in areas of steep bedrock terrain and appear to be 
the result of failed weathered, clay-rich, flow breccias (BCRRT 2009a). 
 
1.2.4.1.2 Aquifer System 
Camp Bonneville lies within the Portland Basin portion of the Willamette 
Lowland Aquifer System.  The Portland Basin is bounded to the east by the 
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Cascade Mountains, to the north by the Lewis River, and to the west by the Coast 
Range.   
 
The Basaltic Andesite of the Elkhorn Mountain unit generally has little capacity 
to store or transmit water.  Where water is present, it is located at the soil/rock 
interface or in fractured zones within the rock (McFarland and Morgan 1996).  At 
Camp Bonneville this unit is not considered to be a productive aquifer with some 
exceptions where potable water has been encountered in fracture zones. 
 
The Sandy River Mudstone is a low permeability unit.  As described in the 
Geology section above, this unit is only present in a small valley that extends 
between Camp Killpack and Camp Bonneville cantonments.  It is not present at 
Landfill 4/Demolition Area 1. 
 
The Troutdale Conglomerates generally are considered excellent water-bearing 
units and commonly serve as water sources for municipal, industrial, and 
irrigation supplies (McFarland and Morgan 1996).  In 2006, EPA designated the 
Troutdale aquifer a sole-source aquifer in the Clark County, Washington area.  
This aquifer system provides approximately 99 percent of the available drinking 
water to the residents living over it.  No other drinking water sources are available 
that would be economically feasible to supply these residents (EPA 2006).   At 
Camp Bonneville the Conglomerate Member of the Troutdale Formation is 
present along the west - southwest portion of Camp Bonneville (Evarts 2006).  In 
addition, a remnant of the conglomerate is present in the Landfill 4/Demolition 
Area 1.  The remnant is disconnected/isolated from the Troutdale Conglomerate 
located at the west – southwest property line of Camp Bonneville.  The remnant 
was most likely isolated from the rest of the unit to the west - southwest by the 
downcutting of Lacamas Creek.  Camp Bonneville lies within the Streamflow 
Source Area of the Troutdale Aquifer.  The Streamflow Source Area is defined by 
EPA as “the upstream headwaters area of streams that flow into the recharge area 
of the aquifer” (EPA 2006). 
 
Movement of ground water in the Portland Basin is primarily controlled by 
topography (Morgan and McFarland 1996).  Topography also appears to control 
ground water flow at Camp Bonneville (BCRRT 2009a).  Ground water typically 
discharges to Lacamas Creek and its tributaries.  However, EPA has described 
ground water pumping in the Lacamas Creek watershed that has resulted in a 
lowering of the potentiometric surface.  This lowering of ground water levels has 
resulted in losing reaches of Lacamas Creek and its tributaries (EPA 2006). 
 
1.2.4.1.3  Troutdale and Unconsolidated Alluvium Aquifer System 

Sole Source Aquifer Designation 
In November 2005, a petition was submitted to EPA to designate the Troutdale 
and Unconsolidated Alluvium Aquifer as a sole source of drinking water in the 
area of Clark County, Washington.  The petitioners included: Columbia 
Riverkeeper, Rosemere Neighborhood Association, and eight independent Clark 
County citizens.   
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The Sole Source Aquifer Program is authorized by the Safe Drinking Water Act 
of 1974.  EPA defines a sole or principal source aquifer as “an aquifer or aquifer 
system which supplies at least 50 percent of the drinking water consumed in the 
area overlying the aquifer, and for which there is no alternative source or 
combination of alternative drinking water sources which could physically, legally, 
and economically supply those dependent upon the aquifer.  For convenience, all 
EPA designated sole or principal source aquifer systems are often referred to 
simply as “sole source aquifers”. 
 
The aquifer system boundaries that were originally petitioned were slightly 
extended in the south, east, and northern sections of the area as recommended by 
EPA during their review of the petition.  The final boundaries are presented in 
Figure 1-47.  The Columbia River forms the southern and western boundaries of 
the Troutdale aquifer system.  The northern boundary follows the North Fork of 
the Lewis River from its confluence with the Columbia River, east to the 
confluence of Cedar Creek.  Cedar Creek is used as the northeast boundary 
between the Troutdale unit and the older rocks unit, and the creek also most likely 
acts as a local ground water divide for the upper parts of the aquifer system.  The 
aquifer boundary follows Cedar Creek east where the boundary turns southeast 
and follows the mapped geologic contact between the Troutdale Formation and 
the older rock unit.  The eastern boundary follows the geologic contact south to 
the Little Washougal River, then follows the Little Washougal River to its 
confluence with the Washougal River.  The boundary then follows the Washougal 
River south to Woodburn Hill, where it turns northwest and follows the geologic 
contact along a small outcrop of the older rocks unit.  The boundary follows the 
geologic contact through the City of Camas, and meets the Columbia River.  In 
the northern part of the area, the aquifer system boundary is drawn around Bald 
Mountain, which is excluded from the aquifer system because it is composed of 
the older rocks unit (EPA 2006). 
 
Based on the information included in the petition and findings during its review, 
the EPA concluded “A sole source aquifer system must supply at least 50 percent 
of the drinking water consumed within the natural boundaries of the aquifer 
system, and there can be no economically or legally available alternative source 
that could supply the entire population living in the area.  The Troutdale Aquifer 
System supplies over 99% of the drinking water to people living in the petitioned 
area, and there are no economical and legally available alternative sources of 
water.  The political and legal constraints on available water supplies in the area 
cause even potentially adequate volumes to be unattainable within any reasonable 
timeframe.  Given these conditions, the Troutdale Aquifer System meets the 
criteria or EPA designation as a sole or principle source aquifer under Section 
1424(e) of the Safe Drinking Water Act.” (EPA 2006) 
 
1.2.4.1.4 On-Site Ground Water Monitoring 
Twenty-seven monitoring wells exist at Camp Bonneville.  Of these 27 wells, 19 
are currently monitored.  Monitoring wells at Demolition Area 2 and Demolition 
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Area 3 are no longer sampled after previous quarters sampling events resulted in 
no exceedances of MTCA cleanup levels for site contaminants of concern.  The 
majority of these wells are located in the valley that follows Lacamas Creek 
through Camp Bonneville (Central Valley).  As described in Ground Water 
Sampling and Analysis Report for Camp Bonneville for the 4th quarter of 2006 
(PBS 2007), the following wells are currently monitored at the site: 
 Base Boundary at Lacamas Creek 

o Paired wells:  LC-MW01S and LC-MW01D 
o Paired wells:  LC-MW02S and LC-MW02D 
o Paired wells:  LC-MW03S and LC-MW03D 
o Paired wells:  LC-MW04S and LC-MW04D 

 Landfill 4/Open Burning/Demolition Area 1 (A – shallow, B – deep) 
o Paired wells:  L4-MW01A and L4-MW01B 
o Paired wells:  L4-MW02A and L4-MW02B 
o Paired wells:  L4-MW03A and L4-MW03B 
o L4-MW04A 
o L4-MW05A 
o L4-MW07B 
o L4-MW17 (bedrock) 
o L4-MW18 (alluvium) 

 
Quarterly ground water sampling at Camp Bonneville includes well depth data as 
well as static water-level data in each monitoring well.  In addition, ground water 
samples collected from Base Boundary at Lacamas Creek monitoring wells are 
analyzed for: 
 
Field measurements (pH, specific conductance, temperature, and total dissolved 
solids), TPH-Gx (gasoline), TPH-Dx (diesel), VOCs, SVOCs, explosive 
compounds [including HMX, RDX, NG, and PETN], picric acid, perchlorate, 
priority pollutant metals (total and dissolved), TOC, DOC, TSS, alkalinity, and 
inorganic ions. 
 
Ground water samples collected from Landfill 4/Open Burning/Demolition Area 
1 monitoring wells are analyzed for: 
 
Field measurements (pH, specific conductance, temperature, and total dissolved 
solids), VOCs, explosive compounds (including HMX, RDX, NG, and PETN), 
and perchlorate.  
 
Based on the quarterly monitoring report (PBS 2007) for Base Boundary wells at 
Lacamas Creek, metals concentrations have decreased over the period of 
monitoring.  Petroleum hydrocarbons have not been detected in any samples over 
the period of monitoring with the exception of a single detection of diesel range 
petroleum hydrocarbons (0.14 milligrams per liter in January 2006).  Perchlorate 
concentration trends in ground water samples has been variable despite Interim 
Removal Actions that have occurred at Landfill 4/Open Burning/Demolition Area 
1. 
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Based on the 4th quarter 2006 monitoring report (PBS 2007), depth to ground 
water in the area of Landfill 4/Demolition Area 1 ranged from approximately 11 
to 30.8 feet (note: all depths to ground water are described from top of casing 
rather than the land surface).  Depth to ground water in monitoring well 
L4-MW07B located downstream of the landfill was approximately 30.32 feet.  
Depth to ground water in monitoring wells L4-MW17 and L4-MW18, along 
North Fork Lacamas Creek at the base of the stream ravine and downgradient of 
Landfill 4/Demolition Area 1 was 9.63 feet and 10.14 feet, respectively. 
 
1.2.4.1.5 Drinking Water Targets 
Approximately 9,627 people use ground water for drinking water purposes within 
the 4-mile TDL.  A combination of Group A and Group B community water 
systems; and domestic wells are present.  The Washington Administrative Code 
(WAC) defines the group designation for community water systems.  The 
definitions as provided by the Washington state Department of Health are: 

Group A:  (WAC 246-290) Group A water systems are those with fifteen or 
more service connections, regardless of the number of people; or systems 
serving an average of twenty-five or more people per day for sixty or more 
days within a calendar year, regardless of the number of service connections.  
Group A water systems do not include systems serving fewer than fifteen 
single-family residences, regardless of the number of people. 
Group B: (WAC 246-291) Group B water systems serve less than 15 
residential connections and less than 25 people per day; or 25 or more people 
per day fewer than 60 days per year.  Group B water systems are those public 
water systems that do not meet the definition of a Group A water system. 
 

DOH maintains records of all active public water systems.  Public water systems, 
regardless of group designation, indicate the total number of wells in the system, 
number of connections, and total population served.  A search of the DOH Sentry 
Internet database revealed the presence of 18 Group A community wells serving a 
total population of 830 people and 182 Group B community wells serving a total 
population of 1,083 people (WDOH 2009).   
 
Domestic drinking water well logs are maintained by Ecology.  A search of the 
Ecology well log database revealed the presence of a total of 3,269 domestic 
wells within the 4-mile TDL.  Domestic wells do not record the actual number of 
people served by each well; therefore, each well is assigned the average number 
of people per household for Clark County, Washington of 2.36 for a total 
population served by domestic wells of 7,715 people (DOC 2001; Ecology 2009).  
Population figures were rounded the neared whole integer for reporting purposes.  
The number of drinking water wells and associated population within the 4-mile 
TDL by distance ring is presented in Table 1-3. 
 
Given the surrounding land use, it is assumed that ground water is used for the 
irrigation of commercial livestock within the TDL.  A wellhead protection area is 
present within the 4-mile TDL. 
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1.2.4.2 Surface Water Migration Pathway 
The surface water migration pathway TDL begins at the probable point of entry 
(PPE) of surface water runoff from the site to a surface water body and extends 
downstream for 15 miles.  Figure 1-46 depicts the surface water migration TDL. 
 
The average annual precipitation for Vancouver, Washington is 39.48 inches 
(WRCC 2009).  The 2-year 24-hour rainfall event for Vancouver, Washington is 
2.5 inches (NOAA 1973).  Portions of the site are located in a 100 year flood 
plain (FEMA 1991). 
 
Soils at the site consist of Hesson clay loam (0 to 8 percent slopes) and McBee 
silty clay loam (0 to 3 percent slopes).  The Hesson clay loam is the predominant 
soil type in the county.  In a typical soil profile, the surface layer is a reddish-
brown clay loam approximately 8 inches thick.  The subsurface layer is dark 
reddish-brown clay loam approximately 4 inches thick.  Below this layer is 
friable, dark reddish-brown clay loam approximately 10 inches thick.  The next 
layer to a depth of approximately 91 inches is reddish-brown clay.  The Hesson 
clay loam is well drained and has moderately slow permeability.  The McBee clay 
loam occurs on depressions that are sometimes subject to flooding from nearby 
streams.  In a typical profile, the surface layer is a silty clay loam approximately 
11 inches thick.  It is very dark brown in the upper portion and dark brown lower 
portion.  The next layer is approximately 41 inches thick and is comprised as 
follows:  10 inches of friable very dark reddish-brown silty clay loam; 11 inches 
of firm dark brown silty clay loam and the lower 20 inches is firm grayish-brown 
and dark yellowish-brown silty clay loam.  The underlying material to a depth of 
approximately 65 inches is gray and brown clay.  The McBee silty clay loam is 
somewhat poorly drained and moderately permeable (USDA 1972). 
 
1.2.4.2.1 Overland Route 
Overland flow from sources at the site enters Lacamas Creek in the central valley 
floor.  Lacamas Creek exits the site in the southwest corner of the post and flows 
for approximately 12.61 miles (through Lacamas Lake) to its confluence with the 
Washougal River, and then continues approximately 1.43 miles downstream to 
the confluence with the Columbia River.  The 15-mile TDL concludes 
approximately 0.96 miles downstream in the Columbia River.  Flow rates are not 
available for Lacamas Creek or Lacamas Lake.  The flow rate for the Washougal 
River as measured at Washougal, Washington (near the confluence of Lacamas 
Creek and the Washougal River) is 800.5 cubic feet per second (cfs) and the flow 
rate for the Columbia River at Vancouver, Washington is reported to be 215,900 
cfs (USGS 2009).  Flow rates for Lacamas Creek and Lacamas Lake are estimated 
to be between 10 and 100 cfs. 
 
1.2.4.2.2 Drinking Water Targets 
Surface water is not used for drinking water purposes within the TDL.  The 
Columbia River is a major recreation area. 
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1.2.4.2.3 Human Food Chain Targets 
Two artificial impoundments on Lacamas Creek were created to support a trout 
sports fishery (WC 1997).  These impoundments are no longer fished; however, 
they were actively used when the site was in operation.  Fish catch is not reported 
for Lacamas Creek or Lacamas Lake; however, it was reported that these water 
bodies are known fishing locations for human consumption (Reynolds 2009).  It is 
estimated that greater than 1 to 100 pounds of fish are caught annually from the 
creek or the lake for human consumption.  Fishing is not known, nor expected, to 
occur above Lacamas Lake due to the presence of a dam which does not contain 
fish ladders to allow the passage of fish from the lake to the creek. 
  
The most current sport catch data are from 2000 to 2001 (WDFW 2005).  Fishing 
is reported for the entire Washougal River, of which approximately 1 percent lies 
within the TDL.  Fish catch data is presented in numbers of fish caught; therefore, 
the average weight of each fish is used to determine the pounds of fish caught 
within the TDL.  The total pounds of each fish species is then multiplied by 1% to 
determine the pounds of fish caught within the TDL.  Fish catch for the Columbia 
River is reported from the Bonneville Dam to the Columbia River, of which 
approximately 0.5% is within the TDL.  The same process for determining 
pounds of fish within the TDL as discussed above is used here.  Fish catch data is 
presented in Table 1-4.  In this table, fish catch estimates have been rounded to 
the nearest whole number. 
 
1.2.4.2.4 Environmental Targets 
State and Federal-listed threatened and endangered species are present within the 
TDL.  The Federal-listed threatened Lower Columbia River Evolutionarily 
Significant Unit (ESU) Steelhead (Oncorhynchus mykiss), the Lower Columbia 
River ESU Chinook salmon (Oncorhynchus tshawytscha), and the Lower 
Columbia River ESU Chum salmon (Oncorhynchus keta) are present within 
Lacamas Creek, the Washougal River, and the Columbia River.  The Federal-
listed endangered Bradshaw’s Lomatium (Lomatium bradshawii) is present 
within Lacamas Creek.  Additionally, the State-listed threatened Dense Sedge 
(Carex densa), Hall’s aster (Aster hallii), the Oregon coyote thistle (Eryngium 
petiolatum), and the Western Wahoo (Euonymus occidentalis) are present on 
Lacamas Creek (Maguire 2009).  Table 1-5 provides a summary of the 
environmental targets within the TDL.  
 
A total of 15.81 miles of wetland frontage are present along the TDL (Maguire 
2009).  Wetland frontages by surface water body within the TDL are as follows: 
 Lacamas Creek – 15.08 miles (of which 6.84 miles are within the boundaries 

of the site); 
 Washougal River – 0.61 mile, and 
 Columbia River – 0.12 mile. 
 
In 1998, Hart Crowser performed a limited surface water investigation of 
Lacamas Creek and its tributaries.  A total of six surface water samples (HC-H1 
though HC-H5 and HC-D1) and one blind duplicate sample (HC-D10) were 
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collected during the investigation.  Five samples were collected from near the 
headwaters of various tributaries to Lacamas Creek near their entry points to the 
post to determine concentrations upstream of the post:  sample HC-H1 was 
collected from East Fork Lacamas Creek, sample HC-H2 was collected from an 
unnamed tributary to David Creek, sample HC-H3 was collected from David 
Creek, sample HC-H4 was collected from North Fork Lacamas Creek, and sample 
HC-H5 was collected from an unnamed tributary to the North Fork Lacamas 
Creek (see Figure 1-8).  Samples HC-H1 through HC-H5 were composited at the 
laboratory into one sample.  One sample was collected from Lacamas Creek 
downstream of the post (HC-D1) just before the creek exits the post.  Sample 
results indicate that the dissolved metal barium and the total metals arsenic, 
barium, cadmium, chromium, copper, silver, and zinc were detected at 
concentrations above the composited up-post sample concentrations.  (HC 1998) 
 
Based on sample results from this investigation, a zone of actual contamination is 
present along Lacamas Creek within the boundaries of the site. 
 
1.2.4.3 Soil Exposure Pathway 
The soil exposure pathway is evaluated based on the threat to resident and nearby 
populations from soil contamination within the first two feet of the surface. 
 
1.2.4.3.1 Site Setting and Exposed Sources 
The site is surrounded by a maintained fence and security.  The current use of the 
site does not include any recreational use.  
 
1.2.4.3.2 Targets 
A total of 2,780 people reside within a 1 mile travel distance of the site (Maguire 
2009).  The nearest residence is located on site.  This residence is populated by 
two people.  A total of between 2 and 30 people work at the site.  Table 1-6 
provides a summary of the population within the TDL. 
 
The site is not used for commercial agriculture, commercial silviculture, 
commercial livestock production, or commercial livestock grazing. 
 
The State-listed endangered Hairy-stemmed checker-mallow (Sidalcea hirtipes) is 
present on site (Maguire 2009). 
 
1.2.4.4 Air Migration Pathway 
The air migration pathway TDL is a 4-mile radius that extends from the sources at 
the site (Figure 1-44). 
 
1.2.4.4.1 Human Targets 
A total of 29,873 people reside within the 4-mile TDL.  The population by 
distance ring is presented in Table 1-6.  Additionally, five schools with a total 
population of students and teachers of 3,319 people are present from 3 to 4 miles 
of the site. 
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Commercial agriculture, commercial silviculture, or a major or designated 
recreation area is not present within the TDL. 
 
1.2.4.4.2 Environmental Targets: 
Federal- and State-listed threatened and endangered species and wetlands are 
present within the 4-mile TDL.  The Federal-listed threatened Lower Columbia 
River ESU Steelhead (Oncorhynchus mykiss), the Lower Columbia River ESU 
Chinook salmon (Oncorhynchus tshawytscha), the Lower Columbia River ESU 
Chum salmon (Oncorhynchus keta), and the Federal-listed endangered 
Bradshaw’s Lomatium (Lomatium bradshawii) are present within the TDL.  
Additionally, the State-listed threatened Dense Sedge (Carex densa), Hall’s aster 
(Aster hallii), the Oregon coyote thistle (Eryngium petiolatum), the Western 
Wahoo (Euonymus occidentalis), the Western Gray Squirrel (Sciurus griseus), 
and the State-listed endangered Hairy-stemmed checker-mallow (Sidalcea 
hirtipes) are present within the TDL (Maguire 2009).  Table 1-5 provides a 
summary of the environmental targets within the TDL. 
 
A total of 1,489.77 acres of wetlands are present within the TDL (Maguire 2009).  
Wetland acreage by distance ring is presented in Table 1-6. 
 
1.2.5 Areas of Potential Contamination 
Sampling under the Camp Bonneville SI will be conducted at and/or surrounding 
those areas considered potential contamination sources and at areas that may have 
been contaminated through the migration of CERCLA-regulated hazardous 
substances from sources on site.  Based on a review of background information, a 
number of areas or features have been identified for inspection under the Camp 
Bonneville SI.  Section 2 of this document includes a discussion of sample 
locations and rationale. 
 
1.3 Project/Task Description and Schedule 
This subsection provides the project description (subsection 1.3.1) and proposed 
schedule (subsection 1.3.2). 
  
1.3.1 Project Description 
This subsection defines the objectives and scope for performing the SI activities 
at Camp Bonneville.  The main goals for the SI activities are as follows: 
 Collect and analyze samples to characterize the potential sources discussed in 

Section 2; 
 Determine potential for off-site migration of contaminants; 
 Provide the EPA with adequate information to determine whether the site is 

eligible for placement on the NPL; 
 Document a threat or potential threat to public health or the environment 

posed by the site; and 
 Install monitoring wells and piezometers near Landfill 4 to fill data gaps 

regarding the perchlorate and RDX plume associated with the landfill. 
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1.3.2 Schedule 
The schedule for implementing the Camp Bonneville SI is intended to be used as 
a guide.  Adjustments to the implementation dates and the estimated project 
duration may be necessary to account for variable unforeseen or unavoidable 
conditions that the field team may encounter.  Examples include inclement 
weather, difficulties in accessing a sampling site, unforeseen site conditions, or 
additional time needed to complete a task.  Significant schedule changes that arise 
in the field will be discussed with the TM at the earliest possible opportunity.  
 
The START-3 will be conducting SI sampling activities in a phased approach.  
Work will be conducted during daylight hours only.  The proposed schedule of 
project work is provided in Table 1-7.  The sampling phases are outlined below.  
Section 2.1.1. of this report provides greater detail, including the number of 
samples and sample depths, for each phase described below.  The installation of 
up to 15 temporary well points along the bank of Lacamas Creek adjacent to 
Landfill 4; installation of up to three hand-installed, permanent monitoring wells; 
collection of ground water samples from existing monitoring wells; collection of 
surface water and sediment samples in Lacamas Creek; and collection of surface 
soil and sediment samples associated with the “pop-up” pond will be conducted in 
two phases as outlined below.  The collection of surface soil samples may be 
conducted as part of the second phase of work or as a separate phase of work.  
The collection of the surface soil samples will be at the discretion of the TM. 
 
The work proposed for Phase I includes: 
 Landfill 4:  Collection of ground water samples from existing monitoring 

wells. 
 Lacamas Creek:  If flow in Lacamas Creek permits, up to 15 temporary 

well points will be installed and sampled in Lacamas Creek and up to 3 
permanent monitoring wells will be installed based on field screening 
results. 

 Background and QA/QC Samples:  Background surface soil, subsurface 
soil, and ground water samples will be collected.  Investigation–derived 
waste samples and rinsate samples from drilling equipment, and will be 
collected. 

 
The work proposed for Phase II includes: 
 Landfill 4:  Ground water samples may be collected from the monitoring 

wells installed during Phase I and from the six existing monitoring wells. 
 Lacamas Creek:  Collection of surface water and sediment samples from 

Lacamas Creek.  If monitoring wells could not be installed during Phase I 
then they will be installed and sampled during Phase II. 

 Pop-up Pond:  Collection of sediment samples from the perimeter of the 
pond.  Collection of surface soil samples from areas near the pond. 

 Background Samples:  Background ground water, surface water, and 
sediment samples will be collected based on target/source sample media 
types collected during this phase of work.   
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The work proposed for tentative Phase III or in conjunction with Phase II 
includes: 
 Firing Ranges:  Grab surface soil samples will be collected from several 

of the firing points and ranges at the site.  Firing points and ranges will be 
selected for sampling based on, but are not limited to, proximity to surface 
water bodies, past use, and visual observations.  Collection of grab and/or 
multi-increment sampling (MIS) surface soil samples at some of the firing 
ranges. 

 Central Impact Target Area:  Collection of grab and/or MIS surface soil 
samples in the vicinity of the CITA.  

 OB/OD Areas:  Collection of grab and/or MIS surface soil samples from 
the three OB/OD areas. 

 Background and QA/QC Samples:  Background surface soil and MIS 
samples may be collected depending on the type of source samples 
collected.  If MIS samples are collected, rinsate samples will be collected 
from the MIS sampling tool. 

 
1.4 Quality Objectives and Criteria for Measurement Data 
The project data quality objectives (DQOs) are to provide valid data of known 
and documented quality to characterize sources, to determine off-site migration of 
contaminants, to determine whether the site is eligible for placement on the NPL, 
and to document threat(s) or potential threat(s) to public health or the 
environment posed by the site.  The DQO process applied to this project follows 
that described in the document Guidance for the Data Quality Objectives Process 
(EPA 2000).  See subsection 2.5 for a detailed measurement criteria discussion. 
 
1.4.1 DQO Data Categories 
All samples collected under this SQAP will be analyzed using definitive 
analytical methods.  All definitive analytical methods employed for this project 
will be methods approved by the EPA.  The data generated under this project will 
comply with the requirements for this data category as defined in Data Quality 
Objectives Process for Superfund (EPA 2000). 
 
1.4.2 Data Quality Indicators 
Data quality indicators (DQI) representativeness, comparability, completeness, 
precision, and accuracy goals for this project were developed following 
guidelines presented in the EPA Guidance for Quality Assurance Project Plans, 
EPA QA/G-5 (EPA 2002). 
 
The basis for assessing each of the elements of data quality is discussed in the 
following subsections.  Subsection 2.5 presents the QA objectives for 
measurement of analytical data and quality control (QC) guidelines for precision 
and accuracy.  Other DQI goals are included in the individual Standard Operating 
Procedures (SOPs) in Appendix A and in the Laboratory Statement of Work 
(SOW). 
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1.4.2.1 Representativeness 
Representativeness is a measure of the degree to which data accurately and 
precisely represents a population, including a sampling point, a process condition, 
or an environmental condition.  Representativeness is the qualitative term that 
should be evaluated to determine that measurements are made, and physical 
samples collected, at locations and in a manner resulting in characterizing a 
matrix or media.  Subsequently, representativeness is used to ensure that a 
sampled population represents the target population and an aliquot represents a 
sampling unit.  This SQAP will be implemented to establish Representativeness 
for this project.  Further, all sampling procedures detailed in the SQAP will be 
followed to ensure that the data will be representative of the media sampled.  The 
SQAP describes the sample location, sample collection, and handling techniques 
that will be used to avoid contamination or compromise sample integrity, and 
ensure proper chain-of-custody of samples.  Additionally, the sampling design 
presented in the SQAP will ensure that there are a sufficient number of samples 
and level of confidence that analysis of these samples will detect the chemicals of 
concern, if present. 
 
1.4.2.2 Comparability 
Comparability is the qualitative term that expresses the measure of confidence 
that two data sets or batches can contribute to a common analysis and evaluation.  
Comparability with respect to laboratory analyses pertains to method type 
comparison, holding times, stability issues, and aspects of overall analytical 
quantitation.  The following items are evaluated when assessing data 
comparability: 
 Determining if two data sets or batches contain the same set of parameters. 
 Determining if the units used for each data set are convertible to a common 

metric scale. 
 Determining if similar analytical procedures and quality assurance were used 

to collect data for both data sets. 
 Determining if the analytical instruments used for both data sets have 

approximately similar detection levels. 
 Determining if samples within data sets were selected and collected in a 

similar manner. 
 
To ensure comparability of data collected during this investigation to other data 
that may have been or may be collected for each property, standard collection and 
measurement techniques will be used. 
 
1.4.2.3 Completeness 
Completeness is calculated for the aggregation of data for each analyte measured 
for any particular sampling event or other defined set of samples.  Completeness 
is calculated and reported for each method, matrix, and analyte combination.  The 
number of valid results divided by the number of possible individual analyte 
results, expressed as a percentage, determines the completeness of the data set.  
For completeness requirements, valid results are all results not rejected through 
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data validation.  The requirement for completeness is 95% for aqueous samples 
and 90% for soil and sediment samples. 
 
The following formula is used to calculate completeness: 

% completeness =   number of valid results x 100 
        number of possible results 

 
For any instances of samples that could not be analyzed for any reason (holding 
time violations in which resampling and analysis were not possible, samples 
spilled or broken, etc.), the numerator of this calculation becomes the number of 
valid results minus the number of possible results not reported. 
For this investigation, all samples are considered critical.  Therefore standard 
collection (as defined in the sampling SOPs of Appendix A) and measurement 
methods will be used to achieve the completeness goal. 
 
1.2.4.4 Precision 
Precision measures the reproducibility of measurements.  It is strictly defined as 
the degree of mutual agreement among independent measurements as the result of 
repeated application of the same process under similar conditions.  Analytical 
precision is the measurement of the variability associated with duplicate (two) or 
replicate (more than two) analyses.  The laboratory control sample (LCS) 
determines the precision of the analytical method.  If the recoveries of the 
analytes in the LCS are within established control limits, then precision is within 
limits.  In this case, the comparison is not between a sample and a duplicate 
sample analyzed in the same batch.  Rather, the comparison is between the sample 
and samples analyzed in previous batches. 
 
Total precision is the measurement of the variability associated with the entire 
sampling and analysis process.  It is determined by analysis of duplicate or 
replicate field samples and measures variability introduced by both the laboratory 
and field operations.  Field duplicate samples and matrix duplicate spiked samples 
shall be analyzed to assess field and analytical precision, and the precision 
measurement is determined using the relative percent difference (RPD) between 
the duplicate sample results. 
 
The following formula is used to calculate precision: 

RPD = (100) x   (S1 - S2)   
                        (S1 + S2)/2 

where: 
S1 = original sample value 
S2 = duplicate sample value 

 
In general, precision less than or equal to 35% relative percent difference will 
fulfill the DQOs. 
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1.4.2.5 Accuracy 
Accuracy is a statistical measurement of correctness and includes components of 
random error (variability due to imprecision) and systemic error.  It reflects the 
total error associated with a measurement.  A measurement is accurate when the 
value reported does not differ from the true value or known concentration of the 
spike and standard.  Analytical accuracy is measured by comparing the percent 
recovery of analytes spiked into an LCS to a control limit.  For pesticide, PCB, 
volatile, and semivolatile organic compounds, system monitoring compound 
recoveries are also used to assess accuracy and method performance for each 
sample analyzed.  Analysis of performance evaluation (PE) samples may also be 
used to provide additional information for assessing the accuracy of the analytical 
data being produced.  In general, accuracy between 50% and 150% will fulfill the 
DQOs. 
 
1.5 Special Training Requirements/Certification 
No special training requirements or certifications are required for this project 
except for the 40-hour Hazardous Waste Operations and Emergency Response 
class and annual refreshers.  Health and safety procedures for E & E personnel are 
addressed in the E & E site-specific Health and Safety Plan.  This document is 
maintained in E & E’s Seattle office.  Included in the plan are descriptions of 
anticipated chemical and physical hazards, required levels of protection, health 
and safety monitoring requirements and action levels, personal decontamination 
procedures, and emergency procedures.  Safety monitoring for this site will 
include surveying for potential presence of radiation.  Additionally, an EPA-
contracted, certified UXO technician will be present during all sampling 
activities.  The UXO technician will clear all sampling locations prior to sample 
collection.  The guidance for UXO clearing, as provided by the EPA-contractor, 
is located in Appendix B. 
 
1.6 Documentation and Records 
This document is meant to be combined with information presented in E & E’s 
(2005b) Region 10 START-3 Quality Assurance Project Plan.  This information is 
covered by the SOPs found in Appendix A, and the supplemental forms found in 
Appendix C.  A copy of the START QAPP is available in E & E’s Seattle office.  
Standards contained in the SOPs, the START QAPP, and the QMP will be used to 
ensure the validity of data generated by E & E for this project. 
 
Following the completion of field work and the receipt of analytical data, a report 
summarizing project findings will be prepared.  Project files, including work 
plans, reports, analytical data packages, correspondence, chain-of-custody 
documentation, logbooks, corrective action forms, referenced materials, and 
photographs, will be provided to the EPA TM at the close of the project.  Further, 
a CD-ROM deliverable containing the final report will be provided. 
 
E & E will assemble and fully document a digital data set including all project 
sampling, analysis, and observation data.  This digital data will be made available 
in a Microsoft-Access format.   
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E & E will transfer this data set and documentation to EPA, or if requested, to any 
other EPA contractor, and shall ensure that any data transferred is received in an 
uncorrupted, comprehensible, and usable format.  Specific data deliverable 
elements are presented below. 
 
Data 
A summary description of the tables, the sources of information and other 
comments are provided below. 
 
Field-Info 
The field information table contains all sample collection related information.  A 
Microsoft Access application (Sample Information System, SIS) will be used to 
input and store the data.  The SIS provides the user with “smart” data input forms 
that will only allow for the entry of acceptable data field values.  For each 
sampling event, the SIS will be updated to reflect the new samples collected.  
Once entered, the information will be checked and corrected where necessary.  
The table structure is presented below. 

Field Name Type Size Description 
Sample-
Num 

Character 10 Sample Number 

Station Character 10 Station Identifier 
Date Date 8 Sample Date 
Time Numeric 4 Sample Time (24-Hour clock) 
Sampler Character 25 Person Name 
Matrix Character 6 Sample Matrix – (i.e., soil boring, ground water, sediment) 
Water Depth Numeric 5.1 Depth of water as sediment sample 
Description Character 40 Sample Description 
Comments Character 40 Comments 

 
Location 
The location table contains sample location coordinate information.  The sample 
locations will be determined using Trimble Pro-XR GPS units.  E & E personnel 
have been trained and have utilized these units in similar projects. For each day or 
half-day in the field that GPS sample location data is to be collected, the GPS user 
will create a single file that contains the locations of each sample station.  A 
unique station label will be entered for each sample location.  This unique station 
identifier will be used to link the “Location” table with the “Field-Info” table.  
This information will be downloaded from the GPS unit and imported into the 
“Location” table of the Sample Data Management System (SDMS).  All 
locational data for this project will be stored in decimal degrees, and will be 
referenced to the World Geodetic System (WGS) 1984 horizontal datum.  
Differential corrections will be made real-time.  The table structure is presented 
below. 

Field 
Name 

Type Size Description 

Station Character 10 Station Identifier 
X-Coord Numeric 12.6 X-Coordinate, Decimal Degrees 
Y-Coord Numeric 12.6 Y-Coordinate, Decimal Degrees 

 
Lab Analytical 
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The Lab Analytical table will hold all of the sample analysis results provided by 
each laboratory analyzing samples.  The integrity of each data file received from 
the labs will be checked and verified.  Once the files are received, they will be 
appended into the SDMS Lab Analytical table.  The “Sample-num” field will be 
used to link the “Lab Analytical” table with the “Field-Info” table.  The table 
structure is presented below. 

Field Name Type Size Description 
Sample-num Characte

r 
10 Sample Number 

Lab-id Characte
r 

10 Laboratory Sample Identifier 

Method Characte
r 

25 Analytical Method Used 

L-Matrix Characte
r 

10 Laboratory Matrix 

Cas-num Characte
r 

15 Chemical Abstracts  

Analyte Characte
r 

40 Analyte Name 

Result Numeric 12.6 Analysis Result 
Qual Characte

r 
6 Sample qualifier 

Quantitation-
Limit 

Numeric 12.6 Sample quantitation limit 

Units Characte
r 

10 Results unit 

Date Date 8 Date analyzed 
Lab Characte

r 
40 Lab name 

 
For any Geographic Information Systems (GIS) produced maps, E & E shall 
provide the maps to EPA in hard copy and digital image (i.e. JPEG) formats. 
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Measurement/Data Acquisition 
 
 
 
 
2.1 Sampling Process Design (Experimental Design) 
During the Camp Bonneville SI, samples will be collected from locations or 
features considered potential contamination sources, from selected potential 
hazardous substance migration pathways, and from potential targets in those 
pathways.  The locations or features to be sampled have been determined based 
on information derived from a review of background data and interviews with site 
representatives and regulatory agencies.  Table 2-1 provides information 
regarding the sampling design rationale and whether the measurement is 
considered critical or noncritical. 
 
At the time of sampling, site-specific conditions (e.g., topography or visual 
evidence of contamination) will be evaluated and incorporated, when applicable, 
into the placement of sampling locations.  Other conditions potentially 
contributing to deviations from the projected sampling locations include new 
observations or information obtained in the field that warrants an altered sampling 
approach, or difficulty in reaching a desired soil sampling depth caused by high-
density soil, obstructions, or limited access to a sampling location.  Significant 
deviations from the planned sampling locations or number of samples to be 
collected will be discussed with the EPA TM before implementation and will be 
documented on a Sample Plan Alteration Form (SPAF-Appendix D).  Every 
attempt will be made to collect representative samples with the equipment being 
used. 
 
Care will be taken for the protection of cultural/historical resources and will 
include: 
 Protection of surface water bodies including streams, ponds, and wetlands by 

conducting clearing and excavation activities within specified buffer zones 
around these resources with hand tools and by implementing other appropriate 
measures to eliminate, minimize, or mitigate the impact of the sampling 
actions on these resources; and 

 Implementation of specified measures to prevent erosion and sediment 
impacts on surface water bodies where and when excavation or other soil 
disturbing activities are necessary to implement this sampling investigation. 

 
This subsection will describe sample locations (subsection 2.1.1), the GPS 
(subsection 2.1.2), logistics (subsection 2.1.3), cooler return (subsection 2.1.4), 
and coordination with federal, state, and local authorities (subsection 2.1.5). 
 

2 
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2.1.1 Sample Locations 
Sample locations will be selected to achieve the objectives discussed in 
subsection 1.3.1.  Samples will be submitted for nitroaromatics and nitroamines 
(EPA Method SW-846 8330B), perchlorate (EPA Method SW-846 6860 or 332), 
and Metals (EPA SW-846 6010).  Additionally, samples will be field-screened for 
perchlorate using the modified Corps screening method for perchlorate.  Table 2-
2 presents the types of samples, analytical methods, specific requirements for 
sample container size and type, sample preservation and holding times, special 
handling requirements for samples, and the number of QA/QC samples expected 
to be collected at the site.   
 
A summary of sampling locations and rationale is provided below: 
 
Phase I and II Sampling Events -  
Potential Sources: 
Landfill 4:  A perchlorate and RDX plume is present at Landfill 4.  In order to 
determine if the perchlorate and RDX plume is impacting Lacamas Creek, 
shallow ground water and soil samples will be collected.  Shallow ground water 
samples will be collected by installing up to 15 temporary well points 
approximately every 100 feet along the eastern bank of Lacamas Creek between 
monitoring well L4-MW7B and the bridge north of Landfill 4 (Figure 2-1).  
Water samples collected from the temporary well points will be field screened for 
perchlorate.  Locations of up to three hand-installed, permanent monitoring wells 
will be determined based upon field screening analytical results of ground water 
and subsurface soil (discussed below) samples.  The newly installed permanent 
monitoring wells also will be field screened for perchlorate.  The screening level 
for perchlorate at the site is 15 g/L, which is the Interim Drinking Water Health 
Advisory Level.  This is based on the recommendations of the National Research 
Council (NRC) of the National Academies as reported in the “Health Implications 
of Perchlorate Ingestions” (NRC 2005).  The NRC recommended, and EPA 
adopted, a reference does of 0.7 g/kg/day (EPA 2008a).  Sample aliquots will be 
collected from all temporary well points and newly installed permanent 
monitoring wells for off-site fixed laboratory analysis of perchlorate (EPA 
Method SW-846 6860 or 332), nitroaromatics and nitroamines (EPA Method SW-
846 8330B) SVOCs (EPA Method SW-8270), VOCs (EPA Method SW-8260), 
and metals (EPA Method SW-846 6010).   
 
One subsurface soil sample will be collected prior to and adjacent to each 
temporary well point.  The subsurface hand augured borings will be advanced to 
ground water, this depth to ground water information will be used to determine 
the depth for the temporary well points.  The subsurface soil samples will be field 
screened for perchlorate using a modified Army Corps of Engineers method.  
Additionally, each subsurface soil sample will be submitted for off-site fixed 
laboratory analysis of perchlorate (EPA Method SW-846 6860 or 332), 
nitroaromatics and nitroamines (EPA Method SW-846 8330B), SVOCs (EPA 
Method SW-8270), VOCs (EPA Method SW-8260), and metals (EPA Method 
SW-846 6010).   



 
 

2.  Measurement/Data Acquisition 
 

 
10:\STARTDOC\10030010\S1325 2-3 

 
Installing temporary well points and hand-installed, permanent monitoring wells 
will take place during Phase I.  Additionally, select existing monitoring wells at 
Landfill 4 will be sampled.  These samples will be analyzed for the same 
parameters as ground water samples from the newly installed temporary well 
points and hand-installed, permanent monitoring wells.  During Phase II, ground 
water samples will be collected from the newly installed permanent monitoring 
wells and also from the same existing monitoring wells sampled for Phase I.  
These Phase II samples will analyzed for the same parameters as the Phase I 
samples.  The following existing wells have been selected for sampling during 
Phase I and Phase II: 

 L4-MW02A; 
 L4-MW02B; 
 L4-MW03A; 
 L4-MW03B; 
 L4-MW04A; 
 L4-MW05A; 
 L4-MW06A; 
 L4-MW17; and 
 L4-MW18. 

 
 Pop-up Pond:  A “pop-up” pond is present west of the CITA.  Although this 

source has been previously sampled, the samples were not analyzed for all 
constituents of concern with regard to the site.  A total of 15 sediment samples 
will be collected from the perimeter of the pond.  Up to 15 surface soil 
samples will be collected from areas near the pond.  The surface soil and 
sediment samples will be submitted for off-site fixed laboratory analysis of 
perchlorate (EPA Method SW-846 6860 or 332), nitroaromatics and 
nitroamines (EPA Method SW-846 8330B), SVOCs (EPA Method SW-8270),  
VOCs (EPA Method SW-8260), and metals (EPA Method SW-846 6010).  
These samples will be collected during Phase II. 

 
Potential Targets: 
 Lacamas Creek and North Fork Lacamas Creek:  North Fork Lacamas 

Creek flows adjacent to Landfill 4 for approximately 1 mile to its confluence 
with East Fork Lacamas Creek.  At the point where these two forks converge 
is the origin of Lacamas Creek which flows through the site for approximately 
4 miles.  It is possible that contamination from site sources is flowing 
overland and impacting Lacamas Creek.  Wetlands are present on both 
riverbanks along the entire length of Lacamas Creek within the boundaries of 
the site.  The proposed sample locations for this creek are presented on 
Figure 2-2.  Samples will be collected from the most downstream location and 
working towards the landfill.  Three sediment samples will be collected from 
one mile increments downstream from the site boundary.  These samples will 
be collected from areas that are publically accessible.  Co-located surface 
water/sediment sample sets will be collected from every mile on Lacamas 
Creek within the boundaries of the site (a total of 6 sample sets), in addition, 
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sediment samples will be collected every ¼ mile within the boundaries of the 
site (a total of 8 samples).  It is possible that sources of contamination are 
impacting Lacamas Creek from David Creek, Buck Creek, and East Fork 
Lacamas Creek.  Sediment samples will be collected on these creeks 
immediately upstream of the confluence with Lacamas Creek and from 
Lacamas Creek both immediately upstream and immediately downstream of 
the confluence with these creeks and Lacamas Creek (total of 9 sediment 
samples).  Co-located surface water/sediment sample sets will be collected 
from North Fork Lacamas Creek near Landfill 4 to the convergence with 
Lacamas Creek (6 sample sets).  If easily determinable, up to ten probable 
points of entry sediment samples will be collected from Lacamas Creek or its 
tributaries.  The samples will be analyzed for perchlorate (EPA Method SW-
846 6860 or 332), nitroaromatics and nitroamines (EPA Method SW-846 
8330B), SVOCs (EPA Method SW-8270), VOCs (EPA Method SW-8260), 
and metals (EPA Method SW-846 6010).  Additionally, the surface water 
samples will be analyzed for dissolved metals in order to compare results to 
surface water benchmarks.  Based on the EPA CLP Samplers Guide (EPA 
2009a) each individual inorganic water sample may be analyzed for total 
metals or dissolved metals, but not both. Therefore, water samples collected 
for total metal and dissolved metal analyses from the same sampling location 
must be assigned separate (unique) CLP Sample Numbers.  These samples 
will be collected during Phase II. 

 
In addition, five temporary monitoring wells will be installed in the bed of 
Lacamas Creek near Landfill 4.  These monitoring wells are intended to 
sample ground water discharging to the creek with limited dilution by surface 
water.  Field-screening results from upland borings/monitoring wells will be 
used for determining the best placement of monitoring wells in the stream 
with the intent of intersecting the most likely ground water discharge 
locations from the Landfill 4 contaminant plume.  Because these monitoring 
wells are being installed in the creek bed, they will be installed by hand.  The 
depth of the monitoring wells is estimated to be approximately 5 feet bgs.  If 
possible, the wells will be installed during the same time-frame as Landfill 4 
monitoring well installation during Phase I.  If heavy stream flow in Lacamas 
Creek prevents installation, the wells will be installed in during Phase II.  The 
samples will be analyzed for perchlorate (EPA Method SW-846 6860 or 332), 
nitroaromatics and nitroamines (EPA Method SW-846 8330B), SVOCs (EPA 
Method SW-8270), VOCs (EPA Method SW-8260), and metals (EPA Method 
SW-846 6010). 
 

Background: 
 Subsurface Soil:  Subsurface soil sample will be collected outside of the 

influence of Landfill 4.  The subsurface soil samples will be collected from 
the same intervals from which source subsurface soil samples were collected.  
These background sample will be collected during Phase I.  Up to two soil 
intervals will be sampled. 
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 Surface Water/Sediment:  One surface water/sediment sample set will be 
collected from North Fork Lacamas Creek upgradient of Landfill 4, one from 
David Creek, one from Buck Creek, and one from wetlands upgradient of site 
sources (if wetlands samples are collected on Lacamas Creek).  Locations of 
background samples are presented on Figure 2-2.  These samples will be 
collected during Phase II. 

 Surface Soil:  One surface soil sample will be collected from an area outside 
the influence of site sources.  The location of the sample will be determined in 
the field. 

 Ground Water:  Existing monitoring wells L4-MW01A and L4-MW01B at 
Landfill 4 will be used as the background wells.  The location of these wells is 
presented on Figure 2-1.  Additionally, one temporary well point will be 
installed near  Lacamas Creek above Landfill 4 at a background location.  
These background ground water samples will be collected during Phase I and 
Phase II.  Only the existing background monitoring wells will be sampled 
during Phase II. 

 
QA/QC Samples: 
 Rinsate:  One sample will be collected from decontaminated well points and 

hand auger equipment.  The samples will be analyzed for metals, perchlorate, 
nitroaromatics and nitroamines, and SVOCs, and VOCs.  This sample will be 
collected during Phase I. 

 Investigation-Derived Waste:  One sample will be collected from the  
decontamination water used to decontaminate temporary well points and hand 
augers.  This sample will be collected for purposes of characterizing the waste 
for disposal.  The sample will be analyzed for metals, perchlorate, 
nitroaromatics and nitroamines, SVOCs, and VOCs.  This sample will be 
collected during Phase I. 

 Trip Blanks:  One sample per VOC cooler will be collected.  The samples 
will consist of deionized water.  The samples will be analyzed for VOCs.  It is 
estimated that seven trip blank samples will be collected during both Phase I 
and Phase II. 

 
Proposed Future Soil Sampling Event:  Additional samples may be collected as 
a part of the Phase II sampling event or as an individual Phase III sampling event.  
This sampling event will consist of surface soil sample collection at additional 
potential sources may be conducted at a yet to be determined future date.  If this 
phase of work is initiated, an amendment to this SQAP will be submitted that will 
outline in greater detail the number and types of samples to be collected.  
Potential Phase III source areas are presented on Figure 2-3 and briefly discussed 
below. 
 OB/OD Areas:  There are three OB/OD areas at the site.  It is possible that 

residual contamination is present at these areas.  Grab surface soil samples 
may be collected from each of these areas.  Based on samples results, MIS 
samples may be collected from some or all of these areas.  The samples will 
be analyzed for nitroaromatics and nitroamines, SVOCs, and metals.  MIS 
samples, if collected, would be analyzed for the same constituents.   
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 Central Impact Target Area:  The CITA is a known source of deposited 
munitions, some of which may be unexploded.  A total of 15 surface soil 
samples may be collected from the perimeter of the CITA at locations where 
overland flow from the CITA is anticipated to enter the East Fork Lacamas 
Creek and David Creek.  Due to the high density of UXO in the CITA, the 
samples will be collected from the perimeter of the CITA and not from within 
the fenced area of the CITA.  The samples would be analyzed for 
nitroaromatics and nitroamines, SVOCs, and metals. 

 Firing Ranges:  There are 31 firing ranges and/or points that are awaiting 
remediation.  Grab surface soil samples may be collected from several of 
these firing points and ranges.  Firing points and ranges will be selected for 
sampling based on, but are not limited to, proximity to surface water bodies, 
past use, and visual observations.  The samples would be analyzed for 
nitroaromatics and nitroamines, SVOCs, and metals.  Based on samples 
results, MIS may be collected from some or all of these areas.  The analysis 
for the MIS samples, if collected, will be analyzed for SVOCs and metals.   

 Background:  One background grab surface soil sample will be collected 
from an area outside of the influence of site sources.  Further, if MIS sampling 
is conducted, one background MIS sample will be collected from an area 
outside of the influence of site sources.  Specific background sample locations 
will be determined in the future. 

 QA/QC Samples:  If MIS sampling is conducted, then two rinsate samples 
will be collected from the MIST™ sampling tool (see Section 2.2.1 below for 
a discussion of sampling equipment to be used). 

 
2.1.2 Global Positioning System 
GPS units with data loggers will be used to identify the location coordinates of 
every sample collected, as well as to delineate the boundaries of the potential 
source areas.  GPS coordinates will be provided in the final Camp Bonneville SI 
report as an appendix.  If real-time coordinates cannot be obtained for the site, the 
START-3 will obtain differential correction data from a local source prior to the 
start of the survey in order to improve the survey resolution. 
 
2.1.3 Logistics 
The Camp Bonneville site is accessible by NE Pluss Road.  Field equipment will 
be transported with the field team.  Access to the property will be obtained by the 
EPA Task Monitor. 
 
Sample aliquots collected for fixed laboratory analysis will be delivered to the 
EPA Region 10 laboratory or an alternative laboratory as directed by the EPA.  
All fixed-laboratory samples will be shipped every other day by commercial 
carrier for express delivery.  Sample control and shipping are discussed in 
subsection 2.3. 
 
2.1.4 Cooler Return 
For laboratories other than the EPA MEL, E & E will provide completed air bills 
accompanied by plastic envelopes with adhesive backs and address labels in the 
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chain-of-custody bags taped to the inside of the cooler lids so the laboratory can 
return the coolers to E & E.  The air bills will contain the following notation: 
Transportation is for the United States Environmental Protection Agency, and the 
total actual transportation charges paid to the carrier(s) by the consignor or 
consignee shall be reimbursed by the Government, pursuant to cost 
reimbursement contract number EP-S7-06-02.  This notation will enable the 
laboratories to return the sample coolers to E & E’s warehouse.  The air bills will 
be marked for second-day economy service and will contain the appropriate TDD 
number for shipment. 
 
For the EPA MEL or commercial laboratories, an arrangement by E & E for 
cooler return in this manner is not required. 
 
2.1.5 Coordination with Federal, State, and Local Authorities 
The START-3 will keep the EPA TM informed of field event progress and issues 
that may affect the schedule or outcome of the SI, will discuss problems 
encountered, will inform the EPA of unusual contacts with the public or the 
media, and will obtain guidance from the EPA regarding project activities when 
required.  Additionally, the START-3 will notify the EPA RSCC with changes to 
the sampling schedule for MEL and/or CLP analyses and will provide shipping 
information on every sample shipment within 24 hours of shipment or before 
noon on Friday for Saturday delivery.  All samples will be shipped to the 
laboratory within 24/48 hours of sample collection. 
 
2.2 Sampling Method Requirements 
This subsection describes sampling methodologies (subsection 2.2.1), sampling 
equipment decontamination (subsection 2.2.2), investigation-derived waste (IDW; 
subsection 2.2.3), and SOPs (subsection 2.2.4). 
 
2.2.1 Sampling Methodologies 
The START-3 PM and EPA TM will be responsible for ensuring that appropriate 
sample collection procedures are followed and will take appropriate actions to 
correct any deficiencies.  All samples collected will be maintained under chain-
of-custody and will be stored and shipped in iced coolers.  Samplers will follow 
the MEC precautions and guidance as provided by the EPA-contracted UXO 
technicians.  A general letter of guidance regarding these practices is provided in 
Appendix B. 
 Well Point Installation and Sampling:  A Solinst® Model 615 Drive-Point 

Piezometer (or similar device) will be used to collect shallow ground water 
samples.  An EPA-contracted UXO technician will be present for the 
installation of each well point, and will continually monitor the site with a 
magnetometer to ensure a safe operation.  Using a slide hammer, the well 
point will be advanced to a depth determined to be at least 1-foot below the 
surface of ground water (determined during subsurface soil sampling).  Once 
in place, a peristaltic pump with dedicated Teflon lined polyethylene tubing 
will be used to collect a ground water grab sample.  Water will be pumped 
directly into pre-labeled sample containers.  The perchlorate aliquot will be 
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filtered using a 0.2-micrometer (m) polytetrafluoroethylene (PTFE) filter.  
Headspace will be left in the sample containers in order to prevent anoxic 
reduction after filtration. 

 Hand-Installed, Permanent Monitroing Well Installation:  All monitoring 
wells will be installed using a 4-inch diameter hand auger, and if necessary, a 
section of 4-inch inner diameter polyvinyl chloride (PVC) pipe as a temporary 
outer casing to prevent borehole wall sloughing.  An EPA-contracted UXO 
technician will be present for the installation of each monitoring well, and will 
continually monitor the auger hole with a magnetometer to ensure a safe 
operation.  Wells are expected to be completed between 8 and 10-feet bgs, 
depending on subsurface conditions.  Wells will be constructed using 1-inch-
inner-diameter, schedule 40 PVC threaded, flush-jointed riser pipes, screened 
with one 5-foot section of 1-inch, 0.01 inch factory-slotted PVC well screens 
that are certified clean by the manufacturer.  A minimum annular space of 1.5-
inches between the borehole and well casing will be maintained.  The well 
casing and screen (fitted with an end cap) will be suspended in the center of 
the borehole.  The filter pack will be placed after the well screen and riser 
assembly has been lowered into the borehole.  The field geologist will pre-
determine the volume of filter pack expected to fill the annular space in the 
filter pack interval and record this in a field logbook. The filter pack should 
extend from the bottom of the borehole to at least 1.5-feet above the top of the 
screen and consist of either 10/20, or 20/40 silica sand pack or equivalent, at 
the field geologists discretion.   The top of the filter pack will be continuously 
sounded during the retraction of the temporary casing by the contactor to 
ensure the filter pack remains in place during removal of the casing.  Before 
the bentonite seal is placed, the filter pack will be carefully re-measured to 
ensure correct installation of the sand pack.  Additional material will be added 
to ensure that the position of the sand pack is correct.  A minimum 2-foot-
thick bentonite seal consisting of medium bentonite chips will be placed 
above the top of the sand pack.  This bentonite seal shall extend to 1-foot bgs.   
The bentonite chips will be hydrated after placement.  The above ground 
surface completion will not be installed within 24 hours of grout placement.  
Each new 1-inch monitoring well shall be completed above ground and will 
have an 6 to 8-inch diameter protective “stovepipe” casing set in a 2-foot by 
2-foot by 4-inch sloping concrete apron.  The outer protective casing will be 
2.5 feet above grade.  The monitoring well shall be centered within the 
protective casing and placed about 2 feet above grade.  Concrete or silica sand 
will be placed between the casing and the stovepipe and prodded to settle the 
concrete and lock the joint in place.  The casing, stovepipe and Sonotube shall 
be supported until the concrete has hardened.  The outer protective casing 
shall have a lockable steel plate as the cover.  The 1-inch diameter monitoring 
well will have a lockable well cap inside the protective casing.  The outer and 
inner casing shall be vented near the top to prevent potential gas accumulation 

 Well Sampling.  Monitoring well samples will be collected in accordance 
with the SOP for ground water well sampling presented in Appendix A.  The 
perchlorate aliquot will be filtered using a 0.2-micrometer (m) 
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polytetrafluoroethylene (PTFE) filter.  Headspace will be left in sample 
containers in order to prevent anoxic reduction after filtration. 

 Subsurface Soil Sampling.  Subsurface soil samples will be collected using a 
2-inch diameter hand auger.  An EPA-contracted UXO technician shall 
present for the collection of each subsurface soil sample and will continuously 
monitor the borehole with a magnetometer to ensure a safe operation.  The 
hand auger will be used to advance a borehole to the depth at which first 
ground water is encountered.  One subsurface soil sample will be collected 
from a 6-inch interval just above ground water.  The contents of the auger will 
be emptied into a dedicated stainless steel bowl, thoroughly homogenized, and 
placed into pre-labeled sample containers using a dedicated stainless steel 
spoon.   

 Surface Water Sampling.  UXO avoidance will be conducted by the EPA-
contracted UXO technician at each sampling location prior to sample 
collection.  Samples will only be collected at locations approved by the EPA-
contract UXO technician.  Surface water samples will be collected either by 
hand-dipping the sample container into the water, if possible, or by creating a 
funnel with a dedicated 1-liter polyethylene sample bottle with the bottom of 
the bottle removed.  Samples will be preserved as required upon sample 
collection completion.  The perchlorate aliquot will be filtered using a 0.2-m 
PTFE filter.  Headspace will be left in the sample containers in order to 
prevent anoxic reduction after filtration.  For the dissolved metals samples, 
the sample is filtered through a 0.45-μm filter at the time of collection and 
preserved with nitric acid. 

 Sediment Sampling.  UXO avoidance will be conducted by the EPA-
contracted UXO technician at each sampling location prior to sample 
collection.  Samples will only be collected at locations approved by the EPA-
contract UXO technician.  Sediment samples (0 to 6 inches bgs) will be 
collected using dedicated stainless steel spoons.  Collected material will be 
homogenized thoroughly in dedicated stainless steel bowls and placed into 
pre-labeled containers.  Sediment samples co-located with surface water 
samples will be collected after their corresponding surface water sample in 
order to avoid cross-contamination of water samples from agitated sediment.  

 Multi-Increment Sampling:  UXO avoidance will be conducted by the EPA-
contracted UXO technician at each sampling location prior to sample 
collection.  Samples will only be collected at locations approved by the EPA-
contract UXO technician.  MIS (0 to 6 inches bgs) samples will be collected 
using a MIST™ sampling tool.  The aliquots will be placed into pre-labeled 
plastic, zip top bags.  The MIST™ sample tool will be decontaminated 
between MIS locations.  The location will be gridded off in equal portions.  
One increment will be collected from each grid box.  Each sample will consist 
of 30 to 60 increments and weigh approximately 1 to 2 kilograms. 

 Surface Soil Sampling.  UXO avoidance will be conducted by the EPA-
contracted UXO technician at each sampling location prior to sample 
collection.  Samples will only be collected at locations approved by the EPA-
contract UXO technician.  Surface soil (0 to 6 inches bgs) samples will be 
collected using dedicated stainless steel spoons.  Collected material will be 
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placed in a dedicated stainless steel bowl, thoroughly homogenized, and 
placed into pre-labeled containers.   

 
2.2.2 Sampling Equipment Decontamination 
To the greatest extent possible, disposable and/or dedicated personal protective 
and sampling equipment will be used to avoid cross-contamination.  When 
required, decontamination will be conducted in a central location, upwind, and 
away from suspected contaminant sources.  The following procedures are to be 
used for all nondedicated sampling equipment used to collect routine samples 
undergoing trace organic or inorganic constituent analyses: 

1. Clean with tap water and nonphosphate detergent, using a brush if 
necessary to remove particulate matter and surface films.  (Equipment 
may be steam cleaned [soap and high pressure hot water] as an 
alternative to brushing).  Sampling equipment that is steam cleaned 
should be placed on racks or saw horses at least two feet above the 
floor of the decontamination pad.  PVC or plastic items should not be 
steam cleaned.) 

2. Air dry the equipment completely. 
 
2.2.3 Investigation-Derived Waste 
The START field team members will make every effort to minimize the 
generation of IDW throughout the field event.  Attempts will be made to 
evaporate wastewater from decontamination operations on-site.  Any wastewater 
that cannot be evaporated will be contained in 55-gallon drums, labeled, and 
disposed of at an approved facility based on analytical results from matrix 
samples.   
 
Disposable personal protective clothing and sampling equipment generated during 
field activities will be rendered unusable by tearing (when appropriate), bagged in 
opaque plastic garbage bags, and disposed at a local municipal landfill. 
 
2.2.4 Standard Operating Procedures 
The START will utilize the following SOPs (Appendix A) while performing field 
activities: 
 Field Activity Logbooks; 
 Sample Packaging and Shipping; 
 Sample Equipment Decontamination; 
 Geologic Logging; 
 Borehole Installation; 
 Borehole Sampling; 
 Well Development; 
 Evaluation of Existing Monitoring Wells; 
 Water Level Measurements; 
 Ground Water Well Sampling; 
 Monitoring Well Installation; 
 Sediment Sampling; 
 Soil Sampling; 
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 Surface Water Sampling; and 
 MIS Sampling. 
 
2.3 Sample Handling and Custody Requirements 
This subsection describes sample identification and chain-of-custody procedures 
that will be used for the Camp Bonneville SI field activities.  The purpose of these 
procedures is to ensure that the quality of the samples is maintained during 
collection, transportation, storage, and analysis.  All chain-of-custody 
requirements comply with E & E’s SOPs for sample handling.  All sample control 
and chain-of-custody procedures will follow the EPA’s (2004a) Contract 
Laboratory Program Guidance for Field Samplers. 
 
Examples of sample documents used for custody purposes are provided in 
Appendix C (with the exception of field logbooks) and include the following: 
 Sample identification numbers, 
 Sample labels, 
 Custody seals, 
 Chain-of-custody records or traffic reports, 
 Field logbooks, 
 Sample Collection Forms, and 
 Analytical request forms. 
 
During the field effort, the site manager or delegate is responsible for maintaining 
an inventory of these sample documents.  This inventory will be recorded in a 
cross-referenced matrix of the following: 
 Sample location, 
 Sample identification number, 
 Analyses requested and request form numbers, 
 Chain-of-custody record numbers, 
 Bottle lot numbers, and 
 Air bill numbers. 
 
Brief descriptions of the major sample identification and documentation records 
and forms are provided below. 
 
2.3.1 Sample Identification 
All samples will be identified using the sample numbers assigned by the EPA 
RSCC.  Each sample label will be affixed to the jar and covered with clear tape.  
A sample tracking record will be kept as each sample is collected.  The following 
will be recorded: location, matrix, sample number, observations, and depth.  In 
addition to the EPA-assigned sample number, samples will be tracked with a 
sample code system designed to allow easy reference to the sample’s origin and 
type.  The sample code key will not be provided to the laboratory.  Table 2-3 
summarizes the sample tracking and location codes. 
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2.3.1.1 Sample Tags and Labels 
Sample tags attached to or fixed around sample containers will be used to identify 
all samples collected in the field.  The sample tags will be placed on bottles so as 
not to obscure any QA/QC lot numbers on the bottles, and sample information 
will be printed legibly.  Field identification will be sufficient to enable the 
information to be cross-referenced with the project logbook.  For 
chain-of-custody purposes, all QA/QC samples will be subject to the same 
custodial procedures and documentation as site samples. 
 
To minimize handling of sample containers, labels will be completed before 
sample collection to the extent possible.  In the field, the labels will be filled out 
completely using waterproof ink, then attached firmly to the sample containers 
and protected with clear tape.  The sample labels will provide the following 
information: 
 Sample number, 
 Sample location number, 
 Date and time of collection, 
 Analyses required, and 
 pH and preservation (when required). 
 
2.3.1.2 Custody Seals 
Custody seals are preprinted gel-type seals, designed to break into small pieces if 
the seals are disturbed.  Sample shipping containers (e.g., coolers, drums, 
cardboard boxes, etc., as appropriate) will be sealed in as many places as 
necessary to ensure security.  Seals will be signed and dated before use.  Clear 
tape will be placed over the seals to ensure that the seals are not broken 
accidentally during shipment.  Upon receipt at the laboratory, the custodian will 
check (and certify by completing the package receipt log) that seals on shipping 
containers are intact. 
 
2.3.1.3 Chain-of-Custody Records and Traffic Reports 
For samples to be analyzed at the EPA MEL or at a CLP laboratory, the chain-of-
custody records, analyses required forms, and/or analytical traffic report forms 
will be completed as described in the Contract Laboratory Program Guidance for 
Field Samplers (EPA 2004a).  The EPA’s FORMS II Lite software will be used to 
electronically enter information for the chain-of-custody and traffic report forms.  
The chain-of-custody record, analyses required forms, and analytical traffic 
reports will be completed fully at least in duplicate by the field technician 
designated by the site manager as responsible for sample shipment to the 
appropriate laboratory.  Information specified on the chain-of-custody record will 
contain the same level of detail found in the site logbook, except that the on-site 
measurement data will not be recorded.  The custody record will include the 
following information: 
 Name and company or organization of person collecting the samples, 
 Date samples were collected, 
 Type of sampling conducted (composite or grab), 
 Sample number (using those assigned by the EPA RSCC), 
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 Location of sampling station (using the sample code system described in Table 2-3), 
 Number and type of containers shipped, 
 Analysis requested, and 
 Signature of the person relinquishing samples to the transporter, with the date and 

time of transfer noted and signature of the designated sample custodian at the 
receiving facility. 

 
If samples require rapid laboratory turnaround, the person completing the 
chain-of-custody record(s) will note these or similar constraints in the remarks 
section of the custody record. 
 
The relinquishing individual will record all shipping data (e.g., air bill number, 
organization, time, and date) on the original custody record, which will be 
transported with the samples to the laboratory and retained in the laboratory’s file.  
Original and duplicate custody records, together with the air bill(s) or delivery 
note(s), constitute a complete custody record.  It is the site manager’s 
responsibility to ensure that all records are consistent and that they become part of 
the permanent job file. 
 
2.3.1.4 Field Logbooks and Data Forms 
Field logbooks (or daily logs) and data forms are necessary to document daily 
activities and observations.  Documentation will be sufficient to enable 
participants to reconstruct events that occurred during the project accurately and 
objectively at a later time.  All daily logs will be kept in a bound notebook 
containing numbered pages.  All entries will be made in waterproof ink, dated, 
and signed.  No pages will be removed for any reason. 
 
Minimum logbook content requirements are described in the E & E SOP entitled 
Field Activity Logbooks found in Appendix A.  If corrections are necessary, these 
corrections will be made by drawing a single line through the original entry (so 
that the original entry is legible) and writing the corrected entry alongside.  The 
correction will be initialed and dated.  Corrected errors may require a footnote 
explaining the correction. 
 
2.3.1.5 Photographs 
Photographs will be taken as directed by the team leader.  Documentation of a 
photograph is crucial to its validity as a representation of an existing situation.  
The following information will be noted in the project or task log concerning 
photographs: 
 Date, time, and location where photograph was taken, 
 Photographer (signature), 
 Weather conditions, 
 Description of photograph taken, 
 Reasons why photograph was taken, 
 Sequential number of the photograph and the film roll number, 
 Camera lens system used, and 
 Direction. 
 



 
 

2.  Measurement/Data Acquisition 
 

 
10:\STARTDOC\10030010\S1325 2-14 

2.3.2 Custody Procedures 
The primary objective of chain-of-custody procedures is to provide an accurate 
written or computerized record that can be used to trace the possession and 
handling of a sample from collection to completion of all required analyses.  A 
sample is in custody when it is: 
 In someone’s physical possession, 
 In someone’s view, 
 Locked up, or 
 Kept in a secured area that is restricted to authorized personnel. 
 
2.3.2.1 Field Custody Procedures 
The following guidance will be used to ensure proper control of samples while in 
the field: 
 As few people as possible will handle samples. 
 Coolers or boxes containing cleaned bottles will be sealed with a custody tape 

seal during transport to the field or while in storage before use.  Sample 
bottles from unsealed coolers or boxes, or bottles that appear to have been 
tampered with, will not be used. 

 The sample collector will be responsible for the care and custody of collected 
samples until they are transferred to another person or dispatched properly 
under chain of custody rules. 

 The sample collector will record sample data in the field logbook. 
 The site team leader will determine whether proper custody procedures were 

followed during the field work and will decide if additional samples are 
required. 

 
When transferring custody (i.e., releasing samples to a shipping agent), the 
following will apply: 
 The coolers in which the samples are packed will be sealed and accompanied 

by two copies of the chain of custody record(s).  When transferring samples, 
the individuals relinquishing and receiving them must sign, date, and note the 
time on each of the chain of custody record(s).  This will document sample 
custody transfer. 

 Samples will be dispatched to the laboratory for analysis with separate chain 
of custody records accompanying each shipment.  The chain of custody 
records will be signed by the relinquishing individual, and the method of 
shipment, name of courier, and other pertinent information will be entered in 
the chain of custody record before placement in the shipping container.  
Shipping containers will be sealed with custody seals for shipment to the 
laboratory. 

 All shipments will be accompanied by chain of custody records identifying 
their contents.  The original custody records kept in a zip-locking bag and 
taped inside the lid of the cooler will accompany each cooler shipment.  The 
other copies will be distributed appropriately to the site team leader and site 
manager. 

 If sent by common carrier, a bill of lading will be used.  Freight bills and bills 
of lading will be retained as part of the permanent documentation. 
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2.3.2.2 Laboratory Custody Procedures 
A designated sample custodian at the laboratory will accept custody of the 
shipped samples from the carrier and enter preliminary information about the 
package into a package or sample receipt log, including the initials of the person 
delivering the package and the status of the custody seals on the coolers (i.e., 
broken versus unbroken).  The custodian responsible for sample log-in will follow 
the laboratory’s SOP for opening the package, checking the contents, and 
verifying that the information on the chain-of-custody agrees with the samples 
received.  The commercial laboratory will follow its internal chain-of-custody 
procedures as stated in the laboratory QA manual.  The laboratory will check the 
temperature blank inside the cooler and document it in the sample log-in form.  
Should the temperature be greater than what is required by the Statement of Work 
or the method, the sample custodian will inform the region and proceed to follow 
the course of actions stipulated in the SOW or specified by the regional QAO. 
 
2.4 Analytical Methods Requirements 
This subsection discusses the analytical strategy (subsection 2.4.1) and the 
analytical methods (subsection 2.4.2). 
 
2.4.1 Analytical Strategy 
Analysis of samples collected during the SI will be performed by several possible 
means.  The MEL (or alternative laboratory designated by the EPA) will perform 
all requested analyses. 
 
The analyses to be applied to samples sent to the laboratory are listed in Table 2-
2.  These analyses were selected based on the probable hazardous substances used 
or potentially released to the environment, given the known or suspected site 
usage. 
 
2.4.2 Analytical Methods 
Samples designated for off-site analytical laboratory analyses will be submitted to 
the MEL or an alternative laboratory designated by the EPA and the 
START-3-subcontracted commercial laboratory.  EPA and/or CLP laboratory 
analyses will take place within the standard three-week turnaround time period 
with validation by the EPA QA office for these analyses taking place within the 
standard three-week turnaround time period.  Hardcopy results from the MEL 
and/or CLP laboratories will be delivered to the EPA upon completion of each 
sample delivery group.  Electronic results from the MEL and/or CLP laboratories 
will be delivered to the EPA upon project completion.  START-3 sub-contracted 
laboratory analyses will take place within the standard four-week turnaround time 
period with validation by START-3 chemists for these analyses taking place 
within the standard two-week turnaround time period.  Hardcopy and electronic 
data results from the subcontracted commercial laboratory will be delivered to the 
START-3 upon completion of each sample delivery group.  Table 2-2 summarizes 
laboratory instrumentation and methods to be used for the Camp Bonneville SI. 
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For cases in which laboratory results exceed QC acceptance criteria, reextraction 
and/or reanalysis will occur as indicated in the applicable analytical method.  
Commercial laboratory results (preliminary data) will be available within two 
weeks of sample receipt.  Field laboratory results will be available within 24 
hours.  The respective laboratory analysts will be responsible for ensuring that 
appropriate sample analysis procedures are followed and for taking appropriate 
actions to ensure deficiency correction. 
 
2.5 Quality Control Requirements 
QC checks for sample collection will be accomplished by a combination of 
chain-of-custody protocols and laboratory QA procedures as prescribed in the 
sampling or analytical methods.  No QC samples (i.e., double blind performance 
evaluation samples) are planned for this activity outside of the normal laboratory 
QC criteria outlined in the analytical methods.  These QC samples include blanks, 
calibration verifications, spikes, duplicates, (for inorganics) interference check 
samples, and serial dilutions.  Results from these samples will be compared to QC 
requirements listed in subsection 4.1.2.  All of the analyses that will be performed 
for this project will produce definitive data.  Data quality indicator targets for this 
project are specified in subsection 1.4 (Data Quality Objectives) and are 
summarized in Table 2-2 of this SQAP.  Bias on estimated qualified data shall be 
determined by the validation process.  In accordance with the objectives outlined 
in this document and the QA levels defined by the EPA (2000), the EPA has 
defined the DQOs and has determined that the sampling and analyses performed 
under this sampling effort will conform to the definitive data without quantitative 
error and bias determination criteria.  The laboratories’ DQOs for completeness 
and the field team’s ability to meet the DQO for representativeness are set at 
90%.  Precision and accuracy requirements are outlined in Table 2-2. 
 
One temperature blank consisting of a 40-milliliter glass vial of distilled water 
will be included in each cooler shipped to the analytical laboratories.  
Temperature blanks allow the laboratories to obtain a representative measurement 
of the temperature of samples enclosed in a cooler without disturbing the actual 
samples.  The field team will package and label the temperature blank like a 
regular water sample, however the analytical laboratory will only measure the 
temperature of the blank.  The temperature blank will not be analyzed for 
hazardous substances, will not be given a sample number, and will not be listed 
on the chain of custody form.  The temperature blank will be clearly labeled: 
USEPA COOLER TEMPERATURE INDICATOR. 
 
2.6 Instrument/Equipment Testing, Inspection, and 

Maintenance Requirements 
The field equipment used during this project includes the GPS unit and 
perchlorate field testing kits.  Testing, inspection, and maintenance of these 
instruments will be performed in accordance with the manufacturers’ 
recommendations and/or the SOPs listed in subsection 2.2.4.  Spare parts for the 
field equipment will be available from the manufacturer generally within 24 
hours.  The parts will be available to the field team within 48 hours of ordering. 
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All field instruments and equipment used for analysis will be serviced and 
maintained only by qualified personnel.  All instruments will be maintained by 
senior staff and/or electronics technicians.  All repairs, adjustments, and 
calibrations will be documented in an appropriate logbook or on a data sheet that 
will be kept on file.  The instrument maintenance logbooks will clearly document 
the date, the description of the problems, the corrective action taken, the result, 
and who performed the work. 
 
All equipment used by E & E in the field is subject to standard preventive 
maintenance schedules established by corporate equipment protocols.  When in 
use, equipment will be inspected at least twice daily, once before startup in the 
morning and again at the end of the work shift before overnight storage or return 
to the charging rack.  Regular maintenance, such as cleaning of lenses, 
replacement of in-line filters, and removal of accumulated dust, is to be conducted 
according to manufacturers’ recommendations and in the field as needed, 
whichever is appropriate.  All performed preventive maintenance will be entered 
in the individual equipment’s logbook and in the site field logbook. 
 
In addition to preventive maintenance procedures, daily calibration checks will be 
performed at least once daily before use and recorded in the respective logbooks.  
Additional calibration checks will be performed as required.  All logbooks will 
become part of either the permanent site file or the permanent equipment file. 
 
2.7 Instrument Calibration and Frequency 
All instruments and equipment used during fixed laboratory sample analyses will 
be operated, calibrated, and maintained according to the manufacturers’ 
guidelines and recommendations, as well as criteria set forth in the applicable 
analytical methodology references and/or in accordance with the laboratory’s QA 
manual and SOPs. 
 
For the field instrumentation (GPS unit and other instrumentation discussed 
previously), calibrations will be performed in accordance with the manufacturers’ 
recommendations and the SOPs listed in subsection 2.2.4. 
 
2.8 Inspection/Acceptance Requirements for Supplies and 

Consumables 
This information is covered by the SOPs, the START-3 QAPP (E & E 2005b), 
and the START-3 QMP (E & E 2005a).  Standards contained in these documents 
will be used to ensure the validity of data generated by E & E for this project.  
Sample jars are pre-cleaned by the manufacturer; certification documenting this is 
enclosed with each box of jars.  The START-3 will include this documentation as 
part of the site file.  Non-dedicated equipment is demonstrated to be 
uncontaminated by the use of rinsate blanks. 
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2.9 Data Acquisition Requirements (Nondirect Measures) 
No data will be used from other sources. 
 
2.10 Data Management 
This document is meant to be combined with information presented in E & E’s 
QAPP and QMP for Region 10 START-3.  Copies of the START QAPP and 
QMP are available in E & E’s Seattle office.  Standards contained in these 
documents will be used to ensure the validity of data generated by E & E for this 
project.  Data validation will be performed as listed in subsection 4.1.2.  Data 
tracking, storage, and retrieval are tracked through the TDD “pink sheet” which 
records where the paper and electronic data are located.  All paper data is stored 
in locked file cabinets; access to these files is restricted to key START-3 
personnel.  Electronic data will be archived by TDD. 
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Assessment/Oversight 
 
 
 
 
3.1 Assessment and Response Actions 
The EPA QAO or designee may conduct an audit of the field activities for this 
project.  The auditor will have the authority to issue a stop work order upon 
finding a significant condition that adversely would affect the quality and 
usability of the data.  The EPA TM will have the responsibility for initiating and 
implementing response actions associated with findings identified during the site 
audit.  The actions taken also may involve the EPA PO, contracting officer, 
and/or QAO.  Once the response actions have been implemented, the EPA QAO 
or designee may perform a follow-up audit to verify and document that the 
response actions were implemented effectively.  In-house audits performed by the 
START-3 may be conducted in accordance with the E & E START-3 Quality 
Management Plan (2005a).  No audits are planned for the Camp Bonneville SI. 
 
If major deviations from the QA requirements of the project and the CLP SOW 
were observed in the data validation process, the EPA QAO will contact the 
laboratory to correct the problem.  If the laboratory is not responsive to the 
request, the QAO will inform the CLP Regional PO and the TM of the situation.  
A brief narrative will be written explaining the contract deviations and 
recommendations will be given based on the quality of the submitted data.  
Reduced payment and/or reanalysis at the laboratory’s expense shall be pursued 
by the Regional CLP PO.  Resampling and subsequent re-analysis will be decided 
by the TM.  Additional sampling for corrective actions and/or any addendum to 
this SQAP shall be documented using the Corrective Action Form and the SPAF 
(Appendix D).  Corrective actions will be conducted in accordance with E & E 
QMP specifications. 
 
3.2 Reports to Management 
Debriefing of the EPA TM occurs by the START-3 PM on a daily basis.  
Laboratory deliverables will be as specified in the CLP Organic and Inorganic 
Statements of Work (SOM01.1 and ILM05.3 or ISM01.2, respectively) for CLP 
data, CLP-equivalent deliverables for MEL data, as specified in the laboratory 
subcontract bid specification package for commercial laboratory data, and as 
specified in the Environmental Services Assistance Team contract for on-site 
analyses.  Once the project is complete and the resulting data is obtained, the 
START-3 PM will prepare a final project report.  The report will include a 
summary of the activities performed during the project and the resulting data 
(along with any statements concerning data quality).  The report will be approved 
by the EPA TM prior to being forwarded to the individuals identified in the data 
distribution list located in the Table of Contents section of this SQAP. 
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The START-3 corrective action program is addressed in Section 3 of the QMP.  
Corrective actions will be conducted in accordance with these QMP 
specifications. 
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Data Validation and Usability 
 
 
 
 
4.1 Data Review, Validation, and Verification 

Requirements 
The data validation review of data packages will include an evaluation of the 
information provided on the analytical data sheets and required support 
documentation for all sample analyses; the supporting sample collection 
documentation, including chain-of-custody forms; and documentation of field 
instrument calibration, sample results, and/or performance checks (if required by 
the method).  The QA review also will examine adherence to the procedures as 
described in the cited SOPs and the specified analytical methods in the SQAP. 
 
4.1.1 Data Reduction 
Data reduction includes all processes that change the numerical value of the raw 
data.   All fixed-laboratory data reduction will be performed in accordance with 
the appropriate methodology and will be presented as sample results. 
 
4.1.2 Data Validation 
Analytical data generated through the CLP contract will be validated in a three 
week turn around time by the Region 10 QA office or its designee.  Data 
generated by the MEL will be validated by the EPA TM designated validator (i.e., 
EPA QA office or contractor).  Validation of data generated by subcontracted 
laboratories will be performed by E & E.  All of the data validations will be 
performed in accordance with the QA/QC requirements specified in the SQAP, 
the technical specifications of the analytical methods, and the following 
documents: 
 USEPA Contract Laboratory Program National Functional Guidelines for 

Inorganic Data Review (2004b); and 
 USEPA Contract Laboratory Program National Functional Guidelines for 

Organic Data Review (2008). 
 
The QC parameters of interest for the EPA organic and inorganic methods that 
will be used on the Camp Bonneville SI samples are presented in these 
documents.  When applicable, QC criteria listed in the applicable analytical 
methods and/or the SOW will be used for validation. 
 
Validation deliverables will include a QA memo discussing QA conformance and 
deviations issues which may have affected the quality of the data.  Data usability, 
bases of application of qualifiers, and percentage of qualified data will also be 
discussed in the QA memo.  The analysis data sheets (Forms I) with the applied 
validation qualifiers and bias determination for estimated-qualified values will 
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also be a part of the validation deliverables.  The following qualifiers shall be 
used in data validation: 
  U = The material was analyzed for, but was not detected.  The associated 

numerical value is the sample quantitation limit. 
  J = The associated numerical value is an estimated quantity because the 

reported concentrations were less than the sample quantitation limits or 
because quality control criteria limits were not met. 

  UJ = The material was analyzed for, but was not detected.  The reported 
detection limit is estimated because Quality Control criteria were not 
met. 

  R = The sample results are rejected (analyte may or may not be present) due 
to gross deficiencies in quality control criteria.  Any reported value is 
unusable.  Resampling and/or reanalysis is necessary for verification. 

  H = High bias. 
  K = Unknown bias. 
  L = Low bias. 
  Q = Detected concentration is below the method reporting limit/Contract 

Required Quantitation Limit, but is above the method quantitation limit. 
 
4.1.3 Data Assessment Procedures 
Following data validation and reporting, all project-generated and -compiled data 
and information will be reconciled with the objectives specified in subsection 
1.3.1 to assess the overall success of SI activities.  This data assessment, 
including points of achievement and departure from project-specific objectives, 
will be discussed in the QA section of the SI report. 
 
4.2 Data Verification 
The analytical QA requirements and data validation requirements will be as 
specified in subsection 4.1.2 (EPA 2008b and 2004a). 
 
The EPA TM will perform the final review and approval of the data.  The EPA 
TM and/or QAO will look at matrix spike/matrix spike duplicates, laboratory 
blanks, and laboratory duplicates to ensure that they are acceptable.  The EPA 
TM and/or designee also will compare the sample descriptions with the field 
sheets for consistency and will ensure that any anomalies in the data are 
documented appropriately. 
 
Data QA memoranda reports will be generated as part of the Camp Bonneville SI 
if the START-3 is responsible for data validation.  If the EPA Region 10 QA 
office or its designee performs the data validation, then additional reports 
regarding data usability will be generated by the START-3. 
 
4.3 Reconciliation with Data Quality Objectives 
The data quality indicators target for this project is discussed in subsection 1.4 of 
this SQAP.  The data validation will be used as a tool to determine if these targets 
were met.  Also, using the compiled data, E & E and the TM will determine the 
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variability and soundness of the data and the data gaps that will need to be filled 
to meet the objectives of the project.  
  
Once the data results are compiled, the EPA TM and/or the EPA QAO will 
review the sample results to determine if they fall within the acceptance limits as 
defined in this SQAP.  Completeness also will be evaluated to determine if the 
completeness goal for this project has been met.  If data quality indicators do not 
meet the project’s requirements as outlined in this SQAP, the data may be 
discarded and resampling and reanalysis may occur.  The TM will attempt to 
determine the cause of the failure (if possible) and make the decision to discard 
the data and resample.  If the failure is tied to the analysis, calibration and 
maintenance techniques will be reassessed as identified by the appropriate 
laboratory personnel.  If the failure is associated with the sample collection and 
resampling is required, the collection techniques will be reevaluated as identified 
by the START-3 PM. 
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Figure 1-19

DRUM DISPOSAL AREA TEST PIT LOCATIONS
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WASH RACK AND MAINTENANCE PIT
SAMPLE LOCATIONS
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CS TRAINING AREA
SAMPLE LOCATIONS
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PESTICIDE MIXING/STORAGE AREA
SAMPLE LOCATIONS

Figure 1-22
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PESTICIDE STORAGE AREA SAMPLE LOCATIONS

Figure 1-23
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AMMUNITION STORAGE MAGAZINES
SAMPLE LOCATIONS

Figure 1-24
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REMEDIAL ACTION UNIT 1

Figure 1-25
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REMEDIAL ACTION UNIT 2A

Figure 1-26
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REMEDIAL ACTION UNIT 2B

Figure 1-27
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REMEDIAL ACTION UNIT 2C

Figure 1-28
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REMEDIAL ACTION UNIT 3

Figure 1-29
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Figure 1-30

LANDFILL 4 – SOIL BORINGS AND
MONITORING WELL LOCATIONS
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SMALL ARMS RANGES AND
DEMOLITION AREAS 2 AND 3

Figure 1-31
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Figure 1-32

LOCATIONS OF DISPOSAL PITS AND TRENCHES
AT LANDFILL 4
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Figure 1-33

PERCHLORATE SAMPLE RESULTS EXCEEDING
CRITERIA AFTER ADDITIONAL EXCAVATION
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Figure 1-34

TARGET AREA LOCATION MAP
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Figure 1-35

CENTRAL IMPACT TARGET AREA LOCATION MAP
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Figure 1-36

OPEN BURN/OPEN DETONATION AREA LOCATION MAP
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Figure 1-37

FIRING POINT LOCATION MAP
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Figure 1-38

STORAGE MAGAZINE/TRANSFER POINT LOCATION MAP
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Figure 1-39

ROADS AND TRAILS

N

Date:
12/22/10

Drawn by:
AES

CAMP BONNEVILLE
Vancouver, Washington

10:START-3\10030010\fig 1-39

Base Map Reference: Parsons, 2003.



    



& 

ecology and environment, inc.
International Specialists in the Environment
Seattle, Washington

DEMOLITION AREAS 2 AND 3 LOCATION MAP

Figure 1-40
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DEMOLITION AREA 2
MONITORING WELL LOCATIONS

Figure 1-41
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Figure 1-42

DEMOLITION AREA 3
MONITORING WELL LOCATIONS
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BOUNDARY WELL LOCATIONS

Figure 1-43
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Figure 1-44

NEWLY DISCOVERED REMEDIAL WORK AREAS
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Figure 1-45

4-MILE TARGET DISTANCE LIMIT
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Figure 1-46

15-MILE SURFACE WATER
TARGET DISTANCE LIMIT

Approximate Scale in Miles

0 .75 1.5

CAMP BONNEVILLE
Vancouver, Washington

10:START-3\10030010\fig 1-46
Date:

12-22-10
Drawn by:

AES

Source: Maptech, Inc. 2001.

N

Camp Bonneville

15-Mile Target Distance Limit



& 

ecology and environment, inc.
International Specialists in the Environment
Seattle, Washington

Figure 1-47

TROUTDALE AND UNCONSOLIDATED
ALLUVIUM SOLE SOURCE AQUIFER BOUNDARY
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Figure 1-48

POTENTIAL SOURCES
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Figure 2-2

LACAMAS CREEK PROPOSED SAMPLE LOCATIONS
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Figure 2-3

POTENTIAL SOURCES FOR SAMPLING
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Table 1-1 1997 BRAC Parcel Descriptions 

BRAC PARCEL 
NUMBER AND 

LABEL 

LOCATION 
(X,Y 

COORDINATES) 
APPROXIMATE 
SIZE (ACRES)b 

ENVIRONMENTAL 
CONDITION 
CATEGORY 

NUMBER BASIS 
REMEDIATION/ 

MITIGATION 
1(1) 10,7 3,822.72 1 This area does not have a history of storage, 

release, or disposal, or migration from adjacent 
properties of hazardous substances or petroleum 
products. 

No remediation is 
necessary. 

2(7)HR(P) 
Historic Landfill 

7,9 0.25 7 A cultural resources survey at this site noted 
disturbed ground with evidence of use as a 
sanitary type landfill.  A specimen from this site 
dates the use to the early 1900s. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

3(7)HR(P) 
Sewage Lagoons and 
Historic Landfill 

7,9 2.76 7 This parcel is associated with sewage lagoons in 
use since 1978. A landfill was discovered 
during excavation for the sewage lagoons. It is 
estimated that this landfill was used from the 
1940s to 1950s; however, the type and quantity 
of material located at this site is unknown.  
Twelve percent sodium hypochlorite above 
reportable quantities is stored in Building 1995. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

4(7)HR(P) 
Historic Burn Area 

7,9 0.25 7 This is a reported burn site.  There is a lack of 
documentation supporting the existence of or 
the type and quantity of material burned at this 
site. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

5(7)HR(P) 
Trash Burial Site 

8,9 0.25 7 This is a reported trash burial site. There is a 
lack of documentation supporting the existence 
of or the type and quantity of material buried at 
this site. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

6(7)HR(P) 
Grease Pit 

6,9 and Camp 
Bonneville 

Cantonment Inset 

0.25 7 These two grease pits, located across from 
Building 1828, are corrugated metal pipes that 
extend into an underground pit filled with 
gravel.  They were designed to accept grease 
from the mess hall; however, there is a potential 
for other substances to have been discarded in 
these pits. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

7(2)PS 
Camp Bonneville 
Cantonment AST 

6,9 and Camp 
Bonneville 

Cantonment Inset 

2.50 2 This area contains twenty-four 275-gallon ASTs 
that store diesel to power the HVAC system 
associated with individual facilities.  There is 
no history or reports of a release. 

No remediation is 
currently planned. 

8(7)HR(P) 
Former Buildings 
1983 and 1962 

6,9 and Camp 
Bonneville 

Cantonment Inset 

0.37 7 Buildings 1983 and 1962 were located at this 
site and were destroyed by fire.  There is a 
possibility of a release of lead or other 
substances associated with the use or design of 
the buildings. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program.  



Table 1-1 1997 BRAC Parcel Descriptions 

BRAC PARCEL 
NUMBER AND 

LABEL 

LOCATION 
(X,Y 

COORDINATES) 
APPROXIMATE 
SIZE (ACRES)b 

ENVIRONMENTAL 
CONDITION 
CATEGORY 

NUMBER BASIS 
REMEDIATION/ 

MITIGATION 
9(7)HR(P) 
Building 1864 

6,9 and Camp 
Bonneville 

Cantonment Inset 

0.25 7 Building 1864 stored 55-gallon drums of 2,4,5-
T; 2,4-D; and an unknown amount of DDT 
from 1977 to 1980.  There is no evidence of a 
release of these chemicals.  However, there is 
potential for past release of these chemicals. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

10(1) 
Building 1834 

6,9 and Camp 
Bonneville 

Cantonment Inset 

0.25 1 This facility is the gas mask training chamber 
and was used for an unknown period.  This 
building was investigated for tear gas (o-
chlorobenzal-malononitrile) residue. 

Investigation results 
indicated no hazardous 
substances are present on 
building materials or in 
surrounding surface soils. 

11(7)HR(P) 
Grease Pit 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.25 7 This grease pit, located across from Building 
4368, is a corrugated metal pipe that extends 
into an underground pit filled with gravel.  It 
was designed to accept grease from the mess 
hall; however, there is a potential for other 
substances to have been discarded in this pit. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

12(7)PR(P)HR(P) 
Building 4475 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.25 7 Building 4475 had a maintenance pit that 
reportedly received waste oil and antifreeze.  
The pit is now covered by the concrete floor of 
the building.  Small scale pesticides mixing and 
loading occurred in front of the building.  A 
three- to four-foot wide strip on the south side 
of Building 4475 has stressed vegetation and 
red staining, possibly from drainage off the 
galvanized metal roof. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

13(7)PR(P)/HR(P) 
Buildings 4476A and 
4475B 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.13 7 Building 4475B is used for storage.  During the 
EBS visual inspection, four 5-gallon drums of 
oil, four 5-gallon drums of antifreeze, and eight 
5-gallon drums of transmission oil were 
observed.  Building 4476A is a storage shed 
that contains a 1,060-gallon AST with 
secondary containment.  Although no evidence 
of releases was observed, the U.S. Army plans 
to sample soil at these locations because of 
potential past releases of these chemicals. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 



Table 1-1 1997 BRAC Parcel Descriptions 

BRAC PARCEL 
NUMBER AND 

LABEL 

LOCATION 
(X,Y 

COORDINATES) 
APPROXIMATE 
SIZE (ACRES)b 

ENVIRONMENTAL 
CONDITION 
CATEGORY 

NUMBER BASIS 
REMEDIATION/ 

MITIGATION 
14(7)PR(P)/HR/(P) 
Former Vehicle 
Maintenance Rack 
and UST 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.25 7 Building 4476 is a hazardous waste 
accumulation point used to store waste oil and 
other vehicle fluids.  This former location of a 
vehicle maintenance rack reportedly received 
waste oil and antifreeze.  A UST was removed 
without documentation at the location of 
Building 4476. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

15(5)PR 
Building 4475 LUST 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.08 5 A 275-gallon AST and a 275-gallon UST 
located east of Building 4475 were removed in 
1995.  Evidence of soil contamination was 
noted during removal. 

Additional soil removal 
was conducted in fiscal 
year 1997; however, 
closure documentation has 
not been finalized. 

16(7)HR(P) 
Building 4126 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.25 7 Building 4126 was used to store 55-gallon 
drums of 2,4,5-T; 2,4-D; and an unknown 
amount of DDT until 1977.  There is no 
evidence of a release of these chemicals; 
however, there is potential for past release of 
these chemicals. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

17(7)HR(P) 
Former Sewage Pond 

6,8 and Camp 
Bonneville 

Cantonment Inset 

0.25 7 This area is the location of a former open 
sewage pond. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

18(7)HR(P) 
Suspected Drum 
Burial Site 

3,7 0.25 7 This area reportedly contains buried drums of 
unknown contents. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

19(7)HR(P) 
Suspected Disposal 
Site 

4,6 0.25 7 Waste paint and solvent was reportedly disposed 
of in this area. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

20(7)PR(P)/HR(P) 
Wash Point 

3,7 and Camp 
Killpack Cantonment 

Inset 

0.25 7 Vehicle washing may result in release of POLs, 
other vehicle fluids, and metals. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

21(7)HR(P) 
Demolition Area 1 
and Landfill 4 

9,12 4.60 7 This area was used for the demolition of UXO 
and reportedly used as a landfill for disposal of 
building demolition debris. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 



Table 1-1 1997 BRAC Parcel Descriptions 

BRAC PARCEL 
NUMBER AND 

LABEL 

LOCATION 
(X,Y 

COORDINATES) 
APPROXIMATE 
SIZE (ACRES)b 

ENVIRONMENTAL 
CONDITION 
CATEGORY 

NUMBER BASIS 
REMEDIATION/ 

MITIGATION 
22(7)HR(P) 
Demolition Area 2 

10,8 2.30 7 This area was used for the demolition of UXO. Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

23(2)HS 
Building 1815 

6,9 and Camp 
Bonneville 

Cantonment Inset 

0.25 2 Building 1815 stores greater than one pound 
reportable quantity of 12 percent sodium 
hypochlorite for water treatment. 

No remediation is 
necessary. 

24(2)HS 
Building 4522 

2,8 0.25 2 Building 4522 stores greater than one pound 
reportable quantity of 12 percent sodium 
hypochlorite for water treatment. 

No remediation is 
necessary. 

25(7)HR(P) 6,7 0.25 7 The building was a tear gas mask training 
chamber and was used for an unknown period.  
The building was destroyed by fire. 

Investigation and, if 
necessary, remediation are 
planned under the BRAC 
95 Program. 

Source: Woodward Clyde 1997 
 



Table 1-2 1999 Multi-Sites Investigation – Analytical Procedures 
Analytical Parameter Method 

Total Petroleum Hydrocarbons  WTPH-HCID, WTPH-G, WTPH-D, 
WTPH-D Extended 

Organochlorine Pesticides and 
Polychlorinated Biphenyls 

EPA Method SW846-8081 

Volatile Organic Compounds EPA MethodSW846-8260A 
Semivolatile Organic Compounds EPA Method SW846-8270B 
Organophosphorus Compounds EPA Method SW846-8141A 
Chlorinated Herbicides EPA Method SW846-8150B 
Nitroaromatics and Nitramines EPA Method SW846-8330 
Ammonium Picrate/Picric Acid EPA Method SW-846-8321 modified 
Pentaerythritol Tetranitrate EPA Method SW846-8321 
CS and Breakdown Products EPA Method SW8468270C modified 
Metals EPA Method SW846-6020 
Mercury EPA Method SW846-7470A/7471A 
Cyanide EPA Method SW846-9012 
Common Anions EPA Method SW846-300.0 
Common Cations EPA Method SW846-6010A 
Carbonate/Bicarbonate EPA Method E310.1 
Total Suspended Solids EPA Method E130.2 
Asbestos EPA Method 600 
Moisture ASTM Method D2216 
Total Organic Carbon Walkey-Black 
Fecal Coliform Method SM Part 900 
Fecal Streptococcus Method SM Part 900 
Source: SWI 1999 
 
Key: 
EPA = United States Environmental Protection Agency. 



Table 1-3 Ground Water Drinking Water Population by Distance Ring 

Distance Ring Number of Wells 
Well  

Population 
Total Population 
for Distance Ring 

Community B – 9 50 0 to ¼ mile 
Domestic – 150 354 

404 

Community B – 6 40 ¼ to ½ mile 
Domestic – 125 295 

335 

Community A – 2 21 
Community B – 24 163 

½ to 1 mile 

Domestic – 417 984 

1,168 

Community A – 3 80 
Community B – 66 401 

1 to 2 miles 

Domestic – 966 2,280 

2,761 

Community A – 6 493 
Community B – 35 193 

2 to 3 miles 

Domestic – 703 1,659 

2,345 

Community A – 7 236 
Community B – 42 235 

3 to 4 miles 

Domestic – 908 2,143 

2,614 

TOTAL 3,469  9,627 
Source: DOC 2001; Ecology 2009. 
 



Table 1-4 Sport Catch Data 

Species Number Harvested 

Average 
Pound per 

Fish 
Pounds 

Harvested 
Washougal River 
Chinook salmon 
(Oncorhynchus tshawytscha) 

1,853 x 1% = 18.53 22 408 

Coho salmon 
(Oncorhynchus kisutch) 

172 x 1% = 1.72 10 17 

Steelhead trout 
(Oncorhynchus mykiss) 

1,076 x 1% = 10.76 7.5 81 

Columbia River 
Chinook salmon 
(Oncorhynchus tshawytscha) 

17,160 x 0.5% = 858 22 1,888 

Coho salmon 
(Oncorhynchus kisutch) 

2,501 x 0.5% = 1250.05 10 125 

White sturgeon 
(Acipenser transmontanus) 

2,934 x 0.5% = 146.7 67a 983 

Steelhead trout 
(Oncorhynchus mykiss) 

5,179 x 0.5% = 258.95 7.5 194 

Total   3,696 
Source:  Wydoski 2003, WDFW 2005. 
a Average weight of sturgeon is calculated assuming an average catch length of 5’1”. 



Table 1-5 Threatened and Endangered Species by Distance Ring 
Distance Ring Species Name Status 

Hairy-stemmed Checker-
mallow 

State-listed threatened 0 to ¼ mile 

Small-flowered Trillium Sate-listed Species of concern 

¼ to ½ mile None  
½ to 1 mile Dense Sedge State-listed Threatened 

Western Gray Squirrel State-listed Threatened 
Western Wahoo State-listed Threatened 

Lower Columbia River ESU 
Steelhead 

Federal-listed Threatened 

Bradshaw's Lomatium Federal-listed Endangered 
Dense Sedge State-listed Threatened 
Hall's Aster State-listed Threatened 

1 to 2 miles 

Oregon Coyote-thistle State-listed Threatened 
2 to 3 miles Lower Columbia River ESU 

Steelhead 
Federal-listed Threatened 

Lower Columbia River ESU 
Steelhead 

Federal-listed Threatened 

Lower Columbia River ESU 
Chinook 

Federal-listed Threatened 

Lower Columbia River ESU 
Chum 

Federal-listed Threatened 

Bradshaw's Lomatium Federal-listed Endangered 

3 to 4 miles 

Dense Sedge State-listed Threatened 
Source:  Maguire 2009 



Table 1-6 Population by Distance Ring 
Distance Ring Population Wetlands acreage 

0 to ¼ mile 410 99.48 
¼ to ½ mile 715 6.05 
½ to 1 mile 1,655 103.95 
1 to 2 miles 3,452 141.78 
2 to 3 miles 6,500 546.41 
3 to 4 miles 17,141 residents 592.1 

 3,319 students and teachers  
TOTAL 33,192 1,489.77 

Source:  Maguire 2009 



Table 1-7 Proposed Schedule 
Activity Start Date Completion Date 

Collect pertinent background information 3/19/2010  
Phase I 
Mobilize to the site 5/15/11 5/15/11 
Sample collection activities 5/16/11 5/20/11 
Laboratory receipt of samples 5/18/11 5/21/11 
Demobilization from the site 5/21/11 5/21/11 
Laboratory analysis 5/19/11 6/13/11 
Data validation 6/10/11 7/5/11 
Phase II 
Mobilize to the site 8/21/11 8/21/11 
Sample collection activities 8/22/11 8/28/11 
Laboratory receipt of samples 8/24/11 8/30/11 
Demobilization from the site 8/29/11 8/29/11 
Laboratory analysis 8/25/11 9/27/11 
Data validation 9/28/11 10/25/11 
Writing of the project report 5/23/11 12/9/11 
Final project report 12/26/11 1/16/12 
Target project completion date  1/30/12 
 
 



Table 2-1 Sample Information Summary 
Project 

Sampling 
Schedule a Design Rationale 

Sampling Design 
Assumptions 

Measurements 
Classification 

(Critical/Noncritical) 

Nonstandard 
Method 

Validation 
Soil 

(surface and 
subsurface) 

Determine if 
contaminants are 

present 

Contaminants are 
present in site 

sources 

Critical perchlorate 
field screening 

Ground 
Water 

Determine if 
contaminants are 

present or are 
migrating from site 

sources 

Contaminants are 
present in site 

sources and may be 
migrating from site 

sources 

Critical perchlorate 
field screening 

Surface 
Water/ 

Sediment 

Determine if 
contaminants are 

migrating from site 
sources 

Contaminants are 
migrating from site 

sources 

Critical NA 





Table 2-2 Sample Analysis Summary and QA/QC Analytical Summary and Fixed Laboratory Analytical Methods – Phase I Sampling 

Matrix/ 
Location a 

Proposed 
Laboratory 

Analytical Parameters/Methods/Description 
and Detection Limits 

Precision 
and 

Accuracy 
Technical 

Holding Times b

Sample 
Preservation (all 

4oC + 2oC) 

Sample 
Containers/MS/MSD 
Sample Containers 

Number of 
Field 

Samples 

Number of 
MS/MSD 
Samples 

Total Number of 
Sample 

Containers 
Metals 

EPA SW-846 6010/ICP soil/CRQL 
(including lithium 0.3 mg/kg; molybdenum – 0.6 

mg/kg; strontium – 1.5 mg/kg; tin – 2.5 mg/kg; and  
titanium – 1 mg/kg) 

+ 35% 
75% - 125% 

6 months  
(28 days for Hg) 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

17 1 17 

Nitroaromatics/Nitroamines 
SW-846-8330B/ 1 mg/kg 

+ 35% 
50% - 150% 

14 days to 
extraction 40 days 

to analysis 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

17 1 17 

VOCs/ 
EPA CLP SOW SOM01.2 or 

EPA SW-846 8260/ GC-MS/CRQL 

+ 35% 
50% - 150% 

At lab within 
48hrs: 

14 days from 
collection 

N/A 
 

3xCore-N-One& 1x2 oz. 
glass/ 

9xCore-N-One & 1x 2 oz 
glass 

17 1 74 

CLP/MEL 

SVOCs 
EPA SW-846 8270/ GC-MS/CRQL 

+ 35% 
50% - 150% 

14 days to 
extraction 40 days 

to analysis 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

17 1 17 

Subcontract  
Laboratory 

Perchlorate/ 
EPA SW-846 6860/ 1g/kg 

+ 35% 
75% - 125% 

28 days N/A 1 – 4 oz amber glass/ 
1 – 4 oz amber glass 

17 1 17 

Soil  
17 Samples 

(15 – Landfill 4 Subsurface 
Soil and up to 2 – 

Background Subsurface 
Soil) 

Field Screening Perchlorate/ 
modified USACE field screening method for 

perchlorate/1 mg/kg 

+ 20% 
N/A 

28 days N/A 1 – 8 oz. clear glass/ 
1 – 8 oz. clear glass 

45 3 45 

TAL Metals/ 
SW-846 6010/ ICP ground water/CRQL 

(including lithium – 3 g/L; molybdenum – 6 g/L; 
strontium – 15 g/L; tin 25 g/L; and  

titanium – 10 g/L) 

+ 20% 
75% - 125% 

6 months  
(28 days for Hg) 

pH < 2 with HNO3 1 – 1-Liter polyethylene/ 
2 – 1-Liter polyethylene 

30 2 32 

Nitroaromatics and Nitroamines/ 
SW-846 8330B 0.5 mg/L 

+ 20% 
60% - 140% 

7 days to 
extraction 40 days 

to analysis 

N/A 2 – 32 ounce glass amber/ 
6 – 32 ounce glass amber 

30 2 66 

SVOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8270/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days to 
extraction 40 days 

to analysis 

N/A 2 – 32 ounce glass amber/ 
6 – 32 ounce glass amber 

30 2 66 

CLP/MEL 

VOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8260/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days unpreserved 
14 days preserved 

pH < 2 with HCl 2 – 40 milliliter glass/ 
6 – 40 milliliter glass 

30 2 66 

Subcontract 
Laboratory 

Perchlorate/ 
EPA SW-846 6860/0.1 g/L 

+ 20% 
75% - 125% 

28 days Filter with 0.45 m 
PTFE membrane 

1 – 250 mL polyethylene/ 
2 – 250 mL polyethylene 

30 2 32 

Water 
30 Samples 

( 15 – New Well Points,  
3 – New Permanent Wells, 

9 – Existing Wells, 3 – 
Background Wells) 

Field Screening Perchlorate/ 
modified USACE field screening method for 

perchlorate/ 1 g/L 

+ 20% 
N/A 

28 days Filter with 0.45 m 
PTFE membrane 

1 – 1 liter amber/ 
2 – 1 liter amber 

18 1 19 

Metals/ 
SW-846 6010/ ICP ground water/CRQL 

(including lithium – 3 g/L; molybdenum – 6 g/L; 
strontium – 15 g/L; tin 25 g/L; and  

titanium – 10 g/L) 

+ 20% 
75% - 125% 

6 months  
(28 days for Hg) 

pH < 2 with HNO3 1 – 1-Liter polyethylene/ 
NA 

2 NA 2 QA/QC  
9 Samples 

(1 – Rinsate Water, 1 – 
IDW Water, 7 Trip Blanks) 

CLP/MEL 

Nitroaromatics and Nitroamines/ 
SW-846 8330B/ 0.5 mg/L 

+ 20% 
60% - 140% 

7 days to 
extraction 40 days 

to analysis 

N/A 2 – 32 ounce glass amber/ 
NA 

2 NA 4 



Table 2-2 Sample Analysis Summary and QA/QC Analytical Summary and Fixed Laboratory Analytical Methods – Phase I Sampling 

Matrix/ 
Location a 

Proposed 
Laboratory 

Analytical Parameters/Methods/Description 
and Detection Limits 

Precision 
and 

Accuracy 
Technical 

Holding Times b

Sample 
Preservation (all 

4oC + 2oC) 

Sample 
Containers/MS/MSD 
Sample Containers 

Number of 
Field 

Samples 

Number of 
MS/MSD 
Samples 

Total Number of 
Sample 

Containers 
SVOCs/ 

EPA CLP SOW SOM01.2 or EPA SW-846 8270/ 
GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days to 
extraction 40 days 

to analysis 

N/A 2 – 32 ounce glass amber/ 
NA 

2 NA 4 

VOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8260/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days unpreserved 
14 days preserved 

pH < 2 with HCl 2 – 40 milliliter glass/ 
NA 

9 NA 18 

Subcontract 
Laboratory 

Perchlorate/ 
EPA SW-846 6860/0.1 g/L 

+ 20% 
75% - 125% 

28 days Filter with 0.45 m 
PTFE membrane 

1 – 250 mL polyethylene/ 
NA 

2 NA 2 

Note: 
a = The number of samples presented is an estimate.  The actual number of samples to be collected will be determined in the field. 
b = Technical holding times have been established only for water matrices.  Water technical holding times were applied to sediment, soil, and product samples where applicable; in some cases, recommended sediment/soil holding times are not listed. 
C = The QA/QC water sample includes the rinsate sample for the non-dedicated sampling equipment. 
Key:  

g/kg = micrograms per kilogram 
° C = Degrees Celsius. 

CLP = Contract Laboratory Program. 
CRQL = Contract Required Quantitation Limit 

EPA = United States Environmental Protection Agency 
GC = Gas Chromatograph 

HCl = Hydrochloric acid 
HNO3 = Nitric acid 

ICP = Inductively coupled argon plasma 
MEL = Manchester Environmental Laboratory 

mg/kg = milligrams per kilogram. 
mg/L = milligrams per liter 

MS = Mass spectrometric detection 
NA = Not applicable 

SOW = Statement of Work 
SVOCs = Semivolatile Organic Compounds 

VOCs = Volatile Organic Compounds 
 



Table 2-3 Sample Analysis Summary and QA/QC Analytical Summary and Fixed Laboratory Analytical Methods – Phase II Sampling 

Matrix/ 
Location a 

Proposed 
Laboratory 

Analytical 
Parameters/Methods/Description and 

Detection Limits 

Precision 
and 

Accuracy 
Technical Holding 

Times b 

Sample 
Preservation  
(all 4oC + 2oC) 

Sample Containers/MS/MSD 
Sample Containers 

Number of 
Field 

Samples 

Number of 
MS/MSD 
Samples 

Total Number 
of Sample 
Containers 

Metals 
EPA SW-846 6010/ICP soil/CRQL 

(including lithium 0.3 mg/kg; molybdenum – 0.6 
mg/kg; strontium – 1.5 mg/kg; tin – 2.5 mg/kg; 

and titanium – 1 mg/kg) 

+ 35% 
75% - 125% 

6 months  
(28 days for Hg) 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

74 4 74 

Nitroaromatics/Nitroamines 
SW-846-8330B/ 1 mg/kg 

+ 35% 
50% - 150% 

14 days to extraction 40 
days to analysis 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

74 4 74 

SVOCs 
EPA SW-846 8270/ GC-MS/CRQL 

+ 35% 
50% - 150% 

14 days to extraction 40 
days to analysis 

N/A 1 – 8 ounce clear glass/ 
1 – 8 ounce clear glass 

74 4 74 

Total Organic Carbon/ 
EPA SW-846 9060/ Pyrolitic/100 milligrams 

N/A 28 days N/A 1 – 8 ounce clear glass/ 
N/A 

43 NA 43 

CLP/MEL 

VOCs/ 
EPA CLP SOW SOM01.2 or 

EPA SW-846 8260/ GC-MS/CRQL 

+ 35% 
50% - 150% 

At lab within 48hrs: 
14 days from collection 

N/A 3xCore-N-One& 1x2 oz. glass/ 
9xCore-N-One & 1x2 oz. glass 

74 4 312 

Perchlorate/ 
EPA SW-846 6860/ 1g/kg 

+ 35% 
75% - 125% 

28 days N/A 1 – 4 oz amber glass/ 
1 – 4 oz amber glass 

74 4 74 

Soil/Sediment  
74 Samples 

(15 – Pop-up Pond Surface 
Soil, 15 – Pop-up Pond 

Sediment, 6 – North Fork 
Lacamas Creek, 20 – Lacamas 
Creek, 1 – East Fork Lacamas 
Creek, 1 – David Creek, 1 – 
Buck Creek, 10 – Probable 

Point of Entry, 4 – Background 
Sediment, 1 – Background 

Surface Soil) 

Subcontract 
Laboratory 

Grain Size/ 
ASTM D-422/ Sieve and hydrometer/  

0.05 millimeters 

N/A NA N/A 2 – 8 ounce clear glass/ 
N/A 

43 NA 86 

VOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8260/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days unpreserved  
14 days preserved 

pH < 2 with HCl 2 – 40 milliliter glass/ 
9 – 40 milliliter glass 

34 2 82 

Total Metals/ 
SW-846 6010/ ICP ground water/CRQL 

(including lithium – 3 g/L; molybdenum – 6 
g/L; strontium – 15 g/L; tin 25 g/L; and 

titanium – 10 g/L) 

+ 20% 
75% - 125% 

6 months  
(28 days for Hg) 

pH < 2 with HNO3 1 – 1-Liter polyethylene/ 
2 – 1-Liter polyethylene 

34 2 36 

Dissolved Metals/ 
SW-846 6010/ ICP ground water/CRQL 

(including lithium – 3 g/L; molybdenum – 6 
g/L; strontium – 15 g/L; tin 25 g/L; and 

titanium – 10 g/L) 

+ 20% 
75% - 125% 

6 months  
(28 days for Hg) 

pH < 2 with HNO3 1 – 1-Liter polyethylene/ 
2 – 1-Liter polyethylene 

34 2 36 

Nitroaromatics and Nitroamines/ 
SW-846 8330B/ 0.5 mg/L 

+ 20% 
60% - 140% 

7 days to extraction 40 
days to analysis 

N/A 2 – 32 ounce glass amber/ 
6 – 32 ounce glass amber 

34 2 76 

CLP/MEL 

SVOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8270/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days to extraction 40 
days to analysis 

N/A 2 – 32 ounce glass amber/ 
6 – 32 ounce glass amber 

34 2 76 

Water 
34 Samples 

(9 – Existing Wells, 3 – New 
Permanent Wells, 6 – North 

Fork Lacamas Creek, 4 – 
Lacamas Creek Surface Water, 

5 – Lacamas Creek Ground 
Water, 4 – Background 

Surface Water, 3 – 
Background Ground Water)  

Subcontract 
Laboratory 

Perchlorate/ 
EPA SW-846 6860/0.1 g/L 

+ 20% 
75% - 125% 

28 days Filter with 0.45 m 
PTFE membrane 

1 – 250 mL polyethylene/ 
2 – 250 mL polyethylene 

34 2 36 

QA/ 
7 Samples 

(7 – Trip Blanks) 

CLP/MEL VOCs/ 
EPA CLP SOW SOM01.2 or EPA SW-846 8260/ 

GC-MS/CRQL 

+ 20% 
60% - 140% 

7 days unpreserved  
14 days preserved 

pH < 2 with HCl 2 – 40 milliliter glass/ 
NA 

7 NA 14 

Note: 
a = The number of samples presented is an estimate.  The actual number of samples to be collected will be determined in the field. 
b = Technical holding times have been established only for water matrices.  Water technical holding times were applied to sediment, soil, and product samples where applicable; in some cases, recommended sediment/soil holding times are not listed. 
c = The QA/QC water sample includes the rinsate sample for the non-dedicated sampling equipment. 
 



 
Key:  

g/kg = micrograms per kilogram 
° C = Degrees Celsius. 
AA = Atomic Adsorption 

CLP = Contract Laboratory Program. 
CRQL = Contract Required Quantitation Limit 

EPA = United States Environmental Protection Agency 
GC = Gas Chromatograph 

HCl = Hydrochloric acid 
HNO3 = Nitric acid 

ICP = Inductively coupled argon plasma 
MEL = Manchester Environmental Laboratory 

mg/kg = milligrams per kilogram. 
mg/L = milligrams per liter 

MS = Mass spectrometric detection 
NA = Not applicable 

SOW = Statement of Work 
SVOCs = Semivolatile Organic Compounds 

VOCs = Volatile Organic Compounds 



Table 2-4 Sample Coding 
Digits Description Code Example 

BG Background 
BC Buck Creek 
DC David Creek 
NL North Fork Lacamas Creek 
CI Central Impact Target Area 
FR Firing Range 
FP Firing Point 
ID Investigation-derived Waste 
LC Lacamas Creek 
LF Landfill 4 
MW Monitoring Well 
OB Open Burn/Open Detonation Area 
PP Probable Point of Entry 
PU Pop-Up Pond 
RS Rinsate 

1,2 Source Code 

WD Wetland 
3,4 Consecutive Number 01 First number of source code 

GW Ground Water 
SB Subsurface Soil 
SD Sediment 
SO Soil 
SS Surface Soil 

5,6 Matrix Code 

WT Water 
7,8 Consecutive Number 01 Lowest depth of sample matrix 
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1.  Summary 
 This Standard Operating Procedure (SOP) establishes requirements for the entry of in-
formation into logbooks to ensure that E & E field activities are properly documented.  The pro-
ject manager (PM) and the field team leader (FTL) are responsible for ensuring that logbook en-
tries provide sufficient information for the completion of an accurate and detailed description of 
field operations and meets the requirements of the contract or technical direction document 
(TDD). 
 This SOP describes logbook entry requirements for all types of projects, specifies the 
format that should be used, and provides examples.  Some flexibility exists when implementing 
the SOP because different types of projects require different data collection efforts.  This SOP 
does not address site safety logbook requirements or geotechnical logbook entries. 
 

2.  Purpose 
 Complete and accurate logbook entries are important for several reasons:  to ensure that 
data collection associated with field activities is sufficient to support the successful completion 
of the project; to provide sufficient information so that someone not associated with the project 
can independently reconstruct the field activities at a later date; to maintain quality control (QC) 
throughout the project; to document changes to or deviations from the work plan; to fulfill ad-
ministrative needs of the project; and to support potential legal proceedings associated with a 
specific project. 
 
2.1 Adequate Field Information/Quality Control 
 
 QC procedures for data collection begin with the complete and systematic documentation 
of all persons, duties, observations, activities, and decisions that take place during field activities.  
It is especially important to fully document any deviations from the contract, project scope, work 
plans, sampling plans, site safety plans, quality assurance (QA) procedures, personnel, and re-
sponsibilities, as well as the reasons for the deviations. 
 Prior to entering the field, the project manager must indicate to the field team what perti-
nent information must be collected during field activity in order to meet the desired objectives of 
the data collection effort.  The PM is responsible for reviewing the adequacy of the project log-
books both during and following completion of field activities, and is also responsible for meet-
ing with the field team members to discuss any findings and to direct activities to correct any de-
ficiencies, as appropriate.  The PM also has the responsibility of ensuring that the logbooks be-
come part of the project or TDD file. 
 
2.2 Work Plan Changes/Deviation 
 
 The logbook is the document that describes implementation of the work plan and other 
appropriate contract documents and provides the basis for the project reports.  It must include 
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detailed descriptions of any and all deviation from the work plan and the circumstances that ne-
cessitate such changes.  These changes will be reviewed for compliance with data quality objec-
tives and include:  
 

 Changes in procedures agreed to in the project planning stages; 
 

 Any conditions that prevent the completion of the field effort, or that 
result in additional fieldwork must be noted (i.e., weather delays, gov-
ernment actions, physical obstructions, personnel/ equipment problems, 
etc.).  Persons from whom permission was obtained to make such 
changes must be clearly documented. 

 
 Any modifications requested by the client or client's representative that 

are contradictory to the contract or outside of the existing scope of 
work must be documented in detail because the cost of the project 
could be affected by such modifications. 

 
2.3 Evidentiary Documentation 
 
 Field activity documentation can become evidence in civil and/or criminal judicial pro-
ceedings, as well as in administrative hearings.  Field logbooks serve this purpose.  Accordingly, 
such documentation is subject to judicial or administrative review.  More importantly, it is sub-
ject to the review of an opposing counsel who will attempt to discredit its evidentiary value. 
 The National Enforcement Investigation Center (NEIC) and the United States Environ-
mental Protection Agency (EPA) have prepared documents outlining their documentation needs 
for legal proceedings.  These guidelines indicate the importance of accurate and clear documen-
tation of information obtained during the inspections, investigations, and evaluations of uncon-
trolled hazardous waste sites.  Consequently, attention to detail must be applied by E & E per-
sonnel to all field documentation efforts for all E & E projects.  Project personnel must document 
where, when, how, and from whom any vital project information was obtained.  This information 
is necessary to establish a proper foundation for admissible evidence. 
 

3.  Guidelines 
 Logbooks should contain a summary of any meeting or discussion held with a  client or 
with any federal, state, or other regulatory agency that was on site during the field activities.  The 
logbook should also describe any other personnel that appear on site, such as representatives of a 
potential responsible party (PRP). 
 The logbook can be used to support cost recovery activities.  Data concerning site condi-
tions must be recorded before the response activity or the passage of time eliminates or alters 
those conditions.  Logbooks are also used to identify, locate, label, and track samples and their 
final disposition.  In addition, data recorded in the logbook will assist in the interpretation of the 
analytical results. 
 Logbooks are subject to internal and external audits.  Therefore, the recorded information 
should be consistent with and capable of substantiating other site documentation such as time 
cards, expense reports, chain-of-custody forms, shipping papers, and invoices from suppliers and 
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subcontractors, etc.  Logbooks also act as an important means of reconstructing events should 
other field documents such as data collection forms become lost or destroyed.  Therefore, all 
mission-essential information should be duplicated in the logbook. 
 
3.1 General Instructions 
 
 The following general guidelines must be used for all logbooks: 
 

 At a minimum, one separate field activity logbook must be maintained 
for each project or TDD. 

 
 All logbooks must be bound and contain consecutively numbered 

pages. 
 

 No pages may be removed for any reason, even if they are partially 
mutilated or illegible. 

 
 All field activities must be recorded in the site logbook (e.g., meetings, 

sampling, surveys, etc.). 
 

 All information must be printed legibly in the logbook using water-
proof ink, preferably black.  If weather conditions do not permit this 
(i.e., if it is too cold or too wet to write with ink), another medium, 
such as pencil, may be used.  The reason that waterproof ink was not 
used should be specifically noted in the logbook. 

 
 The language used in the logbook should be objective, factual, and free 

of personal feelings or terminology that might prove inappropriate. 
 

 Entries should be made in chronological order.  Contemporaneous en-
tries are always preferred because recollections fade or change over 
time.  Observations that cannot be recorded during field activities 
should be recorded as soon after as possible.  If logbook entries are not 
made during field activities, the time of the activity/ observation and 
the time that it is recorded should be noted. 

 
 The first entry for each day will be made on a new, previously blank 

page. 
 

 Each page should be dated and each entry should include the time that 
the activity occurred based on the 24-hour clock (e.g., 0900 for 9 a.m., 
2100 for 9 p.m.). 

 
 At the completion of the field activity, the logbook must be returned to 

the permanent project or TDD file. 
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3.2 Format 
 
 The information presented below is not meant to be all-inclusive.  Each project manager 
is responsible for determining the specific information requirements associated with a field activ-
ity logbook.  If someone other than the Project Manager is keeping the logbook, the Project 
Manager is responsible to convey to that individual, prior to the start of fieldwork, specific in-
structions on what type of information is required to be entered into the logbook.  Information 
requirements will vary according to the nature and scope of the project.  (Refer to Appendix A 
for an example of a completed logbook.) 
 
Title Page 
 
 The logbook title page should contain the following items: 
 

 Site name, 
 

 Location, 
 

 TDD No. or Job No., 
 

 PAN (an EPA site/task identification number), if applicable, 
 

 SSID No. (Site ID number-assigned under CERCLA), if applicable, 
 

 Start/Finish date, and 
 

 Book       of       . 
 
First Page 
 
 The following items should appear on the first page of the logbook prior to daily field 
activity entries: 
 

 TDD No. or Job No., 
 

 Date, 
 

 Summary of proposed work (Reference work plan and contract documents, as a
priate), 

ppro-

 
 Weather conditions, 

 
 Team members and duties, and 

 
 Time work began and time of arrival (24-hour clock). 
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Successive Pages 
 
 In addition to specific activity entries and observations, the following items should ap-
pear on every logbook page: 
 

 Date, 
 

 TDD or Job No., and 
 

 Signature (bottom of each page).  If more than one person makes entries into the log-
book, each person should sign next to his or her entry. 

 
Last Page 
 
 In addition to specific activity entries and observations and the items that should appear 
on each successive page, the last page of the logbook should contain a brief paragraph that sum-
marizes the work that was completed in the field.  This summary can become especially impor-
tant later on if more or less work was accomplished during the duration of the field activity. 
 
3.3 Corrections 
 
 If corrections are necessary, they must be made by drawing a single line through the 
original entry in such a manner that it can still be read.  Do not erase or render an incorrect no-
tation illegible.  The corrected entry should be written beside the incorrect entry, and the correc-
tion must be initialed and dated.  Most corrected errors will require a footnote explaining the cor-
rection.  
 

4.  Documentation 
 Although the requirements and content of the field logbook will vary according to the site 
and the tasks to be performed, the following information should be included in every logbook: 
 
4.1 Prior to Fieldwork 
 
Summary of Proposed Work 
 
 The first paragraph of each daily entry should summarize the work to be performed on 
that day.  For example: 
 

“Collect soil and groundwater samples from previously installed wells and ship 
samples to Analytical Services Center (ASC).  Discuss removal with site owner.”   

 
 The first paragraph becomes especially important later when discussing work plan devia-
tions or explaining why more or less work was accomplished for that day. 
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Personnel 
 
 Each person to be involved in activities for the day, his/her respective role  (sampler, 
health and safety, etc.), and the agency he/she represents should be noted in the logbook. 
 
On-Site Weather Conditions 
 
 Weather conditions may have an impact on the work to be performed or the amount of 
time required to perform the proposed work; therefore, all weather on-site weather conditions 
should be noted, including temperatures, wind speed and direction, precipitation, etc., and up-
dated as necessary.  Similarly, any events that are impacted by weather conditions should be 
noted in the logbook. 
 
Site Safety Meeting 
 
 Although minutes should be recorded for all site safety meetings under separate cover, 
the logbook should briefly summarize the site safety meeting and any specific site conditions and 
resultant site safety concerns. 
 
4.2 Site Sketch 
 
 A site sketch should be prepared on the first day of field activities to indicate prominent 
site and environmental features.  The sketch should be made either to scale or by noting the ap-
proximate distances between site feature.  Area-specific sketches should be prepared as work is 
undertaken in such areas, and updated sketches should be drawn as work progresses. 
 
Site Features 
 
 Examples of features to be noted on the site sketch include the following: 
 

 Structures such as buildings or building debris; 
 

 Drainage ditches or pathways, swales, and intermittent streams (include 
direction of overland runoff flow and direction of stream flow); 

 
 Access roads, site boundaries, and utility locations; 

 
 Decontamination and staging areas; 

 
 Adjacent property data:  the type of property that borders the site, in-

formation pertaining to ownership, and available addressees; and  
 

 North arrow. 
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Changes in Site Conditions 
 
 Any deviation from previous site sketches or drawings presented in the work plan, and 
any changes that have occurred since the last site visit must be noted.  Differences to be noted 
include the following: 
 

 Demolished buildings;  
 

 Changes to access routes;  
 

 Damage to wells or equipment, or changes to the amount of such 
equipment believed to be on site,  

 
 Changes resulting from vandalism;  

 
 Destruction of reference points; 

 
 Changes resulting from environmental events or natural disasters; and 

 
 Locations of excavations, waste piles, investigation-derived waste 

(IDW), drum staging areas, etc. 
 
 In short, any site condition that varies from the conditions described in the work plan 
should be noted. 
 
4.3 Monitoring Equipment and Activities 
 
 Any monitoring equipment used during field activities should be documented in the log-
book.  Information to be noted includes: 
 

 The type of equipment with model and serial numbers. (HNu, OVA, 
etc.); 

 
 The frequency at which monitoring is performed; 

 
 Calibration results and the frequency at which the equipment is cali-

brated or tested; 
 

 Background readings; 
 

 Any elevated or unusual readings; and 
 

 Any equipment malfunctions. 
 
 It is particularly important to note elevated or unusual equipment readings because they 
could have an impact on personal protection levels or the activities to be performed on site.  If a 
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change in the proposed work or protection levels occurs, it should be clearly noted in the log-
book. 
 
4.4 Sample Collection Activities 
 
 Because it represents the first step in an accurate chain-of-custody procedure, field sam-
pling documentation must be complete. The following items should be documented in the log-
book: 
 
Sample Collection Procedures 
 
 The following items pertaining to sample collection procedures should be included in the 
logbook: 
 

 Any pre-sampling activities (i.e., well purging and the number of volumes purged be-
fore sample collection); 

 
 Results of the pre-sampling activities (i.e., pH/conductivity/ tempera-

ture readings for well water, results of hazard categorization testing, 
etc.); 

 
 Any environmental conditions that make sample collection difficult or 

impossible (i.e., dry or flooded drainage paths, inclement weather con-
ditions, etc.); and 

 
 Any deviation from the work plan (i.e., additional samples and the rea-

son for their collection, alternate sample locations, etc.). 
 
Sample Information 
 
 The following information regarding sample data should be recorded in the logbook: 
 

 Sample number and station location including relationship to perma-
nent reference point(s); 

 
 Name(s) of sampler(s); 

 
 Sample description and any field screening results; 

 
 Sample matrix and number of aliquots if a composite sample; 

 
 Preservatives used, recipient laboratory, and requested analyses; 

 
 QA/QC samples; and 

 
 Shipping paper (airbill) numbers, chain-of-custody form numbers, and 

jar lot numbers. 
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Investigation-Derived Waste/Sample Shipment 
 
 Details pertaining to sampling equipment, decontamination, and IDW should be clearly 
delineated in the work plan.  However, the following information should be included in the log-
book: 
 

 The type of IDW generated an the number of containers generated 
(each drum should be numbered and its contents noted); 

 
 All information relevant to the characterization of the IDW; 

 
 Any directions received from the client/workplan/contract relative to 

the management of the IDW; 
 

 The disposition of IDW (left on site or removed from site); 
 

 The number of sample containers shipped to the ASC or laboratory and 
the courier used (i.e., Federal Express, Airborne Express, etc.); 

 
 Airbill or shipment tracking numbers; and 

 
 The type of paperwork that accompanied the waste/sample shipment 

(e.g., manifests, etc.).  
 
4.5 Photodocumentation 
 
 Photographs should be taken during all relevant field activities to confirm the presence or 
absence of contaminants encountered during fieldwork.  Specific items to be documented in-
clude: 
 

 Sample locations and collection activities; 
 

 Site areas that have been disturbed or impacted, and any evidence of 
such impacts (i.e., stressed vegetation, seepage, discolored water, or 
debris); 

 
 Hazardous materials requiring disposal, including materials that may 

not appear in the work plan; 
 

 Any evidence that attests to the presence or absence of contamination; 
and 

 
 Any features that do not appear in the work plan or differ from those 

described in the work plan. 
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 Documentation of any photographs taken during the course of the project must be pro-
vided in the logbook with a detailed description of what is shown in the photograph and the rea-
son for taking it.  This documentation should include: 
 

 Make, model, and serial numbers of the camera and lens, 
 

 Film type and number of exposures, 
 

 Roll and frame number of the photograph; 
 

 Direction or view angle of the photograph, and 
 

 Name of the photographer. 
 

4.6 Data Collection Forms 
 
 Certain phases of fieldwork may require the use of project-specific data collection forms, 
such as task data sheets or hazard categorization data sheets.  Due to the specific nature of these 
forms, the information that should be included in the logbook cannot be fully discussed in this 
SOP.  However, the following data should be included in the logbook: 
 

 Results of any field tests or hazard categorization tests (i.e., ignitability, 
corrosivity, reactivity, etc.); 

 
 The source from which any field sample was collected and its condi-

tion (i.e., drum, tank, lagoon, etc.). 
 

 Other conclusions as a result of the data collected on data collection 
forms. 

 
 In many cases, rubber stamps that contain routine data collection forms can be manufac-
tured ahead of time.  These forms can be stamped into the logbook on an as-needed basis. 
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None of the information contained in this Ecology and Environment, Inc., 
(E & E) publication is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use in connection with any me-
thod, apparatus, or product covered by letters patent, nor as ensuring anyone 
against liability for infringement of letters patent. 
 
Anyone wishing to use this E & E publication should first seek permission 
from the company.  Every effort has been made by E & E to ensure the accu-
racy and reliability of the information contained in the document; however, 
the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use; for any violation of 
any federal, state, or municipal regulation with which this E & E publication 
may conflict; or for the infringement of any patent resulting from the use of 
the E & E publication. 
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1.  Introduction 
 Liquid and solid environmental samples are routinely collected by E & E during field 
surveys, site investigations, and other site visits for laboratory analysis.  Unless the samples have 
anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member to 
perform his or her duty or are known to meet the established U.S. Department of Transportation 
criteria for hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are not 
regulated as hazardous materials. 
 This Standard Operating Procedure (SOP) describes the packaging procedures to be used 
by E & E’s staff to ensure the safe arrival of the samples at the laboratory for analyses.  These 
procedures have been developed to reduce the risk of damage to the samples (i.e., breakage of 
the sample containers), promote the maintenance of sample temperature within the cooler, and 
prevent spillage of the sampled material should a container be broken. 
 In the event the sample material meets the established criteria of a DOT hazardous ma-
terial, the reader is referred to E & E’s Hazardous Materials/Dangerous Goods Shipping Guid-
ance Manual (see H&S 5.5).  
 

2.  Scope 
 This SOP describes procedures for the packaging of environmental samples in: 
 

■ Coolers; 
 
■ Steel, aluminum and plastic drums; and 
 
■ 4GV fiberboard boxes. 

 
 The Hazardous Materials/Dangerous Goods Shipping Guidance Manual will complete 
the information needed for shipping samples by providing guidance on: 
 

■ Hazard determination for samples which meet the USDOT definition of a hazardous 
material; 

 
■ Shipping profiles for “standard” shipments; 
 
■ Shipping procedures for “non-standard” shipments; 
 
■ Marking of packages containing hazardous materials; 
 
■ Labeling of packages containing hazardous materials; and 
 
■ Preparation of shipping papers for hazardous materials shipment. 
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3.  Sample Packaging Procedures 
3.1  General 
 
 It is E & E’s intent to package samples so securely that there is no chance of leakage dur-
ing shipment.  This is to prevent the loss of samples and the expenditure of funds for emergency 
responses to spills and the efforts necessary to re-obtain the sample. 
 Over the years, E & E has developed several “standard” package configurations for the 
shipping of environmental samples.  These standard package configurations are described below.   
 Liquid samples are particularly vulnerable.  Because transporters (carriers) do not know 
the difference between a package leaking distilled water and a package leaking a hazardous 
chemical, they will react to a spill in an emergency fashion, potentially causing enormous ex-
pense to E & E for the cleanup of the sample material.  Therefore, liquids are to be packed in 
multiple layers of plastic bags and absorbent/cushioning material to preclude any possibility of 
leaks from a package.  This section defines the standard packaging configurations for environ-
mental samples. 
 
3.2  Liquid Environmental Sample Packaging Procedures 
 
 Liquid environmental samples should be collected and preserved as outlined in the Stan-
dard Operating Procedures (SOP) for Surface Water Sampling (ENV 3.12), and Groundwater 
Well Sampling (ENV 3.7).  Preserved water samples are not considered to meet the HM/DG 
definitions of Class 8 (Corrosive) due to the preservative and are therefore considered to be 
nonhazardous samples.  Liquid environmental samples may be shipped using an 80-quart cooler 
or an outer package consisting of either a steel or aluminum drum.  Because the steel and alumi-
num drums provide little insulating capability, they should not be used for samples that require 
icing. 
 
Packaging Liquid Environmental Samples Using the 80-Quart Cooler 
 

■ Label and seal all water sample bottles according to appropriate sampling SOPs; 
 
■ Secure the bottle caps using fiberglass tape; and 
 
■ Place each amber, poly, and volatile organic analysis (VOA) bottle in a sealable plas-

tic bag.  Mark the temperature blank VOA bag for identification. 
 
If a foam block insert is used: 
 

■ Line the cooler with two plastic bags; 
 
■ Place a foam insert (with holes cut to receive the sample bottles) inside the plastic 

bag; 
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■ Place the bottles in the holes in the foam block; 
 
■ Fill void spaces with bagged ice to the top of the cooler; 
 
■ Fold over the plastic bags lining the cooler and secure shut with tape; 
 
■ Place Chain-of-Custody (C-O-C) form in a sealable bag and tape it to the inside of the 

cooler lid; and 
 
■ Secure the cooler with strapping tape and custody seal.  Cover the custody seals with 

clear tape. 
 
If acceptable absorbent material is used: 
 

■ Place 1 inch of inert absorbent material in the bottom of the cooler; 
 
■ Line the cooler with two plastic bags; 
 
■ Place each sample bottle inside the inner bag; 
 
■ Fill the void spaces around the bottles with absorbent to about half the height of the 

large bottles; 
 
■ Fill the remainder of the void spaces with bagged ice to within 4 inches of the top of 

the cooler, making sure the VOAs are in direct contact with a bag of ice; 
 
■ Fold over the plastic bags lining the cooler and secure shut with tape; 
 
■ Fill the remaining space in the cooler with absorbent to the top of the cooler; 
 
■ Place C-O-C form in a sealable bag and tape it to the inside of the cooler lid; and 
 
■ Secure the cooler with strapping tape and custody seal.  Cover the custody seals with 

clear tape. 
 

Note: Acceptable absorbent materials must not react dangerously with the liquid and include 
vermiculite only if certified asbestos free.   
 
Alternate Packaging Using 1A2/1B2 Drum 
 

■ Place 3 inches of inert absorbent material in the bottom of the drum; 
 
■ Line the drum with two plastic bags; 
 
■ Place each sample bottle inside the inner bag; 
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■ Fill the void spaces around the bottles with absorbent to the height of the larger bot-

tles;  
 
■ Fold over the plastic bags lining the drum and secure shut with tape; 
 
■ Fill the remaining space in the drum with absorbent to the top of the drum; 
 
■ Place C-O-C form in a sealable bag and tape it to the inside of the drum lid; and 
 
■ Secure the drum with closing ring and apply custody seals.  Cover the custody seals 

with clear tape. 
 
3.3  Soil/Sediment Environmental Sample Packaging Procedures 
 
 Soil/sediment environmental samples should be collected as outlined in the SOP for Soil 
Sampling (ENV 3.13), and SOP for Sediment Sampling (ENV 3.8).  Soil/sediment environmen-
tal samples may be shipped using an 80-quart cooler, a 4GV fiberboard combination package, or 
an outer package consisting of either a steel or aluminum drum.  Because the steel and aluminum 
drums provide little insulating capability, they should not be used for samples that require icing. 
 
Packaging Soil/Sediment Environmental Samples 
 

■ Label and seal each sample container according to SOPs; 
 
■ Secure the bottle caps using fiberglass tape; 
 
■ Place each sample bottle inside a sealable plastic bag and place it in its original ship-

ping box or in individual fiberboard boxes.  Mark the temperature blank bag for iden-
tification; and 

 
■ Secure the original shipping box with strapping tape, place shipping box in a plastic 

bag, and secure the plastic bag with tape. 
 
If an 80-quart cooler is used: 
 

■ Place bubble pack or similar material on the bottom and sides of an 80-quart cooler; 
 
■ Place the bagged shipping boxes in the cooler with a layer of bubble pack between 

each box; 
 
■ Fill the void spaces with “blue ice” or ice in baggies to the top of the cooler; 
 
■ Place C-O-C form in a sealable baggie and tape it to the inside of the cooler lid; and 
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■ Secure the cooler with strapping tape and custody seal.  Cover the seals with clear 
tape. 

 
If a 1A2/1B2 drum is used: 
 

■ Place 3 inches of inert absorbent material in the bottom of the drum; 
 
■ Line the drum with two plastic garbage bags;  
 
■ Place the boxes inside the inner bag; 
 
■ Fill the space around the samples with absorbent;  
 
■ Fold over the plastic bags lining the drum and secure shut with tape; 
 
■ Fill the remaining space around the bags with absorbent to the top of the drum; 
 
■ Place C-O-C form in a sealable bag and tape it to the inside of the drum lid; and 
 
■ Secure the drum with the closing ring and apply custody seals.  Cover the custody 

seals with clear tape. 
 
Note: If a small number of samples are being shipped, it may be more practical to pack-

age them using the absorbent or foam block configurations used for shipping liq-
uid samples. 

 

4.  Shipping Procedures 
 Environmental samples are to be shipped as nonhazardous cargo.  Unless the samples 
have anesthetic, noxious, or other properties that could inhibit the ability of a flight crew member 
to perform his or her duty or are known to meet the established U.S. Department of Transporta-
tion criteria for a hazardous material (i.e., explosive, corrosive, flammable, poisonous), they are 
not regulated as hazardous materials.  When preparing the containers (i.e., cooler, drum, or box) 
for shipment, E & E staff must remove all labels from the outside container.  Labels indicating 
that the contents may be hazardous are misleading and are not appropriate.  Markings indicating 
ownership of the container, destination, and chain of custody labels are acceptable and can be 
attached as required. 
 When completing the paperwork for shipment, the standard nonhazardous forms must be 
used.  Do not use the hazardous materials/dangerous goods airbills, either in total or in part; these 
forms are coded and their use will invite unnecessary questions.  This will only serve to confuse 
DHL or Federal Express’ terminal personnel and will cause much frustration and the delay of 
sample shipment. 
 Environmental sample packages can be shipped overnight by both DHL and Federal Ex-
press.  When choosing between the two, cost should be considered.  It is normally much cheaper 
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to ship DHL.  In addition, DHL tends to have remote locations open later in the evenings than 
Federal Express, which may be helpful when trying to complete a full day’s sampling effort and 
still make the flights on time.  Although both companies offer pickup of samples at the site, it is 
advisable to call ahead and ensure that this service is offered beforehand.  In almost all cases, 
both companies will deliver to the laboratory of your choice on Saturdays.  When planning for 
sampling activities, check with the companies in advance to verify pick-up and delivery sche-
dules.
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1.  Scope and Application 
 The purpose of this procedure is to provide a description of methods for preventing or 
reducing cross-contamination and general guidelines for designing and selecting decontamina-
tion procedures for use at potential hazardous waste sites.  The decontamination procedures cho-
sen will prevent introduction and cross-contamination of suspected contaminants in environ-
mental samples, and will protect the health and safety of site personnel. 
 

2.  Method Summary 
 Removing or neutralizing contaminants that have accumulated on personnel and equip-
ment ensures protection of personnel from permeating substances, reduces/eliminates transfer of 
contaminants to clean areas, prevents the mixing of incompatible substances, and minimizes the 
likelihood of sample contamination. 
 Cross-contamination can be removed by physical decontamination procedures.  The abra-
sive and non-abrasive methods include the use of brushes, high pressure water, air and wet blast-
ing, and high pressure Freon cleaning.  These methods should be followed by a wash/rinse proc-
ess using appropriate cleaning solutions.  A general protocol for cleaning with solutions is as fol-
lows: 
 

1. Physical removal. 
2. Non-phosphate detergent plus tap water. 
3. Tap water. 
4. 10% nitric acid. 
5. Distilled/deionized water rinse. 
6. Solvent rinse. 
7. Total air dry. 
8. Triple rinse with distilled/deionized water. 

 
 This procedure can be expanded to include additional or alternate solvent rinses that will 
remove specified target compounds if required by site-specific work plans (WP) or as directed by 
a particular client. 
 

3.  Interferences 
 The use of distilled/deionized water commonly available from commercial vendors may 
be acceptable for decontamination of sampling equipment provided that it has been verified by 
laboratory analysis to be analyte-free distilled/deionized water.  Distilled water available from 
local grocery stores and pharmacies is generally not acceptable for final decontamination rinses.  
Contaminant-free deionized water is available from commercial vendors and may be shipped di-
rectly to the site or your hotel. 
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 The use of an untreated potable water supply is not an acceptable substitute for tap water.  
Tap water may be used from any municipal water treatment system. 
 

4.  Equipment/Apparatus 
 The following are standard materials and equipment used as a part of the decontamina-
tion process: 
 

■ Appropriate protective clothing; 
 
■ Air purifying respirator (APR); 
 
■ Field log book; 
 
■ Non-phosphate detergent; 
 
■ Selected high purity, contaminant-free solvents; 
 
■ Long-handled brushes; 
 
■ Drop cloths (plastic sheeting); 
 
■ Trash containers; 
 
■ Paper towels; 
 
■ Galvanized tubs or equivalent (e.g., baby pools); 
 
■ Tap water; 
 
■ Contaminant-free distilled/deionized water; 
 
■ Metal/plastic container for storage and disposal of contaminated wash solutions; 
 
■ Pressurized sprayers, H2O; 
 
■ Pressurized sprayers, solvents; 
 
■ Trash bags; 
 
■ Aluminum foil; 
 
■ Sample containers; 
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■ Safety glasses or splash shield; and 
 
■ Emergency eyewash bottle. 

 

5.  Reagents 
 There are no reagents used in this procedure aside from decontamination solutions used 
for the equipment.  The type of decontamination solution to be used shall depend upon the type 
and degree of contamination present and as specified in the project/site-specific Quality Assur-
ance Project Plan (QAPP). 
 
 In general, the following solvents are utilized for decontamination purposes: 
 

■ 10% nitric acid wash ( reagent grade nitric acid diluted with deionized/distilled water 
– 1 part acid to 10 parts water)a; 

 
■ Acetone (pesticide grade)b ; 
 
■ Hexane (pesticide grade)b; 
 
■ Methanol; and 
 
■ Methylene chlorideb. 

 
 a Only if sample is to be analyzed for trace metals. 
 b Only if sample is to be analyzed for organics requiring specific or specialized decon-
tamination procedures.  These solvents must be kept away from samples in order to avoid con-
tamination by decon solvents. 
 

6.  Procedures 
 Decontamination is the process of removing or neutralizing contaminants that have ac-
cumulated on both personnel and equipment.  Specific procedures in each case are designed ac-
cordingly and may be identified in either the Health and Safety Plan (HSP), WP, QAPP, or all 
three. 
 As part of the HSP, a personnel decontamination plan should be developed and set up 
before any personnel or equipment enters the areas of potential contamination.  Decontamination 
procedures for equipment will be specified in the WP and the associated QAPP.  These plans 
should include: 
 

■ Number and layout of decontamination stations; 
 
■ Decontamination equipment needed (see Section 4); 
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■ Appropriate decontamination methods; 
 
■ Procedures to prevent contamination of clean areas; 
 
■ Methods and procedures to minimize worker contact with contaminants during re-

moval of protective clothing; 
 
■ Methods and procedures to prevent cross-contamination of samples and maintain 

sample integrity and sample custody; and 
 
■ Methods for disposal of contaminated clothing, equipment, and solutions. 

 
 Revisions to these plans may be necessary for health and safety when the types of protec-
tive clothing, site conditions, or on-site hazards are reassessed based on new information. 
 
Prevention of Contamination 
 
 Several procedures can be established to minimize contact with waste and the potential 
for contamination.  For example: 
 

■ Employing work practices that minimize contact with hazardous substances (e.g., 
avoid areas of obvious contamination, avoid touching potentially hazardous sub-
stances); 

 
■ Use of remote sampling, handling, and container-opening techniques; 
 
■ Covering monitoring and sampling equipment with plastic or other protective mate-

rial; 
 
■ Use of disposable outer garments and disposable sampling equipment with proper 

containment of these disposable items; 
 
■ Use of disposable towels to clean the outer surfaces of sample bottles before and after 

sample collection; and 
 
■ Encasing the source of contaminants with plastic sheeting or overpacks. 

 
 Proper procedures for dressing prior to entrance into contaminated areas will minimize 
the potential for contaminants to bypass the protective clothing.  Generally, all fasteners (zippers, 
buttons, snaps, etc.) should be used, gloves and boots tucked under or over sleeves and pant legs, 
and all junctures taped (see the Health and Safety Plan for these procedures). 
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Decontamination Methods 
 
 All personnel, samples, and equipment leaving the contaminated area of a site must be 
decontaminated to remove any chemicals or infectious organisms that may have adhered to them.  
Various decontamination methods will either physically remove, inactivate by chemical detoxifi-
cation/disinfection/sterilization, or remove contaminants by both physical and chemical means. 
 In many cases, gross contamination can be removed by physical means.  The physical 
decontamination techniques can be grouped into two categories: abrasive methods and non-
abrasive methods. 
 
6.1  Abrasive Cleaning Methods 
 
 Abrasive cleaning methods work by rubbing and wearing away the top layer of the sur-
face containing the contaminant.  The following reviews the available abrasive methods. 
 
Mechanical 
 
 Mechanical methods include using brushes with metal, nylon, or natural bristles.  The 
amount and type of contaminants removed will vary with the hardness of bristles, length of time 
brushing, and degree of brush contact.  Material may also be removed by using appropriate tools 
to scrape, pry, or otherwise remove adhered materials. 
 
Air Blasting 
 
 Air blasting equipment uses compressed air to force abrasive material through a nozzle at 
high velocities.  The distance between nozzle and surface cleaned, air pressure, and time of air 
blasting dictate cleaning efficiency.  The method’s disadvantages are its inability to control the 
exact amount of material removed and its large amount of waste generated. 
 
Wet Blasting 
 
 Wet blast cleaning involves the use of a suspended fine abrasive.  The abrasive/water 
mixture is delivered by compressed air to the contaminated area.  By using very fine abrasives, 
the amount of materials removed can be carefully controlled. 
 
6.2  Non-abrasive Cleaning Methods 
 
 Non-abrasive cleaning methods work by either dissolution or by forcing the contaminant 
off a surface with pressure.  In general, less of the equipment surface is removed using non-
abrasive methods. 
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High-Pressure Water 
 
 This method consists of a high-pressure pump, an operator controlled directional nozzle, 
and high-pressure hose.  Operating pressure usually ranges from 340 to 680 psi, which relates to 
flow rates of 20 to 140 lpm. 
 
Steam Cleaning  
 
 This method uses water delivered at high pressure and high temperature in order to re-
move accumulated solids and/or oils. 
 
Ultra-High-Pressure Water 
 
 This system produces a water jet from 1,000 to 4,000 atm.  This ultra-high-pressure spray 
can remove tightly-adhered surface films.  The water velocity ranges from 500 m/sec. (1,000 
atm) to 900 m/sec. (4,000 atm).  Additives can be used to enhance the cleaning action, if ap-
proved by the QAPP for the project. 
 
High-Pressure Freon Cleaning 
 
 Freon cleaning is a very effective method for cleaning cloth, rubber, plastic, and exter-
nal/internal metal surfaces.  Freon 113 (trichlorotriflorethane) is dense, chemically stable, rela-
tively non-toxic, and leaves no residue.  The vapor is easily removed from the air by activated 
charcoal.  A high pressure (1,000 atm) jet of liquid Freon 113 is directed onto the surface to be 
cleaned.  The Freon can be collected in a sump, filtered, and reused. 
 Physical removal of gross contamination should be followed by a wash/rinse process us-
ing cleaning solutions.  One or more of the following methods utilize cleaning solutions. 
 
Dissolving 
 
 Removal of surface contaminants can be accomplished by chemically dissolving them, 
although the solvent must be compatible with the equipment and protective clothing.  Organic 
solvents include alcohols, ethers, ketones, aromatics, straight-chain alkanes, and common petro-
leum products.  Halogenated solvents are generally incompatible with protective clothing and are 
toxic.  Table 1 provides a general guide to the solubility of contaminant categories in four types 
of solvents. 
 
Surfactants 
 
 Surfactants reduce adhesion forces between contaminants and the surface being cleaned 
and prevents reposition of the contaminants.  Non-phosphate detergents dissolved in tap water is 
an acceptable surfactant solution. 
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Rinsing 
 
 Contaminants are removed and rinsing through dilution, physical attraction, and solubili-
zation. 
 
Disinfection/Sterilization 
 
 Disinfectants are a practical means of inactivating infectious agents.  Unfortunately, stan-
dard sterilization methods are impractical for large equipment and personal protective clothing. 
 
6.3  Field Sampling Equipment Cleaning Procedures 
 
 The following steps for equipment cleaning should be followed for general field sampling 
activities. 
 

1. Physical removal (abrasive or non-abrasive methods). 
2. Scrub with non-phosphate detergent plus tap water. 
3. Tap water rinse. 
4. 10% nitric acid (required during sampling for inorganics only). 
5. Distilled/deionized water rinse. 
6. Solvent rinse (required during sampling for organics only). 
7. Total air dry (required during sampling for organics only). 
8. Triple rinse with distilled/deionized water. 

 
 Table 1 lists solvent rinses which may be required for elimination of particular chemicals.  
After each solvent rinse, the equipment should be air-dried and triple-rinsed with dis-
tilled/deionized water. 
 Solvent rinses are not necessarily required when organics are not a contaminant of con-
cern.  Similarly, an acid rinse is not necessarily required if analysis does not include inorganics. 
 NOTE: Reference the appropriate analytical procedure for specific decontamination solu-
tions required for adequate removal of the contaminants of concern. 
 Sampling equipment that requires the use of plastic or teflon tubing should be disassem-
bled, cleaned, and the tubing replaced with clean tubing, if necessary, before commencement of 
sampling or between sampling locations. 
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Table 1 Decontamination Solvents 

Solvent Soluble Contaminants 
Water Low-chain compounds 

Salts 
Some organic acids and other polar compounds

Dilute Bases 
For example: 
■ detergent 
■ soap 

Acidic compounds 
Phenol 
Thiols 
Some nitro and sulfonic compounds 

Organic Solvents: 
For example: 
■ alcohols (methanol) 
■ ethers 
■ ketones 
■ aromatics 
■ straight-chain alkanes (e.g., hexane) 
■ common petroleum products (e.g., fuel oil, 

kerosene) 

Nonpolar compounds (e.g., some organic com-
pounds) 

WARNING:  Some organic solvents can permeate and/or degrade the protective clothing. 
 

7.  Quality Assurance/Quality Control 
 QA/QC samples are intended to provide information concerning possible cross-
contamination during collection, handling, preparation, and packing of samples from field loca-
tions for subsequent review and interpretation.  A field blank (rinsate blank) provides an addi-
tional check on possible sources of contamination from ambient air and from sampling instru-
ments used to collect and transfer samples into sample containers. 
 A field blank (rinsate blank) consists of a sample of analyte-free water passed 
through/over a precleaned/decontaminated sampling device and placed in a clean area to attempt 
to simulate a worst-case condition regarding ambient air contributions to sample contamination. 
 Field blanks should be collected at a rate of one per day per sample matrix even if sam-
ples are not shipped that day.  The field blanks should return to the lab with the trip blanks origi-
nally sent to the field and be packed with their associated matrix. 
 The field blank places a mechanism of control on equipment decontamination, sample 
handling, storage, and shipment procedures.  It is also indicative of ambient conditions and/or 
equipment conditions that may affect the quality of the samples. 
 Holding times for field blanks analyzed by CLP methods begin when the blank is re-
ceived in the laboratory (as documented on the chain of parameters and associated analytical 
methods). 
 Holding times for samples and blanks analyzed by SW-846 or the 600 and 500 series be-
gins at the time of sample collection. 
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8.  Health and Safety 
 Decontamination can pose hazards under certain circumstances even though performed to 
protect health and safety.  Hazardous substances may be incompatible with decontamination 
methods (i.e., the method may react with contaminants to produce heat, explosion, or toxic prod-
ucts).  Decontamination methods may be incompatible with clothing or equipment (e.g., some 
solvents can permeate and/or degrade protective clothing).  Also, a direct health hazard to work-
ers can be posed from chemical decontamination solutions that may be hazardous if inhaled or 
may be flammable. 
 The decontamination solutions must be determined to be compatible before use.  Any 
method that permeates, degrades, or damages personal protective equipment should not be used.  
If decontamination methods do pose a direct health hazard, measures should be taken to protect 
personnel or modified to eliminate the hazard. 
 All site-specific safety procedures should be followed for the cleaning operation.  At a 
minimum, the following precautions should be taken: 
 

1. Safety glasses with splash shields or goggles, neoprene gloves, and laboratory apron 
should be worn. 

 
2. All solvent rinsing operations should be conducted under a fume hood or in open air. 
 
3. No eating, smoking, drinking, chewing, or any hand-to-mouth contact is permitted. 

 

9.  References 
Field Sampling Procedures Manual, New Jersey Department of Environmental Protection, 1988. 
 
A Compendium of Superfund Field Operations Methods, EPA 540/p-87/001. 
 
Engineering Support Branch Standard Operating Procedures and Quality Assurance Manual, 

USEPA Region IV, April 1, 1986. 
 
Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities, 

NIOSH/OSHA/USCG/EPA, October 1985. 
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None of the information contained in this Ecology and Environment, Inc., 
(E & E) publication is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use in connection with any 
method, apparatus, or product covered by letters patent, nor as ensuring any-
one against liability for infringement of letters patent. 
 
Anyone wishing to use this E & E publication should first seek permission 
from the company.  Every effort has been made by E & E to ensure the accu-
racy and reliability of the information contained in the document; however, 
the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use; for any violation of 
any federal, state, or municipal regulation with which this E & E publication 
may conflict; or for the infringement of any patent resulting from the use of 
the E & E publication. 
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1.  Introduction 

 
 Geologic logging involves keeping detailed records during the drilling of boreholes, the 
installation of monitoring wells, and the excavation of test pits, and entering the geologic de-
scriptions of the soil and rock samples recovered on a standardized form.  E & E has adapted a 
standardized geotechnical logbook (see DOC 2.4 in E & E’s Standard Operating Procedures 
[SOPs]) that contains items deemed important to record when installing monitoring wells, pie-
zometers, and/or soil borings.  This document discusses general procedures for completing geo-
logic logs. 
 
 

2.  Drilling Logs 

 
2.1 Basic Documentation 
 
 When drilling boreholes, the project geologist should maintain a log that describes each 
borehole.  The E & E Geotechnical Logbook contains records for boreholes.  The following ba-
sic information should be entered on the heading of each drilling log sheet (see Figure 1): 
 

 Borehole/well number; 
 

 Project name; 
 

 Site location; 
 

 Dates and times that drilling was started and completed; 
 

 Drilling company;  
 

 E & E geologist's name; 
 

 Drill rig type used to drill the borehole; 
 

 Drilling method(s) used to drill the borehole; 
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Figure 1 Drilling Log 
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 Bit and auger size(s); 
 

 Depth of auger/split barrel sampler refusal; 
 

 Total depth of borehole; 
 

 Total depth of corehole (if applicable); 
 

 Water level at time of completion measured from top of inside casing (TOIC); and 
 

 A well location sketch. 
 
2.2 Technical Information 
 
 During the drilling of a borehole, specific technical information about the unconsolidated 
material and rock encountered should be recorded on the drilling log sheet.  The following 
minimum technical information should be recorded: 
 

 Depth that sample was collected or encountered; 
 

 Sample number assigned (if applicable); 
 

 The number of blow counts required to drive the split barrel sampler 2 
feet at 6-inch intervals (see Table 1); 

 
 Description of soil components (see Figure 2); 

 
 Description of rock profile (see Figure 3); 

 
 Rock qualitative designation (RQD) (see Figure 4); 

 
 Rock penetration time; 

 
 Core run number (if applicable) and percent recovery; and 

 
 Organic vapor readings in the sample. 
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Table 1 Standard Penetration Test for 

Soil Density 
N-Blows/Feet Relative Density 

Cohesionless Soils 
0 - 4 Very loose 
4 - 10 Loose 
10 - 30 Medium 
30 - 50 Dense 
50 Very dense 
Cohesive Soils 
2 Very soft 
2 - 4 Soft 
4 - 8 Medium 
8 - 15 Stiff 
15 - 30 Very stiff 
30 Hard 

 
 

3.  Soil Classification 

 
 Soils should be described using the Unified Soil Classification System (USCS) in the nar-
rative lithologic description section of Figure 5.  Figure 6 is a summary of the American Society 
for Testing and Materials (ASTM) criteria for describing soils.  Soil descriptions should be con-
cise, stressing major constituents and characteristics, and should be given in a consistent order 
and format.  The following order is recommended by the ASTM: 
 
 1. Soil name.  The basic name of the predominant constituent and a single-word modi-

fier indicating the major subordinate constituent. 
 
 2. Gradation or Plasticity.  Granular soils (i.e., sands or gravels) should be described as 

well-graded, poorly-graded, uniform, or gap-graded, depending on the gradation of 
the minus 3-inch fraction.  Cohesive soils (i.e., silts and clays) should be described as 
nonplastic, slightly plastic, moderately plastic, or highly plastic, depending on results 
of the manual evaluation for plasticity. 

 
 3. Particle size distribution.  An estimate of the percentage and grain-size range of each 

subordinate constituent of the soil.  This description may also include a description of 
angularity (see Figure 7). 

 
 4. Color.  The basic color of the soil. 
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Figure 2 USCS Soil Classification Chart 

 



TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

 
 

 
6 

 

 
Figure 3 Rock Descriptive Terms 
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Figure 4 Rock Qualitative Designation (RQD) 
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Figure 5 Narrative Lithologic Description 
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Figure 6 ASTM Criteria For Describing Soil 
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Figure 6 ASTM Criteria for Describing Soil (cont.) 
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Figure 7 Sediment Particle Size and Shape Estimates 
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 5. Moisture content.  The amount of soil moisture (dry, moist, or wet). 
 
 6. Relative density or consistency.  An estimate of density of a granular soil or consis-

tency of a cohesive soil, usually based on the standard penetration test results (see 
Table 1). 

 
 7. Soil Structure or Mineralogy.  Description of discontinuities, inclusions, and struc-

tures.  Includes joints, fissures, and slickensides. 
 
 

4.  Core Logging 

 
4.1 Handling of Core 
 
 After the core has been recovered from the corehole and the core barrel has been opened, 
the core should be placed in a core box.  The top of the core should be placed at the back left 
corner of the core box, and the remaining core placed to the right of the preceding section (see 
Figure 8).  The core box should be filled in this manner, moving to the front sections of the core 
box.  The beginning of each run should be marked on the core and also noted with a marked 
wooden block. 
 
4.2 Rock Description 
 
 Each stratigraphic unit in the core shall be logged.  A line marking the depth of the top 
and the bottom of the unit shall be drawn horizontally.  In classifying the rock, the geologist 
should avoid being too technical, as the information presented must be used by numerous people 
with widely divergent backgrounds. 
 
 The classification and description of each unit should be given in the following order, as 
applicable: 
 
 1. Unit designation (Miami oolite, Clayton Formation, Chattanooga shale); 
 
 2. Rock type; 
 
 3. Hardness; 
 
 4. Degree of weathering; 
 
 5. Texture; 
 
 6. Structure; 
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Figure 8 Core Box 
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 7. Color; 
 
 8. Solution and void conditions; 
 
 9. Swelling properties; 
 
 10. Slaking properties; and 
 
 11. Additional description, such as mineralization, size, and spacing shale 

seams, etc. 
 
 Variations from the general description of the unit and features not included in the gen-
eral description shall be indicated by brackets and lines to show the depth and the interval in the 
core where the feature exists.  These variations and features shall be identified by terms that will 
adequately describe the feature or variation so as to delineate it from the unit.  These may be 
zones or seams of different color, texture, etc., from that of the unit as a whole, such as staining; 
variations in texture; shale seams, gypsum seams, chert nodules, calcite masses, etc.; mineralized 
zones; vuggy zones, joints, fractures; open and/or stained bedding planes; faults, shear zones, 
gouge; cavities’ thickness, open or filled, nature of filling, etc.; or any core left in the bottom of 
the hole after the final pull. 
 
Rock Type and Lithology 
 
 1. Rock will be classified according to the following 24 types: 
 

 Sandstone 
�

� Conglomerate 
 

 Coal 
 

 Compaction Shale 
 

 Cemented Shale 
 

 Indurated Clay 
 

 Limestone 
 

 Chalk 
 

 Gneiss 
 

 Schist 
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 Graywacke 
 

 Quartzite 
 

 Dolomite 
 

 Marble 
 

 Soapstone and Serpentine 
 

 Slate 
 

 Granite 
 

 Diorite 
 

 Gabbro 
 

 Rhyolite 
 

 Andesite 
 

 Basalt 
 

 Tuff or Tuff Breccia 
 

 Agglomerate or Flow Breccia 
 
 2. Lithologic characteristics should be included to differentiate rocks of the 

same classification.  These adjectives should be simple and easily under-
stood, such as shaly, sandy, dolomitic, etc.  Inclusions, nodules, and con-
cretions should also be noted here. 

 
 3. It is important to maintain a simple but accurate rock classification.  The 

rock type and lithologic characteristics are essentially used to differenti-
ate the rock units encountered. 

 
Hardness 
 
 The terms for hardness, as outlined below, were modified to include the use of a rock 
hammer. 
 
 1. Very soft or plastic - can be deformed by hand (has a rock-like character 

but can be broken easily by hand). 
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 2. Soft - can be scratched with a fingernail (cannot be crumbled between 
fingers but can be easily pitted with light blows of a geology hammer). 

 
 3. Moderately hard - can be scratched easily with a knife; cannot be 

scratched with a fingernail (can be pitted with moderate blows of a geol-
ogy hammer). 

 
 4. Hard - difficult to scratch with a knife (cannot be pitted with a geology 

hammer but can be chipped with moderate blows of the hammer). 
 
 5. Very hard - cannot be scratched with a knife (chips can be broken off 

only with heavy blows of the geology hammer). 
 
Weathering 
 
 The degree and depth of weathering is very important and should be accurately detailed 
in the general description and clearly indicated on the drill log. 
 
 1. Unweathered - no evidence of any mechanical or chemical alteration. 
 
 2. Slightly weathered - superficial discoloration, alteration, and/or discol-

oration along discontinuities; less than 10% of the rock volume is altered; 
strength is essentially unaffected. 

 
 3. Moderately weathered - discoloration is evident; surface is pitted and 

altered, with alterations penetrating well below rock surfaces; 10% to 
50% of the rock is altered; strength is noticeably less than unweathered 
rock. 

 
 4. Highly weathered - entire section is discolored; alteration is greater than 

50%; some areas of slightly weathered rock are present; some minerals 
are leached away; retains only a fraction of its original strength (wet 
strength is usually lower than dry strength). 

 
 5. Decomposed - saprolite; rock is essentially reduced to a soil with a relic 

rock texture; can be molded or crumbled by hand. 
 
Texture 
 
 Texture is used to denote the size of the grains or crystals comprising the rock, as op-
posed to the arrangement of the grains or crystals, which is considered a structure. 
 
 1. Aphanitic - grain diameter less than 0.004 inch (0.1 mm); individual 

grains or crystals are too small to be seen with the naked eye. 
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 2. Fine-grained, finely crystalline - grain diameter between 0.004 inch (0.1 
mm) and 0.003 (1 mm); grains or crystals can be seen with the naked eye. 

 
 3. Medium-grained, crystalline - grain diameters between 0.003 foot (1 

mm) and 0.0175 foot (5 mm). 
 
 4. Coarse-grained, coarsely crystalline - grain diameter greater than 

0.0175 foot (5 mm). 
 
Structure 
 
 The structural character of the rock shall be described in terms of grain or crystal align-
ment, bedding, and discontinuities, as applicable.  The terms may be used singularly or paired. 
 
 1. Foliation and/or lineation - give approximate dip uniformity, degree of 

distinctiveness, banding, etc. 
 
 2. Joints: 
  a. Type - bedding, cleavage, foliation, extension, etc. 
  b. Degree of openness - tight or open. 
  c. Surface or joint plane characteristics - smooth, rough, undulating. 
  d. Weathering - degree, staining. 
  e. Frequency - see (4). 
 
 3. Fractures, shears, gouge: 
  a. Nature - single plane or zone.  (Note thickness.) 
  b. Character of materials in plane or zone. 
  c. Slickensides. 
 
 4. Frequency: 
  a. Intact - spacing greater than 6 feet (2 m). 
  b. Slightly jointed (fractured) - spacing 3 feet (1 m) to 6 feet (2 m). 
  c. Moderately jointed (fractured) - spacing 1 foot (0.3 m) to 3 feet 

(1 m). 
  d. Highly jointed (fractured) - spacing 0.3 foot (9.1 cm) to 1 foot (0.3 m). 
  e. Intensely jointed (fractured) - spacing less than 0.3 foot (9.1 cm). 
 
 5. Bedding is used to describe the average thickness of the individual beds 

within recognized unit, and the terms thick, medium, or thin should not be 
applied to the individual beds.  "Parting" and "band" are used to describe 
single stratum as outlined below: 

  a. Massive - over 3 feet thick (1 m). 
  b. Thick - 1 foot (30.5 cm) to 3 feet (1 m) thick. 
  c. Medium - 0.3 foot (9.1 cm) to 1 foot (30.5 cm) thick. 
  d. Thin - 0.1 foot (3.0 cm) to 0.3 foot (9.1 cm) thick. 
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  e. Band - 0.02 foot (6 mm) to 0.1 foot (3.0 cm) thick, described to the nearest 0.01 
foot. 

  f. Parting - less than 0.02 foot (6 mm). 
  g. Paper-thin parting. 
  
 The terms and descriptions for the structure of the rock are to be used to describe the 
character of the rock units recognized and are not to be used as a substitute for describing indi-
vidual discontinuities.  Except for areas where the rock is intensely fractured or jointed, each dis-
continuity should be described on the log as to position, dip, staining, weathering, breccia, 
gouge, etc. 
 Color is often valuable in correlating or differentiating samples, but can be misleading or 
uninformative.  The color of a sample should represent the sample in terms of basic hues (i.e., 
red, blue, gray, black), supplemented with modifying hues as required (i.e., bluish gray, mottled 
brown).  The core should be surface wet when describing the color; if it is dry, the log should 
indicate "dry color."  Subjective colors, such as buff or maroon, should not be used.  Specific 
color charts, such as the Mumsel Color Chart or the Color Index in the Colorado School of 
Mines, Quarterly, Volume 50, No. 1, are useful in describing color of samples.  When such a 
chart or index is used, it should be noted on the log in the remarks column. 
 Solution and Void Conditions shall be described in detail, as these features can affect 
the strength of the rock and can indicate potential seepage paths through the rock.  When cavities 
are detected by drill action, the depth to top and bottom of the cavity should be determined by 
measuring the stick-up of the drill tools when the cavity is first encountered and again at the bot-
tom, as it is very difficult to reconstruct cavities from the core alone.  Filling material, when pre-
sent and recovered, should be described in detail opposite the cavity.  When no material is recov-
ered from the area of the cavity, the inspector should note the probable conditions of the cavity 
as determined from observing the drilling action and the color of the drill fluid.  If the drill action 
indicated material was present (i.e., slow rod drop, no loss of drill water, noticeable change in 
color of water return), it should be noted on the log that the cavity was probably filled and the 
materials should be described as best as possible from the cuttings or traces left on the core.  If 
drill action indicates the cavity was open (i.e., no resistance to the drill tools, loss of drill fluid), 
this should be noted on the drill log.  Partially filled cavities should also be noted.  All of these 
observations require close observation of the drill action and water return by both the inspector 
and the driller; accurate measurement of stick-ups; and detailed inspection of the core.  When 
possible, filling material should be wrapped in foil if left in the core box.  If the material is to be 
tested or examined in the lab, it should be sealed in a jar with proper labels and a spacer, with a 
note showing the disposition of the material should be placed in the core box at the point from 
which the material was taken.  Terms to describe voids encountered shall be as follows: 
 
 1. Porous - voids less than 0.003 foot (1 mm) in diameter. 
 
 2. Pitted - voids 0.03 foot (1 mm) to 0.02 foot (6 mm) in diameter. 
 
 3. Vug - voids 0.02 foot (6 mm) to the diameter of the core. 
 
 4. Cavity - voids greater than diameter of the core. 



TITLE: GEOLOGIC LOGGING 

CATEGORY: GEO 4.8 REVISED: March 1998 

 
 

 
19 

 
4.3 Core Labeling 
 
 The top of the core should be shown on each piece of core with an arrow written in a 
black, waterproof marker.  The arrow will indicate which end of the core is nearer the ground 
surface.  Other core markings may include locations of mechanical breaks and drilling footages. 
 
4.4 Core Box Labeling 
 
 Each core box should be labeled as follows: 
 

 On the top left corner of the outer core box, the project name, site location (city and 
state), and project number should be written. 

 
 On the lower right corner of the outer core box, the corehole number (e.g., MW1, 

BH2), core box number (e.g., 1 of 2, 2 of 2), and the interval of the core run contained 
in the core box should be written. 

 
 The side panels should be marked as indicated in Figure 8. 

 
 The inside of the core box cover should be marked as indicated in Figure  8. 

 
4.5 Core Storage 
 
 It is important to use proper-sized (HQ or NQ) wooden core boxes for rock core storage.  
After labeling the box and before closing the box for final storage or shipment, wooden spacers 
should be inserted into each compartment that contains rock core.  This will prevent lateral 
movement of the cores, which could damage the rock material during handling. 
 After properly logging, labelling, and packing the cores, the core boxes should be stored 
in a dry location, preferably off of the floor on a pallet.  The boxes can be stacked to a reasonable 
height so as not to be unstable, with end labelling facing out. 
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1.  Introduction 
1.1 Scope 
 
 This document outlines the procedures to be followed by the subcontract driller for the 
collection of subsurface soil samples from boreholes.  It has been developed to supplement stan-
dard operating procedures currently used by Ecology and Environment, Inc. 
 
1.2 Objectives 
 
 Most subsurface investigations require the drilling of boreholes for one or more purposes: 
collection of soil samples for lithologic logging and laboratory testing; lithologic and hydro-
geologic characterization using borehole geophysical logging; and installation of piezometers or 
monitoring wells.  Drilling methods are selected based on availability and cost; suitability for the 
type of geologic materials at a site (unconsolidated or consolidated); and potential effects on 
sample integrity (influence by drilling fluids and potential for cross-contamination between aqui-
fers). 
 A wide variety of drilling methods have been developed that could be suitable for one or 
more of the purposes described above.  Table 1 summarizes information on 18 drilling methods.  
The hollow-stem auger is by far the most commonly used method for well installation in uncon-
solidated deposits.  Air rotary is the most commonly used method for well installation in con-
solidated formations.  Table 2 provides information on the relative performance of 11 of the 
drilling methods listed in Table 1 for different types of geologic formations. 
 
Table 1 Summary Information on Drilling Methods 

Drill Method 
Casing/ 

Open Hole 

Do Fluids 
Affect 

Chemicals? 
Core 

Samples? 
Hollow-Stem Auger Open Hole Usually No Possible 
Open-Hole Rotary Methods 
Direct Air Rotary with Bit 
Direct Air Rotary with Downhole Hammer 
Direct Mud Rotary 
Reverse Rotary (no casing) 
Cable Tool 

Open Hole 
Open Hole 
Open Hole 
Open Hole 
Either 

Yes 
Yes 
Yes 
Yes 
Usually No 

Possible 
Possible 
Possible 
Possible 
Possible 

Rotary Drill-Through Methods 
Rotary Casing Driver 
Dual Rotary Advancement 

Casing 
Casing 

Yes 
Yes 

Possible 
Possible 
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Table 1 Summary Information on Drilling Methods 

Drill Method 
Casing/ 

Open Hole 

Do Fluids 
Affect 

Chemicals? 
Core 

Samples? 
Reverse Circulation Methods 
Reverse Dual Wall Rotary 
Reverse Dual Wall Percussion 
Hydraulic Percussion 
Downhole Casing Advancers 
Jet Percussion 
Jetting 
Solid-Stem Auger 
Bucket Auger 
Rotary Diamond 
Directional Drilling 
Sonic Drilling 
Driven Wells 
Cone Penetration 

Casing 
Casing 
Casing 
Casing 
Casing 
Open Hole 
Open Hole 
Open Hole 
Open Hole 
Eithera 
Either 
Either 
Open Hole 

Yes 
Yes 
Yes 
Yes 
Possible 
Possible 
No 
No 
Possible 
Possible 
Possible 
No 
No 

Possible 
Possible 
Possible 
Possible 
Possible 
No 
Possible 
Possible 
Yes 
Possibleb 
Yes 
No 
Possiblec 

 
a EC rig uses casing advancement; other methods may involve open-hole advancement. 
b Sampling with a device resembling a split spoon may be possible with some directional rigs. 
c Geoprobe has developed a core sampler for use with a CPT rig. 

 
 
 Subsurface soil samples are collected from boreholes for chemical and physical analysis 
and to aid in the definition and tracking of contaminants in the soil.  The subsurface soil samples 
may be either composite or discrete, and either disturbed or undisturbed.  The type of sample to 
be collected depends on the drilling technique and the purpose of the investigation. 
 

2.  Drilling and Sampling Techniques 
 The most accurate method for obtaining information on the characteristics of unconsoli-
dated deposits is to collect representative samples of the soil at measured depths and at intervals 
that will provide a complete lithologic profile of the soils.  For most boreholes, subsurface soil 
samples are collected continuously, at 5-foot intervals, or at every change in formation material. 
 
2.1 Disturbed and Undisturbed Overburden Samples 
 
 Soil samples from unconsolidated deposits can be collected as disturbed or undisturbed 
soil samples.  Disturbed soil samples are produced by the action of the hollow-stem auger (HSA) 
and are called drill cuttings.  The components of an HSA are shown in Figure 1.  Disturbed sam-
ples are not representative of the formations penetrated because of the possible sorting and grind-
ing of the cuttings while being carried to the surface.  In general, disturbed samples do not con-
tain detailed lithologic information, and the depth that the soil is encountered is less precise. 
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Table 2 Relative Performance of Different Drilling Methods in Various types of Geologic Formations 

(Rate of Penetrationa) 

Type of 
Formation 

Cable 
Tool 

Direct 
Rotary 

(with fluids) 

Direct 
Rotary 

(with air)

Direct Rotary
(Down-the-hole 

air hammer) 

Direct Rotary
(Drill-through 

casing hammer)

Reverse 
Rotary 

(with fluids)

Reverse 
Rotary 

(Dual Wall) 
Hydraulic 

Percussion Jetting Driven Auger
Dune sand 2 5 NR NR 6 5b 6 5 5 3 1 
Loose sand and 
gravel 

2 5 NR NR 6 5b 6 5 5 3 1 

Quicksand 2 5 NR NR 6 5b 6 5 5 NR 1 
Loose boulders 
in alluvial fans 
or glacial drift 

3-2 2-1 NR NR 5 2-1 4 1 1 NR 1 

Clay and silt 3 5 NR NR 5 5 5 3 3 NR 3 
Firm shale 5 5 NR NR 5 5 5 3 NR NR 2 
Sticky shale 3 5 NR NR 5 3 5 3 NR NR 2 
Brittle shale 5 5 NR NR 5 5 5 3 NR NR NA 
Sandstone—
poorly cemented 

3 4 NR NR NA 4 5 4 NR NR NA 

Sandstone—well 
cemented 

3 3 5 NR NA 3 5 3 NR NR NA 

Chert nodules 5 3 3 NR NA 3 3 5 NR NR NA 
Limestone 5 5 5 6 NA 5 5 5 NR NR NA 
Limestone with 
chert nodules 

5 3 5 6 NA 3 3 5 NR NR NA 

Limestone with 
small cracks or 
fractures 

5 3 5 6 NA 2 5 5 NR NR NA 

Limestone, cav-
ernous 

5 3-1 2 5 NA 1 5 1 NR NR NA 

Dolomite 5 5 5 6 NA 5 5 5 NR NR NA 
Basalts, thin 
layers in sedi-
mentary rocks 

5 3 5 6 NA 3 5 5 NR NR NA 

Basalts—thick 
layers 

3 3 4 5 NA 3 4 3 NR NR NA 
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Table 2 Relative Performance of Different Drilling Methods in Various types of Geologic Formations 

(Rate of Penetrationa) 

Type of 
Formation 

Cable 
Tool 

Direct 
Rotary 

(with fluids) 

Direct 
Rotary 

(with air)

Direct Rotary
(Down-the-hole 

air hammer) 

Direct Rotary
(Drill-through 

casing hammer)

Reverse 
Rotary 

(with fluids)

Reverse 
Rotary 

(Dual Wall) 
Hydraulic 

Percussion Jetting Driven Auger
Basalts—highly 
fractured (lost 
circulation 
zones) 

3 1 3 3 NA 1 4 1 NR NR NA 

Metamorphic 
rocks 

3 3 4 5 NA 3 4 3 NR NR NA 

Granite 3 3 5 5 NA 3 4 3 NR NR NA 
Source:  Driscoll 1986. 
 
a Rate of Penetration: 
 1 = Impossible 
 1 = Difficult 
 3 = Slow 
 4 = Medium 
 5 = Rapid 
 6 = Very rapid 
b Assuming sufficient hydrostatic pressure is available to contain active sand (under high pressures). 
 
Key: 
 NA = Not applicable. 
 NR = Not recommended. 
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Figure 1 Typical Components of a Hollow-Stem Auger 
 
 
 Undisturbed soil samples are collected in a variety of sampling devices, including the 
split-barrel sampler (see Figure 2), the Laskey sampler (see Figure 3), and the Shelby tube sam-
pler.  Sonic drilling provides relatively undisturbed samples. 
 The collection of undisturbed samples ensures the preservation of detailed lithologic in-
formation, such as the degree of consolidation, sorting, bedding, etc., and a more accurate esti-
mation of sample depth. 
 
2.2 Composite and Discrete Overburden Samples 
 
 Composite samples are prepared from aliquots of discrete samples.  They are useful for 
obtaining a representative sample from a subsurface interval for analytical purposes.  However, 
composite samples are inadequate for lithologic purposes. 
 Discrete samples are obtained from a specific depth and are useful when detailed analyti-
cal information about the overburden soils is required.  Analysis of discrete overburden soil 
samples provides accurate information on the depth of contamination. 
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Figure 2 Spilt-Spoon or Split-Barrel Sampler 
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Figure 3 Continuous Sampling Tube System (Laskey) 



TITLE: BOREHOLE INSTALLATION 

CATEGORY: GEO 4.7 REVISED: September 2008 

 
 

 
 8 

3.  Borehole Installation 
3.1 Inspection and Cleaning of Sampling Equipment 
 
 Proper cleaning of the drill rig, downhole equipment, and sampling equipment upon ar-
riving at the site and between drilling locations is necessary to minimize the potential introduc-
tion of contaminants into the overburden samples.  Care should be taken to steam clean the drill 
rig and all other equipment before they are used.  The drill rig should be checked repeatedly for 
oil and hydraulic fluid leaks.  These precautions are essential to ensure that trace contaminants 
from the drilling process are not introduced to the samples. 
 
3.2 Hollow-Stem Auger Drilling 
 
 A hollow-stem auger column simultaneously rotates and axially advances using a me-
chanically or hydraulically powered drill rig.  The hollow stem of the auger allows use of various 
methods for continuous or intermittent sampling of subsurface soils.  Riser and screen for moni-
toring wells can be placed in the hollow stem when the desired depth has been reached, and filter 
pack and grouting emplaced as the auger is gradually withdrawn from the hole.  Use of different 
diameter augers allows use of casings to isolate near-surface contamination and continuation of 
drilling with a smaller-diameter auger.  HSA flights are manufactured in 5-foot lengths and have 
various inside diameters (IDs) ranging from 2.25-inch ID to 10.25-inch ID.  E & E uses 4.25-
inch-ID and 6.25-inch-ID HSAs to install boreholes. 
 If a split-barrel soil sampler is used to collect unconsolidated deposited soil samples, a 
center plug of the same diameter as the HSAs and a section of drilling rod is placed inside the 
lead flight.  The HSAs are advanced through the unconsolidated deposit to the first sampling in-
terval, and the center plug is then removed from the HSAs.  A precleaned split-barrel soil sam-
pler is attached to the end of the drilling rod and lowered into the HSAs.  A safety hammer is at-
tached to the top of the drilling rod, and the split-barrel soil sampler driven into the undisturbed 
soil to a depth of 2 feet.  The split-barrel soil sampler is retrieved and opened to remove the soil 
sample.  The center plug is replaced in the HSAs, and another flight of HSAs is attached to the 
top of the flight already in the ground.  The process is repeated until bedrock is encountered or 
the project depth is reached. 
 A Laskey soil sampler is used to collect a 5-foot continuous soil sample while the HSAs 
are turning.  The Laskey soil sampler is used instead of a center plug in 4.25-inch HSAs, and the 
head of the sampler leads the HSAs by 2 to 6 inches.  At the completion of a 5-foot run of HSAs, 
the Laskey soil sampler is recovered and opened in a manner similar to a split-barrel sampler.  
Following sample collection and decontamination of the Laskey soil sampler, the sampler is re-
placed inside the HSAs, and another flight of HSAs is attached to the top of the flight already in 
the ground. 
 A Shelby tube sampler is used to collect undisturbed overburden soil samples in a manner 
similar to a split-barrel soil sampler.  Shelby tubes come in a variety of widths and lengths.  
E & E uses 3-inch-ID and 5-inch-ID Shelby tubes that are 18 and 30 inches long.  Once the 
HSAs have reached the top of the interval to be sampled, the drilling rods holding the center plug 
are withdrawn from the HSAs, the Shelby tube is attached to the end of the drilling rod, and the 
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Shelby tube is lowered into the HSAs.  The Shelby tube is pushed out the bottom of the HSAs to 
the prescribed depth, and the tube is retrieved.  The Shelby tube is not opened in the field, but is 
shipped to the laboratory.  The process is repeated until bedrock is encountered or the project 
depth is reached. 
 
3.3 Direct Air Rotary and Downhole Hammer 
 
 The basic rig setup for air rotary with a tri-cone or roller-cone bit is similar to direct mud 
rotary, except that the circulation medium is air rather than water or mud.  Compressed air is cir-
culated down through the drill rods to cool the bit and carry cuttings up the hole to the surface.  
A cyclone separator slows the air velocity and allows the cuttings to fall into a container.  A 
down-the-hole hammer, which operates with a pounding action as it rotates, replaces the roller-
cone bit.  
 
3.4 Sonic Drilling 
 The sonic drill rig is similar to other drilling rigs in that it is a machine attached to a 
frame mounted on some type of vehicle.  Sonic drilling is the use of high frequency vibration 
used in conjunction with down pressure and rotation to advance drilling tools through subsurface 
formations (see Figure 4).  The use of high frequency vibration through the drilling tools causes 
the formation materials to vibrate at their natural frequencies allowing the drilling tool (casing) 
to advance by fracturing, shearing or displacing formation material.  Most sonic drilling is util-
ized for drilling in unconsolidated material.  However, sonic drilling can also be used for drilling 
and sampling of rock formations. 

During drilling, unconsolidated samples are collected using a sample (or core) barrel.  
Core barrels are either solid tubes or split barrels of various diameters and lengths generally 
sized to match the inside diameter of the drill casing being utilized.  Typical core barrels are 10 
to 20 feet in length and casing sizes range from 0.5 inches to 12 inches, although 4 to 6 inch cas-
ing is typical.  The core barrel is fitted with a drill bit/cutting shoe, and the sampler is placed 
within the outer casing material and attached to the rig by drilling rods.  As the borehole is ad-
vanced, formation material is collected within the core barrel. 

Following the sampling run (typically 10 to 20 feet), the core barrel is extracted from the 
well casing.  Formation material is then extracted from the core barrel.  Typically, sample mate-
rial is extracted into a plastic sleeve, which is separated into convenient lengths for logging.  The 
process of sonic drilling and sample collection will cause the sample to be distorted due to vibra-
tion, but generally will be intact.  In the case of rock drilling, the vibration may create mechani-
cal fractures that can affect the structural analysis for permeability and thereby not reflect the 
true in-situ condition. 

The advantages to using sonic drilling technology includes reducing the amount of drill 
cutting generated, providing rapid formation penetration, and the recovery of a continuous core 
sample (ASTM, 2004).  
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Figure 4 Typical Sonic Drilling 

Components 
 
3.5 Other Methods 
 
 Several methods are available for obtaining shallow subsurface soil samples (less than 10 
feet) without using a drill rig: 
 

■ Hand Augers.  These are useful for obtaining samples from shallow depths in uncon-
solidated formations.  Samples are collected from the auger bucket at specific inter-
vals. 
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■ Power Augers.  These are usually hand augers powered by a gasoline engine.  The 

samples are collected from the auger flight as the tool is turned. 
 
■ Backhoes.  Backhoes are relatively inexpensive and can excavate a slit trench up to 

12 feet deep very quickly.  Samples can be obtained by attaching a Shelby tube to the 
bucket or by sampling directly out of the bucket. 

 

4.  Borehole Abandonment 
 Borehole abandonment is necessary to eliminate potential physical hazards, prevent 
groundwater contamination, conserve aquifer yield and hydrostatic head, and prevent intermix-
ing of subsurface water.  After the necessary unconsolidated soil samples or consolidated core 
samples have been collected from the borehole, the HSAs are removed from the borehole and the 
HSA flights cleaned.  A cement/bentonite grout should be tremied into the borehole to the sur-
face.  The grout should consist of potable water, bentonite powder, and Type I Portland cement, 
with 94 lbs. of cement and 5 lbs. of bentonite per 6.5 gallons of water.   
 

5.  Disposal of Drill Cuttings and 
Decontamination Water 

5.1 Containerization of Drill Cuttings and Decontamination Liquids 
 
 Drill cuttings must be handled as outlined in the work plan for the site.  In most instances, 
the drill cuttings are classified as hazardous waste under the Resource Conservation and Recov-
ery Act (RCRA) and must be placed in 55-gallon steel drums approved by the U.S. Department 
of Transportation (DOT) pending analysis.  The drums of drill cuttings must be properly labeled 
and marked with the source of the drill cuttings (e.g., "MW-2") prior to being staged.  Decon-
tamination fluids must also be placed in DOT-approved 55-gallon steel drums pending analysis.  
The drums of decontamination water must be properly labeled and marked with the source of the 
fluids and the date that the drum was filled prior to being staged. 
 
5.2 Disposal of Drill Cuttings and Decontamination Water 
 
 Upon receipt of the analytical results, the drill cuttings and decontamination water can be 
properly classified.  It is the responsibility of the property owner and/or client to arrange for the 
disposal of the drill cuttings and fluids at an approved facility. 
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6.  Borehole Abandonment Reports 
6.1 Borehole Abandonment Records Sheets 
 
 At the completion of the borehole installation, a Borehole Abandonment Record will be 
completed by the driller.  The borehole abandonment record summarizes details of the borehole 
construction.  An example Borehole Abandonment Record is attached as Figure 5. 
 
6.2 Well Completion Cost Sheet 
 
 At the completion of the fieldwork, a cost sheet outlining the costs associated with the 
installation of the borehole will be completed.  An example of a cost sheet is attached as Fig-
ure 6.  
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Figure 5 Borehole/Well Abandonment Record 
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Figure 6 Well Completion Cost Estimate Sheet 
(Page 1 of 2) 
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Figure 6 Well Completion Cost Estimate Sheet 
(Page 2 of 2) 
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1.  Introduction 

 
1.1 Scope 
 
 This document presents an in-depth discussion of the techniques used to obtain subsur-
face soil samples from boreholes. 
 
1.2 Objectives 
 
 Most subsurface investigations require the drilling of boreholes for one or more purposes, 
including:  collection of soil samples for lithologic logging and laboratory testing; lithologic and 
hydrogeologic characterization using borehole geophysical logging; and installation of piezome-
ters or monitoring wells.  Drilling methods are selected based on availability and cost; suitability 
for the type of geologic materials at a site (unconsolidated or consolidated); and possible effects 
on sample integrity (potential influence of drilling fluids and for cross contamination between 
aquifers). 
 A wide variety of drilling methods have been developed that may be suitable for one or 
more of the purposes described above.  Table 1 summarizes information on 21 drilling methods.  
The hollow-stem auger (HSA) is the most commonly used method for well installation in uncon-
solidated deposits.  Air rotary drilling is probably the most commonly used method for well in-
stallation in consolidated formations.  Table 2 provides information on the relative performance 
of 11 of the drilling methods listed in Table 1 for different types of geologic formations. Sub-
surface soil samples are collected from boreholes for chemical and physical analysis, and to aid 
in the definition and tracking of contaminants in the soil.  The type subsurface soil sample may 
be either undisturbed or disturbed. and either composite or discrete.  The type of sample to be 
collected depends on the purpose of the investigation and the drilling technique. 
 
 

2.  Drilling and Sampling Techniques 

 
 The most accurate method for obtaining information on the characteristics of unconsoli-
dated deposits is to collect representative samples of soil at measured depths and at intervals that 
will provide a complete stratigraphic and lithologic profiles of soils and bedrock, respectively.  
For most boreholes, subsurface soil samples are collected continuously, at 2- or 5-foot intervals, 
or at every change in the formation. 
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Table 1 Summary Information on Drilling Methods 

Drill Method 
Casing/Open 

Hole 
Fluids Affect 

Chem.? 
Core 

Samples? 
Open-Hole Rotary Methods 
Hollow-Stem Auger Open hole Usually no fluids Possible 
Direct Air Rotary with Bit Open hole Yes Possible 
Direct Air Rotary with Downhole 
hammer 

Open hole Yes Possible 

Direct Mud Rotary Open hole Yes  Possible 
Reverse Rotary (no casing) Open hole Yes Possible 
Cable Tool Either Usually no Possible 
Rotary Drill-Through Methods 
Rotary Casing Driver Casing Yes Possible 
Dual Rotary Advancement Casing Yes Possible 
Reverse Circulation Methods 
Reverse Duel Wall Rotary Casing Yes Possible 
Reverse Duel Wall Percussion Casing Yes Possible 
Hydraulic Percussion Casing Yes Possible 
Downhole Casing Advancers Casing Yes Possible 
Jet Percussion Casing Possible Possible 
Jetting Open hole Possible No 
Solid-Stem Auger Open hole No Possible 
Bucket Auger Open hole No Possible 
Rotary Diamond Open hole Possible Yes 
Directional Drilling Eithera Possible Possiblea 
Sonic Drilling Either Possible Yes 
Driven Wells Either No No 
Cone Penetration Open hole No Possibleb 
a Sampling with a device resembling a split spoon may be possible with some directional rigs. 
b Geoprobe has developed a core sampler for use with a cone penetrometer type (CPT) rig. 
 
Key: 
 
Shading indicates most commonly used methods for monitoring well installation. 
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2.1 Disturbed and Undisturbed Samples 
 

 Soil samples from unconsolidated deposits can be collected as disturbed or undisturbed 
soil samples.  Disturbed soil samples are produced by HSA drilling and are therefore referred to 
as drill cuttings.  The components of a HSA are shown in Figure 1.  Disturbed samples are not 
representative of the formations penetrated because of the possible sorting and grinding of the 
cuttings while being carried to the surface.  In general, disturbed samples do not contain detailed 
lithologic information, and the depth at which the soil is encountered is not precisely known.  
Undisturbed soil samples are collected by a variety of sampling devices, including the split-
barrel sampler (see Figure 2), the Laskey sampler (see Figure 3), and the Shelby tube sampler.  
The collection of undisturbed samples helps to ensure the preservation of detailed lithologic in-
formation such as the degree of consolidation, sorting, bedding, etc., and provides a more accu-
rate determination of sample depth. 
 

 
Figure 1 Typical Components of a Hollow-Stem Auger 
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Figure 2 Split-Spoon or Split-Barrel Sampler 

 

 
Figure 3 Continuous Sampling Tube System 
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2.2 Discrete and Composite Samples 
 
 Discrete samples are obtained from a specific depth and are used when detailed analytical 
information about overburden soils is required.  Analysis of discrete unconsolidated soil samples 
provides more accurate information on the depth of contamination. 
 Composite samples are prepared from aliquots of discrete samples.  They are used for 
obtaining a representative sample from a subsurface interval for analytical purposes.  Composite 
samples are not appropriate for use in stratigraphic description. 
 
 

3.  Borehole Drilling 

 
3.1 Inspection and Cleaning of Sampling Equipment 
 
 Proper cleaning, including steam-cleaning, of the drill rig, down-hole equipment, and 
sampling equipment, should be performed upon arriving at the site and between drilling loca-
tions.  This is necessary to minimize the potential introduction of contaminants into unconsoli-
dated soil samples.  The drill rig should also be checked repeatedly for oil and hydraulic fluid 
leaks.  These precautions are essential to ensure that contaminants from the drilling process are 
not introduced into the samples.  If specified in the site-specific work plan (SSWP), all non-
disposable sampling equipment may need to be decontaminated according to specific procedure 
referenced in the SSWP. 
 
3.2 Hollow-Stem Auger Drilling 
 
 A HSA column simultaneously rotates and axially advances by a mechanically or hydrau-
lically powered drill rig.  The hollow stem of the auger allows the use of various methods for 
continuous or intermittent sampling of subsurface soils.  HSA columns are manufactured in 5-
foot lengths and have inside diameters (IDs) ranging from 2.25-inch ID to 10.25-inch ID.  Drill-
ing with augers of different diameters makes possible the use of casings to isolate near-surface 
contamination while drilling continues with a smaller-diameter auger.  In addition, the riser and 
screen for monitoring wells can be placed in the HSAs when the desired depth of drilling has 
been reached, and filter pack and grouting can be emplaced as the HSAs are gradually withdrawn 
from the hole. 
 If a split-barrel soil sampler is used to collect samples from unconsolidated deposits, a 
center plug with the same diameter as the HSAs, and a section of drilling rod are placed inside 
the lead flight.  The HSAs are advanced through the unconsolidated deposit to the first sampling 
interval, and the center plug is then removed from the HSA.  A precleaned split-barrel soil sam-
pler is attached to the end of the drilling rod and lowered into the HSAs.  A safety hammer is at-
tached to the top of the drilling rod and the split-barrel soil sampler is driven into the undisturbed 
soil in an increment of 2 feet.  The split-barrel soil sampler is then raised and opened to remove 
the soil sample.  The center plug is then re-placed into the HSAs, and another HSA flight is at-
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tached to the top of the flight already in the ground.  The process is repeated until bedrock is en-
countered or the project depth is reached. 
 A Laskey soil sampler is used to collect a continuous 5-foot soil sample while the HSAs 
are turning.  The Laskey soil sampler is used instead of a center plug in 4.25-inch HSAs, and the 
head of the sampler is advanced ahead of the HSAs by 2 to 6 inches.  Upon completion of a 5-
foot run of HSAs, the Laskey soil sampler is recovered and opened in a manner similar to a split-
barrel sampler.  Following sample collection and decontamination of the Laskey soil sampler, 
the sampler is re-placed into the HSAs, and another flight of HSAs is attached to the top of the 
flight already in the ground. 
 A Shelby tube sampler is used to collect samples of undisturbed overburden usually for 
collection of geotechnical samples.  Shelby tubes are available in a variety of diameters and 
lengths.  The most common Shelby tubes are 3 to 5 inches I.D. and 18 to 30 inches long.  Once 
the HSAs have reached the top of the interval to be sampled, the drilling rods holding the center 
plug are withdrawn from the HSAs.  The Shelby tube is then attached to the end of the drilling 
rod and lowered into the HSAs.  The Shelby tube is "pushed" out the bottom of the HSAs to the 
prescribed depth and then retrieved.  The tube is not opened in the field; the ends are sealed (with 
wax) and it is shipped to the laboratory intact.  The process is repeated until bedrock is encoun-
tered or the project depth is reached. 
 
3.3 Direct Air Rotary, Mud Rotary, and Downhole Hammer Drilling 
 
 The basic rig setups for air or mud rotary with tri-cone or roller-cone bit are similar, ex-
cept for the circulation medium used.  Compressed air or mud is circulated down through the 
drill rods to cool the bit and carry cuttings up the hole to the surface.  For air rotary drilling, a 
cyclone separator is used to slow the air velocity and allow the cuttings to fall into a container.  
A down-the-hole hammer, which operates with a percussive (pounding) action as it rotates, is 
used for air rotary drilling.  For mud rotary drilling, a tri-cone roller bit is used. 
 
3.4 Cable Tool Drilling 
 
 Cable tool drilling rigs operate by repeatedly lifting and dropping a heavy string of drill-
ing tools attached to a cable into the borehole.  Consolidated rock is broken or crushed into small 
fragments, and unconsolidated material is loosened by the drill bit.  The reciprocating action is 
caused by attaching the cable to an eccentric walking or spudding beam that also serves to mix 
the crushed or loosened particles with water to form a slurry at the bottom of the borehole.  Peri-
odically, the drilling string is removed and the slurry is removed by a sand pump or bailer.  In 
unconsolidated formations, a casing is driven into the ground to keep the hole open. 
 A sample of cable tool cuttings should include more than one bailer load of material to 
provide a composite sample that is reasonably representative of the sampling interval.  This is 
particularly important when sampling sand and gravel formations.  The cable tool drilling 
method is not as common a method for installing monitoring wells as it once was. 
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3.5 Other Methods for Collecting Shallow Subsurface Soil Samples 
 
 Several methods are available for obtaining shallow subsurface soil samples (less than 10 
feet) without using a drill rig. 
 

 Hand Augers.  These are useful for obtaining samples from shallow depths in unconsolidated 
formations.  Samples are collected from a bucket auger advanced by hand through shallow 
depth intervals. 

 
 Power Augers.  These are usually hand augers powered by a gasoline engine.  Disturbed soil 

samples are collected from the auger flight as the tool is turned. 
 

 Backhoes.  Backhoes are relatively inexpensive and can excavate a slit trench up to 12 feet 
deep very quickly.  Samples can be obtained by attaching a Shelby tube to the bucket or by 
collecting samples directly out of the bucket. 

 
 Geoprobe.  This is a truck- or van-mounted hydraulic unit which pushes or hammers a small 

diameter probe into shallow, unconsolidated soils.  The unit can be used to collect samples of 
subsurface soils, soil gas, or groundwater. 

 
 

4.  Borehole Abandonment 

 
 Borehole abandonment is necessary to eliminate potential physical hazards, to prevent 
groundwater contamination, to conserve aquifer yield and hydrostatic head, and to prevent in-
termixing of subsurface water.  After the necessary unconsolidated soil samples or consolidated 
core samples have been collected from the borehole, the HSAs are removed from the borehole 
and the HSA flights are cleaned and appropriately decontaminated.  A cement/bentonite grout 
should be tremied into the borehole to the surface.  The grout should consist of potable water, 
bentonite powder, and Type I portland cement, with 94 pounds of cement and 5 pounds of ben-
tonite per 6.5 gallons of water.  In certain areas, specific borehole or well abandonment methods 
are specified in the associated environment regulations and these methods must be adhered to. 
 
 

5.  Disposal of Drill Cuttings and Decon Liquids 

 
5.1 Containerization of Drill Cuttings and Decon Liquids 
 
 Drill cuttings must be handled as outlined in the work plan for the site.  In some in-
stances, the drill cuttings are classified as hazardous waste under the Resource Conservation and 
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Recovery Act (RCRA) and must be placed in U.S. Department of Transportation (DOT)-
approved 55-gallon steel drums pending analysis.  The drums of drill cuttings must be properly 
labeled and marked with the contents, date, and source of the drill cuttings (e.g., "MW-2") prior 
to being staged. 
 Decon fluids may also be placed in DOT-approved 55-gallon steel drums pending analy-
sis.  The drums of decon liquids must be properly labeled and marked with the type and source 
of the fluids and the date the drum was filled prior to being staged. 
 In instances when field monitoring for the presence of contaminants in soil and water is 
performed, approval for not containerizing investigation-derived soil and water may be approved 
by the local regulatory agency.  This approval must be obtained prior to the commencement of 
the field investigation. 
 
5.2 Disposal of Drill Cuttings and Decon Liquids 
 
 Upon receipt of the analytical results, the drill cuttings and decon liquids can be properly 
classified.  It is the responsibility of the property owner and/or client to arrange for the disposal 
of the drill cuttings and fluids at an approved facility. 
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1.  Introduction 

 
 The purpose of monitoring well development is to ensure removal of fine materials from 
the pore spaces in the vicinity of the screen; to attain maximum specific capacity and better 
yield; and to reduce collection of sediment in water quality samples.  This allows free flow of 
water from the formation into the well, compensates for damage done to the formation during 
drilling, and reduces the turbidity of the water during sampling events.  A properly developed 
monitoring well will then provide a water sample representative of the natural groundwater. 
 
 

2.  Scope and Application 

 
 The most common well development methods are bailing, mechanical surging, air surg-
ing, jetting, and overpumping.  All types of drilling operations alter the hydraulic characteristics 
of formation material in the vicinity of the borehole.  Development is an essential task in the 
proper completion of every water well.  The techniques are applicable for all types of aquifer 
materials, from unconsolidated sediments to fractured bedrock. 
 Development of a well should occur as soon as practical after installation, but not sooner 
than 24 hours after grouting is completed.  Care should be taken not to develop any wells sooner 
than is allowed by the applicable state and federal regulations.  The appropriate well develop-
ment method (i.e., bailing, overpumping, jetting, air surging, or mechanical surging) should be 
selected to accommodate site conditions and project requirements.  Continue until the developed 
water is free of sediments, or until the turbidity has stabilized at a level considered natural by the 
on-site geologist.  In addition, development should be continued until pH, temperature, and spe-
cific conductivity values have stabilized at values considered by the on-site geologist to be typi-
cal for the site conditions.  Containerize all discharge water from known or suspected contami-
nated areas.  (Treatment may be an acceptable alternative.)  Record final measurements in the 
logbook.  Decontaminate equipment as appropriate prior to use in the next well. 
 
 

3.  Development Methods 

 
3.1 Bailing 
 
 In bailing, a bottom-filling bailer (e.g., polyvinyl chloride [PVC], teflon, stainless-steel, 
etc.) is used to remove water from the well.  Begin by tying one end of a nylon rope (typically 



TITLE: WELL DEVELOPMENT 

CATEGORY: GEO 4.11 REVISED: March 1998 

 
 

 
2 

1/4-inch thickness) to the top of the bailer and lower it to the bottom of the monitoring well.  
Next, cut the rope to a length that allows the bailer to reach the bottom of the well while provid-
ing approximately 3 extra feet of rope.  Cut the rope off at the appropriate length and tie the end 
to the protective casing of the monitoring well.  The bailer is then allowed to fall freely down the 
well until it impacts the surface of the water.  The impact of the bailer produces an outward surge 
of water through the well screen and filter pack.  As the bailer fills, the flow of water reverses 
and fine particulates migrate into the well and are brought to the surface in the bailer.  A series of 
short rapid strokes with the bailer at the bottom of the well will remove any accumulated sedi-
ment. 
 
Advantages 
 
 The advantages of bailing include the following: 
 

 No new fluids or air are introduced into the aquifer; 
 

 Fluids introduced during drilling are removed; 
 

 Sediment/fine particulates are removed from the well; and 
 

 Equipment used is relatively inexpensive, easily obtainable, and, if dedicated to the 
well, can be used for purging and sampling the same well several times. 

 
Disadvantages 
 
 The disadvantages of bailing are: 
 

 It is time-consuming and physically demanding if done manually; and 
 

 It is not effective in unproductive wells. 
 
3.2 Overpumping 
 
 In overpumping, the well is pumped at a rate that substantially exceeds the ability of the 
formation to deliver water.  Typically, in shallow wells (30 feet deep or less), a centrifugal or 
other rig-mounted pump is used; for deeper wells (greater than 30 feet deep), in which the water 
level is expected to drop below 28 feet below ground surface (BGS) during pumping, a sub-
mersible pump should be used.  Backwashing is often used in conjunction with overpumping.  If 
the pump does not have a backflow prevention valve, alternately starting and stopping the pump 
creates a surging effect in which water is driven back into the formation during the off cycle.  
Alternatively, clean water can be added to the well, but only as a last resort when the well screen 
appears to be clogged and preventing the groundwater from entering the well.  Prior to adding 
clean water to a well, the field crew must check the applicable regulations and receive permis-
sion from the project manager. 
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Advantages 
 
 The advantages of overpumping are: 
 

 It is convenient for small wells or poor aquifers; 
 

 Minimal time and effort are required; 
 

 No new fluids are introduced; and 
 

 Fluids introduced during drilling and some fine sediments are removed. 
 
Disadvantages 
 
 The disadvantages of overpumping are: 
 

 Does not develop maximum efficiency in a well because it does not effectively re-
move fine-grained sediments unless combined with mechanical surging; 

 
 Tends to cause sand to bridge in the formations (although this can be reduced by al-

ternating pump on and pump off); 
 

 Can result in a large volume of water to be contained and disposed of; and 
 

 Excessive pumping rates can cause well collapse, especially in deep wells. 
 
3.3 Mechanical Surging 
 
 Mechanical surging forces water into and out of the well screen by operating a plunger, 
called a surge block, which is attached to a drill rod or a wire line (see Figure 1).  The surge 
block is lowered to the top of the well screen and operated in a pumping action with strokes typi-
cally around 3 feet and is gradually worked downward through the screened interval.  The surge 
block can be constructed of any materials (e.g., sand-filled PVC pipe) that will not alter the water 
chemistry, and should be 5 feet long with an outside diameter of approximately 0.5 inch less than 
the well’s inside diameter.  Periodically, the surge block is removed and fines that have entered 
the well are removed by pumping or bailing 
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Figure 1 Mechanical Surging 

 
Advantages 
 
 The advantages of mechanical surging include: 
 

 Low cost, 
 

 Effectively re-arranges filter pack, 
 

 Has greater suction action and surging than backwashing or bailing, 
 

 No new fluids are introduced into the well, and 
 

 Is convenient to use with most drill rigs. 
 
Disadvantages 
 
 The disadvantages of mechanical surging are: 
 

 It must be combined with pumping or bailing to remove drilling fluids and sediments; 
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 If screen becomes plugged with fines (clay), the well casing or screen can collapse; 

 
 It tends to push fine-grained sediments into the filter pack; 

 
 The well bentonite seal could be disturbed; and 

 
 Excessive sand can result in sand-locking of the surge block within the well. 

 
3.4 Air Surging and Air-Lift Pumping 
 
 Compressed air can be used to alternatively surge and air-lift pump a well to remove 
sediment.  In air surging, air injected through a drill pipe lifts the water column until it reaches 
the top of the well casing.  Then the air is shut off, causing an outward surging action in the 
well’s screened interval.  In air-lift pumping, the air flow remains on while the air continues to 
raise the water and sediment up and out of the well (see Figure 2). 
 
Advantages 
 
 The advantages of air surging and air-lift pumping are: 
 

 It is a rapid method; and 
 

 Minimal equipment is needed (compressed air tanks or oil-free compressor, and drill 
pipe). 

 
Disadvantages 
 
 The disadvantages of air-lift pumping include the following: 
 

 Air can become entrained in filter pack and reduce permeability; 
 

 Introduction of air can change water chemistry and biology (iron bacteria) near well; 
and 

 
 Mechanical surging with pumping/bailing provides better results for wells in which 

yield is low and drawdown is rapid. 
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Figure 2 Air Surging and Air-Lift Pumping 

 
High-Velocity Jetting 
 
 In high-velocity jetting, a single or multiple-nozzle device is used to direct a horizontal 
stream of water against the well screen.  The jetting tool is placed near the bottom of the screen 
and slowly rotated while being pulled upward.  Material that enters the screen in the backwash of 
the jet stream is then removed by pumping or bailing. 
 
Advantages 
 
 The advantages of high-velocity jetting are: 
 

 It is simple to use, 
 

 It effectively rearranges and breaks down bridging in filter pack, and 
 

 It effectively removes mud cake around screen. 
 
Disadvantages 
 
 The disadvantages of high-velocity jetting are: 
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 Foreign water is introduced to the aquifer; 

 
 It does not remove drilling fluids unless combined with pumping or bailing; and 

 
 Jetting with simultaneous pumping is not always practicable because of the limited 

space available within the well. 
 
Method Summary 
 
 Well development in some form must be performed on all monitoring wells.  Overpump-
ing and bailing are the most commonly used methods of well development.  These methods, 
combined with mechanical surging, are the most effective methods for most situations. 
 
 

4.  Equipment 

 
 The type of equipment used for well development depends on the characteristics of the 
well (e.g., casing and screen diameters, total depth) and of the aquifer (e.g., expected yield and 
turbidity of the formation).  For example, most rig-mounted pumps and centrifugal pumps can 
only lift water a maximum of 28 feet.  Therefore, if the well’s static water level (water table) is 
greater than 28 feet BGS, or the water level is expected to be drawn down quickly below 28 feet 
BGS by the pump, then an alternative method must be used (e.g., submersible pump, bailer). 
 In general, the well should be developed with the drilling equipment shortly after it is 
drilled.  Most drilling companies have air compressors, centrifugal pumps, or submersible pumps 
that may be used for the development process.  Section 3 details the equipment necessary for 
each well development technique. 
 
 

5.  Reagents 

 
 No chemical reagents are used in this procedure.  If decontamination at a well is required, 
see E & E’s standard operating procedures (SOPs) for personnel (H&S 5.2) and equipment de-
contamination (ENV 3.15). 
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6.  Procedures 

 
6.1 Preparation 
 

1. Coordinate site access and obtain keys to monitor well cap locks. 
 
2. Obtain information on each well to be developed (e.g., drilling method, well diame-

ter, depth, screened interval, anticipated contaminants, etc.). 
 
3. Obtain water level indicator materials for decontamination, pH, temperature and elec-

trical conductivity meters, and a watch. 
 
4. Assemble containers (e.g., 55-gallon drums) for temporary storage of water produced 

during well development.  Containers must be structurally sound, compatible with an-
ticipated contaminants, and field-manageable.  The use of truck-mounted tanks may 
be necessary in some cases; alternatively, a portable water-treatment unit (i.e., acti-
vated carbon) may be used to decontaminate the development water. 

 
6.2 Operation 
 
 The development should be performed as soon as is practical after the well is installed, 
but no sooner than 24 hours after grouting is completed.  Dispersing agents, acids, or disinfec-
tants should not be used to enhance development of the well. 
 

1. Assemble necessary equipment on a plastic sheet around the well. 
 
2. Record pertinent information (e.g., personnel, date, time, location identification, etc.) 

in the field logbook. 
 
3. Open monitoring well and take air monitoring reading at the top of casing and in the 

breathing zone, as appropriate, and record in logbook. 
 
4. Measure depth to water and the total depth of the monitoring well, and calculate the 

volume of water in the well. 
 
5. Note the initial color, clarity, and odor of the water.  Measure the initial pH, tempera-

ture, and specific conductivity of the water and record them in the logbook. 
 
6. Develop the well until the water is free of sediments, and until pH, temperature, and 

conductivity have stabilized.  Note the final color, clarity, and odor of the water. 
 
7. All water produced by development in contaminated or suspected contaminated areas 

must be containerized or treated.  Each container must be clearly labeled with the lo-
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cation identification, including site name, date, and monitoring well number.  Deter-
mination of the appropriate disposal method will be based on the first round of ana-
lytical results from each well. 

 
8. No water shall be added to the well to assist development without prior approval by 

the site geologist.  If a well cannot be cleaned of mud to produce formation water 
(i.e., if the yield is insufficient), small amounts of potable water may be introduced.  
This may be accomplished by dumping buckets of water down the well.  It is essential 
that at least five times the amount of water injected must be produced back from the 
well to ensure that all injected water is removed from the formation.  When most of 
the bentonite is out, continue development with formation water only. 

 
9. Measure the final pH, temperature, and specific conductance of the water and record 

them in the field logbook. 
 
 The following data shall be recorded in the field logbook: 
 

 Site name and location, 
 

 Well designation (location identification), 
 

 Date(s) and time of well development, 
 

 Static water level before and after development, 
 

 Quantity of water removed, and time of removal, 
 

 Type and size or capacity of pump and bailer used, 
 

 Description of well development techniques used, and 
 

 Storage location of development water. 
 
6.3 Postoperation 
 

1. Decontaminate all equipment. 
 
2. Store containers of water produced during development in a safe and secure area. 
 
3. After the first round of analytical results has been received, determine and implement 

the appropriate water disposal method. 
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7.  Calculations 

 
 There are no calculations necessary to implement these procedures.  However, if it is 
necessary to calculate the volume of the well, use the following equation: 
 

Well volume = Tr2 (0.163) 
 
where: 
 
 r = radius of monitoring well (in inches) 
 T = height of water column determined from subtracting the depth of water from the 

total depth of the well measured from same reference point (in feet). 
 
 Because 7.48 gallons of water occupies 1 cubic foot (ft3), the following figures indicate 
the volume of water (in gallons) per 1 foot of depth: 
 
Well diameter (inches) 2 3 4 5 
Volume (gal/ft) 0.1632 0.3672 0.6528 1.4688 
 
 

8.  Quality Assurance 

 
 There are no specific quality assurance (QA) activities that apply to the implementation 
of these procedures.  However, the following general QA procedures apply: 
 

1. All data must be documented on standard chain-of-custody forms, field data sheets, 
and field/site logbooks. 

 
2. All instrumentation must be operated in accordance with operating instructions as 

supplied by the manufacturer, unless otherwise specified in the work plan.  Equip-
ment checkout and calibration activities must occur prior to sampling or operation, 
and they must be documented. 

 
3. All deliverables will receive peer review prior to release. 

 
 



TITLE: WELL DEVELOPMENT 

CATEGORY: GEO 4.11 REVISED: March 1998 

 
 

 
11 

9.  Data Validation 

 
 The data generated will be reviewed according to the QA considerations listed in Sec-
tion 10. 
 
 

10.  Health and Safety Considerations 

 
 Depending on the site-specific contaminants, various protective programs must be im-
plemented prior to pumping or taking water level measurements at any well.  The site Health and 
Safety Plan (HASP) should be reviewed with specific emphasis placed on the protection program 
planned for well-sampling tasks.  Standard safe-operating practices, such as minimizing contact 
with potential contaminants in both the vapor phase and liquid matrix through the use of the res-
pirators and disposable clothing, should be followed. 
 Depending on the type of contaminant expected or determined in previous sampling ef-
forts, use appropriate safe work practices. 
 
Particulate of Metal Contaminants 
 

1. Avoid skin contact with, and incidental ingestion of, purge water. 
 
2. Use protective gloves and splash protection. 

 
Volatile Organic Contaminants 
 

1. Avoid breathing constituents venting from the well. 
 
2. Presurvey the well headspace with a photoionization detector (Model HNU 101) or 

organic vapor analyzer (OVA) (Model OVA 128) prior to taking water level meas-
urements. 

 
3. If monitoring results indicate organic constituents, sampling activities may be con-

ducted in Level C protection.  At a minimum, skin protection will be afforded by dis-
posable protective clothing. 
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1.  Introduction 

 
The purpose of this Standard Operating Procedure (SOP) is to delineate protocols for de-

termining the validity of samples collected in existing monitoring wells and the utility of those 
wells for collecting additional samples. 
 
 

2.  Material 

 
 a. Field logbook 
 b. Indelible black ink pen 
 c. Photoionization or flame ionization detector 
 d. Electronic water level indicator 
 e. Steel tape or folding ruler 
 f. Flashlight 
 g. Deionized or distilled water 
 
 

3.  Procedure 

 
 The following steps will help to insure that the required data are available to permit an 
evaluation of the utility of existing monitoring wells for collecting additional samples during site 
investigation activities. 
 
1)  Evaluate and review the original work plan for monitoring well installation, if available. 
 
2)  Review all available information concerning well construction.  The physical features which 
must be identified and detailed, if available, include: 
 
 a. Well identification number, permit number and location by referenced coordinates or 

by distance from prominent site features; 
 
 b. Installation dates, drilling methods and contractors; 
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 c. Depth to bedrock (if applicable).  Where rock cores were not taken, auger refusal, 
drive casing refusal or penetration test results (blow counts for split-spoon sampling) 
may be used to estimate bedrock interface; 

 d. Soil profile and stratigraphy; 
 
 e. Borehole depth and diameter; 
 
 f. Elevation of collar and top of well riser; 
 
 g. Depth of bottom of well; 
 
 h. Type of well materials, screen type and length, and elevation of top and bottom of 

screen; 
 
 i. Elevation of tops and bottoms of well seals and elevation of top and bottom of gravel 

or sand pack. 
 
3)  On-site inspection of existing monitoring wells.  Features to be noted include: 
 
 a. The condition of the protective casing, cap and lock; 
 
 b. The condition of the cement pad surrounding the protective casing; 
 
 c. The presence of depressions or standing water around the casing; 
 
 d. The presence of any electrical cable and its connections. 
 
4)  Remove the lock and open the cap.  Check for the presence of organic vapors with a PID me-
ter to determine the appropriate worker safety level.  The following information shall be re-
corded (preferably in the form of annotated sketches): 
 
 a. Cap integrity; 
 
 b. Physical characteristics and composition of the inner casing or riser, including inner 

diameter and annular space; 
 
 c. Presence of grout between the riser and outer protective casing and the presence or 

absence of drain holes in the protective casing; 
 
 d. Presence of riser cap, method of attachment to casing, and venting of the riser; 
 
 e. Presence of dedicated sampling equipment; if possible, remove such equipment and 

inspect size, materials of construction and condition. 
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None of the information contained in this Ecology and Environment, Inc., 
(E & E) publication is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use in connection with any 
method, apparatus, or product covered by letters patent, nor as ensuring any-
one against liability for infringement of letters patent. 
 
Anyone wishing to use this E & E publication should first seek permission 
from the company.  Every effort has been made by E & E to ensure the accu-
racy and reliability of the information contained in the document; however, 
the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use; for any violation of 
any federal, state, or municipal regulation with which this E & E publication 
may conflict; or for the infringement of any patent resulting from the use of 
the E & E publication. 
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1.  Introduction 

 
This document describes E & E’s standard operating procedure (SOP) for measuring wa-

ter level and well depth in monitoring wells and piezometers. 
 
 

2.  Equipment 

 
 The following is a list of equipment and items typically used for measuring water level 
and well depth: 
 

 Electronic water level indicator with graduated cable measured at increments of 0.1 
and 0.01 foot; 

 
 Plastic sheeting; and 

 
 Folding ruler or pocket steel tape. 

 
 

3.  Procedure 

 
3.1 Preliminary Steps 
 
1.  Locate the well or piezometer and verify its position on the site map.  Record whether posi-
tive identification was obtained, including the well number and any identifying marks or codes 
contained on the well casing or protective casing.  Gain access to the top of the well casing and 
note the date and time the well was opened.  If specified in the work plan or site health and 
safety plan, use monitoring equipment to measure or take readings of the well headspace.  Re-
cord all measurements and observations (e.g., odor). 
 
2.  Locate and record the specified benchmark or survey point for the well or piezometer, which 
may be a mark at the top of the casing or a surveyor's pin embedded in the protective structure.  
Determine the elevation of this point from the records and record in the notebook.  Measure and 
record the vertical distance from the benchmark to the top of the well casing to the nearest 0.01 
foot.  Measure and record the metal casing stickup (i.e., the distance between the top of the cas-
ing and nominal ground level). 
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3.  Record any observations and remarks regarding the completion characteristics and well 
condition, including evidence of cracked casing or surface seals, security of the well (locked 
cap), and evidence of tampering. 
 
4.  Keep all equipment and supplies protected from contamination with clean plastic sheeting.  
Keep the water level indicator probe in its protective case when not in use. 
 
3.2 Operation 
 
1.  Remove the water level indicator probe from the case, turn on the sounder, and test-check the 
battery and sensitivity scale by pushing the red button.  Adjust the sensitivity scale until you can 
hear the buzzer and see the red indicator light. 
 
2.  Slowly lower the probe and cable into the well, allowing the cable reel to unwind.  Continue 
lowering until the meter buzzes.  Raise and lower the probe very slowly until the meter begins to 
buzz continuously.  Mark the spot by grasping the cable with the thumb and forefingers at the top 
of the casing, withdraw the cable, and record the depth. 
 
3.  To measure the total well or piezometer depth, lower the probe until slack is felt in the cable.  
Very slowly raise and lower the cable until the exact bottom of the well is detected.  As before, 
grasp the cable with the thumb and forefinger at the top of the casing and note the depth.  If a 
water level probe, such as the Solinst, is used to measure total depth, the weight of the probe will 
likely extend approximately 6 centimeters beyond the calibrated "zero" point of the measuring 
cable.  If this is the case, use the cable to accurately measure the distance from the end of the 
weight to the point of the needle (in the "window" of the probe) and add this length to the depth 
noted above.  Record the sum of these two lengths as the total depth of the well. 
 
4.  Withdraw the cable and probe, and decontaminate according to the SOP for Equipment De-
contamination (ENV 3.15). 
 
3.3 Data Recording and Manipulation 
 
 Record the following computations: 
 

� Casing elevation = bench mark elevation + casing stickup 
 

 Water level elevation = casing elevation - depth of water 
 
� Well bottom elevation = casing elevation - depth to bottom 

 
 Total well depth = cable-measured depth + length of the weight extension 
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4.  Calibration 

 
 No calibration is needed for the electronic water level indicator. 
 
 

5.  Precautions 

 
 Because some casings have rough or sharp edges, use caution when lowering and retriev-
ing the water level cable from within the well casing.  These edges can cut and scrape the cable, 
obscuring the calibrated markings on the cable, and can eventually lead to failure (shorting out) 
of the electronic cable. 
 
 Always use caution when opening capped wells, because escaping (venting) headspace 
gases may be hazardous. 
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1.  Introduction 
 The objective of this Standard Operating Procedures (SOP) document is to provide rec-
ommended procedures for the sampling of groundwater wells, and is primarily concerned with 
the collection of water samples from the saturated zone of the subsurface.  Every effort must be 
made to ensure that the sample is representative of the particular zone of water being sampled.  
Groundwater sampling procedures appropriate to the project objectives and site conditions will 
define a sampling event. 
 Analysis of groundwater samples may determine pollutant concentrations and its risk to 
public health, welfare, or the environment; extent of contaminants; and confirmation of remedial 
standards. 
 

2.  Scope 
 This document describes procedures for obtaining representative groundwater samples, 
quality assurance/quality control (QA/QC) measures to be followed, proper documentation of 
sampling activities, and recommendations for personnel safety. 
 

3.  Method Summary 
 Before sampling a monitoring well, the well must be purged.  This may be done with a 
number of portable devices, including bailers, submersible pumps, bladder pumps, gas-driven 
pumps, gas-lift pumps, suction-lift pumps, and inertial-lift pumps.  Refer to E & E Standard Op-
erating Procedure for Groundwater Sampling Devices (ENV 3.6) for information on different 
groundwater purging and sampling devices. 
 A minimum of three well volumes should be removed during well purging to ensure that 
a representative sample of the groundwater will be sampled.  Once the purging is completed and 
the properly prepared sample containers have been selected, sampling may proceed.  Numerous 
types of sampling devices may be selected for the collection of the groundwater sample, but care 
should be taken when selecting the sampling device, as some will affect the integrity of the sam-
ple. 
 Sampling should occur in a progression from the least to most contaminated well, if 
known.  Ideally, a dedicated sampling device should be used for each well.  However, dedicated 
sampling devices may not be practical if there are a large number of groundwater samples to be 
collected.  In this case, sampling devices should be cleaned between sampling events using the 
decontamination procedures outlined in E & E Standard Operating Procedure for Equipment De-
contamination (ENV 3.15). 
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4.  Sample Preservation, Containers, 
Handling, and Storage 

 The type of analysis for which a sample is being collected determines the type of bottle, 
preservative, holding time, and filtering requirements (see Table 1).  Chemical preservation and 
cooling of samples to 4 degrees Celsius only retards biological and chemical degradation of con-
taminants in the sample.  Therefore, it is prudent to have the samples delivered to the laboratory 
as soon as possible following collection. 
 Sample containers should be precleaned in accordance with U.S. Environmental Protec-
tion Agency (EPA) standards and prelabeled, and preservatives should be placed in the contain-
ers prior to sample collection.  When filling containers, never overfill or prerinse with the water 
sample, since oil or other substances may remain in the container.  For analyses that may require 
filtered samples (e.g., metals and TOC), the samples should be filtered in the field using one 
0.45-micrometer (µm) membrane filter per sample container prior to being preserved. 
 When all samples have been collected, a field data sheet and a chain-of-custody (C-O-C) 
form should be completed, and all pertinent data entered in the field logbook.  Samples will be 
placed in a cooler to be maintained on ice at 4 degrees Celsius.  Samples must be shipped to ar-
rive at the designated laboratory well before their holding times are reached.  It is preferable that 
these samples be shipped or delivered daily to the laboratory as outlined in the E & E Standard 
Operating Procedure for Sample Packaging and Shipping (ENV 3.16). 
 

5.  Potential Problems 
5.1  General 
 
 The primary goal is to obtain a representative analysis of the groundwater body.  The 
analysis can be compromised by field personnel in two primary ways:  by collecting an unrepre-
sentative sample, and by incorrect handling of the sample.  There are numerous ways that foreign 
contaminants can be introduced into the sample, and these must be avoided by following strict 
sampling procedures and utilization of trained personnel. 

2 
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Table 1 SW-846 Sample Holding Times, Preservation Methods, and Volume Re-

quirements for Water Samples 
Protocol 

Parameter Holding Time 
Minimum 
Volume Container Type Preservation 

VOA 14 days from 
date sampled 

One 40-ml vial; 
no air space 

Two 40-ml vials Add HC1 until 
pH <2 and ice to 
4°C 

Semi-VOA 
(BNAs) 

7 days to extract 
from date sam-
pled 

One 1-L jar 1/2-gallon amber 
glass bottle 

Ice to 4°C 

PCBs 7 days to extract 
from date sam-
pled 

One 1-L jar 1/2-gallon amber 
glass bottle 

Ice to 4°C 

Pesticides and 
PCBs 

7 days to extract 
from date sam-
pled 

One 1-L jar 1/2-gallon amber 
glass bottle 

Ice to 4°C 

Metals 6 months from 
date sampled 

One 300-ml bot-
tle 

1-L poly bottle Add HN03 until 
pH <2 and ice to 
4°C 

Cyanide 14 days from 
date sampled 

One 100-ml bot-
tle 

1-L poly bottle Add NaOH until 
pH >12 and ice 
to 4°C 

Hexavalent chro-
mium 

24 hours from 
time sampled 

One 50-ml bottle 125-ml poly bot-
tle 

Ice to 4°C 

TOC 28 days from 
date sampled 

One 10-ml bottle 125-ml poly bot-
tle 

Add H2SO4 until 
pH <2 and ice to 
4°C 

TOX 7 days from date 
sampled 

One 200-ml bot-
tle 

1-L amber glass 
bottle 

Add H2SO4 until 
pH <2 and ice to 
4°C 

TRPHs 28 days from 
date sampled 

One 1-L bottle 1-L amber glass 
bottle 

Add H2SO4 until 
pH <2 and ice to 
4°C 

 
5.2  Purging 
 
 In a nonpumping well, there will be little or no vertical mixing of the water, and stratifi-
cation will occur.  The well water in the screened interval will mix with the groundwater due to 
normal flow patterns, but the water above the screened interval will remain isolated and become 
stagnant.  Sampling team members should realize that stagnant water may contain foreign mate-
rial inadvertently or deliberately introduced from the surface.  To safeguard against collecting 
nonrepresentative stagnant water in a sample, the following guidelines and techniques should be 
adhered to during well purging and sampling: 
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■ As a general rule, all monitoring wells should be pumped or bailed prior to the collec-
tion of the sample.  Evacuation of a minimum of one volume of water in the well cas-
ing, and preferably three to five volumes, is recommended for a representative sam-
ple.  In a high-yielding groundwater formation and where there is no stagnant water 
in the well above the screened section, evacuation prior to sample collection is not as 
critical.  However, in all cases where the monitoring data are to be used for enforce-
ment actions, evacuation is recommended. 

 
■ For wells that can be pumped or bailed dry, the well should be evacuated and allowed 

to recover prior to sample withdrawal.  If the recovery rate is fairly rapid and time al-
lows, evacuation of more than one volume of water is preferred. 

 
■ A nonrepresentative sample can also result from excessive pumping of the monitoring 

well.  Stratification of the leachate concentrations in the groundwater formation may 
occur or compounds that are heavier than water may sink to the lower portions of the 
aquifer.  Excessive pumping can dilute or increase the contaminant concentrations 
from what is representative of the sampling point of interest. 

 
5.3  Materials 
 
 The material used to construct groundwater purging and sampling devices can have a 
significant impact on the analytical results.  If practical, equipment that contacts the groundwater 
should be constructed from stainless steel, teflon, or glass.  The use of plastic should be avoided 
when analyzing for organics.  Table 2 discusses the advantages and disadvantages of groundwa-
ter sampling devices, and Table 3 provides a ranking of sample material compatibility under 
various aqueous environments. 
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Table 2 Advantages and Disadvantages of Various Groundwater Sampling 

Devices 
Device Advantages Disadvantages 

Bailer ■ The only practical limitations are size 
and materials 

■ No power source needed 
■ Portable 
■ Inexpensive; it can be dedicated and 

hung in a well, reducing the chances of 
cross-contamination 

■ Minimal outgassing of volatile organ-
ics while sample is in bailer 

■ Readily available 
■ Removes stagnant water first 
■ Rapid, simple method for removing 

small volumes of purge water 

■ Time consuming, especially for large 
wells 

■ Transfer of sample may cause aeration 

Submersible 
Pump 

■ Portable; can be used on an unlimited 
number of wells 

■ Relatively high pumping rate 
(dependent on depth and size of pump) 

■ Generally very reliable; does not 
require priming 

■ Potential for effects on analysis of trace 
organics 

■ Heavy and cumbersome, particularly in 
deeper wells 

■ Expensive 
■ Power source needed 
■ Susceptible to damage from silt or 

sediment 
■ Impractical in low-yielding or shallow 

wells 
Non-Gas 
Contact 
Bladder 
Pump 

■ Maintains integrity of sample 
■ Easy to use 

■ Difficult to clean, although dedicated 
tubing and bladder may be used 

■ Only useful at depths down to 
approximately 100 feet 

■ Supply of gas for operation (bottled gas 
and/or compressor) is difficult to 
obtain and is cumbersome 

Suction Pump ■ Portable, inexpensive, and readily 
available 

■ Only useful at depths down to 
approximately 25 feet 

■ Vacuum can cause loss of dissolved 
gases and volatile organics 

■ Pump must be primed and vacuum is 
often difficult to maintain 

■ May cause pH modification 
Inertia Pump ■ Portable, inexpensive, and readily 

available 
■ Rapid method for purging relatively 

shallow wells 

■ Only useful at depths down to 
approximately 70 feet 

■ May be time consuming to use 
■ Labor-intensive 
■ WaTerra pump is only effective in 2-

inch diameter wells 
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Table 3 Relative Compatibility of Rigid Groundwater Sampling Materials 

 PVC I 
Galvanized 

Steel 
Carbon 
Steel 

Low-
carbon 
Steel 

Stainless 
Steel 304 

Stainless 
Steel 316 Teflon 

Buffered Weak 
Acid 

100 56 51 59 97 100 100 

Weak Acid 98 59 43 47 96 100 100 
Mineral 
Acid/High Solids 

100 48 57 60 80 82 100 

Aqueous/Organic 
Mixtures 

64 69 73 73 98 100 100 

Percent Overall 
Rating 

91 58 56 59 93 96 100 

 
Preliminary Ranking of Rigid Materials: 
 
Teflon 
Stainless Steel 316 
Stainless Steel 304 
PVC I 
Low-Carbon Steel 
Galvanized Steel 
Carbon Steel 

6.  Equipment Checklist 
6.1  General 
 

■ Water level indicator (e.g., electric sounder, steel tape, transducer, reflection sounder, 
air line, etc.); 

 
■ Depth sounder; 
 
■ Appropriate keys for well cap locks; 
 
■ Steel brush; 
 
■ Organic vapor analyzer (OVA) or photo-ionization meter (HNu); 
 
■ Oil/water interface indicator (if necessary); 
 
■ Timepiece (preferably a stopwatch); 
 
■ Logbook; 
 
■ Calculator; 
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■ Field data sheets; 
 
■ Bottle labels; 
 
■ Chain-of-custody forms; 
 
■ Custody seals; 
 
■ Sample containers; 
 
■ Engineer’s rule; 
 
■ Sharp knife (locking blade); 
 
■ Tool box (screwdrivers, pliers, hacksaw, hammer, flashlight, adjustable wrench, bolt 

cutters, etc.); 
 
■ Leather work gloves; 
 
■ Appropriate personnel protection equipment; 
 
■ 5-gallon pails; 
 
■ Plastic sheeting; 
 
■ Sealable plastic bags; 
 
■ Shipping containers; 
 
■ Packing material; 
 
■ U.S. Department of Transportation (DOT) shipping labels; 
 
■ 55-gallon 1A2 (17-H) drums (if necessary); 
 
■ Decontamination solutions; 
 
■ Tap water; 
 
■ Non-phosphate soap; 
 
■ Aluminum foil; 
 
■ Garden sprayers; 
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■ Brushes; 
 
■ Preservatives; and 
 
■ Distilled or deionized water, as necessary. 

 
6.2  Groundwater Sampling Devices 
 
Bailers 
 

■ Clean decontaminated bailers of appropriate size and construction material; 
 
■ Nylon line (enough to dedicate to each well); 
 
■ Sharp knife; 
 
■ Aluminum foil (to wrap clean bailers); 
 
■ Submersible Pumps 
 
■ Pump(s); 
 
■ Adequate power supply, generator, or battery; 
 
■ 1-inch black poly vinyl chloride (PVC) coil pipe (enough to dedicate to each well); 
 
■ Hose clamps; 
 
■ Safety cable (i.e., heavy-grade nylon line); 
 
■ Tool box supplement (pipe wrenches, wire strippers, electric tape, heat shrink, hose 

connectors, teflon tape); 
 
■ Winch or pulley (if desired); 
 
■ Gasoline for generator; 
 
■ Flow meter with gate valve; and 
 
■ 1-inch nipples and various pipe connectors. 

 
 
Bladder Pumps 
 

■ Non-gas contact bladder pump; 

8 



TITLE: GROUNDWATER WELL SAMPLING 

CATEGORY: ENV 3.7 REVISED: March 1998 

 
 

 

 
■ Compressor or nitrogen gas bottles; 
 
■ Batteries and charger; 
 
■ Teflon tubing (enough to dedicate to each well); 
 
■ Swagelock fitting; and 
 
■ Toolbox supplement (same as submersible pump). 

 
Suction Pump 
 

■ Pump; 
 
■ Black coil pipe tubing (enough to dedicate to each well); 
 
■ Gasoline (if required); 
 
■ Toolbox supplement (same as submersible pump); 
 
■ Various hose connectors and nipples; and 
 
■ Flow meter with gate valve. 

 

7.  Preparation 
7.1  Office Preparation 
 
■ The preparation of a Site-Specific Safety Plan (SSSP) is required prior to any sampling.  The 

SSSP must be approved and signed by the Corporate Health and Safety Officer or designee 
(i.e., the Regional Safety Coordinator [RSC]); 

 
■ Prepare a Site-Specific Work Plan (SSWP) to meet the data quality objectives of the project 

in accordance with contract requirements.  Review available background information (e.g., 
topographic maps, hydrogeologic maps, geologic maps, other site reports, etc.) to determine 
the extent of the sampling effort, the sampling method to be employed, and the type and 
amounts of equipment and supplies required; 

 
■ Obtain necessary sampling and monitoring equipment (see Section 6), preclean the 

sampling equipment, and ensure that it is in proper working order; 
 
■ Ensure that batteries are charged, including the OVA, HNu, pump control box, and 

large storage batteries; 
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■ Locate local sources for preservatives and decontamination solutions.  Review this 

matter with the RSC or site safety coordinator; 
 
■ Contact delivery service to confirm ability to ship all equipment and samples.  De-

termine if shipping restrictions exist; and 
 
■ Prepare schedules and coordinate with staff, clients, and regulatory agencies, if ap-

propriate. 
 
7.2  Field Preparation 
 

■ Identify local suppliers of expendable sampling equipment such as ice and baggies, 
and overnight delivery services; 

 
■ Inspect all sampling equipment and reclean, if necessary, prior to groundwater sam-

pling (see Table 4); 
 

Table 4 Decontamination Solutions 
Type of Hazard Name of Solution Remarks 

Amphoteric-acids and bases Sodium bicarbonate 5-15% aqueous solution 
Inorganic acids, metal 
processing wastes, heavy 
metals 

Sodium carbonate Good water softener, 10-20% 
aqueous solution 

Solvents and organic com-
pounds, oily, greasy unspeci-
fied wastes 

Trisodium phosphate Good rinsing solution of de-
tergent, 10% aqueous solution 

Pesticides, fungicides, cya-
nides, ammonia, and other 
non-acidic inorganic wastes 

Calcium hypochlorite Excellent disinfectant, bleach-
ing and oxidizing agent, 10% 
aqueous solution 

Other Types of Decontamination Solutions 
Other Detergents and Aqueous Surfactants 

Phosphate-free laboratory detergent (Alconox, Liquinox), Pennsalt 91, Oakite, Gunk, Clorox 
Solvents 

1,1,2-Trichloroethane, H2-ethyl-hexyl acetate, pesticide-grade isopropa-
nol/acetone/methanol/hexane, heptane (nonhydrogen bonding), alcohol, diesel fuel, naphtha, 
beta-propiolactone, carbon tetrachloride, 8% formalinethylene, 8% hexachloromelamine, 1,2-
dichloroethane (in solution), Quadcoat 

Other Solutions 
10% nitric acid, 0.1 N/10%/20% hydrochloric acid 

Water 
Potable/tap water (demonstrated to be analyte-free), distilled water, deionized water, reagent-
grade distilled and deionized water 

Source:  Adapted from Devinny et al. 1990; Mickam et al. 1989. 
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■ A general site survey should be performed prior to site entry in accordance with the 
SSSP followed by a site safety meeting; and 

 
■ Identify all well locations. 

 

8.  Reagents 
 Except for decontamination solutions and sample preservatives, there are no reagents re-
quired for these procedures.  Refer to E & E Standard Operating Procedure for Equipment De-
contamination (ENV 3.15), the SSSP, or the SSWP for proper decontamination procedures and 
appropriate solvents. 
 

9.  Field Sampling Procedures 
9.1  Sampling Preparation 
 

■ Start at the least-contaminated well, if known; 
 
■ Remove locking well cap.  Note the location of the well, time of day, and date in the 

field logbook or sample log; 
 
■ Remove the well cap covering the well riser; 
 
■ Test the well for volatile organic compounds (VOCs) and methane by conducting a 

headspace analysis with a combustible gas indicator, an OVA (for VOCs and meth-
ane), or an HNu (for VOCs).  Record all readings in the field logbook; 

 
■ Lower water level measuring device into well until the surface of the water table is 

encountered; 
 
■ Measure the distance from the top of the water table to a reference point on the well 

riser or casing (e.g., top of inside casing [TOIC]) and record the distance in the field 
logbook; 

 
■ Lower the water level measuring device to the bottom of the well, and measure the to-

tal depth of the well using the same reference point on the well riser or casing.  Re-
cord the distance in the field logbook. 

 
■ Measure the diameter of the well, and calculate the volume of water in the well by 

multiplying the number of feet of water by the number of gallons per foot (see Sec-
tion 10); 
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■ Determine the required volume of groundwater to be removed from the well (e.g., 
three well volumes or as indicated in the SSWP); 

 
■ Place plastic sheeting on the ground around the well to minimize the likelihood of 

contamination of sampling equipment from soil adjacent to the well; and 
 
■ Prepare the purging and sampling equipment. 

 
9.2  Purging 
 
 The amount of flushing that a well receives prior to sample collection depends on the in-
tent of the monitoring program, as well as the hydrogeologic conditions.  Programs in which 
overall quality determinations of water resources are involved may require long pumping periods 
to obtain a sample that is representative of the groundwater.  The pumped volume can be deter-
mined prior to sampling, or the well can be pumped until selected parameters (e.g., temperature, 
electrical conductance, pH, turbidity, etc.) have stabilized.  Care must be taken not to exceed the 
recommended purging rate for monitoring well screens (see Table 5). 
 Monitoring for defining a contaminant plume requires a representative sample of a small 
volume of the aquifer.  These circumstances require that the well be pumped enough to remove 
the stagnant water, but not enough to induce flow from other areas. 
 During purging, water level measurements may be taken regularly at 15- and 30-second 
intervals.  The data may be used to compute water table or aquifer transmissivity and other hy-
draulic characteristics. 
 Information on the most commonly used groundwater purging and sampling devices can 
be found in E & E’s SOP for Groundwater Sampling Devices (ENV 3.6). 
 
9.2.1  Bailers 
 
 Equipment needed will include a clean decontaminated bailer, nylon line, a sharp knife, 
and plastic sheeting.  Place the plastic sheeting around the well to prevent contact of the bailer or 
line with the ground.  Attach the line to the bailer, and then lower the bailer until it is completely 
submerged.  Pull the bailer out of the well; ensure that the line either falls onto the plastic sheet-
ing or never touches the ground.  Empty the bailer into a 5-gallon pail.  Repeat the procedure un-
til the required purge volume has been removed.  When the 5-gallon pail is full, pour the water 
into a 55-gallon drum or handle as indicated in the SSWP. 
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Table 5 Maximum Recommended Purging Rate for Monitoring Well Screens 

Recommended Pumping Rate 

Screen Type 
Diameter 

(in) 
Slot 
(in) 

Open 
Area 
(ft2/ft) 

Open 
Area 
(%) 

gpm/ft at 
0.1 ft/s 

gpm/ft at 
0.07 ft/s 

gpm/ft at 
0.03 ft/s 

2 0.01 0.018 3.4 0.804 0.563 0.241 
2 0.02 0.033 6.4 1.496 1.047 0.449 
2 0.025 0.042 8.0 1.870 1.309 0.561 
2 0.04 0.060 11.5 2.693 1.885 0.808 
2 0.051 0.075 14.4 3.385 2.369 1.015 
4 0.01 0.036 3.4 1.608 1.126 0.482 
4 0.02 0.067 6.4 2.992 2.094 0.898 
4 0.025 0.083 8.0 3.740 2.618 1.122 
4 0.04 0.120 11.5 5.386 3.770 1.616 

PVC 
(machine slot) 

4 0.051 0.151 14.4 6.773 4.741 2.032 
2 0.01 0.047 9.0 2.119 1.484 0.636 
2 0.02 0.089 17.0 3.989 2.793 1.197 
2 0.03 0.124 23.7 5.579 3.905 1.674 
2 0.04 0.156 29.7 6.981 4.887 2.094 
2 0.05 0.183 34.9 8.197 5.738 2.459 
4 0.01 0.078 7.5 3.522 2.465 1.057 
4 0.02 0.147 14.1 6.607 4.625 1.982 
4 0.03 0.208 19.9 9.350 6.545 2.805 
4 0.04 0.262 25.0 11.750 8.225 3.525 

PVC 
(wound) 

4 0.05 0.309 29.5 13.869 9.708 4.161 
2 0.01 0.090 17.1 4.021 2.814 1.206 
2 0.02 0.157 30.0 7.044 4.931 2.113 
2 0.03 0.210 40.2 9.444 6.610 2.833 
2 0.04 0.253 48.4 11.376 7.963 3.413 
2 0.05 0.287 54.8 12.872 9.010 3.862 
4 0.01 0.177 16.9 7.948 5.563 2.384 
4 0.02 0.307 29.3 13.776 9.643 4.133 
4 0.03 0.410 39.1 18.388 12.872 5.517 
4 0.04 0.492 47.0 22.097 15.468 6.629 

Stainless Steel 
(wire-wound) 

4 0.05 0.560 53.4 25.120 17.584 7.536 
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9.2.2  Submersible Pumps 
 

■ Assemble the pump, hose, and safety cable; 
 
■ Lower the pump and assembly into the monitoring well to a point a few feet below 

the water level; 
 
■ Attach to a power source and commence purging operations; 
 
■ Using a flow meter or pail and a stopwatch, determine the flow rate and calculate the 

time required to remove the required volume of water from the well; 
 
■ Place the purge water in 55-gallon drums or handle as indicated in the SSWP; and 
 
■ Lower the pump by stages until it is just above the screen, and continue to purge until 

the required volume of water has been removed from the well.  In cases where the 
well will not yield water at a sufficient recharge rate, pump the well dry and allow it 
to recover. 

 
9.2.3  Non-Gas Contact Bladder Pumps 
 

■ Assemble the teflon tubing, pump, and charged control box; 
 
■ Procedures for purging with a bladder pump are the same as for a submersible pump 

(Section 9.2.2); and 
 
■ Be sure to adjust the flow rate to prevent violent jolting of the hose. 

 
9.2.4  Suction Pumps 
 

■ Assemble the pump, tubing, and power source; and 
 
■ Procedures for purging with a suction pump are the same as for a submersible pump 

(Section 9.2.2). 
 
9.3  Sampling 
 
 Groundwater samples can be obtained through the use of a number of groundwater sam-
pling devices.  Each groundwater sampling device has its advantages (and disadvantages) over 
other devices.  Ideally, groundwater sampling devices should be completely inert, economical to 
manufacturer, easily cleaned for reuse, able to operate at remote sites in the absence of power 
sources, and capable of delivering variable rates for both well purging and sample collection.  
There are several other factors to consider when choosing a groundwater sampling device and 
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care should be taken when selecting the device.  Refer to E & E Standard Operating Procedure 
for Groundwater Sampling Devices (ENV 3.6) for additional information. 
 
9.3.1  Bailers 
 

■ Make sure that clean plastic sheeting has been placed around the well; 
 
■ Attach a line to the bailer.  If a bailer was used for purging, the same bailer and line 

may be used for sampling; 
 
■ Lower the bailer slowly and gently into the well, taking care not to shake the well 

casing or splash the bailer into the water.  Lower the bailer to different points adjacent 
to the well screen to ensure that a representative water sample is collected; 

 
■ Slowly and gently retrieve the bailer from the well, avoiding contact with the well 

riser; 
 
■ Remove the cap from a sample container and place the cap on plastic sheeting or in a 

location where it will not be contaminated.  Refer to Section 9.6 for special considera-
tions for volatile organic analysis (VOA) samples; 

 
■ Slowly pour the water into the container; 
 
■ Filter and preserve samples as required by the SSWP.  Mark the water level on the 

container with a pen; 
 
■ Prepare the necessary QA samples as outlined in the SSWP; 
 
■ Record sample information in the field logbook or on field data sheets, and complete 

the C-O-C form; 
 
■ Package samples in accordance with the SSWP; and 
 
■ Repeat this process until all groundwater samples have been collected. 

 
9.3.2  Submersible Pumps 
 

■ Allow the monitoring well to recharge after purging, keeping the pump just above the 
screened interval; 

 
■ Attach a gate valve to the discharge hose, and reduce the flow rate to a manageable 

sampling rate; 
 
■ Prepare the sample containers; 
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■ If no gate valve is available, discharge the sample into a clean jar and fill the sample 
containers from the jar; 

 
■ Complete the sampling and documentation procedures as outlined in Section 9.3.1; 

and 
 
■ Upon completion, remove the pump and assembly and properly decontaminate the 

pump prior to use in the next well.  Do not reuse the discharge tubing. 
 
9.3.3  Bladder Pump 
 

■ Allow the well to recharge after purging; 
 
■ Prepare the sample containers; 
 
■ Turn the pump on.  Increase the cycle time and reduce the pressure to the minimum 

that will allow groundwater to come to the surface; 
 
■ Complete the sampling and documentation procedures as outlined in Section 9.3.1; 
 
■ Upon completion, remove the tubing from the well and either replace the teflon tub-

ing and bladder with new dedicated tubing and bladder, or properly decontaminate 
the existing material; 

 
■ Nonfiltered groundwater samples should be collected directly from the outlet tubing 

into the sample containers; and 
 
■ Filtered groundwater samples should be obtained by connecting the pump outlet tub-

ing directly to the filter unit.  The pump pressure should be reduced to prevent a pres-
sure buildup on the filter, which could damage the pump bladder. 

 
9.3.4  Suction Pumps 
 

■ Allow the well to recharge; 
 
■ Attach a gate valve to the discharge line if the suction pump discharge rate cannot be 

controlled, or discharge the sample into a clean glass jar and fill the sample containers 
from the jar; 

 
■ Sample as outlined in Section 9.3.1; and 
 
■ Upon completion, remove the tubing and properly decontaminate the pump prior to 

use in the next well.  Do not reuse the tubing. 
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9.4  Filtering 
 
 Samples being analyzed for total dissolved metals and total organic carbons (TOC) may 
require filtering.  Two types of filters are commonly used:  barrel filters and vacuum filters.  A 
barrel filter works with a bicycle pump, which is used to build up positive pressure in the cham-
ber containing the sample.  Water is then forced through 0.45-µm filter paper into a jar.  The bar-
rel itself is filled manually. 
 A vacuum filter involves two chambers:  the upper chamber contains the sample, and a 
0.45-µm filter divides the two chambers.  Using a portable vacuum pump, air is withdrawn from 
the lower chamber, creating a vacuum, which causes the sample to move through the filter into 
the lower chamber.  Repeated pumping may be required to drain all of the sample into the lower 
chamber.  If preservation of the samples is necessary, this should be done after filtering. 
 
9.5  Post-Operation 
 
 After all samples have been collected and preserved, the sampling equipment should be 
properly decontaminated to prevent cross-contamination of samples. 
 

■ Decontaminate all equipment according to the SSWP; 
 
■ Replace sampling equipment in storage containers; 
 
■ Prepare groundwater samples for shipment.  Check sample documentation and make 

sure samples are properly packed for shipment; and 
 
■ Organize field notes into a report format and transfer logging information to appro-

priate forms. 
 
9.6  Special Consideration for VOA Sampling 
 
 The proper collection of a sample for dissolved VOCs requires minimal disturbance of 
the sample to limit volatilization and subsequent loss of volatiles from the sample. 
 Sample retrieval systems suitable for the valid collection of volatile organic samples in-
clude: positive-displacement bladder pumps, gear-driven submersible pumps, and syringe sam-
plers and bailers.  Field conditions and other constraints will limit the choice of appropriate sys-
tems.  The principal objective is to provide a valid sample for analysis that has been subjected to 
the least amount of turbulence possible. 
 The following procedures should be followed when collecting VOA samples: 
 

■ Open the vial, set the cap in a clean place, and place the proper amount of preserva-
tives (HCl) in the vial; 

 
■ Fill the vial to the top until a convex meniscus forms on the top of the vial.  Do not 

overfill the vial; 
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■ Check that the cap has not been contaminated, and carefully cap the vial.  Place the 
cap directly over the top and screw down firmly.  Do not overtighten and break the 
cap; 

 
■ Invert the vial and tap gently.  If an air bubble appears, discard the sample and begin 

again.  It is imperative that no entrapped air remains in the sample vial; 
 
■ Place the VOA vial in a cooler, oriented so that it is lying on its side, not straight up; 

and 
 
■ The holding time, under most protocol parameters, for VOAs is 14 days (see Ta-

ble 1).  It is recommended that samples be shipped or delivered to the laboratory 
daily.  Ensure that the samples remain at 4°C, but do not allow them to freeze. 

 

10.  Calculations 
 Table 6 presents the volume of water in different size casings and holes.  To determine 
the volume of water in a well, the calculations are as follows: 
 

V = Tr2(0.163) 
 
where: 
 
 V = Static volume of well in gallons 
 
 T = Depth of water in well, measured in feet (determined by subtracting the static water 

level from the total depth of the well) 
 
 r = Inside radius of well casing, measured in inches 
 
 0.163 = A constant conversion factor for the conversion of the casing radius from  inches to 

feet and cubic feet to gallons 
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Table 6 Volume of Water in Casing or Hole 

Diameter of 
Casing or Hole 

(in) 
Gallons per 

Foot of Depth 
Cubic Feet per 
Foot of Depth 

Liter per Meter 
of Depth 

Cubic Meters 
per Meter of 

Depth 
1 0.041 0.0055 0.509 0.509 x 10-3 

1.5 0.092 0.0123 1.142 1.142 x 10-3 
2 0.163 0.0218 2.024 2.024 x 10-3 

2.5 0.255 0.0341 3.167 3.167 x 10-3 
3 0.367 0.0491 4.558 4.558 x 10-3 

3.5 0.500 0.0668 6.209 6.209 x 10-3 
4 0.653 0.0873 8.110 8.110 x 10-3 

4.5 0.826 0.1104 10.260 10.260 x 10-3 
5 1.020 0.1364 12.670 12.670 x 10-3 

5.5 1.234 0.1650 15.330 15.330 x 10-3 
6 1.469 0.1963 18.240 18.240 x 10-3 
7 2.000 0.2673 24.840 24.840 x 10-3 
8 2.611 0.3491 32.430 32.430 x 10-3 
9 3.305 0.4418 41.040 41.040 x 10-3 
10 4.080 0.5454 50.670 50.670 x 10-3 
11 4.937 0.6600 61.310 61.310 x 10-3 
12 5.875 0.7854 72.960 72.960 x 10-3 
14 8.000 1.0690 99.350 99.350 x 10-3 
16 10.440 1.3960 129.650 129.650 x 10-3 
18 13.220 1.7670 164.180 164.180 x 10-3 
20 16.320 2.1820 202.680 202.680 x 10-3 
22 19.750 2.6400 245.280 245.280 x 10-3 
24 23.500 3.1420 291.850 291.850 x 10-3 
26 27.580 3.6870 342.520 342.520 x 10-3 
28 32.000 4.2760 397.410 397.410 x 10-3 
30 36.720 4.9090 456.020 456.020 x 10-3 
32 41.780 5.5850 518.870 518.870 x 10-3 
34 47.160 6.3050 585.680 585.680 x 10-3 
36 52.880 7.0690 656.720 656.720 x 10-3 

1 Gallon = 3.785 liters 
1 Meter = 3.281 feet 
1 Gallon water weighs 8.33 lbs = 3.785 kilograms 
1 Liter water weighs 1 kilogram = 2.205 pounds 
1 Gallon per foot of depth = 12.419 liters per foot of depth 
1 Gallon per meter of depth = 12.319 x 103 cubic meters per meter of depth 
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11.  Quality Assurance/Quality Control 
 The objective of QA/QC is to identify and implement methodologies that limit the intro-
duction of error into sampling and analytical procedures.  Groundwater sampling protocols ap-
propriate to the data quality objectives and site conditions will define the specific procedures that 
will be followed for sampling events (see Figure 1). 
 There are seven primary areas of concern for QA in the collection of representative 
groundwater samples: 
 
■ The SSWP should be reviewed by all team personnel involved in the collection of the 

groundwater samples before any sampling is attempted, with attention to contaminant type 
and potential concentration variations; 

 
■ Log documentation should be reviewed to determine whether the required volume of purge 

water was removed from the well and that the temperature, electrical conductance, and pH 
had been stabilized to ensure that a representative water sample of the aquifer was obtained; 

 
■ The purging and sampling devices should be made of materials and utilized in a manner that 

will not interact with or alter the analysis; 
 
■ The results generated by these procedures are reproducible as demonstrated through the use 

of duplicate samples; 
 
■ The possibility of cross-contamination is reduced by collecting samples from the least con-

taminated well first.  Rinsate blanks should be incorporated where dedicated sampling and 
purging equipment is not utilized and decontamination of the equipment between sampling 
events is required; 

 
■ Samples are properly labeled, documented (C-O-C), preserved, and shipped; and 
 
■ A record of daily field activities, such as sample collection and tracking information, is kept 

in a bound book. 
 

12.  Data Validation 
 The data generated will be reviewed according to the QA/QC considerations presented in 
Section 11. 
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Figure 1  Generalized Flow Diagram of Groundwater Sampling Protocol 
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13.  Health and Safety 
 Depending on the site-specific contaminants, the type of personnel protective equipment 
(PPE) used during the purging and sampling of the wells is outlined in the SSSP.  The SSSP 
should be reviewed with specific emphasis placed on the safety procedures to be followed for the 
well sampling tasks.  Standard safe operating practices should be followed, such as minimizing 
contact with potential contaminants in both the vapor phase and liquid matrix through the use of 
respirators and protective clothing. 
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1.  Scope and Application 

 
 The installation of monitoring wells is contingent upon the existing conditions at the pro-
ject site.  The purpose of this Standard Operating Procedure (SOP) is to delineate the quality 
control measures required to ensure the accurate installation of monitoring wells.  The applicable 
site Field Sampling Plan should be consulted for specific installation instructions.  The term 
"monitoring wells" is used generically and includes observation wells and piezometers. 
 
 

2.  Materials 

 
 a. Drilling Equipment (provided by subcontractor) 
 b. Material required for well installation as specified in the Field Sampling Plan accom-

panying this submittal 
 c. Hand Lens 
 d. Weighted Tape 
 e. Water Level Measuring Device 
 f. E & E’s Standard Geotechnical Log Book 
 
 

3.  Procedure 

 
3.1 Materials 
 
 Screens, casings, and fittings will conform to National Sanitation Foundation Standard 14 
or the American Society for Testing and Materials (ASTM) equivalent for potable water usage.  
These materials will bear the appropriate rating logo.  If the logos are not present, a written 
statement from the manufacturer/supplier stating that the materials contain the appropriate rating 
must be obtained.  Material used will be new and essentially chemically inert to the site envi-
ronment. 
 Water sources for drilling, grouting, sealing, filter placement, well installation, and 
equipment decontamination must be approved by E & E prior to arrival of the drilling equip-
ment.  Information required for the water source includes:  water source (hydrant no., if applica-
ble), owner, address and telephone number, type of treatment and filtration prior to point of dis-
charge, time of access, cost per gallon (if applicable), dates and results associated with all avail-
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able chemical analyses over the past two years, and the name and address of the analytical labo-
ratory (where applicable). 
 Bentonite will be the only drilling fluid additive allowed unless otherwise specified in the 
project work plan.  The use of any additives or materials must be approved by E & E and/or the 
governing regulatory agency prior to its implementation.  The information required for evalua-
tion includes:  brand name, manufacturer, manufacturer’s address and telephone number, product 
description, and intended use for the product. 
 Granular Filter Pack material must be approved by E & E prior to drilling.  A one-pint 
representative sample must be supplied to E & E.  Information required includes:  lithology, 
grain size distribution, brand name, source, processing method, and slot size of intended screen. 
 
3.2 Drilling 
 
 The hollow stem auger drilling method will be used for typical well installation.  Air ro-
tary methods using a rock bit will be used in hard lithologies.  Any alterations to these methods 
will require prior approval by E & E, the client, and/or the governing regulatory agency. 
 A qualified Site Geologist will be present during all well drilling and installation activi-
ties, and will fully describe all tasks performed in support of these activities in the Geotechnical 
Log Book.  A Site Geologist will be responsible at each rig for the logging of samples, monitor-
ing of drilling operations, recording of water losses/gains and other observable groundwater data, 
preparing the boring logs and well diagrams, and recording the well installation procedures per-
formed by the subcontractor. 
 Decontamination of all well installation equipment and construction material will be car-
ried out as described in E & E’s SOP for Equipment Decontamination (ENV 3.15) 
 Petroleum jelly, teflon tape, lithium grease, or vegetable-based lubricants shall not be 
used on the threads of downhole drilling equipment.  Additives containing either lead or copper 
will not be allowed.  In addition, polychlorinated biphenyls will not be contained in hydraulic 
fluids or other fluids used in the drilling rig, pumps, or other field equipment and vehicles.   Sur-
face runoff or other fluids will not be allowed to enter any boring or well during or after drill-
ing/construction. 
 Antifreeze used to keep equipment from freezing during periods of cold weather and will 
not contain rust inhibitors and sealants.  If the antifreeze is added in an area in contact with drill-
ing fluid, the antifreeze will be completely purged from the equipment prior to use in drilling, 
mud mixing, or any integral part of the overall drilling operation.  The contractor will note the 
following information in the boring log in regard to the use of antifreeze:  date, reason, quanti-
ties, and brand name. 
 According to the Site Health and Safety Plan (HASP), monitoring of the borehole will be 
conducted at regular intervals using a photoionization detector or flame ionization detector to 
check for the presence of VOCs.  Other screening methods may also be required according to the 
HASP. 
 
3.3  Well Construction and Installation 
 
 The installation of monitoring wells will begin within 12 hours of boring completion for 
holes uncased or partially cased, and within 48 hours for holes fully cased with temporary drill 
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casing or held open by auger.  Once installation has begun, work will be continued until the well 
has been grouted and the drill casing has been removed.  Exceptions must be requested in writing 
by the contractor to E & E prior to drilling.  Unscheduled delays attributable to unforeseeable 
site occurrences will not require advance approval. 
 The construction of each well will be depicted in the well construction diagram contained 
within the Geotechnical Log Book.  The diagram will remain attached to the borelog and will 
graphically denote the following components and their dimensions, where applicable: 
 
 a. Protective casing detail 
 b. Height of riser 
 c. Grout 
 d. Bentonite seal 
 e. Granular filter pack 
 f. Screen location 
 g. Joint location 
 h. Centralizers 
 i. Cave-in 
 j. Bottom of the boring 
 
 Screens, casings, and fittings will conform to the standards given in Section 3.1.  All ma-
terials will be decontaminated prior to use and will be assembled without the use of lubricants, 
cements, or chemicals.  The placement of all materials in the well boring will be observed and 
documented by the field geologist.  Granular filter packs will be chemically and texturally clean, 
inert, siliceous, and of appropriate size. 
 Unless otherwise specified in the site-specific work plan (SSWP), or limited by site con-
ditions, bentonite seals will be a minimum of two feet thick as measured immediately after 
placement.  The final depth of the top of the bentonite seal will be measured and recorded in the 
Geotechnical Log Book.  Any exceptions to the recommended thickness must be described in 
detail in the log.  (Note: In order to prevent heaving, the top of a bentonite seal should not be less 
than 1.5 to 2 feet below ground surface.) 
 Unless otherwise required by the SSWP, grout used in construction will be composed by 
weight of: 
 

 20 parts cement (Portland cement, type II or V); 
 

 1 part bentonite; and  
 

 8-gallons (max) approved water per 94-lb bag of cement per 5 pounds of bentonite. 
 
 Neither additives nor borehole cuttings will be mixed with the grout.  Bentonite will be 
added after the required amount of cement is mixed with the water. All grout material will be 
combined in an aboveground container and mechanically blended to produce a thick, lump-free 
mixture.  The mixed grout will be recirculated through the grout pump prior to placement. 
 Grout placement will be performed using a commercially available grout pump and a 
rigid tremie pipe.  The tops of all well casing will be telescopically capped with covers com-
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posed of materials compatible with the products used in the well installation.  Caps will be con-
structed to preclude binding to the well casing caused by tightness of fit, unclean surfaces, or 
weather conditions, yet secure enough to preclude the introduction of foreign material into the 
well.  In addition, caps will be loose enough to allow pressure equalization between the well and 
the atmosphere. 
 Well protective casings will be installed around all monitoring wells on the same day as 
the initial grout placement around the well.  Any annulus formed between the outside of the pro-
tective casing and the borehole will be filled to ground surface with grout. 
 
3.4 Monitoring Well Completion 
 
 Decontaminated well casing will be placed on polyethylene sheeting, and will not be al-
lowed to touch the ground or any other object. 
 Assemble appropriate decontaminated lengths of casing and screen.  Make sure these ma-
terials are clean and free of grease, soil, and residue. 
 Lower each section of casing and screen into the borehole, one at a time, screwing each 
section securely into the section below it.  No grease, lubricant, glue, or teflon tape may be used 
in joining the pipe and screen sections.  Rubber O-rings may be used to provide water-tight joint 
in wells of stainless steel construction. 
 When the well is set to the bottom of the borehole, temporarily place a cap on top of the 
casing to keep the well interior clean.  
 Place the appropriate filter pack material by gradually pouring it into the annular space 
through a tremie pipe.  The tremie pipe should extend from the ground surface to the depth of the 
filter pack such that the material is added from the "bottom up."  Monitor the rise of material in 
the annulus with a weighted tape to assure that bridging is not occurring. 
 After the filter pack is in place, wait three to five minutes for the material to settle.  Re-
measure the settled height of the filter pack and tremie more material, if necessary. 
 Install the bentonite seal by dropping bentonite pellets into the hole gradually, again 
monitoring for bridging with a weighted tape. 
 Wait 30 to 60 minutes for the bentonite pellets to hydrate and swell.  If the pellets are 
above the water level in the hole, add several buckets of clean water to the boring.  Document the 
amount and source of water added to the hole. 
 Mix a cement-bentonite slurry using clean water from an approved source, Portland Type 
II cement, and powdered bentonite.  Be sure the mixture is thoroughly mixed and as thick as is 
practicable. 
 Lower a tremie pipe or hose into the annulus to the level of the bentonite pellet seal. 
 Pump the cement-bentonite slurry into the annulus while withdrawing the tremie 
pipe/hose.  Continue filling the annulus with the slurry up to the ground surface. 
 Cut the riser casing off approximately 2 to 2.5 ft. above grade.  Place a vented cap on the 
well. 
 Set the steel protective casing over the well and into the cement-bentonite slurry below 
the ground surface.  Lock the cap. 
 Allow the cement-bentonite slurry to set overnight. 
 After allowing the cement-bentonite slurry to set, fill the remainder of the annulus with 
neat cement.  Form a cement apron around the protective casing. 
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3.5 Logging 
 
 All borings for monitoring wells will be logged by a geologist or engineer.  Logs will be 
recorded in the Geotechnical Log Book and/or field log book.  If the information is recorded in a 
field log book, it will be transferred to Boring Log Forms on a daily basis.  Field notes are to in-
clude, as a minimum: 
 
 a. Boring Number and Location 
 b. Geological Material Description (as discussed below) 
 c. Weather Conditions 
 d. Possible Indications of Contamination During Drilling 
 e. Groundwater Conditions (including measured water levels) 
 f. Daily Drilling Footage and Quantities (for billing purposes) 
 g. Drilling Method and Bore Hole Diameter 
 h. Any Deviations from Established Work Plans 
 i. Blow Counts for Standard Penetration Test 
 j. Core and Split-Spoon Recoveries 
 k. Name of Contractor, Driller and Rig Geologist 
 l. Date and Time of Start and Completion of Each Boring 
 m. Field Instrument Readings Such As HNu, OVA, etc. 
 
 Material description for soil samples must include: 
 
 a. Classification 
 b. Unified Soil Classification Symbol 
 c. Secondary Components and Estimated Percentages 
 d. Color  
 e. Plasticity 
 f. Consistency (if cohesive soil) 
 g. Density (if non-cohesive soil) 
 h. Moisture Content 
 i. Texture/Fabric/Bedding and Orientation 
 j. Grain Angularity 
 k. Depositional Environment and Formation 
 l. Presence of Calcium Carbonate (CaCO3) 
 m. Sample Recovery 
 
 Material description for rock samples must include: 
 
 a. Classification 
 b. Lithologic Characteristics 
 c. Bedding/Banding Characteristics 
 d. Color 
 e. Hardness 
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 f. Degree and Type of Cementation 
 g. Presence of Calcium Carbonate (CaCO3) 
 h. Texture 
 i. Structure and Orientation 
 j. Degree of Weathering 
 k. Solution or Void Conditions 
 l. Primary and Secondary Permeability 
 m. Sample Recovery 
 n. Degree of Weathering and Friability 
 
3.6 Well Development 
 
 Well development can be defined as the process by which drilling fluids, solids, and other 
mobile particulates within the vicinity of a newly installed monitoring well are removed thus re-
storing the inherent hydraulic conductivity of the aquifer.  Well development will be initiated 
after 24 consecutive hours but not longer than seven calendar days following the completed in-
stallation of the surface protective casing of the well.  A detailed record of the well development 
will be documented in the Geotechnical Log Book. 
 Materials required: 
 

 Well Development Form (Geotechnical Log Book); 
 

 Boring Log and Well Completion Diagram for the well (Geotechnical Log Book); 
 

 Submersible pump, centrifugal pump, or bailer of appropriate capacity; 
 

 pH, conductivity, and temperature meters; 
 

 Electric well sounder and measuring tape; and 
 

 Containers for purged water, if required. 
 
 Development of newly installed groundwater monitoring wells will be performed accord-
ing to the following protocol.  Development of monitoring wells will be recorded in the Geo-
technical Log Book.  The following development data will be recorded. 
 
 a. Well designation  
 b. Date of well installation 
 c. Date of development  
 d. Stable water level before and 24 hours after development  
 e. Quantity of water lost during drilling and fluid purging, if water is used  
 f. Quantity of standing water in well and annulus (30 percent porosity for annulus mate-

rial is assumed for calculation) prior to development  
 g. Specific conductivity, turbidity, temperature, and pH measurements taken and re-

corded at the start of development, three or more times during, and at the conclusion 
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of development.  Calibration standards will be run prior to, during, and after each 
day’s operation of instruments in the field  

 h. Depth from top of well casing to bottom of well  
 i. Screen length  
 j. Depth from top of well casing to top of sediment inside well, before and after devel-

opment  
 k. Physical character of removed water, including changes during development in clar-

ity, color, particulate matter, and odor  
 l. Type and size/capacity of pump and/or bailer used  
 m. Description of surge technique, if used  
 n. Height of well casing above or below ground surface 
 o. Quantity of water removed and removal time  
 
 Development of wells will be accomplished by pumping the groundwater with an elec-
tric-powered submersible or centrifugal pump until the water is clear and the well is free of 
sediment, to the fullest extent practical.  If well yields cannot sustain the flow rate of the sub-
mersible pump and the water is sediment free to the fullest extent practical, a dedicated bailer 
will be used to evacuate the well.  Water will not be added to the well to aid in development, nor 
will any type of airlift technique be used. 
 The pump, bailer and cable will be decontaminated by the procedures outlined in ENV 
3.15.  Unless otherwise specified in the SSWP, development water will be discharged on site or 
containerized and transported to a central storage area, in accordance with local regulatory guid-
ance.  Based on the analysis of groundwater samples collected from the monitoring wells, any 
containerized water will be disposed of in a manner which is in compliance with appropriate 
government regulations. 
 Development will proceed until the following conditions are met: 
 
 a. Turbidity is <100 NTU, or parameters including pH, conductivity, and temperature 

have stabilized; 
 
 b. The sediment thickness remaining in the well is less than 5 percent of the screen 

length; 
 
 c. At least five well volumes (including the saturated filter material in the annulus) plus 

the volume of water added during the drilling process (if any) have been removed 
from the well; and 

 
 d. The cap and all internal components of the well casing above the water table have 

been rinsed with well water to remove all traces of soil/sediment/cuttings.  Washing 
will also be conducted before and/or during development. 
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4.  Maintenance 

 
 Not applicable. 
 
 

5.  Precautions 

 
 Refer to the site-specific Health and Safety Plan for discussion of hazards and preventive 
measures during well development activities. 
 
 

6.  References 

 
Ecology and Environment, Inc., 1991, Geotechnical Log Book, copyright Ecology and Environ-

ment, Inc.  
 
USATHAMA, March 1987, Geotechnical Requirements for Drilling, Monitoring Wells, Data 

Acquisition, and Reports. 
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None of the information contained in this Ecology and Environment, Inc., 
(E & E) publication is to be construed as granting any right, by implication 
or otherwise, for the manufacture, sale, or use in connection with any 
method, apparatus, or product covered by letters patent, nor as ensuring any-
one against liability for infringement of letters patent. 
 
Anyone wishing to use this E & E publication should first seek permission 
from the company.  Every effort has been made by E & E to ensure the accu-
racy and reliability of the information contained in the document; however, 
the company makes no representations, warranty, or guarantee in connection 
with this E & E publication and hereby expressly disclaims any liability or 
responsibility for loss or damage resulting from its use; for any violation of 
any federal, state, or municipal regulation with which this E & E publication 
may conflict; or for the infringement of any patent resulting from the use of 
the E & E publication. 
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1.  Introduction 

 
 This Standard Operating Procedure (SOP) describes the procedures for the collection of 
representative sediment samples.  Analysis of sediment samples may determine whether concen-
trations of specific pollutants exceed established threshold action levels, and whether the concen-
trations of pollutants present a risk to public health, welfare, or the environment. 
 
 

2.  Scope 

 
 Included in this discussion are procedures for obtaining representative samples, quality 
assurance measures, proper documentation of sampling activities, and recommendations for per-
sonnel safety. 
 
 

3.  Method Summary 

 
 Sediment samples may be recovered using a variety of methods and equipment.  These 
are dependent on 1) the depth of the water in which the samples will be collected; 2) the sedi-
ment’s characteristics; 3) the volume of sediment required; and 4) the type of sample required 
(disturbed or undisturbed).  Ultimately, the type of sampling device used should be consistent 
with the objective of the study. 
 Near-surface sediment samples may be collected using a scoop or spoon (if near shore or 
in shallow water), or sediment dredge or grab sampler (if in deeper water).  To obtain other than 
surficial sediment samples, core samplers or split-spoon samplers are required. 
 All sampling devices should be cleaned using pesticide-grade acetone (assuming that ace-
tone is not a target compound) or methanol, rinsed with distilled water, wrapped in aluminum 
foil, and custody sealed for identification.  The sampling equipment should remain in this wrap-
ping until needed.  Each sampler should be used for one sample only.  However, dedicated sam-
plers may be impractical if there are a large number of sediment samples to be collected.  In this 
case, samplers should be cleaned in the field using the decontamination procedures outlined in 
E & E’s Equipment Decontamination SOP. 
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4.  Sample Preservation, Containers, 
Handling, and Storage 

 
 The chemical preservation of sediments is not generally recommended.  Refrigeration is 
usually the best approach, supplemented by a minimal holding time.  Sediment samples should 
be handled according to standard techniques and project-specific requirements as detailed in pro-
ject work/sampling plans and quality assurance project plans. 
 
 

5.  Potential Problems 

 
 Potential problems with sediment sampling include cross-contamination of samples and 
improper sample collection.  Cross-contamination problems may be eliminated or minimized 
through the use of dedicated sampling equipment and bottles.  If this is not possible or practical, 
then proper decontamination of sampling equipment is necessary.  Improper sample collection 
can involve using inadequate or inappropriate sampling devices, contaminated equipment, dis-
turbance of the matrix resulting in compaction of the sample, and inadequate homogenization of 
the sample where required, resulting in variable, nonrepresentative results. 
 
 

6.  Equipment 

 
The following is a list of equipment and items typically used for sediment sampling:  
 

 Sampling plan, 
 

 Sample location map, 
 

 Safety equipment, as specified in the health and safety plan, 
 

 Compass, 
 

 Survey equipment, 
 

 Tape measure, 
 

 Camera, 
 

 Four-ounce and eight-ounce glass jars with teflon liners, 
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 40-ml glass vials with teflon-backed septum, 

 
 Plastic bags for sample jars, 

 
 Logbook, 

 
 Labels, 

 
 Waterproof ink pen, 

 
 Chain-of-custody forms, 

 
 Shipping cooler, 

 
 Decontamination supplies and equipment, as described in the work plan, 

 
 Canvas or plastic sheeting, 

 
 Stainless-steel scoops, 

 
 Stainless-steel spoons, 

 
 Stainless-steel mixing bowls, or pans, 

 
 Hand-driven split-spoon sampler, 

 
 Shovel, 

 
 Stainless-steel hand auger, 

 
 Sediment dredge/grab sampler, 

 
 Manual, gravity, or mechanical coring devices, and 

 
 Teflon beaker attached to a telescoping pole. 

 
 

7.  Reagents 

 
 Sediment sampling does not require the use of reagents except for decontamination of 
equipment.  Refer to E & E’s Equipment Decontamination SOP and the site-specific work plan 
for proper decontamination procedures and appropriate solvents. 
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8.  Procedures 

 
8.1 Office Preparation 
 

 Prepare a sampling plan in accordance with contract requirements.  Conduct a litera-
ture and information search and review available background information (e.g., to-
pographic maps, soil survey maps, geological survey maps, other site reports, etc.) to 
determine the extent of the sampling effort, the sampling methods to be employed, 
and the type and amounts of equipment and supplies required. 

 
 E & E corporate policy requires that a health and safety plan be prepared prior to 

commencing any sampling activity.  The plan must be approved and signed by the 
corporate health and safety officer or his/her designee (e.g., the regional safety coor-
dinator [RSC]). 

 
 Obtain necessary sampling and monitoring equipment (see Section 6), and ensure that 

everything is in working order. 
 

 Contact delivery service to confirm ability to ship all equipment and samples.  De-
termine whether shipping restrictions exist. 

 
 Prepare schedules and coordinate with staff, clients, property owners, and regulatory 

agencies, if appropriate. 
 
8.2 Field Preparation 
 

 Identify local suppliers of sampling expendables and overnight delivery services (e.g., 
Federal Express). 

 
 Decontaminate or preclean all equipment before sediment sampling, as described in 

E & E’s Equipment Decontamination SOP, or as deemed necessary. 
 

 Calibrate all health & safety monitoring equipment daily. 
 

 A general site survey should be performed prior to site entry, in accordance with the 
health and safety plan.  A site safety meeting identifying physical and chemical haz-
ards should be conducted prior to sampling activities. 

 
 Identify and mark all sampling locations.  If required, the proposed locations may be 

adjusted based on site access, property boundaries, and surface obstructions.  All lo-
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cations must be cleared of utilities by the property owner or utility companies prior to 
sediment sampling. 

 
8.3 Sample Collection 
 
 Numerous techniques and sampling devices may be employed to collect representative 
sediment samples.  A number of sampling-related factors can contribute to the loss of sample 
integrity, including washout of fine-grained sediments during retrieval; compaction due to sam-
ple wall friction; and sampling vessel- or person-induced disturbance of surficial layers.  Choos-
ing the most appropriate sediment sampler for a study will depend on the sediment’s characteris-
tics, the volume and efficiency required, and the objectives of the study. 
 Most samples will be grab samples, although occasionally, sediment taken from various 
locations may be combined into one composite sample to reduce the amount of analytical sup-
port required. 
 The following procedure is used to collect surface sediment samples from small, low-
flowing streams or near the shore of a pond or lake: 
 
 1. The sampler should select the sampling location furthest downstream for 

the first sample and work upstream.  This will reduce the potential for dis-
turbed sediments from migrating down to unsampled locations.  This 
technique will also reduce the chances of cross-contaminating subsequent 
samples by sampling first in areas of suspected low contamination and 
working to the suspected higher concentration areas. 

 
 2. Using a precleaned, stainless-steel scoop, spoon, or other appropriate de-

vice, remove the required volume of sediment from the desired surface in-
terval (e.g., 0-inch to 6-inch), place the sample in the appropriate pre-
cleaned glass jar, decant excess liquid as necessary, and secure the teflon-
lined lid to the jar.  If the sample is to be a composite sample, or if the 
sample is to be homogenized, the sediment is first placed in a stainless-
steel mixing bowl and is homogenized prior to placement in the glass 
sample container.  Samples for volatile organic analysis are not homoge-
nized.  Samples are handled in accordance with project-specific require-
ments. 

 
 3. Carefully and clearly identify the jar with the appropriate sample label, 

ensuring that all the categories or parameters listed in Section 10.1.1 have 
been addressed.  Place a custody seal on the jar and lid, secure the seal in 
place with clear tape, and refrigerate the sample.  The clear tape should 
also cover the jar’s label. 

 
 4. Use the chain-of-custody form to document the types and number of 

sediment samples collected for shipment to a laboratory for analyses. 
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 5. In the field logbook record the time and date of sample collection, as well 
as a description of the sample and any associated air monitoring meas-
urements. 

 
 6. Decontaminate sampling equipment in accordance with E & E’s Equip-

ment Decontamination SOP. 
 
 The following procedure is used to collect subsurface sediment samples from small, low-
flowing streams or near the shore of a pond or lake: 
 
 1. The sampler should select the sampling location farthest downstream for 

the first sample and work upstream.  This will reduce the potential for dis-
turbed sediments from migrating downstream to unsampled locations, and 
will also reduce the chances of cross-contaminating subsequent samples. 

 
 2. Using a precleaned split-spoon sampler or other hollow coring device, 

drive the sampler to the required depth with a smooth continuous motion.  
Remove the coring device by rotating and lifting it in a single smooth mo-
tion until the sampler is free from the sediment. 

 
 3. Before the sediment sample can be removed from the sampling device, 

the overlying water must be removed from the sampler by slowly pouring 
or siphoning it off near one side of the sampler.  Care should be taken to 
ensure that the sediments are not disturbed, and that the fine-grained 
surficial sediment and organic matter are not lost while removing the 
overlying water. 

 
 4. Disassemble the split-spoon sampler by placing pipe wrenches on either 

end of the sampler.  Remove both ends and open the split spoon with a 
precleaned stainless-steel spoon.  Recover the sediment core from a core 
tube by pushing the sample out with a precleaned stainless-steel spoon. 

 
 5. Collect the necessary sample by cutting the core with the handle of a pre-

cleaned stainless-steel spoon, placing the sample in the appropriate pre-
cleaned glass jar, and securing the teflon-lined lid to the jar.  Samples are 
handled in accordance with project-specific requirements. 

 
 6. Carefully and clearly label the jar with the appropriate sample tag, ensur-

ing that all of the categories or parameters listed in Section 10.1.1 have 
been addressed.  Place a custody seal on the jar and lid, and secure the 
seal in place with clear tape. 

 
 7. Use the chain-of-custody form to document the types and number of 

sediment samples collected and logged. 
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 8. Record the time and date of sample collection, as well as a description of 
the sample and any associated air monitoring measurements, in the field 
logbook. 

 
 9. Decontaminate sampling equipment as per E & E’s Equipment Decon-

tamination SOP. 
 
 The following procedure is used to collect surface samples from rivers or from deeper 
lakes and ponds: 
 
 1. The sampler should select the sampling location farthest downstream for 

the first sample and work upstream.  This will reduce the potential for dis-
turbed sediments to migrate downstream to unsampled locations. 

 
 2. Using a precleaned sediment dredge or grab sampler, lower the sampler to 

the sediment layer with a polypropylene rope.  Depending on the type of 
sampler used, the jaws of the sediment dredge will either automatically 
close, or will be triggered with a weighted messenger. 

 
 3. Recover the sampler and empty the sediment sample into a precleaned 

stainless-steel bowl.  The water layer should be decanted slowly until only 
sediment remains in the bowl. 

 
 4. Using a precleaned stainless-steel spoon, remove the required volume of 

sediment.  Place the sample in the appropriate precleaned glass jar, and 
secure the Teflon-lined lid to the jar. 

 
 5. Carefully and clearly identify the jar with the appropriate sample label, 

ensuring that all of the categories or parameters listed in Section 10.1.1 
have been addressed.  Place a custody seal on the jar and lid, and secure 
the seal in place with clear tape.  The clear tape should cover the sample 
label. 

 
 6. Use the chain-of-custody form to document the types and number of 

sediment samples collected for shipment to a laboratory for analyses. 
 
 7. Record the time and date of sample collection, as well as a description of 

the sample and any associated air monitoring measurements, in the field 
logbook. 

 
 8. Decontaminate sampling equipment in accordance with E & E’s Equip-

ment Decontamination SOP. 
 
 The following procedure is used to collect subsurface samples from rivers or from deeper 
lakes and ponds: 
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 1. The sampler should select the sampling location farthest downstream for 

the first sample and work upstream.  This will reduce the potential for dis-
turbed sediments to migrate downstream to unsampled locations. 

 
 2. Attach a precleaned gravity or mechanical coring device to the required 

length of polypropylene sample line and allow the corer to freefall 
through the water to the bottom. 

 
 3. Determine the depth of sediment penetration, and if acceptable, retrieve 

the corer with a smooth, continuous lifting motion. 
 
 4. Remove the overlying water from the corer by slowly pouring or siphon-

ing it off near one side of the sampler.  Remove the nosepiece from the 
corer, and slide the sample out of the corer into a stainless-steel bowl or 
tray. 

 
 5. Collect the necessary sample by cutting the core with the handle of a 

stainless-steel spoon, placing the sample in the appropriate precleaned 
glass jar, and securing the teflon-lined lid to the jar.  Samples are handled 
in accordance with project-specific requirements. 

 
 6. Carefully and clearly label the jar with the appropriate sample tag, ensur-

ing that all of the categories or parameters listed in Section 10.1.1  have 
been addressed.  Place a custody seal on the jar and lid, and secure the 
seal in place with clear tape. 

 
 7. Use the chain-of-custody form to document the types and number of 

sediment samples collected for shipment to a laboratory for analyses. 
 
 8. Record the time and date of sample collection, as well as a description of 

the sample and any associated air monitoring measurements, in the field 
logbook. 

 
 9. Decontaminate sampling equipment in accordance with E & E’s Equip-

ment Decontamination SOP. 
 
8.4 Postoperations 
 
 1. Decontaminate all equipment according to E & E’s Equipment Decon-

tamination SOP prior to shipping the equipment back to the warehouse. 
 
 2. Organize field notes into the report format required by E & E’s Field Re-

port Preparation SOP.  Logbooks should be maintained according to 
E & E’s Field Activities Log Book SOP. 
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 3. All samples should be shipped on the same day that they were collected to 

arrive at the laboratory not more than 24 hours after the samples were col-
lected in accordance with E & E’s Sample Packaging SOP. 

 
 

9.  Calculations 

 
 There are no specific calculations required for sediment sampling. 
 
 

10.  Quality Assurance 

 
10.1 Sample Documentation 
 
10.1.1 Sediment Sample Label 
 
 All sediment samples shall be documented in accordance with standard labeling tech-
niques and project-specific requirements.  The sediment sample label is completed to the fullest 
possible extent, prior to collecting the sample, and should contain the following minimum infor-
mation: 
 

 Site name or identification; 
 

 Sample location and identifier; 
 

 Date sample was collected in a day, month, year format (e.g., 03 JUN 91 for June 3, 
1991); 

 
 Time of sample collection, using 24-hour clock in the hours: minutes format; and 

 
 Analysis required. 

 
10.1.2 Logbook 
 
 A bound field logbook will be maintained by field personnel to record daily activities in 
accordance with E & E’s Field Activities Logbooks SOP and include sample collection, tracking, 
and shipping information.  A separate entry will be made for each sample collected.  These en-
tries should include information from the sample label and a complete description of the location 
from which the sediment sample was collected. 
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10.1.3 Chain-of-Custody 
 
 Use the chain-of-custody form to document the types and number of sediment samples 
collected and logged.  
 
10.2 Sampling Plan Design 
 

 Many of the activities critical to ensuring that the collected samples are of high qual-
ity take place in the pre-collection planning and preparation stage.  Careful planning 
and attention to detail at this stage will result in a more successful sampling effort, 
and will ensure collection of the highest quality samples possible.  Since site and 
sampling conditions vary widely, and no universal sampling procedure can be rec-
ommended, a detailed sampling plan, consistent with the objectives of the study, must 
be developed prior to any sampling activities. 

 
 Any of the sampling methods described here should allow a representative sediment 

sample to be obtained if the sampling plan is properly designed. 
 

 Consideration must also be given to the collection of a sample representative of all 
horizons present in the sediment.  Selection of the proper sampling device will facili-
tate this procedure. 

 
 A stringent quality assurance project plan (QAPP) should be outlined before any 

sampling operation is attempted.  This should include, but not be limited to, the use of 
properly cleaned samplers and sample containers, chain-of-custody procedures, and 
collection of quality assurance samples such as field blanks, trip blanks, and duplicate 
samples. 

 
 

11.  Data Validation 

 
 The data generated will be reviewed according to quality assurance (QA) considerations 
identified in Section 10. 
 
 

12.  Health and Safety 

 
 Depending on site-specific contaminants, various protective programs must be imple-
mented prior to sediment sampling.  The site safety plan should be reviewed with specific em-
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phasis placed on a protection program planned for direct contact tasks.  Standard safe operating 
practices should be followed, including minimizing contact with potential contaminants in both 
vapor and solid matrix by using both respirators and disposable clothing. 
 Use appropriate safe work practices for the type of contaminant expected (or determined 
from previous sampling efforts): 
 
Particulate or Metals Contaminants 
 

 Avoid skin contact with and incidental ingestion of dust.  Wash hands and other ex-
posed skin areas routinely. 

 
 Use protective gloves when collecting and handling the sediment samples. 

 
Volatile Organic Contaminants 
 

 Hexane acts as a carrier for a number of semivolatile organic compounds.  The pres-
ence of hexane vapors in the air while decontaminating samplers indicates that the 
potential for exposure exists. 

 
 If monitoring results indicate the presence of organic vapors, sampling activities must 

be conducted in Level C protection. 
 

 Acetone can penetrate some types of surgical gloves; use the appropriate gloves, such 
as Scorpio neoprene gloves, when handling acetone. 
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1.  Introduction 

 This document describes the procedures for the collection of representative soil samples.  
Representative sampling ensures the accurate characterization of site conditions.  Analysis of soil 
samples may determine pollutant concentrations and the accompanying risks to public health, 
welfare, or the environment. 
 

2.  Scope 

 Included in this discussion are procedures for obtaining representative samples, quality 
assurance/quality control (QA/QC) measures, proper documentation of sampling activities, and 
recommendations for personnel safety. 
 

3.  Method Summary 

 Soil samples may be recovered using a variety of methods and equipment.  These are de-
pendent on the depth of the desired sample, the type of sample required (disturbed vs. undis-
turbed), and the soil type. 
 Samples of near-surface soils may be easily obtained using a spade, stainless-steel spoon, 
trowel, or scoop.  Sampling at greater depths may be performed using a hand auger; a power au-
ger; or, if a test pit is required, a backhoe. 
 All sampling devices should be cleaned using pesticide-grade acetone (assuming that ace-
tone is not a target compound) or methanol, then wrapped in clean aluminum foil, and custody 
sealed for identification.  The sampling equipment should remain in this wrapping until it is 
needed.  Each sampler should be used for one sample only.  However, dedicated tools may be 
impractical if there is a large number of soil samples required.  In this case, samplers should be 
cleaned in the field using standard decontamination procedures as outlined in E & E’s Standard 
Operating Procedure (SOP) for Sampling Equipment Decontamination (see ENV 3.15). 
 

4.  Sample Preservation, Containers, Handling, and 
Storage 

 The chemical preservation of solids is not generally recommended.  Refrigeration is usu-
ally the best approach, supplemented by a minimal holding time. 
 Soil samples should be handled according to the procedures outlined in E & E’s SOP for 
Sample Packaging (see ENV 3.16). 
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5.  Potential Problems 

 Potential problems with soil sampling include cross-contamination of samples and im-
proper sample collection.  Cross-contamination problems can be eliminated or minimized 
through the use of dedicated sampling equipment and bottles.  If this is not possible or practical, 
then decontamination of sampling equipment is necessary.  Improper sample collection is gener-
ally the result of the use of contaminated equipment; the disturbance of the matrix, resulting in 
compaction of the sample; and inadequate homogenization of the sample where required, result-
ing in variable, nonrepresentative results.  Specific advantages and disadvantages of soil sam-
pling equipment are presented in Table 5-1. 
 
Table 5-1 Soil Sampling Equipment 

Equipment Applicability Advantages and Disadvantages 
Trier Soft surface soil Inexpensive; easy to use and decontaminate; diffi-

cult to use in stony, dry, or sandy soil. 
Scoop, trowel, spoon, 
or spatula 

Soft surface soil Inexpensive; easy to use and decontaminate; trow-
els with painted surfaces should be avoided. 

Tulip bulb planter Soft soil, 0 to 6 inches Easy to use and decontaminate; uniform diameter 
and sample volume; preserves soil core (suitable 
for volatile organic analysis (VOA) and undis-
turbed sample collection); limited depth capabil-
ity; not useful for hard soils. 

Spade or shovel Medium soil, 0 to 12 
inches 

Easy to use and decontaminate; inexpensive; can 
result in sample mixing and loss of volatile or-
ganic compounds (VOCs). 

Vehimeyer soil outfit Soil, 0 to 10 feet Difficult to drive into dense or hard material; can 
be difficult to pull from ground. 

Soil coring device and 
auger 

Soft soil, 0 to 24 inches Relatively easy to use; preserves soil core (suit-
able for VOA and undisturbed sample collection); 
limited depth capability; can be difficult to decon-
taminate. 

Thin-walled tube 
sampler 

Soft soil, 0 to 10 feet Easy to use; preserves soil core (suitable for VOA 
and undisturbed sample collection); may be used 
to help maintain integrity of VOA samples; easy 
to decontaminate; can be difficult to remove cores 
from sampler. 

Split-spoon sampler Soil, 0 inches to bed-
rock 

Excellent depth range; preserves soil core (suit-
able for VOA and undisturbed sample collection); 
acetate sleeve may be used to help maintain integ-
rity of VOA samples; useful for hard soils; often 
used in conjunction with drill rig for obtaining 
deep cores. 
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Table 5-1 Soil Sampling Equipment 
Equipment Applicability Advantages and Disadvantages 

Shelby tube sampler Soft soil, 0 inches to 
bedrock 

Excellent depth range; preserves soil core (suit-
able for VOA and undisturbed sample collection); 
tube may be used to ship sample to lab undis-
turbed; may be used in conjunction with drill rig 
for obtaining deep cores and for permeability test-
ing; not durable in rocky soils. 

Laskey sampler Soil, 0 inches to bed-
rock 

Excellent depth range; preserves soil cores; used 
in conjunction with drill rig for obtaining deep 
core; can be difficult to decontaminate. 

Bucket auger Soft soil, 3 inches to 
10 feet 

Easy to use; good depth range; uniform diameter 
and sample volume; acetate sleeve may be used to 
help maintain integrity of VOA samples; may dis-
rupt and mix soil horizons greater than 6 inches in 
thickness. 

Hand-operated power 
auger 

Soil, 6 inches to 15 feet Good depth range; generally used in conjunction 
with bucket auger for sample collection; destroys 
soil core (unsuitable for VOA and undisturbed 
sample collection); requires two or more equip-
ment operators; can be difficult to decontaminate; 
requires gasoline-powered engine (potential for 
cross-contamination). 

Continuous-flight au-
ger 

Soil, 0 inches to bed-
rock 

Excellent depth range; easy to decontaminate; can 
be used on all soil samples; results in soil mixing 
and loss of VOCs. 

Dutch auger Designed specifically 
for wet, fibrous, or 
rooted soils (e.g., 
marshes) 

 

Eijkelcamp stoney soil 
auger 

Stoney soils and asphalt  

Backhoe Soil, 0 inches to 10 feet Good depth range; provides visual indications as 
to depth of contaminants; allows for recovery of 
samples at specific depths; can result in loss of 
VOCs and soil mixing; shoring required at depth. 

Note: Samplers may not be suitable for soils with coarse fragments.   
Augers are suitable for soils with limited coarse fragments; only the stoney auger will work well in very gravelly soil. 

 

6.  Soil Sampling Equipment 

Soil Sampling Equipment List 
 

 Stainless-steel spoon 
 Trier 
 Scoop 
 Trowel 
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 Spatula 
 Stainless-steel tulip bulb planter 
 Spade or shovel 
 Vehimeyer soil sampler outfit 

- tubes 
- points 
- drive head 
- drop hammer 
- fuller jack and grip 

 Soil-coring device 
 Thin-walled tube sampler 
 Split-spoon sampler 
 Shelby tube sampler 
 Laskey sampler 
 Bucket auger 
 Hand-operated power auger 
 Continuous-flight auger 
 Dutch auger 
 Eijkelcamp stoney soil auger 
 Backhoe 
 Hand auger with replaceable sleeves 

 
Sampling Support Equipment and Documentation List 
 

 Sampling plan 
 Sample location map 
 Safety equipment, as specified in the Health and Safety Plan 
 Decontamination supplies and equipment, as described in the Work Plan 
 Compass 
 Tape measure 
 Survey stakes or flags 
 Camera 
 Stainless-steel buckets or bowls 
 Sample containers, precleaned (e.g., I-Chem) 
 Logbook 
 Chain-of-custody forms 
 Plastic sheet 
 Soil gas probes 
 Infiltrometer 
 Pounding sleeve 
 Extension rods 
 T-handle 
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Labeling, Packaging, and Shipping Supplies 
 

■ Coolers 
■ Labels for sample containers and coolers (e.g., “fragile”) 
■ Ice 
■ Plastic bags for sample containers and ice 
■ ESC paint cans and clamps for polychlorinated biphenyl sampling 
■ Vermiculite (only if certified asbestos free) or other absorbent 
■ Duct and strapping tape 
■ Federal Express airbills and pouches 

 
6.1 Geophysical Equipment 
 
 Geophysical techniques can be integrated with field analytical and soil sampling equip-
ment to help define areas of subsurface contamination.  For a description of the geophysical 
techniques and associated applications, refer to E & E’s SOP for Surface Geophysical Tech-
niques (see GEO 4.2). 
 

7.  Reagents 
 This procedures does not require the use of reagents except for decontamination of 
equipment, as required.  Refer to E & E’s SOP for Sampling Equipment Decontamination (see 
ENV 3.15) and the Site-Specific Work Plan for proper decontamination procedures and appro-
priate solvents. 
 

8.  Procedures 
8.1 Office Preparation 
 

1. The preparation of a Health and Safety Plan is required prior to any sampling.  The 
plan must be approved and signed by the Corporate Health and Safety Officer or 
his/her designee (i.e., the Regional Safety Coordinator). 

 
2. Prepare a Sampling Plan to meet the data quality objectives of the project in accor-

dance with contract requirements.  Review available background information (i.e., to-
pographic maps, soil survey maps, geologic maps, other site reports, etc.) to deter-
mine the extent of the sampling effort, the sampling method to be employed, and the 
type and amounts of equipment and supplies required. 

 
3. Obtain necessary sampling and monitoring equipment (see Section 6), decontaminate 

or preclean the equipment, and ensure that it is in working order. 
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4. Contact the delivery service to confirm the ability to ship all equipment and samples.  
Determine whether shipping restrictions exist. 

 
5. Prepare schedules and coordinate with staff, clients, and regulatory agencies, if ap-

propriate. 
 
8.2 Field Preparation 
 

1. Identify local suppliers of sampling expendables (e.g., ice and plastic bags) and over-
night delivery services (e.g., Federal Express). 

 
2. Decontaminate or preclean all equipment before soil sampling, as described in 

E & E’s SOP for Sampling Equipment Decontamination (see ENV 3.15), or as 
deemed necessary. 

 
3. A general site survey should be performed prior to site entry in accordance with the 

Health and Safety Plan, followed by a site safety meeting. 
 
4. Identify and stake all sampling locations.  If required, the proposed locations may be 

adjusted based on site access, property boundaries, and surface obstructions.  All 
staked locations will be utility-cleared by the property owner or field team prior to 
soil sampling. 

 
8.3 Representative Sample Collection 
 
 The objective of representative sampling is to ensure that a sample or group of samples 
adequately reflects site conditions. 
 
8.3.1 Sampling Approaches 
 
 It is important to select an appropriate sampling approach for accurate characterization of 
site conditions.  Each approach is defined below.  Table 8-1 summarizes the following sampling 
approaches and ranks them from most to least suitable based on the sampling objective. 
 
8.3.1.1 Judgmental Sampling 
 
 Judgmental sampling is based on the subjective selection of sampling locations relative to 
historical site information, on-site investigation (site walk-over), etc.  There is no randomization 
associated with this sampling approach because samples are collected primarily at areas of sus-
pected highest contaminant concentrations.  Therefore, any statistical calculations based on the 
sampling results would be unfairly biased. 
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Table 8-1 Representative Sampling Approach Comparison 

Sampling Objective Judgmental Random 
Stratified 
Random 

Systematic 
Grid 

Systematic 
Random Search Transect 

Establish Threat 1 4 3 2a 3 3 2 
Identify Sources 1 4 2 2a 3 2 3 
Delineate Extent of 
Contamination 

4 3 3 1b 1 1 1 

Evaluate Treatment and 
Disposal Options 

3 3 1 2 2 4 2 

Confirm Cleanup 4 1c 3 1b  1 1 1c 
 
1 Preferred approach. 
2 Acceptable approach. 
3 Moderately acceptable approach. 
4 Least acceptable approach. 
a Should be used with field analytical screening. 
b Preferred only where known trends are present. 
c Allows for statistical support of cleanup verification if sampling over entire site. 

 
8.3.1.2 Random Sampling 
 
 Random sampling involves the arbitrary collection of samples within a defined area.  Re-
fer to EPA 1984 and EPA 1989 for a random number table and guidelines on selecting sample 
coordinates.  The arbitrary selection of sample locations requires each sample location to be cho-
sen independently so that results in all locations within the area of concern have an equal chance 
of being selected.  To facilitate statistical probabilities of contaminant concentration, the area of 
concern must be homogeneous with respect to the parameters being monitored.  Thus, the higher 
the degree of heterogeneity, the less the random sampling approach will reflect site conditions 
(see Figure 8-1). 
 
8.3.1.3 Stratified Random Sampling 
 
 Stratified random sampling relies primarily on historical information and prior analytical 
results to divide the area of concern into smaller sampling areas, or “strata.”  Strata can be de-
fined by several factors, including sampling depth, contaminant concentration levels, and con-
taminant source areas.  Sampling locations should be selected within a strata using random selec-
tion procedures (see Figure 8-2). 
 
8.3.1.4 Systematic Grid Sampling 
 
 Systematic grid sampling involves the division of the area of concern into smaller sam-
pling areas using a square or triangular grid.  Samples are then collected from the intersections of 
the grid lines, or “nodes.”  The origin and direction for placement of the grid should be selected 
by using an initial random point.  The distance between nodes is dependent upon the size of the 
area of concern and the number of samples to be collected (see Figure 8-3). 
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Figure 8-1 Random Sampling** 

 

 
Figure 8-2 Stratified Random Sampling 

 

 
Figure 8-3 Systematic Grid Sampling** 

 

 



TITLE: SOIL SAMPLING 

CATEGORY: ENV 3.13 REVISED: August 1997 

 
 

 
9 

8.3.1.5 Systematic Random Sampling 
 
 Systematic random sampling involves dividing the area of concern into smaller sampling 
areas as described in Section 8.3.1.4.  Samples are collected within each grid cell using random 
selection procedures (see Figure 8-4). 
 
8.3.1.6 Biased-Search Sampling 
 
 Search sampling utilizes a systematic grid or systematic random sampling approach to 
define areas where contaminants exceed cleanup standards (i.e., hot spots).  The distance be-
tween the grid lines and number of samples to be collected are dependent upon the acceptable 
level of error (i.e., the chance of missing a hot spot).  This sampling approach requires that as-
sumptions be made regarding the size, shape, and depth of hot spots (see Figure 8-5). 
 
8.3.1.7 Transect Sampling 
 
 Transect sampling involves establishing one or more transect lines, parallel or nonparal-
lel, across the area of concern.  If the lines are parallel, this sampling approach is similar to sys-
tematic grid sampling.  The advantage of transect sampling over systematic grid sampling is the 
relative ease of establishing and relocating transect lines as opposed to an entire grid.  Samples 
are collected at regular intervals along the transect line at the surface and/or at a specified 
depth(s).  The distance between the sample locations is determined by the length of the line and 
the number of samples to be collected (see Figure 8-6). 
 
 

 
Figure 8-4 Systematic Random Sampling 
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Figure 8-5 Search Sampling 

 

 
Figure 8-6 Transect Sampling 

 

 
 
8.3.2 Surface Soil Samples 
 
 Collection of samples from near-surface soil can be accomplished with tools such as 
spades, spoons, shovels, and scoops.  The surface material can be removed to the required depth 
with this equipment; stainless-steel or plastic scoops can then be used to collect the sample. 
 This method can be used in most soil types, but is limited to sampling near-surface areas.  
Accurate, representative samples can be collected with this procedure, depending on the care and 
precision demonstrated by the sampling technician.  The use of a flat, pointed mason trowel to 
cut a block of the desired soil can be helpful when undisturbed profiles are required (e.g., for 
volatile organic analyses [VOAs]).  A stainless-steel scoop, lab spoon, or plastic spoon will suf-
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fice in most other applications.  Care should be exercised to avoid the use of devices plated with 
chrome or other materials, as is common with garden implements such as potting trowels. 
 
 Soil samples are collected using the following procedure: 
 

1. Carefully remove the top layer of soil to the desired sample depth with a precleaned 
spade; 

 
2. Using a precleaned, stainless-steel scoop, spoon, trowel, or plastic spoon, remove and 

discard the thin layer of soil from the area that came into contact with the shovel; 
 
3. Transfer the sample into an appropriate container using a stainless-steel or plastic lab 

spoon or equivalent.  If composite samples are to be collected, place the soil sample 
in a stainless-steel or plastic bucket and mix thoroughly to obtain a homogeneous 
sample representative of the entire sampling interval.  Place the soil samples into la-
beled containers.  (Caution:  Never composite VOA samples); 

 
4. VOA samples should be collected directly from the bottom of the hole before mixing 

the sample to minimize volatilization of contaminants; 
 
5. Check to ensure that the VOA vial Teflon liner is present in the cap, if required.  Fill 

the VOA vial fully to the top to reduce headspace.  Secure the cap tightly.  The 
chemical preservation of solids is generally not recommended.  Refrigeration is usu-
ally the best approach, supplemented by a minimal holding time; 

 
6. Ensure that a sufficient sample size has been collected for the desired analysis, as 

specified in the Sampling Plan; 
 
7. Decontaminate equipment between samples according to E & E’s SOP for Sampling 

Equipment Decontamination (see ENV 3.15); and 
 
8. Fill in the hole and replace grass turf, if necessary. 

 
 QA/QC samples should be collected as specified, according to the Work Plan. 
 
8.3.3 Sampling at Depth with Augers and Thin-Walled Tube Samplers 
 
 This system consists of an auger, a series of extensions, a T-handle, and a thin-walled 
tube.  The auger is used to bore a hole to a desired sampling depth and is then withdrawn.  The 
auger tip is then replaced with a tube core sampler, lowered down the borehole, and driven into 
the soil to the completion depth.  The core is then withdrawn and the sample is collected. 
 Several augers are available, including bucket type, continuous-flight (screw), and post-
hole augers.  Because they provide a large volume of sample in a short time, bucket types are 
better for direct sample recovery.  When continuous-flight augers are used, the sample can be 
collected directly off the flights, usually at 5-foot intervals.  The continuous-flight augers are sat-
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isfactory for use when a composite of the complete soil column is desired.  Posthole augers have 
limited utility for sample collection because they are designed to cut through fibrous, rooted, 
swampy soil. 
 
 The following procedures will be used for collecting soil samples with the hand auger: 
 

1. Attach the auger bit to a drill rod extension, and attach the T-handle to the drill rod. 
 
2. Clear the area to be sampled of any surface debris (e.g., twigs, rocks, and litter).  It 

may be advisable to remove the first 3 to 6 inches of surface soil from an area ap-
proximately 6 inches in radius around the drilling location. 

 
3. Begin augering, periodically removing and depositing accumulated soils onto a can-

vas or plastic sheet spread near the hole.  This prevents accidental brushing of loose 
material back down the borehole when removing the auger or adding drill rods.  It 
also facilitates refilling the hole and avoids possible contamination of the surrounding 
area. 

 
4. After reaching the desired depth, slowly and carefully remove the auger from the bor-

ing.  When sampling directly from the auger, collect the sample after the auger is re-
moved from the boring and proceed to Step 11. 

 
5. A precleaned stainless-steel auger sleeve can also be used to collect a sample.  After 

reaching the desired sampling depth, remove the auger and place the sleeve inside the 
auger.  Collect the sample with the auger.  Remove the auger from the boring.  The 
sample will be collected only from the sleeve.  The soil from the auger tip should 
never be used for the sample. 

 
6. Remove the auger tip from the dill rods and replace with a precleaned thin-walled 

tube sampler.  Install the proper cutting tip. 
 
7. Carefully lower the tube sampler down the borehole.  Gradually force the tube sam-

pler into the soil.  Care should be taken to avoid scraping the borehole sides.  Avoid 
hammering the drill rods to facilitate coring, because the vibrations may cause the 
boring walls to collapse. 

 
8. Remove the tube sampler and unscrew the drill rods. 
 
9. Remove the cutting tip and core from the device. 
 
10. Discard the top of the core (approximately 1 inch), because this represents material 

collected before penetration of the layer in question.  Place the remaining core into 
the sample container. 
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11. If required, ensure that a Teflon liner is present in the cap.  Secure the cap tightly onto 
the sample container.  Place the sample bottle in a plastic bag and put on ice to keep 
the sample at 4°Celsius. 

 
12. Carefully and clearly label the container with the appropriate sample tag, addressing 

all the categories or parameters listed in E & E’s SOP for Sample Packaging and 
Shipping (see ENV 3.16). 

 
13. Use the chain-of-custody form to document the types and numbers of soil samples 

collected and logged.  Verify that the chain-of-custody form is correctly and com-
pletely filled out. 

 
14. Record the time and date of sample collection, as well as a description of the sample, 

in the field logbook. 
 
15. If another sample is to be collected in the sample hole, but at a greater depth, re-attach 

the auger bit to the drill and assembly, and follow Steps 3 through 11, making sure to 
decontaminate the auger and tube sampler between samples. 

 
16. Abandon the hole according to applicable regulations.  Generally, shallow holes can 

simply be backfilled with the removed soil material. 
 
17. Decontaminate the sampling equipment per E & E’s SOP for Sampling Equipment 

Decontamination (see ENV 3.15). 
 
8.3.4 Sampling at Depth with a Trier 
 

1. Insert the trier into the material to be sampled at a 0� to 45� angle from horizontal.  
This orientation minimizes the spillage of sample material.  Extraction of samples 
may require tilting of the containers. 

 
2. Rotate the trier once or twice to cut a core of material. 
 
3. Slowly withdraw the trier, making sure that the slot is facing upward. 
 
4. Transfer the sample into a suitable container with the aid of a spatula and brush. 
 
5. If required, ensure that a Teflon liner is present in the cap.  Secure the cap tightly onto 

the sample container.  Samples are handled in accordance with E & E’s SOP for Sam-
ple Packaging and Shipping (see ENV 3.16). 

 
6. Carefully and clearly label the container with the appropriate sample tag, addressing 

all the categories or parameters listed in E & E’s SOP for Sample Packaging and 
Shipping (see ENV 3.16). 
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7. Use the chain-of-custody form to document the types and numbers of soil samples 
collected and logged. 

 
8. Record the time and date of sample collection as well as a description of the sample 

and any associated air monitoring measurements in the field logbook. 
 
9. Abandon the hole according to applicable regulations.  Generally, shallow holes can 

simply be backfilled with the removed soil material. 
 
10. Decontaminate sampling equipment per E & E’s SOP for Sampling Equipment De-

contamination (see ENV 3.15). 
 
8.3.5 Sampling at Depth with a Split-Spoon (Barrel) Sampler 
 
 The procedure for split-spoon sampling describes the extraction of undisturbed soil cores 
of 18 or 24 inches in length.  A series of consecutive cores may be sampled to give a complete 
soil column, or an auger may be used to drill down to the desired depth for sampling.  The split 
spoon is then driven to its sampling depth through the bottom of the augured hole and the core 
extraction. 
 
 This sampling device may be used to collect information such as soil density.  All work 
should be performed in accordance with American Society for Testing and Materials (ASTM) 
D 1586-84, Penetration Test and Split Barrel Sampling of Soils. 
 

1. Assemble the sampler by aligning both sides of the barrel and then screwing the bit 
on the bottom and the heavier head piece on top.  Install a retaining cap in the head 
piece if necessary. 

 
2. Place the sampler in a perpendicular position on the sample material. 
 
3. Using a sledge hammer or well ring, if available, drive the tube.  Do not drive past the 

bottom of the head piece because compression of the sample will result. 
 
4. Record the length of the tube used to penetrate the material being sampled and the 

number of blows required to obtain this depth. 
 
5. Withdraw the split spoon and open by unscrewing the bit and head.  If a split sample 

is desired, a clean stainless-steel knife should be used to divide the tube contents in 
half, lengthwise.  This sampler is available in 2- and 3.5-inch diameters.  The required 
sample volume may dictate the use of the larger barrel.  If needed, stainless-steel or 
Teflon sleeves can be used inside the split-spoon.  If sleeves removed from the split-
spoon are capped immediately, volatilization of contaminants can be reduced.  When 
split-spoon sampling is performed to gain geologic information, all work should be 
performed in accordance with ASTM D 1586-67 (reapproved in 1974). 
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6. Cap the sample container, place in a double plastic bag, and attach the label and cus-
tody seal.  Record all pertinent data in the field logbook and complete the sample 
analysis request form and chain-of-custody record before collecting the next sample. 

 
7. If required, preserve or place the sample on ice. 
 
8. Follow proper decontamination procedures and deliver samples to the laboratory for 

analysis. 
 
8.3.6 Test Pit/Trench Excavation 
 
 These relatively large excavations are used to remove sections of soils when detailed ex-
amination of soil characteristics (horizontal, structure, color, etc.) is required.  It is the least cost-
effective sampling method because of the relatively high cost of backhoe operation. 
 

1. Prior to any excavations with a backhoe, it is important to ensure that all sampling lo-
cations are clear of utility lines and poles (subsurface as well as above surface). 

 
2. Using the backhoe, a trench is dug to approximately 3 feet in width and approxi-

mately 1 foot below the cleared sampling depth.  Place removed or excavated soils on 
canvas or plastic sheets, if necessary.  Trenches greater than 4 feet deep must be 
sloped or protected by a shoring system, as required by Occupational Safety and 
Health Administration (OSHA) regulations. 

 
3. A shovel is used to remove a 1- to 2-inch layer of soil from the vertical face of the pit 

where sampling is to be done. 
 
4. Samples are collected using a trowel, scoop, or coring device at the desired intervals.  

Be sure to scrape the vertical face at the point of sampling to remove any soil that 
may have fallen from above, and to expose soil for sampling.  Samples are removed 
and placed in an appropriate container. 

 
5. If required, ensure that a Teflon liner is present in the cap.  Secure the cap tightly onto 

the sample container.  Samples are handled in accordance with E & E’s SOP for Sam-
ple Packaging and Shipping (see ENV 3.16). 

 
6. Carefully and clearly label the container with the appropriate sample tag, addressing 

all the categories or parameters listed in E & E’s SOP for Sample Packaging and 
Shipping (see ENV 3.16). 

 
7. Use the chain-of-custody form to document the types and numbers of soil samples 

collected and logged. 
 
8. Record the time and date of sample collection as well as a description of the sample 

and any associated air monitoring measurements in the field logbook. 
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9. Abandon the hole according to applicable state regulations.  Generally, excavated 

holes can simply be backfilled with the removed soil material. 
 
10. Decontaminate sampling equipment, including the backhoe bucket, per E & E’s SOP 

for Sampling Equipment Decontamination (see ENV 3.15). 
 
8.4 Sample Preparation 
 
 In addition to sampling equipment, representative sample collection includes sample 
quantity, volume, preservation, and holding time (see Table 8-2).  Sample preparation refers to 
all aspects of sample handling after collection.  How a sample is prepared can affect its represen-
tativeness.  For example, homogenizing can result in a loss of volatiles and is therefore inappro-
priate when volatile contaminants are the concern. 
 
8.4.1 Sample Quantity and Volume 
 
 The volume and number of samples necessary for site characterization will vary accord-
ing to the budget, project schedule, and sampling approach. 
 
8.4.2 Sample Preservation and Holding Time 
 
 Sample preservation and holding times are as discussed in Section 4. 
 
8.4.3 Removing Extraneous Material 
 
 Discard materials in a sample that are not relevant for site or sample characterization 
(e.g., glass, rocks, and leaves), because their presence may introduce an error in analytical proce-
dures. 
 
8.4.4 Homogenizing Samples 
 
 Homogenizing is the mixing of a sample to provide a uniform distribution of the con-
taminants.  Proper homogenization ensures that the containerized samples are representative of 
the total soil sample collected.  All samples to be composited or split should be homogenized 
after all aliquots have been combined.  Do not homogenize samples for volatile compound 
analysis. 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 
Holding Time Minimum Volume Required Container Type Preservation Protocol 

Parameter Soil Water Soil Water Soil Water Soil Water 
SW-846 
VOAe 14 days from 

date sampled 
14 days from 
date sampled 

15 g One 40-mL 
vial; no air 
space 

Two 40-mL 
vials; no air 
space 

Two 40-mL 
vials; no air 
space 

Cool to 4°C 
(ice in cooler) 

Add HC1 until 
pH <2 and cool 
to 4° (ice in 
cooler) 

Semi-VOA (BNAs)e 14 days to 
extract from 
date sampled 

7 days to ex-
tract from date 
sampled 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

PCBsd,e 14 days to 
extract from 
date sampled 

7 days to ex-
tract from date 
sampled 

30 g 1 L 4-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Pesticides/PCBsd,e 14 days to 
extract from 
date sampled 

7 days to ex-
tract from date 
sampled 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Metalsc 6 months from 
date sampled 

6 months from 
date sampled 

10 g 300 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add HNO3 
until pH <2 and 
cool to 4°C (ice 
in cooler) 

Cyanidec 14 days from 
date sampled 

14 days from 
date sampled 

10 g 100 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add NaOH 
until pH >12 
and cool to 4°C 
(ice in cooler) 

Hexavalent  
chromiuma 

24 hours from 
time sampled 

24 hours from 
time sampled 

10 g 50 mL 8-oz. glass jar 
with Teflon-
lined cap 

125-mL poly-
ethylene bottle 
with polyethyl-
ene-lined cap 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Total Organic Car-
bon (TOC)a 

NA 28 days from 
date sampled 

5 g 10 mL 8-oz. glass jar 
with Teflon-
lined cap 

125-mL poly-
ethylene bottle 
with polyethyl-
ene-lined cap 

Cool to 4°C 
(ice in cooler) 

Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 

Total Organic Hal-
ides (TOX) 

NA 7 days from 
date sampled 

100 g 200 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L amber 
glass bottle 

Cool to 4°C 
(ice in cooler) 

Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 
Holding Time Minimum Volume Required Container Type Preservation Protocol 

Parameter Soil Water Soil Water Soil Water Soil Water 
Total Recoverable 
Petroleum Hydrocar-
bonse 

28 days from 
date sampled 

28 days from 
date sampled 

50 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

1-L amber 
glass bottle 

Cool to 4°C 
(ice in cooler) 

Add H2SO4 
until pH <2 and 
cool to 4°C (ice 
in cooler) 

EPA-CLP 
VOAe 10 days from 

date received 
10 days from 
date received 

15 g One 40-mL 
vial; no air 
space 

Two 40-mL 
vials; no air 
space 

Two 40-mL 
vials; no air 
space 

Cool to 4°C 
(ice in cooler) 

Add HC1 until 
pH <2 and cool 
to 4°C (ice in 
cooler) 

Semi-VOA (BNAs)e 10 days to ex-
tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

PCBsd,e 10 days to ex-
tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 4-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Pesticides/PCBsd,e 10 days to ex-
tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Metalsc 6 months from 
date sampled 

6 months from 
date sampled 

10 g 300 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add HNO3 to 
pH <2 and cool 
to 4°C (ice in 
cooler) 

Cyanidec 12 days from 
date received 

12 days from 
date received 

10 g 100 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add NaOH to 
pH >12 and 
cool to 4°C (ice 
in cooler) 

NYSDEC-CLP 
VOAe 7 days from 

date received 
10 days from 
date received 

15 g One 40-mL 
vial; no air 
space 

Two 40-mL 
vials; no air 
space 

Two 40-mL 
vials; no air 
space 

Cool to 4°C 
(ice in cooler) 

Add HC1 until 
pH <2 and cool 
to 4°C (ice in 
cooler) 

Semi-VOA (BNAs)e 5 days to ex-
tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 
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Table 8-2 Standard Sampling Holding Times, Preservation Methods, and Volume Requirements 
Holding Time Minimum Volume Required Container Type Preservation Protocol 

Parameter Soil Water Soil Water Soil Water Soil Water 
PCBsd,e 5 days to ex-

tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 4-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Pesticides/PCBsd,e 5 days to ex-
tract from date 
received 

5 days to ex-
tract from date 
received 

30 g 1 L 8-oz. glass jar 
with Teflon-
lined cap 

½-gallon am-
ber glass bottle 

Cool to 4°C 
(ice in cooler) 

Cool to 4°C 
(ice in cooler) 

Metalsc 6 months from 
date sampled 

6 months from 
date sampled 

10 g 300 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add HNO3 to 
pH <2 and cool 
to 4°C (ice in 
cooler) 

Cyanidec 12 days from 
date received 

12 days from 
date received 

10 g 100 mL 8-oz. glass jar 
with Teflon-
lined cap 

1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

Cool to 4°C 
(ice in cooler) 

Add NaOH to 
pH >12 and 
cool to 4°C (ice 
in cooler) 

EPA Water and Waste 
Total Dissolved 
Solids (TDS) 

NA 7 days from 
date sampled 

NA 200 mL NA 1-L polyethyl-
ene bottle with 
polyethylene-
lined cap 

NA Cool to 4°C 
(ice in cooler) 

Note: All sample bottles will be prepared in accordance with EPA bottle-washing procedures.  These procedures are incorporated in E & E’s Laboratory and Field Personnel 
Chain-of-Custody Documentation and Quality Assurance/Quality Control Procedures Manual, July 1987. 

 
a Technical requirements for sample holding times have been established for water matrices only.  However, they are also suggested for use as guidelines in evaluating soil 

data. 
b Holding time for GC/MS analysis is 7 days if samples are not preserved. 
c Maximum holding time for mercury is 28 days from time sampled. 
d If one container has already been collected for PCB analysis, then only one additional container need be collected for extractable organic, BNA, or pesticides/PCB analysis. 
e Extra containers required for MS/MSD. 
 
 Key: 
 
 NA = Not applicable. 
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8.4.5 Compositing Samples 
 
 Compositing is the process of physically combining and homogenizing several individual 
soil aliquots of the same volume or weight.  Compositing samples provides an average concen-
tration of contaminants over a certain number of sampling points.  Compositing dilutes high-
concentration aliquots; therefore, detection limits should be reduced accordingly.  If the compos-
ite area is heterogeneous in concentration and its composite value is to be compared to a particu-
lar action level, then that action level must be divided by the total number of aliquots making up 
the composite for accurate determination of the detection limit. 
 
8.4.6 Splitting Samples 
 
 Splitting samples (after preparation) is performed when multiple portions of the same 
samples are required to be analyzed separately.  Fill the sample containers simultaneously with 
alternate spoonfuls of the homogenized sample (see Figure 8-7). 
 
8.5 Post-Operations 
 
8.5.1 Field 
 
 Decontaminate all equipment according to E & E’s SOP for Sampling Equipment Decon-
tamination (see ENV 3.15). 
 
8.5.2 Office 
 
 Organize field notes into a report format and transfer logging information to appropriate 
forms. 
 

9.  Calculations 

 There are no specific calculations required for these procedures. 
 

10.  Quality Assurance/Quality Control 

 The objective of QA/QC is to identify and implement methodologies that limit the intro-
duction of error into sampling and analytical procedures. 
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Figure 8-7 Quartering to Homogenized and Split Samples 

 
10.1 Sampling Documentation 
 
10.1.1 Soil Sample Label 
 
 All soil samples shall be documented in accordance with E & E’s SOP for Sample Pack-
aging and Shipping (see ENV 3.16).  The soil sample label is filled out prior to collecting the 
sample and should contain the following: 
 
 1. Site name or identification. 
 
 2. Sample location and identifier. 
 
 3. Date samples were collected in a day, month, year format (e.g., 03 Jan 88 for January 

3, 1988). 
 
 4. Time of sample collection, using 24-hour clock in the hours:minutes format. 
 
 5. Sample depth interval.  Units used for depths should be in feet and tenths of feet. 
 
 6. Preservatives used, if any. 
 
 7. Analysis required. 



TITLE: SOIL SAMPLING 

CATEGORY: ENV 3.13 REVISED: August 1997 

 
 

 
22 

 
 8. Sampling personnel. 
 
 9. Comments and other relevant observations (e.g., color, odor, sample technique). 
 
10.1.2 Logbook 
 
 A bound field notebook will be maintained by field personnel to record daily activities, 
including sample collection and tracking information.  A separate entry will be made for each 
sample collected.  These entries should include information from the sample label and a com-
plete physical description of the soil sample, including texture, color (including notation of soil 
mottling), consistency, moisture content, cementation, and structure. 
 
10.1.3 Chain of Custody 
 
 Use the chain-of-custody form to document the types and numbers of soil samples col-
lected and logged.  Refer to E & E’s SOP for Sample Packaging and Shipping (see ENV 3.16) 
for directions on filling out this form. 
 
10.2 Sampling Design 
 
 1. Sampling situations vary widely; thus, no universal sampling procedure can be rec-

ommended.  However, a Sampling Plan should be implemented before any sampling 
operation is attempted, with attention paid to contaminant type and potential concen-
tration variations. 

 
 2. Any of the sampling methods described here should allow a representative soil sam-

ple to be obtained, if the Sampling Plan is properly designed. 
 
 3. Consideration must also be given to the collection of a sample representative of all 

horizons present in the soil.  Selection of the proper sampler will facilitate this pro-
cedure. 

 
 4. A stringent QA Project Plan should be outlined before any sampling operation is at-

tempted.  This should include, but not be limited to, properly cleaned samplers and 
sample containers, appropriate sample collection procedures, chain-of-custody pro-
cedures, and QA/QC samples. 

 

11. Data Validation 

 The data generated will be reviewed according to the QA/QC considerations that are 
identified in Section 10. 
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11.1 Quality Assurance/Quality Control Samples 
 
 QA/QC samples are used to identify error due to sampling and/or analytical methodolo-
gies and chain-of-custody procedures. 
 
11.1.1 Field Duplicates (Replicates) 
 
 Field duplicates are collected from one location and treated as separate samples through-
out the sample handling and analytical processes.  These samples are used to assess total error 
for critical samples with contaminant concentrations near the action level. 
 
11.1.2 Collocated Samples 
 
 Collocated samples are generally collected 1.5 to 3.0 feet away from selected field sam-
ples to determine both local soil and contaminant variations on site.  These samples are used to 
evaluate site variation within the immediate vicinity of sample collection. 
 
11.1.3 Background Samples 
 
 Background or “clean” samples are collected from an area upgradient from the contami-
nation area and representative of the typical conditions.  These samples provide a standard for 
comparison of on-site contaminant concentration levels. 
 
11.1.4 Rinsate (Equipment) Blanks 
 
 Rinsate blanks are collected by pouring analyte-free water (i.e., laboratory de-ionized wa-
ter) on decontaminated sampling equipment to test for residual contamination.  These samples 
are used to assess potential cross contamination due to improper decontamination procedures. 
 
11.1.5 Performance Evaluation Samples 
 
 Performance evaluation samples are generally prepared by a third party, using a quantity 
of analyte(s) known to the preparer but unknown to the laboratory.  The percentage of analyte(s) 
identified in the sample is used to evaluate laboratory procedural error. 
 
11.1.6 Matrix Spike/Matrix Spike Duplicates (MS/MSDs) 
 
 MS/MSD samples are spiked in the laboratory with a known quantity of analyte(s) to 
confirm percent recoveries.  They are primarily used to check sample matrix interferences. 
 
11.1.7 Field Blanks 
 
 Field blanks are prepared in the field with certified clean sand, soil, or water.  These 
samples are used to evaluate contamination error associated with sampling methodology and 
laboratory procedures. 
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11.1.8 Trip Blanks 
 
 Trip blanks are prepared prior to going into the field using certified clean sand, soil, or 
water.  These samples are used to assess error associated with sampling methodology and ana-
lytical procedures for volatile organics. 
 

12.  Health and Safety 

12.1 Hazards Associated with On-Site Contaminants 
 
 Depending on site-specific contaminants, various protective programs must be imple-
mented prior to soil sampling.  The site Health and Safety Plan should be reviewed with specific 
emphasis placed on a protection program planned for direct-contact tasks.  Standard safe operat-
ing practices should be followed, including minimization of contact with potential contaminants 
in both the vapor phase and solid matrix by using both respirators and disposable clothing. 
 
 Use appropriate safe work practices for the type of contaminant expected (or determined 
from previous sampling efforts): 
 

 Particulate or Metals Contaminants 
- Avoid skin contact with, and ingestion of, soils and dusts. 
- Use protective gloves. 

 
 Volatile Organic Contaminants 

- Pre-survey the site with an HNu 101 or OVA 128 prior to collecting soil samples. 
- If monitoring results indicate organic constituents, sampling activities may be 
conducted in Level C protection.  At a minimum, skin protection will be afforded by 
disposable protective clothing. 
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1.  Introduction 
 This Standard Operating Procedure (SOP) outlines recommended procedures and equip-
ment for the collection of representative liquid samples (aqueous and nonaqueous) from streams, 
rivers, lakes, ponds, lagoons, and surface impoundments both at the surface and at various depths 
in the water column.  This SOP does not pertain to the collection of groundwater samples. 
 

2.  Method Summary 
 Sampling situations vary widely and therefore, no universal sampling procedure can be 
recommended.  A sampling plan must be completed before any sampling operation is attempted.  
The sampling plan should include objectives of the study, the number and type of samples re-
quired to meet these objectives, and procedures to collect these samples based on site 
characteristics. 
 The sampling of both aqueous and nonaqueous liquids from the above-mentioned sources 
is generally accomplished through the use of one of the following: 
 

■ Kemmerer bottle, 
 
■ Bacon bomb, 
 
■ Dip sampler, or 
 
■ Direct method. 

 
 These sampling techniques will allow for the collection of representative samples from 
the majority of surface water types and impoundments encountered. 
 

3.  Potential Problems 
 There are two primary potential problems associated with surface water sampling:  cross-
contamination of samples, and improper sample collection. 
 Cross-contamination problems can be eliminated or minimized through the use of dedi-
cated sampling equipment and bottles.  If this is not possible or practical, then decontamination 
of sampling equipment is necessary.  See E & E’s SOP on Equipment Decontamination 
(ENV 3.15). 
 Improper sample collection can involve using contaminated equipment, disturbance of 
stream or impoundment substrate, and sampling in a disturbed area such as that caused by a boat 
wake.  Following proper decontamination procedures and minimizing disturbance of the sample 
site will minimize or eliminate these problems. 
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4.  Equipment 
 Equipment needed for collecting surface water samples includes: 
 

■ Kemmerer bottle, 
 
■ Bacon bomb, 
 
■ Dip sampler, 
 
■ Line and messengers, 
 
■ Sample bottles, preservative, ziploc bags, ice, coolers, 
 
■ Chain-of-custody seals and forms, field data sheets, 
 
■ Decontamination equipment, 
 
■ Protective clothing, 
 
■ Maps/plot plan, 
 
■ Safety equipment, 
 
■ Compass, 
 
■ Tape measure, 
 
■ Survey stakes, flags, or buoys and anchors, 
 
■ Camera and film, 
 
■ Logbook, and 
 
■ Sample bottle labels. 

 

5.  Reagents 
 Reagents are commonly used to preserve samples and to decontaminate sampling equip-
ment.  Appropriate preservation and decontamination procedures should be selected prior to field 
sampling.   
 
 Preservatives commonly used include: 
 

2 
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■ Nitric acid (HNO3) for metals analyses, 
 
■ Sodium hydroxide (NaOH) for cyanide analysis, 
 
■ Sulfuric acid (H2SO4) for TRPH analysis, and 
 
■ Hydrochloric acid (HCl) for VOC analysis. 
 

 Decontamination reagents include: 
 

■ Nitric acid (HNO3), 
 
■ Acetone, and 
 
■ Deionized or distilled water. 

 

6.  Health and Safety 
 Personal safety is always the most important factor in any sampling operation.  Sampling 
under unknown conditions should always be considered worst case, necessitating the selection of 
appropriate personal protection. 
 When sampling lagoons or surface impoundments containing known or suspected haz-
ardous substances, adequate precautions must be taken to ensure the safety of sampling person-
nel.  The sampling team member collecting the sample should not get too close to the edge of the 
impoundment, where bank failure may cause him/her to lose their balance.  The person perform-
ing the sampling should be on a lifeline and wearing adequate protective equipment. 
 When conducting sampling from a boat in an impoundment or flowing waters, appropri-
ate boating safety procedures will be followed. 
 

7.  Procedures 
7.1  Sampling Considerations 
 
7.1.1  Preparation 
 
 Prior to the initiation of any sampling operation, the immediate area should be checked 
for radioactivity, volatile organic compounds (VOCs), photoionization potential, airborne dust, 
and explosivity, as required by the Site Safety Plan.  The following steps should then be taken: 
 

■ Determine the extent of the sampling effort, the sampling methods to be employed, 
and the equipment and supplies needed; 
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■ Obtain necessary sampling and monitoring equipment; 
 
■ Decontaminate or preclean equipment, and ensure that it is in working order; 
 
■ Prepare scheduling and coordinate with staff, clients, and regulatory agency, if appro-

priate; and 
 
■ Use stakes, flags, or buoys and anchors to identify and mark all sampling locations.  

If required, the proposed locations may be adjusted based on site access, property 
boundaries, and surface obstructions. 

 
7.1.2  Representative Samples 
 
 In order to collect a representative sample, the hydrology and morphology of a stream or 
impoundment should be determined prior to sampling.  This will aid in determining the presence 
of phases or layers in lagoons or impoundments, flow patterns in streams, and appropriate sam-
ple locations and depths.  Additional information can be found in the references listed in Sec-
tion 12. 
 
 Generally, the deciding factors in the selection of a sampling device for surface water 
sampling are: 
 

■ The depth and flow of surface water body, 
 
■ Location from where the sample will be collected, and 
 
■ The depth at which the sample(s) is to be collected. 

 
7.1.3  Sampler Composition 
 
 The sampling device must be constructed of the appropriate materials.  Samplers con-
structed of glass, stainless steel, PVC, or PFTE (teflon) should be used, depending on the types 
of analyses to be performed (i.e., samples to be analyzed for metals should not be collected in 
metallic containers). 
 
7.2  Sample Collection 
 
7.2.1  Kemmerer Bottle 
 
 A Kemmerer bottle may be used in most situations where site access is from a boat or 
structure such as a bridge or pier, and where samples at depth are required.  Sampling procedures 
are as follows: 
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■ Using a properly decontaminated Kemmerer bottle, set the sampling device so that 
the sampling end pieces are pulled away from the sampling tube, allowing the sub-
stance to pass through this tube; 

 
■ Slowly lower the preset sampling device to the predetermined depth.  Avoid bottom 

disturbance; 
 
■ When the Kemmerer bottle is at the required depth, send down the messenger, closing 

the sampling device; and 
 
■ Retrieve the sampler.  Transfer sample to sample container. 

 
7.2.2  Bacon Bomb 
 
 This type of sampler may be used in situations similar to those outlined for the Kemmerer 
bottle.  Sampling procedures are as follows: 
 

■ Lower the bacon bomb sampler carefully to the desired depth, allowing the line for 
the trigger to remain slack at all times.  When the desired depth is reached, pull the 
trigger line until taut; and 

 
■ Release the trigger line and retrieve the sampler.  Transfer the sample to the sample 

container by pulling on the trigger. 
 
7.2.3  Dip Sampler 
 
 A dip sampler is useful for situations in which a sample is to be recovered from an outfall 
pipe, such as through a storm sewer grating, or along a lagoon bank where direct accessibility is 
limited.  The long handle on such a device allows access from a discrete location.  The procedure 
is as follows: 
 

■ Assemble the device in accordance with the manufacturer's instructions, 
 
■ Extend the device to the sample location and collect the sample, and 
 
■ Retrieve the sampler. 

 
7.2.4  Direct Method 
 
 For streams, rivers, lakes, and other surface waters, the direct method may be utilized to 
collect water samples from the surface.  This method is not to be used for sampling lagoons or 
other impoundments where contact with contaminants is a concern. 
 Using adequate protective clothing (i.e., gloves and hip waders), access the sampling sta-
tion by appropriate means (wading or boat).  For shallow stream stations, collect the sample un-
der the water surface pointing the sample container upstream.  The container must also be up-
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stream of the collector.  Avoid disturbing the substrate.  For lakes and other impoundments, col-
lect the sample under the water surface avoiding surface debris and the boat wake. 
 

8.  Sample Preservation, Containers, 
Handling, and Storage 

 Sample preservation, sample containers, sample handling, and sample storage are critical 
concerns for many types of analyses.  Once the analyses to be performed are determined, E & E's 
SOP on sample packaging and shipping should be consulted to determine the above parameters.  
This must be completed prior to field sampling. 
 
 Once the samples have been collected, the following procedure should be followed: 
 

■ Transfer the sample(s) into suitable and labeled sample containers; 
 
■ Preserve the sample, if appropriate;  
 
■ Cap and put a custody seal on the container, package appropriately, and place in an 

iced cooler if required; 
 
■ Record all pertinent data in the field logbook and on a field data sheet; 
 
■ Complete chain-of-custody record and sample analysis request form; 
 
■ Attach custody seals to cooler prior to shipment; and 
 
■ Decontaminate all sampling equipment prior to the collection of additional samples. 

 

9.  Calculations 
 This procedure does not involve specific calculations. 
 

10.  Quality Assurance 
 There are no specific quality assurance (QA) activities that apply to the implementation 
of these procedures.  However, the following general QA procedures apply: 
 

■ All data must be documented on field data sheets or within field or site logbooks; 
 
■ All instrumentation must be operated in accordance with operating instructions as 

supplied by the manufacturer unless otherwise specified in the work plan.  Equipment 
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checkout and calibration activities must occur prior to sampling or operation and must 
be documented; and 

 
■ All deliverables will receive a peer review prior to release. 

 

11.  Data Validation 
 The data generated will be reviewed according to the QA considerations listed in Sec-
tion 9. 
 

12.  References 
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Abstract: In the past, very little guidance has been available for site 
characterization activities addressing the concentration and mass of 
energetic residues in military training range soils. Energetic residues are 
heterogeneously distributed over military training ranges as particles of 
various sizes, shapes, and compositions. Most energetic residues are 
deposited on the surface, and the highest concentrations exist at firing 
positions, near targets, and where demolition activities are performed. In 
the case of impact and demolition ranges the greatest quantities of 
residues are from rounds that fail to detonate as designed. To address the 
compositional and distributional heterogeneity associated with the 
distribution of particles and to obtain representative mean energetic 
residue soil concentrations, the sampling strategy must strive for the 
acquisition of samples that contain the constituents of concern in the same 
proportion to the bulk matrix as exists within the decision unit (sampled 
area, population, or exposure unit). This report summarizes the sampling 
strategies and designs that have been implemented for various types of 
military ranges, including hand grenade, antitank rocket, artillery, 
bombing, and demolition ranges. These protocols were developed during 
investigations on active ranges and primarily addressed potential surface 
source zones from which energetic residues could be migrating into 
surface and groundwater systems. A multi-increment sampling strategy 
was selected to accomplish this task after exposing the inadequacies of 
discrete sampling. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Acronyms, Definitions, and Compositions 

Composition A5 98% RDX, 2% wax 

Composition B 60% RDX, 39% TNT, 1% wax (referred to as Comp B) 

Composition C4 91% RDX, 9% oil (referred to as C4) 

2ADNT 2-amino-4,6-dinitrotoluene 

4ADNT 4-amino-2,6-dinitrotoluene 

2,4-DNT 2,4-dinitrotoluene 

CRREL Cold Regions Research and Engineering Laboratory 

CSM  Conceptual site model 

DMM Discarded military munitions 

DoD U.S. Department of Defense 

DQO Data quality objective 

EOD  Explosive ordnance disposal 

ERDC Engineer Research and Development Center 

ESTCP Environmental Security Technology Certification 
Program 

H6 RDX, TNT, aluminum 

HC Hexachlorane 

HEP High explosive plastic 

HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 

HTRW Hazardous, toxic, and radioactive waste 

LAW Light anti-armor weapon 

MC Munitions constituents 

MEC Munition and explosives of concern 

NC Nitrocellulose 

NG Nitroglycerin 

NQ Nitroguanidine 
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OB/OD Open burning / open detonation 

Octol 70% HMX, 30% TNT 

RDX Hexahydro-1,3,5-trinitro-1,3,5-triazine 

RSD Relative standard deviation  

SERDP Strategic Environmental Research and Development 
Program 

Tetryl Methyl-2,4,6-trinitrophenyl nitramine 

TNB 1,3,5-trinitrobenzene 

TNT 2,4,6-trinitrotoluene 

TPP Technical project planning 

Tritonal 80% TNT, 20% aluminum 

USACE U.S. Army Corps of Engineers 

USAEC U.S. Army Environmental Center 

USEPA U.S. Environmental Protection Agency 

UXO Unexploded ordnance 

WP White phosphorus 
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1 Introduction 

Currently, characterization of energetic residues on firing ranges is heavily 
dependent on the sampling and analysis plans that have been adopted by 
different branches of the government. A growing concern within the U.S. 
Environmental Protection Agency (USEPA), the Department of Defense’s 
Strategic Environmental Research and Development Program (SERDP) 
executive board, and the U. S. Army Engineer Research and Development 
Center, Cold Regions Research and Engineering Laboratory (ERDC-
CRREL) is that many of these sampling and analysis plans fail to acquire 
the appropriate information needed to address potential risks to humans 
and the environment. For example, many firing range characterization 
studies have relied, and continue to rely, on discrete samples or a sample 
comprising five or fewer increments. In many cases, these samples are 
mixed and split in the field before being shipped to a laboratory. Because 
the current guidelines in Methods 8330 and 8095 do not specify that the 
entire sample be processed, laboratories often process and analyze only a 
small portion of this already split sample. These practices yield samples 
that can underestimate or fail to detect the energetic residues present and 
are not repeatable, i.e. they have a large amount of uncertainty (Jenkins et 
al. 2005a, b).  

SERDP, the U. S. Army Environmental Center (USAEC), the U.S. Garrison 
Army Alaska, and the U.S. Army Corps of Engineers Distributed Source 
Program have supported research to investigate the mass loading and fate 
of energetic munitions constituents on military live-fire training and 
testing ranges. Specific goals of this research included the following: 

• Identify the concentrations and distribution of energetic residues 
present in surface soils at various types of military live-fire training 
ranges; 

• Evaluate the mass of residues deposited from live-fire, blow-in-place, 
and low-order detonations of munitions such as hand grenades, 
mortars, and artillery rounds; 

• Evaluate sampling strategies for collecting representative surface soil 
samples to enable estimation of source zone concentrations and masses 
of common energetic munition constituents; and 
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• Evaluate sample processing and analysis protocols to enable accurate 
and precise laboratory determination of these constituents. 

The subsequent knowledge gained from these activities is integral to the 
development of the conceptual site model (CSM) for training range 
characterization. This document is intended to help promulgate guidance 
for sampling activities associated with characterizing the surface loading 
of energetic residues on military training ranges.  

This report summarizes the sampling strategies and designs that have 
been implemented for various types of military ranges, including hand 
grenade, antitank rocket, artillery, bombing, and demolition ranges. These 
protocols were developed during investigations on active ranges and 
primarily addressed potential surface source zones from which energetic 
residues could be migrating into surface and groundwater systems. A 
multi-increment sampling strategy was selected to accomplish this task 
after exposing the inadequacies of discrete sampling. This sampling 
guidance should complement existing Department of Defense (DoD) and 
USEPA programs challenged with determining if military training and 
testing facilities present risks to human health and the environment. More 
specifically, this information will aid in the development of data collection 
activities during technical project planning (TPP) involved with 
establishing the existence and amount of residual energetic munitions 
constituents (MCs) resulting from training and testing activities. Energetic 
MCs (energetic residues) can be a risk to human health and the 
environment and often are treated as other hazardous, toxic, and 
radioactive waste (HTRW). However, because energetic residues often are 
coincident with munitions and explosives of concern (MECs) that may 
exist at levels presenting immediate detonation or deflagration hazards, 
special precautions and protocols should be invoked during sampling.  

This document recommends use of a multi-increment sampling strategy 
with a systematic random (random grid) sampling design to obtain a 
sample or replicate samples of approximately 1 kg mass to characterize the 
average concentration of MCs within a chosen decision unit. The entire 
sample should be thoroughly pulverized and mixed so as to minimize 
subsampling variability. This approach is dramatically different from the 
collection of discrete samples and the commonly used practice of field 
splitting or laboratory subsampling by removing only a portion of the 
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sample received from the field for further processing. Moreover, collection 
of discrete samples failed to meet the objective of the Environmental 
Security Testing Certification Program (ESTCP) Environmental 
Restoration Project ER-0628, which is to establish an economical 
approach for providing scientifically defendable environmental 
characterization. 
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2 Purpose  

This document is intended to assist with planning sampling activities 
during the technical project planning process for the characterization of 
MCs on operational and non-operational military training ranges, under 
the Sustainable Range Program and the Military Munitions Response 
Program. It is recognized that some of the ranges covered under these 
programs have been inactive for more than five decades and that, in many 
cases, the formulations of the munitions fillers have changed. In addition, 
most munitions can contain a variety of fillers: high explosives, smoke, 
incendiary materials, and inert materials. The guidance provided here was 
developed for high explosives. It is anticipated that the dispersion 
mechanisms, the areas most heavily influenced, and the relevant 
environmental media are most likely very similar for all MCs. For these 
reasons the descriptions of the ranges and the rationale provided for the 
sampling strategy and for the range specific sampling designs provided in 
this text should be considered when addressing the questions “Are 
energetic residues present?” and if so, “At what average concentration do 
they exist in areas that historically have been influenced by training 
activities?” In addition to this document, several others should also be 
considered when developing a sampling plan (e.g., USEPA 2002, 2006a, 
USACE 1998, 2003). 
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3 Background 

General Sample Support 

Energetic residues accumulate on DoD training ranges as particles of 
either pure compounds or mixtures of explosive compounds and as fibers 
and particles of propellants and rocket fuels. High concentrations of 
energetic residue particles are typically found at operational firing points, 
sites where munitions have undergone a low-order (partial) detonation or 
have ruptured (breached upon impact or by sympathetic detonations), 
where demolition activities have occurred frequently, and sometimes 
where unexploded ordnance (UXO) has been blown-in-place on impact 
ranges. Figure 1 shows unconsumed particles of 2,4,6-trinitrotoluene 
(TNT) following the blow-in-place detonation of a 155-mm howitzer round 
with a block of Composition C4 (C4) and fibers that accumulated on the 
snow in front of a gun where the M1 propellant was used to accelerate 105-
mm howitzer projectiles.  

 
Figure 1. Examples of energetic material particles: TNT particles (<1 mm, fraction) from a 
blow-in-place detonation (left), 105-mm howitzer propellant fibers on a snow surface (right).  

The chemicals in these energetic residue particles have low vapor 
pressures. Therefore, the principal mechanisms that determine the fate of 
these chemicals include dissolution and leaching, transformation, and, for 
some, chemical mineralization. Figure 2 shows concentration profiles of 
energetic residues obtained directly beneath chunks (> 2 cm) of explosives 
found on the surface. Concentrations of energetic residues in the surface 
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soil sample (often discolored) immediately beneath the chunks were a 
consequence of small (< 1 mm) particles washed off or abraded from the 
surface. With increasing depth the concentration is due to migration of 
dissolved energetic analytes. The inherently lower concentrations of the 
subsurface samples result from a combination of limited solubility and 
limited volumetric soil moisture content. A large decrease in energetic 
residue concentrations with profile depth is also characteristic of firing 
point locations. Therefore, with the exception of ranges where the surface 
is physically moved and particles become buried, the highest 
concentrations are present near the ground surface on operational ranges 
(Jenkins et al. 2006a, Hewitt et al. 2005a). Generally, energetic residue 
particles are within the top 10 cm; in some cases, the vast majority is in the 
top 2.5 cm. Once the energetic residue particles have been completely 
dissolved, it is unlikely that they will remain detectable in surface soils for 
more than a couple years. That is, once energetic residues are no longer 
present in solid form, they degrade or migrate away from the original 
source area. 
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Figure 2. Normalized concentration profiles for TNT (solid lines) and RDX (broken lines). 
Profiles show a decreasing trend of these two energetic residues with depth directly beneath 
chunks (> 2 cm) of explosives found on the surface.  
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Because the greatest quantities of energetic residue particles exist near the 
ground surface, removal of surface vegetative cover (short grasses and 
mosses) is not recommended prior to sample collection on operational 
ranges. Figure 3 shows examples of vegetation present at a firing point and 
surrounding a crater formed by the low-order detonation of an 81-mm 
mortar on an artillery impact range. If vegetation is removed or patches of 
vegetation are avoided, any energetic residues trapped within this portion 
of the surface matrix will not be included in the sample, and the analyzed 
amount of energetic residue at a location is likely to be underestimated. 
The use of specially designed (Fig. 4) (Walsh, M.R. 2004) or commercially 
available coring tools at vegetated sites aid in collecting surface samples 
with minimal surface disturbance and human effort. Most importantly, the 
use of coring tools helps avoid biased sampling, i.e., sampling only the 
exposed soil surfaces. In addition, this type of sampling tool enhances the 
surface area and increment volume precision. With the exception of very 
thick vegetative mats, vegetation from the surface interface included with 
a soil sample typically makes up less than 1% of the total dry sample 
weight.  

 
Figure 3. Examples of surface vegetation at a firing point (inset) and in and around a crater of 
an 81-mm mortar low-order detonation crater on an artillery impact range. 
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Figure 4. Coring tool designed specifically for collecting multi-increment cohesive soil 
samples. 

Sampling Design 

Sampling Theory 

Representative sampling must be a major project objective (USEPA 2002, 
2003, D.M. Crumbling, personal communication). To do so, the sampling 
strategy must address the compositional and distribution heterogeneity of 
the constituents of concern (Pitard 1993). Compositional heterogeneity 
occurs because not all soil-sized particles within the population have the 
same concentration of target analytes. This heterogeneity is at a maximum 
when a portion of the target analytes is present as discrete particles. The 
error caused by compositional heterogeneity is called the fundamental 
error and is inversely related to the sample mass. Distributional 
heterogeneity occurs because contaminant particles are scattered across 
the site unevenly, sometimes with a systematic component as well as a 
short-range random component. The error associated with distributional 
heterogeneity is inversely related to the number of individual increments 
used to build the sample. This type of error is at a maximum when a single 
discrete sample is used to estimate the mean for a larger decision unit. 
(Examples of larger decision units are populations, areas of concern, and 
ecological habitats.) To reduce the influence of distributional 
heterogeneity error sources in the estimate of the mean concentration for a 
decision unit, the collection of 30 or more evenly spaced increments to 
form an individual sample has been recommended (Jenkins et al. 2004a,b, 
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2005c, 2006a, Walsh, M.E. et al. 2005, Hewitt et al. 2005a). The objective 
of this multi-increment sampling strategy and systematic random design is 
to obtain an amount of energetic residue particles (<2 mm) of every 
composition (e.g. Tritonal, Composition B, H6) and shape (e.g. crystalline 
spheres or elongated fibers) that is proportional to what exists within the 
selected decision unit and not to oversample or miss any portion of the 
decision unit.  

In the past, the estimate of mean concentration for a decision unit has 
often been derived from the collection and analysis of several discrete 
samples. Studies comparing both of these sampling strategies for the 
characterization of military training activities have shown that the 
distribution of data obtained from discrete samples is always non-
Gaussian and positively skewed, whereas that from a multi-increment data 
set is often normally distributed (Jenkins et al. 2004a,b, 2005c, 2006a, 
Walsh, M.E. et al. 2005), a result consistent with the central limit theorem 
of statistics. Moreover, a single discrete sample or small set of discrete 
samples almost always results in a lower estimate of the mean 
concentration than the multi-increment sampling strategy. As the number 
of discrete samples collected approaches the number of increments in the 
multi-increment sample, the difference between the estimates of mean 
concentrations resulting from these two strategies merges, but the 
variability among values for the estimate of the mean for replicate multi-
increment samples is always much smaller. 

Uncertainty 

The best way to estimate the total measurement error in the 
characterization process is to collect and analyze replicate field samples 
(Appendix A). The total measurement error calculated from these 
replicates includes contributions from sample collection, sample 
processing, and analytical determination. It must be emphasized that 
these are not field splits; rather, they are independently collected samples 
from within the exposure unit. We recommend that triplicate samples be 
collected for a percentage of the total multi-increment samples collected 
for a given characterization activity, the actual percentage being 
determined on a site-specific basis depending on the data quality 
objectives. The standard deviation (variance) computed from these 
triplicates often can be used to compute an upper 95% confidence limit for 
the mean concentration within a decision unit.  
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The ability to achieve low sampling error depends on the sampling 
strategy and the military training activity under investigation. In general, 
the more repetitious a given activity (e.g., projectiles fired or detonations 
occurring in the same general location), the more likely the distribution of 
energetic residues will become more pronounced (heavier accumulation) 
and uniformly distributed. As a consequence, sampling uncertainty is 
likely to be lower at sites such as a fixed firing position, near a direct line-
of-sight target, and a demolition range than at sites around a target or 
former target on an indirect fire impact range. Studies at firing points and 
within impact ranges have supported this anticipated trend and have 
shown that analyte variability is much greater for a large set of discrete 
samples (n = 33) than for a small set (n = 3) of replicate 33-increment 
samples (Jenkins et al. 2004a,b, 2005c, 2006a, Walsh, M.E. et al. 2005). 
This is a common characteristic of analytes that are heterogeneously 
distributed as particles. For many environmental programs, this source of 
uncertainty (i.e., determining if the sampling design and strategy result in 
representative samples as inferred from the ability to reproduce the 
sampling results) has often been ignored. This is particularly alarming in 
light of studies showing sampling error to be the largest portion of the 
total characterization uncertainty for energetic residues on military 
training sites (Jenkins et al. 1997a,b, 1999). Therefore, both scientific (data 
quality) and economic advantages can be realized through the processing 
and analysis of multi-increment samples.  

Sampling Decision Unit 

In many cases the size of the sampling decision unit can correspond to the 
entire area where it is anticipated that the greatest amount of energetic 
residues have accumulated. The appropriateness of larger decision units is 
based on the dispersion of energetic residues around guns and live-fire 
and blow-in-place detonations (Hewitt et al. 2005b, Walsh, M.R. et al. 
2005a,b,c, 2006). These studies determined that energetic residues are 
spread over large areas, typically on the order of hundreds of square 
meters. Additional considerations are the total size of the area influenced 
by the activity and what constitutes a manageable sample for field and 
laboratory operations, without compromising data quality. These 
parameters, coupled with range use records, range function and design, 
surface conditions, and the data quality objectives, should all be 
considered when deciding where to sample and the size of the decision 
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unit. In some cases the area impacted by an activity is so large that it must 
be divided into multiple decision units. 

Visual Observations and Field Screening 

Additional considerations and special precautions should be invoked when 
sampling around low-order detonations and ruptured munitions, both of 
which often fall under the classification of MECs. First, the size of the 
decision unit should at least address the area covered with residues. This 
often is subjective, based solely on visual evidence. Because areas covered 
with visible pieces of energetic residues are likely to be over hot spots with 
high energetic residue soil concentrations, these areas are candidate 
source zones for surface and ground water migration pathways. Chunk 
residues (pieces of energetic materials > 2 cm) often are present within 
and around ruptured (low-ordered or breached) munitions and in areas 
that have been used for open burning / open detonation (OB/OD) of off-
specification, obsolete, or excess energetic materials. Field analytical 
screening techniques should be used to identify chunks of energetic 
residues. Methods approved by the USEPA include colorimetric SW-846 
Methods 8510 and 8515 and immunoassay Methods 4050 and 4051 
(USEPA, 1996a,b,c, 2000). Other screening techniques, such as use of the 
Expray™ kit, may be used for identification purposes (Plexus Scientific, 
Silver Spring, MD) (Bjella 2005). Once identified, chunks of energetic 
materials should be gathered, weighed (if not adhering to a munitions 
casing), and removed by EOD personnel or UXO technicians prior to 
sampling. Additional information regarding residue identification and the 
safety concerns are presented in Method 8330B (USEPA 2006).  

Systematic Random Sampling 

We recommend using a systematic-random sampling design when 
collecting individual increments to build each sample (Hewitt et al. 
2005b). This sampling design is analogous to systematic grid sampling 
(USEPA 2002), where the starting location is chosen randomly and the 
remaining sampling locations are laid out in a regular pattern (Cressie 
1993). To use this approach, the sampler begins at a point on the edge of 
the area to be characterized and collects an increment of surface soil after 
a predetermined number of steps, while walking back and forth in a 
systematic manner across the area of interest. Figures 5 and 6 provide 
examples of the serpentine path a sampler would take using this sampling  
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Figure 5. Systematic-random 100-increment sampling pattern used for collecting 
samples in grid areas. 
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Figure 6. Systematic-random multi-increment sampling design surrounding a tank target at 
the impact area of an anti-tank range. 

design and strategy for square and circular areas. The proper number of 
steps between locations where an increment is collected to obtain a 
representative (reproducible) sample is a function of the compositional 
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and distributional heterogeneity. The number of increments and the size 
of the decision units cited for the range-sampling activities described 
below have often produced replicate samples with similar analyte 
concentrations. The assumption that the distribution of energetic residues 
is similar at other military facilities with ranges designed for the same 
activity is the basis for the recommended sizes of decision units and 
number of increments. Because increments are being combined to create a 
single sample, cleaning the sampling tool between collection increments of 
a given sample is unnecessary. A clean sampling tool is necessary for each 
new sample, including replicate samples. In addition, each replicate 
sample should be obtained starting from a different location and following 
a different serpentine path direction (Fig. 5 and 6). To be random, the 
increments obtained from evenly spaced locations through the decision 
unit in each replicate should not be co-located with the increments 
obtained for one of the other replicates. Additional guidance on the 
sampling strategy and design is provided in Appendix A. 

Sample Processing 

The typical weight of multi-increment samples collected with the sampling 
designs and strategies described above and in the following sections are 1 
kg or greater. Recently, Method 8330 was revised and Method 8330B was 
published by the USEPA (USEPA 2006). This revised method provides 
laboratories with guidance on how to handle and process soil samples so 
that they can be representatively subsampled in preparation for analysis. 
Several studies cited in the revised method have shown that, to determine 
representative analyte concentrations in soils containing energetic 
residues, laboratories must either grind the samples mechanically prior to 
subsampling or extract the entire sample. Following the guidance in 
Method 8330B, the results for laboratory replicate subsamples have been 
shown to be both reproducible and experimentally accurate (method 
established accuracy), since in a few cases, the remaining sample was 
extracted and analyzed to produce a known concentration. 
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4 General Guidelines  

Multi-increment Sampling  

A multi-increment sampling strategy and a systematic-random sampling 
design are recommended for all the military training ranges addressed in 
this document. In addition, collecting triplicate multi-increment samples 
is strongly recommended for at least one decision unit on each type of 
training range under investigation. To aid in collecting multi-increment 
samples with a targeted weight of approximately 1 kg, special sampling 
tools may need to be acquired so as to obtain the appropriate incremental 
mass relative to the recommended number of increments and sampling 
depth (Appendix A). These coring tools, shown in Figure 4, are made with 
2- and 3-cm inner diameters to help meet these needs; although they are 
not currently commercially available, they may be in the near future. 
Oakfield corers or similar push tube devices are soil sampling tools 
available in several core barrel widths and lengths. These soil-coring tools 
are easy to operate in cohesive soils. However, they are not practical for 
some cobbled and non-cohesive soils. Metal or hardened plastic scoops 
and trowels are more suited for use in cobble-rich and non-cohesive 
(sandy) soils. Both of these soil-sampling tools are available from 
equipment vendors such as Forestry Suppliers, Inc. (www.forestry-
suppliers.com), EnviroTech (www.envirotechonline.com), and Ben 
Meadows Company (www.benmeadows.com).  

It also should be noted that the guidance provided here also applies to the 
surfaces of other ranges that are not specifically addressed in this 
document but are operationally similar. For example, on direct-line-of-
sight ranges, the areas anticipated to have the highest accumulation of 
munitions constituents would be at the firing point and around targets.  

Health and Safety 

Sample-collecting activities must occur only in the presence of military 
EOD personnel or qualified UXO technicians. Clearance provided by EOD 
personnel or UXO technicians is mandatory for areas where UXO and 
discarded military munitions (DMMs) are present or may exist. Safety 
clearance procedures often differ based on the sampling activity, local 
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range rules, and range activity. At firing points, often only a visual 
inspection of the surface is necessary prior to granting clearance for near-
surface sampling. All of the areas where surface sampling is conducted on 
impact and demolition ranges should have the top 30–45 cm of surface 
profile screened for metallic anomalies (i.e., potential UXO/DMMs) using 
a hand-held analog or digitally recording magnetometer, electromagnetic 
induction (EM) sensor, or metal geophysical detector (http://www. 
itrcweb.org/Documents/UXO-4.pdf). Moreover, all surface UXOs and 
near-surface potential UXO/DMMs should be marked for avoidance. For 
smaller decision units, the magnetometer is swept over the entire 
sampling area; for larger decision units, often the increment collection 
points are cleared during sample collection. Where profile sampling is 
performed, a geophysical sensor should be used to clear below the surface 
at 20-cm depth intervals. At demolition ranges, sampling to much greater 
depths may be necessary to completely define the potential source region. 
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5 Hand Grenade Ranges 

Conceptual Site Model 

Hand grenade ranges are only a few hectares or smaller in size and are 
sometimes divided into several grenade courts, or throwing bays. The 
surface of grenade ranges is poorly vegetated and very heavily cratered 
from the large number of individual detonations that occur during troop 
training exercises. Grenades are thrown from a bay that is behind a well-
fortified shoulder-height earthen or manmade wall to shield personnel 
from the casing fragments that disburse on detonation. The highest 
energetic residue concentrations are typically in the most heavily impacted 
area, often located between 5 and 40 m from the throwing bay. Depending 
on the range management practices, craters in the impact area of the range 
may or may not be periodically filled by grading the surface. 

The grenade most often used today at these ranges is the M67 
fragmentation grenade. This grenade contains 185 g of Composition B 
explosive that is 60% military-grade RDX (hexahydro-1,3,5-trinitro-1,3,5-
triazine), 39% military-grade TNT, and 1% wax. Military-grade RDX 
contains about 10% HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine), and thus the energetic compounds most often found in soils 
at hand grenade ranges are RDX, TNT, and HMX. TNT is subject to 
microbial, chemical, and photochemical reactions yielding several 
transformation products, including 2-amino-4,6-dinitrotoluene (2ADNT), 
4-amino-2,6-dinitrotoluene (4ADNT), and 1,3,5-trinitrobenzene (TNB); 
these compounds are sometimes detectable in soils at hand grenade 
ranges (Jenkins et al. 2005c). 

Concentrations of RDX, TNT, and HMX in surface soils at hand grenade 
ranges have varied from the low µg/kg to the low mg/kg levels. In 
experiments that were conducted to estimate the mass of energetic 
residues deposited when a single M67 hand grenade detonates as designed 
(a high-order detonation), RDX was the only energetic compound 
detected, with an average deposited mass of 25 µg (Hewitt et al. 2005b). 
The loading rate based on this mass and information from training records 
is insufficient to explain the RDX and HMX concentrations found at 
several of the hand grenade ranges studied and doesn’t account for the 
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presence of TNT and its breakdown products (Jenkins et al. 2005c). For 
these reasons, the major source of contamination appears to be grenades 
that either undergo a low-order (partial) detonation or are duds (UXOs) 
and are blown in place by explosives ordnance technicians using C4 
explosive (91% RDX).  

Occasionally ruptured hand grenades have been found on the surface 
within and around the impact range. Often visible energetic residues were 
adhering to the interior grenade surfaces. The absence of observed 
energetic residue particles near grenades that have undergone low-order 
detonations has been attributed to subsequent detonations that spread 
these residues across the range. 

Residue deposition is predominantly at the surface. However, because 
repeated detonations occur in one place, craters often become enlarged 
and are filled in subsequently during range management operations. This 
mixes residues deeper into the soil profile than is the case at most other 
ranges (Jenkins et al. 2005c). Some profile sampling should be performed 
to establish if residue particles are present at greater depths. 

Hand Grenade Range – Recommended Sampling Protocols 

The area from approximately 5 m in front of the throwing bay to a distance 
of 40 m and the width of the impact zone should be sampled. For grenade 
ranges where grenade courts are not separated by barriers, the distance 
between throwing bays is typically small enough to allow the entire impact 
range to be characterized as a single decision unit. When walls or other 
features separate the impact zone into several distinct areas, at least one 
sample should be taken for each impact zone.  

Individual increments for multi-increment samples should be collected 
from the soil surface to a depth of 10 cm. If the surface area to be 
characterized is less than 100 m2, the sample collected should include 30 
or more increments. For larger areas, we recommend samples consisting 
of 100 increments. In both cases, the sample collection pattern should be 
as shown in Figure 5.  

Profile sampling is recommended for these ranges. Within the area with 
the highest crater density, at least five depth profiles should be collected in 
10-cm intervals down to a depth of at least 30 cm. Sample increments 
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from the same 10-cm depth interval (0–10 cm, 10–20 cm, and 20–30 cm) 
should be combined to produce a single five-increment sample (Fig. 7). 
Because of the limited number of increments, this sampling strategy is 
best suited for determining the depth to which residues have been mixed 
into the soil profile and not to estimate the average concentration for a 
subsurface layer over a large horizontal cross-sectional area. To achieve 
this second objective, 30–100 increments should be collected. For depths 
below 30 cm, a surface geophysical survey may not be sensitive enough to 
detect grenades; therefore, down-hole clearance should be performed. 

If a ruptured grenade with energetic residues on its interior surfaces or a 
grenade surrounded by chunk residues is encountered, an area that 
encompasses the visibly affected surface should be sampled as a separate 
decision unit after all visible pieces of energetic residues (i.e., energetic 
residues present as MECs) are removed. A 30-increment sample should be 
collected from the decision unit.  

 

+

+

+

+ = one sample

= one sample

Ground
Surface

+

+

+

+ = one sample

= one sample

Ground
Surface

 
Figure 7. Schematic of procedure to collect multiple-increment profile samples 
where transport and deposition of energetic materials are suspected. 
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6 Anti-tank Rocket Ranges 

Conceptual Site Model 

At anti-tank rocket ranges, projectiles are fired from shoulder-mounted 
tubes. These ranges are generally several hundred hectares in size and 
covered by low-growing vegetation because of the necessity of maintaining 
a direct line of sight between the firing points and targets. Often the 
targets are derelict vehicles placed downrange at distances of 100 m or 
more from a firing line. On ranges used only for firing practice rounds 
(sub-caliber rounds), targets are often made of wood. When the rockets 
are launched from shoulder-mounted tubes, propellant residues eject from 
both ends. The highest concentrations of energetic residues have been 
found around targets and behind the firing line. 

The weapon fired to the greatest extent in the last couple of decades was 
the 66-mm M72 light anti-armor weapon (LAW) rocket. More recently, the 
AT-4 rocket has been fired at these ranges. The warhead of the LAW rocket 
contains 0.3 kg of the melt-cast explosive octol with either a tetryl (methyl-
2,4,6-trinitrophenyl nitramine) or RDX booster. Octol is composed of 70% 
HMX and 30% TNT. The warhead of the AT-4 also contains octol. The 
double-base M7 propellant for the LAW rocket contains 54.6% 
nitrocellulose (NC), 35.5% nitroglycerin (NG), 7.8% potassium 
perchlorate, 0.9% ethyl centralite, and 1.2% carbon black. Practice rounds 
contain propellant but do not contain a high-explosive-containing 
warhead. We have been unable to locate information regarding the 
proprietary composition of the AT-4 propellant. 

Recent studies at a number of anti-tank rocket ranges have consistently 
determined HMX to be the major energetic residue in surface soils near 
targets. In several cases, HMX concentrations in surface soils near targets 
have exceeded 1000 mg/kg. TNT, RDX, 4ADNT, and 2ADNT are also 
detectable. However, concentrations of these analytes are two or more 
orders of magnitude lower than HMX. The concentrations of energetic 
residues in surface soils decrease with distance from the target (Jenkins et 
al. 2005c). The major source of energetic residues at these ranges results 
from M72 rockets that shear open on impact without detonation, thereby 
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depositing crystalline explosives over the surface (Jenkins et al. 1997b, 
Thiboutot et al. 1998).  

Occasionally dud and partially ruptured LAW rockets with intact warheads 
have been encountered on impact ranges around targets. However, visible 
chunks of octol (0.5 cm in diameter) have been observed only rarely (an 
exposed warhead or on the surface). For safety reasons, sampling should 
not be performed near intact or ruptured anti-tank rockets because the 
fuze may be armed. Similar to grenade ranges, it is believed that octol 
residues from ruptured rounds become disbursed by subsequent 
detonations.  

NG is present in surface soils in front of and behind the firing line and 
around targets at anti-tank rocket ranges. Between the firing line and the 
targets, concentrations are generally in the high µg/kg to the low mg/kg 
range. Along the rocket flight path, concentrations were found to be higher 
just in front of the firing line and at the targets. NG presence around the 
targets is due to detonation and dispersal of unconsumed rocket fuel. 
Behind the firing line, NG concentrations are often thousands of mg/kg 
(Jenkins et al. 2005c). Moreover, concentrations as high as 100 mg/kg 
have been detected as far as 25 m behind the firing line. Profile samples 
taken in front and behind the firing line have shown that NG can migrate 
more than 50 cm below the surface (Pennington et al. 2005). 

Near anti-tank weapon firing lines, NC is also present at concentrations 
probably several times higher than that of NG, but the lack of a validated 
analytical method for NC in soils has prevented evaluation of the actual 
quantity except in a few instances (Jenkins et al. 2007). Perchlorate has 
not been detected in soil samples from these firing point areas, even 
though it is a component of the propellant formulation.  

Anti-tank Rocket Range Targets – Recommended Sampling Protocols  

Several studies at anti-tank rocket range impact areas have indicated that 
most of the residues are within a 25-m radius of targets (Jenkins et al. 
1997b, 2004b, Thiboutot et al. 1998). To estimate the mass of residues on 
these ranges, multi-increment samples collected within a 25-m radius 
around each target is recommended (Fig. 6). Because the area to be 
represented by each sample will be about 2000 m2, we recommend that 
the soil sample be built from 100 increments of the top 5 cm. 
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If a more detailed characterization is required, we recommend a 
segmented halo design (Jenkins et al. 2004b, Pennington et al. 2004). In 
this design, concentric rings are established at distances of 5, 15, and 25 m 
from the target, the rings are segmented, and multi-increment samples are 
collected within each segment (Fig. 8). Because the surface area within a 
segment is relatively small, each sample should be built from 30 
increments. 

15 m

Radius 
25 m15 m5 m

15 m

Radius 
25 m15 m5 m

 
Figure 8. Segmented halo sampling pattern surrounding a tank target at a live-
fire bombing range impact area. 

To assess any subsurface migration of dissolved energetic residues, the 
same strategy as presented for the hand grenade range is recommended 
(Fig. 7). Sampling locations should be near the heaviest impacted target, 
where it is anticipated that the surface concentrations will be very high. A 
surface geophysical survey may not be sensitive enough to detect dud 
rockets at depths below 30 cm. Therefore, down-hole clearance should be 
performed. 

Anti-tank Rocket Range Firing Points – Recommended Sampling 
Protocols 

The highest concentration of the propellant residues at these ranges is 
behind the firing line. If it is desired to estimate the total mass of residue 
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in this area, a single 100-increment sample collected in a rectangle 30 m 
wide and running the entire length of the firing line is recommended (Fig. 
9a). This same design and strategy can also be used just in front of the 
firing line. If a more detailed characterization is desired, we recommend 
dividing the area behind and in front of the firing line into three 10-m-
wide rectangles along the entire length of the firing line and collecting a 
30-increment sample within each area (Fig. 9b). Because residues are 
deposited at the surface and little surface disruption occurs, we 
recommend that firing point samples be taken from the top 2.5 cm.  

To assess whether subsurface accumulation of energetic residues has 
occurred, the same strategy as presented in the hand grenade range is 
recommended. Sampling locations should be 5–10 m behind or in front of 
the firing line at the firing position used most heavily. If possible, samples 
should be collected from depths greater than 30 cm. However, the area 
behind the firing line has often been covered with gravel fill, making it 
difficult to acquire deep profiles.  

 
a. Pattern to collect one multi-increment sample in a single 30-m wide decision unit. 

Figure 9. Strategies for collecting multi-increment samples in rectangular decision 
units behind or in front of a firing line. 
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b. Pattern to collect multi-increment samples in three 10-m-wide decision units. 

Figure 9 (cont). Strategies for collecting multi-increment samples in rectangular 
decision units behind or in front of a firing line. 
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7 Artillery Ranges 

Conceptual Site Model 

Artillery ranges are the largest training ranges in the Army inventory, 
generally covering hundreds of square kilometers. Firing positions are 
often arranged around the circumference of the range with firing fans 
extending into the main impact zone, which generally is positioned near 
the center of the range (Fig. 10). Once fired, most artillery and mortar 
rounds and rockets travel several kilometers before detonating upon 
impact in the general vicinity of the targets. The flight path takes these 
rounds over an area referred to as the range safety fan, the large area 
between the firing point and the target and/or a large area surrounding 
the target that is off limits to personnel during training activities. 
Generally, only a very few misdirected or defective rounds land within the 
main impact zone outside of target areas.  

 
Figure 10. Schematic diagram of an artillery range showing firing points, range safety fan, and 
impact areas. 



ERDC/CRREL TR-07-10 25 

 

 

Munitions fired into these ranges are artillery and mortar guns, although 
various rockets, missiles, and Air Force and Navy bombs have been used 
on many of these ranges in the past. Weapons currently fired in the 
greatest quantities are 155-mm howitzers and 105-mm artillery projectiles, 
120-mm tank projectiles, and 81-mm, 60-mm, and 120-mm mortar 
rounds. However, a wide variety of other munitions have been (and some 
continue to be) periodically fired into these areas, including 90-mm 
recoilless rifle rounds, 4.2-in. mortar rounds, 8-in. artillery projectiles, 
bombs of various sizes, 40-mm grenades, 106-mm high-explosive plastic 
(HEP) rounds, 2.75-in. rockets, LAW rockets, and TOW missiles. The high 
explosives used in artillery and mortar warheads are generally either TNT 
or Composition B (RDX and TNT), although some older rounds also 
contained tetryl. Some smoke-generating munitions contain metal 
nitrates, hexachloroethane (HC), and potassium perchlorate, and spotting 
charges contain white phosphorus (WP) and black powder. Bombs that 
have been dropped in some of these ranges contain TNT, tritonal (TNT 
and aluminum) or H6 (RDX, TNT, and aluminum), some 40-mm grenades 
contain Composition A5 (RDX), and LAW rockets contain octol (HMX and 
TNT). 

When rounds perform as designed, the detonation often forms a crater in 
the soil, the size of which is a function of the type of munitions, the 
physical properties of the soil, the type of fuze, and the fuze setting. 
Therefore, impact areas can be identified by the presence of targets, debris 
from past targets, and areas with a large number of craters (crater fields). 
Old crater fields and target areas can often be identified from high-
resolution aerial photography, LIDAR, and range maps. Experiments have 
been conducted to estimate the mass of energetic residues deposited when 
various mortar and artillery rounds detonate as designed (Jenkins et al. 
2002, Hewitt et al. 2003, 2005b, Walsh, M.R. et al. 2005a,b,c, 2006). 
Overall, high-order detonations consume the energetic compounds in the 
warhead very efficiently, depositing only microgram to milligram 
quantities per round over hundreds of square meters of surface area. As a 
consequence, almost all surface soil samples collected from individual 
craters and from heavily cratered areas (absent of rounds that have 
undergone low-order detonation) contained residue concentrations below 
0.1 mg/kg (Jenkins et al. 2001, Hewitt et al. 2005a).  
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Figure 11. Example of an 155-mm artillery round that has undergone a low-order detonation. 
Explosive fill is still present in and around the casing.  

Occasional rounds that impact without detonating result in either surface 
or subsurface UXOs. On ranges with rocky or very hard soil, many of these 
UXOs can be seen on the surface. In a relatively small number of cases, a 
round will partially detonate upon impact, resulting in a low-order 
detonation. In these cases, only a portion of the explosive filler is 
consumed, sometimes leaving a substantial fraction of the explosive in or 
near the ruptured casing (Fig. 11). Sometimes a nearby high-order 
detonation will rupture a UXO or cause it to undergo a low-order 
detonation. Here again, a substantial portion of the explosive fill will 
remain. These low-order detonations and ruptured rounds result in the 
largest source of energetic residues at artillery ranges (Jenkins et al. 2001, 
2004a, Hewitt et al. 2005a, Walsh, M.R. et al. 2005c). Typically these 
events are rare for most munitions, so their distribution is both isolated 
and random. Therefore, the results of low-order detonations often exist as 
distributed point sources of very high concentrations of residues, the sizes 
of which can vary considerably (5–1000 m2). Moreover, unlike anti-tank 
target areas, there is generally no well-defined gradient of energetic 
residues around artillery and mortar targets. This random spatial array in 
the occurrence of low-order detonations has been attributed to indirect 
fire and the large distance between the firing position and the target. 
Currently, delineating the area impacted by a low-order detonation is 
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based on judgement (defined by visual identification) and can easily be 
confounded by vegetation and deterioration of the residues. The size of 
this area and a more thorough analysis of their occurrence and spatial 
distribution need additional study. Surface soil concentrations of energetic 
residues in areas where rounds have undergone low-order detonations 
often reach into the hundreds of mg/kg and may present a risk to humans 
and the environment. The major residues found in impact areas from 
these low-order detonations are TNT, RDX, and HMX (Jenkins et al. 2001, 
2004a, Hewitt et al. 2005a). Moreover, since these samples are likely to be 
much higher in energetic residue concentration, they should be isolated 
from all other samples during shipping and laboratory processing (USEPA 
2006b).  

Mortars, howitzers, and rockets are fired from firing points and open firing 
areas. Open firing areas have become more common with the development 
of mobile artillery, which often employ a “shoot and scoot” strategy. At 
firing points and areas, propellant residues are deposited downrange of 
the guns and mostly behind firing positions for the rockets. The amount of 
propellant residues deposited is highly dependent on the different 
weapons systems and their individual propellant formulations and 
configurations. These munitions are delivered using single-, double-, or 
triple-base gun propellants and rocket and missile propellants. Single-base 
gun propellants are composed of nitrocellulose (NC) and 2,4-dinitrotoluene 
(2,4-DNT); double-base gun propellants are composed of NC and 
nitroglycerin (NG); and triple-base gun propellants are composed of NC, 
NG, and nitroguanidine (NQ). At heavily used firing points and areas, 
energetic residue concentrations often range between low to tens of 
mg/kg. However, because mortar and howitzer rounds are frequently fired 
with less than a full load of available propellant, if any excess propellant is 
burned near the firing point, it is likely to create areas with even higher 
concentrations (burn points).  

Away from Firing Points and Targeted Areas – Recommended 
Sampling Protocols 

Sampling studies performed in the region 100 m from an established firing 
position to within 500 m of targets or heavily cratered areas have generally 
not found any measurable concentrations of energetic compounds 
(Ampleman et al. 2003, Thiboutot et al. 2003, 2004, USACHPPM 2001, 
2003, 2004, in press, Walsh, M.E. et al. 2001). If it is decided that this 
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area needs to be sampled, a square decision unit of 50- × 50-m or larger 
should be chosen if no surface anomalies are observed, and a 100-
increment sample should be collected from the top 5 cm. Alternatively, if 
the sampling plan requests that a qualitative reconnaissance (visual 
inspection) be performed in this area, it is recommend that a multi-
increment sampling strategy with widely distributed collection points 
accompany this activity. When sampling large areas (> 10,000 m2), global 
positioning systems could be used to help locate evenly spaced positions 
where individual increments will be collected. This is particularly important 
in adverse terrain with large changes in elevation and/or dense vegetation.  

Impact Areas – Recommended Sampling Protocols  

For areas with a defined target (or target debris), a 50- × 50-m square grid 
is recommended, centered on each target, and a 100-increment sample 
should be collected from the top 5 cm using the systematic-random design 
(Fig. 5). If rounds have undergone low-order detonation or chunks of 
energetic residues are visible and identified by field screening methods, a 
10- × 10-m grid or smaller decision unit centered on each of these areas 
should be marked (Fig. 12). Then, qualified personnel should remove all 
visible pieces of MEC. In some cases, a UXO that cannot be moved for 
safety reasons may also be present in the decision unit. This item and any 
other magnetic anomalies should be marked for avoidance. Once these 
tasks have been completed, a 30-increment sample should be collected 
within these areas from the top 5 cm. 

10-m x 10-m
Grid

50 m

50-m x 50-m Grid 
Containing Defined Target 

Low Order
Debris

10-m x 10-m
Grid

Visible
Chunks

10-m x 10-m
Grid

50 m

50-m x 50-m Grid 
Containing Defined Target 

Low Order
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10-m x 10-m
Grid

Visible
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Figure 12. Decision unit for collecting multi-increment sample surrounding a 
defined target at the impact area of an artillery range. 
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Figure 13. Example of sampling strategy at a crater field section of an 
artillery-mortar range impact area. 

For heavily cratered areas, the area of concern should encompass at least 
95% of the craters and a 20-m buffer zone (Fig. 13). These areas can be 
very large, depending on several factors such as placement of targets, 
training objectives, and age of the training facility. The recommended size 
of sampling units within this area is 50 × 50 m (or smaller) and a 100-
increment sample from the top 5 cm should be collected in each unit. If 
chunk explosive or a round that has undergone low-order detonation is 
encountered, a 10- × 10-m or smaller sampling grid is established and 
sampled as discussed above.  

Profile sampling is recommended only in areas where low-order 
detonations have been found. As before, we recommend collecting at least 
five profile samples, then combining the individual depth intervals (0–10 
cm, 10–20 cm, and 20–30 cm) to form a single five-increment sample for 
each of these depths (Fig. 7). The intent of this sampling strategy is to 
establish the depth to which residues have been mixed into the soil profile, 
not to determine the average concentration for a subsurface layer over a 
large area. To achieve this second objective, 30–100 increments are 
needed. For depths below 30 cm, a surface geophysical survey may not be 
sensitive enough to detect UXOs, so down-hole clearance should be 
performed. 
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Firing Point Areas on Artillery-Mortar Ranges – Recommended 
Sampling Protocols 

Most of the residue deposition at mortar or artillery firing locations occurs 
in front of the gun tube. However, residue can accumulate on the surface 
at detectable levels up to 100 m downrange (Pennington et al. 2002, 
Walsh, M.R. et al. 2006). Within firing areas where a variety of gun arrays 
are used, gradients become obscured but may exist downrange from the 
edge of the firing area. Within the firing area, decision units of 50 × 50 m 
or smaller can be used for collecting 100 increments from the top 2.5 cm 
(Walsh, M.E. et al. 2004, 2005).  

At an established firing line or along the perimeter of the firing area, 
samples can be collected in rectangular decision units to assess the 
downrange gradient parallel with the direction of fire. For each 
rectangular decision unit, a 30-increment sample of the top 2.5 cm should 
be collected (Fig. 9b). 

When a location that has been used to burn excess propellant is 
distinguishable, this area should be treated as a separate decision unit. A 
30-increment sample from the top 5 cm should be collected within a 10- × 
10-m or smaller area centered on the location. 

Profile sampling would only be recommended at a heavily used fixed firing 
point or directly beneath a location where propellant was burned on the 
ground surface. At a fixed firing point, profile sampling should be 
performed using our recommended strategy within 5 m of a mortar firing 
point and within 10 m of a howitzer firing point. 
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8 Bombing Ranges 

Conceptual Site Model 

Air Force ranges are very large, generally hundreds of square kilometers. 
In the past, bombs often landed up to a kilometer away from the intended 
targets; however, with the development of precision guided systems, the 
area impacted is becoming much smaller, generally only tens of hectares. 
The Air Force periodically conducts range clearance activities—duds are 
blown in place, chunks (larger than golf-ball size) of high explosive 
compounds observed on the surface are gathered up and destroyed by 
detonating them with C4, and craters are often filled.  

The high explosive present in U.S. and Canadian Air Force bombs is 
usually either tritonal (TNT, aluminum powder) or H-6 (TNT, RDX, 
aluminum powder). Some older bombs contained solely TNT. Although 
experiments documenting the residue deposited when a bomb detonates 
as designed have not been conducted, experimental results for large 
artillery rounds indicate that large-mass HE detonations are very efficient, 
dispersing only microgram-to-milligram quantities of residue when they 
detonate at high order (Hewitt et al. 2005b, Walsh, M.R. et al. 2005 a,b,c, 
2006). As with other ordnance items, low-order detonations or duds, 
ruptured by impact or subsequent detonations, are thought to be the 
major source of residues on bombing ranges. Both ranges that we have 
sampled had isolated areas within the impact zones where a bomb had 
undergone low-order detonation. In these areas, chunks of high explosive 
were observed on the surface, and high mg/kg concentrations of energetic 
residues were determined in the <2-mm size fraction of the soil collected. 
However, most of the rest of the heavily impacted area had residue 
concentrations of less than 1 mg/kg (Pennington et al. 2004, Jenkins et al. 
2006b). 

Bombing Ranges– Recommended Sampling Protocols  

We conducted surface sampling studies on two bombing ranges. At one 
range, we sampled around a fixed target position, and at the other range, 
we sampled in a large (tens of hectares) crater field. Based on these 
preliminary findings the sampling designs and strategy recommendations 
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for an artillery impact range would also apply here. LIDAR, high-
resolution orthophotography, and range maps can be evaluated as forensic 
evidence to locate targets and craters from historical range usage. 
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9 Demolition Ranges 

Conceptual Site Model 

Duds that are safe to move and outdated munitions are destroyed on 
demolition ranges by military explosive ordnance disposal (EOD) 
technicians. In addition, sometimes chunks of high-explosive, unused 
propellants and items found by law enforcement within the area served by 
the EOD unit stationed at that facility are also destroyed at these ranges, 
either by demolition or open burning. Demolition ranges are generally 
only a few hectares, and the active areas are sparsely vegetated. Often 
several active demolition craters and burn pits are present on a demolition 
range. These craters and pits are used many times and sometimes are 
subsequently filled in. Because of this common range practice, high 
concentrations of energetic residues can be detected deeper in the soil 
profile at these ranges than at other range types. Consolidated detonations 
of buried multiple rounds may result in a source area up to approximately 
4 m deep at demolition ranges. 

The common practice today is to place one or more blocks of C4 explosive 
on the item to be detonated. The C4 donor charge often is initiated using a 
blasting cap. This practice has been used for the disposal of UXOs and 
bags of propellants, as well as for cutting metal. At some demolition 
ranges, for example, C4 explosive is used to make holes in practice bombs 
to ensure that they contain no high explosives before these items are 
recycled (demilitarization of items). C4 is composed of 91% military-grade 
RDX that has an impurity of HMX at about 10%. Research studies indicate 
that substantial residues of energetic compounds can sometimes be 
deposited during demolition events, particularly if they result in a low-
order detonation of the item being destroyed, or if the C4 doesn’t detonate 
completely and becomes scattered across the site (Pennington et al. 2004). 
Even in cases where only practice bombs are breached, the residues from 
the C4 demolition explosive accumulate on these ranges (Jenkins et al. 
2006b). The C4 demolition explosive is unconfined, and this may lead to 
lower destruction efficiencies than for detonation of confined charges 
(Pennington et al. 2004).  
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Surface soil sampling has almost always resulted in the detection of RDX, 
HMX, 2,4-DNT, and NG; at several ranges, substantial pieces of C4 were 
found on the surface. Concentrations of 2,4-DNT and NG result from 
attempts to improperly detonate surplus propellants or from kick-out 
during open burning activities. Within the demolition range, there are 
often areas with concentrations of one or more energetic residues in the 
tens to hundreds of mg/kg.  

Demolition Ranges– Recommended Sampling Protocols  

The portion of the range where demolition or open burning is performed 
should be identified and divided into 10- × 10-m grids (Fig. 14). A 30-
increment sample from the top 10 cm of depth should be collected in each 
decision unit. Profile samples should also be collected in areas where the 
surface has been discolored or where demolition craters had been located 
in the past. Depth increments from at least five profile samples should be 
combined in a manner similar to that recommended for other ranges. In 
this case, however, the sampling depth should extend below 4 m and 
perhaps continue to the groundwater table. For depths below 30 cm, 
down-hole clearance should be performed at 20-cm intervals. 

Area With Evidence 
of Demolition

Pattern to Collect 
30-increment Samples
in 10-m Grids

30 m

10 m

10 m

Craters

Area With Evidence 
of Demolition

Pattern to Collect 
30-increment Samples
in 10-m Grids

30 m

10 m

10 m

Craters

 
Figure 14. Recommended sampling strategy for collecting multi-
increment samples at a demolition range. 
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10 Lessons Learned 

The most important aspect of an environment characterization program is 
the sample collection activity. Failure to collect the appropriate type and 
number of samples cannot be compensated for by subsequent laboratory 
activities. In contrast, laboratory shortfalls can often be corrected, 
allowing the data to be validated. For this reason, the sampling activity 
should receive the greatest amount of oversight, and the sampling strategy 
and design should be conservative, i.e., additional samples should be 
collected, and the number of increments obtained to build multi-
increment samples should be maximized rather than minimized. Of equal 
importance is the collection of field triplicate samples to assess the 
uncertainty in the sampling strategy and design for a given activity. It is 
also important on active ranges not to remove surface vegetation (mosses, 
leaf debris, and short grasses) prior to collection. When the extent of the 
area influenced by an activity is unknown or in dispute, more decision 
units should be added to the sampling plan, and these areas should be 
sampled. Adoption of this philosophy will reduce the number of times the 
field sampling team is deployed for a given investigation.  

With respect to the processing and analysis of field samples, it is 
imperative that either the entire field sample be pulverized and properly 
subsampled, or that the entire field sample should be extracted. This 
laboratory activity must be scrutinized visually, and triplicate subsamples 
should be taken at an established interval to assess the uncertainty 
associated with this activity. As a rule of thumb, a program should strive to 
achieve a field sampling variance of less than 50% relative standard 
deviation (RSD), and preferably 30% RSD, and laboratory subsampling 
variance should be less than 20% RSD, and preferably 10% RSD. 

This approach was used at Hill Air Force Base to characterize the surface 
loading of energetic residues on a large demolition range. Of particular 
interest was the concentration and distribution of HMX and perchlorate. 
The sampling plan developed to characterize the surface of this range used 
100- × 100-m contiguous sampling grids within the area of concern. From 
each grid, one or triplicate 100-increment samples were collected using 
the systemic-random sampling design. The total characterization variance 
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for the field triplicates has routinely been below 20% RSD and often below 
10% RSD for both of these analytes. More about this program can be found 
at www.sesincusa.com/em/KNieman/CY2006_Final_ADV_Soil_ 
Sampling_Report.pdf. 
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Appendix A: Standard Operating Procedure 
for the Multi-increment Sampling Strategy 
and Systematic-Random Sampling Design 

The intent behind this strategy and design is to obtain soil sample 
increments positioned at collection points that are distributed relatively 
evenly throughout the sampling area (decision unit). The final sample 
weight and total number of increments collected to make a single 
representative sample depends on the compositional and depositional 
heterogeneity of the constituent of concern. Replicate multi-increment 
samples from the two example decision unit sizes described below—100 
m2 (10 × 10 m) and 2500 m2 (50 × 50 m)—have resulted in reproducible 
concentrations for energetic residues at the ranges addressed in the body 
of this report. The increment number and sample weight, however, do not 
need to be exactly the recommended target values. For example, the 
sample weight can vary from 20% below to 300% above the 1-kg target 
weight. The target number of increments can also vary but should always 
be at least 30. The decision unit size and shape will likely depend on data 
quality objectives and terrain features. It may be square, rectangular, or 
circular, or it may fit the outline of an area established by terrain features 
(either man-made or natural). The objective is to collect increments so 
that the entire area is sampled evenly and is represented in the sample.  

Select an appropriately sized decision unit for the activity and the study 
objective. Sizes recommended for military training ranges typically range 
from 10 × 10 m (100 m2) to 50 × 50 m (2500 m2).  

Position boundary limit flags at each corner of the selected area. Along two 
opposite sides, place nine flags at even intervals (e.g., 1-m or 5-m 
intervals) to define 10 lanes.  

Select the number and size of increments to be collected and the sampling 
depth. Typically, 100 increments are collected in a 50- × 50-m area, and 
30 increments are collected in a 10- × 10-m area. The recommended 
sampling depths are 2.5, 5, or 10 cm, depending on the expected depth 
distribution of the analytes. Set or mark the sampling tool for the 
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appropriate depth. For greater depths and larger number of increments, 
use a smaller diameter sampling tool so as not to build samples that weigh 
much more than 1 kg. Given that soil density is typically around 1.7 g/cc, 
the following sizes of sampling tools are recommended for different 
sampling depths and number of increments. For a depth of 2.5 cm, 2- and 
3-cm-diameter coring tools (or scoop/trowel) would be appropriate for a 
100- or 30-increment sample, respectively. For a depth of 5 cm, 1.75- and 
2-cm-diameter coring tools would be appropriate for a 100- or 30-
increment sample, respectively. For a depth of 10 cm, 1.25- and 1.75-cm-
diameter tools would be appropriate for 100- and 30-increment samples, 
respectively.  

Sampling works well as a two-person activity: one person collects the 
increments and the other holds the sample container (clean polyethylene 
bag) and keeps track of the number of increments. Using the flags to 
visualize the 100 sub-units, start in one corner of the sampling area and 
acquire an increment near the middle of the sub-grid and every third one 
thereafter for a 33-increment sample, and every other for a 50-increment 
sample. This should appear as a serpentine sampling pattern ending at the 
opposite corner of the decision unit from where sampling was started (see 
Fig. 5).  

When replicate field samples are taken, flags should be positioned at the 
appropriate intervals on all four sides of the sampling area, creating a 
visual sub-grid pattern. The replicate samples should be collected starting 
at a sub-grid offset from the original position, or if every sub-grid is a 
collection point, then a random position should be selected within that 
sub-grid and repeated throughout the decision unit. Random 
predetermined locations within a sub-grid can be generated by rolling 
dice, or by paying close attention to where the previous increments were 
collected, and offsetting increments from the same sub grid. If dice or 
some other random number generator is used, replicate samples can be 
collected during a single pass through the decision unit using multiple 
bags.  

When decision units are rectangular, the conversions for the spacing 
(steps) between increment collection points are fairly straightforward to 
calculate. However, with other shapes, it is recommended that the 
perimeter be marked and flags be pre-positioned at an estimated interval 
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across the middle of the decision unit in two perpendicular lines. Then a 
trial run (no sample collection) is performed to quickly establish the 
distance between increment collection points to achieve the desired 
number of increments, while using the flags inside the decision unit as 
guides. The spacing between these flags should provide grid markers to 
assist with judging where the increments are to be collected. 
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TO-004-10-10-0002-DCN901 

January 10, 2011 
 
Ms. Monica Tonel 
Task Order Project Officer 
EPA Region 10 
1200 6th Ave 
Mailcode ECL-112 
Seattle, WA  98101 
 
 
Dear Ms. Tonel: 
 
Below is a listing of Munitions and Explosives of Concern (MEC) safety precautions and 
specific guidance offered for inclusion in a Sampling and Analysis Plan at Camp 
Bonneville, Clark County, Vancouver, WA.  
 

1. Chain of command – Techlaw will provide MEC avoidance direction to E&E.  
E&E will direct their subcontractors. 

 
2. No intrusive work (e.g., any use of tools below the ground surface) is to be 

performed without an Unexploded Ordnance (UXO) escort.  If two teams are to 
be used in unison, two UXO escorts will be required.  If scheduling of intrusive 
activities is limited to one team with the second team processing and shipping 
samples, only one UXO escort will be required.  The UXO escort will not be 
required on a full-time basis for non-intrusive activities after the site(s) has been 
cleared. 

 
3. Field personnel shall stay in the staging area or the cleared work site and 

ingress/regress path.  Any gravel road is acceptable as a staging area.  Areas not 
cleared of anomalies are off-limits to non-UXO-qualified field personnel.  If other 
areas require access, the UXO escort should be advised for advanced clearance. 

 
4. If any MEC, Material Potentially Presenting an Explosive Hazard (MPPEH), or 

munitions-related debris are encountered, the item will be avoided per direction of 
the MEC support personnel. 

 
5. No ordnance, munitions, explosives, or ordnance-related materials will be moved, 

removed, or disposed of during UXO escort duties. 
 

6. The UXO escort will conduct an anomaly avoidance survey for all proposed 
drilling and soil sample locations using a metal detector to check for possible 

101 Yesler Way, Suite 600 
Seattle, WA  98104 
(206) 577-3051 
www.techlawinc.com 
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MEC/MPPEH.  If an anomaly is encountered or if the UXO technician suspects 
the presence of MEC, the proposed stake location will be relocated to an area free 
of concerns/anomalies as determined by the MEC support personnel. 

 
7. All boring locations will be hand dug by the drilling contractor for the first 2 feet 

incrementally (e.g. shovel blade depth) and verify the hole with magnetometer, 
prior to bringing in the drill rig, to avoid having to potentially break down and 
move the drill rig.  

 
8. Metal detectors will be tested/compared against a known source at the beginning 

of every day’s field work by Tech Law. 
 

9. Pin flags used to mark drilling/sampling locations shall not be forced into the 
ground with any type of penetrating tools.  Nylon flags are preferred as the 
immediate area will be swept with a metal detector and metal pin flags will have 
to be removed prior to sweeping for anomalies. 

 
10. Any road construction required for access to planned drilling locations will 

require a UXO technician’s metal detector assisted sub surface clearance to two 
feet.  Depending on the length of the proposed access road and anomaly 
concentration, a reasonable lead-time should be afforded for this effort.  A general 
assumption would be one day for every 200 feet. 

 
11. Vegetation removal; In the event that brush & tree clearing is required, the area 

will be marked and a UXO escort will be on-site with the vegetation removal 
team.  Each day of this activity the vegetation removal team will be briefed on 
MEC recognition and anomaly avoidance procedures. 

 
12. During any of these activities, should MEC be discovered, TechLaw Inc. 

personnel will not be responsible for the movement or any render safe actions.  If 
a MEC item is encountered, a second UXO technician will be required for 
evaluation/confirmation.  At that point the Clark County MEC specialist will be 
informed, and Clark County personnel shall notify the US Army EOD unit tasked 
for response.  Depending on the risk level of the UXO and the EOD unit’s 
schedule, a response could be the same day or up to one week later. 

 
13. In the event of inclement weather, metal detectors can be employed under wet 

conditions but are not protected from heavy downpours.  In this instance, work 
will be paused until rain conditions are acceptable.  In the event of snow covered 
ground, the surface will not be readily visible for hazards and work should be 
postponed until the ground surface is visible. 

 
14. At no time will any field work be performed on any Camp Bonneville MEC sites 

when lightning storms are within 30 miles of the site.  In this situation, all persons 
should retire to a place of safety.  Work can resume after the storm passes outside 
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the 30-mile range.  Weather conditions will be monitored with a local weather 
radio and a hand held lightning detector by the MEC support personnel. 

 
15. Soil samples with high concentrations of explosives are not legal for shipment via 

normal shipping services.  UXO Technicians (i.e., MEC support personnel) are 
very familiar with explosives and will quickly recognize the material.  Any 
collected soil samples suspect of containing explosive materials should be 
evaluated by the MEC support personnel with an EXPRAY explosives detection 
kit, provided by Techlaw, before shipment. 

 
In addition, a listing of applicable MEC-related terms and their official definitions as 
contained in DoDM 6055.09-M (Department of Defense Ammunition and Explosives 
Safety Standards) is attached for use as you determine and is also available at 
;http://www.dtic.mil/whs/directives/corres/html/605509m.html 
 
This deliverable is being forwarded to you through electronic mail (via the Internet) in 
Microsoft Word and Adobe Acrobat PDF.  We appreciate this opportunity to assist EPA 
Region 10, and look forward to providing continued support.  If you have any questions, 
please call me at (206) 577-3051. 
 
Sincerely, 
 

 
 
Steve Fuller 
Program Manager 
 
cc: Paul Swift, Site Assessment Lead 
 Tiffany Ban, Central Files Administrator 
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ACRONYMS 
 

DMM-discarded military munition 
 
EOD-explosive ordnance disposal 
 
MC-munition constituent 
 
MD-munitions debris 
 
MEC-munitions and explosives of concern 
 
MPPEH-material potentially presenting an explosive hazard 

 
 
 

DEFINITIONS 
 
anomaly avoidance. Techniques employed on property known or suspected to contain 
unexploded ordnance (UXO), other munitions that may have experienced abnormal 
environments (e.g., discarded military munition (DMM)), munitions constituents in high 
enough concentrations to pose an explosive hazard, or CA, regardless of configuration, to 
avoid contact with potential surface or subsurface explosive or CA hazards, to allow 
entry to the area for the performance of required operations. 
 
construction support. Assistance provided by DoD explosive ordnance disposal (EOD) or 
UXO-qualified personnel and/or by personnel trained and qualified for operations 
involving CA, regardless of configuration, during intrusive construction activities on 
property known or suspected to contain UXO, other munitions that may have experienced 
abnormal environments (e.g., DMM), munitions constituents in high enough 
concentrations to pose an explosive hazard, or CA, regardless of configuration, to ensure 
the safety of personnel or resources from any potential explosive or CA hazards. 
 
DMM. Generally, military munitions that have been abandoned without proper disposal 
or removed from storage in a military magazine or other storage area for the purpose of 
disposal. The term does not include unexploded ordnance, military munitions that are 
being held for future use or planned disposal, or military munitions that have been 
properly disposed of, consistent with applicable environmental laws and regulations. 
 
EOD personnel. Military personnel who have graduated from the Naval School, 
Explosive Ordnance Disposal; are assigned to a military unit with a Service-defined EOD 
mission; and meet Service and assigned unit requirements to perform EOD duties. EOD 
personnel have received specialized training to address explosive and certain CA hazards 
during both peacetime and wartime. EOD personnel are trained and equipped to perform 
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render safe procedures (RSP) on nuclear, biological, chemical, and conventional 
munitions, and on improvised explosive devices. 
 
MC. Generally, any materials originating from UXO, DMM, or other military munitions, 
including explosive and nonexplosive materials, and emission, degradation, or 
breakdown elements of such ordnance or munitions.  
 
MD. Remnants of munitions (e.g., fragments, penetrators, projectiles, shell casings, links, 
fins) remaining after munitions use, demilitarization, or disposal. 
 
MEC. A term distinguishing specific categories of military munitions that may pose 
unique explosives safety risks:  

UXO;  
DMM; or  
MC present in high enough concentrations to pose an explosive hazard.  

 
MPPEH. Material 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 such 
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 hazardous items that may 
present explosion hazards (e.g., gasoline cans, compressed gas cylinders) that are not 
munitions and are not intended for use as munitions. 
 
 
UXO. Military munitions that -  

(A) have been primed, fused, armed, or otherwise prepared for action; 
(B) have been fired, dropped, launched, projected, or placed in such a manner as to 
constitute a hazard to operations, installations, personnel, or material; and 
(C) remain unexploded, whether by malfunction, design, or any other cause. 

 
UXO-qualified personnel. Personnel who have performed successfully in military EOD 
positions, or are qualified to perform in the following Department of Labor, Service 
Contract Act, Directory of Occupations, contractor positions: UXO Technician II, UXO 
Technician III, UXO Safety Officer, UXO Quality Control Specialist, or Senior UXO 
Supervisor.  
 
UXO technicians. Personnel who are qualified for and filling Department of Labor, 
Service Contract Act, Directory of Occupations, contractor positions of UXO Technician 
I, UXO Technician II, and UXO Technician III. 
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USEPA Contract Laboratory Program
Organic Traffic Report & Chain of Custody Record

Case No:
DASNo:

SDG No: L
D a t e
S h i p p e d : Chain Of Custody Record Sampler For Lab Use Only
Carrier Name: Signature:

Lab Contract No:
Airbill

:

Relinquished By (Date/Time) Received By (Date/Time) Unit Price:
Shipped to:

1 Transfer To:

Lab Contract No:

Unit Price:

4

I N O R G A N I

C
MATRIX! ANALYSIS! TAG No.! SAMPLING SAMPLE COLLECT ORGANIC FOR LAB USE ONLY

Sample Condition On ReceiptSAMPLE No. SAMPLER
TYPE

TURNAROUND PRESERVATIVE!Bottles LOCATION DATE!TIME SAMPLE No

Shipment for Case
C o m p l e t e

?

Sample (s) to be used for laboratory QC: Additional Sampler Signature (s): Cooler Temperature
Upon Receipt:

Chain of Custody Seal Number:

Analysis Key: Concentration: L = Low, M = Medium, H = High, L/M = Low/Medium Type!Designate: Composite = C, Grab = G, Both = B Custody Seal Intact? Shipment Iced?

COC Number:10-4097213-062308-0001 LABORATORY COPY
PR provides preliminary results. Requests for preliminary results will increase analytical costs.

FORMS II Lite Help Desk, CSC, 15000 Conference Center Dr., Chantilly, VA 20151-3819; Phone 703!818-4200; Fax 703!818-4602; e-Mail Page 1 of 1
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USEPA Contract Laboratory Program
Inorganic Traffic Report & Chain of Custody Record

Case No:
DAS No:

SDG No: L
Date Shipped:

Chain Of Custody Record Sampler For Lab Use Only
Carrier Name: Signature:

Lab Contract No:
Airbill No:

Relinquished By (Date/Time) Received By (Date/Time) Unit Price:
Shipped to:

1 Transfer To:

Lab Contract No:

Unit Price:

4

INORGANIC MATRIX! ANALYSIS! TAG No.! SAMPLING SAMPLE COLLECT ORGANIC FOR LAB USE ONLY

Sample Condition On ReceiptSAMPLE No. SAMPLER
TYPE

TURNAROUND PRESERVATIVE!Bottles LOCATION DATE!TIME SAMPLE No

Shipment for Case
Complete?

Sample (s) to be used for laboratory QC: Additional Sampler Signature (s): Cooler Temperature
Upon Receipt:

Chain of Custody Seal Number:

Analysis Key: Concentration: L = Low, M = Medium, H = High, L/M = Low/Medium Type!Designate: Composite = C, Grab = G, Both = B Custody Seal Intact? Shipment Iced?

COC Number: 10-409721 3-061 808-0001 LABORATORY COPY
PR provides preliminary results. Requests for preliminary results will increase analytical costs.

FORMS II Lite Help Desk, CSC, 15000 Conference Center Dr., Chantilly, VA 20151-3819; Phone 703!818-4200; Fax 703!818-4602; e-Mail Page 1 of 1
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SAMPLE PLAN ALTERATION FORM 

Page 1 of 1 

Project Name and Number:        
 
Material to be Sampled: 
      
 
 
 
Measurement Parameters: 
      
 
 
 
Standard Procedure for Field Collection and Laboratory Analysis (cite references): 
      
 
 
 
Reason for Change in Field Procedure or Analytical Variation: 
      
 
 

 
Variation from Field or Analytical Procedure: 
      
 
 

 
Special Equipment, Materials, or Personnel Required: 
      
 
 
 

CONTACT APPROVED SIGNATURE DATE 
Initiator:       
 

  

START PL:        
 

  

EPA TM:        
 

  

EPA QA Manager  :        
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