AD-A161 204  INSTRLLATION RESTORATION PROGRAM CIRP) PHASE 11
CONFIRMATION/QUANTIFIC. . <U> WATER_AND AIR RESERRCH ING
GAINESYILLE FL N D ADAMS ET AL. 30 JUL 85

UNCLASSIFIED F33615-81-D-4007




~

o

lll

FEEEE

I
_

X
o

(4]

[ 4
13
re

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS - 1963 - A

; o
|

2t R A PR IR 3y PRSI i A Al aOnd 8



-
=)
N
F
©
F
T
a)
<

INSTALLATION RESTORATION PROGRAM
PHASE II -- CONFIRMATION/QUANTIFICATION

STAGE 2

FINAL REPORT
FOR

LANGLEY AIR FORCE BASE
LANGLEY AIR FORCE BASE, VIRGINIA 23665

TACTICAL AIR COMMAND
LANGLEY AIR FORCE BASE, VIRGINIA 23665

DTIC
ELECTE
NOV 18 1085

A

PREPARED FOR

UNITED STATES AIR FORCE
OCCUPATIONAL AND ENVIRONMENTAL HEALTH LABORATORY (OEHL)
BROOKS AIR FORCE BASE, TEXAS 78235

_ =

This document has been ox_:proved I L
t r public relem_o:;d sale; its
di-.:txibution is ted. '

JULY 1985

'''''''''''''''''''''''''''''
.............
..................... Tt e
Y A P e

LR, SO W VAT S



"L v LWLV % - ] s o ——
N R N T T ——— P e it —

REPRODUCED AT GOVEANMENT EXPENSE

P Ty ~— T -~
T T Y T TV T e T Y

DISCLAIMER NOTICE

3 THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
= NUMBER OF PAGES WHICH DO NOT

2 *  REPRODUCE LEGIBLY.

MMM

R R |

Pt
oo e |

€

o>

X
r'_‘.-
G
-'_.4':
!._..-
B '_.r .

p _A N . -
_' A-' ‘- ‘
p_- '._ .“’i
SR -,
RN -.: o
. .

" v
.P_.-' i SN
o _'/ . -.\
o . - h\
A .
[ M :-
.
5N K
)

i
A

R
.
. g
-.' S
n.fd ‘)
- P . . -
- . ©
: ' e

T

""K-:alﬁlr.xﬂ. -
A '1

(3
.-
" o




| ES AR N N N iy S it S N A i i S A A B A A S T et S i S S S b el de b e g, T ————T

: Unclassified
’.-}'cum'rv CLASSIFICATION OF THIS PAGE
. [
l REPORT DOCUMENTATION PAGE
1. REPORT SECURITY CLASSIFICATION v 1b. RESTRICTIVE MARKINGS
I Unglassified None
F '20. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT
N/A Approved for Public Release
»"ap. DECLASSIFICATION/DOWNGRADING SCHEDULE Distribution Unlimited
= N/A
144 PERFOAMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
- N/A N/A 2
' 6s. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Water and Air Research, Inc. (If applicable) USAF Occupational and Environmental o
t Health Laboratory (OEHL) (AFSC)
*_ oe. ADDRESS (City, State and 7ZIP Code) 7b. ADDRESS (City, State and ZIP Code) ...4
P.0. Box 1121 Brooks AFB, TX 78235-5000 - ]
Gainesville, FL 32602 .
'} 8s. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMaoOL 9. PROCUREMENT INSTAUMENT IDENTIFICATION NUMBER
ORGANIZATION (1f applicadble)
USAF OEHL TS F33615-81-D-4007
. ADDRESS (City, State and ZIP Code) 10. SOURCE OF FUNDING NOS.
PROGRAM PROJECT TASK WORK UNIT
,%. Brooks AFB, TX 78235~-5000 ELEMENT NO. NO. NO. NO.

"'n_ TITLE (Inciude Security Classification) I[RP Phase II--
¥ Confirmation/Quantification, Langley AFB, VA

B 2 PERSONAL AUTHORIS) J
¢ W.D. Adams, J.H. Sullivan, and C.R. Fellows
13a TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr.. Mo., Doy} 15. PAGE COUNT
Technical erom _June 1986 July 1985 1985 july 30 134
76, SUPPLEMENTARY NOTATION
L‘I. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identifly by dlock number)
s _FIELD GROUP SUB. GR. o

On Attached Page

'.':‘9. ABSTRACT (Continue on reverse if necessary and identify by block number) [

J_ This report describes a study of groundwater conditions at Installation 4
T Restoration Program (IRP) Site 4, Langley Air Force Base (AFB), Virginia. ™
Site 4 is a former underground fuel storage area previously identified as :'.:
I a possible source of fuel contaminated soil and shallow groundwater in '«
- the immediate area. Two other possible sources of fuel were identified ::“,3
T during the present study. One is the underground distribution system :

associated with the former fuel storage area. The other is an under-

. ground pipeline in current use. All three remain under consideration as )
' possible sources of leaking fuel, ,‘:\
i~ S
:
l?o. OISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION ‘.‘i
uncLassiFieo/uNLImTED B same as ret. O oTic useas O Unclassified :‘:}
- RS
22s. NAME OF RESPONSIBLE INOIVIDUAL 22b. TELEPHONE NUMBER 22c. OFFICE SYMSOL
Edward S. B {Include Ares Code) ::l

- Y . Barnes, Lt Col, USAF, BSC 1(512)535-2153 TS R
0D FORM 1473, 83 APR €0ITION OF 1 JAN 73 1S OBSOLETE. Unclassified -'.'.:

.
_a_r

SECURITY CLASSIFICATION OF THIS PAGE

L Y LN

R B A N D U N N P o L AP O R R WA e et e Tt et e et e e
L-‘;:.:("-‘;- 'y '.':.‘ e 't'.‘-' WA 'J’..gf ..'_:.’::.‘ s ')2'.‘ AV A y » ey LN SN




T A TR R

&
Unclassified
SECURITY CLASSIFICATION OF THIS PAGE
aamp L.'.
' ¥18. L
) .
Installation Restoration Program
Langley AFB lead =
groundwater 0il and grease ~
JP-4 volatile aromatics
fuel benzene -,
underground storage tanks toluene -b
pH ethyl benzene -
specific conductance xylenes -
19. (Continued) ;
“Groundwater samples collected from eight of the nine wells installed during the study _
contained detectable concentrations of volatile organic aromatics, principally benzene. :
Two of the wells contained thick (approximately 0.9 and 1.5 feet) layers of free-floating )
fuel products, and several other wells contained thin (approximately 0.1 foot) layers of s
fuel. ;.-
-
The horizontal groundwater flow rate was estimated at approximately 18 feet per year. At N
this rate, contaminated groundwater would take several decades to reach the closest -
surface water body (Southwest Branch of the Back River); however, fuel odors from storm
sewers adjacent to Site 4 indicate fuel and/or contaminated groundwater may be seeping -
into the stormwater drainage system. This could route fuel contaminants to surface waters e
faster than by groundwater flow alone, -
Recommendations for additional study at Site 4 include efforts to better define the extent ’
of free-floating fuel product and contaminated groundwater, quantification of fuel-related -
[ >
contamination in stormwater drainage from the site, and testing to determine the source of o
fuels-related contamination at the site.
Iy &
v
o
Q:
%

Unclassified

SECURITY 1 ASUEICATION OF THIS PAGE

" oo ST T PR T N




LR )
.

A2

-'br-- Y 'h

‘‘‘‘‘‘

INSTALLATION RESTORATION PROGRAM
PHASE 11 - CONFIRMATION/QUANTIFICATION

STAGE 2

FINAL REPORT
FOR
LANGLEY AIR FORCE BASE
LANGLEY AIR FORCE BASE, VIRGINIA

TACTICAL AIR COMMAND
LANGLEY AIR FORCE BASE, VIRGINIA 23665

r&;esion For /
NTIS CRA&! o
DTIC TAB a
JULY 30, 1985 Unannounced =
Justification . cceeerecsreremrm]
D|str|b1:t;6;1 '
PREPARED BY \ Ava|labthty Codes
or .
WATER AND AIR RESEARCH, INC. ot | AVl :
P.0. BOX 1121 o
GAINESVILLE, FLORIDA 32602 A’v 13\ \
CONTRACT NO. F33615-81~D-4007 - '
EDWARD S. BARNES, LT COL, USAF, BSC A\
mi“'l 11‘.‘10 :
TECHNICAL SERVICES DIVISION (TS) \\" v
~—”
PREPARED FOR -
UNITED STATES AIR FORCE ]
OCCUPATIONAL AND ENVIRONMENTAL HEALTH LABORATORY :
BROOKS AIR FORCE BASE, TEXAS 78235




...........

NOTICE

This report has been prepared for the United States Air Force by Water and Air
Research, 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
Depariment of Defense.

Coples 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 Defense
Technical Information Center should direct requests for copies of this report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

cetw

.
s e
P |

At




| ol A A A S ArICA I O AE NI AN e AL AN D AN A et et B S i b Ao CRM A A A Sl S i B e S B+

F

PREFACE

This report has been prepared for the United States Air Force by Water
. and Air Research, Inc. (WAR) under Contract No. F33615-81-D-4007. It
constitutes the report of the Phase IT, Stage 2 Installation Restoration

- Program investigation for Langley Air Force Base, Virginia.

WAR's project staff consisted of:
W.D. Adams--Project Manager, Hydrogeologist;
J.H. Sullivan--Environmental Engineer; and

C.R. Fellows-—-Chemist.

The following U.S. Air Force (USAF) personnel contributed to the

successful completion of the project:
Lt. Col. Edward S. Barnes-~USAF Occupational and Environmental
Health Laboratory (OEHL)/TSS
Mr. Gil Burnet--HQ TAC, Environmental Planning
ll Mr. Tom Wittkamp--Langley AFB, Environmental Planning

1Lt. Art Kaminski--Langley AFB, Bioenvironmental Engineering
- Services (BES)

MSGT Ray Monk--Langley AFB, BES
a2 SrA Mark Conley--Langley AFB, BES
B SSGT Hyde--1 SPS/SPOLT, Traffic Enforcement.

Fieldwork for the study was performed during June aand July 1984.
Lt. Col. Edward S. Barnes, Technical Services Division, USAF OEHL was the

technical monitor.
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'I SUMMARY

This report describes a study of groundwater conditions at Installation
- Restoration Program (IRP) Site 4, Langley Air Force Base (AFB), Virginia.
Site 4 is a former underground fuel storage area previously identified as
a possible source of fuel contaminated soil and shallow groundwater in
the immediate area. Two other possible sources of fuel were identified
during the present study. One is the underground distribution system
- associated with the former fuel storage area. The other is an under-

ground pipeline in current use. All three remain under consideration as

possible sources of leaking fuel.

tﬁ Groundwater samples collected from eight of the nine wells installed
during the study contained detectable concentrations of volatile organic
aromatics, principally benzene. Two of the wells contained thick
(approximately 0.9 and 1.5 feet) layers of free-floating fuel products,

II and several other wells contained thin (approximately 0.1 foot) layers of
fuel.

The horizontal groundwater flow rate was estimated at approximately E
18 feet per year. At this rate, contaminated groundwater would take
- several decades to reach the closest surface water body (Southwest Branch
' of the Back River); however, fuel odors from storm sewers adjacent to
Site 4 indicate fuel and/or contaminated groundwater may be seeping into
the stormwater drainage system. This could route fuel contaminants to

surface waters faster than by groundwater flow alone.

Recommendations for additional study at Site 4 include efforts to better

o define the extent of free-floating fuel product and contaminated ground-
water, quantification of fuel-related contamination in stormwater

< drainage from the site, and testing to determine the source of fuels- :

related contamination at the site.
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1.0 INTRODUCTION
1.1 INSTALLATION RESTORATION PROGRAM BACKGROUND
The U.S. Air Force (USAF), due to its primary mission, has long been

engaged in a wide variety of operations dealing with toxiec and hazardous
materials. Federal, state, and local governments have developed strict
regulations to require that disposers of waste identify the locations and
contents of disposal sites and take action to eliminate potential hazards
in an environmentally responsible manner. The primary federal legisla-
tion governing disposal of hazardous waste is the Resource Conservation
and Recovery Act (RCRA) of 1976, as amended. Under Section 6003 of RCRA,
federal agencies are directed to assist EPA, and under Section 3012
disposal sites must be inventoried and the information be made available
to requesting agencies. To assure compliance with hazardous waste
regulations, DOD developed the Installation Restoration Program (IRP).
The current DOD IRP policy is contained in Defense Environmental Quality
Program Policy Memorandum (DEQPPM) 81-5, dated 11 December 1981 and
implemented by USAF message dated 21 January 1982. The IRP is the basis
for response actions on USAF installations under the provisions of the
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980, as clarified by Executive Order 12316.

The IRP is implemented in four phases. Phase I, Initial Assessment/

Records Search, is designed to identify possible hazardous waste con-
taminated sites and potential problems that may result in contaminant
migration from the installation. The Phase I report, completed for
Langley AFB in June 1981 (CH2M Hill, 1981), reviews the history of base
operations and waste disposal practices, the geological and hydrogeo-
logical conditions which may affect contaminant migration and the
ecological setting. All hazardous waste disposal sites identified in the
Phase I report are ranked on the basis of a standard evaluation system
[Hazardous Assessment Rating Methodology (HARM)], which is applied to all
installation record searches. The HARM model considers four aspects of

the hazard posed by a specific site: the possible receptors of the

...................................
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contamination, the waste and its characteristics, potential pathways for
waste contaminant migration, and any efforts to contain the contaminants.
Rach of these categories contains a number of rating factors that are

used in the overall hazard rating.

Phase I1, Confirmation and Quantification, is designed to confirm or deny
the presence of contaminants at waste disposal sites, and, if possible,
to estimate the magnitude, extent, and direction of movement of contami- .
nants discovered. The Phase II, Stage 1 study for Langley AFB was -
completed ia 1982 (WAR, 1982). Phase III, Technology Base Development,
is an optional phase in which appropriate technology is selected and the
2ngineering design of corrective action options selected for implementa-
tion hy the USAF is completed. Phase IV, Operations/ Remedial Action, -
involves construction, operation, and maintenance of the corrective

action option designed under Phase III. .

The Phase IT, Stage 1 study for Langley AFB (WAR, 1982) was an investiga-
tion of 12 sites (4 landfills, 1 chemical leaching pit, 1 septic tank,

l pesticide storage area, 1 transformer storage area, and 4 areas of
suspected fuel contamination). The present study (Phase II, Stage 2) is

an investigation of one site--a former fuel storage area.

L N

1.2 SITE DESCRIPTION

Site 4 is a former fuel storage area (CH2M Hill, 1981) located in the
southeast quadrant of Langley AFB (Figure l1). Drainage from the area is
directed by storm sewer toward the Southwest Branch of the Back River
which is approximately 1/4 to 1/2 mile south to southeast of Site 4.
Design drawings reveal that the fuel storage area consists of twenty-four
25,000-gallon, underground, jet fuel storage tanks with associated piping o
and delivery pipelines; it was originally designated Storage Area B [U.S.

Army Corps of Engineers (COE), 1952]. The tanks are located north of -
Nealy Avenue, and west of Building 764 (Figure 2), in two groups of 12.

At the time of installation, three fuel pipelines ran from the area s

between the groups of tanks toward the flight line, and extensive control -




Lo U AN A A S i e it Tte e aeh ) i Yl i Al R Sl el Sl Y Y R A A B Jat e Rt S ot e e g Pl
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FIGURE 1. Location of Former Fuel Storage Area, Site 4, Langley AFB, Virginia

SOURCE: CH2M Hill, 1981;
COE, 1952.
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piping was placed on the Nealy Avenue side of the tanks (not shown on
Figure 2) (COE, 1952). It is not clear from a recent drawing (COE, 1983)
whether the old pipelines and control piping are still in place; however,
one of the pipelines was discovered during recent construction north of
the site. The magnetometer survey conducted in this study

(Section 3.2.1) verified the presence of the control piping.

A currently used fuel pipeline (Figure 2), unrelated to the former fuel
storage area, parallels Nealy Avenue in the vicinity of Site 4 (COE,
1983).

1.3 PREVIOUS STUDIES

The Phase I report described Site 4 as containing old underground fuel
storage tanks which were abandoned, emptied, and filled with sand in
1965. However, during the present study, WAR learned that the contractor
for the new building near the site (Figure 2) was tasked to fill the
western 12 tanks with sand; this indicates that the tanks may not have
been filled with sand in 1965. The Phase I report noted that oil was
reported to seep from the ground following heavy rains and that
hydrocarbon odors had been reported in the storm sewer adjacent to

Site 4. The latter phenomenon was observed during the present field

investigation.

Phase I recommendations for Site 4 were to take two 6-foot soil cores
from each site and to analyze soil samples from each core for volatile

hydrocarbons.

Phase I recommendations were implemented in the Phase II, Stage 1 study.
No significant concentrations of fuel were found in any of the soil
samples; however, as discussed in Section 3.1, it is now understood that

the location of Site 4 was improperly identified in the Phase I study.
1.4 PROJECT STAFF

WAR's project staff consisted of the following people whose resumes are
included in Appendix B:
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W.D. Adams, M.S.--Project Manager, Hydrogeologist

J.H. Sullivan, Ph.D., P.E.--Environmental Engineer -

C.R. Fellows, M.S.-~Chemist :
The following USAF personnel contributed to the successful completion of E:

this study. WAR appreciates their contributions:

-

Lt. Col. Edward S. Barnes—--USAF Occupational and Environmental
Health Laboratory (OEHL)/TSS
Mr. Gil Burnet--HQ TAC, Environmental Planning

L ]
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Mr. Tom Wittkamp--Langley AFB, Environmental Planning
1Lt. Art Kaminski--Langley AFB, Bioenvironmental Engineering

Services (BES)
MSGT Ray Monk--Langley AFB, BES .
SrA Mark Conley--Langley AFB, BES N
SSGT Hyde——1 SPS/SPOLT, Traffic Enforcement
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2.0 ENVIRONMENTAL SETTING
The following discussion has been adapted from the Phase I report (CH2M

Hill, 1981). It has been edited to ensure consistence of format with the

present report.

2.1 PHYSIOGRAPHY/TOPOGRAPHY/DRAINAGE

The coastal plain in eastern Virginia is characterized by a series of
flat plains and intervening scarps. Langley Air Force Base is located on
Hampton Flat (Figure 3) between the Northwest and the Southwest Branches
of the Back River. Big Bethel Scarp, occurring just west of the base,
forms the western boundary of Hampton Flat. This scarp rises above
Hampton Flat to Todds Flat which is approximately 25 feet above mean sea
level (msl). Big Bethel Scarp is clearly visible on the topographic map
illustrated on Figure 4.

The topography of the base is very flat, showing little or no relief.
Most of Langley AFB occurs between elevations of 5 to 8 feet above msl.
At Site 4, land surface elevations are between 5 and 10 feet msl. The
land surface slopes gently away from the site toward the Southwest Branch
of the Back River (Figure 1).

Runoff from Site 4 is directed by storm sewer to the Southwest Branch of
the Back River which 1is approximately 1/4 to 1/2 mile south to southeast
of Site 4 (Figure 1).

2.2 GEOLOGY

Surficial deposits occurring at Langley AFB consist of alluvial sedi-
ments, primarily sandy, silty clay or silty, clayey sand. The alluvium
or river-deposited sediments had an upland origin but were ~ansported by
the James, York, and Back Rivers and deposited within their floodplains
during a higher stand of sea level. Locally on the base there are
deposits of organic rich soil having an estuarine or lagoonal deposi-
tional environment. Figure 5 illustrates surface and near-surface

deposits in the Langley area. Tables 1 and 2 describe the geologic units
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of Tidewater, Virginia. Table 2 describes the many post-Miocene geologic .

" units which are related to glacio-eustatic changes in sea level.
Y

- The stratigraphic sequence at Langley AFB consists of sediments ranging
in age from early Cretaceous (approximately 135 million years ago) to

Holocene (recent).

The pre-Cretaceous (older than 135 million years) basement rock complex
consists of consolidated sedimentary rocks and various crystalline rocks,

including granite and diorite. The basement rock at Langley AFB is F

approximately 2,200 feet below land surface (bls). .

The Cretaceous deposits at Langley AFB consist of discontinuous sand -
S% layers interbedded with silts and clays. These deposits occur as two
units, the lower Cretaceous, Potomac group, and the upper Cretaceous :
Mattaponi Formation and extend from approximately 700 to 2,200 feet bls.
Both formations were deposited as channel deposits from a meandering
il stream or further to the east as estuarine deposits. The Cretaceous

formations form the principal aquifer in the coastal plain of Virginia.

Paleocene sediments overlie the Cretaceous materials in the vicinity of

g TV F_K_¢

) Langley AFB and consist of fine- to medium-grained sands interbedded with
) silty clays. Three formations, the Nanjemoy, Aquia, and Mattaponi R
(glauconitic member) occur as the Paleocene unit. Farther to the west, :
some of the sands are composed largely of dark green to black glauconitic
sands. Paleocene strata form the aquitard or confining bed above the

lower Cretacous aquifer.

The Eocene strata are divided into the Nanjemoy and Chickahominy forma-
- tions. Farther to the east but in the vicinity of Langley, the Eocene

units are thin or absent.

Miocene deposits in the study area are divided into two formations: the

t' Calvert and St. Marys. Miocene deposits extend from approximately

y T e e«
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40 feer bls to 600 to 700 feet bls in the Langley area. The top part of
the Miocene consists of shells and shell fragments cemented with calcite.
This unit grades downward to a fine-grained quartz sand with a gradual
decrease in shell. Traces of biotite and glauconite occur in the sand.
Miocene sediments, having been deposited in a shallow marine environment,

are fairly consistent and have a wide areal extent.

Post-Miocene deposits in the Langley area consist of marine, brackish,
beach, fluvial, and marsh deposits. Table 2 lists the post-Miocene

formations and their characteristics in the Langley area.

The Pliocene Yorktown Formation consists of marine sand, silt, and

coquina.

The Pleistocence strata consist of the Norfork, Sand Bridge, and Tabb
Formations, which range from estuarine clay and silt deposits to beach

deposits consisting of sand and gravel.

Holocene materials consist of sand, marsh sediments, and alluvium.

Figures 6 and 7 illustrate east-west and north-south geologic cross

sections in the Langley area.

The uppermost stratigraphic unit at Site 4 is the Lynnhaven Member of the
Tabb Formation (Johnson, 1976). This member consists primarily of clayey
sand or sandy clay deposited in a nearshore marine environment during
late Pleistocene time. Sea level at this time was approximately 20 feet
higher than at present. According to Johnson (1976), the Lynnhaven
Member is 9 feet thick or less.

An unconformity separates the Lynnhaven Member of the Tabb Formation from
the underlying silty-sand facies of the Yorktown Formation (Johnson,
1976). Typically, this formation consists of bluish-gray to greenish-
gray, fossiliferous, fine sand and silt with localized shell beds and
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clayey silt lenses. The Yorktown Formation was deposited during Pliocene
time. According to Johnson (1976), the Yorktown Formation is 125 feet
thick or less.

Lithologic logs for wells installed at Site 4 (Appendix E) indicate that
the upper 10 feet of sediments at the site are predominantly silty sand,
clayey sand, and sandy clay which were deposited in a nearshore marine

environment.

2.3 GROUNDWATER
The water supply for Langley AFB is obtained from surface water sources,

primarily Big Bethel Reservolr approximately 2 miles west of the base. :

Groundwater occurs in three aquifer systems at Langley AFB: the shallow
water-table aquifer, the upper artesian aquifer system, and the principal
artesian aquifer system. None of these aquifers is used to provide
drinking water at Langley AFB since all three aquifers beneath the base

produce water with high chloride concentrations.

The water-table aquifer is an important source of domestic water supply
farther to the west in King Williams, Charles City, New Kent, James City,
and York Counties. In parts of Newport News and Hampton, there are areas
where domestic groundwater is supplied by shallow wells ranging in depth
from 50 to 100 feet. These wells are probably completed in the water-
table aquifer which occurs from approximatley 5 feet bls to a depth of
approximately 100 feet bls. The water-table aquifer occurs within the
fine sands, silts, and shell beds of Pleistocene and Pliocene age and
surficial sands of recent or Holocene age. This aquifer produces rather
small quantities of water in most places. Some homes and small farms "
west of Langley AFB have reported yields from shallow wells of 5 to

15 gpm. These deposits, having marine origin, are lenticular in cross

section and occasionally a well is reported to yield as much as 40 gpm.

Such wells are probably completed within a locally thick section of

shell. Permeability within the water-table aquifer probably ranges from

1 x 1073 to 1 x 10~7 cm/sec.
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Water quality from shallow wells varies according to proximity to salt

water bodies. Some wells have been reported to yield fresh water -
initially but quickly turn salty. This is due to the fact that fresh

water floats on top of the denser salt water. However, tidal action

keeps the interface in a constant state of change. The thickness of ﬂ:
fresh water overlying the salt water is very small, and thus pumpage

quickly removes the fresh water from the water table in the vicinity of

———r—
"

the pumped well. Recharge to the water-table aquifer is direct from
rainfall.

The upper artesian aquifer system consists of glauconitic quartz sands

and marls of Eocene Age, and shell, sand, silt, and clay beds of Miocene

Age. This aquifer is of little importance in the Langley area since -
yields are very low and water quality is poor. Wells completed in the -
upper artesian aquifer in the vicinity of Langley can be expected to be

of poor quality and contain as much as 950 parts per million (ppm)

chlorides, with hardness of approximately 230 ppm.

The principal artesian aquifer consists of coarse sand, gravel, and
boulders of Cretaceous Age. West of Langley AFB the aquifer has the
potential to yield large quantities of water. Recharge to this aquifer
occurs many mlles west, approximately at the fall line. Water quality in
the principal artesian aquifer in the Williamsburg area is of good enough

quality to permit development of large amounts of potable water.

Test wells have been drilled in the vicinity of Langley, and logs from
these wells indicate that yields should be high at depths below 600 feet.
Although yields would be high from this aquifer in the Langley area,
water quality is very poor. Chlorides could be expected to be in the
range of 4,000 to 5,000 ppm. There is the possibility that locally —
within some Cretaceous strata water may be of better quality. One well

in Newport News completed in this aquifer was reported to have chlorides Ei
of 600 ppm. This is still unfit for most uses, but significantly better

than expected from this area. e
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) Figure 8 illustrates the 1972 potentiometric surface of the principal h
I' artesian aquifer. Groundwater withdrawals in the Williamsburg area have 1
caused a cone of depression to form around Williamsburg (not shown on R

- map) such that groundwater flow from all directions is toward E
e Williamsburg. 1
4

- 2.4 GEOLOGICAL ASPECTS OF POTENTIAL MIGRATION ?
Surface and near-surface strata at Langley AFB are of moderate to low 5

hydraulic conductivity (permeability) due to the occurrence of clay and :

silt with the sand. Past disposal practices could result in the movement
of some leachate radially away from the disposal sites; however, travel
time would be extremely slow due to the low permeability and the low
hydraulic gradient. The shallow water—table aquifer would be the ouly

ir water-bearing formation affected by this contamination since the upper
artesian and principal artesian aquifer systems are hydraulically
separated from the water-table aquifer by clay confining beds. There-~
fore, contamination from past disposal sites would probably be limited to

i the immediate vicinity of the disposal site.
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3.0 FIELD PROGRAM
3.1 DEVELOPMENT OF THE SCOPE OF WORK
Following the Phase II, Stage 1 effort, it became apparent that the

Phase I evaluation had imprecisely defined the location of Site 4. The
Phase 1 study reported the Site 4 area to be larger than it is and also
improperly positioned Site 4 to the north and east of the subsequently
confirmed location of the underground tanks (Figure 1). Consequently,

the Phase II, Stage 1 soil borings missed Site 4.

According to design drawings, the construction contractor for

Building 763, north of Site 4 (Figure 2), was initially tasked to remove
the western group of tanks (COE, 1983). At some point, this task was
modified, and the construction contractor was tasked to stabilize the
western group of tanks by filling them with sand. However, according to
BES personnel, the construction contractor encountered fuel in the soil
upon excavating the tanks, and potentially explosive vapors prevented him
from filling the tanks with sand. The construction contractor also
encountered an old fuel line between the two groups of tanks (Figure 2).
The Chief BES, based upon his belief that jet fuel had been stored at
Site 4, reported that the fuel line contained JP-4 and that JP-4 was also

encountered at the water valve shown in Figure 2 (Pontier, 1984).

Upon consideration of the foregoing information, personnel from OEHL,
Langley AFB, and WAR developed the Stage 2 scope of work (Appendix C)
which was designed to better define the nature and extent of contamina-
tion at Site 4. The field program incorporated four elements:
1. A magnetometer sweep of each well location to detect subsurface
utilities.
2. 1Installation and development of nine wells (one upgradient).
3. Measurement and mapping of water levels. Measurement of
floating fuel thickness, if present, in wells.
4. Sampling and analysis of groundwater from the wells for pH,
specific conductance, oil and grease, dissolved lead, and

volatile organic aromatics (VOA).

3-1
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3.2 IMPLEMENTATION OF THE FIELD PROGRAM

WAR mobilized to the job site on June 24, 1984 and began selecting
monitor well locations. Since previous experience at Langley AFB during
Phase II, Stage 1 verified the general rule that the water-table gradient ~
follows the land surface gradient, WAR assumed that hydraulically down- .

gradient would be toward the nearest surface water body.

The principal investigator arrived following a heavy rain and did not

observe o0il seeping from the ground as was reported in the Phase I study,

nor was this observed following several other heavy rainfalls during the
Stage 2 field study. However, fuel odors were noted in storm sewers

ad jacent to and downgradient of Site 4.

; All fieldwork was performed in compliance with the safety plan -
(Appendix D).

3.2.1 Magnetometer Survey
WAR retained a subcontractor, Law Engineering Testing Company (LETCO), -
for the magnetometer survey and for monitor well installation; these

services were performed under the supervision of the WAR principal

investigator.

The magnetometer survey proved effective in locating subsurface utilities
within a depth of approximately 5 to 6 feet. The presence of control
pilping [not shown on the design drawing (COE, 1983) used in developing
the scope of work] south of the eastern group of tanks required that

well S-4C (Figure 2) be placed adjacent to, instead of in, the parking
lot; this still placed well S—4C immediately downgradient of the under-

ONel yOguirees _as
¥

ground tanks as required by the scope of work (Appendix C).

During the magnetometer survey, portions of the parking lot were cleared "

Dican s ans ai
AL

of vehicles to avoid magnetic interferences. K
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3.2.2 Monitor Well Installation

WAR had
at Site

originally planned to use the holiow-stem auger drilling method
4 to avoid introducing drilling fluids which might alter the

chemistry of the groundwater, but at the request of the Langley AFB Fire

Prevention Office, the drilling method was changed to the hydraulic

rotary method to minimize potential fire hazards. The only drilling

fluid used was clean, potable water.

Monitor
1.

4.
5.

well installation took place in the following sequence:
Drilling (6-inch roller-cone bit) and soil sampling (ASTM
D-1586-67) to a depth of approximately 10 feet below land
surface (bls).
Installation of 10 feet of flush-joint, threaded, Schedule 40,
polyvinyl chloride (PVC) well screen (0.010-inch slots). Wells
in the parking lot (S-4A and S~4B) were finished below grade to
minimize their impact on parking conditions, but enough solid,
flush-joint, threaded Schedule 40 PVC casing was used on the
other wells to give 1.3 to l.4 feet of stick up.
Installation of a filter pack of fine-to-medium sand to approxi-
mately 1.8 feet bls.
Installation of bentonite pellets to approximately 1.5 feet bls.
Installation and grouting in place (sakrette) of either a
lockable iron security casing (wells S-4C through S-41) or an
iron valve box (wells S—4A and S-4B).
Well development to ensure removal of drilling fluids and a
hydraulic connection between the well and the water-table
aquifer. Well development involved pumping water from the well
at approximately 1 gallon per minute until the well produced
clear water.
All drilling equipment was thoroughly rinsed with clean, potable

water between wells to prevent cross contamination.

A portable combustible-gas detector (Gas Tech Model 1314) was used

frequently during well installation. The highest reading was 2 percent
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of the lower explosive limit measured in the casing of well S-4B during

sample collection.

All drill cuttings, including fuel contaminated soils, were containerized
in new steel drums (US DOT 17H) for disposal by Langley AFB.

Monitor well installation and development were completed by June 30,

1984. Well logs are included as Appendix E.

Survey of the wells was performed under subcontract by S.J. Glass and
Associates. Well locatlons were determined by Virginia State Planar
Coordinates, and top of casing elevations were referenced to mean sea

level (see Well Logs, Appendix E).

3.2.3 Sample Collection
WAR sampled all wells at Site 4 on July 3, 1984. Collection of a ground-
water sample followed these steps:

1. Measurement of the depth to the top of the fluid surface (noted
visually) and the depth to water (noted with an electronic
sensor), referenced to the top of the casing.

2. Determination of the volume of water contained in the well
screen (the well volume).

3. Removal of at least three well volumes with a peristaltic pump.
The suction hose was cleaned with nitric acid (0.1 N) and
deionized water between wells.

4. Sample collection according to procedures described in
Appendix F [Laboratory Methods and Quality Assurance/Quality
Control (QA/QC) Plan]. A separate, precleaned PVC bailer was

used to sample each well.

Well purging and sampling techniques described above (Steps 3 and 4) were
selected to provide the best combination of sample collection effective-
ness and cost effectiveness. A recently published study (Barcelona,

1984) which evaluated the performance of groundwater sampling mechanisms

for purgeable and gas-sensitive parameters (e.g., VOA) found that bailers

......
----------
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l' Positive displacement (bladder) submersible pumps received the highest
.

= wells at depths to approximately 20 feet.

P~ provide a sample for confirmation analysis if first column analysis

- appropriate well. Field duplicate samples (oil and grease; VOAs) and a

) sheet for well S-4A, page G-1). Temperature, specific conductance, and

- laboratory [Lancaster Laboratories, Inc. (LLI)] for analysis. Five VOA -}

(typical cost = $12.00 each) were the second best sampling mechanism.

rating, but these devices cost much more (approximately $600.00 to
$1,000.00 per well). Suction (peristaltic) pumps were determined to be

unsuitable for sampling VOAs, but were rated as sultable for purging

After each well was purged by removal of at least three well volumes,
samples were collected for laboratory analysis of oil and grease,
dissolved lead, and VOAs (benzene, toluene, ethyl benzene, and xylenes).
Each sample fraction was placed in a sample container appropriate to the
specific analysis, as indicated on the field data sheets (Appendix G).
Samples for VOA analysis were collected in two 40-ml glass vials to

exceeded 0.7 ug/l for benzene or 10 ug/l for other VOAs (OEHL, 1984).
Each sample container was identified with a WAR sample number (16031
through 16041) which was also recorded on the field data sheet for the

field triplicate sample (lead) were collected from well S~4A for QA/QC
purposes (see discussion in Appendix F). Duplicate and triplicate
samples are identified by separate WAR sample numbers (see field data

pll were measured in the field, and the data were recorded on the field

K
data sheets. N

R
All samples were delivered by the sampling team to the subcontractor for 1
analytical services [The Blonetics Corporation (TBC)] on the day of ;
collection. TBC shipped the VOA samples by Federal Express to a second 3

containers were broken in shipment. Three were duplicates collected for
second column confirmation purposes (wells S-4E, S-4F, and S~4H), and two
containers were for well S-4G. None of the broken containers were the

field duplicates collected from well S—4A for quality control purposes.

!; The affected wells were resampled on July 16, 1984 according to guidance

given by OEHL (Rodriguez, 1984) which was to replace only the five broken

containers.
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4.0 DISCUSSION OF RESULTS AND SIGNIFICANCE OF FINDINGS
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4,0 DISCUSSION OF RESULTS AND SIGNIFICANCE OF FINDINGS

4.1 VIRGINIA GROUNDWATER STANDARDS

The state of Virginia has established groundwater quality standards
(Virginia Water Quality Standards, 1980) for a variety of chemical para- ;
meters. Standards applicable to this study include those for pH

(standard of 6.5 to 9.0), petroleum hydrocarbons (1 milligram per liter

[ng/1l]), and lead (50 micrograms per liter [ug/l]). The petroleum hydro-

carbons standard is applicable to both VOAs and oil and grease. These

standards apply to all groundwater occurring at or below the uppermost

seasonal limits of the water table.

In addition to numeric standards, Virginia's groundwater standards
(Virginia Water Quality Standards, 1980) also contain an antidegradation
policy for groundwater. This policy states:

"If the concentration of any constituent in groundwater is less than ¥

the limit set forth by groundwater standards, the natural quality

for the constituent shall be maintained; natural quality shall also

be maintained for all constituents, including temperature, not set

forth in groundwater standards. I1f the concentration of any

constituent in groundwater exceeds the standard for that constit-

uent, no addition of that constituent to the naturally occurring
concentration shall be made.”

4.2 RESULTS

Analytical results and fuel thickness measurements for this study are

summarized in Table 3. The two columns of data for well S-4A are for

field duplicate samples collected for quality control purposes. Compari-

son of data for the duplicate samples indicate good precision for all

analyses except benzene. The poorer precision for benzene is probably

attributable to this compound being three to ten times more volatile than

the other VOAs (Mackison et al., 1978) which makes it more difficult to :
compare analytical results of duplicate samples. Duplicate sample
results, lead spike recovery, confirmation column results, and other

QA/QC issues are further discussed in Appendix F.
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In spite of benzene's greater volatility, it was the most persistent
fuel-related compound detected in these samples. If any of the fuel-
related compounds were detected, benzene was also present, and in one
well (S-4G), benzene was the only parameter detected. This is probably
due to benzene's higher solubility in water as compared to other VOAs
tested. Benzene concentrations in groundwater are shown by the appro-
priate well in Figure 9. Only groundwater from well $S-41, approximately
20 feet from the tanks (Figure 2), contained no detectable fuel-related
compounds. Lead was not detected in any sample, and oil and grease was

below detection limits in all samples except the sample from well S-4B.

The highest concentrations of VOAs and the thickest accumulations of
free-floating fuel product were measured in wells S-4B and S-4F. Total
VOAs for well S-4B were 19,750 ug/l; fuel thickness at this well was
approximately 0.9 feet. At well S-4F, total VOAs were 851.9 ug/l, and
fuel thickness was approximately 1.5 feet.

It should be emphasized that the fuel thickness measured in a well is not
the thickness of fuel in the soil surrounding the well. The free-

floating (phase-separated) fuel product in the soil floats on the capil-
lary fringe (Shepherd, 1983) which is the so0il zone in which groundwater
fills all pores but is held by capillary forces (i.e., the pressure head

is less than atmospheric pressure). Thus, the phase-separated fuel
product in the soil is separated from the water table (a surface defined 1
by saturated conditions and at which pressure head equals atmospheric
pressure) by the capillary fringe. Laboratory models (Shepherd, 1983) ‘
have determined that typical thickness of the mobile fuel product layer
varies with soil type and ranges from 4 mm for coarse gravel to 40 mm :

(1.6 inches) for fine sand to silt. The latter soils are similar to

those encountered at Site 4. From this, one may infer that a mobile fuel
product layer of approximately 1.6 inches 1is in the soil surrounding
wells S-4B and S—4F and that the thickness of fuel in these wells is
equivalent to the thickness of the capillary fringe plus the mobile fuel

product layer.
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FIGURE 9. Concentrations of Benzene in Groundwater Samples Collected from Monitor Wells
in the Vicinity of Site 4, Langley AFB, Virginia, July 1984 o,
BASE MAP: S.J. Glass and Associates, September 1984, .
4-4 ~

LN L ALK O DR T n,
AT WAL AL P PR P IRK I I T Sy A




- o e T e WL W W L W f-~'."._' e e VL WL W .‘f._f..' S L W L NN Y Dl Ay el fadh T AUl Nl Sl Al Sl S’ A el S Sk Sl il Aadh A Sk Al o |

It may seem that there is a discrepancy between the thick fuel accumu-
II lations and low measured concentrations of oil and grease at wells S-4B
o and S—4F; however, this apparent discrepancy is resolved by realizing
. that the samples for laboratory analysis were collected after the wells

were purged by removing at least three well volumes of fluid. This
] presampling purge would remove the free-floating accumulation of fuel
product before the sample was collected; therefore, most of the oil and
grease, which has low solubility in water, was removed prior to sampling.
Since phase-separated fuel product flows through soll at approximately
half the rate of groundwater flow, the wells were recharged with water
(flowing into the well from a zone approximately 5 feet thick) much more
quickly tran they were recharged with fuel (flowing into the well from a
zone approximately l.6-inches thick).

Comparison of the data in Table 3 to the Virginia numeric groundwater
standards reveals that water from well S-4B exceeds the petroleum hydro-
. carbons standard of 1 mg/l with total VOAs of 19.75 mg/l and oil and
il grease of 0.2 mg/l. The pH of water from this well (6.2) is below the
minimum pH standard of 6.5, but a pH of 6.2 may be within the range of
i; natural background for shallow groundwater in the study area since the
range of pH for all samples from the site (6.2 to 7.7) is not wide. -
'l Groundwater from wells S-4A through S-4H could be interpreted as viola-
: ting the antidegradation policy of the Virginia groundwater standards.

- Since VOAs are synthetic organic compounds, natural groundwater would

contain none of these parameters.

1

4.3 SIGNIFICANCE OF FINDINGS
4.3.1 Extent of Contamination

. s
o asala g

Petroleum-derived fuels are mixtures of many compounds which generally

include, but are not limited tdo benzene, toluene, ethyl benzene, and

!
il X

o xylenes. Of the contaminants measured in this study, benzene appears to
be the best indicator of fuel-related contamination of groundwater since
it was the most persistent contaminant detected. Compared to the other

IT VOAs, benzene is more soluble in water and elutes faster in
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chromatographic media; consequently, benzene might reasonably be expected
to migrate farther in groundwater in a given period than other VOAs.

Water from well S-4I contained no detectable benzene or other evidence of

contanination (Figure 9 and Table 3), and it is farthest downgradient "y
from Site 4 (Figure 10). Therefore, well S-41 is apparently beyond the e
limit of contamination (as of July 1984) attributable to Site 4. By -

similar reasoning, it may be concluded that well S-4G was at the

g approximate downgradient limit of contamination at the time of sampling

and field measurements. From this information, it is possible to
extrapolate an approximate downgradient limit of groundwater
contamination (Figure 11). The approximate downgradient limit depicted
on Figure 11 should be regarded as a first approximation which defines a

region of interest for subsequent investigation.

o The presence of fuel-related compounds (benzene, toluene, and xylenes) at
. the upgradient well (S-4A) makes it impossible to approximate an

upgradient limit of groundwater contamination in the vicinity of Site 4.

There may be two zones cof free—floating fuel product since free- floating
fuel was detected in wells S-4B, S-4C, S-4D, and S-4F but was not
detected in S-4E (Table 3); however, the number of wells are too few to

delineate the precise extent of free-floating fuel. .=

4.,3.2 Possible Sources of Contamination at Site 4

There are three possible sources for the fuel-related contamination
encountered in this study (Figure 2). One, of course, is the former fuel
storage area. A second potential source is the currently-used fuel main
that parallels Nealy Avenue. The former fuel distribution lines running
from the former fuel storage area to the flight line is the third -

potential source.

% Contamination of groundwater at well S-4A may be attributable to leakage

'; from the former fuel distribution system since this is the closest -

potential source.
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The other two potential sources are close to each other which makes it
difficult to differentiate the source of contamination at a given well.
Since the age of fuel in these potential sources differs, personnel from
BES attempted to obtain age analyses of the fuels from wells S-4B and
S-4F by sending samples to the fuels lab at MacDill AFB, but apparently,
the analyses do not yield valid results on samples that have been
contaminated with water (Kaminski, 1984). Therefore, the present data
require that both the former fuel storage area and the present fuel
pipeline adjacent to Nealy Avenue remain under consideration as potential
sources. The age (30+ years) and composition (stcel) of the tanks makes
it probable that they have developed leaks, and the proximity of well
S-4F to the pipeline suggests that it may also be leaking.

4.3.3 Groundwater Hydrology

Water—-table elevations in the vicinity of Site 4 (Figure 10) indicate
that the general flow of shallow groundwater is toward the south and
southeast. There is a localized high in the water table in the vicinity
of wells S-4D and S~4E which places these wells, at least temporarily,
upgradient of well S-4A. The slightly lower water—table elevations at
S-4A are probably a result of diversion of potential recharge (rainfall)
by the asphalt covered parking lot surrounding well S-4A. Heavy rains in
late June and early July would have exaggerated this tendency by

recharging the open area near wells S-4D and S—4E.

The hydraulic gradient, at the time of water level measurements, to the
south and southeast is approximately 0.004, but the hydraulic gradient

towards well S-4A is lower (0.00l1). Higher gradients to the south and

southeast support the interpretation that the localized high at

wells S-4D and S-4E is a tenporary feature.

The horizontal average linear velocity (v) of groundwater at the study

site may be estimated from the relation:
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v = KI/n (Freeze and Cherry, 1979),
where: K = hydraulic conductivity,
I = hydraulic gradient, and
n = effective porosity (or specific yield).

By selecting a hydraulic conductivity representative of silty sand (1 x
1072 M/S [Freeze and Cherry, 1979]) and a specific yield representa-

tive of fine sand (0.23 [Todd, 1980]), the average linear velocity may be
estimated as 5.5 m/yr or 18 ft/year. This 1s probably on the right order
of magnitude since the approximate downgradient limit of groundwater
contamination at well S-4G is 140 to 190 feet from either suspected
source of fuel. This velocity is such that it would take contaminated
groundwater several decades to reach the Southwest Branch of the Back
River. However, the fuel odors in storm sewers noted previously

(Section 3.2) indicated that seepage of fuel and/or contaminated ground-
water into storm sewers may be short-circuiting the groundwater flow

path.

The foregoing estimate applies only to groundwater and does not apply to
free-floating fuels since fluid velocities in porous media are related to
the fluid's viscosity and density as well as the previously described_
factors (Freeze and Cherry, 1979). Velocity is directly proportional to
density and inversely proportional to a fluid's viscosity. The ratios of
density to viscosity of fuels and water (Vennard and Street, 1975) are
such that fuels flow at a slower rate than water, as would be expected

from this study's data.
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5.0 ALTERNATIVE MEASURES
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5.0 ALTERNATIVE MEASURES

Three alternatives are possible for the sites investigated:

1. Mitigate the contamination;
2. Conduct an additional investigation; or

3. Take no further action.

Alternative 1 is appropriate where there is clear indication that present
or future human or environmental problems will exist. The priority for
actions would depend on the magnitude of the threat and whether that

threat was current or future.

Alternative 2 is appropriate where insufficient evidence exists to place
a site in either the Alternative 1 or 3 categories, or where additional
information is needed for design of mitigative measures. Continued
monitoring may be performed to better define the nature and areal extent
of contamination and to define the migration potential of the contaminant
plume. The goal should be to gather enough evidence in a timely manner

to resolve the question of whether or not the site should be cleaned up.

Alternative 3 is appropriate for sites where there is little, 1f any,
evidence to indicate that the site is or will ever be a source of .

significant contamination.

S.1 MITIGATIVE MEASURES
Recommendations concerning mitigative measures are beyond the scope of
the present study (OEHL, 1983) and, if necessary, will be developed by a

future study.

5.2 CONTINUED MONITORING :
Options for continued monitoring of Site &4 include:
1. Further define the extent of free-floating fuel product;
2. Further define the extent of contaminated groundwater both

upgradient and downgradient of Site 4;
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3. Determine whether the present pipeline which parallels Nealy
Avenue 1s leaking; and
4. Quantify fuels-related contamination in storm sewers draining

the study area.

5.3 NO FURTHER ACTION

This alternative is not appropriate since contamination has been

S

confirmed, and its significance is not yet fully understood.
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6.0 RECOMMENDATIONS

The following recommendations are listed in order of descending

priority.

------------

Further define the extent of free-floating fuel product.
Suitable initial search areas would be within 75 feet of wells
S~4B and S-4F. Other areas to search would be the area of the
former fuel transmission lines and the upgradient side of the
former fuel storage tanks. It may be possible to define the
extent of free-floating fuel product by performing an in situ
organic vapor survey of soil gas in the vadose (unsaturated)
zone. This would involve hand augering shallow (4- to 5-feet
deep) holes within the study area, letting them equilibrate
overnight, and then sampling soll vapors in each hole with a
portable organic vapor analyzer (OVA). The results of an OVA
survey should be confirmed by the installation of fully-screened
wells.

Quantify fuel-related contamination in the storm sewers adjacent
to and downgradlent of Site 4 by collecting samples of storm
water from several points following at least two rainfall
events. For comparison, collect samples of storm water from an
area which contains no potential source of leaking fuel. .
Determine if the pipeline which parallels Nealy Avenue is
leaking. One option would be to pressure test the pipeline to
check it for leaks. A second option would be to compare the
chemical signatures of fuel from the monitor wells, from the
underground tanks at Site 4, and from the present bulk storage
area which feeds the pipeline which parallels Nealy Avenue
(Figure 2) by performing complete GC/MS scans of these fuel
samples.

Further define the downg;adient limit of groundwater contamina-
tion by installing two additional wells at the approximate
downgradient 1limit shown in Figure 1l. One well should be
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southeast of well S-4B, and the other should be southwest of
well S-4F. Sample all wells to monitor groundwater quality
variations.

5. It may be impossible to define an upgradient limit of .
fuels~related groundwater contamination since one potential
source, the former fuel distribution lines, exteands throughout ~
the flight line (COE, 1952). However, there is no apparent need .
to attempt this task since upgradient contamination poses no

reported or foreseeable threat to human health or the

environment.

Any continued monitoring of groundwater should include measurement of
free-floating fuel and depth to water, plus analysis of groundwater for
pH, specific conductance, oil and grease, and VOA. Storm water samples

should be analyzed for pH, specific conductance, oil and grease, and fﬁ
VOA.
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AFB
bls
bsl
BES
CERCLA

DEQPPM
DOD
ft

GC
HARM
HQ
IRP
LETCO
LLI
msl
m/yr
ug/1
unhos/cm
mg/1
ml

m
OEHL
PVC
QA/QC
RCRA
TAC
TBC
COE
USAF
EPA
VOA
WAR
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LIST OF ABBREVIATIONS/ACRONYMS

Air Force Base

Below land surface

Below sea level

Bioenvironmental Engineering Services
Comprehensive Environmental Response, Compensation, and
Liability Act

Defense Environmental Quality Program Policy Memorandum
Department of Defense

Feet

Gas chromatrograph

Hazardous Assessment Rating Methodology
Headquarters

Installation Restoration Program

Law Engineering Testing Company
Lancaster Laboratories, Inc.

Mean sea level

Meters per year

Micrograms per liter

Micromhos per centimeter

Milligrams per liter

Milliliter

Millimeter

Occupational and Environmental Health Laboratory
Polyvinyl chloride

Quality assurance/quality control
Resource Conservation and Recovery Act
Tactical Air Command

The Bionetics Corporation

U.S. Army Corps of Engineers

United States Air Force

U.S. Environmental Protection Agency
Volatile aromatics

Water and Air Research, Inc.
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APPENDIX B
RESUMES OF PROJECT STAFF

"-.‘..---- -"' -.c '.. '.o-.....“.. ".‘ - " : Vi

. - -~ - - . - - - .
- Sttt . .~ .
PRAPLRPLIP P LTI ST L R v YR R i P W W Wy

Conttndononkonnd DRl

PRI R VL




r T T e A TA UR N NN N TN N T T Y T T T T YT T N T Y T T T T A T T T R T A Y T W T WY~V Tw— W w

WILLIAM D. ADAMS HYDROGEOLOGIST
WATER AND AIR RESEARCH, INC.

Relevant Experience

- Mr. Adams is an environmental geologist who specializes in engineering applications
of hydrogeology. His practical experience is strongly oriented toward solving
- problems of pollutant transport in the subsurface environment.

. He works on environmental contamination assessments and hazardous waste management/
permitting. He has conducted hydrogeologic work at abandoned hazardous waste sites
- at DOD installations 1in Alabama, Florida, North Carolina, Georgia, Virginia,

Missouri, and Arizona. At some of these bases, chemical agent disposal was
investigated and elaborate health and safety precautions were used.

His project responsibilities have included: assembling and reviewing geologic and
geohydrologic literature; quantifying pollutant movement potential using published
documents and/or field test data; supervising monitoring well installation; select-
ing well sites, depths, and casing requirements; specifying rig cleanup procedures;
and drafting reports of findings for DOD and regulatory staffs. Mr. Adams has also
participated in staff briefings detailing interim and final findings.

He conducted a comprehensive hazardous waste inspection and survey at Pensacola
) Naval Air Station. Industrial facilities which generate substantial quantities of
U various wastes were visited and associated personnel debriefed to determine waste
generation and handling practices. This information was used in two ways. First,
Mr. Adams and his team developed a complete hazardous waste management plan for the
entire complex. This ensured compliance with 40 CFR 260-265. A Part B permit
application, including revised Part A, was then filed. Facilities permitted in-
cluded container storage buildings, surface impoundments, and treatment in drying
beds. A preliminary design for additional container storage was reviewed and con-
ii cept design modifications made to ensure RCRA compliance (40 CFR 264). Although
numerous tanks were used, all tank usage was reviewed and recommendations were made
to alter hazardous waste storage practices. This eliminated the need to permit any

tank.

Mr. Adams has directed field work for installation restoration confirmatior studies
{Phase II) at five Air Force Bases (three in Florida), and one Army Ammunition

s Plant. In these studies, he researched site geology, sited all wells, supervised
well installation and development, and collected samples for inorganic and organic
constituent analyses.

In another DOD study, Mr. Adams compared two potential depleted uranium burial

sites. He planned and supervised the field work, lab work, and report preparation.

An important aspect of this study was assessing potential routes of contaminant

migration. This work included extensive field and laboratory svils testing and
- analysis.

e P
e

Education .
- M.S. Geology University of Florida X
) B.S. Geology University of Florida

Professional Registrations and Societies

iae s al

Certified Professional Geologist--Indiana
National Water Well Association

9
E' American Water Resources Assocliation (Florida Section) 5
Publicationsg
xi Author and co-author of several articles and numerous technical reports.
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JAMES H. SULLIVAN, JR., Ph.D., P.E. CHEMICAL ENGINEER
WATER AND AIR RESEARCH, INC.

Relevant Experience

Dr. Sullivan has played major roles in projects 1involving technical work directly
related to groundwater monitoring and assessment at hazardous wastes sites. His R
recent experience includes work for a paper manufacturer, a phosphate plant, a
landfill, and a cement manufacturer.

Dr. Sullivan directed preparation of Part A and Part B permit applications for the -
U.S. Navy. He has also worked directly on other projects related to RCRA ground-

water monitoring and assessment programs and the permitting process. He 1is -~
familiar with the DOD Hazardous Materials Information System which he has used to n
assess chemical/physical properties of DOD compounds. He directed a team of
scientists and engineers working at two installations on initial assessment studies

(1ASs) for the Naval Energy and Environmental Support Activity. Potential for con-
tanination from past hazardous waste disposal was determined for approximately

80 candidate disposal sites. Recommendations for confirmation or remedial action

were developed.

At U.S. Air Force bases he conducted Phase II confirmation studies of potential
contamination from past hazardous waste disposal activities. He participated in
fieldwork and used field data to assess pollutant movement and severity of contami-

nation. He recommended remedial measures and specified additional data needs for ,
remedial design. v

He directed a series of studies for the U.S. Army in which impacts of munitions
wastes at several ammunition plants were defined. Siting of a new munitions plant
was the objective of another study, and developing water quality criteria for
hazardous substances using field and laboratory data was accomplished in another
study. He conducted fieldwork, data reduction, report preparation, and briefings.

At a U.S. Army iInstallation (Redstone Arsenal), Dr. Sullivan directed a nationally -
prominant study of environmental contamination from DDT. He was responsible for r
devising and evaluating engineering techniques for remedial action. The project
involved several public agencies, with field data collected by four separate
groups. He was responsible for reducing and interpreting all field data. Again he
participated directly in field reconnalssance, records research, data compilation,
data reduction, report writing, and briefings, including those before Congressional
staffs.

'-.l { ,

Dr. Sullivan studied three solid waste disposal sites near Charleston, South
Carolina and monitored groundwater impacts. In addition to gathering chemical ~
data on groundwater and soils, fluorescent dye was used to trace groundwater move- -
ment. Evidence of hazardous substances in leachate was found and remedial action -
recommended.

Education

Ph.D. Environmental Engineering University of Florida .
M.S. Environmental Engineering University of Florida -
B.S. Chenical Engineering Georgia Institute of Technology
Professional Registrations and Society Memberships -

Professional Engineer--Florida
Member of 8 professional societies

Publications -
Author and co-author of approximately 10 publications and 45 technical reports in ..
water chemistry, potable water treatment, wastewater renovation, and environmental AN
impact assessment. ",
]

B-2 T

e . e .
- . - . - . " -~ a . - . - *
K DRICR A TR . AR RS

----------
- . . e LY - . e - - . - - e ~
, 4 ‘.Al. ‘. -. l. .. 'Y l. ‘:‘_l. f -i I\ 9 l. j. l. l. P PR A




CHARLES R. FELLOWS ENVIRONMENTAL CHEMIST
WATER AND AIR RESEARCH, INC.

Relevant Experience

Mr. Fellows 1s an eavironmental chemist trained in both field studies and formal
laboratory chemistry.

As a member of hazardous waste site investigation teams, Mr. Fellows has conducted
interviews regarding past disposal practices, past and present industrial/chemical
processes, and the chemical and physical nature of disposed materials. On several

occasions he has identified waste sites that posed an immediate concern to human
health.

Mr. Fellows is familiar with and has used various appropriate safety procedures and
techniques while sampling sites that have received hazardous wastes. He has col-
lected groundwater, surface water, sediment, and leachates for a wide variety of
organic, 1inorganic, and physical analyses. He 1s experienced in applying site
assessment models to evaluate migration and health-threatening potential of che-
mical wastes at specific disposal sites.

In addition to the procedures mentioned above for collection, preservation, and
analysis of various types of samples, he is familiar with the RCRA EP Toxicity Test
Procedure, the U.S. Army Corps of Engineers Elutriate Test Procedure, and ground-
water monitoring procedures for arsenic, heavy metals and other toxicants.

Mr. Fellows 1s directly responsible for inorganic chemical analyses. He performs
quality assurance checks and often participates in actual laboratory water quality
analyses. He recently worked with an industry generating hazardous wastes to
develop suitable extraction methods for assessing waste toxicity. He helped to
develop wastewater analysis protocols which mitigated interferences from chemicals
in battery manufacturing wastes.

He directs sampling of groundwater monitoring wells and participates in developing
field sampling networks for both surface waters and groundwaters.

Education

M.S. Water Chemistry University of Florida
B.S. Biology Eckerd College

Publications

Author and co-author of several articles and technical reports
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o INSTALLATION RESTORATION PROGRAM

p Phase II Stage 2 Field Evaluation

\_ Langley AFB, Virginia

L I. DESCRIPTION OF WORK

{{ The purpose of this task is to determine if envirommental contamination

H' has resulted from fuel handling and storage practices at Langley AFB VA; to
provide estimates of the magnitude, extent and direction of contaminant

m movement should contamination be found; and to identify potential environ-

mental consequences of migrating pollutants.

The Phase I IRP Report (mailed under separate cover) and the Phase I1I
IRP Report (mailed under separate cover) incorporate background and
description of the site for this task. To accomplish the survey effort, the
contractor should take the following action:

A. General

- 1. All water samples collected shall be analyzed on site by the

f; contractor for pH, temperature and specific conductance. Sampling, maximum
holding time and preservation of samples shall strictly comply with the
following references: Standard Methods for The Examinatjop of Water and

= Yastewater, 15th Ed. (1980), pp. 35-42; ASIM, Part 31, pp. 76-86, (1980),

Method D-3370; and Methods for Chemjcal Analysis of Waters and Wastes, EPA
Manual 600/4-79-020, pp. xiii to xix (1979).

.' 2. Standard penetration tests and split spoon sampling shall be
accomplished on all monitor well borings. All wells shall be developed,

. water levels measured and locations surveyed and recorded on a project map and

a specific site map. Groundwater monitoring wells shall, as a minimum, comply

with Envirommental Protection Agency Guidelines and State of Virginia

requirements for monitoring well installation. Only screw type joints shall

'. be used. Glued fittings are not permitted.

3. Field data collected for the site shall be plotted and mapped.
The nature, magnitude and potential for contaminant flow within the site to
receiving streams and groundwaters shall be estimated. Upon completion of the
sampling and analysis, the data shall be tabulated in the next R&D Status
. report as specified in Item VI below.

B. In addition to items delineated in A above, conduct the following
specific actions at Site No. 4 Tank Farm (Underground POL) identified on
Langley AFB.

1. A magnetometer sweep of each proposed well location shall be
- conducted in order to verify the location of subsurface facilites.

2. The contractor shall install nine 10-foot groundwater monitoring
.. wells around the site to monitor contaminant migration: Two wells in the
{* grassed area immediately downgradient of the assumed locations of the under-
ground POL tanks, four wells in grassed areas farther downgradient, two wells
. in the asphalt parking lot adjacent to Bullding 764 and one well upgradient. k
oy A maximum of 90 linear feet of wells shall be installed. These wells shall be :
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constructed of 2-inch inside diameter schedule 40 PVC well screen, .010 inch
slots. The base of the screen shall be set approximately 10 feet below the
ground surface with the top of the screens extending above the water table to
intercept floating fuel products.

3. All contractor installed wells shall be developed, water levels
measured and locations recorded on the site map.

4, All contractor installed wells shall be surveyed for location
(Virginia State Planar coordinates) and elevation (feet above mean sea level)
of the top of each well casing.

5. After the monitoring wells have stabilized for at least 48 hours,
groundwater samples shall be recovered from each of the 9 wells. Prior to
sampling, each well shall be purged of the equivalent of 3 or more casing
volumes of water standing in the well. Floating fuel product thickness, if
present, shall be measured. The samples shall be analyzed for the parameters
shown in Attachment 1. Number of analysis are also shown in Attachment 1.

6. A water table contour map shall be developed in the field for the
site from the above data, and the groundwater gradient and direction of flow
around the site shall be identified.

C. VWell Installation and Cleanup

Monitor wells shall be completed with the installation of an iron
security casing equipped with a lockable cap. The exact locations of wells at
each site shall be determined by the contractor in the field. Drill cuttings
shall be removed and the general area cleaned, If hazardous waste is gener-
ated in the process of well installations, the contractor shall be responsible
for proper containerization (according to local Civil Engineering Office
requirements) for eventual government disposal. Drill cuttings shall be
disposed of in area designated by the Base Civil Engineer.

D. Data Review:

Results of sampling and analysis shall be tabulated and incorporated
into the monthly R&D Status Reports and forwarded to the USAF OEHL for review
as soon as they become available as specified in Item VI below.

E. Reporting

1. A draft report delineating all findings of this field investi-
gation shall be prepared and forwarded to the USAF OEHL as specified in Item
VI below for Air Force review and comment. This Report shall be prepared in
the format of Addendum No. 1 to the existing IRP Phase II Report for Langley
Air Force Base, This report shall include a discussion of the site hydro-
geology, well logs of all project wells, data from water level surveys, water
quality analysis result, available geohydrologic cross sections, groundwater

surface and flow maps, and laboratory quality assurance information and
quality control data.
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2. Estimates shall be made of the magnitude, extent and direction of
movement of contaminants discovered. Potential environmental consequences of
discovered contamination, where known, must be identified.

3. Specific requirements, if any, for future groundwater and surface
water monitoring must be identified.

II. SITE LOCATION AND DATES
Langley AFB VA
USAF HOSP/SGPB
Dates to be established
I1I., BASE SUPPORT: Langley AFB will provide the following:
A. Designation of site for disposal of drill cuttings.

B. Use of a holding tank (bowser) and designation of disposal site for
contaminated groundwater generated during well development.

C. Temporary construction barriers and parking/traffic control support
for wells sited in parking lots and/or roadways,
IV. GOVERNMENT FURNISHED PROPERTY: None

V. GOVERNMENT POINTS OF CONTACT

1. Maj Edward Barnes 2. Col Jerry Dougherty
USAF OEHL/TS HQ TAC/SGPB
Brooks AFB TX 78235 Langley AFB VA 23665
(512) 536-2158 (804) 764-2180
AV 240-2158 AV 432-5857

3. Maj John Pontier /; Lt. Art Kaminski
USAF Hospital/SGPB
Langley AFB VA 23665
(804) 764-7060
AV 432-T060

VI. In addition to sequence numbers 1, 5 and 10 which are applicable to all
orders, the reference numbers below are applicable to this order. Also shown
are data applicable to this order.

Sequence No. Block 10 Block 11 Block 12 Block 13 Block 14

Attachment 1
y ONE/R 8% OCT 30 84 OCT 30 85 FEB 28 hd

%A minimum of two draft reports will be required. After incorporating Air
Force comments concerning the first draft report, the contractor shall supply
the USAF OEHL with a second draft report, Contractor shall supply the USAF
OEHL with 25 copies of each draft report and 50 copies plus the original
camera ready copy of the final report.

Cc-3

.......... .

ORI : .-”Hﬁ‘cuw“:"“--'“u“fﬁ?\?:Vn'E:vVaﬂﬁfxx :'v\?.\5;§%ipy?#u

--------

> @ e, e e

»
T
&,
.



g
o}
g
4
:4
¢
3
p
]
1
¥
.l
¢
,
E
l
L
L
E
o
A
-
3
o

Attachment 1

Analytical Parameters, Methods and Required Detection Limits

Detection Number
Rarameter Method —Limit of Samples®
Volatile organic aromatics EPA Method 602 bk 10
0ils and Greases EPA Method 413.2 0.1 mg/L 10
Lead EPA Method 239.2 20 pg/L 10

*TIncludes ore field QA duplicate for each analysis.

#8Detection limits for Volatile Organic aromatics shall be as specified for
the compounds by EPA Method 602: Federal Register, Vol. 44, No. 233, pp.
69474-69478. This method should be strictly followed including these items:

Item 1.4 This method is recommended by EPA for use only by experienced
residue analysts or under the close supervision of such qualified

persons.

This is most important. If interferences are encountered (as in
early peaks such as vinyl chloride), the method provides a second-
ary gas chromotographic column that will be helpful in resolving
the compounds of interest from interferences. This must be done in
the case of vinyl chloride and so noted in analysis

Item 2.2

Item 3.3
7.1-7.3 - These sections on interferences, contamination and QC
should be strictly followed.

Item 8.3 -~ All samples must be analyzed within the recommended holding times.
This must be followed without exception.

If questions are encountered about certain contaminants, you may be asked to
show both chromatograms used to rule out possible interferences.

. . - .
------------
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APPENDIX D
SAFETY PLAN




‘; APPENDIX D
SAFETY PLAN

D-1.0 GENERAL

The safety plan presented herein gives guidelines for basic safety pro-
cedures and equipment utilized by Water and Air Research, Inc. (WAR)
during the course of IRP Phase II surveys. Samples collected during
Phase I1 surveys are typically environmental water and sediment samples
as opposed to hazardous waste samples and normally do not require unusual
levels of personnel protection. Detailed procedures and equipment
required to minimize exposure to specific hazardous wastes or conditions

requiring higher levels of protection are beyond the scope of this plan.

P References are provided from which waste-specific information on

equipment and procedures can be obtained on a case-by-case basis.

D-2.0 INFORMATION REVIEW

v Prior to initiating Phase II survey fieldwork, the Phase I records search
. is reviewed in detail to identify hazardous wastes or conditions that may
v, be encountered at each site. Available toxicological data on materials
- suspected of being present at the sites are reviewed to determine if the
base level of personnel protection outlined in Section D-5.0 is adequate.
Hazards such as the presence of highly toxic or incompatible chemicals,
toxic gases, radioactive material, or explosives may require more
extensive precautionary measures than the base level of protection.

Safety hazards requiring special attention are addressed on an individual

ff basis using appropriate assessment methods, and equipment and procedure
recommendations given in the EPA Field Health and Safety Manual (EPA,

K 1980) and the EPA Safety Manual for Hazardous Waste Site Investiggtions

;; (EPA, 1979). Hazardous conditions can be clarified or confirmed on

. preliminary site visits.

2

. D-3.0 MEDICAL MONITORING PROGRAM

F& The person responsible for Phase II survey fieldwork will determine

whether a medical monitoring program is necessary, based on results of

the information review. If hazard levels are judged high enough to
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warrant this procedure, all field personnel will participate in a medical
monitoring program. Guidelines for the program are given in Appendix I
of the EPA Field Health and Safety Manual (EPA, 1980).

D-4.0 FIELD PERSONNEL INDOCTRINATION
All field personnel will be informed by the project field supervisor of

required safety equipment and procedures prior to on-site work. Subjects
covered will include personal safety gear, general and site-specific

safety procedures, and incident notification procedures. -

.

-ty tr e .
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D-5.0 PERSONNEL PROTECTION GEAR
The following items will be available on-site, if needed, for all field

personnel: s:
o Tyvek® disposable coveralls,
o Rubber boots, }t
o Rubber gloves, -
o Hard hats, and -~
o Eye protection (safety glasses or face shields). -
Hearing protection (disposable ear plugs) will be provided for all work ;E
in the vicinity of the flight line or other noise hazards. Cartridge-
type respirators will be available on-site for protection against inhala- ;;
tion of dust or vapors. If strong vapors are encountered, respirators 3
will be utilized to facilitate evacuation of personnel and equipment from ﬁj
the site until the situation can be assessed or corrected. =
An Enmet CGS-18M portable gas detector will be used to monitor N
combustible or toxic gas concentrations during fieldwork. For Phase II A
fieldwork, normal alarm calibrations will be for methane (20 percent of e
the lower explosive limit) and methyl chloride (200 ppm).
=
Personal equipment described above will offer adequate protection for
most situations encountered during the course of Phase II survey ;;
fieldwork. When conditions are identified that require a higher level of -
D-2 N
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personal protection, the EPA Safety Manual for Hazardous Waste Site

Investigations will be referred to for guidance.

" D-6.0 SAFETY PROCEDURES

Hard hats and eye protection will be worn when appropriate, as directed
?! by the project field supervisor. Protective clothing (boots, gloves,
A and coveralls) will be worn at all times while working on-site.

Coveralls will be changed a minimum of once daily.

The project field supervisor will consult with the base environmental
coordinator or other responsible contact regarding site-specific hazards
prior to entering sites. Special procedures for entering and working at

particular sites will be clarified and conveyed to all field personnel.

Examples of areas requiring strict procedures are active runways or
}f taxiways, fuel handling or storage areas, and secure areas.

Prior to any drilling or digging on the sites, USAF Form 103 must be
Il routed to all applicable base organizations for a clearance review.

Circulation of this form is required to avoid contact with underground or
- overhead utilities, conflict with base activities, or breaches of

security.

Additional safety procedures will be implemented, if warranted by the

information review or conditions encountered at the site. Site-specific

safety procedures will be based on guidelines given in the EPA Field

o Health and Safety Manual and the EPA Safety Manual for Hazardous Waste =

- Site Investigations.

- D-7.0 INCIDENT/ACCIDENT NOTIFICATION PROCEDURES ;1

As a minimum, the following emergency phone numbers should be available =
ﬁi on-sgite: N
. 1. Ambulance or medical assistance, ji
.. 2. Base fire department (or other if off-site), and E

3. USAF contact for project.
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After contacting appropriate emergency services, or in nonemergency
incidents, the USAF project contact should be notified of the incident or
accident so that it can be dealt with according to base policies and

procedures.
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SHEET 1 oF A
““Borina Mo. 4 - A Location Coordinates 2 m R, 395 N
THole Size ("x 10 Slat. 0.0L0" 2,626,523 &
i B 1 ..‘
j bereen Size 27 Jof MAt'] feu WO PYE Filter Materials F =M SAAD =
~lasinag Size N.A. Mat'l N AL Grout Type SAKRETTCE
hecloaist_W. D. Adams Protective Casing \VVALvE Box
~-Date Start 28 JuwE 3¢ Finish 20 Jow Y Static Water Level 4.66 FpT Toc :
-Cor tractor NUAR[LETco Top of Well Elevation 8.aAdPr mse a
Draller CHuek YTGNETRSH Orill Type 67" RCB @ MAYHEW
S Bepth SPT
l Sketch (Feet) Sample Litholoaqy USCS | {BL/FT)
' ] o~ L Fr | ASPHALT ¢ CowcRETE ANA.l WNVA.
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Boring Mo. S~ 4B

SHEET 1

OF 4

lLucation Coordinates 278, 319 N

Hole Size L, x L&

Stot ©.oL6"

Screen Size 9''x (of

Mat'l Sey 4O Dyve

2:,616#'4-7 =
Filter Materials F-—mM SAND

Casing Size -—

Mat'l -_—

Grout Type SAKRE TTE

Geologist W. D. Adams

Protective Casing VALVE Box

Date Start A8 Juw B¢

Finish 22 Jpo 3

Static Water Level 5.10 Fr Toe<

Contractor WAK Lg&"?‘co

Top of Well Elevation B+« L8 r+ MrL

Driller CNvex VY TAANERON

Drill Type 6 R.Q R+ MAYUEW

Dlepth
Sketch (Feet)

Sample

Lithology

Uscs

SPT
(BL/FT)

D N ‘J

UL L

S

il

10FT

g-lo
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SUB GRADE.

CLAY, SANDY. <L & ~ 307 VF-F
Q@Tz 3> t ST, SeFT, BRY,
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-6 :CLAY,SANDY. C . E ~ 30
SHELL FRAGS, SoFT, ST,
GRAY (N S/).

C-7: A £ BovE. STRWG TuEL LeR.

'7‘?:CLA‘{).?AHbY. CLE 3oy
SHEW. PRAAS ¢ VB -F oTR.
SD., ¢ soT .cor-"’r)m,c‘s.,;
oLTYE YEL (2.5 Y 6/6).
No obeR .

CLAY',S’ANZ)Y. cL. T & 307 NE-F
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‘ SHEET 1 OF L X
Shrina Mo, S -4 C Location Coordinates AP, 205 N 3.'
ole Size "x 10" Stot e.cle” z,ea(.f(.m E
wroen Size 2'f'» 30! Mat'l Sbu yePve Filter Materials F-I’;\ S‘A,ND -4‘
Lasing Size 2% x 1.3°  Mat'l Sed 4o Pve, Grout Type RAKRETTE

H"x3" B.TC.P.

Protective Casingq

L

Geoloaist yW. D. ADAms

“ate Start 29 Juy 3¥ Finish 30 Tus 34

Static Water Level &£.93 FT Toco

Contractor

WAR /LETce

Top of Well Elevation 9.44§ PT MSq

coiller_CHuek VTGHNEROM.

Orill Type &6” R.C.B, - MAYAE W,

C 4

[ Sketch

Depth
(Feet)

Sample

SPT

Lithology (BL/FT)

USCS
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L — ==
CLAY, SAMDY. Q& E ~ 3067 YR-F

ANG, ©T2 4 WM. SD F ST,
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SHEET L oF |
Borina No. C- 4D Location Coordinates 2AMg,LB6 N e
Hole Size (,“x L&' Slot . 0oL0” 2,626,563 2 ;
Screen Size A''x10'  Mat'l Seu foPve Filter Materials F —-M Saad
Casing Size 2% L.4 Mat'l Sew thoPve Grout Type SaxpreTe
Geologist  W. D. ADAms Protective Casing M#"x 3’ BLTP.
Date Start 29 Suw 3% Finish 36 Juw Y Static Water Level 5,39 =r To<
Contractor WAR /LETCcO Top of Well Elevation 9. pr Msc
Oriller cHe, YTGHNERSN Drill Type &” REeB: MAYHEW, -
Depth SPT
Sketch (Feet) Sample Lithology USCS ] (BL/FT)
O-2Fr |famy sTATT. S, VF -2, QT2 ANG, LM U T
w ol SuT 4 Clo, MoTET, TR ‘
SH FRaGs, BRN (Lo YR ‘f/é)
2-4 As ABenE . Ry L -
-6 5'9_“2,“.':“_*5‘!- R / VF - Fl le ANG §= 3 -
! ~Ael e ¢ suT, WET ABMANT
0FT SH PRAGS, ouavE YEL. CASY 6fe).
R RE I L-3 CLAT, SANDY . ‘aL T A 4ol VB D leeese| 3
o == T N & scT, ~ Lo’/ SH. FRAGS, WET,
HHHH] 1.8FT Pace T2 (2.5Y /%4 £ LT GRAY -
— (SY &/1). o
L”:: 3~-Llo Nm:) STLTY & ERAVELLY. D ,VF QT2 tm-sq 2
— ~3o SLT o~ 20’ GRAVEL WET)
= TR SH. PT\AGS./ LT YEL . BRA.
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1 1 SHEET d OF 1
Rorina No. S - HE Location Coordinates 2M%, 129 N
‘.f:nlo Size (" x 1o’ Slot 6. ®10” A, bXe, 94+ E
L4 7
Screen Size 2" x 10’ Mat'l Seu He Pve Filter Materials F—m™ SA¥D
lasino Size 2'Mx L.4! Mat'l u o PVC Grout Type SAKRETTE
Geologist W. D. /-\bmg Protective Casing #4“x 3' B.r.7P.
-ate Start 30Juw P4 Finish 3o Juw 34 Static Water Level 5, 30 FT _To<
“Contractor WAQ/LETCO Top of Well Elevation 9.20 wr Msc
piriller_CHvek VIGNEROM Drill Type (/Y R.C.B. . MAY HEW.
Depth SPT B
Sketch (Feet) Sample Lithology USCS | (BL/FT) .
I- o- AT SA_L‘P,S_E.':.TL{- fo,VF-F,@T2) v 4o ST  sm.sc| 12 2
geo, ~he? SH FRAGS, MeT3T) g
| ‘/rRu (7.5YR "'f/'*)- 1
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X Q'r‘z.l'v:\b'/. cLar, 30l QT2 -
G’RAVEL) \NE’!‘/ ~Lo Y SH. ‘F?.A4</ 9
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b":_"'gt'ﬂ'FT -JL"'/- <H PRAas, FLEL obek- B
GRAY (1Lo® s/, -]
L-3 CAMYIQLAYEY | ;;'V--‘F,—vao'/.n:r; C—L’ S~ aL -
T aae) $h FRAGS, CAT. TRA. YEL.. o

¢ anar (Y su)’. /

3-lo |fas cpury. SP,VEF, 367 SLTHee, jeam | 34
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Boring No.

S- 4F

Hole Size " xle' Slot_es.e010"

Screen Size 2' x\io! Mat'l Se uyoPve

Casing Size L.H'x 3" Har'l Sewn JoPVYCe

Geclogist  W. D. AvnAmc

Date Start 3¢ JunE ZF Finish 30 Tve 4

Cortractor WAR /LETC®

SHEET L OF L

lLocation Coordinates

2'7’8; oNg N

;1;61(—7,3341 z
Filter Materials R — m saad

Grout Type JAKRE TTE

Protective Casing &' x 3’ RCP.

Static Water Level & 47 RrRT Teoc

Top of Well Elevation ¥.783 Pr mgL

Driller CHLCU NTONER CN. Drill Type 6*R.C.B. ; MAYHEW
7
Oepth <pT
Sketch (Feet) Sample Lithology USCS | (BL/FT)
lo- APT |fard CCLTY. (D VR -F, ~ e’ SLUTT- |Em 17
¢ cL. , dRY, LT @RAT (N /).
2-4 &Ly gawnt. oL w 30/ VE {57 Ise |
TR SH ‘F‘RAGS/SN* BIRN (7SR c/i)
Y- SAUD | SELTY, SD,VE-F 20l S5T 4 | SM 8
cLy, ~vi1e] SH. FRAGS, WET,
| 2ev. 7. (7.5 TR 6/3).
: - =3 SAub)Sru*/ SD,VF — M,Aualav:.o/ SRsmn
i Sd. FRAGS |~ Lo'l. SLT \WET, aq
| aRAY (W S7).
- 3-le GAN® SELTY. SBVF-F AUD ~ 367.584. |sm | 18
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’ SHEET A OF L
Borina Ho. §= H & location Coordinates ' 277,939 N
O b 14
Hole Size p"x Lo’ ot @o-o0L0" 2,626,362
== + 7
creen Size a'xio! = Mat'] Pve Filter Materials F=-m SAAD
“Casinag Size 1.4%'%x 2" “artl o PNC Grout Type SAKTRETTE
~Geologist__ - D hpamy Protective Casing & x 3’ B.T.P.
ridate Start YeJuw ™M finish 30 Jow ¥ Static Water Level 5.8Bb6L rr TO®
Cortractor \HaRr /LETco Top of Well Elevation 8.93 w1+ MSc
. Oriller CHUcKk NrTanERoH Drill Type &“ Re B MAYHEW
r
L Cepth | SPT
L Sketch (Feet) | Sample Litholoqy USCS | (BL/FT)
i . &-2FT |faMd SLLTY. SDVF-F, QT2 ANG, ~ sm | L&
- ‘ 20/ SLT, DRY, GRAY.
i 1-Y CLAY,SNVBY- ce, ~ el VFE gT D, aL 7
‘ TR G"g’\w._) VIE‘TJ RED. 8RAY.
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' weT yéL (Lo "6).
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Boring No. S-H L.ocation Coordinates A8, 0LL N
Hole Size (* x lo! Siot_o .oL0" 2, 626,433 C
Screen Size a&" x Le&! Mat'l Ppue Filter Materials F-m ) S‘Au'ol

Casing Size 23"w 1.4' Mat'l Pye Grout Type SAKRE T™C

Geologist W. D Arams Protective Casing ~“x 3’ B.LC.7P.
Date Start 3© Juvmn 34 Finish 3@ JFuw 8% Static Water Level £. 98 Br mse
Contractor  WA&R JLET <O Top of Well Elevation 9..9 Frmsc
Driller CHuerw NTaGnNERCOAN Drill Type &7 RSB, MAY HEW
Depth SPT
Sketch {Feet) Sample Litholoagy USCS | (BL/FT)
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M | S"TJ A lpel. SH F’RAG’S/ WE‘r/
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15FT ! g~-1lo SAN'D) SGLTY, As AB&YE)‘B)lmT— §m as
18FT | &RAY (NS/)-

|

|

|

i

|

|

I

!

!
10FT '

i
!
!

| 2R

~

i




SHEET L Of L
:?:'30"1'"0 No. S-HT Location Coordinates 277,972 N
“Hole Size &* x 10 Slot ©. olo” 2, blb,'(sﬁg (=
Screen Size 2 x Lo’ Mat'l Pve Filter Materials P — /;qJAJub
*Casing Size 2"x L.%' Mat'l W< Grout Type SAKRE TTE

ARAVEL J WwEeT, RAY (N 57).

~Geologist WD Anamg Protective Casing &% x 3/ R. TP.

«Date Start 3cJovw Y% Finish 3o Tuy W Static Water Level L-3B P TOS
-Contractor WaR [leTco Top of Well Elevation Q.80 FT MSC
.'j—_'DriHer eHuveK Vraveren Drill Type & RCT:, Mayy HENY

Depth SPT
Sketch (Feet) Sample Lithology USCS | (BL/FT)
6-2Fr |faw), SCLTY. §Y,VR-F RTZ, ~ 4o 1 eerg l[gma a4
u,, Mo'CS"‘ BRN (75 YR W44, S<
2-Y4 CLAT, SANDY, an, N 4o/ VE-F, &T25, 1o | |5
e TR ARAVEL, WET, [T, GRAY S<
r (N /)
H-( CLAY  sanny. Af ABeE EXCEIT RED. . [CC- | 3
Y yc¢_ (2§ YR &/3). S<
-3 SUBLLS, SAMDY . SHELLS & SA.FRAGY, | NA. | 49
~ Jf-o Y. STLTY Seamd. YEW.
3-1o guuhln::ry D, vE-F QT2 v 2o/ M- an
SCT ¢ e, ~ 3_0/ fH GS)’Y"R Sc
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§ APPENDIX F
" QA/QC PLAN

e
e 0 s

F-1.0 ANALYTICAL QUALITY CONTROL
All quality control spiking was performed by WAR. All sample analyses

were performed by TBC and LLI. Each of the above organizations maintains
strict QA/QC plans which are outlined in separate documents but were not
appended in this report due to their length. This appendix outlines
QA/QC procedures directly relevant to the Langley AFB Phase II, Stage 2

survey.

- Accuracy of analytical techniques 1is assured by strict adherence to the
-~ methods listed in Table F-1. 1Integrity and representativeness of the

sanples are assured by sampling procedures described in Section F-2.0. A
. check on analytical quality control was provided by duplicating a minimum
) of 10 percent of the samples in each analysis lot. An additional sample
‘i was collected to provide for spiking 10 percent of the lead samples.

Samples for oil and grease and VOAs were not spiked.

Duplicate and spike samples were labeled in such a way that the
analytical laboratory could not identify them as duplicate or spiked
- samples. Results of duplicate and spike analyses are discussed in the

following sections.

F-1.1 OIL AND GREASE

= Duplicates--<0.1, <0.1 mg/l Mean--<0.1 mg/1

) No spike

- Accuracy of duplication was satisfactory for this parameter.

- F-1.2 VOLATILE AROMATICS

_ Duplicates Mean

fi Benzene 0.5, 17.5 ug/1 9 ug/l
Toluene 1.4, 3.3 2.4

. o-Xylene 2.1, 5.7 3.9

I F-1
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" Table F-1. Analytical Chemistry Methods for Water Samples, Langley AFB, ]
4 Virginia -
ﬂ Parameter Method Ref. Detection Limit Ci
pll EPA 150.1 1 - =
Specific conductance* EPA 120.1 1 -
Tenperature* EPA 170.1 1 -
0il and grease EPA 413.2 1 0.1 mg/l -
Metals )
Lead EPA 239.2 1 20 ug/1
Purgeable Organics )
Volatile organic aromatics EPA 602 2 t e
*Measured in the field. .
tSee Table 3 for detection limits (reported as "less than" values). T
1--EPA "Methods for Chemical Analysis of Water and Wastes,” March 1979 - -
method number. i
2--EPA "Methods for Organic Chemical Analysis of Municipal and Industrial i
Wastewater,"” July 1982 - method number. .
f:
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Duplicates Mean
m-Xylene <0.2, <0.2 <0.2
p-Xylene <0.2, 1.2 0.6
- Ethyl benzene <0.2, <0.2 <0.2
- With the exception of benzene, the accuracy of duplication was satisfac~

tory for this analysis. In-house spiking procedures by the subcontract-
ing laboratory showed recoveries of 88 and 100 percent, respectively, for
the above listed replicates. Confirmation analyses were conducted per
the 8 March 1984 letter from OEHL. The results of these second column
Ef analyses were, for the most part, inconclusive due to the poor separation
R characteristics of the second gas chromatograph (GC) column specified in
: EPA method 602. Presence of compounds not specified in the method (the
55 xylenes) increased the problem of qualitative and quantitative analysis
of the VOAs. As discussed in previous Phase II reports, field
replication of volatile components is perhaps the most difficult task in
any sampling effort.

F-1.3 LEAD
- Duplicates=-<0.02, <0.02 mg/1l
Spike recovery--108 percent at 0.071 mg/l

Mean-~<0.02 mg/1

Duplication and spike recovery were satisfactory for this parameter.
F-2.0 SAMPLING INSTRUCTIONS FOR LANGLEY AFB

Descriptions of sample containers, preservation methods, and holding -
Lond T
E times are given in Table F-2. Sampling procedures are outlined below for jj
each analysis group. Eﬂ
c 79
- F-2.1 VOLATILE AROMATICS *1
o This sample should come from the first aliquot of a bailer to prevent the i]
N loss of any volatiles. Avold excess turbulence (e.g., bubbling) when :;
.. filling these bottles for the same reason. Fill bottle to an inverted }i
"> -
1Y meniscus, cap, and refrigerate immediately. A small convex dimple in the :-i
top of the septum indicates that the bottle 1s properly filled. There :;
s llzj
[ F-3 i
R
. N . - . - . . .~ - . . . . Dt et .t "‘-‘




Kl

WV WV Wy e

L M

Y

AR s et gttt

*7861 12quadaq ‘G$S0-78-%/009-Vdd
‘faojeaoqe] jioddng pue Suyli03JuOl TEIUSWUOITAUY V4T *1 91qel °‘S23sey pue 212IBM JO SysLTeuy

1eofwWay) 103 SPOYISK 03 SUOTITPPY TEBOTUYIDL *Z861T

*0TY0 F¥IBUUTOUL)

*(vda3) 4Aoua3y uorloa3old TeIUSWUOITAUY °*S°*1 :3danog

-1938M = My

eidas uoyyal

sAep #1 D.% 03 TITU® ‘1era uy @dedspeay oy (¥) Tm o% ‘sseTs M sarqeadang
syjuou 9 7> Hd 03 €oNH °duod ‘133714 1w gz ‘or3Iserd M (°sSsSIP) STEISKH
deo uy 1aull uorjJar
sfep gz 5.% ©3 TTTU2 ‘g> Hd o1 Y05y *ouo) *ab 1 ‘ssery xM  9sea1d pue T¥0
auyy (*239 ‘yd ‘uvorieaarrid) 2uNIoA adL1 I933wmeaed
Suipion uojleaissaad 3o poyisan /x3uieiuo) a1dueg

sowyl SUIPIOH pu®e ‘Spoyildl UOIIBAIDSAAd ‘saaureluo) 3rdues -z-1 arqel

LN
et et a
AV e m .
-¥ .
N

RIS AN

et e,
LNEY

.""-“..‘-J:‘, '--‘ .’--."_ e ~ . R
\.h '.n"'.‘ !.A)A"_g:‘.g ot gt e

.
ﬁ'_l

2

LI

-,
)




S T S T T T T T
EE
'I should be no air bubbles present in the bottle. This sample is taken in
duplicate in 40 milliliter (ml) glass, screw-cap vials with Teflon™
. septa. Preservation is by refrigeration.
F-2.2 METALS
!! Metal samples from the wells should be from the first bailer following
collection of VOA samples. The bottle should be filled to the very top
if dissolved metals are desired and filtration is not performed
inmediately.
Filtration should be as follows:
1. Rinse a glass fiber filter with 20 to 30 ml of 0.5 N HNOj3
i{ after placing the filter in the suction apparatus. Discard the
rinsate.
2. Rinse the filter with 20 to 30 ml of sample. Discard the
rinsate.
i 3. Filter the sample and return it to the bottle after rinsing the

bottle with deionized water.

4. For membrane filtration, place the filter in the filtration

- apparatus with the gridded side up and follow Steps 1 through 3;
preserve the sample with concentrated HNOj3.

5. Samples must be filtered through the 0.45-micrometer filter for
analytes to be considered dissolved. Filtration through a glass

;t fiber filter reduces "binding” of the membrane filter but may

" not be needed for samples with little turbidity.

After filtration, preserve metal samples by adding 2 ml of HNO3 per

liter of sample. Mix thoroughly and check the pH by pouring a small

amount of the sample on a pH test strip. If the pH is not less than 2,

;ﬁ add more HNO3. Refrigeration of preserved metals samples is not

necessary.

F-2.3 OIL AND GREASE
r” Due to the nature of the analyte, do not fill sample bottles completely.
Bottles are l-quart glass with foil-lined caps. Preserve oil and grease

samples by adjusting the pH below 2 with concentrated HCl and

refrigerating the sample.
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should be no air bubbles present in the bottle. This sample is taken in
duplicate in 40 milliliter (ml) glass, screw-cap vials with Teflon™

septa. Preservation is by refrigeration.

F-2.2 METALS

Metal samples from the wells should be from the first bailer following
collection of VOA samples. The bottle should be filled to the very top
if dissolved metals are desired and filtration is not performed

immediately.

Filtration should be as follows:

1. Rinse a glass fiber filter with 20 to 30 ml of 0.5 N HNOg
after placing the filter in the suction apparatus. Discard the
rinsate.

2. Rinse the filter with 20 to 30 ml of sample. Discard the
rinsate.

3. Filter the sample and return it to the bottle after rinsing the
bottle with deionized water.

4. For membrane filtration, place the filter in the filtration
apparatus with the gridded side up and follow Steps 1 through 3;
preserve the sample with concentrated HNO;.

5. Samples must be filtered through the 0.45-micrometer filter for
analytes to be considered dissolved. Filtration through a glass
fiber filter reduces "binding" of the membrane filter but may
not be needed for samples with little turbidity.

After filtration, preserve metal samples by adding 2 ml of HNOj per
liter of sample. Mix thoroughly and check the pH by pouring a small
amount of the sample on a pH test strip. If the pH is not less than 2,
add more HNO3. Refrigeration of preserved metals samples is not

necessary.

F-2.3 OIL AND GREASE

Due to the nature of the analyte, do not fill sample bottles completely.
Bottles are l-quart glass with foil-lined caps. Preserve oil and grease
samples by adjusting the pH below 2 with concentrated HCl and

refrigerating the sample.
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FIELD DATA SHEETS
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LANGLEY AFB FIELD SAMPLE SHEET d
Water and Air Research, Inc. Project: Langley AFB IRP, STAGE Il :
6821 S.W. Archer Road Project No.: 7166~150 K
P.0. Box 1121 Sampled by: _ (npg /L BA ,
Gainesville, FL 32602 Date: 2 I\ 94 :
Phone: 904/372-1500 Time:  ,y:3§ K
well No.: S-4A X
Sampling Location Description: %) e o asghalt (sct Shosh).
Groundwater Samples
Depth to fuel praduct N/A
Thickness of fuel product o
Depth to water surface ‘oY .
Heignt of water colum ~r §¥2 Fr :
M__ 1.2 :
Sp. cond. 2L0 urhos/cm @ L7.2°C AN ¢ 250 (el /cm. G ST ,
[
Parameters to Preservation Holding Cont ainer
Container be Analyzed Method Times No. Sample No.
1 qt. glass 0il & Grease HpS0, to pHC2,4°C 28 days LL03% 1Go3d K
ASO KA plastic Lead Filter, then
O3 to pHQ2,4°C 6 mos Leodl 10039 1033
40 ml glass (2) VOA Ghill to 4°C 14 days 1033 _1co32 -'
' L)

Comments axd additional observations: _ (Jakee 3aikiall ’ clear  Ahgn ,“1.!.“ ' dorbid .

Neo ;éof

200 44 P o TPb-SPiImg Sow.

* Crrcen 14022 T
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LANGLEY AFB FIELD SAMPLE SHEET .
Water and Air Research, Inc. Project: Langley AFB IRP, STAGE II s
6521 S.W. Archer Road Project No.: 7166-150
P.0. Box 1121 Sampled by: _oda /0889
Gainesville, FL 32602 Date q =
Phone:  904/372-1500 _'L;"'h':‘ -
well No.: S.4%
Samwpling Location Description: . 704,
s
Groundwater Samples
b
Depth to fuel product Y
. o
Thickness of fuel product 2 Oe UL <
Depth to water surtace gy .
]
Height of water colum ~ 5 F1 .
pH .3 -
Sp. cond.  W{(, O urhos/cm U a7.%°C S\° ¢ Hodd=t® " pn B+ . D e R
Parameters to Preservation Holding Cont ainer -
Container be Analyzed Method Times No. Sample No. o
1 qt. glass 0il & Grease HpS0, to pH<2,4°C 28 days 16036 s
1 1 plastic Lead Filter, then
HNO3 to pH<2,4°C 6 mos 103¢ -
40 ml glass (2) VoA hill to 4°C 14 days [ L0 .
\:~
Comments and additional observations: v ] . e ob Koe\.
N
>
l\‘
w?
3
o=
G-2 }
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b LANGLEY AFB FIELD SAMPLE SHEET -
. 2
- ::_
N Water and Air Research, Inc. Project: Langley AFB IRP, STAGE Il -
6821 S.W. Archer Road Project No.: 7166-150 :
P.0. Box 1121 Sampled by: (oDa / ¢ B4 -
: Gainesville, FL 32002 Date: 3 !zh a4 1
Phone: 904/372-1500 Time: V6 \S ¢
3 !
el Nou S-uc by
Sampling Location Description: WesX edae of old ps cki 0 \ ot :
¥
Groundwater Samples ::'_'.
Depth to fuel product s'n" .
Thickness of fuel product A Bfyn -
Depth to water surface SN "
Height of water colum ~ 5% pr -4
M 11 ~]
ks
\‘
Sp. cod. __ 490  umos/am@ DY 4°C _ 9eef H2Ep el go[om. DT :-3
e
Parameters to Preservation Holding Cont ainer
Container be Analyzed Method Times No. Sample No. -:-
1 qt. glass 0il & Crease HpS0, to pH<2,4°C 28 days 16038 ;:::
1 1 plastic Lead Filter, then y
HNO3 to pH<2,4°C 6 mos JLo3s
40 ml glass (2) VoA Ghill to 4°C 14 days | Qo35 -
~
Conments .d additional observations: Cleac cdorless
] -
L
- :
3
- 32
2 G-3 =,
A A A RN T A R R SRR 1 SN N o T e N e g e o S T e RIS
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LANGLEY AFB FIELD SAMPLE SHEET .
-
Water and Air Research, Inc. Project: Langley AFB IRP, STAGE I1 ::::
6821 S.W. Archer Road Project No.: 7166150
P.0. Box 1121 Sampled by: L
Gainesville, FL 32602 D:ace: S Ju\y 94 ;
Phone: 904/372-1500 Time: 1. 50 R
well No.: S5-4D o
Sampling Location Description: S .aad 10s)] Wesy of old _sacki ,% lot. )
Groundwater Samples -
-
Depth to fuel product S$'3%a"
Thickness of fuel product ~
Depth to water surface S$'4d "
-~
Height of water colum 'v_é Lk -
pH 6.4 Yy
i~
NN
Sp. cod. " agp  urhos/cm @ 21.7 °C 1\ E V70 in e [ DaTTe =
Parameters to Preservation Holding Container :
Container be Analyzed Method Times No. Sample No.
l qt. glass 0il & Grease HpS0, to pH<2,4°C 28 days 16,033 b
l 1 plastic Lead Filter, then )
HNO3 to pH<2,4°C 6 mos 1,033 =
40 ml glass (2) VoA Ghill to 4°C 14 days L(033 A
Comments and additional observations: demd clecs. i
» 1)
‘ \ .
—Rechacqed slowly R
k..
¥
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LANGLEY AFB FIELD SAMPLE SHEET

Water and Air Research, Inc.
6821 S.W. Archer Road

P.0. Box 1121

Gainesville, FL 32602
Phone: 904/372-1500

Project: Langley AFB IRP, STAGE I1
Project No.: 7166-150
Sampled by: __wpAa /L B4

Date: 3 Joly S

Time: 1129

Well No.: S-4R €
Sampling Location Description: i el § ol et
Groundwater Samples
Depth to fuel product ! 3"
Thickness of fuel product ~ 3/5 * (T >
Depth to water surtace g1 3 5)g0
Heignt of water colum ~ & Yo BT
pH 1.0
Sp. cond. L0 urhos/cm @ A5 °C M f eTDunia
Parameters to Preservation Holding Cont ainer
Container be Analyzed Method Times No. Sample No.
1 qt. glass 0il & Grease HyS0, to pH<2,4°C 28 days 03
1 1 plastic Lead Filter, then
HNO3 to pH<2,4°C 6 mos 1¢031
40 ml glass (2) v Ghill to 4°C 14 days 1031
Comments and additional observations: P vrbi ° odorle 4.
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LANGLEY AFB FIELD SAMPLE SHEET -
-
Water and Air Research, Inc. Project: Langley AFB IRP, STAGE II <
6821 S.W. Archer Road Project No.: 7166-150
P.0. Box 1121 Sampled by: __wdA /L BA
Gainesville, FL 32602 Date: 3 30, ~
Phone:  904/372-1500 Time: 190
well No.: S-4 ¢ ::::
Sampling Location Description: 14 w o 3 X,
Groundwater Samples o
=Y
Depth to fuel product 9 oYy "
Thickness of fuel product AN ’/g“
Depth to water surface g1 § S)g® . ’
——
Height of water colum ~ b7 BT .-
pH A4 x
Sp. cod. ©10® urhos/cm @ 24.4 °C 0 IAL 2 TP (b (- D
Parameters to Preservation Holding Cont ainer -—
Container be Analyzed Method Times No. Sample No.
1 qt. glass 0il & Grease HyS0, to pH<2,4°C 28 days 16035 :
L | plastic Lead Filter, then
HNO3 to pH<2,4°C 6 mos 1,038 =
40 ml glass (2) VoA hill to 4°C 14 days 1,033 h
g\% .
Comments and additional observations: : X 3 ¢ odor h




Water and Air Research, Inc.
6821 S.w. Archer Road

P.0. Box 1121

Gainesville, FL 32602
Phone: 904/372-1500

well No.: S_-\G&

Project: Langley AFB IRP, STAGE Il
Project No.: 7166-150

Sampled by: _oda /2 BA

Date:
Time: L 3%_

Sampling Location Description: _SpoYhweaY cornee of ﬂ“h' Ao t ——  S%.

Groundwater Samples

Deptir to fuel praduct N. A

Thickness ot fuel product &

Depth to water surtace

S' j1p¥ys"

Heignt ot water colum

uQ'/z FT

p 1.3
$p. cod.  yap utos/an@ RX.5 198° ¢ HE i ejr  PrIrS
Parameters to Preservat ion Holding Cont ainer
Container be Analyzed Method Times No. Samle No.
1 qt. glass Oil & Grease HyS0, to pH<2,4°C 28 days # 14D
1 | plastic Lead Filter, then
HNO3 to pH<2,4°C 6 mos 1 040
40 ml glass (2) VA Ghill to 4°C 14 days 1¢oNO
Comnents and additional observations: Wate Yelu ducbs browa < less




LANGLEY AFB FIELD SAMPLE SHEET

Water and Air Research, Inc. Project: Langley AFB IRP, STAGE Il
6821 S.W. Archer Road Project No.: 7166-150

P.0. Box 1121 Sampled by: _,pa /LBA
Gainesville, FL 3602 Date: = <.1, Q4

Phone: 904/372-1500 Time: 14 o

well No.: <-4

Sampling Location Description: fo) . X

Groundwater Samples

Depth to fuel product 5§ 7T B oy + ~ 7 Ty
Thickness ot fuel product o '/2. N C?)

Depth to water surface S5 1 lyﬁ' N

Height of water colum ~b 3 pPT
pH 1.3
Sp. cond.  4(0 abos/an @ AX.5  °C 199.8° F H-'ES