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Abstract (cont'd)

auger borings, 29 surface water sampling locations, six
sediment sampling locations, six production wells, two
abandoned storage tanks, a geophysical field investigation,
and a field survey of locations, top of casing elevations,
and water levels at all monitoring wells. Two rounds of
groundwater and surface water samples, were collected.
Analytes 'included the screening parameters TOX, TOC, Oil &
grease, phenols, 3yanide, and selected Priority Pollutant
organics and metals at certain sites.

Hydrogeological data developed in this investigation
indicate that Pease AFB is predominantly underlain by
glacial deposits and marine clays having a wide range of
water-bearing potential. These deposits are underlain by
metasedimentary bedrock which was observed to be moderately
to highly fractured in the upper zones investigated in this
Stage i study. The permeable kame plain deposits and the
upper fractured zones of bedrock were concluded to be the
two principal receptors and migration pathways at sites
where contamination was found.

Although the screening parameters of TOX, TOC, and O&G did
not provide compound-specific information, they were useful
in categorizing sites which had been suspect spill or
disposal sites for fuels or solvents. Where compound-
specific data were collected, no priority pollutant volatile
organic compounds which exceeded a State or Federal Maximum
Contaminant Level (MCL) were found in the newly installed
monitoring wells or surface water sampling locations. A
base production well (Haven Well) sampled during the Phase
II Stage 1 investigation has shown contamination in excess
of the proposed MCL for trichloroethylene. In addition,
phenols and selected metals were found to exceed MCLs at
localized groundwater or surface water sampling locations.

Overall base water quality was concluded to be generally
good with respect to State and Federal Standards.- However,
due to some evidence of localized contamination, thirteen of
the twenty study sites were recommended for further study.
Many of these sites require additional sampling for specific
priority pollutant compounds to confirm that they do not,
indeed, pose a significant environmental concern. Of the
thirteen sites recommended for further investigation, six
sites were recommended for a quantification effort requiring
the installation of supplemental wells. Of the six sites,
two sites (FDTA-2 and LF-6) warrant full scale
quantification stage efforts.

Two sites (IS/PA and LFTS) were recommended for "expedited
remedial actions" Involving former storage tanks and buried
drum removal. A prediction of the nature and extent of
off-site impacts, if any, arising from past disposal
practices at the sites studied could not be made based upon
the Stage 1 investigation.
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NOTICE

This report has been prepared for the United States Air
Force by Roy F. Weston, Inc. for the purpose of aiding in
the implementation of the Air Force Installation Restoration
Program. It is not an endorsement of any product. The
views expressed herein are those of the contractor and do
not necessarily reflect the official views of the publishing
agency, the United States Air Force, nor the Department of
Defense.

Copies of this report may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered
with the Defense Technical Information Center should direct
requests for copies of this report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314



PREFACE

Roy F. Weston, Inc. (WESTON) has been retained by the United
States Air Force Occupational and Environmental Health
Laboratory (USAFOEHL) under Contract No. F33615-84-D-4400 to
provide general engineering, hydrogeological, and analytical
services. These services were applied to a hydrogeologic
investigation of former waste disposal sites and areas where
hazardous substances may have been used.

This work was accomplished between October 1984 and December
1985. Lt Col Edward S. Barnes, Technical Services Branch,
USAFOEHL, was the principal point of contact during the
project. The program was managed through the WESTON home
office in West Chester, Pennsylvania. Execution of the
project was managed through WESTON's Concord, New Hampshire
Regional Office. Peter J. Marks was the Program Manager,
and Frederick Bopp III, Ph.D., P.G. was the Contract
Manager. In April 1985, Katherine A. Sheedy, P.G. became
the Contract Manager. Richard L. Kraybill, P.G. was the
Project Manager, and G..enn R. Smart was the Technical Team
Leader for this project.

WESTON wishes to acknowledge the help ol Pease AFB,
particularly the Bioenvironmental Engineering and Civil
Engineering offices, for assistance in all phases of the
field work.
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EXECUTIVE SUMMARY

PROGRAM HISTORY AT PEASE AIR FORCE BASE

Roy F. Weston, Inc. (WESTON) had been retained by tne United
States Air Force Occupational and Environmental Health
Laboratory (USAFOEHL) under Basic Ordering Agreement (BOA)
Contract Number F33615-80-D-4006 to provide the Air Force
with general engineering, analytical, and hydrogeological
services. The Phase I Problem Identification/Records Search
for Pease AFB was accomplished by CH2M Hill in late 1983,
and their Final Report was dated January 1984. In the
response to the findings contained in the Phase I Final
Report, USAFOEHL issued Task Order 0039 to WESTON directing
that a presurvey be conducted at Pease AFB. The purpose of
this presurvey was to obtain sufficient information to
develop a work scope and cost estimate for the conduct of a
Phase II Stage 1 Problem Confirmation Study at Pease AFB.

Based upon the conclusions of the Phase I Records Search,
the Phase II Presurvey Report, and the overall HARM score
ratings, sixteen sites at Pease AFB were recommended for
Phase II Stage 1 Confirmation Study Investigations. Two
sites listed in the Phase I Report (Site 16: PCB spill site,
and Site 18: Munitions Residue Burial Site) were not recom-
mended for further study. Three additional sites (Sites 19,
20, 21: Newfields Ditch, Grafton Ditch, and McIntyre Brook)
were added to the list of sites requiring further study
bringing the total to nineteen sites. An additional
suspected fire training area was identified from aerial pho-
tographs prior to the startup of Stage 1 field activities.
This new site was named Site 22 and brings to twenty the
number of sites investigated during the Phase II Stage 1
study. All Phase I and II Study Sites are illustrated in
Figure S-1.

A pre-performance meeting, including representatives of
WESTON, USAFOEHL, Pease AFB, and the drilling subcontractor,
ConTec., Inc., was held on 17-18 October 1984 to review the
goals of the investigation, to review drilling procedures
and locations, and to establish the field schedule. Field
work began on 25 October 1984 and was completed on 27
January 1986. Methods, findings, and recommendations for
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additional work based on the results of this investigation
are summarized in this report.

Sites that were similar in nature or in close proximity to
one another were grouped together in zones. A total of ten
areas were investigated. Table S-i presents the organiza-
tion of the sites into individual sites and zones.

INVESTIGATION OBJECTIVES AND METHODS

The objectives of the field investigation were: (1) to con-
firm the presence or absence of environmental contamination
within specified sites or zones of investigation; (2) if
contamination exists, to determine the potential for contam-
inant migration in the various environmental media; (3) to
identify additional investigations necessary to determine
the magnitude, extent, direction, and rate of contaminant mi-
gration; and (4) identify potential environmental conse-
quences and health risks of migrating pollutants. Informa-
tion regarding potential or actual impacts of the 20 sites
on area groundwater and surface water was obtained from 35
monitoring wells, 31 test pits, 31 power auger borings, 29
surface water sampling locations, six sediment sampling loca-
tions, six production wells, two abandoned storage tanks, a
geophysical survey, a topographic survey of locations, top
of casing elevations and water levels at all monitoring
wells, a review of all available aerial photographs, a liter-
ature search of local hydrogeologic conditions, and compi-
lation of a local well inventory. Two rounds of surface
water and groundwater monitoring and a single round of soil
and sediment monitoring were performed in accordance with
the approved analytical protocols (Table S-2).

MAJOR FINDINGS

Principal Hydrogeologic Conclusions

The following are conclusions regarding the hydrogeologic
setting at Pease AFB:

o Pease AFB is underlain by several unconsol-
idated formations of glacial origin. These
are chiefly grouped in order of depositional
sequence as: 1) glacial till, 2) marine
clays, and 3) kame plain deposits.

S-3



Table S-i

SUMMARY OF PHASE II INVESTIGATION SITES

Zone Site Abbreviated
No. No. 'Site Description Designation

-- 8 Fire Dept. Training Area No. 2 FDTA 2

1 13 Bulk Fuel Storage Area Spills BFSA

2 Landfill No. 2 LF-2

3 Landfill No. 3 LF-3

4 Landfill No. 4 LF-4

5 Landfill No. 5 LF-5

2 7 Fire Dept. Training Area No. 1 FDTA 1

1 Landfill No. 1 LF-1

3 15 Industrial Shop' Parking Apron IS/PA

4 19 Newfields Ditch

20 Grafton Ditch

21 McIntyre Brook

Base Production Wells

12 Munitions Storage Area Solvent MSA

Disposal Area

9 Construction Rubble Dump No. 1 CRD 1

5 6 Landfill No 6 LF-6

17 Construction Rubble Dump No. 2 CRD 2

-- 10 Leaded Fuel Tank Sludge Disposal Site LFTS

6 11 FMS Equipment Cleaning Site FMS

14 Fuel Line Spill Site FLS

-- 22 Suspected Fire Training Area Site 22

-- =Considered individually, no zone number
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TABLE S-2

ANALYTICAL PROTOCOL Fn PRASE II, STAGE I SITES

Sample Type
Zone Site and Number (1) Anlytes

-- 8 6 soil TOX, O&C
13 groundwater TOX, TOC, O&G

1 13 9 groundwater TOX, TOC, O&G
2 surface water TOX, TOC, O&C

1 Sites 2,3,4,&5 11 groundwater TOX, TOC, O&G, CN,

pesticides, phenols, metals

15 surface water TOX, TOC, O&C, CN, pesticides,
phenols, metals

2 7 3 soil TOX, O&G
2 groundwater TOX, TOC, O&C

2 1 6 groundwater TOX, TOC, O&G, CN. pesticides,
phenols, metals

9 surface water TOX, TOC, O&G, CN, pesticides,
phenols, metal

3 15 17 soil TOX, O&G, phenols, metal, VOC
16 groundwater TOX, TOC, O&G, p.enols, metal, VOC
2 tank TOX, TOC, O&r, VOC

4 Sites 19,20,21 7 sediment TOX, O&G. metals
13 surface water TOX. TOC, O&G, metals

4 Production 13 groundwater TOX TOC, O&C. metals, VOC
Wells

-- 12 3 sediment TOX, O&G

4 surface water TOX, TOC. O&C
2 groundwater(abandoned TOX, TOC, O&

production wells)

-- 9 7 surface water TOX, O&C
5 groundwater TOX, O&G

5 Sites 6 & 17 8 groundwater TOXTOC, O&C, phenols, metals

13 surface water TOX, TOC, O&C, phenols, metals

-- 10 6 soil O&G, lead
7 groundwater O&G, lead

6 11 4 soil TOX, O&C
2 groundwater TOX, TOC, O&C

6 14 3 soil O&r
3 groundwater O&G

(I) Includes A /QC Samples oX - Total Organic Halogens
O&G - Oil and Grease

- Considered individually TOC - Total Organic Carbon

VOC - Volatile Organic Con1ounds



Each of these formations has unique
lithologic properties which affect the
potential for contaminant migration from
prior disposal sites or areas where
hazardous substances were formerly used.
The unconsolidated deposits overlie bedrock
of metasedimentary origin. The bedrock
underlying Pease AFB also exhibits unique
hydrogeologic properties which affect the
interpretation of former site use.

o Groundwater occurs within all geologic forma-
tions on Pease AFB. Within the unconsolidat-
ed permeable deposits, groundwater occurs
principally under unconfined or water table
conditions. Groundwater flow within the un-
consolidated deposits underlying approximate-
ly two-thirds of the base is to the south
under a gradient of approximately 0.01.

The migration of water quality constituents within a ground-
water flow system is based, in part, on the lithologic
properties of the primary geologic strata underlying a given
site. Groundwater flow velocities, which were computed from
the values of hydraulic conductivity, effective porosity
estimates, and calculated hydraulic gradients at each site,
provide insight into the potential for contaminants migra-
tion from a given site. In general, the sites underlain by
saturated kame plain deposits, such as the FDTA-l, FDTA-2,
FMS, FLS, and portions of IS/PA, possess the highest poten-
tial for migration of water quality constituents attribut-
able to past practices since seepage velocities and total
flow from those sites are concluded to be comparatively
high.

Soil and Water Quality

The following principal conclusions are drawn from the an-
alytical data collected during the Phase II investigation:

o The screening protocols of TOX, TOC, and O&G
used during the Phase II Stage 1 Study do
not provide compound-specific data to identi-
fy the presence and types of priority pollut-
ant compounds suspected at the identified
sites. The screening protocols, in com-
bination with field tests or compound-
specific analyses for priority pollutants,
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Site-by-site conclusions are summarized in Table S-3 which
lists a category for each site, presents the rationale for
that categorization, and references the report subsections
that present supporting evidence for that categorization.

ALTERNATIVE ANALYSIS

Based on the results of the categorization, thirteen sites
fell into Category II, thus requiring further investigation.

Eight investigative alternatives are potentially applicable
for consideration at Pease AFB. These are: 1) additional
sampling at existing monitoring points, 2) expansion of the
current monitoring network, 3) aerial photo analysis, 4) ana-
lyses of receptors, 5) non-destructive testing, 6) soil-gas
testing, 7) groundwater modeling, and 8) other studies such
as aquatic biological investigations.

For each Category II site, an assessment was made of each
available investigative alternative and its applicability to
the given site. Based upon the alternative analysis, specif-
ic recommendations were formulated to match the needs of
each Category II site.

RECOMMENDATIONS

General Recommendations

The TOX, TOC, and O&G analyses have been used as a
screening methodology to indicate the presence of organic
compounds in soil or water. The Stage 2 sampling protocols
should be compound-specific for the parameters of concern.
The recommended analytical protocols may change subject to
review of the Stage 1 Report and the evaluation of
priorities. The multi-level well installations recommended
may also function to assess overall base-wide water quality
with respect to hazardous waste constituents.

Site-Specific Recommendations

Site-specific recommendations for further field investiga-
tions at 13 sites are summarized in Table S-4. Additional
wells should be constructed of the same materials as were
used in the Stage 1 monitoring wells. The analytical
protocols are based on the Phases I and II Stage 1 findings.

Site-Specific Remedial Investigations

The abandoned waste TCE tank at Building 244 within IS/PA,
and the buried drums at LFTS are recommended for "expedited
remedial action"
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It is recommended that the contents of the tank at Building
244 be removed and placed in suitable containers for anal-
ysis prior to disposal, and that the tank be excavated and
disposed with the containerized soil and liquid wastes in
such a manner so as to comply with applicable State and Fed-
eral regulations. The soils in the vicinity of the tanks
should be sampled and tested for volatile organic contam-
inants. Soil-gas testing should be performed to supplement
laboratory test data.

The buried drums at LFTS should be excavated, placed in
suitable "overpack" containers, and removed from the site.
The contents of the drums and the soils beneath the drum
should be sampled and analyzed to fully characterize their
contents prior to their removal from the site. The fully
characterized and containerized wastes should be transported
to an approved waste disposal site capable of accepting the
type of wastes characterized.
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. -.~r:a .. :e !op a worK scope and cost estimate for

J. " rE J a Phase '[ Stage I Problem Confirmation Study
" Pea;, kFB.

ae -. ie 7onerus-)ns f t Phase I Records Search,

e Phase 1 Presurvey Report, and the overall HARM score
- - s 3,sxteen sItes at Pease kFB were recommended for
Pae Stage 7 0rnfirmation Study Investigations. Two

-. es " d *- Phase : Report Site 16: PCB spill site, and

* : ~Mr..iDrns Res.due Bura1 Site were not recommended
"u _d''. Three additional sites Sites 19, 20,

e iee"s - it1n, raf tor. Dit:h, and McIntyre Brook
aere aie i - *ine ",t of sites requiring farther study,

S.:e tDta" to n~neteen sites. An additional
;.e[e.e Kre tra niig area was identified from aerial

>-rp-- T I .r po tie start-up and Stage 1 field
.vt.:,es . Ths new site was named Site 22, and brings to

.7).t . r oer D' s.tes investigated during the Phase "I

*n "r ey report for Pease kFB was submitted by WESTON
.984. [n September 1984, WESTON was issued a new

a or.tract Number F33615-84-:-4400) by USAFOEHL.
f work, dated 30 July 1984, was issued as Task

r-3er 3-1 and aitnorized a Pnase II Stage I study for 19
..- s a Pease AFB. The Task Order was subsequently
re. sen, 9r. 28 November 1984, and 1 May 1985. A new (20th)

0:.e was .dentified during te initial study stages and
.-,>rporat ed into the Phase I1 investigation. A copy of the

'ed 'Tas* K rder 000502) is included herein as Appendix

r 'e-performance meeting, including representatives of
WESTON, SAFOEHL, Pease AFB, and the drilling subcontractor,
:or.Te-c., Inc., was held on 17-18 October 1984 to review the
vOa's of the investigation, to review drilling procedures
ind locations, and to establish the field schedule. Field
aW(or. began on 25 October 1984 and was completed on 27
"anary 1986. Methods, findings, and recommendations for
addi-iona" work based on the results of this investigation
are sammarized n this report.
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1.3 BASE PROFILE

1.3.1 Base History and Current Organization

Pease AFB is located on 4,365 acres of land in the communi-
ties of Portsmouth and Newington in Rockingham County, New
Hampshire. Other nearby communities (within 10 miles) in-
clude Dover, Greenland, New Castle, Rye, and Rye Beach in
New Hampshire, and Kittery and York in Maine. The nearest
major commercial jet airport is located in Boston, 55 miles
to the south. Access to the main entrance to Pease AFB
(Newington Road) is provided via the Spaulding Turnpike
(U.S. Route 4). Figure 1-1 is a location map of Pease
Air Force Base. The current base boundaries are shown in
Figure 1-2.

Pease AFB saw its first military use during World War II
when it was leased by the U.S. Navy. In 1946, the Navy
waived exclusive rights to all but 450 acres of the
facility. The facility was subsequently transferred to the
USAF in 1951. Following a series of USAF inspections, the
present site was chosen for development of an Air Force base
because of its proximity to existing utilities and
availability of good transportation facilities. Inspection
reports also cited the feasibility of the site from the
standpoint of infrastructure, public relations, and
availability of land for expansion. Additional land was
acquired in 1952 and 1953, with construction beginning about
1954 .

in 1956, the 100th Bombardment Wing began operation at the
base, then known as Portsmouth Air Force Base. In February
1956, the 817th Air Division was activated here and was
redesignated the 45th Air Division in 1971, with two more
wings assigned to it. The first B-47 aircraft arrived in
April 1956, and by the end of that year all B-47's and KC-97
tankers assigned to the wing had arrived. In September
1957 , Portsmouth AFB officially became Pease AFB, in honor
of Captain Harl Pease, Jr.

In August 1958, the 100th Bombardment Wing was joined by the
509th Bombardment Wing. In February 1966, the last B-47's
and KC-97's departed the base. The base also lost the 100th
Bombardment Wing to Davis-Monthan AFB, Arizona; however, the
New Hampshire Air National Guard Unit from Grenier Field in
Manchester was assigned to Pease AFB. The 509th Bombardment
wing remained and was re-equipped with B-52 and KC-135
aircraft transferred from Sheppard AFB, Texas.
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In June 1966, the 34th Air Refueling Squadron arrived from

Offutt AFB, Nebraska and in August 1967, the 54th Aerospace

Rescue and Recovery Squadron arrived from Goose AFB,
Labrador. Later in 1967, the 817th Combat Support group was
redesignated the 509th Combat Support Group. In May 1969,
it was announced that the 509th Bombardment Wing would re-
ceive the first two operational squadrons of FB-111A air-
craft. December 1969 marked the redesignation of the 509th
as a Medium Bombardment Wing. On New Year's Day, 1970, the
715th Bombardment Squadron was reactivated. The Wing re-
ceived its first FB-111A on 16 December 1970 and became ful-
ly operational in 1971.

The land and associated facilities of Pease AFB are present-
ly used to support the strategic mission of the base and 15
tenants including the 45th Air Division. The four organiza-
tions that have primary flying missions are the 393rd and
715th Bombardment Squadrons, which are authorized FB-111A
Aircraft, and the 34th (scheduled for inactivation) and the
509th Air Refueling Squadrons which are authorized KC-135
aircraft. The 157th Air Refueling Group, which is a New
Hampshire Air National Guard Unit and a tenant on the base,
also flies the KC-135 aircraft. The primary mission of the
509th Bombardment Wing is to maintain a combat-ready force
capable of conducting long-range bombardment operations.
The primary mission of the 157th Air Refueling Group is to
provide tactical airlift support for airborne forces and oth-
er personnel, equipment, and supplies. The 157th Air
Refueling Group is an operational and training unit.

1.3.2 History of Waste Disposal Operations

Past activities at Pease AFB in support of aircraft mainte-
nance operations have resulted in the generation of small
quantities of hazardous wastes, including spent degreasers,
solvents, paint strippers, and contaminated jet fuels. From
the Phase I report, the total quantity of the above hazard-
ous wastes has been estimated to be 1,500 to 2,000 gallons
per year. In addition, approximately 14,000 gallons per
year of waste oils (engine oils, and petroleum and solvent
wastes such as hydraulic fluid, PD-680, MOGAS, diesel fuel,
and JP-4) and 10,000 gallons per year of reclaimed JP-4 are
generated. Contaminated JP-4 (estimated volumes of 15,000
gallons per year) is used in fire department training
exercises.

Standard industrial waste disposal practices at Pease AFB
have been:

1956-1971 - Fire Department Training Exercises

1971-1982 - Contractor Removal

1971-Present - Contractor Removal through the

Defense Revitilization and
Marketing Office (DRMO)



1971-Present - Contaminated JP-4 Used in Fire
Department Training Exercises

Reclaimed JP-4 Returned to Bulk

Storage

In addition, landfilling of various combinations of wastes
has occurred at six sites within the base boundaries.
Eighteen past disposal or spill sites have been identified
at Pease AFB. Figure 1-3 is a map showing the locations of
these sites. Table 1-1 summarizes disposal practices and
dates of operation for all 18 sites.

Each site was rated by CH2M Hill (1984) during Phase I ac-
tivities in accordance with the IRP Hazard Assessment Rating
Methodology (HARM). The results of these ratings are
summarized in Table 1-2. Sites 17 and 18 were not given a
HARM rating because materials disposed at those sites were
inert and were not considered potential sources of
contamination.

At the time of the presurvey site inspection in May 1984,
three additional sites (designated as Sites 19, 20, and 21)
were identified. These were outfalls from the storm
drainage system located on perimeter drainageways: (Site
19) Newfields Ditch, (Site 20) Grafton Ditch, and (Site 21)
McIntyre Brook. The active base supply wells were included
in a single investigation zone with these three sites. Also
during the presurvey, two sites were eliminated from
consideration for Phase II investigation: Site 16 (the PCB
Spill Site) was eliminated because complete clean-up of
contamination had already been accomplished by the base;
Site 18 (the Munitions Residue Burial Site) was eliminated
because only inert materials were reportedly disposed of at
the site.

A total of nineteen sites were initially investigated in
this Phase II Stage 1 Study. For the purposes of site
investigation, fifteen of the sites were grouped into six
investigation "zonesn; four of the sites were considered
separately. Table 1-3 lists the Phase II sites and shows
how they have been organized for field investigation. Table
1-3 also provides abbreviated designations for the site
names to be used throughout this report. Site locations are
shown in Figure 1-3.

While reviewing aerial photographs prior to the onset of
test pit investigations at the Fire Department Training Area
No. 1 (FDTA-1) and Leaded Fuel Tank Sludge Disposal Site
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Table 1-i

SUIELARl OF PIAS I SIT.-S
DLIPOSAL AIATZ2IALS Ai;D DAT=S OF OPEA.TIOI.

Site No. Site esctripon material Disposed gates of creration

I Lindfill No. I Construction rubble, debris, dstic solid wste, wste 1953 - 1961
oils and solvents, paint striprs, outdated paints and
paint thinners, pesticide containers, 1C wste

2 LAndfill No. 2 Darmtic solid waste, waste oils and solvents, paints. 1960 - 1962
paint strippers and tinners, pesticid containers and
ampty cans

3 landfill No. 3 Similar to Landfill No. 2 1962 - 1963

4 Landfill No. 4 S=ilar to Landfills No. 2 and 3 1963 - 1964

5 Landfill No. 5 Similar to landfills No. 1 through 4, sluge 1964 - 1972
cotairirn = residues 1974 - 1975

6 Landfill No. 6 Similar to Landfills No. 1 through 5, but T 1972 - 1974
not suspect since it was not oomonly used an
base dirinr the operation o Landfill No. 6

Fire D0pt. Train- ote Dis, waste fuels, spent solvets burne 1955 - 1961
ing Area No. 1

Fire Dept. Train- Various L wates, recovered fuels, waste oils, spent 1961 -1971
ing Area No. 2 solvents - som zontainmg IM

9 c :rLk-iion nibble ftse solvents containing -M, construction dezris 1958 - 1959
DZIP NO, I late 1950's - mid-1970's

10 Liand Fuel Tank Rust, wmter, residual fuel and fuel sludges from late 1950's - mid-1970's
Sludge Oispopal larqe AVI.S tanks and bulk fuel storage area
Area

i E ipe t 'tote solvents med to clean new ecripmnt o tnhi Prior tz 1971
.leaning Site protection crmrolene coatinq

azi2itiori Storaqe aste thinners and solvnts, wsmte solvents Prior tc 1980
Area Solvent containinq g
Disposal Site

'3 Bula r../ Storage JP-4 '93
Ara Spills 1'5

1980

14 Pel Line Spill 1959
Site

'5 Industrial Shop Flightt line spills, spent solvent and waste oil 1956 - resent
Farxing Apror. spills, dispa of snp wates into storm sewers

16 B Spill Site ransfarmir oil containir g 1983

2 olatrution Rible Inert construction debris
DUp No. 2

A4 -lunitions Resilue Inrt raaiie
Bur lai Site
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Table 1-2

PRIORITY LISTING OF PHASE I

Ranking Site FARM

No. No. Site Description Rating

1 8 Fire Dept. Training Area No. 2 82

2 13 Bulk Fuel Storage Area Spills 65

3 5 Landfill No. 5 60

3 1 Landfill No. 1 60

5 7 Fire Dept. Training Area No. 1 59

6 12 Munitions Storage Area Solvent 58

Disposal Site

7 9 Construction Rubble Site No. 1 55

8 6 Landfill No. 6 54

9 11 FMS Equipment Cleaning Site 53

9 10 Leaded Fuel Tank Sludge Disposal Site 53

9 14 Fuel Line Spill Site 53

12 4 Landfill No. 4 52

13 2 Landfill No. 2 48

13 3 Landfill No. 3 48

15 15 Industrial Shop/Parking Apron Zone 8

16 16 PCB Spill Site 6

17 17 Construction Rubble Dump No. 2 NR

18 18 Munitions Residue Burial Site NR

NR =NOT RATED
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Table 1-3

SUMMARY OF PHASE II INVESTIGATION SITES

Zone Site Abbreviated
No. No. Site Description Designation

-- 8 Fire Dept. Training Area No. 2 FDTA 2

1 13 Bulk Fuel Storage Area Spills BFSA

2 Landfill No. 2 LF-2

3 Landfill No. 3 LF-3

4 Landfill No. 4 LF-4

5 Landfill No. 5 LF-5

2 7 Fire Dept. Training Area No. 1 FDTA 1

1 Landfill No. 1 LF-1

3 15 Industrial Shop/ Parking Apron IS/PA

4 19 Newfields Ditch

20 Grafton Ditch

21 McIntyre Brook

Base Production Wells

12 Munitions Storage Area Solvent MSA
Disposal Area

9 Construction Rubble Dump No. . CRD 1

5 6 Landfill No. 6 LF-6

17 Construction Rubble Dump No. 2 CRD 2

-- 10 Leaded Fuel Tank Sludge Disposal Site LFTS

6 11 FMS Equipment Cleaning Site FMS

14 Fuel Line Spill Site FLS

-- 22 Suspected Fire Training Area Site 22

-- = Considered individually, no zone number

A-L.



(LFTS), an additional suspected site was identified as Site
22. The site, a possible fire training area, is discussed
with adjacent Site 10 in Sections 3, 4, 5 and 6. The
following subsections provide brief descriptions of each of
the Phase II sites.

1.3.3 Site Descriptions

1.3.3.1 History and Description of Site 8: Fire Department
Training Area (FDTA-2)

Site 8, Fire Department Training Area No.2 (FDTA-2), is a
site located at the northwest terminus of Taxiway D which
was evaluated individually. Figure 1-4 is a location map of
the site. The area is cleared and flat, and consists of a
large circular burn pit, a drainage ditch leading into an
adjacent wooded area, several fuel tanks along the site
perimeter, and two abandoned structures.

The use of this site for fire department training activities
followed the discontinuation of use of the original Fire
Department Training Area (FDTA-1) in 1961, and has continued
to the present. Prior to 1975, the training area consisted
of a gravel-lined burn pit area. A clay-lined burn area and
a drainage system were constructed in 1975. The drainage
system was designed to collect seepage and runoff in a
clay-lined holding basin with discharge to an adjacent
wooded area. An oil/water separator has been planned for
the holding basin, and will be installed in "FY87.'

From 1961 to 1971, burning exercises conducted at this fire
training area were the main method of disposal for various
POL wastes generated on base. Products burned included re-
covered fuels, waste oils, and spent solvents, some of which
probably contained waste trichloroethylene (TCE). These
wastes were reportedly transported to the site by drum or
bowser (portable storage tanks) and dumped onto the training
area. Since about 1971, only recovered JP-4 has been used
for fire training exercises at this site, with other waste
POL products being disposed under a waste removal contract.
Training exercises are currently conducted about twice per
month with 1,000 to 1,500 gallons of recovered JP-4 used per
activity.

A petroleum-like odor is present at the site, and is strong-
er near an area of stained soil and stressed vegetation
which delineates the surface impact of runoff from the burn
pit. This area is approximately located as shown in Figure
1-4.
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The drainage line from the burn area is believed to be func-

tioning improperly, and fuel may periodically flow overland

into the low-lying wooded drainage area. The area of acute
vegetative stress is approximately 20,000 square feet in

size and is not connected by natural surface drainage to
surrounding surface waters.

1.3.3.2 Evaluation Zone 1

1.3.3.2.1 History and Description of Site 13: Bulk Fuel
Storage Area (BFSA)

The Bulk Fuel Storage Area (BFSA) is located in Zone 1
(Figure 1-5) in the northeast corner of the base adjacent to
Portsmouth Avenue. The BFSA consists of three bermed,
above-ground storage tanks containing JP-4 and JP-7 fuel.
Two of these tanks are 55,000-barrel floating roof JP-4
storage tanks; the third is a 12,500-barrel fixed cone roof
JP-7 storage tank. There are also four subsurface tanks
located at the Bulk Fuel Storage Area: 1) a 25,000-gallon
(JPTS) tank, 2) a 25,000-gallon de-icing fluid tank, 3) a
15,000-gallon MOGAS tank, and 4) a 15,000-gallon diesel fuel
tank. Also located within the BFSA are associated support
buildings, header pipes and fillstands. Two 10-inch
diameter supply pipes enter the BFSA from the northern
perimeter of the site and exit from the southern perimeter.
The entire facility is enclosed by chain-link and barbed
wire fencing.

The BFSA is predominantly flat with some surface runoff to
wetlands north and south of the facility. Railroad tracks
run along the north and east sides of the site, and a rail-
road siding enters the site from the east (Figure 1-5).

Throughout its history, a number of fuel spills have
occurred at the BFSA. In 1963, a ruptured drain line result-
ed in the loss of an undetermined amount of fuel from a b1'K
storage tank. One Phase I interview estimated that ap t-
100,000 gallons spilled into the diked area surrounding tne
tank. Most of the spilled fuel was recovered. In 1980, a
small leak was discovered from the same tank. Less -nan
1,000 gallons of fuel were estimated lost before the LeaK
was repaired. In 1975, a loss of an estimated several
thousand gallons of fuel occurred at the Bolk Fuel Storage
Area due to a corroded vent in the fuel transfer line iv
Building 160 (Phase I Report, 1984).
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'.3.3.2.2 History and Description of Site 2: Landfill No.
2 (LF-2)

Landfill No. 2 (LF-2) is a three-acre site located in Zone 1
along Portsmouth Avenue near the skeet range. It was used
for the disposal of domestic solid wastes, waste oils and
solvents, paints, paint strippers and thinners, pesticide
containers, and various empty cans and drums (Phase I
Report, 1984) from 1960 to 1962. The method of disposal was
to excavate trenches to maximum depths of six to eight feet
(or to bedrock), deposit the wastes, and cover with native
fill.

The topography of the site is gently rolling with surface
drainage generally flowing westward toward a drainage ditch
which parallels the railroad tracks and subsequently dis-
charges into Flagstaff Brook (Figure 1-5).

1.3.3.2.3 History and Description of Site 3: Landfill No.
3 (LF-3)

Landfill No. 3 (LF-3) is a site covering an area of
approximately two acres, situated in Zone 1 off Portsmouth
Avenue south of LF-2 and north of the Bulk Fuel Storage Area
'Figure 1-5). The site was in operation from 1962 to 1963
following the closure of LF-2. LF-3 received wastes similar
in nature to those disposed of at LF-2, and disposal was
also by trench method.

The topography around LF-3 is flat to gently sloping with de-
pressions containing some wetland areas. Surface drainage
is predominantly toward the southwest and subsequently to
Flagstone Brook via the drainage ditch along the railroad
tracks. The area is now heavily wooded.

1.3.3.2.4 History and Description of Site 4: Landfill No.
4 (LF-4)

Landfill No. 4 (LF-4) is approximately seven acres in size
and is located in Zone 1 in the northeast corner of the
base, southwest of Merrimac Drive. It was operated
subsequent to LF-3 from 1963 to 1964, and the mode of
operation and materials received were essentially the same
as for Landfills No. 2 and 3. The location of LF-4 is
illustrated in Figure 1-5.

The site topography is flat with gentle to moderate (<10
percent) slopes along the east and north perimeters.
Surface drainage is to the east toward Flagstone Brook.
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Following periods of heavy rain, leachate has been observed
flowing north to Merrimac Drive, then east along the
pavement toward Flagstone Brook. The site is bounded on
three sides by mixed pine and hardwood forests.

1.3.3.2.5 History and Description of Site 5: Landfill No.
5 (LF-5)

Landfill No. 5 (LF-5) occupies 23 acres of land in Zone 1 be-
tween the northeast aircraft parking apron and the BFSA
(Figure 1-5). It was the major base landfill from 1964 to
1972 and from 1974 to 1975. The mode of operation was
trench and fill, similar to the other smaller landfills in
the area.

Materials disposed of at LF-5 included domestic solid waste,
waste oils and solvents, paints, paint strippers and thin-
ners, pesticide containers, and various empty cans and
drums. in addition, the landfill received an estimated
20,000 gallons of sludge from the industrial waste treatment
plant (Building 226). According to the Phase I Report
(1984), trichioroethylene (TCE) was used in the main shop ar-
eas served by the industrial waste treatment plant, and the
sludge may also have contained TCE residues. Parts of the
site are currently used for stockpiling of sand, gravel, and
wood chips. It is also used as a dumping area for grass
cuttings.

The site is relatively flat (<5 percent slopes) and open
with mixed hardwood and pine forests around the perimeter.
Drainage is radial in nature with the bulk of the surface wa-
ter runoff eventually reaching Flagstone Brook.

1.3.3.3 Evaluation Zone 2

1.3.3.3.1 History and Description of Site 7: Fire
Department Training Area No. 1 (PDTA-l)

The original fire department training area is located in
Zone 2 (Figure 1-6) west of the northern end of the runway.
It was operated from 1955 to 1961. Presently, it includes
a circular gravel area approximately 300 feet in diameter
with a burn area approximately 100 feet in diameter located
in the center of it. Vegetation is absent in the burn area
and is sparse in the surrounding area. No indications of
oil residues or recent use were found during the Phase I or
presurvey site visits.
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Waste fuels, waste oils, and spent solvents were burned at
this site. The volume of wastes burned over the 6-year life
of the area was estimated to be 120,000 to 200,000 gallons,
with waste fuels accounting for the bulk of material (Phase
I Report, 1984).

The site is flat and is situated in a gravel borrow area
with steep gravel banks along the western perimeter and no
obvious surface drainage pathway.

1.3.3.3.2 History and Description of Site 1: Landfill No.
1 (LF-I)

Landfill No. 1 (LF-l) is located in Zone 2 west of the north-
ern end of the runway and between the east side of Upper
Peverly Pond and McIntyre Road (Figure 1-6). Landfill No. 1
was the original base landfill and was operated from 1953 to
1961. The site is situated on a westward trending slope; it
developed as refuse was dumped and pushed down the slope,
forming a terrace. It is approximately 7 acres in size.

Originally, the landfill received construction rubble and de-
bris from base construction. During base operation, other
materials disposed of here included domestic solid wastes,
shop wastes, waste oils and solvents, paint strippers, out-
dated paints, paint thinners, pesticide containers, and var-
ious empty cans and drums. The Phase I Study reported that
waste solutions from the on-base cadmium plating shop may
have been placed in drums and disposed of here, and since
TCE was used on the base during the operation of this
landfill, TCE waste was probably disposed of here.

The terrace-like landfill roughly parallels McIntyre Road
and slopes steeply toward the north and west at the perim-
eters. Much of the site is overgrown with dense underbrush.
Surface drainage eventually flows toward Upper Peverly
Pond.

1.3.3.4 Evaluation Zone 3

1.3.3.4.1 History and Description of Zone 3, Site 15:
Industrial Shops/Parking Apron (IS/PA)

Zone 3 consists of Site 15, an area containing most of the
flightline shops, aircraft hangars, and airrraft parkinq
apron-refueling areas. Figure 1-7 illustrates Site 15.
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Since the activation of Pease AFB, Site 15 has historically
been an area of numerous, small flightline spills, spent
solvent and waste oil spills, and former discharges of
shop-generated wastes into storm sewers. Some specific
spill incidents or waste disposal practices noted in the
Phase I Report (1984) are listed below:

o The effluent from the industrial waste treat-
ment facility (Building 226), operational
since the late 1950's, was discharged in ear-
ly years to the storm drainage system, which
ultimately discharges to McIntyre Brook and,
thence, to Great Bay. An oil/water sep-
arator system was installed on this drainage
system in 1974.

o Various waste oils, hydraulic fluid, diesel
fuel, JP-4, waste paints, spent solvents (in-
cluding TCE), paint strippers, and paint
thinners were directly discharged to storm
drains, washrack drains, sanitary sewers, or
disposed of on the ground outside of generat-
ing facilities. Spillage from oil/water sep-
arators, and overfilling of bowsers and
55-gallon drums also resulted in waste flu-
ids being deposited on the ground or in near-
by surface drainage ditches and streams.

Waste TCE was collected in underground stor-
age tanks located at Buildings 113 and 244.
These tanks (1,200 gallons each) were used
from 1955 through 1965 to store waste TCE
from vapor degreasers used in the mainte-
nance of B-47 weapons systems. One tank
Building 113) was found to contain 1,000
gallons of waste TCE during a 1977 survey.
The other tank (Building 244) was found to
be empty and may possibly have been leaking
(Phase I Report, 1984). These tanks are lo-
cated relatively close to the Haven well, a
base supply well which, in 1977, was found
to be producing water contaminated with TCE.
TCE usage on the flightline and associated
shops was probably highest from 1Q56 to 1966
when B-47 air:raft were stationed at Pease
AFB.
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o Oil mixed with solvent wastes were
reportedly used in past years as a dust
palliative on dirt roads in the vicinity of
the industrial shop area.

o The most significant fuel spill reported on
the flightline was the release of an estimat-
ed 3,000 gallons of JP-4 in the early 1970's
due to the rupture of a tanker aircraft
wing. Smaller spills (less than 100 gal-
lons) have occurred periodically on the
flightline throughout its operational life.
Recent excavation of soil for a septic tank
leach field in the vicinity of Building 222
revealed fuel-saturated soils in that area.

The topography of the site is flat. Drainage from the area
is achieved through a network of storm drains and drainage
ditches. Much of the area is paved, which results in high
rates of runoff.

1.3.3.5 Evaluation Zone 4

1.3.3.5.1 History and Description of Zone 4: Sites 19,
and 21 (Storm Drains)

Zone 4 includes the base storm drain system, various drain-
age ditches, and the base production wells. Figure 1-8
shows the storm drain system and the location of the three
ditches of interest:

Site 19 - Newfields Ditch
Site 20 - Grafton Ditch
Site 21 - McIntyre Brook

Stormwater runoff at Pease AFB is collected in an extensive
system of catch basins and is directed through subsurface
drains to various receiving streams and ditzhes which ulti-
mately discharge to either Great Bay or the Piscataqua
River. The Phase I report (1984) lists five separate receiv-
ing streams or ditches: Flagstone Brook, Pauls Brook,
Hodgson Brook, Twin Brook, and the so-called "Receiver Site"
(also know as McIntyre Brook). The major discharge points
of the storm drainage system are regulated by the New Hamp-
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shire Water Supply and Pollution Control Commission
(NHWS&PCC) under NPDES Permit No. NH0001643. Since the
storm drain system collects most of the runoff from the
flightline shop area, runway, and the aircraft parking area,
concern has been expressed by the NHWS&PCC about its impact
on local water quality. The Phase I Report (1984) states
(from interviews with base personnel) that waste TCE was
disposed of in the industrial area storm drains which
discharge to Great Bay.

Flagstone Brook flows in a northerly direction from the
north end of the aircraft parking apron at the confluence of
two storm drains. These storm drains carry the runoff from
the north section of the parking apron. Flagstone Brook con-
tinues north, flows beneath Merrimac Road, through a series
of concrete oil separators and spillways, and eventually dis-
charges to Little Bay. It has been included in Zone 1 for
the Phase II investigation.

Pauls Brook drains an area in the vicinity of the Bulk Fuel
Storage Area and flows northeasterly to discharge into the
Piscataqua River. It has been included in Zone 1 for the
Phase II investigation.

Hodgson Brook drains much of the eastern portion of the base
and flows southeasterly, beneath Interstate Route 95, and
discharges to the Piscataqua River via North Mill Pond in
Portsmouth. Newfields and Grafton Ditches, which are dis-
cussed below as Sites 19 and 20, are tributaries of Hodgson
Brook, joining it just outside the base boundary adjacent to
Routes 4 and 95, respectively.

The Newfields Ditch, Site 19, flows through Site 15, the
Industrial Shop Parking Apron Area, to the east where it
joins Hodgson Brook. The brook, which is culverted through
part of its length, receives overland flow as well as storm
runoff from numerous drains in the industrial shop area and
through the base housing area.

Grafton Ditch, Site 20, receives storm runoff from the south-
eastern section of the industrial shop and housing areas,
and flows toward the southeast and its confluence with
Hodgson Brook.

McIntyre Brook begins at the Receiver Site where a 108-inch
storm drain and a 32-inch storm drain discharge. The larger
pipe handles runoff from most of the runway and aircraft
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parking apror areas. The smaller pipe handles runoff from
the southwestern side of the northwest/southeast runway. A
portion of the discharge is routed through an oil/water sep-
arator before flowing into McIntyre Brook. The brook exits
the base to the west and flows to Great Bay.

1.3.3.5.2 History and Description of the Active Base
Supply Wells

Figure 1-9 shows the locations of active water supply wells
at Pease AFB. A summary of pertinent data for these wells
is provided in Table 1-4. Figure 1-10 is a diagrammatic log
of the Smith well. The Haven and Harrison wells are simi-
lar in construction.

The main supply wells for the base (the Haven, Smith, and
Harrison wells) are screened in ice-contact deposits to to-
tal depths between 46 and 67 feet. Well yields range from
225 gallons per minute (gpm) in the Harrison well to 800 gpm
in the Haven well. Together, they supply approximately one
million gallons per day (mgd) to the base. The two
Munitions Maintenance Squadron (MMS) wells and the Loomis
wells are remote wells not connected to the main supply
system; they were drilled through till into bedrock, and
were finished as open holes in bedrock. Yields in these
wells are significantly lower, ranging from 15 to 29 gpm.

Following complaints of taste and odor problems in the base
drinking water supply in 1977, a study was initiated to iden-
tify and quantify contamination in the base supply wells. As
an interim action, increased pumpage from Harrison and Smith
wells was added to the Haven well water to dilute the
contaminant concentrations to meet drinking water standards.
Additional details on results of earlier investigations are
given in Subsection 1.5. Trichloroethylene (TCE) was found
to be the principal contaminant; it was found at a maximum
level of 391 parts per billion (ppb) in the Haven supply
well, and at 28.5 ppb in the Harrison well. Several other
volatile organic halocarbons were also found, generally at
levels one order of magnitude lower than TCE. In 1984, the
wells were equipped with an aeration/carbon absorption
treatment system designed to strip volatile organic
compounds from groundwater supplied from the Haven,
Harrison, and Smith wells.
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1.3.3.8 Evaluation Zone 5

1.3.3.8.1 History and Description of Site 6: Landf.. No.
6 (LF-6)

Landfill No. 6 is located in Zone 5 (Figure 1-13i, in tie
southeastern part of the base, directly souti of Facility
94. It is approximately seven acres in size.

Operated from 1972 to 1974 in a trench and fill mode (simi-
lar to other base landfills), the site received construction
rubble debris, domestic solid wastes, waste solvents, and
paint strippers and thinners. TCE-contaminated materials
are not suspected to be present here since TCE was not
commonly used at the base during the period of operation of
Landfill No. 6.
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The area is bordered along the east and soj' h r)y' r
swamps, wetlands, and wooded areas. The 'opoqraphy .s fla,
along the eastern boundary, rising to the west towar t 1-
site which is located on a topographic high. Grafton Dit-h
flows between LF-6 and CRD-2 toward its confluence with
Hodgson Brook. The 1956 USGS 7.5 minute Portsmouth
Quadrangle topographic map shows a small pond located to *tie
north and west of the sites; the pond has been filled ani
currently, this area is primarily wooded with shrub swamps.

1.3.3.8.2 History and Description of Site 17: Construction
Rubble Dump No. 2 (CRD-2)

Site 17 is located in Zone 5 adjacent to Site 6 (Figure
1-13). No hazardous substances were reported to ',ave been
disposed of here; however, during the Phase II presurvey
site visit, drums were visible in the debris. Also a stream
flowing through the site was affected by a blue-green algal
growth. The site is currently receiving asphalt ind
concrete rubble, as well as gravel borrow.

1.3.3.8.3 History and Description of Site 10: Leaded Fuel
Tank Sludge Disposal Site (LFTS)

The location of Site 10 is shown in Figure 1-14. It is
located directly southwest of the TVOR Facility (Building
10804). The area is characterized by a relatively fiat
ground surface, tall grasses, and few small trees.

Site 10 was used from the late 1950's to mid 1970's for the
disposal of sludges cleaned from the large AVGAS tanks locat-
ed in the Bulk Fuels Storage Area. The use of AVGAS was dis-
continued in 1978. Before this, the tanks were inspected
every 3 years and cleaned as necessary. Sludge cleaned from
the tanks consisted of rust, water, residual fuel and fuel
sludge, and material derived from sandblasting the tank inte-
riors. Approximately 50 gallons of sludge were generated
per tank cleaning. In early years, this sludge was drummed
and buried at Site 10. In subsequent years, it was spread
on the ground surface and allowed to weather as reported in
the Phase I Report (1984).

1.3.3.9 Evaluation Zone 6

1.3.3.9.1 History and Description of Site 11, FMS
Equipment Cleaning Site (FMS)

Site 11, the FMS Equipment Cleaning Site (FMS), is located
in Zone 6 (Figure 1-15). Prior to 1971, this site was used
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for the disposal of spent solvents used to clean new
equipment of their protective cosmolene coating. Except for
a 100-square foot area of stressed vegetation, there is no
obvious evidence of adverse impacts as a result of past
waste disposal practices.

Site 11 is situated on the flat to gently sloping area adja-
cent to the northeast aircraft parking apron and the north-
ern end of taxiway D. Drainage from Site 11 is generally
toward taxiway D to the southwest.

1.3.3.9.2 History and Description of Site 14, Fuel Line
SPill Site (FLS)

In 1959, snow removal equipment ruptured a protruding vent
line from the main underground fuel line, located northwest
of Building 259 in a grass area adjacent to the northern pe-
rimeter of the aircraft parking apron (Figure 1-15). The re-
sulting fuel loss was estimated to be at least 10,000 gal-
lons. Most of the fuel reportedly either evaporated or was
flushed with water into the storm drainage system (Phase I
Report, 1984).

Drainage from Site 14 is to the northeast toward Flagstone
Brook. Although no visual evidence of a major spill was
apparent at this site, small patches of stressed vegetation
along the parking apron were noted. These were evaluated
during the course of the Phase II investigation.

1.4 CONTAMINATION PROFILE

Historically most of the wastes containing hazardous materi-
als have been generated at Pease AFB by industrial aircraft
maintenance or overhaul missions. Waste fuels and oils from
normal base operations, and waste solvents from cleaning and
painting operations are the primary wastes of concern. Lead-
ed fuel sludges from storage tanks or tank cleaning opera-
tions also were generated in the past in relatively small
quantities (approximately 50 gallons every three years).

From 1953 through 1971, an unknown quantity of industrial
wastes was disposed of at each of six base landfills. Some
potentially hazardous wastes were allegedly disposed of at
each of two construction rubble dumps. In addition, un-
known quantities of waste fuels, oils, and solvents were
allowed to soak into the soil prior to and during fire de-
partment training exercises at two fire training areas.
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Table 1-1l provides an historical summary of activities at
the six landfills and two confirmed fire training areas.
Disposal of leaded fuel sludge wastes reportedly took place
from the late 1950's through the mid-1970's at a site near
the TVOR site (Building 10804). other possible sources of
contamination include: a major fuel spill on the northeast
aircraft parking apron in 1959; fuel leaks of varying
quantities at the Bulk Fuel Storage Area; and leaking
underground storage tanks and waste disposal practices in
the flightline and industrial shop areas.

In 1977, complaints of odors and tastes in the base drinking
water prompted an investigation described below (Subsection
1.5) which revealed contamination of groundwater by tri-
chloroethylene (TCE) and four other volatile organic com-
pounds. To date, the exact source or sources of these
contaminants have not been identified; however, several
potential sources have been considered, including the base
storm drain system, buried waste TCE tanks in the shop area
and activities at the Fire Department Training Area No. 2.

Based on the Pease AFB Phase I Records Search, the key
chemical parameters of potential concern are: volatile organ-
ic compounds (VOC), pesticides, phenols, cyanide, oils and
greases, and selected metals. To develop an initial determi-
nation of the extent to which past operational, storage, and
disposal practices have adversely impacted the environment,
soils, sediments, groundwater, and surface water in and
around the various sites have been sampled and analyzed.
Due to the number of sites to be evaluated, and in an effort
to make the initial IRP evaluations more cost-effective, the
Air Force selected a limited number of analytical indicator
parameters, such as Total Organic Carbon (TOC), Total
Organic Halogens (TaX), and selected other parameters. The
details of the field work accomplished are described in
Section 3 of this report.

1.5 FACTORS OF CONCERN

Several factors influence the potential for environmental
impact of the specific sites identified for investigation in
Phase II. These factors influenced the design of the scope
of work, and the reader should be aware of them in reviewing
the methods and evaluating the results of this
investigation.

1.5.1 Existing on-Base Groundwater Contamination

Taste and odor problems in the base drinking water supply
were first noted in 1977. Locations of production wells
affected are shown on Figure 1-16. These complaints
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prompted two parallel investigations, one by the U.S.
Geological Survey (USGS) to determine the hydrogeologic
setting and the extent of contamination (Bradley, 1982), and
the other by the USAFOEHL to determine past usage of TCE on
base and potential sources of groundwater contamination
(Pontier and Christensen, 1977).

The USGS study concluded that the minimum zone of ground-
water contamination included 250 acres in the vicinity of
the Haven well in the industrial shop/parking apron area.
Based on test hole sample results, levels of TCE in ground-
water throughout the area were found to be on the order of
150 ppb (Bradley, 1982,). The USAFOEHL study concluded that
large volumes of TCE had been used at Pease AFB prior to
1973, and that usage was particularly heavy during the
period from 1956 to 1966 when B-47 aircraft were stationed
at the base. No single source of TE was identified in
either investigation, although the following sites were
considered as probable contributing sources:

o Exfiltration from the storm drainage system
which serves the flightline industrial
shops, parking apron, and runway areas. The
main 108-inch storm drain passes through the
Haven well area.

o Underground collection tanks for waste TE
at Buildings 113 and 244.

o Fire Department Training Area No. 2 (FDTA-2,
Site 8), which is located upgradient from
the Haven well: mixed POL and solvent wastes
were dumped and burned at the site.

The concentrations of TCE in the base supply wells have de-
creased since 1977, and are generally below 10 ppb at the
present time. This indicates that either the principal
source(s) are no longer actively contributing significant
quantities of TOE to groundwater, or that groundwater flow
through the ice-contact deposits is sufficient to
significantly dilate current contributions. The main lase
supply wells are constructed in the ice-contact deposits,
the most permeable aquifer materials in the area. Both
recharge rates and contaminant travel times are rapid in
"ese materials. For this reason, tIe supply' wells remain

n 1ghy vulnera leo to potential sources of 7ontamlnat or
wh1i -, ' co-e AIl ve :ontriDutors of contaminantF"

o n wat.



".5.2 Off-Base Groundwater Resources

Groundwater is withdrawn in areas immediately adjacent to
the base boundary for private drinking water supplies. In
particular, several residences in Newington outside the
northern base boundary depend on private supply wells for
drinking water. Additionally, there are some industrial and
public water supply wells remotely located south of the base
boundary in the City of Portsmouth. These supplies may be
potentially threatened by groundwater contamination originat-
ing within the area of Pease AFB, although the degree of
risk varies depending on the nature of the potential source
and the environmental setting. Considerable emphasis in
this investigation has been placed on defining source areas
and environmental conditions, such as soil type, aquifer
materials and permeability, and direction of groundwater
flow beneath each site, to further evaluate the potential
for contaminant migration from each site via the groundwater
medium.

1.5.3 Surface Water Resources

The other most likely medium besides groundwater for contam-
inant migration at Pease AFB is surface water. Water qual-
ity in base ditches and streams may be affected by
contributions from two sources: direct surface discharges
from storm drains, and groundwater discharge from shallow
groundwater flow zones; both sources could potentially be
contributing contaminants to the surface drainage system.
Surface water bodies (including Upper and Lower Peverly
Ponds), used for recreational purposes both on and off-base,
are potentially threatened by contamirants carried in
sirface streams. The ultimate surface water receptors for
Pease AFB are Great and Little Bays and the Piscataqua
iv:er, an extensive tidal and riverine estuary used for
recreational purposes and shellfish harvesting.

1.6 PROJECT TEAM

The Phase II Stage I Confirmation Study at Pease AFB was
-ondacted by staff personnel of ROY F. WESTON, INC., and was
managed through WESTON's regional office in Concord, New
Hampshire.
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1.6.1 WESTON Personnel

The following personnel served lead functions in this
project:

PETER J. MARKS, PROGRAM MANAGER

Corporate Vice President, M.S. in Environmental Science, 18
years experience in laboratory analysis and applied environ-
mental sciences.

FREDERICK BOPP, III, PH.D., P.G., CONTRACT MANAGER (Until

April 1985)

Manager of the Geosciences Department, Doctor of Philosophy
(Ph.D.) in Geology and Geochemistry. Registered
Professional Geologist (P.G.), over 8 years experience in
hydrogeology and applied geological sciences.

KATHERINE A. SHEEDY, P.G., CONTRACT MANAGER (After April
1985)

M.S. in Geology, Registered Professional Geologist, 11 years
experience in hydrogeology and environmental geology.

RICHARD L. KRAYBILL, P.G., PROJECT MANAGER

Regional Geologist for New England, M.S. in Geological

Sciences, over 14 years experience in applied geology and
hydrogeology.

WALTER M. LEIS, P.G., GEOTECHNICAL QUALITY ASSURANCE

OFFICER

Corporate Vice President, M.S. in Geological Sciences,
Registered Professional Geologist, over 10 years experience
in hydrogeology and applied geological sciences.

EARL HANSEN, PH.D., LABORATORY MANAGER

Ph.D. in Chemistry, 13 years experience in environmental con-
sulting and project management; over 5 years of laboratory
management and QA/QC experience related to inorganic and
organic analyses of soil, water, air and waste sludges.
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APTER NULTON, Ph.D., MANAGER OF ORGANIC LABORATORY

in Biochemistry, 14 years analytical experience in

,anic analyses using GC and GC/MS techniques; 7 years envi-

:-,-mental chemistry consulting experience.

iLENN SMART, PROJECT GEOLOGIST

Pp4i.nal geohydrologist for New England, B.S. in Hydrology

-n over 8 years experience in water resource and hazardous
4,ise site investigations. Field work conducted since 1984.

-- :feissional profiles of these key personnel, as well as oth-

• D roect personnel, are contained in Appendix C.

Subcontractors

--- -s were excavated by personnel of Robinson Construc-
7Dmpany of North Hampton, New Hampshire. All well

.nz and installation was performed by Contec, Inc., of
71, New Hampshire.

wEPOPT ORGANIZATION

- n the Pease AFB Phase II Stage 1 report is
sections as follows:

.or i: An introduction to the Installati.

Restoration Program and brief histories
of the base and activities at the sites
of interest.

A discussion of the environmental set-
ting of the base and surrounding areas.

A iescript >n of the field activities
.:.erformed.

A liscussion of the results and conclu-
ns drawn from the field activities

i-wi Iaboratory analytical data.

-'w of available site-specific
. " and investigative alternatives.

lai -i. ns for future investigation



volume II of the Phase II Stage 1 report contains the
following thirteen Appendices:

Appendix A: Acronyms, Definitions, Nomenclature,
and Units of Measurement

Appendix B: Task Order, Statement of Work

Appendix C: Well Construction Summaries, Boring
Logs and Hydraulic Conductivity Test
Results

Appendix D: Well Numbering System

Appendix E: Field Raw Data

Appendix F.l: Sampling and Quality Assurance Plan

Appendix F.2: Analytical Methods and Required
Detection Limits

Appendix G: WESTON Chain-of-Custody Forms

Appendix H: Laboratory Analytical Reports

Appendix I: Federal and State Water Quality and
Human Health Standards Applicable in
the State of New Hampshire

Appendix J: References

Appendix K: Professional Profiles of Key Personnel

Appendix L: US Air Force Form 2752

Appendix M: Site Safety Plan.
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SECTION 2

ENV IRONMENTAL SETTING

2.1 CLIMATE

Pease AFB, situated in Rockingham County, New Hampshire,
experiences a continental climate typical of the northern
New England coast. Prevailing winds in the area are from
the west. Frequent sea breezes off the Atlantic Ocean tend
to modify continental-type temperatures (SCS, 1959). The
mild summers have daytime highs typically reaching the upper
70's with nighttime lows in the upper 50's to 0low 60's (CH2M
Hill, lgB4). Summer highs of up to 1000 F have occurred
with 101 F being the recorded high. Winters are long and
cold with daytime average highs reaching into the low to mid
30's and dropping to the upper teens at night. Subzero
temperatures are not unc8mmon; the lowest recorded
temperature at the base is -13 F (Phase I Report, 1984).

The mean annual total precipitation of 43.9 inches is spread
relatively evenly throughout the year, varying from a mean
monthly low of 2.7 inches in August to a high of 4.9 in
November. Mean annual lake evaporation is approximately 25
inches per year, which results in an annual net
precipitation of 19 inches (Phase I Report, 1984).

The major storms of record in this area are the occasional
hurricanes that move up the coastline and the more frequent
"northeasters," winter low-pressure areas that move north
along the coast generating strong northeast winds bringing
heavy precipitation and high tides. Table 2-1 summarizes
the meteorological data for the area.

2.2 PHYSICAL GEOGRAPHY

Pease AFB is located in the seaboard lowlands section of the
New England Physiographic Province. The region,
characterized by smooth plains with low, rounded hills, is
bordered on the east by the Atlantic Ocean and on the west
by the New England upland section. The base (shown in
Figure 2-1) is located in Rockingham County, between the
City of Portsmouth and the Towns of Newington and Greenland,
approximately in the center of a peninsula of land bordered
on the west and north by Great and Little Bays and on the
east by the Piscataqua River.
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Elevations range from a high of 100+ feet National Geodetic
Vertical Datum (NGVD) at the northwest end of the runway to
sea level at Great Bay on the western base boundary. The
natural glacially formed land surface has been extensively
altered by construction of runway and support facilities.
Much of the original undulating topography has been leveled,
wetlands have been filled, and stream channels have been
altered and confined to storm drain systems and culverts.

2.3 SURFACE DRAINAGE

The peninsula on which Pease AFB is located lies within the
Piscataqua River drainage basin. The river drains approxi-
mately 1,020 square miles of southern Maine and southeastern
New Hampshire. The Piscataqua River is a 13-mile tidal bay
fed from the confluence of the Salmon Falls and Cocheco
Rivers which enter from the north and northwest. It flows
along the northeastern edge of the peninsula and discharges
to the Atlantic Ocean.

Great and Little Bays, located west and north of the base,
comprise a tidal estuary and cover over 10 square miles.
They are fed from the Exeter River to the south, the Lamprey
and Oyster Rivers to the west, and other minor tributaries.
Little Bay drains to the Piscataqua River at the northern
tip of the peninsula.

The Bays and the Piscataqua River are tidal in nature and
are subject to the associated daily water-level fluctuations
and to the flushing effects of tidal currents entering and
exiting the estuaries on a twice daily basis. Surface
drainage from the base is radial with the western and
northern sections discharging to the Bay area, the eastern
portion discharging toward the Piscataqua River, and the
southern portion draining toward Great Bay to the southwest.

Construction of the runways, parking areas, support
buildings, and base housing has resulted in major
alterations in the natural flow regime. Storm water runoff
is routed through storm drains, culverts, and drainage
ditches (Figure 2-2). Most of the runoff from the runway,
flightline shop area, and parking apron passes through an
oil/water separator before being discharged to the west to
McIntyre Brook and ultimately to Great Bay.
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rhe s1 ci ssociat ions at Pease AFB are numerous and varied,
.ri d If iect the compex geologic history of the region.
Recent inpublished soil series maps, completed by the USDA

oi. ionservation Service, show much of the base as being
,overed by "urban land" (developed land with disturbed
soils I. Previous work in the area (SCS, 1959) shows native
soils in this area ranging from marine and glaciolacustrine
derived silty clay loam associated with till and clay
Jeposi ts to excessively drained glaciofluvially derived
oamy sands associated with glacial or marsh and ice-contact
deposits. Table 2-2 lists the soil permeabilities and
average depth to water table for the soils found at the
Phase 11 sites .

2.5 SURFICIAL GEOLOGY

Pease AFB is situated In the coastal lowlands of south-
eastern New Hampshire. During the Wisconsin Stage of the
Pleistocene Epoch (approximately 10,000 to 15,000 years ago)
the entire region was covered by a vast continental glacier.
The ice sheet advanced southward, scouring existing sur-
ficial deposits from the bedrock and depositing new material
in the form of glacial till and stratified drift. The
glacial till is an unsorted, unstratified mixture of clay,
silt, sand, and gravel, and occurs as either basal till
(dense deposits smeared over the bedrock surface by the
weight of the ice), or as ablation till (unsorted glacial de-
bris entrained within the ice and deposited as the ice melt-
ed). Stratified drift is water-borne material deposited in
well-sorted layers, often in contact with the glacial ice.

At Pease AFB, the advancing glacier deposited a thin, discon-
tinuous layer of till over the bedrock. Subsequently, melt-
water from the receding glacier laid down stratified drift
as a flat-topped, coarse-grained deposit known as a kame
plain. This kame plain, or ice-contact plain, exists today
as a linear feature trending northwest and sloping at ap-
proximately 30 feet per mile toward the southeast. As the
ice sheet melted, sea level rose, inundating low areas and
forming shallow estuaries where marine clays were deposited
and interfingered with deposits of till and stratified
drift. When the massive weight of the ice was removed, the
land surface began to rebound, rising to its current eleva-
tion. More recently, marsh deposits have been laid down in
Great and Little Bays and streams have reworked glacial
deposits producing the conditions found today. Figure 2-3
shows the approximate distribution of surficial materials on
the base as previously mapped (Tuttle).
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'.6 BEDROCK GEOLOGY

Pease AFB is jnderla'n vy metased~mer tirv bedrock at iept s
-anging from 0 to over 100 feet Bedr)ck beneat i tne
flightline occurs at 55 to 80 feet below g:ound surface
The bedrock formations underlying Pease A.FB are the Kitterv
and Eliot Formations Fiqgure 2-4 . m liIngs 1980' placed
tie age of the format Ins at approximately 420 m111ion years
(Silurian Period ) ; more recent data suggest that the rock
may be pre-Silurian tCotton, 1983, in: CH2M Hill, 1984'
The two formations were mapped and described by Novotny

1969). He described the ElIot Formation as:

"dark gray slate; dark gray to dark green phyllite, com-
monly dolom1t1c; light to dark gray to black biot te
schist, quartz biotite schist, and feldspathic quartz-
biotite schist; massive, light gray to light gray-
green, fine-grained quartzite, in part feldspathic, in
part dolomitic; light gray-green to brown, fine- to
mediam-grained, lime-silicate rock, containing
actinolite.

Novotny described the Kittery formation as follows:

"dark gray slate; dark gray-green to silvery gray phyl-
lite; fine- to medium-grained, finely laminated to
massive, poorly- to well-foliated quartz-biotite
schist, biotite-sericite schist, and feldspathic quartz-
biotite schist, commonly calcareous and actinolitic;
light gray-green to dark gray, well-bedded to massive,
fine-grained quartzite and feldspathic quartzite; thin-
bedded to massive, medium-grained, light gray to light
gray-green lime-silicate rock."

As mapped by Novotny (1969) the contact between the two for-
mations essentially bisects the base from southwest to north-
east (Figure 2-4). Figure 2-5 is a geologic cross-section
drawn perpendicular to the contact.

Both bedrock formations are low to medium-grade metamorphic
rocks that have been faulted and folded by as many as three
mountain building episodes. Predominant bedrock structures
in the region trend northeast-southwest (Figures 2-4 and
2-6), resulting from torsional, tensional, and compressional
forces predominantly from the southeast. The Portsmouth
Fault, a nearly vertical normal fault approximately two
miles southeast of the base, trends northeast-southwest and
forms the boundary between the Silurian formations described
above and younger Ordovician-age metasedimentary and meta-
volcanic rocks (Novotny, 1969).
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Pease AFB lies just southeast of the axis of the Great Bay-
Syncline, which trends northeast-southwest and is approxi-
mately followed by the flow of the Exeter/Squamscott River,
Great Bay, and Little Bay. A diorite pluton, also a linear
feature trending northeast-southwest, extends from the core
of the Exeter Anticline 2 to 4 miles northwest of Pease AFB
(Novotny, 1969).

2. 7 HYDROGEOLOGY

Groundwater at Pease AFB is found in both the unconsolidated
material and in the fractured bedrock at depths ranging from
the ground surface to 32.3 feet below land surface datum
(LSD). Bradley (1962) found piezometric conditions in the
area varying from flowing artesian conditions to 37.4 feet
below LSD, and seasonal variations of over 6 feet in till, 1
foot in sands, and 5.5 feet in bedrock in selected wells.
Since Pease Air Force Base is located on a peninsula
bordered by Great and Little Bays and the Piscataqua River,
groundwater flow is generally radial in nature, from the
axis of the peninsula toward discharge points at the edges.

Unconsolidated water-bearing formations at Pease APE fall
into three major categories: glacial till, glacial kame
deposits, and marine deposits. Glacial till at Pease AFB
exists as unsorted, moderately to highly compacted glacial
debris in a ground moraine, with an irregular rolling
surface. Till thickness generally does not exceed 40 feet
(Meyers and Bradley, 1960). Due to its low hydraulic
conductivity, the glacial till exhibits a low water-bearing
capacity, although there are many shallow dug wells in till
in the seacoast region. These wells have historically
provided sufficient quantities of water (1 to 2 gallons per
minute) for rural homes and small farms; however, large
fluctuations in water table elevations are common and some
hand-dug wells go dry in summer months.

Glacial ice-contact deposits occur at Pease AFB as medium to
coarse-grained sands and gravels in a relatively flat
elongated kame plain deposit. Maximum reported thicknesses
for these deposits in the area are 150 feet (Meyers and
Bradley, 1960). Ice-contact deposits in the area exhibit
high hydraulic conductivities and are capable of providing
sufficient quantities of water for large public water supply
wells. Bradley (1962) found potential well yields of up to
700 gallons per minute (gpm) in many places where saturated
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thicknesses exceed 50 feet. The 24-inch diameter Haven well
on Pease AFB is rated at 800 gpm with 13.7 feet of drawdown.
Prior to the construction of Pease APB, the City of Ports-
mouth derived much of its water supply from large diameter,
gravel-packed wells and two batteries of 2.5-inch well point
systems in the ice-contact deposits. A local brewery
utilized a series of 8-foot diameter dug wells, located in
the southwest corner of the base, to meet its water needs.

marine deposits at Pease APB are primarily fine-grained
deposits of silt and clay and have been found locally to
reach thicknesses of up to 75 feet. These deposits rarely
produce sufficient yields for water supply wells. Due to
the low hydraulic conductivities of these deposits, they
frequently act as aquitards separating water-bearing
deposits. Artesian conditions have been encountered in
glacial tills and bedrock which underlie marine clays in and
around Pease AFB. These conditions were noted during the
Phase II investigations.

Fractured metamorphic bedrock underlying the Pease APE area
also serves as a source of potable drinking water. Stewart
(1968) reviewed data from 94 bedrock wells in the towns of
Greenland, Newington, and Portsmouth, New Hampshire, and
found an average yield of 13.4 gpm from an average depth of
118.4 feet. The total depths of the wells ranged from 40 to
500 feet. Bradley. (1962) cited a bedrock well in Newington
which produced 75 gpm, but other wells in the area generally
yield from 5 to 25 gpm. Groundwater in bedrock occurs
primarily in fractures; the availability, flow direction,
and flow velocity are controlled by fracture patterns
(including fracture orientation, width, and frequency). In
southeastern New Hampshire, the most common fractures are
oriented vertically or near vertically; fracture width and
frequency tend to decrease with depth (Phase I Report).

2.8 BACKGROUND WATER QUALITY

New Hampshire classifies its surface waterways according to
potential uses based on water quality. The tidal areas of
the Piscataqua River and the Bays and the streams feeding
them are classified as Class B (suitable for bathing,
recreation, fish habitat, and public water supply after
adequate treatment). Discharge of untreated sewage or
wastes to Class B waters is prohibited. Water quality in
the tributary rivers feeding the Great Bay has reportedly
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been degraded due to ongoing industrial and municipal
discharges upstream from the area of Pease AFB; in general,
stream water quality does not meet requirements for Class B
(Phase I Report, 1984). These requirements are outlined in
Appendix J. Water ig the tidal reaches is brackish and is,
therefore, not considered as potable water supply. However,
estuaries are highly productive areas for development of
aquatic communities, and food chains in these communities
are potentially sensitive to man-made contaminants.

The most important groundwater aquifer in the area of Pease
AFB occurs in the ice-contact or kame deposits underlying
the flightline. Natural groundwater quality in this aquifer
is good and is suitable for drinking water purposes.
Bradley and Peterson (1962) reported the following ranges
for inorganic water quality parameters sampled during
1951-54 in the Portsmouth supply wells located in the
ice-contact deposits prior to installation of Pease AFB:

Silica 13 ppm
Total Iron 0.01 ppm
Calcium 26-39 ppm
Magnesium 10-12 ppm
Sodium 5.2-7.7 ppm
Potassium 1.5-2.2 ppm
Bicarbonate 72-110 ppm
Sulfate 52-54 ppm
Chloride 6.2-9.0 ppm
Nitrate 0.2-3.6 ppm
Dissolved Solids 156-191 ppm
Specific Conductance 204-321 umhos
pH 7.1-7.6

The ice contact/kame deposit aquifer is vulnerable to
contamination from surface sources, but it also has a high
capacity for contaminant mitigation through dilution due to
the high volume of water in storage and the high volume of
annual recharge through permeable surface soils.

Contamination of an undetermined extent in portions of the
ice contact/kame plain deposits with trichloroethylene and
associated other organic halocarbons, as cited in Section
1.3.3.5.2, was noted in the late 1970's; but by 1983, a
decrease in contaminant levels had occurred without the aid
of specific remedial activities.
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SECTION 3

FIELD PROGRAM

3.1 PROGRAM DEVELOPMENT

Based on the conclusions of the Phase I Records Search, the
Phase II Presurvey Report, and the overall HARM score
ratings, sixteen sites at Pease AFB were recommended for
Phase II Stage 1 Confirmation Study Investigations. Two
sites listed in the Phase I report (Site 16: PCB Spill Site,
and Site 18: Munitions Residue Burial Site) were not
recommended for further study. Three additional sites
(Sites 19, 20, 21: the Newfields Ditch, Grafton Ditch, and
McIntyre Brook) were added to the list of sites requiring
further study, bringing the total to nineteen sites. An
additional suspected fire training area was identified from
aerial photographs prior to the start-up of Phase II field
activities. This new site was nawed Site 22, and brings to
twenty the number of sites investigated during the Phase II
Stage 1 study. Actions recommended in the Phase I Report
were reviewed at the time of the Presurvey and modified as
necessary by agreement between USAFOEHL, Pease AFB, and
WESTON.

Sites that were similar in nature or in close proximity to
one another were grouped together in zones. A total of ten
areas were investigated. Table 1-3 presented the organiza-
tion of the sites into individual sites and zones comprised
of groups of sites. The following subsections review the
development of the scope of work on a site-by-site basis.
The analytical protocol for each site is summarized in Table
3-1. The contract scope of work is included in Appendix B.

3.1.1 Fire Department Training Area 2 (FDTA-2) -
Site 8

The Phase I Report recommended the placement of five
monitoring wells at FDTA-2: four hydraulically downgradient
of the site and one upgradient to assess background water
quality. The Phase I Report specified 4-inch diameter
casing be used and that the wells be sampled twice. As an
alternative to these recommendations, WESTON suggested in
the Presurvey Report that prior to siting of the monitoring
wells, a test pit investigation be instituted to help
delineate the lateral extent of hydrocarbon contamination in
the unsaturated zone. If saturated conditions were
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TABLE 3-1

ANALYTICAL PROTOCOL FOR PHASE II, STAGE I SITES

Sample Type
Zone Site and Number (1) Analytes

-- 8 6 soil TOX, O&G
13 groundwater TOX, TOC, O&G

1 13 9 groundwater TOX, TOC, O&G
2 surface water TOX, TOC, O&G

1 Sites 2,3,4,&5 11 groundwater TOX, TOC, O&C, CN,
pesticides, phenols, metals

15 surface water TOX, TOC, O&G, CN, pesticides,
phenols, metals

2 7 3 soil TOX, O&G
2 groundwater TOX, TOC, O&

2 1 6 groundwater TOX, TOC, O&G, CN, pesticides,
phenols, metals

9 surface water TOX, TOC, O&G, CN, pesticides,
phenols, metal

3 15 17 soil TOX, O&G, phenols, metal, VOC
16 groundwater TOX, TOC, O&G, phenols, metal, VOC
2 tank TOX, TOC, O&, VOC

4 Sites 19,20,21 7 sediment TOX, O&G, metals
13 surface water TOX, TOC, O&G, metals

4 Production 13 groundwater TOX, TOC, O&G, metals, VOC
Wells

-- 12 3 sediment TOX, O&G

4 surface water TOX, TOC, O&
2 groundwater(abandoned -TOX, TOC, O&

production wells)

-- 9 7 surface water TOX, O&G
5 groundwater TOX, O&G

5 Sites 6 6 17 8 groundwater TOX,TOC, O&G, phenols, metals

13 surface water TOX, TOC, O&G, phenols, metals

-- 10 6 soil O&G, lead
7 groundwater O&c, lead

6 11 4 soil TOX, O&G
2 groundwater TOX, TOC, O&C

6 14 3 soil O&
3 groundwater O&C

(1) Includes QA/QC Samples Tox - Total Organic Halogens
O&G - Oil and Grease

-- Considered individually 70C - Total Organic Carbon
VOC - Volatile Organic Compounds
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encountered, temporary monitoring points, consisting of
1-inch PVC pipe and VYON R screen, would be installed. The
task order specified up to six soil samples would be taken
from the test pits for chemical analysis. Following the
completion of the test pit program, six 2-inch diameter PVC
wells would be installed then and sampled on two occasions.

3.1.2 Zone 1: Bulk Fuel Storage Area (BFSA) - Site 13 and
Landfills Nos. 2, 3, 4, & 5 (LF-2, LF-3, LF-4 & LF-5
- Sites 2, 3, 4 and 5

The Phase I Report determined that five monitoring wells
would be sufficient to adequately monitor all five sites in
Zone 1. The 4-inch diameter PVC wells would be sampled
twice. WESTON determined that, due to the spatial
arrangement of the sites within the zone, it would be
necessary to install nine wells to effectively monitor
groundwater in the area.

In addition, WESTON recommended that surface water be
monitored at eight locations along Flagstone and Pauls Brook
to assess the potential impacts of hazardous substances
which may be emanating from the BFSA and/or the four
landfills.

The task order specified that nine 2-inch PVC wells (four at
the BFSA and five arranged around the landfills) and eight
surface water monitoring locations would all be sampled
twice. The sampling protocol would be structured to address
discharges from all sites within the zone.

3.1.3 Zone 2: Landfill No. 1 (LF-I) - Site 1 and Fire
Department Training Area No.1 (FDTA-I) - Site 7

The Phase I Report recommended that three 4-inch diameter
monitoring wells be constructed around Zone 2 to detect any
contaminant flow from either of the two sites.

WESTON recommended that, prior to the installation of any
monitoring wells, a test pit investigation be conducted to
better define the areal extent of FDTA-l. Field screening
of soils for volatile organic contamination and laboratory
analysis of three soil samples would be used to site four

2-inch diameter PVC wells.

WESTON also recommended that Upper and Lower Peverly Ponds
be sampled at a total of four locations. The samples would
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address potential surface water degradation by these two
sites. The task order specified that two rounds of water
samples would be collected from a total of eight surface and
groundwater sampling points.

3.1.4 Zone 3: Industrial Shop/Parking Apron(IS/PA) - Site
15

The Phase I Report recommendations addressed the need for
proper housekeeping practices, but did not suggest any field
investigative alternatives for the site. WESTON's recom-
mendations for this zone address potential contamination of
ground and surface waters as a result of waste handling and
disposal practices at a wide variety of base support opera-
tions. Test borings, drilled with a portable power auger,
were recommended in the Phase II Presurvey Report to allow
screening of soil material for the presence of detectable
volatile organic constituents, including trichloroethylene.
These data would be used to delineate potential source areas
of contamination. Where water-table conditions were en-
countered, temporary monitoring points, similar to those
described above, would be installed. Up to 17 soil samples
would be obtained for laboratory analysis. Areas of par-
ticular concern were Buildings 113, 119, 222, 244, and the
former liquid oxygen plant.

Up to six liquid samples from temporary monitoring points or
abandoned underground storage tanks were also recommended.
These samples would be screened in the laboratory for total
organic halogens (TOX), total organic carbon (TOC), oil and
grease (0 & G) and Priority Pollutant Volatile Organic
Compounds (VOC).

Seven permanent monitoring wells were proposed for this
zone. All seven wells would be constructed of two-inch
diameter PVC pipe and screen. The task order specified that
the seven wells would be sampled twice.

3.1.5 Zone 4: Storm Drains and Supply Wells - Sites 19, 20
and 21

The Phase I Report recommended that the two production
wells, MMS-l and MMS-2, be sampled and analyzed for Priority
Pollutant Volatile Organic Canpounds (VOC). No recommenda-
tions were made pertaining to the hydrogeology or surface
water quality of the site.
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The New Hampshire Water Supply and Pollution Control
Commission (NHWS&PCC) has expressed concern for water
quality conditions in this zone, which includes Grafton
Ditch, Newfields Ditch, and McIntyre Brook (Sites 19, 20,
and 21, respectively). A combination surface water and
groundwater sampling program was recommended. Sites 19, 20
and 21, would each be sampled at two locations on two
occasions. Two locations were recommended to monitor water
quality changes with distance from the outfalls. Addition-
ally, it was proposed to sample each of the six base produc-
tion wells on two occasions. These samples were suggested
to address the State's concern regarding regular monitoring
of supply wells. The task order specified that six surface
water sampling points and six active supply wells would be
sampled twice. In addition, six samples of stream sediment
would be collected for chemical analysis to provide indica-
tions of the effects of prior waste discharge activities.

3.1.6 Munitions Storage Area Solvent Disposal Site (MSA) -
Site 12

Reported past use and disposal of solvents at MSA and the
proximity of the site to one of the base supply wells
(Figure 1-9) prompted the Phase II Presurvey Report recom-
mendation that a power auger investigation be conducted in
the area where small amounts of solvents were dumped on the
ground. Up to three soil samples from auger borings were to
be obtained for chemical analysis. Small diameter temporary
monitoring points, similar to those described above, would
be installed if i.--ter table conditions were encountered.

Two sets of surface water samples from two unnamed
tributaries topographically downgradient of the site were
also recommended to assess what, if any, impact waste
disposal practices at the MSA had on surface water quality.

3.1.7 Construction Rubble Dump No. 1 (CRD-I) - Site 9

The Phase II Presurvey Report recommended and the task order
specified that an attempt be made to locate and sample two
existing water supply wells. Further, the Task Order
specified sampling and analysis of three points on Pickering
Brook. No recommendations were made for the CRD-l in the
Phase I Report.
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3.1.8 Zone 5: Landfill 6 (LF-6) - Site 6, and
Construction Rubble Dump 2 (CRD-2) -Site 17

Hazardous material possibly disposed of at LF-6 and CRD-2
has the potential to adversely impact groundwater and
surface water in that area of Pease APB. To address this
concern, WESTON recommended that four exploratory borings
be drilled around the perimeter of the zone and that a
2-inch diameter PVC well be installed in each boring.
Additionally, six surface water sampling locations were
selected to assess potential impacts of waste materials on
streams and wetlands in the zone. The Task Order specified
that a total of ten surface and groundwater sampling points
be sampled twice.

3.1.9 Leaded Fuel Tank Sludge Disposal Site (LFTS) - Site
10

No recommendations were made for the LFTS in the Phase I
Report. Drums of sludge generated during the cleaning of the
AVGAS storage tanks were reportedly buried in an area west
of the northern end of the runway. The precise location of
the disposal site was not known; accordingly, WESTON
recommended that geophysical studies be conducted with
ground penetrating radar (GPR) and a flux gate magnetometer
to identify the area of concern. The site location would be
confirmed by a test pit investigation during which up to six
soil samples would be obtained for chemical analysis.

Three 2-inch diameter PVC wells would subsequently be
installed and sampled to determine if former site activities
had impacted the surrounding groundwater. The Task Order
specified that the three wells be sampled twice each.

3.1.10 Zone 6: FMS Equipment Cleaning Site (FMS) - Site 11,
and Fuel Line Spill Site (FLS) - Site 14

No recommendations were made for field investigative work at
Zone 6 in the Phase I Report. Intermittent disposal of
waste solvents at the FMS site and a reported fuel spill at
the FLS site prompted the recommendation by WESTON that a
test pit and power auger investigation and soil sampling
program be instituted to aid in icentifying the actual
disposal/spill sites. A portable organic vapor detector
would be used to field screen soils and delineate the areas
of concern.

Up to six soil samples were specified for laboratory analy-
sis. Two 2-inch PVC monitoring wells were to be installed
in the zone to monitor groundwater flow and quality. Each
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well would be examined for floating hydrocarbons, and would

be sampled twice.

3.2 FIELD INVESTIGATIONS

A field investigation incorporating the site-specific
elements described above was conducted. The objectives of
this field investigation were: (1) to confirm the presence
or absence of environmental contamination within specified
sites or zones of investigations; (2) if contamination
exists, to determine the potential for contaminant migration
in the various environmental media; (3) to identify
additional investigations necessary to determine the
magnitude, extent, direction and rate of contaminant
migration; and (4) identify potential environmental
consequences and health risks of migrating pollutants.

Information regarding potential or actual impacts of the 20
sites on area ground and surface waters was obtained from 35
monitoring wells, 31 test pits, 31 power auger borings, 29
surface water sampling locations, six sediment sampling
locations, six production wells, two abandoned storage
tanks, a geophysical survey, a topographic survey of
locations, top of casing elevations and water levels at all
monitoring wells, a review of all available aerial
photographs, a literature search of local hydrogeologic
conditions, and a compilation of a local well inventory.
Two rounds of surface water and groundwater monitoring and a
single round of soil and sediment monitoring were performed
in accordance with the approved analytical protocols (Table
3-1).

3.2.1 Schedule of Activities

The field investigation at Pease AFB commenced on 25 October
1984 and was completed in late 1985. Table 3-2 is a
schedule of field activities completed at Pease AFB.

3.2.2 Analytical Program

The sampling and analytical program at Pease AFB encompassed
five sample matrices: soils, stream sediments, surface
water, groundwater, and wastes. Single soil samples were
collected from selected tests pits and power auger borings
based upon visual characterization of the soil and in
situ screening of samples with an HNu. Single sedimen t
samples were collected at six locations. Surface water and

3-7



Table 3-2

Schedule of Field Activities
Pease AFB Phase II Stage 1 Study

Date Activity

17-18 October 1984 Pre-performance meeting at Pease AFB.
25-26 October 1994 Excavation of 31 test oits
and 8-9 January 1985

22-25 October 1984 GDR/maanetometer study

7-9 November 1984 Collection of sediment samples and round
1 surface water and production well
samples.

15 November 1984 Drilling, construction, and development
through 22 February 1985 of 35 monitoring wells

19-20 November 1984 Drilling of power auger holes
27-28 December 1984
9-25 April 1985

1-2 March 1985 Collection of data for base well inven-
tory.

11-13 "arch 1985 Collection of round 2 surface water and
production well samples.

19-26 March 1985 and Collection of round 1, groundwater
2-3 April 1985 samples

29-30 Anril 1985 Collection of round 2, aroundwater
2-7 May 1985 samples.

11-24 Mlay 1985 Survey of locations and elevations of
monitorino wells and locations of test
pits and power auaer borinqs.

6 Auaust throuah Resamnling of surface water, monitorina

14 September 1985 well, production well, soil, and sediment

1 .7an'ir' 1996 samnlina locations.



groundwater samples were collected on two occasions and a
single sample was collected from each of two undergroune
waste TCE tanks. The sampling methods and sampling Quality
Control are described in Appendix F.l.

An additional ten percent of the total number of samples was
collected at sites specified in Table 2 of the Task Order 25
(see Appendix F.l) as quality control samples. These
samples were either field duplicates or field blanks. The
field blanks were prepared using distilled water and

r decontaminated sampling equipment.

Duplicate samples were collected at all locations and were
forwarded to the USAFOEHL laboratory at Brooks AFB, with
completed copies of Air Form 2752, for analysis.

Prior to the collection of all water samples, the sample
bottles were rinsed with water from the sample location.
Following sample collection, the sample equipment was triple
rinsed with distilled water and methanol.

3.2.3 Power Auger, Test Pit, and Monitoring Well Installa-
tion Program

Power auger borings, test pits, and groundwater monitoring
wells were installed in specified locations at various sites
to assess the lithologic and hydrogeologic characteristics
and to better define the extent of potentially contaminated
soil, groundwater and surface water. The exact locations of
each were determined in the field by the senior on-site
contract representative in consultation with the base point
of contact and the driller. All excavated materials were
field screened with an HNu photoionzation detector and
visually examined to determine whether the waste should be
containerized and analyzed for hazardous constituents. Test
pits were excavated in areas with easy access, and where
their excavation would not destroy pavement or lawns; power
auger borings were drilled in less accessible areas, in
areas where it was necessary to minimize disturbance to
paved areas or lawns, and to provide data to augment the
test pit investigation data. Subsections 3.2.2.1 through
3.2.2.3 provide general descriptions of field methods.
Subsections 3.2.2.4 through 3.2.2.11 describe the specific
field investigations carried out at the individual zones or
sites.

3.2.3.1 Power Auger Program

Power auger borings were performed to expand the lithologic
and chemical information of specific sites. This informat-
ion was used to identify optimum well locations and to
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indicate the lateral and vertical extent of soil contamina-
tion by visual examination of soil material and by labora-
tory analyses of selected samples. Auger borings were com-
pleted with a hand-held Little Beaver Power Auger using
4-inch outside diameter solid stem augers. Borings were
typically advanced five to ten feet or to a point at which
saturated groundwater conditions were encountered.

Soil samples from specified depths were taken with a hand
auger, placed into 1-liter amber glass jars, and shipped to
the WESTON and USAFOEHL laboratories for chemical analysis.
Detailed sampling procedures are described in Appendix E.
Agitated soil samples and down-hole ambient conditions were
screened with an HNu model PI101 photoionization meter for
the presence of volatile organic vapors as power augering
proceeded.

Piezometers were installed in the power auger borings when
saturated groundwater conditions were encountered to allow
examination of the water table surface for the presence of
hydrocarbons and measure the thickness of the hydrocarbon
layer when present. Piezometers were constructed of 1-inch
nominal diameter Schedule 40 PVC pipe. VYON R, a high
density porous polyethylene tubing, was used for the
screened interval. The screened interval extended
approximately two feet into the saturated zone. The annular
space around the VYON tubing was backfilled with No. 2
"Sakrete" sand. A bentonite grout seal approximately one
foot thick was placed above the sand pack. The remainder of
the boring was backfilled with native soil material. Figure
3-1 is a diagram of a typical piezometer installation.
Power auger logs are included in Appendix D.

An alphanumerical numbering system was devised for the power
auger and test pit programs. The alphanumeric designation
indicates the site at which the boring or test pit appears,
whether it is a power auger boring or backhoe test pit, and
its assigned number within the site. For example, number
12-B-1 was the first (1) boring (B) at Site 12; number
7-TP-2 was the second (2) test pit (TP) at site 7. A suffix
of "P" indicates that water table conditions were
encountered and a piezometer was installed. Table 3-3 lists
the permanent identification number, the number as it
appears on the chain-of-custody form and chemical analyses
reports, and other pertinent data about the boring or test
pit.
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Table 3-3

SUMMARY OF BORING AND TEST DIT DATA

Test Pit Site Depth Denth to Dominant Lithology
Boring No. (feet) Water Table

(feet)

7-TP-1 FDTA 1 6.5 * Fine to coarse gravel

7-TP-2 FDTA 1 8.0 , Fine to coarse aravel

7-TP-3 FDTA 1 6.0 * Fine to coarse gravel

8-TP-1 FDTA 2 8.0 * Medium sand and gravel

8-TP-2 FDTA 2 7.0 * Fine to coarse gravel

8-TP-3 FDTA 2 10.0 * Fine to coarse sand and
gravel

8-TD-4 FDTA 2 9.0 * Fine to medium sand

8-TP-5 FDTA 2 7.0 * Fine to coarse sand

8-T-6 FDTA 2 8.0 * Fine to coarse sand

8-TP-7 FDTA 2 8.0 * Fine to coarse sand and
gravel

8-TO-8 FDTA 2 6.5 Medium to coarse sand and
gravel

8-TD-9 FDTA 2 10.0 medium to coarse sand and

gravel

8-TD-10 FDTA 2 9.0 Medium to coarse sand and
gravel

10-TP-l LFTS 7.5 Fineto coarse gravel and
sand

10-TP-2 LFTS 7.0 Fine to coarse aravel and
sand

10-TD-3 LFTS 9.0 * Fine to coarse sand

10-TP-4 LFTS 5.0 * Fine to coarse sand

10-TD-5 LFTS 7.0 * Fine to coarse sand and
gravel

10-TP-6 LFTS 3.0 Fine to coarse gravel

Il-Tv-I FMS 8.0 * Fine to medium sand

11-TP-2 FMS 9.0 * Fine to medium sand

11-TP-3 FMS 9.0 * Fine to coarse sand

11-TP-4 FMS 9.0 * Pine to coarse sand

11-TP-5 FMS 8.0 * Medium to coarse sand,
little gravel

11-TD-6 F!'S 8.0 Fine to coarse sand,
clayey till

11-TD-7 P4S 9.0 Fine to medium sand

* Water table not encountered 3-12
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Table 3-3

(cont.)

Test Pit Site Depth Depth to Dominant Lithology
Borina No. (feet) Water Table

(feet)

12-B-I MSA 3.0 Fine to coarse sand and
gravel

12-B-2 MSA 3.0 Fine to coarse sand and
gravel

12-B-3 MISA 9.0 9.0 Fine to coarse sand and

gravel

14-B-I FLS 6.5 * Coarse gravel, fine sand

14-B-2 FLS 3.0 * Fine to medium sand

14-B-3 FLS 10.0 * Medium to coarse gravel,
fine to medium sand

14-B-4 FLS 10.5 * Fine to medium sand

15-B-i-P IS/PA 10.0 3.5 Fine to coarse sand, silty
clay

15-B-2-D IS/PA 10.0 6.0 Fine to coarse sand,silty
clay

15-B-3-P IS/PA 10.0 6.0 Fine to coarse sand, silty

15-B-4-P TS/PA 6.0 4.0 clay

15-B-5 - D  IS/DA 9.0 6.0 !1edium to coarse sand, cla)

15-B-6 IS/DA 8.0 * Fill, fine to medium sand,
clay

15-B-7 IS/PA 6.5 * Medium to coarse sand

15-B-8 IS/DA 11.0 * Fine sand

15-B-9 IS/PA 11.0 * Fine sand

15-B-10 -D IS/PA 6.0 * Fine sand, some silt

15-B-II - D  IS/PA 4.5 3.0 Fine sand, some silt

15-B-12 IS/-A 6.5 * Medium sand,some silt

15-B-13 IS/PA 8.0 * redium to coarse sand,clay

15-B-14 IS/PA I0.0 * Fine sand

15-B-15 IS/DA 11.0 * Fine to medium sand

15-B-16-D IS/DA 8.5 8.0 Fine to medium sand, some
silt

15-B-17-" IS/DA 11.5 10.0 Fine to medium sand, some
silt

15-B-18 IS/PA 6.5 Medium to coarse sand and
gravel

15-B-19 IS/VA 5.5 *Medium to coarse sand,
some silt

15-B-20 IS/PA 4.0 Gravel fill

*Water table not encountered 3-13
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Table 3-3

(cont.)

Test Pit Site Depth Depth to Dominant LithologyBoring No. (feet) Water Table
(feet)

15-B-21 IS/PA 5.5 * Coarse gravel
15-B-22 IS/PA 8.0 8.0 Fill, medium to coarse fill

and silty sand15-B-23 IS/PA 5.0 * Coerse qravel
15-B-24 IS/PA 9.5 * Fine to medium sand, clay
22-TP-l Site 22 7.0 * Fine to coarse qravel
22-TD-2 Site 22 5.0 * Fine to coarse gravel22-Tv-3 Site 22 7.0 * Fine to coarse gravel22-TD-4 Site 22 4.0 * Fine to coarse sand and

gravel22-TP-5 Site 22 4.0 Fine to coarse sand and
gravel

• "ater table not encountered
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3.2.3.2 Test Pit Installations

Test pits were excavated at five sites to obtain data on
shallow soil lithology, to collect soil samples for
laboratory analysis, and to determine the lateral extent of
potential soil contamination. Test pit excavations were
performed under WESTON's direction by Robinson Construction,
Inc. of North Hampton, New Hampshire on 25 and 26 October
1984 and 8 and 9 January 1985. A Case 680 backhoe was used
to excavate a trench approximately three feet wide, by eight
feet long and six to ten feet deep. Soil samples were taken
from representative portions of the excavated material and
retained in wide-mouthed canning jars for archival purposes
at WESTON's Concord, New Hampshire office. Additionally,
selected samples were taken for chemical analysis from 15
test pits, placed in 1-liter amber glass jars, and forwarded
to the WESTON and USAFOEHL laboratories. Further details of
the sampling methods are contained in Appendix E. An HNu
model PI 101 photoionization meter was used during test pit
operations to field screen ambient air quality and soil for
volatile organic vapors. A WESTON geologist supervised all
test pit work and kept detailed records of the excavations.
Test pit logs for all excavations are included in Appendix
D. Table 3-3 summarizes the test pit and soil sampling work
at each area. Following completion of sampling and logging
procedures, all test pits were filled in and regraded.

3.2.3.3 Monitoring Well Drilling Procedures and Well
Construction Details

Thirty-five monitoring wells were drilled at Pease AFB by
Con-Tec, Inc., of Hooksett, New Hampshire. Drilling
operations commenced in November 1984 and continued through
March 1985. Two drill rigs were used: a truck-mounted Acker
rig and a bombadier all-terrain vehicle-mounted rig.

Test borings were advanced, where possible, by 4-inch inside
diameter, hollow-stem augers without the use of drilling
Fluids. Case and wash techniques, using 4-inch inside
diameter hardened steel casing and tri-cone roller bits,
were used in areas of high water table or difficult
drilling. In areas where boulders were encountered, it was
necessary to drill through the boulder with a tri-cone drill
bit, then advance 3-inch inside diameter casing inside the
4-inch casing in order to continue drilling.

Bedrock refusal was confirmed in most holes by either
advancing the boring with a tri-cone roller bit or by using
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a 5-foot long, NX core barrel with a diamond impregnated bit
to core the rock.

Drinking water quality water was used as drilling fluid
during all case and wash and coring operations. The water
was obtained from a fire hydrant located adjacent to
Building 153. During drilling operations, the wash water
was recycled.

Soil samples were obtained at 5-foot intervals using a
standard 2-inch diameter, 2-foot long split-spoon sampler
and Standard Penetration Test (SPT) techniques according to
ASTM Standard Method No. D-1586. Soil samples were placed
in wide-mouth screw-topped, glass jars and retained in
archives at the WESTON office in Concord, New Hampshire.

An HNu Model PI-101 photoionization meter was used to screen
split-spoon soil samples and air quality at the well head
for the presence of detectable volatile organic vapors.

WESTON geologists were on-site during all drilling
operations to supervise the well installation and to log
the lithology of the borings. A written well log was kept
for each boring; it included the following information:

Sample number and type
Blow counts
Soil classification
Boring number
Dates
Depth to water table
Depth to bedrock
Sample recovery
HNu readings

This information and a sketch of the well construction were
later transferred onto standard WESTON boring log sheets.
The finished log sheets are included in this report in
Appendix C. Table 3-4 lists construction details for each
completed monitoring well.

After completion of each boring, the monitoring well was
constructed using nominal two-inch inside diameter, Schedule
40 polyvinylchloride (PVC) pipe with flush-fitting threaded
joints and Schedule 40 PVC No. 10 slot (0.010 inch) machine-
slotted well screen with a threaded bottom cap. In general,
wells were screened across the saturated thickness of the
unconsolidated aquifer above bedrock. The annular space was
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then backfilled with Ottawa sand to a point approximately
five feet above the top of the well screen, where possible.
A seal consisting of either bentonite pellets or a bentonite
slurry was then tremied into place above the sand pack,
followed by a concrete plug of Type I Portland cement. A
protective casing of six-inch black steel, with a locking
cap was placed over the PVC and set in the concrete plug.
All locks used were keyed alike. A typical well
construction diagram is presented in Figure 3-2. Monitoring
well construction details for all the monitoring wells are
summarized in Table 3-4. Finished depths of the wells
varied from 28 to 40.5 feet below ground surface, and
bedrock was confirmed by either NX core barrel or roller bit
in all wells except RFW-10 and RFW-18. At these locations,
nested boulders and coarse gravelly till prevented the
advancement of the borings beyond 41 and 82 feet
respectively. All wells were screened throl. the entire
saturated thickness of the borehole.

The wells were developed by one of three methods: flushing
clear water down the well until the overflow flowed clear
and subsequently purging the well of development water, pump-
ing the native groundwater from the well until it flowed
clear, or purging the groundwater by means of a surge block
until the effluent flowed clear. The methodology used was
selected on the basis of the aquifer characteristics. The
flushing method was used in low permeability material or
where the water table was encountered below suction limits.
The surge block method was used on four wells but was aban-
doned due to inherent mechanical problems. The remainder of
the wells were developed by the pumping method. All non-
native water introduced during development was drinking
water quality water taken from the base hydrant described
above.

3.2.3.4 Subsurface Investigations at Fire Department
Training Area No. 2 - Site 8

A test pit investigation was conducted at an area of fuel-
saturated soil northeast of the FDTA-2. A total of ten pits
were dug around the site perimeter to estimate its lateral
extent, and in areas of suspected highest contaminant
concentration, to estimate depths of contamination. Test
pit data were also used to refine moditoring well locations
to assure optimum coverage of the site. An HNu Model PI-101
photoionization detector was used to field screen soil
samples and ambient air quality during the investigation.
Six soil samples were taken for chemical analysis. Figure
3-3 depicts the approximate locations of the test pits.
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Following completion of the test pit investigation, six
groundwater monitoring wells were installed at FDTA-2. The
wells, numbered RFW-10 through RFW-15, are shown in Figure
3-4. Locations were spatially arranged to provide
monitoring data pertinent to both upgradient, (background)
and downgradient water quality conditions.

3.2.3.5 Subsurface Investigations at Zone 1, Bulk Fuel
Storage Area - Site 13, and Landfills 2, 3, 4,
and 5 - Sites 2, 3, 4 and 5

Nine monitoring wells were installed in Zone i, the
northeast corner of Pease AFB, to assess impacts to the
groundwater from the five sites within the zone (Figure
3-5). Wells RFW-l through RFW-4 are situated on the four
corners of the BFSA. The sites were selected as the optimum
locations to intercept contaminated groundwater emanating
from the area, and to evaluate ambient groundwater quality.
Exploratory drilling depths ranged from 25 to 40 feet below
ground surface. The wells were screened through the entire
saturated thickness of the borehole to facilitate sampling
for floating hydrocarbons. Bedrock was confirmed at each
location by advancing with a roller bit at least five feet
into rock.

Wells RFW-5 through RFW-9 were sited around landfills LF-2
through LF-5 to provide hydrogeologic and water quality data
both upgradient and downgradient of the sites. The depths
of the wells ranged from 18.5 to 28 feet below ground
surface, and all wells were screened across the entire
wetted thickness encountered in the borehole. The depth to
bedrock was confirmed in each well by advancing a roller bit
from 2 to 12.5 feet below LSD.

3.2.3.6 Subsurface Investigations at Zone 2: Fire
Department Training Area 1 - Site 7, and Landfill
1- Site 1

A test pit investigation was performed at FDTA-I in Zone 2
to gather in situ data concerning the lateral and
vertical extent of soil contamination resulting from past
disposal practices at the site. Locations of the test pits
are shown in Figure 3-6. An HNu Model PI-101
photoionization detector was used to field screen soil
samples and air quality during the investigation. Two soil
samples were taken for chemical analysis.
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Four monitoring wells were subsequently installed around the
site as shown in Figure 3-6. Well RFW-28 was installed
northwest of the FDTA-l and screened through the entire zone
of saturation to allow sampling for floating hydrocarbons.
RFW-28 was drilled to 53.5 feet below LSD. Wells RFW-29,
RFW-30, and RFW-31 were installed around the perimeter of LF
1 to detect the movement of any contamination migrating
off-site, particularly toward the Peverly Ponds. The depths
of the latter three wells were 24.5, 25, and 25.5 feet
respectively. Each was screened beneath a semi-confining
layer of marine clay to assess groundwater quality in that
portion of the unconsolidated aquifer.

3.2.3.7 Subsurface Investigations at Zone 3: Industrial
Shop/Parking Apron Area - Site 15

A total of 24 power auger borings were installed at the
locations shown in Figure 3-7. The depths of the borings
ranged from 4.0 to 11.5 feet below LSD. An HNu Model PI-101
photoionization meter was used to field screen soil samples
and air quality for the presence of detectable levels of
volatile organic compounds. At nine locations where
saturated groundwater conditions were encountered, temporary
piezometers were installed as described in Subsection
3.2.2.1. Seventeen soil samples, including one QA/QC
duplicate, were collected for chemical analysis from eight
subsites within the IS/PA.

Boring 15-B-i was installed approximately 20 feet south of a
waste solvent storage area at Building 119. A second bor-
ing, 15-B-2, was installed approximately 50 feet west of
15-B-I. Soils samples were collected from both borings for
laboratory analysis. Water table conditions were encounter-
ed in both borings, and piezometers were installed in each.

Six power auger borings were installed at Building 113, the
site of a former vapor degreasing operation and an associat-
ed underground waste TCE storage tank. The borings, num-
bered 15-B-3, 15-B-4, 15-B-19, 15-B-20, 15-B-21, and 15-B-22
were sited to the north, east and west of the tank to deter-
mine whether contaminated soil conditions exist at the sub-
site. Piezometers were constructed in Boring 15-B-3 and
15-B-4, and soil samples were collected from 15-B-3, 15-B-4,
15-B-19, and 15-B-22 for laboratory analysis.

Borings 15-B-5, 15-B-6, 15-B-7, 15-B-12 and 15-B-13 were
installed south of a waste solvent staging area of Building
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226. A single piezometer was installed in Boring 15-B-5,
and samples were taken from Borings 15-B-5, 15-B-6 and
15-B-7.

Power auger Borings 15-B-8, 15-B-9 and 15-B-14 were install-
ed at Building 244, the site of a second abandoned under-
ground waste TCE tank. The borings were drilled next to the
tank (15-B-9) and in a drainage swale approximately 50 feet
south of the tank. Soil samples were collected from 15-B-8
and 15-B-9 for laboratory analysis.

Borings 15-B-10 and 15-B-11 were drilled in a drainage
swale, south of Building 222, in the vicinity of a reported
fuel spill. Saturated conditions were encountered at both
locations and, consequently, piezcmeters were installed in
both borings. Soil samples were obtained from both borings
for laboratory analysis.

Borings 15-B-15, 15-B-16 and 15-B-17 were installed at Build-
ing 234. It was reported that past operations at the build-
ing had resulted in the generation of waste solvents.
Boring 15-B-15 was installed approximately 50 feet northwest
of the building; 15-B-16 was installed approximately 75 feet
southwest of the building; and 15-B-17 was installed next to
a chain link fence approximately 50 feet south of the
building. Soil samples were collected from 15-B-15 and
15-B-16, and piezometers were constructed in Borings 15-B-16
and 15-B-17.

A small area of dark stained soil was found at Building 120
next to the Paint Shop door. A power auger boring (15-B-18)
was installed, and a soil sample was collected to determine
if the stained soil was the result of waste material having
been disposed of there.

Two borings (15-B-23 and 15-B-24) were installed approximate-
ly 100 feet west and 50 feet north, respectively, of Build-
ing 229. A soil sample was collected from 15-B-23 and a
piezometer was constructed in the saturated soils encounter-
ed at the subsite in 15-B-23.

Seven monitoring wells, numbered RFW-18 through RFW-24, were
installed around the perimeter of the site to assess
groundwater quality and to determine the direction of
groundwater flow from the area. The depths of the installed
wells ranged from 22.8 to 56.5 feet below' LSD. All wells
were screened through the entire saturated thickness of the
borehole. Bedrock was confirmed by roller bit at RFW-21,
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RFW-22, and RFW-23, and by NX core barrel at RFW-19, RFW-20,
and RFW-24. Exploratory boring RFW-18 was drilled by case
and wash techniques to 74 feet, where nested boulders made
further drilling impractical. During the well construction
of RFW-18, the borehole collapsed below 56.5 feet so that
the well could not be finished below that depth. Figure 3-8
shows the locations of the seven wells at Site 15.

3.2.3.8 Subsurface Investigations at the Munitions
Storage Area - Site 12

A power auger investigation was conducted at the MSA in
areas of potential soil contamination resulting from past
waste disposal. Four borings were installed in areas of
stained ground or where waste solvents had reportedly been
dumped (Figure 3-9). An HNu Model PI 101 photoionization
detector was used to field screen soil samples for
detectable volatile organic compounds. Three soil samples
were taken for chemical analysis for TOX and 0 & G. The
water table was not encountered during the investigation;
therefore, no piezometers were installed. All borings were
backfilled with native material at the completion of the
investigation.

The statement of work authorized the sampling of two
abandoned wells in the vicinity of the MSA, however, the
wells could not be located and therefore no samples were
obtained.

3.2.3.9 Subsurface Investigations at Zone 5: Landfill No.
6 - Site 6, and Construction Rubble Dump 2 - Site
17

As depicted in Figure 3-10, four monitoring wells were
installed in Zone 5. RFW-32 was installed downgradient of
CRD-2 to detect any hazardous substance that may be
migrating into the wetlands bordering the site. The
borehole was advanced to a depth of 17.5 feet, 1.5 feet into
bedrock, and screened over the bottom 10 feet. Wells
RFW-33, RFW-34, and RFW-35 were installed around the
perimeter of LF-6 to assess any impacts it might have on the
local groundwater and surrounding wetland. These wells were
drilled to depths of 44, 24, and 49.5 feet, respectively.
Bedrock was confirmed in RFW-32 by roller bit and in RFW-34
and RFW-35 by NX core barrel.
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3.2.3.10 Subsurface Investigations at the Leaded Fuel
Tank Sludge Disposal Area - Site 10

The precise location of the sludge disposal site was not
known at the outset of the investigation. To define the
boundaries of the site, a geophysical survey was conducted.
WESTON geoscientists employed Ground Penetrating Radar (GPR)
in conjunction with a flux gate magnetometer to identify
likely areas of concern. The geophysical techniques are
described in Subsection 3.2.4.

Following completion of the geophysical survey, a test
pit/power auger investigation was conducted to further
define the extent of potential contaminant distribution at
the LFTS. Four power auger borings were drilled in the
areas of suspected waste disposal. The soil samples and
ambient air were screened for detectable volatile organic
compounds, using an HNu Model PI-101 photoionization
detector. Four soil samples were retained for laboratory
analysis. A backhoe was later used to excavate five test
pits in the vicinity of an anomaly detected during the
geophysical study.

During the backhoe study, a pocket of three buried drums was
found at test pit locations 10-TP-4, 10-TP-5 and 10-TP-6.
The HNu was used for screening purposes, and two samples of
the sludge-stained soil were obtained from the area near the
drums and were retained for laboratory analysis. Fo.Llowing
the completion of the sampling phase of the investigation,
the test pits were backfilled and regraded pending further
study. The locations of the test pits and power auger
borings are shown in Figures 3-11 and 3-12.

During the Phase II Stage 1 study, an area of stained soil
and stressed vegetation was noticed in aerial photos in an
area adjacent to and northwest of Site 10. The site appeared
to have been a former burn area. Following the
investigation at Site 10, the backhoe was moved to the newly
found area, tentatively identified as Site 22, and four test
pits were excavated. A single soil sample was retained for
laboratory analysis from the area of highest field screening
readings of soils with the HNu.

Using data collected during the Phase I background data
search, as well as the Phase II geophysical, test pit, and
power auger investigations three monitoring well locations
were selected. Well RFW-26 was constructed to provide
background water quality samples. Wells RFW-25 and RFW-27
were installed in estimated hydraulically downgradient
positions from the LFTS and Site 22, respectively, to
determine if the two sites are adversely impacting ground
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water quality. The finished depths of the three wells r,;nge
from 45 feet at RFW-27 to 62 feet at RFW-26. Bedrock was
confirmed at each location by drilling approximately five
feet with a roller bit. A five foot stratum of clay was
encountered in RFW-26, from 39 to 44 feet below land
surface. The well was screened from 44 to 62 feet below
land surface to allow sampling of groundwater below the clay
stratum. Soil samples taken from the upper five to ten feet
of saturated thickness in wells RFW-25 and RFW-27 registered
readings of up to 300 ppm, on an HNu during the drilling
operations. The borings were, therefore, screened over the
entire saturated thickness to facilitate sampling of
potentially contaminated zones.

3.2.3.11 Subsurface Investigations at Zone 6: The FMS
Equipment Cleaning Site - Site 11, and Fuel
Line Spill Site -- Site 1-4

The FMS site is not a well-defined site and, in fact, may
involve several disposal areas. Accordingly, a test pit
investigation was conducted to better define the area of
concern. Seven test pits were excavated at the locations
shown on Figure 3-13. Four soil samples, including one
QA/QC duplicate, were obtained for chemical analysis.

As with the FMS, the exact location of the FLS was not
known. Four power auger holes were drilled to determine the
most likely area for further investigation. The locations
of the power auger holes are shown in Figure 3-13. Three
soil samples were collected for analysis.

Two groundwater monitoring wells were installed in Zone 6,
one at each site, to assess long-term impacts of the wastes
discharged there as shown in Figure 3-13. RFW-16 was
drilled at Site 11 to a depth of 31.5 feet. Bedrock was
confirmed by advancing an NX core barrel five feet into
bedrock. The well was screened over the entire saturated
thickness of the aquifer. RFW-17 was installed at Site 14.
Bedrock was encountered at 20.4 feet and confirmed by
drilling an additional 4.6 feet with a roller bit. The well
was screened from 10 to 25 feet below ground surface to
allow sampling for potential floating hydrocarbons.

3.2.4 Geophysical Survey

A geophysical field investigation of the Leaded Fuel Tank
Sludge Disposal Site (LFTS) was conducted by WESTON between
22 and 25 October 1984. The survey was performed with a
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vertical field flux gate magnetometer and Ground Penetrating
Radar (GPR). All magnetometer point readings and GPR
traverses were referenced to a rectangular grid system
staked out in the two areas of investigation as
approximately shown in Pigure 3-11.

3.2.4.1 Purpose of the Geophysical Survey

The purpose of the geophysical surveying program was to
identify, insofar as possible at the level of a Confirmation
Survey, the location, depth and areal extent of disturbed
areas and buried ferromagnetic objects that may be
associated with subsurface waste disposal.

The magnetometer data were used to develop a quantitative
map of the distribution of magnetic anomalies which may be
associated with buried metallic objects such as drums. The
GPR survey provided qualitative information about sub-
surface features such as soil horizons, soil-bedrock inter-
faces, zones of saturation, disturbed areas, and buried
objects. The two geophysical methods can be cross-
ref erenced to enhance understanding of subsurface condi-
tions. For instance, a buried object detected by GPR can be
identified from the magnetic data as a nonmetallic boulder
or a metallic drum. The geophysical methods used are
reviewed in the following subsections. A discussion of the
results of the geophysical survey is presented in subsection
4.2.

3.2.4.2 Magnetometer Survey at LFTS

The magnetometer survey was conducted with a Jolander
vertical field flux gate magnetometer. Magnetic intensities
were measured and recorded at fixed points in the survey
grid. Readings were made at nodes of a 25-foot square grid
in the south area and at nodes of a 50 x 25 foot rectangular
grid in the north area. Because the magnetic intensity at
any point will vary with the time of day, a reference point
was established on site. Periodic readings were taken at
this location during the survey. A curve was developed for
magnetic variation with time and was used to adjust all data
according to the time of day they were obtained.

3.2.4.3 Ground Penetrating Radar (GPR) Survey at LFTS

The GPR survey was conducted by WESTON using a GSSI Systemi 8
Ground Penetrating Radar Unit. After establishing the
survey grid, the next step was to calibrate the GPR system.
To calibrate the system, either the dielectric constant

3-38



(E r) of the survey medium, or the depth to a particular
object or interface must be known. Calibration of the radar
system was performed at the Pease AFB site using a two-step
operation. Initial calibration was calculated using an
assumed dielectric constant (E ) of 12, based on on-site
soil and moisture conditioni. Next, for quality assurance
purposes, calibration traverses were run over a 1-inch
diameter conduit at a known depth of approximately 8 inches.
From this calibration procedure a vertical depth profile
scale of 1.0 inch = 2.0 feet was constructed.

Subsequent to the system calibration survey, traverses were
conduicted over the areas of concern. Continuous traverses
were run across the sites and referenced to the established
site grid. The product of the GPR Survey was a series of
real-time subsurface graphic profiles. To standardize the
data, identification marks were fixed on the profile for
each traverse, at 25-foot intervals and grid intersections.
Upon completion of the survey, data in the profiles were
reduced for interpretation. The results of this analysis
are presented in Subsection 4.2.2.

3.2.5 Field Testing

In order to maximize data collected from various types of
field investigations at Pease AFB, a number of field testing
techniques were employed. The field testing program
involved: surveying locations and top-of-casing elevations
of all monitoring wells and piezometers to provide water
level elevation control; surveying locations of test pits
and power auger borings; measuring water levels in all wells
and monitoring in situ water quality data from all wells
and surface water sampling locations, including pH,
temperature, and specific conductance. Aquifer testing in
the form of recovery and/or slug tests was performed
wherever possible at monitoring well locations to estimate
the hydraulic conductivity. Methods used in each phase of
field testing are described below.

3.2.5.1 Surveying

In May 1985, WESTON personnel conducted a field survey of
wells, piezometers, test pits, and power auger borings. A
Dietzgen Top-Site Model 6140 30-second transit was used to
determine horizontal locations to an accuracy of + 10
feet. A Kern Automatic Level was used to determine
elevations to an accuracy of +0.05 feet. The National
Geodetic Vertical Datum (NGVD) was used as the basis for all
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survey work. Locations and elevations of benchmarks used
during the survey were supplied by the base Civil
Engineering Department. At all wells, the data measured
included horizontal location, top of PVC casing, top of
steel casing, and ground elevation; at temporary piezometers
the data included the horizontal location, top of PVC, and
ground elevation; and at the test pits and power auger
holes, only horizontal location was recorded. In areas
where several test pits or power auger holes were located, a
permanent marker was installed, and all the locations were
established from that point.

Permanent markers were placed at all surface water and
sediment sampling locations. These markers consisted of
galvanized metal pipe, painted fluorescent orange, and
driven into the ground at the appropriate locations. A
copper cap was placed over the end of the pipe and stamped
with an identification number.

3.2.5.2 Water Level Measurements

Prior to collecting each of the two rounds of well water
samples, groundwater elevation measurements were made at
each well using a Soil Test Model DR-760A Water Level Probe.
Table 3-5 provides a summary of monitoring well survey and
water level data.

3.2.5.3 Field Water Quality Testing

Two rounds each of surface water and groundwater samples
were collected at Pease AFB. In addition to the samples re-
tained for laboratory analysis, in situ measurements
were made for pH, temperature, and specific conductance. A
Yellow Springs Instrument Company Model 33 SCT meter was
used to measure specific conductance and temperature. An
Analytical Measurement Model 107 pH meter was used to
measure pH.

A single measurement was taken at each surface water
sampling point. During well sampling, a series of at least
three readings were taken as the well was purged prior to
sampling. It was therefore possible to determine when
readings had stabilized, indicating that a representative
aquifer sample was being taken.

During all sampling activities, an HNu Model P1-101
photoionization meter was used to screen the ambient air for
volatile organic compounds. During well sampling
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activities, the head space of the well casing and an
agitated water sample were also screened. The results were
recorded in a field log book. A summary of the field water

7 quality data is presented in Table 3-6.

3.2.5.4 Aquifer Testing

In situ permeability tests, or "slug tests" were
performed on 32 of the 35 new monitoring wells installed in
this investigation. Slug tests involved either introducing
or removing a slug of water into or from the well in a
manner as close to instantaneous as possible, and observing
associated water level changes in the well as it returns to
equilibrium with the surrounding aquifer. The test is
designed to estimate hydraulic conductivity of aquifer
materials in the immediate vicinity of the screened interval
of the well. Test methods followed guidelines developed by
the U.S. Navy, Naval Facilities Engineering Command, and
described by Cedergren (1977). The essential steps are
listed as follows:

0 The static water level in the well to be tested was
measured.

o Water was either pumped from (recovery test) or
into (slug test) the well. In the former case, an
attempt was made to evacuate the entire well; in
the latter, the casing was filled to the top of the
pipe.

0 As the water level returned to the static position,
the elapsed time and the water level readings were
recorded until the level returned to at least 90
percent of the static level.

Further discussion of the significance of the slug tests
results is provided in Subsection 4.1.

3.2.6 Tank Sampling

As required in the Task Order (Appendix B, Section 4E), a
survey of abandoned waste storage tanks was conducted. Two
tanks were identified in the Industrial Shop/Parking Apron
Area, one adjacent to Building 244 (tank T-1) and one
adjacent to Building 113 (tank T-2). Both tanks are
discussed in the Phase I study and were reportedly used as
holding tanks for waste trichloroethylene used in vapor
degreasing operations.
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Tank T-1 is located adjacent to the southeast corner of
Building 244. It is constructed of concrete and measures
approximately four feet deep by ten feet long by six feet
wide. The Phase I Report stated that all liquid had been
removed from the tank, however, at the time of sampling, the
tank contained approximately four and one half feet of
liquid. Two cast iron pipes were observed entering the tank
from the north and west sides, respectively.

Tank T-2 is located adjacent to the northeast corner of
rBuilding 113. Its construction is similar to that of T-1

and it measures approximately six feet by four feet with an
undetermined depth. As noted in the Phase I Report, the
tank was partially filled with sand; however, the sand was
saturated to a depth approximately two feet below the top of
the sand.

The two tanks were sampled on 24 April 1985 by WESTON
personnel. Duplicate samples were obtained and sent to the
WESTON and USAFOEHL Laboratories for chemical analysis. A
liquid sample was collected from T-1, a sample of saturated
sand was collected from T-2.

3.2.7 Groundwater Quality Sampling

Two complete rounds of groundwater samples were collected
from the 35 monitoring wells installed at Pease AFB. The
first round was collected between March 19 and April 5,
1985; the second round was collected between April 29 and
May 7, 1985. Two rounds of samples were also collected from
the six water supply wells on base, during the surface
sampling program; the first on November 11, 1984, and the
second on March 13, 1985. Due to sampling and laboratory QA
requirements regarding holding times, analytical methods,
and detection limits, additional sampling was performed to
complete the analytical protocol for the Task Order. The
additional samples were collected in December 1985 and
January 1986.

Three abandoned wells, those described in Section 3.2.3.8
and two additional wells in the vicinity of the CRD-l were
authorized to be sampled but were not located in the field
and, therefore, were not sampled.

Water samples from each well were packaged and preserved
according to analyses required at that location and outlined
in Table 3-1. Groundwater sampling locations at each site
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were described in Subsections 3.2.3.4 through 3.2.3.11.
above.

The purpose of the water quality sampling program was to
identify, insofar as possible at the level of a confirmation
survey, the location, concentration and areal extent of any
contamination present in the hydrogeologic environment.
From this information it would be possible to deduce the
general direction in which these contaminants are migrating
and their probable origin. To achieve these goals
efficiently, specific field procedures were followed for
purging the wells, collecting the samples, and ensuring
field quality control. These procedures have been used to
obtain representative samples for chemical analysis from
monitoring wells and surface water streams. The sampling
and quality assurance plans used to accomplish these goals
are contained in Appendix F.).. Standard laboratory
analytical protocols used in the analysis of these samples
are contained in Appendix F.2.

3.2.8 Surface water and Sediment Sampling

In temperate climates there generally exists an intimate
relationship between groundwater and surface water.
Groundwater discharging to streams and rivers provides the
base flow during dry periods. Accordingly, contaminated
groundwater or landfill leachate may adversely impact
surface water. To assess this potential at Pease AFB a
surface water sampling protocol was undertaken. A total of
29 surface water sampling locations were identified and
sampled on two occasions. Concurrently with the surface
water program, sediment samples were collected at six
locations. All stream sampling locations were permanently
marked in the field with galvanized steel poles.

As part of the sampling QA/QC program, distilled water trip
blanks were assigned surface water sample numbers and
shipped with the field samples. A duplicate sediment sample
was also collected and analyzed for QA/QC purposes. A
complete description of the sampling, packaging, and quality
assurance procedures is included in Appendix E. Sample
chain-of -custody documentation is found in Appendix F and
laboratory analytical protocols are included in Appendix H.
Site sample locations are discussed below and the
significance of the analytical results is discussed in
Subsection 4.4.
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3.2.8.1 Surface Water Investigation at Zone 1, Bulk Fuel
Storage Area - Site 13, and Landfills No. 2, 3,
4 & 5 - Sites 2, 3, 4 and 5

Eight surface water monitoring points were designated to
address the issue of possible surface water degradation by
discharge of potentially contaminated groundwater and/or
leachate discharging to Pauls Brook and Flagstone Brook.
The eight sites, shown in Figure 3-5, were selected to
provide representative water quality data upstream of the
zone, adjacent to each site within the zone, and remotely
downstream. Changes in water quality through the zone could
then be addressed on a site-by-site basis, and the remote
sampling data could be used to assess the potential for
off-base migration of wastes.

3.2.8.2 Surface Water Investigations at Zone 2: Fire
Department Training Area No. 1 - Site 7, and
Landfill No. 1 - Site 1

Upper and Lower Peverly Ponds are located adjacent to LF 1
and serve as a recreational facility for base personnel,
providing access for fishing, swimming, and camping. Their
proximity to Zone 2 makes them subject to possible
contamination from surface runoff and leachate breakouts
from LF-I, and potentially contaminated groundwater flow
from either LF-I or FDTA-l. Four surface water locations
were sampled and analyzed for suspect contaminants and are
shown in Figure 3-6.

The sample locations shown in Figure 3-6 provided water
quality data upstream of the zone, adjacent to LF-I, in
Lower Peverly Pond, and remotely downstream of the zone in
the pond called Bass Pond.

3.2.8.3 Surface Water Investigations at Zone 4: Grafton
Ditch, Newfield Ditch, and McIntyre Brook - Sites
19, 20 and 21

An unknown quantity of potentially hazardous materials has
reportedly been discharged to base storm sewers. Further
potential contamination from spilled petroleum products and
other materials may have been carried into the storm
drainage system by rainfall runoff. To determine if these
past incidents continue to pose any environmental threats,
the receiving streams were sampled. Surface water and
sediment from Grafton Ditch, Newfields Ditch, and McIntyre
Brook were each sampled at two locations on two occasions to
monitor water quality changes with distance from the
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outf alls and to determine whether or not waste is migrating
off-base. Figures 3-14, 3-15 and 3-16 respectively, show
approximate locations of all sampling sites.

3.2.8.4 Surface Water Investigation at the Munitions
Storage Area - Site 12

Disposal of solvents used at this site may have resulted in
the contamination of two unnamed tributaries to Great Bay.
Samples were collected from each of the two streams
(locations shown in Figure 3-9) and analyzed for the
appropriate parameters (Table 3-1) on two occasions.

3.2.8.5 Surface Water Investigations at Construction
Rubble Dump No. 1 - Site 9

This site, located adjacent to an unnamed tributary to Upper
Peverly Pond, allegedly received small quantities of waste
solvents. If discharged to the stream, these solvents could
pose a potential threat to the water quality of the ponds.
Therefore, three surface water samples were collected at the
locations shown in Figure 3-17, to evaluate water quality at
the base boundary, adjacent to site CRD-l and remotely
downstream.

3.2.8.6 Surface Water Investigations at Zone 5: Landfill
No. 6 and Construction Rubble Dump No. 2

This zone is bordered on three sides by wetlands and lies in
close proximity to the base boundary. A stream flowing
between the two sites and discharging off-base could be
acting as a conduit for migration of contamination beyond
the base boundary. Six surface water samples were taken at
the locations shown in Figure 3-10 and analyzed for
pertinent parameters to determine if potential contamination
from this zone was impacting the wetland and/or migrating
off-base.

3.3 INVENTORY OF ALL WELLS (ACTIVE, INACTIVE, ABANDONED
MONITORING, ETC.), ON BASE

As required by the Task Order (Appendix B), an inventory of
all wells on base was conducted by WESTON field personnel.
Table 3-7 is a compilation of available data concerning
these wells and Figure 3-18 shows approximate locations of
those wells that could be located. Also the monitor wells
installed during the Phase II Stage 1 investigation are
included on Figure 3-18. Sources of the information
included Pease A.FB personnel, The University of New
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Hampshire Water Resource Research Center, and the United

States Geological Survey office in Concord, New Hampshire.

3.4 LITERATURE SEARCH

A complete review of existing literature pertaining to the
hydrogeology of the Pease AFB area was conducted prior to
and concurrent with the field investigation. Sources of the
literature include: the Base files, the U.S. Geologic
Survey, the U.S. Soil Conservation Service, the New
Hampshire Department of Resources and Economic Development,
the University of New Hampshire, the Phase I IRP Report, and
WESTON's in-house files and library.

3.5 REVIEW OF AERIAL PHOTOGRAPHS

Prior to and concurrent with the field investigation, WESTON
reviewed all available aerial photographs at the Base Civil
Engineering Office and at the Rockingham County Soil Survey
off ice in Exeter, New Hampshire. The aerial photographs,
both historical (pre-1956) and the most recent were used to
help delineate the aeral extent of the sites/zones.
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SECTION 4

RESULTS AND CONCLUSIONS

4.1 SITE INTERPRETIVE GEOLOGY AND HYDROGEOLOGY

4.1.1 Geologic Conditions

A review of available geologic data collected during the
Phase I records search and subsequent Phase II field investi-
gation indicates that the Pease AFB area has undergone a comn-
plex series of geologic events, as described in Section 2.
The base is underlain by metasedimentary bedrock, glacial
tills, marine clays, kame plain sands and gravel, marsh
deposits and recent fill of varying thickness and areal
extent.

The location of all new monitor wells installed in the Phase
II Stage 1 investigation are shown on Figure 3-18. Bedrock
was confirmed in 31 of the 35 monitoring wells by either
drilling with a tni-cone rollerbit or an NX core barrel.
Depths to bedrock varied from the ground surface at numerous
outcrops in the north, northwest, and southeast portions of
the base, to greater than seventy feet in RFW-18, located
adjacent to the control tower in the central portion of the
base. Samples from the bedrock cores consisted of slates
and schists typical of the Kittery and Eliot Formations, as
described by Novotny (1963).

Till was found directly overlying bedrock in 21 of the 35
monitoring wells and was encountered discontinuously through-
out the base. The till is comprised of admixtures of clay,
silt, fine sand, and gravel, and is dense to very dense,
frequently requiring 40-100 blows to advance a split-spoon
sampler six inches.

Blue/gray marine clay was found in wells located in the
northeast, southeast, and western portions of the base. The
marine clay stratum overlies glacial till. The marine
stratum ranged between a soft plastic clay to clayey silt
and frequently contained silt or fine sand stringers.

Sand and gravel covers most of the central portion of the
base having been deposited as an ice-contact formation, re-
ferred to in this report as a kame plain. Exposed sections
of the karne plain in gravel pits and split spoon samples
show stratification within the formation. The particle
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size ranged from fine sands to coarse gravel. In the
northern portion of the base, sands and gravels were found
in direct contact with fractured bedrock; elsewhere, they
were generally underlain by marine clay and/or gravelly
till above bedrock. In many areas the natural stratigraphy
has been altered by cut and fill operations during
construction of the roads, runways, and base facilities.

Figure 4-1 is a geologic cross-section running roughly north
to south from RFW-32 at LF-6 to RFW-29 at LF-l. Figure 4-2
is a cross-section from east to west from RFW-6 at the BFSA
to RFW-29 at LF-l. Locations of those cross-sections are
shown in Figure 4-3.

Figure 4-4 depicts the approximate bedrock surface contours
based on existing well logs and data collected during the
monitoring well installation program. The elevation of the
paleosurface varies greatly across the base, ranging from
greater than 100 feet above NGVD near the FDTA-2 to greater
than 15 feet below NGVD near RFW-24. The bedrock was
generally weathered at the interface with the overburden and
was moderately to highly fractured in the core samples
retrieved from various borings throughout the base.

4.1.2 Groundwater Conditions

4.1.2.1 Groundwater Occurrence and Flow Direction

Groundwater was found in both overburden deposits and in the
underlying bedrock, in 33 of the 35 monitoring wells at
Pease AFB. Two wells, RFW-15 (Figure 3-4) and RFW-23
(Figure 3-8), are constructed in an area of shallow kame
plain deposits, and saturated conditions were found only in
bedrock. Fluctuations in groundwater table measurements
taken on the first and second sampling round showed that
wells in the extreme downgradient locations in the south and
west portions of the base experienced increases in water
table elevations, while those in the upgradient, recharge
areas showed decreases.

The regional groundwater flow, based upon the groundwater
contour map in Figure 4-5, is essentially radial, from a
groundwater high near the northern end of the main runway,
and mimics the bedrock topography. Groundwater flow beneath
approximately two-thirds of the base is towards the south-
southeast. Figure 4-5 is a computer generated map of
groundwater contours based on water level measurements

4-2
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taken during the period of 29 April to 7 May 1985. Ground-
water flow lines, drawn perpendicular to the water table
contours, show generalized, regional flow directions and
illustrate the radial flow pattern. It can be assumed that
most or all of the regional flow ultimately discharges to
Great and Little Bays and the Piscataqua River.

Localized flow regimes probably vary from the regional flow,
discharging to the various wetlands, streams, and drainage
ditches found throughout the base. The presence of marine
clay and/or glacial till strata beneath kame deposits and
directly above bedrock in many areas of the base probably re-
strict vertical movement of groundwater and any associated
contaminants which may be present. As a result, there is in-
ferred to be greater flow in the upper, more permeable
zones.

Perched water table conditions were found during the hydro-
geologic investigation at LF-6, where marine clay underlies
the site. Elsewhere, the low permeability of the tills and
marine clays produce some localized artesian (confined or
semi-confined) conditions. The water level in RFW-32 mea-
sured during the first round of groundwater sampling was
approximately 0.4 feet above ground surface, indicating a
confined condition and a probable upward vertical hydraulic
gradient. Such a condition could inhibit the downward
vertical migration of contamination into the bedrock flow
zone. Semi-confined and artesian conditions probably exist
elsewhere on the base, but could not be determined due to
the scope of this investigation and the resulting lack of
data on vertical head differences.

As described in Subsection 4.1.2.2, groundwater flow in bed-
rock is restricted to faults, fractures, and joints within
the rock matrix. The direction and volume of flow is gov-
erned by the orientation, width, and frequency and intercon-
nection of the fractures as well as by the distribution of
hydraulic head in the bedrock aquifer.

4.1.2.2 Aquifer Permeability

The permeability of an aquifer is characteristic of the
porous medium that makes up the aquifer, relating to its
ability to transmit a fluid. in groundwater studies, it is
usually expressed as hydraulic conductivity, which quanti-
fies the ability of the medium to transmit a specific fluid,
water. The hydraulic conductivity, commonly expressed in
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feet per day (ft/day), is the volume of water that will pass
through a unit cross-sectional area of the aquifer (perpen-
dicular to the flow path) under a unit hydraulic gradient.
In unconsolidated material, hydraulic conductivity depends
on grain-size, degree of sorting, and grain arrangement, all
of which affect the effective porosity in the sediment
through which water can pass. In bedrock, the matrix itself
typically has a very low permeability, and groundwater flows
preferentially in the secondary porosity provided by frac-
tures. Therefore, hydraulic conductivity in bedrock tends
to be more variable from point to point, depending on the de-
gree of fracturing and the nature of interconnection between
fractures.

Data resulting from the in situ hydraulic conductivity
tests were input into a computer program approximating the
solution given by Bouwer and Rice (1976). Other input data
included well construction, or "shape" factors. The
results, in the form of an estimate of hydraulic
conductivity for each well tested, are listed in Table 4-1.

The method is intended to give an order of magnitude esti-
mate of hydraulic conductivity in the immediate vicinity of
the point tested, and is not a definitive value for the aqui-
fer as a whole. It depends on the following assumptions,
adapted from Bouwer and Rice (1976):

o Introduction or removal of the slug is in-
stantaneous, and drawdown of the water table
around the well is negligible.

o Flow above the water table can be ignored.

0 Head losses as water enters the well are neg-
ligible.

" The well is screened in a single medium that
is homogeneous and isotropic.

Several factors caused test conditions at Pease AFB to di-
verge from these ideal conditions, including the following:
1) many of the wells tested were screened in more than one
type of sediment, or across both sediment and bedrock; 2)
many of the wells were screened above the water table, for
sampling purposes, resulting in initially high intake rates
when a slug was added to the well; and 3) slug introduction
or removal could not be instantaneous. Despite these

4-9



Table 4-1

SUMMARY OF IN-SITU PERMEABILITY TEST RESULTS

Hydraulic Conductivity
well
No. cm/sec ft/day

RFW-1 3.0 x 10 - 5  
0.08

RFW-2  1.5 x 10 - 5  
0.04

RFW-3 5.5 x 10 - 4  
1.6

RFW- 4  5.5 x 10 - 5  
0.2

RFW-6(l) 2.6 x 10-4 0.7
RFW-6 1.3 x 10- 4  

0.4
mrW-7 3.5 x 10 - 5  

0.1
RFW-8 1.3 x 10-5 0.04
RFW-9 1.7 x 10 - 4  

0.5
RFTW7-1 0  1.7 x 10- 4  

0.5
RFAT- 11 ---

RFW-12 5.2 x 10-6
0.01

RFW-1 3  1.2 x 10 - 4  
0.3

RFW-1 4  8.1 x 10 - 5 0.2
RFW-15 2.6 x 10- 4  

0.7

RFW-16 1.8 x 10 - 3  
3.6

RFW- 1 7  7.3 x 10 - 4  
3.1

RFW- 1 8

RFW- 19 -- _
RFW- 2 0  6.0 x 10 - 5  

0.2
RFW-21 3.4 x 10 - 4  

1.0

PXW-21(1) 5.8 x 10-5 0.2
RFW-2 2  5.5 x 10 - 5  

0.2
RFW- 2 3 (1) 2.6 x 10-4 0.7
RFW-2 3  2.1 x 10 - 4  

0.6
RFW-2 4  4.9 x 10 - 4  

1.0
RFW-25 1.5 x 10 - 4  0.4
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Table 4-1 (Cont.)

SUMMARY OF IN SITU PERMEABILITY TEST RESULTS

RFW-26 1.3 x 10 - 5  0.4

RFW-27 4.4 x 10- 5  0.1

RFW-28(1) 7.0 x 10 - 4  2.0

RFW-28 7.0 x 10 - 4  2.0

PFT'-29 3.3 x 10- 4  0.9

R'*FT--30 2.3 x 10 - 4  0.7

RFW-31 6.8 x 10-4 2.0
o ,.32 1.3 x 10-4 0.4

RF,7-33 3.1 x 10 - 6 0.009

RFTW-34 2.3 x 10 - 5  0.07

,FW-35 3.8 x 100.

--- Well not tested

(1) Well tested twice, once in drawdown phase and once in

recovery phase.
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limitations, slug tests do provide rough, first-cut es-
timates of hydraulic conductivity. Where several data
points are available, they are very useful for determining
the range in hydraulic conductivity to be expected in the me-
dium tested. However, many authors have noted that slug
tests often yield lower estimates of hydraulic conductivity
than aquifer tests in pumping wells, sometimes by as much as
two orders of magnitude (Faust and Mercer, 1985). For this
reason, it is generally best to use conservative estimates
from the high end of the range for predictive purposes.

It is concluded that the hydraulic conductivity values de-
rived from in situ testing are probably underestimates
for the most permeable materials screened (generally the
sands and gravels of the kame deposits) and overestimates
for the least permeable (generally the tills or marine
clays).

Table 4-2 summarizes typical ranges of hydraulic conductiv-
ity for three broad classes of aquifer materials encountered
at Pease AFB. The ranges obtained from the slug or recovery
tests (first column) have been compared to ranges presented
in background literature for similar materials (second col-
umn) to derive a reasonable range that can be used for pre-
dictive purposes in the discussion of groundwater flow rates
that follows (third column). Based on this information, it
can be seen that the sand and gravels form the most perme-
able aquifer materials, and that bedrock in the uppermost
weathered zones has a moderate permeability. The marine
clays and glacial tills exhibit the lowest permeabilities at
the site, and may act as confining layers where they overlie
more permeable sand or bedrock, thus resulting in restricted
flow between high and moderate water bearing zones.

4.1.2.3 Groundwater Velocity and Contaminant Migration

For the purpose of discussing potential rates of contaminant
transport, linear velocity is used. This "seepage" velocity
is a function of the aquifer permeability, the hydraulic gra-
dient, and the effective porosity of the formation, and is
expressed by the following equation:

Vs =Ri/Ne eqn. 4.].

Where:

Vs = Groundwater (linear seepage) velocity (L/T)
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TABLE 4-2

TYPICAL RANGES IN HYDRAULIC CONDUCTIVITIES
OF SUBSURFACE MATERIALS ENCOUNTERED

AT PEASE AFB

Lithologic Range in Hydraulic Conductivity (Ft/Day)
Material

Representative
From In-Situ From Background Range for Pre-
Permeability Tests Literature (l) dictive Purcoses

Bedrock 0.04-2 0.001-10 0.04-2

Kame Deposits 0.2-5 10-5,000 1-100
(sand & gravel)

Marine Clay and 0.009-0.5 10- 5 - 0 .1 0.001-0.1
Glacial Till

(l) Sources: Davis and DeWiest, 1966
Freeze and Cherry, 1979

Todd, 1980
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K =Average hydraulic conductivity (L/T)
i = Hydraulic gradient (dimensionless)
Ne = Effective porosity (dimensionless)

Computation of travel times for contaminants within the
groundwater are speculative due to variations in constituent
concentrations, density, solubility, and their reactivity or
interaction with aquifer material. A conservative approxima-
tion can be made by assuming that contaminants are
nonreactive constituents traveling at the same average veloc-
ity as the groundwater. As contaminant plumes migrate away
from a site their concentrations decrease due to dispersion
and dilution from infiltrating precipitation and groundwater
in storage.

The volume of groundwater flowing through a site is also of
concern when considering potential adverse impacts to the en-
vironment. Groundwater discharge is given by equation 4.2:

Q = KiA eqn. 4.2

Where:

Q = Groundwater flow or discharge (L 3/T)
K = Average hydraulic conductivity (L/T)
i =Hydraulic gradient (dimensionless) 2
A =Cross-sectional area of aquifer (L

These basic flow equations have been used to estimate flow
rates and flow volumes for groundwater beneath selected
sites at Pease AFB.

4.2 RESULTS OF THE GEOPHYSICAL INVESTIGATION - LFTS

The results of the ground penetating radar, (GPR) and
magnetometer survey at the leaded fuel tank disposal area
(LFTS) are presented in the following paragraphs. As
discussed in Subsection 3.2.3, the data gathered by the two
geophysical methods are complementary when applied to the
interpretation of site conditions,

4.2.1 Results of the Magnetometer Survey

The results of the magnetic survey were used to develop a
contour plot of magnetic anomalies for two areas as shown on
Figure 4-6 and 4-7. WESTON used a Radian CPS-l computer
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graphic contour plotting system to construct the contour
solutions for the node locations surveyed. After the re-
duced magnetic readings were computer-plotted and contoured
on base maps of the two LFTS subsites a qualitative examina-
tion of the contour map was performed and major features
were noted.

The most prominent magnetic feature in the north LFTS sub
site (Figure 4-6) is the magnetic depression at the center
of the south edge of the site. This anomaly is associated
with the TVOR facility adjacent to the site. The remainder
of the site readings were all evenly distributed within a
range of normal instrument fluctuation (+15 gammas) and,
therefore, indicate no significant subsurface anomalies at
the north site.

The magnetic anomaly contours at the south LFTS site show
two anomalous high points. one point, as indicated on
Figure 4-7, can be attributed to a known buried cable. The
other magnetic high area of 190 gammas, located at (grid
node) W1+15 by S3+90 indicates a target. This target was
also located by GPR methods as discussed in the following
subsection.

4.2.2 GPR Survey

After calibration, a vertical scale was set to each
cross-section as explained in Subsection 3.2.3.3. Each of
these figures shows a subsurface structure which was typical
of all the traverses. Between depths of one and two feet
there were two horizons of high reflection. These horizons
are mostly uniform and continuous across the site and
probably represent undisturbed soil horizons or layered fill
material. Below the horizontal features, the GPR profiles
showed prominent layered features dipping to the north and
west. This pattern probably represents dipping stratified
ice contact or Kame plain deposits. The dip along the
east-west and north-south traverses is about 5 degrees.
This feature appears in both grid areas and extends to the
depth of penetration of the instrument, approximately 15
feet.

The GPR survey of the north LFTS subsite indicated no point
anomalies or targets. Remote sensing results were equivo-
cal, and confirmation by direct sampling was required to
determine the nature of layered subsurface materials. Test
pit excavations (Figure 3-12) of the upper two to three feet
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revealed no sludge layers. Therefore, the targets probably

represent the soil horizons.

The GPR survey of the south side of the LFTS south ofr Nottingham Road (Figure 3-12) identified three targets. Of
the three targets, one, located S3+90 by W1+15, correlates
with the magnetic high area discussed in the previous
section. The depth of this target is estimated to be around
5 feet. The other two targets (S4+50 by WO+90, and S4+45 by
W1+1-00) are not associated with magnetic anomalies. The
approximate depth of the latter targets are 7 and 10 feet
respectively. Excavation of test pits in the first target
area uncovered a "nest" of three buried, sludge-filled
drums. Excavations in the other areas revealed no evidence
of drums or buried sludges.

4.2.3 Summary

No significant anomalies were identified at the north LFTS
subsite by either magnetic or GPR methods. The possible
presence of sludge deposits could not be distinguished from
natural soil horizons at shallow depths. Direct sampling
was required to confirm the absence of buried sludges.

At the south LFTS subsite (Figure 4-7), three unknown
targets were identified by the GPR traverses at depths of
between 5 and 10 feet. Of the three, one target is associ-
ated with a high magnetic anomaly, and appeared a likely
location of buried metal objects. This was confirmed by the
excavation of test pits at the anomaly. All other test pits
at suspect anomalies did not encounter buried drums or
sludges. These conclusions are limited to only those areas
investigated by geophysical methods.

4.3 ANALYTICAL RESULTS

4.3.1 General

A principal objective of the Phase 11 Stage 1 Problem
Confirmation Study was to determine whether past hazardous
waste operations or disposal practices at the site had
resulted in significant environmental impact or confirmable
degradation. The analytical results of the Phase II study
are based on field testing, sampling of selected soils,
stream sediment, surface water, production wells, newly
installed monitoring wells and two abandoned waste solvent
tanks. Wells RFW-l through RFW-35, production wells PW-1
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through PW-6, surface water sampling locations SW-i through
SW-22, and SW-24 through SW-31 were sampled on two
occasions.

The analytical results from each of the two rounds of sam-
pling were compared and evaluated to determine if contami-
nant concentrations were consistent in the two rounds.
Large variations in water quality data in groundwater
samples over a short period of time may indicate the
presence of laboratory artifacts or other extraneous data
rather than a source of contamination at the site. Surface
water quality is more susceptible to temporal changes than
groundwater. Second sample confirmation of the presence of
analytes may indicate the presence of a source of contamina-
ti on.

The presence of detectable concentrations of analytes in
trip blanks and/or field blanks was considered in the
interpretation of the analytical results for samples
collected on the same day, or analyzed in the same batch as
the blank. For example, nickel was detected in eleven
groundwater samples at concentrations ranging from 0.20 to
0.32 mg/i. A field blank which was analyzed in the same
batch of samples contained 0.19 mg/l. Therefore, the
presence of nickel was not concluded to be attributed to
on-site conditions. The analytical results for duplicate
samples were compared to each other to evaluate the
consistency of the findings.

A number of sites were resampled due to missed holding times
or deviation from specified analytical protocols. The
results of the re-sampling are included below.

The analytical protocols for each site have been presented
in Table 3-1. The analytical methods and required detection
limits are listed in Appendix H. The analytical protocols
selected at each site were specified by the USAFOEHL
following a review of the Phase II Presurvey Report. The
analytical results for all valid samples are presented in
the site-specific summary tables below. Laboratory analyses
reports of all samples collected during the Phase II Study
are included in Appendix I. Appendix J contains a complete
listing of Federal and State drinking water and human health
standards, criteria, and guidelines applicable in New
Hampshire. These criteria were used as the basis for
evaluating the significance of the analytical findings.
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At some sites, a "screening" protocol consisting of total
organic halogens (TOX), total organic carbon (TOC) and oil
and grease (O&G) analyses was used to make an initial assess-
ment of gross contamination in soils or water at a given
site. All three analyses measure groups of organic com-
pounds rather than individual components. Of these, TOX has
the lowest detection limit (5 ug/l) and is, therefore, most
likely to correlate with the low concentrations of halo-
genated volatile organic compounds (VOC) previously detected
at Pease AFB. The detection limits for both TOC (1.0 mg/l)
and O&G (0.1 mg/l) are in general too high for these param-
eters to be correlated to specific organic compounds such as
trichloroethylene (TCE) previously found in groundwater at
Pease AFB. According to Harper (1984), the TOX method is
considered "a very good approximation of the true total of
all chlorine, bromine, or iodine from organic compounds. As
such, it provides the potential to 'screen' and to determine
in one step whether significant quantities of halogenated
organics are present. Since more than half of the EPA's
priority pollutants are halogenated, a straightforward
screening measurement is thus available."

TOC and oil and grease (O&G) analyses are the other non-
specific screening methods used to quantify total organic
contaminants. By comparing analytical results for the three
parameters on a sample-by-sample and site-by-site basis,
basewide trends were determined. Table 4-3 lists ranges of
concentrations (background, low, and elevated) for each
analyte which was used in interpreting the significance of
concentrations of the non-specific screening protocols.
Concentrations of the analytes in the "background" range are
considered to be prevalent and indicative of naturally
occurring conditions over the areas monitored at Pease AFB.
The low concentration range indicates a possible impact on
environmental quality. The elevated concentration range
samples showed a significant increase in analyte
concentrations above background and low concentrations.

The screening protocol data was evaluated with the specific
analyte data and the in situ analytical data to cate-
gorize the Phase II sites.

At sites where historical records indicated that specific
wastes, such as leaded fuel sludges, JP-4, or trichloro-
ethylene (TCE) were disposed, specific analytical protocols
were specified to confirm and quantify the impact of these
to the environment. The specific protocols included
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analysis for cyanide, phenols, the U.S. EPA Priority Pollu-
tant Organic Compounds including volatile organics, pesti-
cides and herbicides, and selected metals, where appropri-
ate. Table 4-4 lists typical ranges for naturally-occurring
heavy metals in soils from North America. These ranges can
be generally compared to reported values in the summary
tables below in evaluating the presence of contaminants at
non-natural levels. However, it should be noted that
natural soil quality varies widely since soils are, in part,
composed of minerals.

4.3.2 Federal and State Water Quality Standards

A complete listing of applicable Federal and New Hampshire
drinking water and human health standards is provided in
Appendix J. This subsection reviews the evolution and
meaning of those standards. The U.S. EPA originally promul-
gated a set of interim primary drinking water standards
based on human health criteria in 1975, to which was added a
set of recommended secondary drinking water standards based
on taste, odor, and aesthetic considerations. in 1980, the
U.S. EPA adopted the term "maximum contaminant level" (MCL)
for all current drinking water standards.

On 28 November 1980, the U.S. EPA issued criteria for 64
toxic pollutant categories which could be found in water
(Appendix J). The criteria established recommended maximum
concentrations for acute and chronic exposure to these
pollutants for both human and aquatic life. The derivation
of these exposure values was based on cancer risk, toxic
properties, and organoleptic properties.

The limits set for cancer risk were not based on a "safe"
level for carcinogens in water. The criteria stated that,
for maximum protection of human health, the concentration
should be zero. However, where this cannot be achieved, a
range of concentrations corresponding to incremental ca cer
ris ks of from 1 in 10 million to 1 in 100,000 (10 to
10 ) was presented.

In addition to the cancer risk assessment criteria, the EPA
office of Drinking Water provides, on request, advice on
health effects concerning unregulated contaminants found in
drinking water supplies. This information suggests the
level of a contaminant in drinking water- at which adverse
health effects would not be anticipatid with a margin of
safety; it is called SNARL (suggested no adverse response
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Table 4-4

TYPICAL RANGES OF METALS CONCENTRATIONS INt SOILS

Metal Chemical Notation Typical Concentrations (ppm)

Arsenic As 1-50

Barium Ba 100-5000

Cadmium Cd 0.01-7.0

Chromium Cr 5-1000

Copper Cu 2-100

Iron Fe 14000-42000

Lead Pb 2-200

Mercury Hg 0.02-0.2

Nickel Ni 5-500

Selenium Se 0.1-2.0

Silver Ag 0.1-1.0

Zinc Zn 2-30

From Pressant (1971) and Allaway (19 68)
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level). Normally, values are provided for 1-day, 10-day,
and longer-term exposure periods where available data exist.
A SNARL does not condone the presence of a contaminant in
drinking water, but rather provides useful information to
assist in the setting of control priorities in cases where
the contaminant has been found. SNARLs have been adopted by
the New Hampshire Water Supply and Pollution Control
Commission as legally enforceable standards. SNARLs may or
may not lead ultimately to the issuance of a national
standard or maximum contamination level (MCL). The latter
must take into account the occurrence and relative source
contribution factors in addition to health effects. It is
quite conceivable that the concentrations set for SNARL
purposes might differ from an eventual MCL. The SNARLs may
also change as additional information becomes available.

on 12 June 1984, the U.S. EPA published a set of proposed
rules under the Safe Drinking Water Act that would establish
recommended maximum contaminant levels (RMCL) for the
following volatile synthetic organic chemicals (VOC) in
drinking water: trichloroethylene, carbon tetrachloride,
l,l,l-trichloroethane, vinyl chloride, 1,2-dichloroethane,
benzene, l,l,-dichloroethylene, and p-dichlorobenzene. The
RMCL for these eight compounds were adopted in November
1985.

RMCL are non-enforceable health goals that were set at
levels that would result in no known or anticipated adverse
health effects with an adequate margin of safety. This
action was. the initial stage of rulemaking for the
establishment of federal primary drinking water regulations
for the eight VOC. Following this action, maximum
contaminant levels (MCL) and monitoring/reporting
requirements were proposed when the RMCL were promulgated.
The MCL will be enforceable standards. They will be set as
close to the RMCL as is feasible, and are based on health,
treatment technolngies, costs, and other factors. The
proposed MCL concentrations range from a low of 1 ug/l for
vinyl chloride to 750 ug/l for p-dichlorobenzene. All MCL
are within 5 ug/l of the RMCL.

The State of New Hampshire has adopted current Federal MCL
for 20 chemicals and radionuclides. In addition, in
December 1983, New Hampshire incorporated the U.S. EPA
SNARLS into their drinking water regulations, stating that
public water supplies shall not contain concentrations of
substances for which SNARLs have been established, in excess
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of the listed values. Also regulated by this document are

gasoline and "other hydrocarbons," (Appendix I).

4.3.3 Interpretation of Analytical Results - General

4.3.3.1 Interpretive Results - Screening Protocols

The use of TOX, TOC, and O&G results to evaluate the con-
tamination profiles in a confirmation study have
limitations. As discussed above these protocols measure
groups of organic compounds rather than specific components.
This fact can be especially important in areas such as the
fire department training areas where solvents have
reportedly been burned. The burning of these chlorinated
hydrocarbon compounds can result in partial decomposition
and the formation of polynuclear aromatic hydrocarbon
compounds, or other hazardous materials that would not be
identified by the screening protocols. The sites where this
may have occurred at Pease AFB are the FDTA-I, FDTA-2, and
Site 22.

As discussed in Section 4.3.1, TOX, TOC, and O&G analyses
were used as a screening methodology to assess comparative
levels of contamination and to determine if further, more
specific analyses were warranted. By comparing analytical
results for the three parameters on a sample by sample and
site by site basis, base-wide water quality trends can be
determined. Table 4-5 lists data from TOC, TOX, and O&G
analyses for both rounds of surface water and groundwater
samples.

An examination of Table 4-5 indicates that most of the
groundwater sampling points exhibited concentrations of TOX
at 20 ug/l or less on at least one occasion. For this
reason, and in consideration of other laboratory and field
results, TOX values of less than 20 ug/l have been
interpreted to be attributable to background conditions
(Table 4-3). In contrast to the background results, four
monitoring wells exhibited TOX results at least one order of
magnitude higher than the 20 ug/l concentration. These
results were concluded to represent comparatively elevated
concentrations of TOX. TOX results within a range of 20-50
ug/l were interpreted to be indicative of low concentrations
where potential impacts from prior site use might be
inferred.
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Table 4-5

Summary of Screening Protocol Results - Groundwater

TOX TOC O&G
Site RFW # ug/l mg/l mg/l

BFSA 1 20-17 3.7-.27 1.97-0.61
2 36-36 3.1-4.1 0.26-0.52
3 nd-nd 0.8-0.9 0.31-0.49
4 6-5 1.6-2.1 0.38-0.34

LF-2 5 18-11 0.8-1.0 nd -0.68
Through 6 19-28 2.1-1.7 nd -3.2
LF-5 7 7-40 2.5-3.2 nd -nd

8 83-7 3.0-2.4 0.76-0.36
9 nd-li 0.6-0.8 0.15-0.14

FDTA 2 10 351-140 9.6-1.2 1.61-134
11 8-27 1.2-39.4 0.57-2.09
12 100-6 20.6-0.8 1.32-0.86
13 10-8 3.2-3.3 0.53-2.13
14 6-5 1.8-1.6 0.20-0.26
15 10-12 0.4-1.3 0.18-0.31

FMS 16 5-12 3.1-0.9 0.25-0.49

FLS 17 0.33-0.59

IS/PA 18 11-10 1.8-0.6 0.84-0.50
19 5-12 0.9-1.3 1.6-0.32
20 11-27 1.7-1.7 1.7-0.50
21 8-23 17.5-0.9 0.66-1.14
22 6-8 6.0-0.8 0.20-0.35
23 11-14 1.2-0.9 0.31-nd
24 nd-12 3.2-nd 2.25-0.47

LFTS 25 0.59-3.29
26 0.21-0.45

Site 22 27 2.09-2.14

FDTA 1 28 5-nd 1.2-0.8 0.51-1.40

LF-I 29 34-20 21.8-9.1 0.40-0.35
30 nd-li 1.9-1.1 0.50-0.55
31 43-17 15.3-12.5 0.13-1.0?

CRD 2 32 40-57 12.3-5.2 0.30-0.45
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Table 4-5 (Cont.)

Summary of Screening Protocol Results - Surface Water

TOX TOC O&G
Site SW # ug/l mg/l mg/l

McIntyre Brook 19 22-23 2.7-8.0 0.28-0.23
20 19-24 2.7-8.4 0.31-0.73

Grafton Ditch 21 31-23 9.3-6.7 0.10-0.17
22 34-20 3.4-6.7 0.26-2.5

LF-6 24 31-53 6.2-14.0 0.10-0.12
25 17.3 1.7-8.6 1.09-nd
26 13-36 7.8-9.7 1.42-0.15
27 74-32 9.1-9.9 0.29-0.13
28 74-35 15.4-8.6 0.74-0.75

CRD 2 29 62-35 14.9-13.0 0.97-0.19

Newfields Ditch 30 127-28 13.8 -8.5 0.30-1.79
31 38-22 5.0 -6.4 0.11-0.13

QA/QC 5 (b) nd nd nd
Samples 23 (b) nd nd

32 (d) 17 nd nd
33 (d) 9 0.58
34 (d) 23 nd nd

-- = Analyte not reported in sampling protocol
nd = None detected
b = Field blank
d = Quality control duplicate. RFW-39 is a duplicate of

RFW-24 in the first sampling round, and RFW-17 in the
second sampling round. SW-32, SW-33 and SW-34 are
duplicates of SW-13, SW-12 and SW-23, respectively.
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In several instances, two rounds of results from the same
groundwater sampling point, exhibited entirely different
concentrations of TOX (Table 4-5). No consistent pattern
could be established between concentrations in first and
second round samples. In cases where disparities in results
occurred between sampling rounds, conclusions regarding the
results were based on subjective assessments of all of the
screening results and any other available analyses.

Surface water analytical results for TOX are consistently
higher throughout the base than the groundwater results.
This observation cannot be explained, especially in view of
the positive correlation between other screening analytes
for surface and groundwaters (Table 4-3). Surface waters
typically exhibited concentrations ranging up to 60 ug/ TOX
with no other indications of contamination by TOC or O&G
(Table 4-5). Therefore, these concentrations were inter-
preted to be representative of background conditions.

en situations where a screening parameter was elevated in
one sampling round and at low or background levels in the
other round, the interpretation of results considered all
other laboratory or field findings. An example of this is
seen on Table 4-5 for the CRD-l. The second round TOX
result was almost two orders of magnitude higher than the
first round result. No positive correlation could be found
with the O&G results. Furthermore, no field information
indicated anything unusual about the sample nor did down-
stream testing suggest adverse impacts. Consequently, the
interpretation of this anomalously elevated TOX value was
put in perspective with the other available documentation of
overall site conditions.

The TOC concentrations in the majority of the surface water
and groundwater samples (Table 4-5) were within the typical
backgroundwater quality range cited in Table 4-3 ((20 mg/).
of 31 groundwater sampling points, only six exhibited TOC
concentrations above anticipated background levels on one or
more occasions. only two of 26 surface water stations
exhibited TOC concentrations above background on one
occasion. Elevated TOC results (>50 mg/l) were noted at
only three le 4-ions. These location are associated with a
landfill (LF-6) and the results generally correlate with
elevated TOX and other evidence of contamination.
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Table 4-3 shows that the interpretive ranges for background,
low, and elevated concentrations of TOC in ground and
surface waters are the same. This basis of interpretation
is consistent with the observations of field and laboratory
test results.

The Oil and Grease method, is useful as a general indicator
of contamination arising from the disposal or spills of
fuel, lubricating oils, or other petroleum hydrocarbon. For
the purpose of interpretation, the upper limit of background
concentrations of O&G in surface and groundwaters was 1
mg/l. Those results which exhibited concentrations above 2
mg/l were generally concluded to be elevated.

Table 4-5 indicates that most of the surface and groundwater
samples collected in two rounds of sampling were
representative of background concentrations. Background
concentrations of oil and grease were often associated with
low or background concentrations of TOX and TOC although
significant exceptions to this were apparent. An example of
this disparity is evident in the results from LF-6 (Table

4-5).

In certain instances, only one round of sample results from
a location exhibited elevated O&G. Wells RFW-24 and RFW-25
(Table 4-5) illustrates this situation. Also, no overall
trends in the concentrations could be concluded to have
occurred between sampling rounds. As with the other
screening parameters, the interpretation of elevated results
were considered in context with all of the analytical
findings and the field results. For example, no floating
hydrocarbons were found in any of the monitoring wells. The
O&G screening results are supported by this field
observation.

Stream sediment and soil sample analyses for TOX and O&G are
listed in Table 4-6. The significance of these findings
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are, in general, less definitive than those for water sam-
ples, since soil materials are not homogeneous.
Furthermore, contaminants are less often evenly distributed
because soil types have different affinities for organic
materials, and the analytical protocols (TOX in particular)
are less precise in assessing the magnitude, and hence the
significance of contamination in soil. Where observed, soil
samples were collected from the strata that contained the
highest suspected levels of contaminants based on visual
inspection and in situ HNu readings. Therefore, the
results should be considered to represent worst-case
conditions at a site rather than overall soil quality.

The majority of the soil samples contained less than 0.5
mg/kg TOX and, for the purposes of this report, that value
is assumed to be a low concentration in soil. Of the 39
soil and sediment samples analyzed for TOX, 18 were at
background concentrations ranging from "none detected" to
0.1 mg/kg; 9 sample results ranged between 0.1 and 0.5 mg/kg
and, for interpretative purposes, were concluded to
represent a low concentration level. Twelve samples were
concluded to exhibit elevated concentrations of TOX.

Oil and grease concentrations in the soil samples ranged
from "none detected" to 73,600 mg/kg. Concentrations of O&G
greater than 1,000 mg/kg were found in 16 of the 49 sampling
locations. That value is one order of magnitude greater
than the background level discussed in Section 4.3.1 and
indicates definite contamination by oil and grease.

In all but one instance (15-B-6), analyses that exceeded 0.5
mg/kg TOX showed correspondingly elevated levels of O&G
(Table 4-6). Soil samples 7-TP-1 and 7-TP-2, for example,
were taken from shallow test pits at FDTA-I. The
concentrations of TOX (10.0 and 1.0 mg/kg) and O&G (24,400
and 898 mg/kg) in both samples indicate elevated
concentrations of these screening parameters.

The most elevated TOX result of 67.5 mg/kg was collected in
the IS/PA. This result was more than one order of magnitude
higher than 16 other soil samples collected from this zone.
Of the 17 soil samples collected from suspect areas in the
zone, 12 exhibited background or low concentrations. These
screening results assisted in the overall assessment of this
zone.
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In summary, screening protocols consisting of TOX, TOC and
O&G were specified in the statement of work (Appendix B) for
surface water and groundwater. The screening protocols for
soils were TOX and O&G. Based upon an assessment of concen-
tration ranges (Table 4-3) and the results of the screening
protocols (Tables 4-5 and 4-6) , several sites exhibited
elevated levels of these screening parameters at one or more
locations in soil or water. These include the fire
department training areas, LF-6, and several locations
within the IS/PA.

Limited specific conclusions could be drawn regarding the
presence or absence of hazardous substances based on the
screening protocol. Other analytes are discussed in the
following subsections of this report. Site-by-site:
contamination profiles, taking into account the entire
analytical protocols, are addressed in Section 4.4 of this
report.

4.3.3.2 Interpretative Results - Cyanide and Phenols

Phenols are compounds found in the heavier fractions of
petroleum products, coal tars, and in some cleaning
compounds with petroleum distillate components. They are
not generally found occurring naturally outside these
materials unless a man-made source is nearby. Background
levels are, therefore, expected to be zero in areas
unaffected by human activities. Detec-ion of phenols at
Pease AFB was expected to indicate contamination by
petroleum products, fuels, or cleaning compounds, but a
strong, positive correlation of phenol results with oil and
grease results was generally poor.

The particular analytical method used for samples at Pease
AFB is subject to interferences from sulfur compounds, oils,
and tars. Phenol levels slightly above the method detection
limit of 0.005 mq/l were commonly observed in the samples.
These levels were considered to represent interferences,
and, for interpretive purposes, background phenol levels
were defined as ranging between 0.005 and 0.01 mg/l.

It should be noted that the required detection limit of
0.001 mg/l for phenols in water was not met for lab samples.
The required analytical method had a method detection limnit
of 0.005 mg/l, which was achieved.
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Phenols were found in fifteen monitoring wells and eleven
surface water samples in concentrations in excess of the
State MCL and the water quality criteria set for domestic
water supplies (0.001 mg/l). The levels cited ranged from
none detected to 0.454 mg/l and reflect the total
concentration of phenolic compounds.

The concentration of 0.001 mg/i for the MCL and quality
criteria for domestic water was established as an aesthetic
standard 'ecause low levels of certain phenolic compounds
can adversely affect the taste and odor of chlorinated
drinking water and have also been shown to taint the flesh
of freshwater fish. The EPA has established a recommended
human consumption level for phenol of 3.5 mg/l based upon
available toxicity data (Federal Register, 1980). None of
the water samples collected at Pease AFB exceeded the 3.5
mg/l toxic level for human consumption.

Field blanks were prepared during each round of the ground-
water sampling, one on 12 August 1985 (RFW-38), one on 21
March 1985 (RFW-39) and one on 7 May 1985 (RFW-40), for
QA/QC purposes. In the latter two cases, the blanks exhibit-
ed phenol concentrations above the MCL; however, no other
samples collected on those days contained concentrations
above the MCL. It is likely that the phenols present in
these two blanks were caused by background noise (i.e.,
laboratory artifacts, contaminated glassware, or field
sampling error) or other interferences and that low level
concentrations in other samples from that round may be
similarly affected. At eighteen of the twenty-six locations
where phenol analyses exceeded the MCL, second round samples
failed to detect phenol. While such changes in surface
water grab samples may be attributable to temporal
variations in flow, it is unlikely that groundwater quality
would show such large variations.

Of the six surface and groundwater sampling locations where
phenol was detected in both sampling rounds, three are
located at LF-6. Wells RFW-33, RFW-34, and RFW-35 each
contained phenol in both rounds at levels ranging from 0.033
to 0.454 mg/l. These vlues are generally one to two
orders of magnitude higher than found elsewhere on the base
and within one order of magnitude of the toxic limit of 3.5
mg/l discussed above.

In summary, phenols were commonly found throughout the base
in concentrations which exceeded the State MCL of 0.001
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mg/i. In all cases except wells RFW-34 and RFW-35 at LF-6
shown on Figure 3-10, the concentrations found were at least
two orders of magnitude below the toxic limit and are
concluded to represent no human health threat. The
concentrations found in RFW-34 and RFW-35 are within one
order of magnitude of the toxic limit and are considered
elevated with respect to human health and the environment.
The interpretation of phenol results with respect to other
analyses of surface and groundwater is discussed on a site
by site basis in Section 4.4.

Cyanide analyses were performed on 21 samples from Zone 1
and Zone 2. One sample, SW-3, from Zone 1 exhibited a
cyanide concentration of 0.02 mg/l in a second round sample.
This concentration is slightly above the State NM2L of 0.01
mg/i. The first round sample from SWV-3 exhibited no
detectable levels of cyanide. All the cyanide analyses were
below the State MCL. Based on the State NM2L and the EPA
toxic level for human consumption (0.2 mg/l) as described in
the November 1980 Federal Register, no cyanide related
environmental problems were detected in base groundwater or
surface waters.

4.3.3.3 Interpretive Results - Metals

Heavy metals samples were selectively analyzed for up to 12
specific metals by atomic absorption spectrophotometry.
This method may be subject to interferences from the sample
matrix, although such interference is more common in complex
matrices such as soils and sediments. In addition, heavy
metals are present in soils at natural levels characteristic
of a given region and its geology. Typical natural
background levels for soils of North America are summarized
in Table 4-4 and must be considered in the evaluation of
results for soil samples.

The objective of water sample analysis at Pease AFB was to
quantify dissolved heavy metals. The presence of suspended
sediment in the water samples could have resulted in
inaccurately high results, because of the minerals in soils.
Therefore, all groundwater samples were filtered to remove
any suspended sediments agitated during purging. Water
quality criteria have been established for the various heavy
metals and provide the most important context for evaluating
the metals results (Table 4-7).
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Several priority pollutant metals were detected in surface
water and groundwater samples from Pease AFB in concentra-
tions exceeding MCLs and/or Water Quality Criteria. Those
priority pollutant and non-priority pollutant metals that
exceeded any of the three standards cited in Table 4-7 are
addressed below.

Iron is a common constituent of rocks and soil and, is
naturally occurring in most waters. The State and Federal
MCLs are spt primarily on an aesthetic or organoleptic
basis. Concentrations greater than 0.3 mg/l can cause
staining of plumbing and laundry, encrustation of well
screens and pipes and produce an objectionable taste in
drinking water. Natural dissolved iron concentrations of up
to 0.23 mg/l were measured in water from ice-contact
deposits in Rye, New Hampshire by Bradley and Petersen,
(1962) and swamp waters may contain up to several mg/l of
naturally occurring iron (EPA, 1976). Iron concentrations
in water that are above ambient levels are frequently
indicative of landfill leachate or other sources of organic
contamination which result in the mobilization of iron and
other metals within the soil and rock matrix.

At Pease AFB monitoring well samples from RFW-29, RFW-31,
RFW-34, and RFW-35 and surface water samples from SW-2,
SW-3, SW-4, SW-7, SW-8 and SW-9 all contained concentrations
of iron (0.5-46.4 mg/l) above standards (Table 4-7) in both
rounds of samples. In each case, the sample was taken from
a location associated with landfilling operations.

Samples from SW-13, SW-26, SW-27, SW-28, SW-29, and SW-31
all contained levels of iron in excess of the MCL during
both sampling rounds (0.32-11.3 mg/l), but each was taken
from swampy or boggy wetland areas indicating that the
concentrations may be due to natural sources rather than
landfilling activities. Therefore, iron by itself is not
necessarily a positive indicator of landfill contamination.
This was taken into account when interpreting the
contamination profile for each site.

Copper was not detected above the LMCL in any of the
groundwater samples. Copper was detected above the MCL of
1.0 mg/l in one surface water grab sample from SW-21 in
Grafton Ditch (Figure 3-14). A second round sample
collected from the same location was well within the MCL.
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Cadmium was detected in two water samples (RFW-29, and SW-4)
at levels exceeding the State and Federal MCL of 0.01 mg/l.
The highest result (0.11 mg/l) was detected in a field blank
(RFW-38). Because a field blank exhibited the most elevated
concentration of cadmium, the presence of this analyte was
not used in the interpretation of contamination profiles
for the sites.

Concentrations of lead, in excess of the 0.05 mg/l MCL
established as Federal and State regulations, were detected
in samples from SW-4, SW-7, and SW-8 in Zone 1 from s4-15
from Lower Peverly Pond in Zone 2 and from the MMS-2 well
(PW-5). Second round samples from these sampling locations
contained lead concentrations below the MCL.

Nickel was found in eleven groundwater samples in concen-
trations exceeding the 0.0134 mg/l Water Quality Criteria
(column 3 on Table 4-7). All samples exhibiting elevated
levels of nickel were collected during the second round.
All samples contained level of nickel within a range of 0.20
to 0.32 mg/l. A field blank labeled RFW-40 was analyzed
with the eleven samples cited above and was found to contain
0.19 mg/l of nickel. The source of nickel in the field and
control samples is unknown. Because it was detected in
elevated concentrations in a field blank, the presence of
nickel was not used as a signature parameter in the
assessment of contamination profiles.

Table 4-4 lists common ranges of metals concentrations found
in soils in North America. Data from this table were used
to interpret the analytical results of soil samples from the
IS/PA, and the LFTS. Generally, the soil samples contained
typical background concentrations of metals. The exceptions
are associated with small areas of suspected contamination
found throughout the base. Table 4-4 was used for guidance
in the interpretation of soils results. These are discussed
on a site-by-site basis in Section 4.4 of this report.

4.3.3.4 Interpretive Results - Priority Pollutant Organics

Volatile organic compounds are man-made and associated with
human activities and uses. Therefore, they are not found in
areas uaffected by man, and natural background levels are
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expected to be zero in soil, surface waters, and
groundwaters.

Because of their volatility, VOC are often difficult to
sample, especially when present at low levels. They are
easily driven off in the sampling process, or introduced as
cross-contamination in sampling, storage, transport, or
analysis. In analysis of VOC samples, interferences from
the sample matrix are possible, although more common in
soils than water, resulting in erroneous identification and
quantification of individual compounds or masking detection
of the presence of one or more compounds. This problem was
countered by the analysis of reference standard solitions of
known identity and concentration to confirm identification
of specific compounds and assist in quantification.
Detection of compounds above certain levels triggered
reanalysis of the sample on a second column to confirm
identity. Analysis of duplicates of selected VOC samples
was also performed as a further quality control measure.

Field, trip, and laboratory blanks were used to screen out
matrix interferences, contamination introduced to the sample

after collection, and contamination of laboratory equipment.
These measures generally reduce the likelihood of
analytical errors to a very low probability. The results
for individual VOC compounds are reported for each site in
Subsection 4.4.

Low concentrations of methylene chloride and chloroform were
detected in several soil and groundwater analyses. These
were suspected to be attributable to laboratory artifacts
and were evaluated in consideration of all volatile organic
results and other supporting analytical data.

4.4 SITE INTERPRETIVE RESULTS

4.4.1 Fire Department Training Area No. 2 - Site 8

4.4.1.1 Hydrogeologic Conditions - FDTA-2

A total of ten test pits and six monitoring wells were in-

stalled at FDTA-2 (Figures 3-3 and 3-4). Geologic logs indi-
cate that relatively thin (6 to 40 feet) deposits of fine to
coarse sands and gravel (kame deposits) were found to
overlie fractured bedrock, separated in places by thin,
discontinuous till deposits. Bedrock refusal was encoun-
tered at approximately 6.5 feet below ground surface in test
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pit 8-TP-8 and at 37 feet below ground surface in monitor-
ing well RFW-ll, indicating that surficial deposits, partic-
ularly the till, increase in thickness from east to west. A
bedrock ridge, located just east of the site (Figure 4-4),
trends toward the northeast and is believed to control local
groundwater flow. Bedrock cuttings and core samples from
RFW-11 through RFW-15 show the area to be underlain by moder-
ately fractured gray slates and schists of the Eliot
Formation.

The shallow groundwater flow zone is comprised primarily of
kame deposits. The direction of groundwater flow through
the site is predominantly toward the west-southwest, perpen-
dicular to a line drawn through RFW-10 and RFW-Il, along a
gradient of approximately 0.012 feet per foot. Based on pre-
ceding discussions, a reasonable range of hydraulic conduc-
tivity for the kame deposits encountered at FDTA-2 would be
1 to 100 ft/day. Using an average hydraulic gradient of
0.012 and assuming a porosity of 0.30 (typical for sand and
gravel), the estimated linear groundwater flow velocity be-
neath FDTA-2, from equation 4.1 above, is between 0.04 and 4
ft/day, or between about 15 and 1500 ft/year. Using the con-
servative assumption that contaminants travel at a rate
equal to groundwater velocity, water quality constituents
from this site may have moved between 375 and 37,500 feet
away from the burn area since the beginning of site
operations in 1961. The base boundary and Peverly Brook are
within this area of potential effects.

The estimated volume of groundwater flow within the high
permeability sands and gravels beneath the site can be
computed using an average saturated thickness for the
unconsolidated aquifer of 10 feet and a flow path width of
800 feet. This yields a cross-sectional area of 8,000
square feet and, from equation 4.2, the volumetric flow
beneath the site can be estimated to be between 96 to 9,600
cubic feet per day, or approximately 700 to 70,000 gallons
per day. Additional flow in the till and fractured bedrock
would likely occur at a lower rate, but would have the
potential for transporting contaminants off-base.

4.4.1.2 Soil Sampling Results FDTA-2

Six soil samples were collected from test pits excavated in
an area of stained soil located northeast of FDTA-2 (Figure
3-3). This area has historically received runoff from the
burn area. Examination of in situ soils showed that
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stains extended as deep as nine feet below land surface in
8-TP-10 in the center of the stained area. All six samples
were collected from the upper two feet of the unconsolidated
material and analyzed for TOX and oil and grease (O&G) to
evaluate the significance of contamination in obviously
stained soils. Results are reported in Table 4-8. The TOX
analyses ranged from "none detected" to 0.30 mg/kg, and the
oil and grease results varied from 37 mg/kg to 5790 mg/kg.
The TOX concentration indicated that chlorinated organics
may be present in the soils at the FDTA-2 in low
concentration. O&G levels in Test Pits No. 8-TP-2, 8-TP-4,
8-TP-6, and 8-TP-9 may indicate the presence of other
components of JP-4 and AVGAS both of which have been used
extensively at the site in the fire department training
operations.

The probable presence of volatile organic compounds in the
soil is further indicated by the results of field screening
of soil samples and ambient air conditions with an HNu model
PI 101 photoionization detector (HNu). Downhole field
measurements were not recorded with the HNu. Field
readings as high as 25 parts per million (ppm) above
background levels were measured in the breathing zone above
8-TP-10. Field personnel, also noted a petroleum-like odor
in the ambient air while excavating the test pits.

4.4.1.3 Groundwater Results - FDTA-2

The analytical results of groundwater samples from RFW-10
through RFW-15 are presented on Table 4-9. The field
testing results are illustrated on Table 3-6. Two of the
five wells (RFW-10 and RFW-lI) indicated some evidence of
impacts attributable to past site use. For example, both
rounds of TOX results from RFW-10 were comparatively
elevated with respect to anticipated background conditions.
The Oil and Grease results from RFW-10 were also in the low
to elevated range. The 134 mg/l O&G result for the second
round sample from RFW-10 was confirmed with the laboratory.
A review of the sampling and analytical protocols as well as
the field testing results did not reveal an explanation for
this anomalously high result. The background levels of TOC
detected in RFW-10 did not correspond with the low to
elevated concentrations of O&G and TOX in the well samples.

An agitated water sample collected on 1 May 1985, as RFW-11
was being purged, exhibited approximately 15 ppm of total
volatile organics on the HNu. A similar sample from RFW-12
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Table 4-8

ANALYTICAL RESULTS - SOILS

FDTA 2

Detection Limit and TOX Oil & Grease
Reporting Unit

0.1 mg/kg 5-7 mg/kg

Date of Sampling 10/25-26/85 10/25-26/85

8-TP-1 0.01 37

8-TP-2 0.03 199

8-TP-4 nd 2180

8-TP-6 nd 386

8-TP-8 nd 237

8-TP-9 0.01 5790

nd = None Detected
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registered 0.2 ppm above background readings. Furthermore,
during installation of the wells, HNu screening of the
boring for RFW-11 produced readings of as high as 40 ppm.
Similar screening procedures at RFW-12 registered no
readings above background. The analytical results for
RFW-ll and RFW-12 contained inconsistencies between the
March 1985 abd the May 1985 results. It was suspected that
the labelling of samples for RFW-11 and RFW-12 were reversed
during the March 1985 sampling round. To resolve this
question, wells RFW-11 and RFW-12 were resampled in January
1986. The January 1986 results for RFW-l1 and RFW-12
closely correlated with the May 1985 results. Therefore,
the suspect March 1985 results for those wells were omitted
from Table 4-9. The results are included in Appendix H.

Analytical results for wells RFW-13, RFW-14 and RFW-15 were
detected at background concentrations with the exception of
a slightly elevated O&G concentration in one sampling round
of RFW-13.

4.4.1.4 Contamination Profile - FDTA-2

The FDTA-2 has historically received large quantities of
waste fuel as part of ongoing fire department training
exercises. Much of the fuel was burned during the opera-
tions but some is concluded to have migrated downward into
the high permeability stratified kame plain deposit sands
and gravel beneath the site and overland to a lowlying area
northeast of the training area. Visual examination of soils
during test pit excavations; field screening of air, soil,
and water; and laboratory analyses of soil and groundwater
samples indicates that contamination exists on and beneath
the site. It is estimated that up to 5,000 cubic yards of
soil material may be contaminated with oily wastes from
FDTA-2. This is based on an area of stained soils
encompassing approximately 0.5 acre and extending to an
average depth of at least five feet.

Static water levels in the six monitoring wells indicate
that groundwater flow is toward the south and west of the
active site in the direction of RFW-10 and RFW-II. These
wells are within 800 feet of the base boundary. Contaminant
levels of TOX (351 and 140 ug/l) and O&G (1.6 and 134 mg/l)
in RFW-10 are elevated, and suggest that a contaminant plume
is moving toward the base boundary, approximately 800 feet
away. In addition, kame deposits directly overlie fractured
bedrock, allowing for the possibility of contamination
migration to deeper flow zones.
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4.4.2 Zone 1, Bulk Fuel Storage Area - Site 13, and
Landfills 2, 3, 4 and 5 - Sites 2, 3, 4 and 5

A total of nine groundwater monitoring wells and eight
surface water locations were sampled in this zone (Figure
3-5). Well RFW-l through RFW-4 were installed to monitor
groundwater at the Bulk Fuel Storage Area; wells RFW-5,
RFW-6, and RFW-8 were spatially arranged to provide
upgradient monitoring for the four landfills. Wells RFW-7
and RFW-9 serve as downgradient wells for the landfills.
The eight surface water sampling sites were chosen to detect
degradation of water quality as the streams flow past the
sites in question (Figure 3-5). Each surface water site and
well was sampled twice; analytical results appear in Tables
4-10 and 4-11.

4.4.2.1 Hydrogeologic Conditions - Zone 1, BFSA and LF-2
through LF-5

Zone 1 is located in the northern corner of the base. Nine
monitoring wells were installed and surface water samples
were collected at nine locations within the zone (Figure
3-5). Soil samples obtained during the well drilling oper-
ations indicate that the area has a complex geologic
history. Surficial deposits are relatively thin, varying
from six feet at RFW-8 to twenty-five feet at RFW-2.
Glacial till between 3 and 21 feet in thickness was found
overlying bedrock in wells RFW-I, RFW-2, RFW-3, RFW-4,
RFW-5, RFW-6, and RFW-9. Marine clays were encountered
above the till deposits in RFW-I and RFW-9, while kame
deposits of sand and gravel were found above the till in

RFW-2, RFW-3, RFW-4, and RFW-8. Till only was found in
RFW-5 and kame deposits only were found in RFW-6 and RFW-7
overlying bedrock. The marine clays probably pre-date the
kame deposits since sands and gravels were found above clay
deposits in RFW-l. Bedrock beneath the site is primarily
gray slate and schist of the Eliot Formation. It appears to
be moderately to highly fractured and weathered,
particularly in the core samples from RFW-2.

By examining Figure 4-5 and constructing approximate ground-
water flow lines through the BFSA and LF-2 through LF-5, it
becomes apparent that a groundwater divide crosses the zone,
so that flow diverges in two directions. Flow from the
BFSA, LF-2, and portions of LF-5 is easterly, paralleling
the flow direction of Paul's Brook, which passes near the
BFSA. The remainder of the groundwater flow is north-
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northwest paralleling the flow direction of Flagstone Brook,
which is a tributary to Pickering Brook. It is likely that
groundwater from the zone discharges to both streams, provid-
ing base flow during dry periods.

Groundwater beneath the BFSA was encountered in sands and
gravels, till, and bedrock. The thickest saturated stratum
was the till; therefore, the majority of the shallow flow is
probably through the till. Using the range of permeabili-
ties calculated from slug test data at the site in equation
4.1 probably gives accurate estimates of seepage velocities
through the area, since the saturated overburden at RFW-l,
the most downgradient well, is primarily silt and clay.
Therefore, assuming a hydraulic conductivity range of 0.08
to 2 feet/day, a porosity of 0.30, and a hydraulic gradient
of 0.03, the range of seepage velocities is from about 0.01
ft/day to 0.2 ft/day or approximately 3 to 73 ft/year.

Since the base boundary is less than 1000 feet downgradient
of the BFSA and the site has been in operation since at
least 1959, it is possible that any groundwater contamina-
tion resulting from past site activities may have migrated
through the unconsolidated deposits to the base boundary or
to discharge points along Paul's Brook. Groundwater from
the vicinity of LF-2 and the eastern portion of LF-5 also
flows to the east and may also discharge to Paul's Brook.

The remainder of the groundwater flow from the zone migrates
toward the north, parallel to Flagstone Brook. The six foot
thick deposit of sand and gravel found in the upgradient
well RFW-8 thins out and was absent in RFW-9, located approx-
imately 800 feet northeast of RFW-8, at the downgradient
edge of Zone 1. The primary water-bearing formations are
till and marine clays which exhibited a range of hydraulic
conductivities of 0.04 to 0.7 ft/day in slug and recovery
tests conducted by WESTON. Using a measured hydraulic gradi-
ent of .025, an effective porosity of 0.30, and the range of
permeabilities noted above, the average seepage velocity is
computed to be 0.003 ft/day to 0.06 ft/day or approximately
1 to 22 ft/year. As discussed above, it is likely that a
significant amount of groundwater discharges to Flagstone
Brook. Iron precipitate found in ditches adjacent LF-5 and
red discolored seepage into the Flagstone Brook indicates
that leachate is seeping from the landfill into the surface
waters.
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4.4.2.2 Groundwater Results - Zone 1, BFSA and LF-l
Through LF-5

Wells RFW-l through RFW-4, located around the perimeter of
the BFSA, were sampled for the three screening parameters
TOX, TOC, and O&G. The TOX results ranged from "none
detected" in RFW-3 to 36 ug/l in RFW-2 (somewhat above
background as defined in Subsection 4.3.1 above). The TOC
results followed a similar pattern ranging from 0.8 mg/l in
RFW-3 to 4.1 mg/l in RFW-2. No elevated O&G results were
detected in the monitoring wells.

An expanded analytical protocol was applied to the monitor-
ing wells that surround the landfills in this zone. In
wells RFW-5 through RFW-9, the TOX levels ranged from "none
detected" in RFW-9 to 83 ug/l in RFW-8. The TOX
concentration in RFW-8 of 85 ug/l was not supported by
corresponding O&G and TOC results. A field blank, RFW-38,
sampled on 21 March 1985 contained 23 ug/l TOX or slightly
above the background range cited on Table 4-3. The TOC and
O&G analyses were low or non-detected. No cyanide was
detected in any of the samples. RFW-7, RFW-8, and the field
blank identified as RFW-38 contained phenol concentrations
of 0.011 mg/l in RFW-7 down to 0.005 mg/l (the reported
detection limit for that batch) in RFW-8 and RFW-38 (a field
blank). These values are considered low, but they do
exceed the State of New Hampshire's maximum concentration
level for phenols (0.001 mg/l). This concentration is based
on aesthetic rather than health related issues. Metal
analyses revealed the presence of mercury and chromium in
RFW-5, RFW-6 and RFW-8, and chromium and lead in RFW-7.
None of these levels exceeded the EPA or New Hampshire NCLs.
The New Hampshire secondary drinking water standard MCL for
iron is 0.3 mg/l and is exceeded in RFW-5, 7, and 8. Iron
standards are set primarily for aesthetic reasons (taste and
odor) and iron generally does not pose a health threat.
High iron may be indicative of landfill leachate, however,
in the case of the upgradient wells RFW-5 and RFW-8 probably
indicate natural conditions. This is concluded based upon
field screening results and other laboratory analyses.
During the analysis of the first round of groundwater
samples for pesticides and herbicides, lindane was detected
in samples from RFW-6, RFW-7 and RFW-9, as well as the field
blank RFW-38 in concentrations of 0.22 ug/l in the blank to
0.56 ug/l in RFW-7. These levels were well below the New
Hampshire MCL for lindane of 4 ug/l. An examinatin of the
field and analytical methods did not reveal the probable
cause of the presence of TOX and lindane in the field blank
(RFW-38).
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4.4.2.3 Surface Water Results - Zone 1, BFSA and LF-2
through 5

Surface water sample SW-I, collected from Pauls Brook
(Figure 3-5) downstream from the BFSA contained 50 ug/l TOX
in the second round sample. An oily sheen was also noted
at that time on the surface of the stream. Screening
parameters TOC and O&G were not found to be elevated rela-
tive to samples taken elsewhere on base. TOX concentrations
in samples SW-2 through SW-9, collected during two rounds of
surface water sampling from drainage ditches bordering LF-2,
LF-3, LF-4 and LF-5, varied from non-detected in SW-8 to 43
ug/l in SW-6. These levels are in the same range of
concentrations found elsewhere on base in background
samples. Samples from TW-2 and SW-3 collected during the
first round of sampling both contained greater than 20 mg/l
of TOC. This level is above the background level discussed
above, however, second round samples from the same location
were 11.0 and 9.0 mg/l, well below the upper limit of
background levels. A first round resample for O&G from Sw-3
contained 1.31 mg/l, this concentration level was an order
of magnitude higher than the second round sample collected
on 11 March 1985, and was therefore, considered a transient
phenomenon.

Cyanide was found in one sample (SW-3) at a level of 0.02
mg/l, which is above the New Hampshire MCL of 0.01 mg/l.
Phenols were found in first round samples at SW-2, SW-3,
SW-6, and SW-9 and second round samples at SW-2, SW-6, and
SW-8 at levels between 0.005 and 0.012 mg/l. The New
Hampshire MCL for phenol is 0.001 mg/l.

Metals analyses detected arsenic at sample locations SW-2,
SW-3 and SW-7. Arsenic was detected in both rounds in
samples from SW-2 and SW-7, but only the first round samples
exceeded the State Drinking Water Standard of 0.05 mg/l.
The first round sample from SW-3 exhibited an arsenic level
at the state MCL, and the second round sample showed
non-detectable arsenic concentrations. Cadmium was detected
in one location (SW-4) on one occasion. The result was
slightly in excess of the State Drinking Water Standard of
0.01 mg/l. Because cadmium was not detected in any other
samples from this zone and a field blank had exhibited the
highest concentration of cadmium of all samples collected,
the presence of this parameter was not concluded to be
significant. Lead was detected in five of the nine sampling
locations. At locations SW-4, SW-7 and SW-8 the
concentrations exceeded State Drinking Water Standard of
0.05 mg/l on one occasion. Lead was present during both
sampling rounds in two of the nine surface water sampling
locations (SW-4 and SW-7). Iron was the most common metal
present in surface waters. It was detected in seven of the
nine surface water sampling locations. The concentrations
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of iron detected in surface water samples SW-2 and SW-7 and
the presence of rust colored precipitates in ditches
adjacent to LF-3 and LF-5 indicate a hydraulic connection
between groundwater at the landfills and surface waters in
the ditches.

Lindane was detected in two surface water samples (SW-2 and
S446) on one occasion, and DDT isomer was detected in both
surface water sampling rounds from SW-7. These results were
within the state MCL for drinking water. No other
pesticides or herbicides were detected at any of the surface
water sampling stations around the landfill.

4.4.2.4 Contamination Profile - Zone 1, BFSA and LF-2
through LF-5

Surface water samples SW-2 through SW-7 show a pattern of
minor contamination by priority pollutant metals and
pesticides possibly emanating from one of the landfills.

The presence of TOX was detected at background
concentrations at most surface water and groundwater
sampling locations. In one instance (RFW-8), an elevated
TOX result was obtained on one sampling occasion. Other
screening results for Oil and Grease and TOC were at
background concentrations in this sample. The TOX, TOC, and
O&G results from surface water and groundwater sampling
within this zone did not indicate a significant pattern of
contamination attributable to past waste disposal practices
at the former landfills.

The fact that pesticide containers were reportedly disposed
of in base landfills (Phase I Report, 1984) and that Lindane
and DDT isomer have been found in surface waters adjacent to
LF-3 and LF-5 further indicates the possibility that
leachate from the landfills discharges to the streams.

Phenols were detected in five surface water samples from
Zone 2 in concentrations that exceed the State MCL. How-
ever, these concentrations were two orders of magnitude
below the toxicity limits and, as such, probably do not pose
a significant health threat.

At current levels, the only contaminant concentrations of
concern found in either the groundwater or surface water is
that of DDT isomer. However, an examination of analytical
data from SW-9, the most downstream sampling location, on
Flagstone Brook, shows that no detectable DDT is exiting the
base via the surface water route in this zone.

The BFSA was considered separately from LF-2 through LF-5.
The analytical results of the groundwater and surface water
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samples indicate no contamination of either as a result of
operations of the BFSA, nor do they show signs of
contamination emanating from the adjacent landfills.

4.4.3 Zone 2, Fire Department Training Area No. 1
(FDTA-I) - Site 7, and Landfill 1 (LF-l) - Site 1

The investigations at FDTA-l and LF-l included the sampling
of soil from test pits, and the collection of surface water
and groundwater samples. A total of three soil samples and
two rounds of samples from four surface water and four
groundwater monitoring locations were collected (Figure
3-6). The sites are described below and the analytical
results are listed in Tables 4-12 through 4-14.

4.4.3.1 Hydrogeologic Conditions - Zone 2, FDTA-I and LF-l

Landfill 1 and the FDTA No. 1 were considered together as
Zone 2. They are located on opposite sides of McIntyre Road
between Upper Peverly Pond on the west and the NW-SE Runway
on the east (Figure 3-6). Four monitoring wells and four
test pits were installed in the zone to provide stratigraph-
ic data, as well as groundwater and soil quality sampling lo-
cations. The depths of the unconsolidated materials range
from ground surface at a bedrock outcrop near RFW-30 to 51
feet at RFW-28. Kame plain deposits of fine to coarse sand
and gravel underlie the entire site. These deposits reach a
depth of 35 feet at RFW-28, thinning toward the west where
the topography slopes steeply downward toward Upper and
Lower Peverly Ponds. In wells RFW-29 and RFW-31, sand and
gravel were encountered to depths of approximately five feet
below ground surface. A ten foot stratum of marine clay was
found beneath the sand and gravel deposits in RFW-28,
RFW-29, and RFW-31. A four to six foot thick layer of clay-
ey till was found in all four wells overlying bedrock.

Bedrock cuttings and core samples from the four wells indi-
cate that the area is underlain by gray schists and slates
of the Eliot Formation. Bedrock was encountered at an eleva-
tion of approximately 73 feet NGVD in RFW-30. The bedrock
surface slopes downward radially to 22 NGVD feet in RFW-29,
35 feet in RFW-31, 44 feet in RFW-28, and 66 feet in RFW-27
which is located in the adjacent Leacied Fuel Sludge Disposal
area (Site 10) south of Zone 2.

The water table in RFW-28 was encountered at 21 feet below
ground surface. Approximately 15 feet of saturated sand was
found, underlain by lower permeability saturated marine clay
and clayey till. Water table conditions in RFW-29, RFW-30,
and RFW-31 were found only in clays and tills.

Groundwater flow trends generally toward the west/northwest

toward Upper and Lower Peverly Ponds (Figure 4-5). A small
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Table 4-12

ANALYTICAL RESULTS - SOILS

ZONE 2
FDTA 1

TOX OIL & GREASE

Detection Limits
and Reporting Units 0.1 mg/kg 5 mg/kg

Dates of Sampling 1/8/85 1/8/85

7-TP-1 10 24,400

7-TP-2 1 898
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perennial stream located north of the FDTA-l flows from the
southeast to the northwest, discharging to Upper Peverly
Pond. This stream probably receives groundwater flow from
the upper sand and gravel stratum beneath the FDTA-l, since
vertical flow from kame deposits to bedrock in this area is
probably restricted by underlying clays and silts.

LF-l is located less than 100 feet east of Upper Peverly
Pond. No wells were installed through the laadfill, but da-
ta obtained from well logs RFW-29, RFW-30 and RFW-31 in-
dicate that the site is underlain by a five to ten foot
layer of kame sands and gravel, marine clay, and till.
Seeps and springs are found along the perimeter of the land-
fill at the toe of a steep embankment adjacent to surface wa-
ter sampling location SW-14 (Figure 3-6). Red seepage found
along the base of the landfill slope indicates the possibil-
ity that groundwater has historically leached material from
LF-I and discharged to Upper Peverly Pond.

4.4.3.2 Soil Sampling Results - Zone 2, FDTA-l and LF-l

Four test pits were excavated in the high permeability sand
and gravel at the FDTA-I. Samples were collected from two
pits for laboratory analyses for TOX and oil and grease.
Sample results are presented on Table 4-12. A sample
collected from 7-TP-1 from a depth of one to two feet
contained O&G (24,000 mg/kg) and TOX (10 mg/kg). A sample
collected from 7-TP-2 at a depth of one foot contained 898
mg/kg O&G and 1.0 mg/kg TOX. The upper 12 inches of 7-TP-2
were visibly stained and contained black ash-like residue.
An HNu photoionization detector was used to screen the soil
samples and ambient air for the presence of volatile organic
compounds, but no readings above background levels were
recorded. The absence of detectable concentrations of
volatile organics may, in part, be due to instrument
response in the extremely cold field conditions (<O°C) at
the time of sampling.

4.4.3.3 Griundwater Results - Zone 2, FDTA-l and LF-I

Groundwater quality results are presented on Table 4-13.
Monitoring well RFW-28 was installed at FDTA-I to assess
groundwater quality immediately downgradient of the
abandoned site. Two rounds of samples were collected and
analyzed for TOC, TOX, and O&G. The second round O&G sample
bottle was broken in transit and was resampled on 8 August
1985. Analytical results for the two rounds of samples from
RFW-28 exhibited one low level of O&G. No concentrations of
any other screening parameters (TOX, TOC, O&G) above
expected background levels were observed.
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Monitoring wells RFW-29, RFW-30, and RFW-31 were installed
around the perimeter of LF-l (Figure 3-6). Two rounds of

samples were collected and analyzed for TOX, TOC, O&G,
phenols, iron, priority pollutant heavy metals, and pesti-

cides and herbicides. The TOX levels ranged from "none
detected" in the first round sample from RFW-30 to 43 ug/l

in the second round sample from RFW-31. The TOC levels
varied from typical background levels of 1.1 to 1.9 mg/l in
RFW-30 to 21.8 mg/l in downgradient well RFW-29 (Figure

3-6). The 21.8 mg/l TOC concentration in RFW-29 may indi-
cate some effects from past waste disposal practices. This
conclusion is supported by low concentrations of TOX (34
ug/l) and elevated total dissolved iron concentrations (4.32
and 3.32 mg/l) in the samples from this well. Potential
water quality impacts from former landfilling are also
supported by the field specific conductance test values (750
umhos/cm) monitored during each sampling round (Table 3-6).
These values indicate the presence of total dissolved solids
above expected background ranges 300 (umhos/cm).

Oil and grease was found in low concentrations (1.02 mg/l)
in only one well, RFW-31. All other wells in LF-I had
background levels of O&G. RFW-31 also exhibited total

dissolved iron concentrations of 9.95 and 12.7 mg/l in two
rounds of sampling.

Phenols were detected in all three first round samples from
wells RFW-29, RFW- 30, and RFW-31 in concentrations greater
than New Hampshire Secondary Drinking Water MCL of 0.001
mg/l. However, none were detected in the second round

samples from these three wells. None exceeded the 3.5 mg/l
EPA Water Quality Criteria health standard (Table 4-7).

Priority pollutant heavy metal results (Table 4-13)

exhibited concentrations of arsenic in RFW-30 and RFW-31 of

0.148 mg/l and 0.114 mg/l. These concentrations exceed the
New Hampshire MCL of 0.05 mg/l. Also detected at levels
greater than the MCL were selenium in second round samples
from RFW-29 and RFW-31, cadmium in the second round sample
from RFW-29, and iron in all samples except the first round
sample from RFW-30. Barium, copper, nickel, and zinc were
detected at concentrations below the MCLs.

The herbicide 2,4-D (2,4-Dichlorophinoxyacetic acid) was
found in the first round sample from RFW-31 at a concen-
tration of 1.29 ug/l, well below the MCL of 100 ug/l. No
2-4,D was detected in the second round of samples.
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In situ water quality measurements were taken for pH,
temperature and specific conductance during the purging of
the wells prior to sampling. Of particular note are2 tile
specific conductance readings from RFW-29 and RFW-31. In
both wells, the 600-700 umhos/cm values indicate the
presence of comparatively elevated levels of dissolved
solids typically associated with landfill leachate. These
values are significantly higher than the 70 to 140 umhos/cm
levels in RFW-30, an adjacent well, screened in similar
strata.

4.4.3.4 Surface Water Results - Zone 2, FDTA-l and LF-l

Four surface water samples (SW-13 to SW-16) were taken from

Upper and Lower Peverly Ponds to assess potential environmen-
tal impacts of contamination from LF-l. Sampling locations

are illustrated on Figure 3-6. Sample results are presented
on Table 4-14. The TOC and O&G concentrations were consis-
tent with background values found elsewhere at Pease AFB.
The TOX concentraticns ranged from 17 to 63 ug/l in samples
from the four locations. These are also considered in the
low or background range (Table 4-3). Coincidentally, a
field blank of distilled water contained 17 ug/l. Second
round samples from SW-14 and SW-16 contained 0.005 mg/l
phenol. All other surface water results for phenols in Zone
2 were "none detected."

The first round of metals analyses from SW-15 contained
0.053 mg/l lead. The second round samples were "none detec-
ted" for these parameters. No other lead was detected in
any other surface water samples from Zone 2. Iron concentra-
tions exceeded 0.25 mg/l in all samples and were detected at
levels up to 2.4 mgil (second round from SW-16).

The first round of pesticide/herbicide analyses detected
0.47 ug/l of lindane in SW-13, 0.13 ug/l of heptachlor
epoxide in SW-14, and 0.24 ug/l DDT isomer in SW-16 samples.
No pesticides or herbicides were found in any of the second
round samples.

In situ water quality tests for pH and specific conduc-
tance (Table 3-6) were typical of clean surface water.
During the field sampling program rust colored water was
noted standing along and extending slightly into Upper
Peverly Pond within 50 feet of SW-15. No flow was noted
from the stained area. The discolored water covered an area
of approximately 30 feet in diameter. This water appears to
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represent groundwater discharge from the landfill area.
Sample SW-14 was sampled beyond the stained area to provide
a representative sample of potential impacts of the landfill
on Upper Peverly Pond. Samples SW-13 through SW-16 and the
in situ field analyses did not reveal evidence of
impacts attributable to former landfill activities.

4.4.3.5 Contamination Profile - Zone 2, FDTA-1. and LF-I

Analytical results for soil samples at the FDTA-I revealed
evidence (TOX and O&G) of contamination in the upper two
feet of the soil profile from past disposal practices. The
lateral and vertical extent of the elevated TOX and O&G was
not determined. The Phase I study (1984) lists waste fuels,
waste oils, and solvents among the substances used in fire
department training exercises. Groundwater samples from
RFW-28 at the FDTA-I showed no indication of contamination
from the site. This is significant since RFW-28 is immedi-
ately downgradient of FDTA-l. RFW-31, which is located re-
motely downgradient of the FDTA-l contained concentrations
of iron and TOX. Generally, more metals in higher concen-
trations were found in RFW-28 and RFW-31 than upgradient
well RFW-30 (Table 4-13).

Oil and grease results from RFW-31 were moderate to low
(<2.0 mg/l). Based on the suite of chemical parameters
detected in RFW-31, the elevated specific conductance values
(>600 umhos/cm) obtained during sampling of RFW-31, and the
apparent variance in specific conductance, TOX and TOC
results between RFW-28 and RFW-31, it is concluded that the
FDTA-l is not the probable cause of the iron, TOX and TOC
concentrations observed in RFW-31. Landfill LF-l, which is
also upgradient of RFW-31, is a more probable source of the
water quality conditions noted in RFW-31.

Wells RFW-29 and RFW-31 (Figure 3-6) are located along the
base of LF-l and are within the groundwater flow zone
downgradient of the landfill. Samples collected on two
occasions from each well contained specific conductance,
TOX, and iron above expected background. The presence of
these constituents indicates the possible presence of
leachate from LF-I in the groundwater along the base of the
landfill.

Arsenic was variously present in wells upgradient and
downgradient of LF-I. Therefore, its presence above the MCL
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of 0.0, mg/l in wells RFW-30 and RFW-31 on one occasion is
not attributed to LF-l.

A concern about potential environmental impacts from LF-l is
its proximity to Upper and Lower Peverly Ponds, which are
used recreationally by base personnel for swimming, fishing,
and camping. As discussed above, the surface water samples
contained low levels of DDT isomer, heptachlor epoxide, and
lindane. The presence of TOX, iron, and lindane were noted
in SW-13 upgradient of LF-l in the same or more elevated
concentration range as the other surface water samples
collected downgradient from LF-l. Thus, because the concen-
trations of analytes were similar for the upgradient and
downgradient surface water samples, it does not appear that
LF-l has any adverse impact on Peverly Pond. None of the
analyses to date indicate any significant evidence of
contamination by hazardous wastes of either ground or
surface water.

4.4.4 Zone _3 Industrial Shops/Parking Apron (IS/PA) -

Site 15

Twenty-four power auger borings and seven groundwater
monitoring wells were drilled at the IS/PA to assess the
extent of soil and groundwater contamination from past
handling of hazardous materials. Seventeen soil samples
from the auger holes and two groundwater samples from each
of the monitoring wells were collected for laboratory
analysis. Additionally, two samples (one solid and one
liquid) were collected from abandoned waste solvent tanks.
Analytical results are shown in Tables 4-15 through 4-17.

4.4.4.1 Hydrogeologic Conditions - IS/PA

Seven monitoring wells and twenty-four power auger borings
were installed in the Is/PA to classify the stratigraphy and
take soil and water quality samples for laboratory analysis
(Figures 3-7 and 3-8). Logs of the wells and power auger
borings indicate that much of the shallow natural stratig-
raphy was altered during construction of the base facili-
ties, roads, parking areas and runways. In the eastern por-
tion of the site, the fill material is underlain by thin
deposits of sands and gravels which are interbedded with and
grade into marine clays. In RFW-20 blue/gray clays were
interbedded with medium sands, and clay layers were found in
borings in the vicinity of Buildings 113, 119, 120, 226, and
229. The clay strata were thin toward the west and south,
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and were not encountered in RFW-18, RFW-19, and RFW-20; but

reappear in RFW-24 farther to the west.

The sand and gravel deposits increase in thickness toward
the west where the surficial deposits are described as a
kame plain. In RFW-18 and RFW-20 they were 34 and 31 feet
thick respectively. Shallow bedrock conditions are found in
the southern portion of the site in the vicinity of RFW-22
and RFW-23 where sands and gravel overlie bedrock. Glacial
till is found beneath the sands and gravels in RFW-18,
RFW-19, RFW-20, RFW-21, and RFW-24. The thickness of the
till layers varies from approximately 15 feet in RFW-21 to
40 feet in RFW-18.

The depth to bedrock in the IS/PA zone varied from approx-
imately 4 feet at RFW-23 to greater than 74 feet at RFW-18.
Bedrock outcrops are found near the base Hospital on Rocking-
ham Drive. The available bedrock data indicates that a bed-
rock contact between the Eliot and Kittery Formations passes
through the site. Drill cuttings and core samples reveal
that the site is underlain by well foliated schists and
slates with calcareous mineralization and quartz veins, char-
acteristic of both formations. In general, the bedrock was
found to be moderately to highly fractured in the upper five
feet. A 15-gallon per minute or greater loss of water was
noted during coring operations at RFW-24, which suggests
that interconnected fractures were extensive.

The regional groundwater flow through Zone 1 is toward the
south at a hydraulic gradient of approximately 0.006.
However, numerous drainage channels and streams flow through
the area and much of the shallow groundwater flow probably
discharges to them. The regional flow patterns in the IS/PA
are subject to small localized variations due to pumpage
from the Haven, Smith, and Harrison production wells. The
maximum safe yield of the three production wells is approx-
imately 1500 gallons per minute with reported drawdown of
13.7 feet, 6 feet, and 15.5 feet respectively (Phase I
Report, 1984). The pumping of the wells individually or in
combination will likely effect the localized groundwater
flow lines. However, a preliminary analysis of existing
pump/drawdown data does not suggest widespread cones of
depression.

During the drilling and installation of monitoring wells and
piezometers in Zone 3, groundwater was encountered at depths
ranging from 3 to 21.3 feet below ground surface. In gener-
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al, the shallower water table conditions were found in the
less permeable deposits in the eastern portion of the IS/PA
(RFW-22 and RFW-23).

4.4.4.2 Tank Sampling Results - IS/PA

Tank TA-I located adjacent to Building 244 and TA-2 adjacent
to Building 113 (Figure 3-7) were reportedly used for the
storage of waste trichloroethylene (TCE) generated by vapor
degreasing operations formally housed in the two buildings.
The tanks were, reportedly, abandoned in 1962. The two
tanks were sampled on 24 April 1985 as described in Appendix
F.l and Subsection 3.2.6 above. Tank TA-i at Building 244
contained three feet of liquid TA-2 at Building 113 was
filled with sand. The sample from TA-I was taken from
standing liquid within the tank and analyzed for TOX, TOC,
O&G and Priority Pollutant Volatile organic compounds (VOC).
The analysis detected a TOX concentration of 8910 ug/l and
levels of TCE and trans-l,2-dichloroethylene of 22,000 ug/l
and 7,000 ug/l, respectively. The concentration of TOC and
O&G were 10.2 and 8.68 mg/l, respectively.

Tank TA-2 had been filled with sand. Therefore, a saturated
solid sample was taken and analyzed for the same parameters
listed above. There were no detectable TOX, and the O&G con-
centration (10.0 mg/kg) was within the low range (Table
4-3). Low levels of trichloroethylene (12.0 mg/kg) and
trans-l,2-dichloroethylene were also detected.

An HNu photoionization detector, used to screen the air in
the breathing zone for detectable levels of volatile organic
compounds, registered a reading of 200 ppm from an agitated
sample of liquid taken from TA-i. A. agitated soil sample
from TA-2 registered a slight deflection (<1 ppm) of the
meter.

4.4.4.3 Soil Sampling Results - IS/PA

Seventeen soil samples were collected from power auger
borings at eight subsites in Zone 3. The statement of work
specified analysis for TOX, TOC, phenol, priority pollutant
metals, and VOC. The purpose of the sampling was to identi-
fy areas of possible contamination within the zone. Figure
3-7 shows the locations of the soil borings. Table 4-16
presents the analytical results by subsite.
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IS/PA Subsite - Building 119

Boring 15-B-i was installed adjacent to a paved parking area
on the south side of Building 119 adjacent to a drum staging
area where waste oils and solvents from the fuel maintenance
squadron s-._p are stored. A soil sample collected from the
boring on 20 November 1984 was found to contain 1,800 mg/kg
of O&G. The other required analytes were inadvertently
omitted from the analytical protocol. A second sample from
the area was collected on 14 August 1985 and analyzed for
the remaining parameters. The soil sample was black and
oily in appearance. It contained elevated concentrations
of TOX (67.5 mg/kg), phenols (4.37 mg/kg,) and VOC. Among
the VOC present in the highest concentrations were
chlorobenzene (4.0 mg/kg), chloroform (0.35 mg/kg), toluene
(3.8 mg/kg), ethyl benzene (7.5 mg/kg), and total
dichlorobenzene (66.0 mg/kg).

Boring 15-B-2 was installed south of 15-B-I, in a
downgradient direction toward a stream which flows through
the area. Analysis of a sample taken from a depth of eight
to ten feet showed no detectable TOX. Concentrations of O&G
were also at background levels. There were no detectable
phenols, and the metals detected are all within the
magnitude of concentrations typically found in soils (Table
4-4). There were no detectable volatile organic compounds
in the sample.

IS/PA Subsite - Building 113

Borings 15-B-3, 15-B-4, 15-B-19, and 15-B-22 were installed
in the vicinity of Building 113, the location of a former va-
por degreasing operation (Figure 3-7). Boring 15-B-3 was
drilled in a drainage swale across Dover Avenue and west of
Building 113. Borings 15-B-4 and 15-B-19 were drilled ap-
proximately 50 feet north of Building 113 and the former
waste TCE tank (TA-2). These locations are near a wetland
between Buildings 113 and 119. Boring 15-B-22 was drilled
beyond a parking lot east of Building 113.

The analytical results are presented on Table 4-16. Samples
15-B-3 and 15-B-22 did not reveal the presence of VOC. Metal
parameters were generally within anticipated background
ranges. Phenols were not detected in these samples. Oil
and grease results for 15-B-3 and 15-B-22 were within
background (Table 4-3). A TOX concentration of 0.3 mg/kg
was detected in 15-B-22. Although this concentration is
considered to be a low concentration, no priority pollutants

4-77



were detected. Therefore, no adverse impacts were noted
from the analyses of these two samples.

Analytical results from 15-B-4 and 15-B-19 do show evidence
of environmental impact. Based on the screening protocols
of TOX and O&G, low concentrations of these analytes were
detected. TOX in 15-B-19 was 0.2 mg/kg; O&G were 947 mg/kg
in 15-8-4 and 601 mg/kg in 15-B-19. They are also at least
one order of magnitude higher than the O&G results from
15-B-3 and 15-B-22. Both samples contained VOC. Sample
15-B-4 contained 0.21 mg/kg TCE and 0.57 mg/kg xylene.
Sample 15-B-19 had 0.079 mg/kg TCE, 0.044 mg/kg methylene
chloride, and 0.012 mg/kg tetrachloroethylene. Total VOC
concentrations were less than one mg/kg (parts per million).
Phenols and metals were within anticipated background
concentrations.

In summary, several priority pollutant organics were noted
in low concentrations in soils near Tank TA-2 and Building
113. Tank sample results (Table 4-15) reveal that the only
common priority pollutant common to the soil and tank fluid
results is TCE.

IS/PA Subsite - Building 226

Samples 15-B-5, 15-B-6 and 15-B-7 were taken from borings
south and east of Building 226 where 55-gallon drums of
waste organic compounds currently are stored. TOX levels
ranged between 0.2 to 0.6 mg/kg and oil and grease levels
ranged from 21 to 1290 mg/kg. Phenol concentrations ranged
from 0.135 to 0.222 mg/kg, with the exception of zinc,
metals analyses were all within expected natural ranges
(Table 4-4). Zinc concentration in the soils from these and
several other borings in the IS/PA are higher than the cited
literature for natural zinc concentrations in soils (Table
4-4).

The only volatile organic compound detected in any of the
samples was 0.004 ug/kg of methylene chloride in 15-B-6.
Methylene chloride is a common laboratory artifact.
Furthermore, it was detected in five of the six samples
collected on 9-10 April 1985. An HNu reading of 60 ppm was
recorded in borehole 15-B-5 at eight feet. However, the
analytical results do not support the field test result. No
probable explanation for this is available with the existing
information.
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IS/PA Subsite - Building 244

Borings 15-B-8 and 15-B-9 were installed in the vicinity of
a former waste TCE tank on the south side of Building 244.
The TOX levels of 0.3 mg/kg in 15-B-8 and 0.5 mg/kg in
15-B-9 were typical of the low ranges found throughout the
IS/PA. There wa no detectable oil and grease in 15-B-8 and
only 24 mg/kg in 15-B-9. Phenol concentrations were 0.197
mg/kg in 15-B-8 and 0.150 mg/kg in 15-B-9. The metals
concentrations were all within the typical background ranges
cited in Table 4-4. Three Priority Pollutant VOC were
detected in the two samples; TCE, chloroform, and methylene
chloride were found in 15-B-9 at concentrations less than
0.005 mg/kg. Methylene chloride was detected in 15-B-8
(0.009 mg/kg). As discussed above, methylene chloride is
commonly found as a laboratory artifact, as is chloroform,
and the presence of these two compounds in samples from
borings 15-B-8 and 15-B-9 are not concluded to be associated
with the site. TCE was detected in concentrations of 0.01
mg/kg in 15-B-8 and 0.004 mg/kg in 15-B-9. The presence of
TCE in two borings suggests that the abandoned underground
tank may have historically leaked to the surrounding
environment. Trichloroethylene was found in TA-I adjacent
to Building 244 in concentrations of 22 mg/kg.

IS/PA Subsite - Building 222

Borings 15-B-10 and 15-B-11 were installed in a low swale ap-
proximately 100 feet south of Building 222 (Figure 3-7), the
Jet Engine Test cell. With the exception of VOC, all param-
eters detected at 15-B-10 were within background ranges, as
discussed above; the presence of 0.016 mg/kg of methylene
chloride and 0.085 mg/kg of dichlorodifluoromethane is
probably due to laboratory contamination. The sample from
15-B-11, collected on 10 April 1985, contained 691 mg/kg
O&G. The presence of hydrocarbons in the VOC sample
interfered with the quantification of toluene and ethyl
benzene according to the lab report (Appendix I). The VOC
that were quantified were chloroform at 0.047 mg/kg and
methylene chloride at 0.004 mg/kg. Field screening of the
boreholes with an HNu produced a reading of 160 ppm in
boring 15-B-11. Petroleum hydrocarbons are concluded to be
present; however, the quantity is unknown.

IS/PA Subsite - Building 234

Borings 15-B-15 and 15-B-17 were installed at Building 234.
This building is currently referred to as the Liquid Oxygen
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Building. Pre-site reconnaissance with base personnel indi-
cated this might have formerly been an area where hazardous
substances were handled. Boring 15-B-15 was located
adjacent to the parking area northwest of the building.
Boring 15-B-17 was sited southwest of the building. The sam-
ples were analyzed for TOX, O&G, phenols, metals, and VOC.
The TOX value of 0.3 mg/kg from 15-B-15 was concluded to be
within the moderate range of values (Table 4-3) for that
screening parameter. None of the other analytical protocols
detected concentrations of analytes above expected back-
ground levels.

IS/PA Subsite - Building 120

Boring 15-B-18 was sited adjacent to the southeast corner of
Building 120. The TOX and O&G concentrations of 1.4 mg/kg
and 1,460 mg/kg, respectively, indicate the presence of some
organic contaminants, however, no VOC were detected. The
presence of 5.62 mg/kg phenol, 130 mg/kg chromium, and 160
mg/kg lead was also notably higher than elsewhere in the
site and the zone. Zinc (65.5 mg/kg) was also found to be
elevated when compared to other soil results and published
literature (Table 4-4).

IS/PA Subsite - Building 229

Boring 15-B-24 was installed in a drainage swale approximate-
ly 50 feet west of Building 229. Oily discharges from a mal-
functioning oil/water separator had reportedly discharged to
this swale in the past. An HNu scan of the power auger hole
detected up to 100 ppm of total volatile organic compounds.
However, laboratory analyses detected no VOC in 15-B-24.
Field personnel noted an organic chemical odor and the pres-
ence of black stained soil materials.

4.4.4.4 Groundwater Results - IS/PA

Seven groundwater monitoring wells at the IS/PA were sampled
on two occasions. Sample RFW-39 was a duplicate sample from
RFW-24 collected during the first round. A field blank des-
ignated RFW-40 was prepared during the second round of sam-
pling. The first round VOC samples for RFW-21, RFW-22, and
RFW-23 were not analyzed within the recommended holding time
of 14 days and were, therefore, resampled on 9 August 1985.

Analysis for the screening parameters consisting of TOX, TOC
and O&G were performed on groundwater samples from the seven
wells in Zone 3 on two occasions. TOX values ranged from
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"none detected" (<5 ug/l) to 27 ug/l (Table 4-5 and Table
4-17). Overall, the TOX results were within the anticipated
background ranges and only two of fourteen TOX samples
showed levels of this screening parameter.

The TOC results for all rounds of sampling were less than 18
mg/l and thus, were characterized as representative of back-
ground conditions (<20 mg/l). The O&G results exhibited no
consistent pattern, either between wells or between sampling
rounds (Table 4-5 and Table 4-17). Results ranged from
"none detected" to 2.25 mg/l (RFW-24).

The combination of all screening protocol results from the
zone are indicative of groundwaters that are largely
unimpacted. This conclusion is based upon the interpretive
ranges identified in Table 4-3.

Phenols were detected in the first round samples from
RFW-19, RFW-22 and RFW-24, and in a second round sample from
RFW-24. Wells RFW-22 and RFW-23 each exhibited 0.014 mg/l
phenol in the first round (March 1985) samples. These were
the most elevated concentrations monitored in Zone 3. No
phenols were detected in the second round (May 1985) samples
from RFW-22 and RFW-23. The field blank RFW-40, prepared
during the second round of sampling, contained 0.006 mg/l
phenol. All other phenol results were within 0.002 mg/l of
this value. Significant concentrations of phenolics
attributable to a source of contamination were not detected
in Zone 3.

No significant concentrations of metals were detected in two
sampling rounds. Total dissolved iron concentrations ranged
between 0.14 and 2.54 mg/l for both sampling rounds. Wells
RFW-20 and RFW-22 exhibited total dissolved iron concentra-
tions of 2.54 to 1.74 mg/l, respectively, during the first
round of sampling. These concentrations dropped to 0.21 to
0.38 mg/l during the second round of analyses. Nickel was
detected in all second round samples within the same
concentration range as field blank RFW-40. Zinc was
detected well within the state or Federal MCL of 5 mg/l.

Volatile organic compounds were found in RFW-21, and RFW-23
in concentrations less than five ug/l. No well exhibited
more than one priority pollutant volatile organic (Table
4-17). No individual compound was detected in both sampling
rounds at a given well. Trichloroethylene, formerly a
principal contaminant in the base groundwater supply, was
not detected in any of the seven monitoring wells in Zone 3.
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4.4.4.5 Contamination Profile - IS/PA

Evidence of soil contamination was detected in six subsites
generally associated with active or former shops where haz-
ardous materials may have been handled. Volatile organic
compounds in soils were detected at four of these subsites
(Buildings 113, 119, 222 and 244).

Below ground waste storage tanks at Buildings 113 and 244
each were sampled in conjunction with soil sampling near
each tank. At Building 113, priority pollutant volatile
organic compounds below 1.0 mg/kg were detected in one soil
sample. This sample was collected approximately 50 feet
from Tank TA-2 indicating some potential contamination from
the tank or operational area around Building 113.

Although Tank TA-2 at Building 113 reportedly had received
waste solvents, only trace levels of volatile organic com-
pounds were detected in the soils within the tank backfill.

Tank TA-l at Building 244 contained liquid with total
priority pollutant volatile compounds in excess of 29,000
ug/l. Soil samples 15-B-8 and 15-B-9 collected near Tank
TA-l both exhibited trace concentrations (<0.02 mg/kg) of
priority pollutant volatile organics. Trichloroethylene,
which was the principal VOC in TA-l, was detected in both
soil samples.

Soils adjacent to Building 119 were highly contaminated with
volatile organic compounds (greater than 70.0 mg/kg).
Lateral migration of the contaminants appears to be limited
since saturated soil samples taken from approximately 50
feet downgradient from the Building 119 parking area con-
tained no detectable VOC.

Boring 15-B-5, near Building 226 produced a sample with high
levels of O&G (1,290 mg/kg) and an in situ HNu reading
of 60 ppm. Since the area is a storage facility for drums
of waste organics, localized contamination may have oc-
curred from spilled VOC. A reported gasoline spill near
Building 222 has apparently contaminated the soil in this
area (personal communications with flightline personnel
1985). The contaminants detected in 15-B-11 (Figure 3-7)
included O&G in elevated concentrations (691 mg/kg) but did
not extend to 15-B-10 located approximately 50 feet north of
15-B-11.
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Boring 15-B-18 is located near the paint shop in Building
120. As discussed above, O&G, phenol, chromium, lead, and
zinc were detected in concentrations either above
anticipated background or in higher concentrations than
other soils analyzed from the zone. It is possible that all
these analytes are associ, ted with waste paints and thinners
reportedly used in the shop (Phase I Report, 1984). Black
stained soil, petrochemical-like odors, and elevated HNu
readings in the vicinity of boring 15-B-24, as well as,
allegations of a faulty oil/water separator, indicate a
potential contamination problem at Building 229 (Figure
3-7).

The soils analyses for the IS/PA show four subsites exhibit-
ing confirmed contamination by volatile organic compounds.
These subsites are Buildings 113, 119, 222 and 244. Only
the soils near Building 119 could be characterized as sub-
stantially contaminated. These findings appear to be con-
firmed by the results of the seven monitoring wells
installed in Zone 3. Priority pollutant metals were not
detected in significant concentrations in any of the
monitoring wells in Zone 3. Zinc, which was detected in
soils, above anticipated natural background conditions, was
not detected in significant concentrations in groundwater.

Only three of seven monitoring wells in the IS/PA exhibited
the presence of Priority Pollutant Volatile Organics and
only two volatile analytes were detected (Table 4-17).
Three base production wells (Smith, Harrison, and Haven) are
located within or immediately downgradient of the IS/PA.
Levels of TOX above expected background concentrations (>15
ug/l) were found in all three wells and two VOC
trichloroethylene and 1,2 trans-dichloroethylene were found
in Haven well at relatively low levels (3.5 and 7.0 ug/l TCE
and 2.0 ug/l 1,2-trans-dichloroethylene). The Haven well
has historically contained elevated concentrations of TCE,
the source of which has never been determined. TCE
concentrations of as high as 391 ug/l were detected in 1977,
but by 1982 the concentrations had decreased to an average
of 8.7 ug/l. The relatively rapid flow velocities in the
sand and gravel beneath the flightline is probably
responsible for diluting and flushing contaminants from the
aquifer.

Groundwater samples from three of the seven monitoring wells
and three production wells within the IS/PA area show minor
levels of Priority Pollutant VOC contamination, but do not
indicate any potential major health hazard or gross contam-
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ination problem. Four monitoring wells were free of VOC on
both sampling rounds.

Groundwater flow in and around IS/PA is complex because of
the varied geologic cond.tions. In the southeastern part of
the IS/PA, the unconsolidated deposits are relatively thin
(<10 feet) and, the bedrock probably controls groundwater
flow. To the southwest, kame deposits become thicker (up to
74 feet). In these areas, groundwater occurs in both the
surficial kame deposits and the deeper fractured bedrock.

The current data is insufficient to determine if the flow in
these formations differs in magnitude or direction. In
addition, the nature and extent of bedrock fracturing is
unknown. During drilling, extensive fracturing and large
water loss was noted in the bedrock at RFW-24. Conversely,
RFW-23, in the southwest part of the site, produced little
water and was pumped dry using a hand bailer. With the
current data, it is not possible to determine the direction
of flow and potential contaminant migration in the bedrock.
RFW-23 does not tap a water-bearing fracture and probably is
not indicative of the groundwater in the area. However,
RFW-2 does intercept a major fracture system that exists
west of the site.

4.4.5 Zone 4, Drainage Ditches - Sites 19, 20, 21, and
Active Production Wells

Six surface water sampling locations and six stream sediment
sample locations were designated along Grafton and Newfields
Ditches and McIntyre Brook (Figures 3-14, 3-15, 3-16). Two
rounds of surface water samples and a single round of
sediment samples were collected. A set of duplicate
sediment samples, SD-3 and SD-4, were also collected for
QA/QC purposes. The analytical results are listed in Tables
4-18, 4-19, and 4-20. In the first round, surface water O&G
samples were not analyzed within the recommended holding
time, and, therefore, were resampled in August 1985.

Pease AFB drinking water is supplied by six active produc-
tion wells on the base (Figure 1-9). The six wells were
sampled on two occasions and analyzed for TOX, TOC, O&G
Priority Pollutant metals, and VOC. The first round of o .l
and grease samples and both rounds of VOC samples were not
analyzed within the recommended holding times, and, there-
fore, were resampled. Analytical results for the wells are
presented in Table 4-21.
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Site-specific hydrogeologic conditions are not presented in
this section because subsurface investigations were not made
for the drainage ditches or the active production wells.

4.4.5.1 Surface Water Results - Zone 4, Drainage Ditches

Samples SW-19 and SW-20 were collected from McIntyre Brook
(also called Receiver Site Brook) near the Receiver Site.
Both samples were anlayzed for TOX, TOC, O&G, and metals.
The Phase I Report (1984), describes the Receiver Site as
the "major discharge point" in the storm drainage system.
An oil/water separator was installed at the site. Sample
SW-19 was collected immediately downstream of the discharge
channel from the separator; SW-20 was collected approximate-
ly 300 feet further downstream (Figure 3-14). The
analytical results from the two rounds of sampling showed
low (background) concentrations of TOX (19-24 9g/l). No
evidence of contamination by hazardous substances was found
(Table 4-18).

Two rounds of surface water samples were collected from
Grafton Ditch (Figure 3-15) at SW-21 and SW-22 and analyzed
for TOX, TOC and O&G, and metals. SW-23 was designated as a
duplicate sampling point for SW-21 for selected parameters
on each sampling round (Tables 4-5 and 4-19). The TOX con-
centrations in SW-21 and SW-22 ranged from 20 to 34 ug/l for
both sampling rounds. A single sample from SW-22 contained
2.5 mg/l of O&G. The concentrations of TOX and O&G found in
surface water grab samples from Grafton ditch are not consid-
ered to represent contamination problem from past practices.

The first round metals analysis from SW-21 contained 9.49
mg/l of copper. This concentration is an order of magnitude
above the State MCL of 1 mg/l. A second sample from SW-21
contained only 0.01 mg/l of copper.

Two rounds of samples were collected from sampling points
SW-30 and SW-31 located on Newfields Ditch (Figure 3-16).
The first round TOC sample from SW-30 was lost and was
resampled in December of 1985. A first round sample from
SW-30 contained 127 ug/l of TOX. The second round sample
contained 28 ug/l TOX. A second round sample from SW-30
contained 1.79 mg/l O&G. The first round sample contained
0.30 ug/l O&G. The second round sample from SW-30 contained
concentrations of cadmium (0.85 mg/l), chromium (17.7 mg/l),
and Iron (4.92 mg/l) in excess of the state MCL. The con-
centrations of all analytes in both rounds of samples from
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SW-31 were within background ranges for surface waters found
elsewhere at Pease AFB.

4.4.5.2 Sediment Sample Results - Zone 4, Drainage
Dithces

Sediment samples SD-5 (Grafton Ditch) and SD-6 (Newfields
Ditch) (Figures 3-15 and 3-16) contained TOX at 1.6 and 0.8
mg/kg, respectively. These concentrations are an order of
magnitude higher than those found elsewhere in base
sediment. Oil and grease levels in the same samples were
also notably higher than in other samples. In both
locations, an oily sheen was noticed on the surface water as
the sample was being taken and at the sampling location for
SD-5 an organic odor was also noted.

An examination of the results of metals in sediment from the
three drainage ditches indicates some apparent effects from
former site operations. Ditch sampling locations are
illustrated in Figures 3-14 through 3-16. Sediment from
McIntyre Brook (Table 4-18) indicates metal concentrations
typical for the upper limits of cadmium, iron, and mercury
naturally occurring in soil (Table 4-4). Zinc
concentrations of 92 and 120 mg/kg are elevated with respect
to published literature but are within the same order of
magnitude as found in several soil samples from Zone 3 and
results from Grafton and Newfields Ditches.

Sediment samples from Grafton and Newfields Ditches
exhibited similar concentrations of metals. In Grafton
Ditch, for example, cadmium and zinc were generally elevated
when compared to published literature for soils. Newfields
Ditch (Table 4-20) exhibited comparatively elevated
concentrations of lead and zinc in the sediments. No
analytical results of sediments exceeded a regulated
criterion. The analytical results did suggest impacts from
former site use.

4.4.5.3 Contamination Profile - Zone 4, Drainage Ditches

Surface water quality in the drainage ditches which receive
discharge from the storm drains, was typical of natural
surface water and with the exception of single cadmium and
copper analyses, met state drinking water standards.

Concentrations of contaminants, particularly TOX, in the sed-
iments associated with the drainage ditches suggest that
halogenated organic compounds have been introduced to the
surface drainage system. Historically, fuel spills and
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disposal of solvenits have resulted in their discharge to the
storm drainage system. TOX and O&G levels in Grafton and
Newfields Ditches reflect the fact that some of these wastes
are retained in the sediments or possibly are still
occasionally being discharged. Heavy metals analyses
further support this assumption. The presence of lead in at
least three samples from Grafton and Newfields Ditches may
have resulted -rom leaded fuels. The lead concentration in
SD-7 may be attributable to runoff from the Spaulding
Turnpike (off-base) which parallels the ditch approximately
100 feet east from where the sample was taken. Cadmium and
arsenic, found in oils, pesticides, and paints, were
detected in several sediment samples.

Heavy metals are only slightly soluble in water and tend to
adhere to soil particles. This is one reason why the metals
are so much higher in the sediments than in the surface wa-
ter samples. The quality of surface water exiting the base
does not appear to pose a risk to human health or the envi-
ronment. Furthermore, as noted in the Phase I report, cur-
rent spill control procedures appear satisfactory to prevent
future incidents.

4.4.5.4 Groundwater Results - Active Production Wells

Two rounds of samples were collected from each of the six
active production wells. Additionally, a duplicate sample,
PW-7 was collected from the Loomis Well during the first
sampling round. Low concentrations of TOX were detected in
PW-l (Smith) and PW-3 (Haven) during the first round of
sampling (Table 4-21). During the second sampling round TOX
levels were low to elevated in all wells except for PW-5
CMMS-2), ranging from 27 ug/l in PW-l to 110 ug/l in PW-2
(Harrison). Six volatile organic compounds were detected in
the three base production wells in two rounds of sampling
(Table 4-21). Well PW-3 has historically shown
contamination by trichloroethylene and contained 3.5 and 7.0
ug/l of TCE in two sampling rounds. Well PW-5 contained
29.9 ug/l of total volatile organic constituents when
sampled on 5 September 1985. However, 25.3 ug/l of the 29.9
ug/l total were identified as chloroform and methylene
chloride both common laboratory artifacts. Furthermore, the
analysis of a previous sample from PW-5 contained no
detectable volatile compounds. Well PW-6 (Loomis Well)
contained three volatile compounds in a first round sampling
(Table 4-21), a duplicate sample collected the same day
contained no detectable volatile organic compounds. A second
round sample collected on 5 September 1985 was also free of
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voiatile organic contamination, and it is concluded that
4ater quality constituents in PW-6 probably do not represent
a health hazard.

The base production well system has, in the past experienced
contamination by the chlorinated solvent trichloroethylene
(TCE). Concentrations as high as 391 ug/l were detected in
Haven Well in 1977 (Bradley, 1982). Low levels of TCE and
trans-l,2-dichloroethylene were found in Haven and MMS-2
wells during IRP sampling but at levels well below the state
and federal lifetime SNARL of 75 ug/l. As discussed in
previous subsections, TCE has been found in soil samples
from borings in the vicinity of PW-3 (Haven well) and a
sample from tank TA-l contained high levels of both TCE and
trans-l,2-dichloroethylene. Tank TA-I has historically been
considered a potential source of the contamination in Haven
Well. The MMS-2 Well contained four volatile organic
compounds in the second round resample; however, none of the
concentrations exceeded existing SNARL. No volatile organic
compounds were detected in the first round resample.

4.4.6 Munitions Storage Area (MSA) - Site 12

Power auger holes were drilled at four locations in the MSA
and soil samples were collected at three of the locations
(Figure 3-9). Two surface water samples were also collec-
ted as part of the sampling program at this site (Figure
3-9). Additionally, surface water sample SW-16, discussed
in Subsection 4.4.3.3 was collected from an unnamed tribu-
tary to the Bass Pond. The tributary receives runoff from
the eastern portion of the MSA. The analytical results are
presented in Tables 4-22 and 4-23.

4.4.6.1 Hydrogeologic Conditions - MSA

Three power auger borings were installed west of Building
466 along the edge of the paved parking area to assess the
stratigraphy and to collect samples for laboratory analysis.
The nature of the material directly underlying the site is
fine to coarse sand and gravel and is probably fill
material. An abundance of cobbles limited the depth of
penetration of the borings to three feet in Borings 12-B-1
and 12-B-2, and to nine feet in Boring 12-B-3. Regional
groundwater beneath the site flows from east to west
discharging to two unnamed streams and Great Bay on the
west (Figure 4-5), while some local flow discharges to
Stubbs Pond (also called the Bass Pond) via a small, unnamed
tributary, to the east (Figure 1-11). Pumpage from the two

4-95



SNi

IN

I

- NI

-4 IN Cl

o NNI

N UU

000

E-cro

4-J 0

0 0

I



LnNcc2

w ~ ~
coN

co~

co "

N r~I0

N00 N ~

-tr~

4.

uA.1 -

55

641

lb

AMR-~



production we113 MMS-1 and MMS-2 may produce some temporary,
localized anomalies in the regional groundwater flow
pattern. Saturated conditions were encountered in boring
12-B-3 at approximately eight feet below ground sursface. No
data was available on the depth to and nature of the
underlying bedrock.

4.4.6.2 Soil Sampling Results - MSA

Three soil samples were taken from shallow borings behind
Building 466 in an area where small quantities of waste sol-
vents and paint thinners were reported to have been dumped.
TOX concentrations ranged from none detected to 0.7 mg/kg.
In samples, 12-B-I and 12-B-2 O&G results were low (217 and
149 mg/kg, respectively).

The areas of stained soil and vegetative stress were limited
in size (1-2 feet in diameter), and no readings above back-
ground level were recorded on an HNu photoionization detec-
tor from power auger borings within each stained area.

4.4.6.3 Surface Water Results - MSA

Surface water samples from SW-17 and SW-18 contained TOX con-
centrations from 1I to 44 ig/l. These are considered to be
background to low (Table 4-3). Oil and Grease concentra-
tions of "none detected" to 11.3 mg/l were found during the
two rounds of surface water sampling. No elevated TOC
concentrations were detected in the surface water samples.
In situ water luality parameters were measured (Table
3-6) and found to be within normal concentrations for
natral waters .

4.4.6.4 -ontamination Profile - MSA

The MSA i3 reported to have handled only small quantities of
ipent solvents and thinners, disposing of residual amounts
iling the margin of the paved area west of Building 466.
Samples analyzed by the screening methodology (TOX, TOC and
Q&G), on site visual -xamination of soils, surface water sam-
plinj, and field screening of soil ind air exhibited no ev-
ience of iI nfi1,ant 7ontam1natIon resulting from former
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4.4.7 Construction Rubble Dump No. 1 (CRD-l) - Site 9

Three surface water samples were collected on two occasions
from Peverly Brook for the screening parameters, TOX and
O&G. Peverly Brook flows from north to south approximately
400 feet west of the CRD-l and discharges to Upper Peverly
Pond (Figure 3-17). The Phase I report cites past disposal
of waste solvents at the CRD-l.

All three locations (SW-10, SW-II, SW-12) were resampled for
O&G when holding times were exceeded for the first round of
samples. An additional TOX sample was also collected from
SW-10 when the first round sample bottle was lost. A QA/QC
field duplicate (SW-33) was collected with the second round
of samples. The analytical results are presented in Table
4-24. Site-specific hydrogeologic conditions are not
presented in this section because a subsurface investigation
was not completed for the CRD-I.

4.4.1.1 Surface Water Results - CRD-I

The concentrations of TOX detected in the two rounds of sam-
pling were characteristic of clean waters found elsewhere at
Pease AFB, with the exception of the August 1985 sample from
SW-10 (Table 4-24). The anomalously high concentration of
2630 ug/l for TOX in that sample was two to three orders of
magnitude higher than any other sample from the area. The
March 1985 TOX sample from SW-10 contained 35 ug/l. Oil and
grease samples collected from SW-10 and SW-12 during the
site resampling contained 2.41 and 6.24 mg/l, respectively.
All other O&G samples contained concentrations of less than
0.58 mg/l. In situ specific conductance readings ranged
from 250 to 700 umhos/cm on the three occasions that samples
were collected. The value of 700 umhos/cm was recorded at
SW-10 during the site resampling. In situ pH values
were all within expected ranges for natural surface waters.

4.4.7.2 Contamination Profile - CRD-l

An inspection of the CRD-l and surrounding area along
Peverly Brook was made during each surface water sampling
round. There was no evidence of stained soil, vegetative
stress, or improper waste disposal practices.

A single sample from SW-10 which had presumably represented
upgradient conditions contained 2630 ug/l TOX, 2.41 mg/b
O&G, and an in situ value for specific conductance of
700 umhos/cm. A downstream sample collected on the same day
at SW-12 contained 6.24 mg/l 0&G. The other analytical re-
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sultz from SW-10, SW-il and SW-12 were within expected
ranges of background concentrations (Table 4-2).

The analytical protocol for evaluating the CRD-l was limited
to TOX and O&G in surface waters. Groundwater samples which
had been scheduled to be collected from abandoned wells in
the area were .not collected because the wells could not be
located in the field.

The analytical results do not permit compound specific
predictions to be made regarding the potential or real local
environmental impacts of the CRD-l. The difficulty in
assessing the results is compounded by the fact that SW-10,
which was located to be hydraulically upgradient of the
site, had elevated levels of TOX. Definitive conclusions
based on the surface water data collected to date from this
site cannot be made.

4.4.8 Zone 5, LF-6, Site 6 and Construction Rubble Dump
No. 2 (CRD-2) - Site 17

A single groundwater monitoring well, RFW-32, was installed
adjacent to and hydraulically downgradient of the CRD2.
Three additional wells, RFW-33, RFW-34, and RFW-35, were spa-
tially arranged to intercept groundwater flow from beneath
LF-6. Six surface i.ater locations (SW-24 through SW-29)
were also selected for sampling (Figure 3-10). The analyt-
ical protocol for ground and surface waters was: TOX, TOC,
O&G, phenols and metals. Results are illustrated on Table
4-25 and 4-26. Two rounds of samples were collected from
each site. A duplicate sample was collected at SW-24 and la-
belled SW-34 during the second round of sampling. Oil and
grease in the first sampling round from SW-25, SW-26, SW-27,
SW-28, and SW-29 were not analyzed within the recommended
holding time and were resampled on 7 August 1985. The TOX
and metals samples were omitted from the sampling protocol
for SW-25 in November 1984. These were collected in
December 1985. A phenolic sample from SW-24 was also
collected in December 1985.

4.4.8.1 Hydrogeologic Conditions - Zone 5, LF-6 and CRD-2

Four monitoring wells were installed in the vicinity of
Landfill 6 and Construction Rubble Dump No. 2 (Figure 3-10).
The well logs show the area to be underlain by bluish-green
marine clays above till. The thickness of the clay varies
from two feet in RFW-34 to ten feet in RFW-32. Glacial till
was encountered below the clay in all four borings. The
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thickness of the gravelly till ranged from five feet i:
RFW-32 to 28 feet in RFW-35.

Drill cuttings and core samples were evaluated in the field
and the bedrock wa3 identified as gray slate of the Kittery
Formation. Depths to bedrock range from 17 feet in RFW-32
to 41.5 feet in RFW-33.

Regional groundwater flow through this portion of the base
is primarily toward the east at a relatively low gradient of
0.006. The presence of marine clays beneath the site and a
probable upward hydraulic gradient in well RFW-32 indicate
that the shallow flow system is recharged by the deeper flow
system. The two sites within the zone occupy high points in
the local topography which probably causes a certain amount
of groundwater mounding and resultant radial flow. The
semi-confining clay layer beneath the zone probably slows
downward movement of groundwater; therefore, it is likely
that the radial flow from the sites discharges to the
wetland that virtually surround them.

4.4.8.2 Groundwater Results - Zone 5, LF-6 and CRD-2

RFW-32 is located adjacent to the CRD-2. TOX levels were 40
and 57 ug!l. All other analytical parameters were within
anticipated background ranges for both samplinq rounds.
Specific conductance measurements were above background,
suggesting localized impacts from fill materials.

Samples from RFW-33, RFW-34, RFW-35 and RFW-36 around LF-6
exhibited TOX concentrations ranging between 203 and 822
ug/l. For interpretive purposes, they were categorized in
the elevated range (Trble 4-3). These results were
generally higher than other TOX results from the base (Table
4-5).

The TOC results for RFW-33 through RFW-35 were similarly
concluded to be elevated and were found to be an order of
magnitude iigher than other base-wide TOC results (Table
4-5).

The third screening protocol, O&G, exhibited low concen-
trations in the three wells around LF-6. The O&G concentra-
tions did not correlate with the TOC and TOX results in
these wells.

Phenol concentrations exceeded the MCL of 0.001 mg/l by up
to two orders of magnitude. These results were well within
the EPA Water Quality Criteria for health of 3.5 mg/l. In
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situ measurements of specific conductance in RFW-34 an]
RFW-35 varied from 1200 to 1400 umhos/cm as compared to
base-wide results typically below 300 umhos/cm. Specific
conductance results as high as 1,000 umhos/cm were monitored
in RFW-32. The values in RFW-33, RFW-34, and RFW-35 suggest
water quality constituents in the groundwater potentially
resulting from -< effects of previous landfilling.

An HNu photo ionization detector detected between 1.5 and
34.0 ppm of total volatile organic compounds in agitated sam-
ples from RFW-34 and RFW-35, and levels of as high as 4 pim
were recorded at the wellhead at RFW-35 during construction.

4.4.8.3 Surface Water Results - Zone 5, LF-6 and CRD-2

The surface water samples from the areas around LF-6 and
CRD-2 exhibited background to low concentrations of TOX
(Table 4-26). In stream locations, all O&G concentrations
were at background to low levels. Iron was detected in all
sampling locations in the zone on at least one occasion.
Results ranged from none detected in a duplicate of SW-24 to
11.3 mg/l in SW-28. Good correlation between sampling
rounds was generally found in all metals analyses of surface
waters.

4.4.8.4 Contamination Profile - Zone 5, LF-6 and CRD-2

Surface water samples SW-25, SW-26, and SW-29 which monitor
the CRD-2 do not exhibit evidence of water quality degrada-
tion attributable to the demolition debris disposal site.
The CRD-2 is adjacent to a groundwater discharge zone as
evidenced by the adjacent wetland and a static water level
above land surface datum in RFW-32. RFW-32 exhibits spe-
cific conductance values above expected background. These
results may be attributable to the proximity of the dump
site. Based on the observed hydraulic conditions, impacts
to deeper flow zones is not predicted. Although priority
pollutant metals did not reveal evidence of local contamina-
tion, the moderate TOX and elevated specific conductance val-
ues pose a question regarding conclusions to be made regard-
ing localized contaminants by VOC.

The Phase I Report (1984) states that waste solvents, thin-
ners, and strippers were probably disposed of at LF-6.
Evidence of buried five-gallon cans and 55-gallon drums was
found around the perimeter and an empty portable waste fuel
tank was found during the Phase II well installation pro-
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gram. Wells RFW-33, RFW-34, and RFW-35, located on three
sides of LF-6 (Figure 3-10), contained phenols and iron in
concentrations exceeding New Hampshire MCL. The general
trend of groundwater flow through the area is toward the
southeast corner of the base boundary, 800 feet away. The
site is underlain by low permeability marine clays and gla-
cial till and is located in a presumed groundwater discharge
zone, thus inhibiting the opportunity for contamination of
deep water bearing zones.

Surface water samples from the streams and wetlands which
virtually encircle LF-6 contained low to moderate levels of
TOX. Phenol levels, while exceeding the New Hampshire MCL,
were at or slightly above the detection limit of the analyt-
ical method. Samples from SW-24, taken upstream from the
site, contained similar concentrations to those taken down-
stream at SW-25, SW-26, SW-27 and SW-28. It should be noted
that SW-24 is downstream of SW-22 on Grafton Ditch), which
is fed by the base storm drains which, in turn, services
the IS/PA. Detectable lead concentrations in SW-26 through
29 may be attributable to the Spaulding Turnpike and
Interstate Route 95. Measurable impacts which could be at-
tributed to LF-6 were not detected in any of the surface wa-
ter sampling results.

4.4.9 Leaded Fuel Tank Sludge Disposal Area (LFTS - Site
10) and Site 22

While examining archival aerial photographs in preparation
for the test pit work at the LFTS and FDTA-l, an additional
suspect former fire training area was identified adjacent to
the LFTS (Figure 3-11). This site is referred to as Site 22.
One of three soil samples allotted for FDTA was collected
within the new site and interpretation of the results for
both sites are addressed below.

A total of seven soil samples were taken from test pit ind
power auger holes at the LFTS and Site 22, and two rounds of
groundwater samples were collected from each of the thr-e
monitoring wells. Soils and groundwater analytical results
are presented on Tables 4-27 and 4-28. In situ
measurements of pH, temperature, and specific conductanc
were taken during the groundwater sampling program (Table
3-7), and an HNu photoionization detector was ised to screen
air, soil, and water samples throughout the test nit ind
groundwater sampling programs.
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beneath the site 2Cf, lt1_3 I t -3 'i I ka,n'n , I , n

of 22 to 3d fUte below irjdni sir: ice. 7h-e <1m, -
are underlain by in .rrb deJI r at -I 13r n., - :1 i
clay, and fine to .nei m sAnI sr it , wh -h 'n rn A:

underla.in by tilLs. Depths beJr )>k rine fr ,n 4).6
in PR'W-27 to 65 i in RFW- 6 . Tn b- heIr )rk -,y-e , -

fiee. from core samples, 1osit , w.- -a'

slate with calcite str i..gers.

G-roundwater from the sit. flows west southiwest towar I ow

Peverly and Stubbs Pond and eventrally to Great Bay F1,1r.
4-5). From 6 to 12 feet of saturated sands and 3rIvel
beneath the site have comparatively high hydraulic con:du-
tivity and the presence of an underlying marine clay Layer
probably reduces vertical flow, -estricting flow of contami-
nants to the upper, more permeable layer. The hydrauli-

gradient measured between wells RFW-27 and RFW-29 is 0.017.

?nerafore, assuming an effective porosity of 0.30 and a
typical K fcr clean sand of 100 ft/day, the flow velocity of
groundwatar and associated contaminants from the LFTS is
ipproximately 6 feet/day.

1.4.9.2 Soil Sampling Results - LFTS and Site 22

. ,, )i samples (10-B-1 and 10-B-2) taken in the vicinity
S'FTS site (Figure 3-12) were analyzed for oil- and

*i;., niJ lead. Neither sample contained levels above the
.. background concentrations. Samples 10-B-3 and
4 , taken from an area approximately 400 feet

4-110



i't- .-.. :

-. .... .. 1

44

;: :,i ,, . ." - -_ ia ,+:: ,-. ,4 .
.; 4 iI-

~~~ 4 'r ~ '

I. ,r r. -1 'o - I

4.4.1.3 round:lwater Results -FT and $ite :

Th n e s In t 'n y1 ' *7 1,7 LF TS 1F g ir -
we r'? -samnp e,J on t wo a i, .l n s. T, ea i i I -,e we r e 10t -j-r -

Sformel for from the first round; therefore, the we I s were
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Volatile organic measur2ments ( HNu ) 1 -1 wa ter frrom RFW - 5-,
wat er qua Iity degradation probably has resulted from pa-
waste disposal practices. The nature and extent of the
impacts and the probable extent of the source(s ) ampica

cannot be assessed based on current information.

S im ila r conc Ius ions mus I be made with regard to .Si1t e 22 .
Sil.... 22 appears to be a former fire training area. This con-
clusion is based on aerial photo analysis and site investiga-
tion results. oils and greases in soils and groundwater and
the HNu measurements in these media suggest the potential
Sor contamination by hazardous substances. The migration po-
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,-,Itt l f1rom 't_'; -Ara i; primarily through a groundwatr
flow pathway towarls the south and west. The extent, if
iny, of 3roundwit-r contamination cannot be assessed with

ih- pr, sent 4ell a rray.

4.4.10 Zone 6, FMS Equipment Cleaning Site - Site 11, and
Fuel Line Spill Site - Site 14 (FMS/FLS)

A total of seven soil samples, including one QA/QC duplicate
sample, were collected during test pit and power auger inves-
tigations at the FMS'FLS. Soil samples collected in the FMS
were inalyzed for TOX and O&G. Those collected in the FLS
were analyzed for O&G and VOC. Volatile analyses were per-
formed ilthough this protocol was not specified in the State-
ment ot Work. Two rounds of samples were collected from
Wells RFW-16 and RFW-17, which are located at the FMS and
FLS resoectveiy. A QA'QC duplicate sample was also taken
from RFW-17 during the second round of samples and identi-
fied a.3 RFW-39. Well RFW-16 was sampled for TOX, TOC and
)&G; RFW-17 wa; iampled for O&G. The analytical results are
presented in Tables 4-29 and 4-30.

4.4.l.i iydroeologic Conditions - Zone 6, FMS/FLS

Seven rest pilts, four power auger borings, and two ground-
water non-tor1ng wells were installed at the FMS and FLS
1e 'Figre 3-13 ) to assess the nature of the stratigraphy

Ind t] rollct soil and groundwater saples for laboratory
InaIys r<oqgs from the excavations and drilling indicate
that the area i underlain by kame plain deposits ranging
Ln Apprnths from 20 to 22 feet. The kame deposits consisted

r i mari ly of fIne to coarse sand with some silt, silt
stringers, and gravel. A four-foot layer of sandy till was
,nrcounter-d in RFW-16 at the FMS site; no till was found it
th- FLS site. A pocket of silty clay with boulders was
*ncauntered in test pit ll-TP-6 at depths ranging from two
to eight feet below ground surface. Bedrock was confirmed
in ooth wells by coring (RFW-16) or by drilling with a
tr-cone bit (RFW-17). The bedrock is described as gray to
dark gray slate, and was moderately fractured.

Saturated conditions were encountered in the kame plain
deposits at depths of approximately 17 feet in RFW-16 and 12
feet in RFW-17. The groundwater flow direction from the FMS
site is westerly toward the main runway (Figure 4-5).
RFW-17 in the FLS site appears to be located on a water
table high. Flow from the site is probably toward the
northeast.
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n Phase II sites. These are the LF-I, LF-6 , FDTA- ,

TF'S, BFSA, IS PA and Ino CRD-2 (Ftgure 1-3. he thickn-s s
t n- ta sittam var id from 2 1,-t 15 feet. The marine

A J's ound at Pease AFB a re typicil y descr 1 bed as "gray to
:)r w, w in silty clay and clay with silt and fine sand

ns-s" When-ver encountered, the clays were underlain by

"la:ial till was encountered unconformably overlying bedrock
n 2(0 of 35 monitoring wells installed during the Phase 11
Stage I investigation. In seven wells where the till is not
encountered, RFW-6, RFW-7, RFW-8, RFW-14, RFW-17, RFW-22,
and RFW-23 (Figures 3-4, 3-5, 3-8, 3-13), highly perrneable
kame plain deposits directly overlie bedrock. The sites
where this was observed are Zone I (LF-2 through LF-5), Zone
3 (IS/PA) and Zone 6 (FLS). The till is described as
gravelly with numerous cobbles and pbbles, and varying
amounts of silt and clay. It ranged in consistency from
loose to very dense and exhibited low permeabilities during
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in situ slug testing. Where it was penetrated, the
thickness of the till deposits varied from two to great -r
than forty feet. While glacial till may provide sufficient
groundwater to supply domestic water supply wells in the
area, (Myers, 1960), it is not utilized as a source of water
at Pease AFB.

Pease AFB is underlain by metasedimentary bedrock of tne
Kittery and Eliott Formations. As described in Section 2.6
and verified by field inspection of bedrock cuttings and
core samples, the two formations are similar in appearance
and composition as well as water-bearing potential.

The bedrock was encountered near the land surface in the
eastern portion of the base and near LF-l (Figure 1-3).
Outcrops were noted along the railroad tracks north of the
BFSA (Figure 1-5), between wells RFW-29 and RFW-30 (Figure
[-3),and in the vicinity of the base hospital (Figure 1-2).
The bedrock was encoun-ered at the qreates_ depths (>74 feet
below land sudrface) at RFW-18 in the parking apron a7-ea
(Figure 3-8).

The upper five to ten c.et of bedrock was found to oe
noderately to h ih fractured and Ls concluded to saxe
moderately high groundwiter transmitting capabilities.

In 932 wells drilled i:n the Kitterv and Elliott Formatirns,
the iverage yield was 10.1 gpm (Stewart, 1968). The MMSI,
MMS2, and Loomis wells were drilled into bedrock and produ:?
from 15 to 29 gpm wit> 44 to 60 feet of drawndown.

As di cussed above, at six locations, kame plain sands In
gravel were found overlying Ledrock, thus providing the
Onportunity for direct communication of groundwater from the
high permeability kame deposits to the fractured bedrock.

4.5. 1.2 Groundwater Occurrence and Flow Conclusions

Groundwater occurs witlin all geologic formations on Pease
AFB. Within the unconsolidated, permeable deposits, ground-
water occurs principally under unconfined or water table
conditions. Groundwater flow wit.hin the unconsolidated
deposits underlying approximately two thirds of the base is
to the south under a gradient of approximately 0.01 (Figure
4-5).

A groundwater divide occurs in the vicinity of the FLS
(Figure 3-13 and 4-5). The groundwater east of the divide
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Jows toward the northeast at a gradient of approxirmat-ly
0.018. The direction of groundwater flow west of the divide
i toward the northwest at a gradient of approximately
0.023.

As previously described, the geologic formations underlying
Pease AFB exhibit ifterent water bearing properties. The
kame plain deposits exhibited the highest values of hydrau-
lic conductivity (J.2-5 feet/lay). The lowest hydraulic
conductivities ware found in the dense silty glacial tills
and marine clays (0.009-0.5 feet per day). The bedrock
exhibited hydraulic conductivity properties between the most
permeable and least permeable formations (0.04-2 feet/day).

The migration of water quality constituents within the
groundwater flow system is based, in part, on the lithologic
properties of the primary geologic strata underlying a given
site. Groundwater flow velocities which were computed from
the values of hydrauli- conductivity, effective porosity
estimates, and calculated hydraulic gradients at each site
provide insight into the potential for contaminant migration
.rom a given site. In general, the sites that are underlain
by saturated kame plain deposits, such as the FDTA-l,
FDTA-2, FMS, FLS, and portions of the IS/PA, possess the
highest potential for migration of water quality
-onstituents attrioutible to past practices since seepage
:eiocities and total flow from those sites are conclud d r
b- comparatively high.

Int,-rfcrmational flow of groundwater in permeable kame plain
ieposits overlying fractured bedrock is likely. In areas
ahere low permeability marine clays and glacial tills are
found, interformational flow is probably reduced and the
primary flow path will be within the more permeable geologi:
unit. An artesian condition observed in well RFW-32 indi-
cates that the marine clays may act as an aquitard and that
i probable upward vertical gradient exists in the
southeastern portion of the base. The southeastern portion
)f the base is concluded to be within a groundwater
discharge zone. The possible restriction of the downward
flow component where clays and tills are present is likely
to preclude, or at least reduce, the movement of significant
quantities of groundwater to the deeper flow zones.

4.5.2 Principal Conclusions: Soil and Water Quality

The following principal conclusions are drawn from the

analytical data collected during the Phase II investigation:
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The sites with a moderate contamination profile based on pub-
lished standards are:

o Landfills No. 2 through 5 - Concentrations of
lead, arsenic, and phenols exceeded State MCL
on at least one occasion at seven surface wa-
ter sampling locations. DDT isomer was detect-
ed in concentrations exceeding the water
quality standard twice at the same location.

o Landfill No. 6 - Levels of phenols above New
Hampshire Drinking Water Standards and within an
order of magnitude of USEPA toxic limits were
detected at two locations and confirmed by a
second sample.

There were no sites classified as having a high potential
risk to human health and the environment based upon variance
from published water quality standards.

4.5.3.2 Classification of Phase II Sites - Non-Regulated
Analytes

In addition to classifying sites by deviations to published
standards, all other non-regulated analytes and field test
results were used to develop broad classifications of sites
with low, moderate, or high contamination profiles.

The sites classified as having a low contamination profile
based upon in situ quality data, and screening protocol
sampling results are:

o Landfill No. 1 - Background to low TOX, TOC
and O&G were detected in wells. Background
levels of TOX, TOC and O&G were found in
surface waters. Specific conductance
measurements in two downgradient wells were
above "background." No elevated HNu readings
were recorded from groundwaters.

o Landfills No. 2 through 5 - Background levels
of TOX, TOC, or O&G were found in surface
waters. A downstream sample contained no
detectable screening analytes. No pattern of
elevated TOX, TOC or O&G in groundwater
samples was observed.
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o Bulk Fuel Storage Area - Background concentra-
tions of TOX, TOC and O&G were detected in sur-
face water samples. Background concentrations
of TOC and O&G were monitored in groundwater
samples. Background to low values for TOX
were generally found in wells. No petroleum
products were observed on the water table in
monitoring wells. HNu readings recorded at
"background".

0 Munitions Storage Area - Background
concentrations of TOX and TOC were found in
surface waters. Two surface waters exhibited
elevated O&G values on one occasion. None
were detected in the second round. Low TOX
and O&G were monitored in soils. Extremely
small areas (several square feet) of
vegetative stress were noted. No visual
impacts of contamination were observed at
depth. HNu readings were "background" from
soil samples obtained within the stained
areas.

o Fuel Line Spill Site - No visual evidence was
detected of actual effects of a large fuel
spill. One soil sample elevated with O&G had
no detectable VOC attributable to petroleum
spillage. No floating hydrocarbons were
observed in the monitoring well. Background
levels of O&G were detected in two well
samples. HNu readings recorded moderate (20
ppm) to "background" ranges which are not
associated with visual evidence of petroleum
product in soil.

o McIntyre Brook - All surface water results for
TOX, TOC and O&G were at anticipated
background ranges. Sediment sample results
were low for TOC and low to moderate for O&G.
No adverse impacts were noted by site
inspection.

The sites classified as having a moderate contamination
profile based upon in situ quality data, and screening
protocol sampling results are:

o Fire Department Training Area No. 1 - Shallow
soil samples contained elevated levels of TOX

4 ;O&G. Contamination appears to be confined
to shallow soil stratum based on a test pit
investigation. No HNu readings were recorded
above background. No floating hydrocarbons
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were found on the water table. Screening
parameters in downgradient wells were
background to low.

o Construction Rubble Dump No. 1 - A TOX
concentration of 2630 mg/l in one surface
water 7ample indicated potential contamination
in the vicinity of CRD-l. This result was
suported by an elevated O&G result from this
location. A downstream sample collected at
the same time exhibited an elevated O&G
result. The other analytical results were
within expected background concentration
ranges. No visual evidence of contamination
was observed in the area of the CRD-l.

o FMS equipment cleaning site - Elevated levels
of TOX and O&G in duplicate samples and black
stained soil verify past disposal of wastes.
Stained soil is confined to a small area (<300
square feet) and appeared to impact only the
upper one foot. No visual evidence of soil
contamination was found at depth. No odors
were detected and no floating product was
observed in the monitoring well, Background
concentrations of TOX, TOC and O&G were
detected in the monitoring well.

o Construction Rubble Dump No. 2 - Low to
moderately elevated TOX and elevated specific
conductance were detected in groundwater.
Background readings were measured on the HNu.

o Grafton Ditch - Elevated TOX and O&G were
measured at one sediment sampling point. Oily
sheens on the surface water and petroleum-like
odors were observed during sediment sampling.
Surface water samples contained no detectable
TOX, TOC, or O&G.

o Newfields Ditch - Elevated concentrations of
TOX and O&G were found in sediment samples;
none detected in surface water. The ditch
flows through the base housing area.

The following sites were classified as having a high con-
tamination profile based on screening protocol data, in
situ quality data, and soil sampling analytical data:

o Landfill No. 6 - Elevated concentrations of
TOX and TOC and low concentrations of O&G were
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detected in both rounds of groundwaters.
Specific conductance values were measured in
wells, significantly above background. HNu
readings from wells were observed above "back-
ground". Surficial evidence of drum disposal
was observed during drilling and sampling.

" Fire Department Training Area No. 2 - Low to
elevated levels of TOX, TOC, and O&G were
detected in downgradient wells and low to
elevated levels of TOX and O&G were found in
soils. HNu readings registered to 170 ppm
during sampling operations. An area of
approximately one-half acre of oil-stained
soil extending to at least a depth of nine
feet, was observed in the test pit inves-
tigation. The site lies within 800 feet of
the base boundary and is underlain by strati-
fied sand and gravel.

o Leaded Fuel Tank Sludge Disposal Site and
Site 22 - Elevated concentrations of O&G were
detected in two wells and elevated O&G
concentrations were found in soil samples from
both sites. HNu readings of 16 to 50 ppm were
registered during groundwater sampling and
test pit excavation. The site is underlain by
stratified sand and gravel and is upgradient
of lower Peverly Pond. At least three buried
drums were encountered during test pits opera-
tions and were found to contain concentrations
of lead and O&G.

" Industrial Shop/Parking Apron - Low to
elevated concentrations of TOX and O&G were
detected in soil samples from seven locations
within the site. Phenols were found in soil
samples collected near buildings 119 and 120
at concentrations that are in order of
magnitude above these found elsewhere in the
site. Concentrations of VOC ranging from 4.0
to greater than 70,000 ug/kg were detected at
four sites. Concentrations of up to 100 ppm
were registered on an HNu during sampling oper-
ations. One underground storage tank con-
tained liquid exhibiting elevated concentra-
tions of TCE and trans-l,2-dichloroethylene.
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4.5.3.3 Summary of Site Classification

The data cited in Subsections 4.5.3.1 and 4.5.3.2 was ased
to categorize Phase II sites at Pease APB. This is discussed
in Section 4.5.4 of this report.

4.5.4 Site-Specific Categorizations

As a conclusion to the investigation, each of the sites
investigated can be categorized according to whether it
requires no further action (Category I), requires further
investigation (Category II), or is ready for remedial action
(Category III). Sites may be subsequently recategorized at
the end of each successive stage of the Phase II investiga-
tiLon until all are ready for remedial action (Phase IV of
the IRP investigation) or no action. The following
definitions have been used in the classification of
investigation sites at Pease AFB:

o Category I applies to sites where no further
action (including remedial action) is
required.

o Category II applies to sites requiring
additional investigation to quantity or
further assess the extent of current or future
contamination.

o Category III applies to sites where remedial
action is required and all necessary data to
support an analysis of remedial alternatives
have been gathered. These sites are con-
sidered ready for IRP Phase IV action.

Site-by-site conclusions are summarized in Table 4-31, which
lists a category for each site, presents the rationale for
that categorization, and references the report subsections
that present supporting evidence for that categorization.
Investigation alternatives for each category are reviewed in
Section 5, ani site-specific recommendations are presented
in Section 6.
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SECTION 5

ALTERNATIVES

5.1 General

Based on the results of this inve igation, 20 sites ( includ-
ing Site 22, the suspect fire training area discovered
during the Phase II study) have been classified into one of
three possible categories: Category I, requiring no further
action; Category II, requiring further investigation; or
Category III, requiring remedial action. of the 20 sites
considered, seven fell into Category I and the remaining
thirteen fell into category II and thus require further in-
vestigation. This section reviews the principal investiga-
tion alternatives which may be applicable to Category II
sites at Pease AFB.

Table 5-1 summarizes the types of site investigation alterna-
tives commonly available. These alternatives are further de-
scribed by their conditions of applicability (when are they
most useful) and the rationale for recommendations (what are
the anticipated benefits). Eight alternatives are potential-
ly applicable for consideration at Pease AFB. These are: 1)
additional sampling at existing monitoring points, 2) expan-
sion of the current monitoring network, 3) aerial photo
analysis, 4) analyses of receptors, 5) non-destructive test-
ing, 6) soil gas testing, 7) groundwater modeling, and 8)
other studies such as aquatic biological investigations.
The following subsections review the rationale affecting the
selection of priority investigation alternatives and the
development of specific recommendations at the fourteen
sites determined to require further investigation (Category
II)

5.2 SITE-SPECIFIC ALTERNATIVES

5.2.1 Fire Department Training Area No.2

Based upon screening protocol sampling data, field observa-
tion, and in situ monitoring of soils and groundwater
from the Phase II investigations, it is evident that past
practices at the FDTA-2 have resulted in soil and ground-
water contamination based on the screening protocol analy-
sis. The items of concern which affect the selection of
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alternatives at the FDTA-2 include the oil stained soils in
the low-lying wooded area located northeast of the site, the
soils beneath the currently used burn area, and the
groundwater beneath and downgradient of the site.

The in situ and laboratory data collected confirm that
soils in the .'ow-lying wooded area located north of the
FDTA-2 (Figure _)-4) have been contaminated by runoff and
discharges from the burn area. Non-specific analyses
suggest the contamination is petroleum based products.
Identification of the presence of chlorinated solvents or
other hazardous substances could not be ascertained with the
current analytical protocols. The areal extent of the
problem and the nature of the specific compounds present at
the site must be determined before remedial options such as
removal, treatment, or capping of the wastes can be
recommended.

No soil samples were taken from the current burn area of the
FDTA-2 during the Phase II study. It is likely that past op-
erations at the site have resulted in contamination of the
soils beneath the clay liner. It is also possible that the
burning of chlorinated solvents has resulted in the gener-
ation of potentially harmful decomposition products which
may be hazardous at low concentrations. Specific analyses
for hazardous components need to be performed before recom-
mendations (including No Action) can be made.

The screening protocol data (Table 4-5) indicates ground-
water at downgradient well RFW-10 has been contaminated by
O&G and TOX. The TOX concentrations are above anticipated
background. Depending on the specific nature of these sub-
stances, off-site migration is a concern since groundwater
flow rates suggest the base boundary, 1,000 feet from the
site, is within the zone of influence of the FDTA-2. Based
upon the above concerns the following primary alternatives
were considered:

1. Re-evaluation of archival aerial photographs in
light of the Phase II, Stage 2 contamination
profile.

2. A test pit and soil sampling study to identify the
specific waste components in the soil and their
lateral and vertical extent.
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3. Shallow borings to facilitate deeper sampling and
to limit site disruption.

4. Soil gas monitoring for VOC during test pit and
shallow boring operations to provide rapid access
to analytical data during the quantification
portion of the field study.

5. Resampling of existing wells to identify the spe-
cific hazardous substances of concern, if any.

6. Performing a fracture trace analysis to evaluate
the extent of major bedrock fracture zones and to
determine probable groundwater flow directions in
the bedrock.

7. Siting, installing, and sampling of multi-level
monitoring wells to evaluate the vertical contam-
ination profile, the areal extent of the contam-
inant plume, if any, and the groundwater flow
regime at the site.

8. Sampling of privately owned off-base wells to de-
termine if contamination from the site is adverse-
ly impacting off-base water quality.

9. Performing a receptor analysis to provide the
basis for an endangerment assessment to evaluate
required cleanup levels.

A combination of the alternatives cited above will provide
the data necessary to determine the quantity of contaminated
soil and to identify the specific compounds present at the
site, prior to recommending remedial options such as capping
the site, source removal, or in situ groundwater/soil
treatment.

Alternatives 1 - 5 and 7 are the most reasonable priority
actions to consider at this time. Until site specific
parameters of concern can be determined, the other
alternatives may be inappropriate.

5.2.2 Landfills LF-2, LF-3, LF-4, and LF-5 (4 Sites)

Phenols, selected metals, and pesticides were detected in
surface water samples collected from ditches which flank
LF-2 through LF-5. Chemical results of sampling show an in-
consistent pattern to the presence of these compounds. The
following alternatives have been considered:
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1. Resampling at all or selected monitoring points
within the zone.

2. Installation of additional monitoring wells and
surface water sampling points.

3. Performing a receptor analysis to identify the
basis for future actions, if any.

The low concentration of the priority pollutant compounds
detected during the Phase II study do not warrant large
scale resampling of the surface water. The water quality at
SW-9, located near the base boundary (Figure 3-5) met all
Federal and State standards. Furthermore, no groundwater
quality problems were observed that would necessitate the in-
stallation of additional wells. It was concluded that the
primary alternative is to collect additional samples at sur-
face water sampling site SW-8 and that they should be an-
alyzed for VOC, priority pollutant metals, and pesticides/
herbicides. This sampling could be incorporated into the
base NPDES sampling program, thereby reclassifying LF-2
through LF-5 to Category I. If recurrent contamination is
found at significant concentrations, further remedial alter-
natives such as capping of the landfills could be consid-
ered at a later date. Non-IRP related closure activities
for solid waste facilities may be considered by the base.

5.2.3 Fire Department Training Area No. 1

Shallow soil samples from test pits at the FDTA 1 contained
elevated levels of TOX and O&G. Monitoring well RFW-28 lo-
cated hydraulically downgradient of the site did not contain
significant levels of the screening protocol analytes. Base
records report that waste fuels, oils and solvents were
burned at the site. The possibility, therefore, exists that
hazardous compounds may be present in the soils at the site.
The analytical limitations affecting the interpretive
results for the FDTA 2 also apply to the results obtained
for the FDTA 1.

Based upon the results of the Stage 1 investigation the fol-
lowing alternatives were considered for the FDTA 1:

1. Additional test pit/soil borings within the site
to identify the particular hazardous substances of
concern, if any, and their lateral and vertical
extent.
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2. Collection and analyses of additional surface
water and groundwater samples for specific suspect
hazardous compounds of concern.

3. Soil gas testing in and around the FDTA-l to iden-
tify specific hazardous compounds.

4. Installation of additional monitoring wells to fur-
ther define groundwater flow and potential water
quality impacts.

Based upon a computer generated water table contour map,
well RFW-28 is situated in the groundwater flow zone
downgradient of the PDTA-l. Since evidence of contamination
was not detected it is, therefore, concluded that additional
groundwater monitoring wells would not provide significant
new data at this time. Due to the length of time since fire
training operations have ceased at the FDTA-l, and the na-
ture of the underlying material (sand and gravel) it is like-
ly that any voc which might be detected by soil gas
monitoring have either volatilized from the soil or have mi-
grated downward.

Further test pit excavation soil sampling, and ground and
surface water sampling with an expanded analytical protocol
are priority alternatives (1 & 2).

5.2.4 Industrial Shop/Parking Apron

During the course of the Phase II study it became apparent
that a number of smaller subsites were found to be contam-
inated by various organic and inorganic compounds.

The analytical protocol specified for the site was suffi-
cient to identify individual priority pollutant organic com-
pounds which are mobile and detectable at low concentra-
tions.

Eight subsites in Zone 3 were investigated. No evidence of
contamination was detected at Building 234. Seven subsites
were identified as suspect sites during the Phase II study
and each is described below:
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I. Building 244 is the site of an abandoned,
waste TCE tank found to contain TCE and
trans-l,2-dichloroethylene and has historic-
ally been considered a potential source of
TCE in the base water supply.

2. Building 113 is the site of a second aban-
doned, underground waste TCE tank which has
been filled with sand. A sample of saturat-
ed sand contained 1ow concentrations of TCE
and trans-l,2-dichloroethylene. Soils from
an area north of the tank contained low con-
centrations of volatile organic compounds,
including TCE. The subsite is located with-
in 100 feet of a small wetland area.

3. Building 229 is the site of a buried,
oil/water separator. Elevated levels of vol-
atile organics were registered on an HNu
photoionization meter during power auger bor-
ing operations, and petroleum-like odors and
stained soil material were noted during the
sampling of the borings. Howev' , no prior-
ity pollutant volatile organics were detect-
ed in the soil's sample.

4. Elevated levels of hydrocarbon compounds were
detected in a soil sample taken from a power
auger boring south of Building 222. Base
personnel working near the subsite reported
that it was the site of a fuel spill. The
WESTON laboratory reported "very high
concentrations of hydrocarbons," but was un-
able to quantify toluene and ethyl benzene.
Two drainage ditches begin within 200 feet of
the subsite.

5. Field monitoring of air quality with an HNu
at a boring south of Building 226 produced a
reading at 60 ppm in the power auger hole.
However, no priority pollutant VOC was
detected in three soil samples from this
area. Building 226 is the site of a waste
solvent drum staging area.

6. A staging area for waste solvent and oil
containers is located in the paved area
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south of Building 119. A soil sample taken
adjacent to the staging area from a power
auger boring contained over 70 mg/kg of total
volatile organic compounds. The subsite is
locatpd approximately 100 feet north of a
storm'lrainage ditch.

7. Building 120 contains the Base paint shop ana
it is alleged that waste paints, strippers,
and solvents had been dumped on the ground
outside the shop door. A soil sample taken
in the area of the alleged dumping contained
elevated levels of TOX. However, no priority
pollutant volatile organic compounds were
detected in a soil sample.

The following alternatives have been considered for this
zone.

i. "Expedited removal" of the contaminated
liquid and soils from the tanks at Buildings
244 and 113. Excavation and removal of the
tanks, screening of the soils beneath the
tanks for VOC and transporting of all related
waste material to an approved hazardous waste
disposal site.

2. Installation of supplemental auger borings or
test pits to allow sampling and characteriza-
tion of soils with depth.

3. Soil gas testing to determine the areal ex-
tent and concentration of VOC contamination
in soils at specifically localized subsites.

4. Expansion of the analytical protocol to de-
tect additional compounds unspecified in the
Phase IT Stage I study.

5. Designation of surface water and sediment sam-
pling points with sampling protocols similar
to those used in the Phase II Stage 1 study,
to evaluate the potential adverse impacts of
selected subsites on surface waters.

6. Supplemental monitoring of selected existing
wells and/or piezometers within the site for
specific compounds of concern.
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7. Instillition of additional, multi-level mon-
itoring wells to characterize local ground-
water flow in the kame deposits and in the
bedrock, and to allow groundwater quality
sampling at various depths for specific com-
pounds of concern.

A priority alternative to consider is the "expedited remov-
al" of the underground TCE storage tank at Building 244.
rhe tank at 113 does not appear to contain significant
contaminants.

Soils analyses and soil-gas testing at the seven subsites in
the IS' PA woulJ be necessary to delineate the extent of con-
tamination before recommendations concerning source con-
trol'removal could be made. The use of auger borings rather
than test pits to obtain soil samples is recommended in the
ISiPA, to minimize disturbance to lawns around the shops and
flight line area. Soils analyses must be compound specific
so action levels can be assessed. The drainage ditches near
Buildings 222, 113, and 119 require sampling to determine if
surface water and/or contamination has resulted from past
base operations.

An abandoned public water supply well point system near
Building 229 and six existing temporary monitoring points
would provide sampling points for collecting additional
water quality data during soil gas testing investigations.
Additional, multi-level wells may be necessary to adequately
monitor vertical and lateral flow patterns and possible con-
taminant migration. This should be a lower priority pending
the results of soil testing.

5.2.5 Newfields and Grafton Ditches (2 Sites)

Newfields and Grafton Ditches carry rainfall runoff and
storm drainage from the IS/PA. Sediment from them contained
elevated TOX and lead levels and produced on oily sheen on
the water when disturbed during sampling. The surface water
samples from the same area indicated no contamination prob-
lems, and it is likely that contaminants are confined to
sediments.

The alternatives considered for these two drainage ditches
include:
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1. An expanded sediment sampling proqram to
determine tne vertical and lateral extent of
contamination within the sediments.

2. An expanded analytical protocol, including
VOC and base/neutral and acid extractable com-
pounds, to identify the specific contami-
nants.

3. Resampling of surface water sites to confirm
water quality assumptions.

4. An aquatic biological investigation of macro-
invertebrates to assess the extent, if any,
of downstream impacts.

5. A receptor analysis as a basis for performing
an endangerment assessment prior to recommend-
ing remedial control alternatives, if any.

The extent of the contamination problem, both laterally
along the stream channel and with depth, should be deter-
mined prior to any consideration of remediation. Th nature
of the sediments must be ascertained to determine if a poten-
tial risk to human health and/or the environment exists, and
to determine what constraints may be placed on future remedi-
al options. If removal of the sediments is recommended,
oased on the results of the additional sampling, further
study may be required to evaluate the ootential impact to
the stream biota or other potential downstream receptors.

5.2.6 Construction Rubble Dump No. 1

A single surface water sample from SW-10 (Figure 4-5) on
Peverly Brook contained 2630 ug/l TOX. The sampling point
may be in the flow path of groundwater from the CRD-l and
the FDTA-2. Flow from the brook discharges to Upper Peverly
Pond. The following alternatives have been considered:

i. Expansion of the surface water sampling net-
work at the site and expansion of the an

analytical protocol to fully characterize the

contaminants found at SW-l0.
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2. installation of monitoring wells to determine
if contaminated groundwater is discharging to
Peverly Brook.

3. Performing an aquatic biological investiga-
tion of the stream.

4. Inclusion of the additional sampling of the
site in the base NPDES program and placing of
the site into Category I.

Alternative 1 was considered to be the most viable action to
consider at the present time. it has been concluded that
there is insufficient data to warrant t installation of
monitoring wells at this time. Additiui. - sampling of the
existing monitoring network with an expanded analytical
protocols recommended. If recurrent surface water contamina-
tion is detected, a full quantifications study may be
required.

5.2.7 Landfill LF-6

Groundwater samples from three wells near LF-6 contained sig-
nificantly high concentrations of TOX, TOC, O&G, arnd
phenols. During the installation and sampling of the
wells, elevated HNu readings were noted in all three wells.
TOX and O&G samples from surface water samples collected
from the wetlands southeast of the site exceeded background
levels. The following alternatives have been considered:

1. Aerial photo analysis to assess past site con-
ditions and perform a fracture trace anal-
ys is.

2. Test pit excavation to define the limits of
the landfill and provide soil sampling points
at various depths.

3. Installation of multi-level monitoring wells
to determine groundwater flow characteristics
and to provide multi-level groundwater sam-
pling points.

4. Field soil gas monitoring to identify any vol-
atiles at the source during the test pit in-
vestigation.

5. Expansion of the analytical protocol to fully
characterize the wastes at the site relative
to hazardous substances, if any.
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6. Moving the Surface water sampling points clos-
er to the landfill to provide more representa-
tive analytical data.

7. Sampling all existing and new wells and sur-
face water sampling points for full Priority
Pollutant Analyses.

8. Performing geophysical investigations at the
site to locate drums, if any, and character-
ize site geologic conditions beyond borings.

9. Groundwater modeling to evaluate contaminant
migrat ion potential.

A. full quantification study including additional sampling
points, multi-level well installation, source
quantification, soil gas monitoring, and expanded analytical
protocol is recommended for LF-6. Items 1-7 should be given
priority consideration at the present time. The results of
the study will be used to consider remedial options or
additional study.

5.2.8 Leaded Fuel Tank Sludge Disposal Site (LFTS)
and Site 22 (2 Sites)

The LFTS ana Site 22 are considered together in this sec-
tion due to their proximity to one another and the presence
of similar suspect priority pollutants. The LFTS site was
used for the disposal of sludges from the base leaded fuel
supply tanks. The sludge was placed in 55-gallon metal
drums and buried or spread on the ground and allowed to
weather. A nest of at least three buried drums was detected
during the Phase II geophysical investigation and confirmed
during test pit operations. Site 22, an area of stained
soil approximately 50 feet in diameter was noticed during
the review of archival aerial photographs. Soil samples
from both sites contained elevated HNu readings in agitated
water samples. The following alternatives have been
considered:

1. A detailed historic aerial photo analysis of
the site with detailed description of suspect-
ed conditions.
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2. An expanded geophysical investigation to
assure other buried drums are not present.

3. "Expedited removal" of the buried drums. The
drum contents should be characterized, placed
in su,.'-ble containers, and if warranted by
the analytical findings, transported to an
approved hazardous waste disposal facility.
Soil beneath and around the drums should be
analyzed for hazardous material and removed
and containerized as necessary.

4. Additional test pit and soil boring and
sampling operations with soils' analyses and
field soil gas monitoring to determine if
significant quantities of contaminated soil
occur beneath the sites. Collection of soil
samples for laboratory analysis for VOC,
base/neutral and acid extractable compounds,
and lead to fully characterize the site.

5. Sampling of existing monitoring wells for an
exjinded analytical protocol to identify the
specific constituents of concern.

6. Installation of multi-level monitoring wells
to evaluate local groundwater flow patterns
and to determine the areal extent of the
contaminated groundwater, if any, beneath the
site.

7. Groundwater modeling to quantify contaminant
flow and dispersion, if any.

8. Receptor analyses as a basis for feasibility
study options.

Alternatives 1 to 5 are recommended for priority
consideration. A full quantification study, including
Alternatives 6 to 8 may ultimately be required if
contaminated groundwater is migrating off-site. The buried
drums might be removed on an "expedited remedial basis".
Additional remediation such as removal of contaminated
soils, other drums, or in situ soil or groundwater
treatment may be required, pending the results of the
expanded sampling program.
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SECTION 6

RECOMMENDAT'IONS

As a result of the IRP Phase II Stage 1 investigation at
Pease AFB, 13 sites were identified which were classified in
Category II warranting further investigation. The rationales
justifying selection of eight alternatives have been re-
viewed in Section 5. These investigative alternatives are:
1) additional sampling at existing monitoring points, 2) ex-
pansion of the current monitoring network, 3) reassessment
of aerial photo analysis, 4) analyses of receptors, 5)
non-destructive testing, 6) soil gas testing, 7) groundwater
modeling, and 8) other studies. This section presents
recommendations for implementation of these alternatives on
a site-by-site basis. In addition, two subsites (burie d
tank at Building 244 and the buried drums at the LETS) have
been prioritized for "expedited remedial action" within the
context of a Category II site.

6.1 GENERAL RECOMMENDATIONS

The use of TOX, TOC, and oil and grease (O&G) ana',yses has
been used as a screening methodology to indicate the pres-
ence of organic compounds in soil or water. The Stage 2
sampling protocols should be compound-specific for the
parameters of concern. The recommended analytical protocols
may change subject to review of the Stage 1 Report and the
evaluation of priorities. The multi-level well
installations which are recommended may also function to
assess overall base-wide water quality with respect to
hazardous waste constituents.

6.2 SITE SPECIFIC RECOMMENDATIONS

Site specific recommendations for further field investiga-
tions at 13 sites have been summarized in Table 6-1. The
rationales for planning or recommending additional wells are
addressed in Sections 4 and 5. Additional wells should be
constructed of the same materials as were used in the Stage
I monitoring wells. The analytical protocols are b ;-d on
the Phase I and II, Stage 1 findings.
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6.3 SITE-SPECIFIC REMEDIAL INVESTIGATIONS

The abandoned waste TCE tank at Building 244, within the
IS/PA, and tne buried drums in the LFTS are recommended for
"expedited remedial action.'

It is recommended that the contents of the tank at Building
244 be removed and placed in suitable containers for anal-
ysis prior to disposal and that the tank be excavated and
disposed of with the containerized. soil and liquid wastes in
such a manner so as to comply with applicable state and fed-
eral regulations. The soils in the vicinity of the tanks
should be sampled and tested for volatile organic contam-
inants. Soil gas testing should be performed to supplement
laboratory test data.

The buried drums at the LFTS should be excavated, placed in
suitable "overpack" containers and removed from the site.
The contents of the drums and the soils beneath the drums
should be sampled and analyzed to fully characterize their
contents prior to their removal from the site. The fully
characterized and containerized wastes should be transported
to an approved waste disposal site capable of accepting the
type of wastes characterized.
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