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Chapter 1 

Introduction 

In late 1992 and early 1993, a Resource Conservation and Recovery Act (RCRA) Facility 

Investigation (RFI) of 17 RCRA solid waste management units (SWMUs) was conducted at 

the Oceana Naval Air Station. At the conclusion of this study (CH2M HILL, 1993), it was 

id not require any 

the basis of the 

investigation results and site history. 

but were divided into 

different levels of priority for further These recommended action 

groups were (1) Sites 1, 2B, and 2C, (2) , and 24, and (3) Sites 2D, 

the station are shown in 

llow a separate track and their future 

will be reported separately. At the time of 

this report, a draft 2B, and 2C has been completed (CH2M HILL, 

November 1994) a ion action is being designed. A final CMS 

(CH2M HILL, Octobe soil remediation design (CH2M HILL, June 1994), 

have been completed 8, 19, 20, and 24 soils. The soil removal action was 

completed in January 1995. Sites 2D, 2E, 15, and groundwater at Site 24 are in the 

second phase of the RFI. These activities are reported in this document. 

The contamination at Site 24 is being addressed by medium on two separate tracks. The 

soil was well characterized during the field investigation in February and March 1994, such 

that soil remediation can proceed at Site 24 in parallel with sites 11, 18, 19, and 20. The 

same investigation showed that groundwater contamination was more extensive than 

expected, so additional characterization work was completed in September and October 

1994. The groundwater data for Site 24 are reported in this document. 



NOTTO SCALE 

Figure 1-1 
LOCATIONS OF ACTIVE RCRA SWMUs 

RCRA RFIICMS Investigations-Naval Air Statin. Ocaana 



Although the sites were divided into three groups, the recommendations for additional 

characterization in the Phase I RFI report (CH2M HILL, 1993) and in the draft CMS 

report were implemented during a single field investigation. The field investigation 

associated with these CMS and RFI sites was conducted from February to October 1994. 

This report serves two purposes. The first is to report the results of the investigation of 

the five Phase I1 RFI sites. The main body of the report is focused on the five sites, which 

are: 
- J2. 

=. - 
.r -s ... -. - - j" %& 

= ;;* '=+_ Site 2D-Line Shack 125 Disposal Area 4 -.= a -+, -=RL.w=' =+ 

Site 2E-Line Shack 109 Disposal A@:,? =. gi,. ". '-5L -. ... 
."&< - ::. - .?IY - - 

Site 15-Abandoned Tank Farm Sk 
-. - .- 
'ib. . -- 

Site 24-Bowser, Building 84Q, .@ou~at '~onlY)  
g' , .;. .:%, % 

Site 25-Inert Landfill 6 = 3%. .% -.-="= -%%& -w~ 
iz \, ,/,. *=++-3 '.' 

S-'%kC ,$&< -w 
.v .- = %: p- 
; =- 

The second purpose is to repo$&wCleip$@ okit@ field investigation that are common to 
-. + : ?k Ti; ;F -& .:% . =*?- 

the three groups of sites. Thiswasadw -. -. q &re would be one reference for the general 
-s4, := ,. ... -= 

> e = = S q Z L  

reporting of the investi 1 m.tEkherest of consistency and clarity. The information ,.8",.?JP g; -a_ ji 

common to all the $$$is rep&@$ i n x e  appendices and is summarized in this chapter. 
+!, I ..: 

The second chapter ad'-*<~ s&s-h~, 2E, 15, 24, and 25 only. 
'iL '%,,<+ A$- - ... -- ... . -43 

--< ... 

This report is written as an addendum to the Phase I report. Certain information, such as 

the presentation of the extensive ecological study and substantial background information 

on the station and on each site, is not repeated. This report includes some background 

information but emphasizes changed conditions and interpretations. Familiarity with the 

details of the Phase I report is assumed. All tables of analytical data in this report show 

the results from all past investigations in addition to the results from this phase of 

sampling. This was done so that historical trends could be reviewed. For convenience, 

this additional RFI investigation will be referred to as the "Phase II RFI" in the remainder 

of this report. 



The purpose of the Phase I1 RFI was to characterize the contamination at the five sites in 

enough detail that a sound determination of future action can be made, and if a CMS is 

appropriate, enough detail to support selection of a remedy. 

CMS/POL/RFI Phase II Site Activities 

The field investigation was completed as specified in the three y k plan addenda (CH2M .=ST 
HILL, 1994), to the original work plan (CH2M HILL, lss'$f with a few exceptions. 

A:? - 
'= 2". -!s4 

Several wells, samples, and analyses were added d&~Lmwcstigation to enhance 
,;+-Y&=..- - .$- .:;+- 

characterization, as dictated by field conditions. Tl@fif6 jnvesti&& at the twelve sites 
. ;;; L:. g' A!?' = .- - ,+I: 

consisted of the following activities: .- 
\:. -. %<$=<:!= 

-:, . ;: 

Hydraulic probe sampling G?+h&water with onsite mobile lab 
5 ... = -- = r a ;;?= 

analysis =:sc++ 
-d. "- 

.- 
;, - .,I!:. 
,> - = 

• In situ hydra=k=&nductivity testing 

Containment, stockpiling, and disposal of investigation-derived waste (IDW) 

soil and groundwater 

a Surveying of wells and surface water datum points and measurement of 

corresponding water levels 

The activities at the individual sites are summarized in Table 1-1. Analytical sampling is 

summarized by medium in Tables 1-2, 1-3, and 1-4. The compounds included in each 



6-inch Eamllon Wdl(-15') I 1 - .. .. - .. .. .. - .. - 
3 l d i K h  p inomler  (-9') - - .. .. 8 - - I .. - 4 - 
2inch p i u o m e r  5 9 - .. .. - 6 .. .. .. - - 
2-inch Obscrvation Well - 1 - - .. - - - .. - - - 
(-25') .. I - - .. -. - .. - - - .. 

Test Pits (-8.111') .. - - - .. - 10 - .. - - - 
In sku Hydraulic Conductivity - - - 3 3 - 3 .. - - - - 
Ten 

Srmple C o l l r 1 ~ .  
Hydnulis P m k  

Soil - I 1  9 3 I 3 IS .. .. - - - 
Gmundwaler .. 4 I 4  5 21 4 16 1 I 1 24 - 

Soil Boring* (drilling) 17 .. .. 4 3 .. 2 - .. .. - - 
Gmurdw~ler 6 6 I 3  J 10 - I 1  .. - .. 6 - 
Surrace W m r  .. 4 - I .. .. -. .. .. - - - 
L d i m n l  5 3 - .. .. - .- .. .. .. - .3 

Soil 
Hard Auger .. - - 3 10' .. 6 6 I 0  I 2  - - 
Power Auger .. .. - - 16 - .. .. -. - .. - 

*lncludcs sampling in mnh and wuh firekhring mining rings. 
'hap I1 ineludcs lnveni~aions in LIE Spring and Fall o f  15%. 



'Analytical methods as pcr Tesf Mcrkodsfor Ewluafing Solid Waste. 3rd Edition. Dec. 1986. 



SUMMARY OF PH 

iAnalytical meihod as per Standard Merhodfor Analysis of Water and Wasrcwaler. 

sphoms, ammonia-N, and ninarc/nitrile.-N. 



Table 1-4 
SUMMARY OF PHASE 11 SURFACE WATER AND SEDIMENT SAMPLING AND ANALYSIS PROGRAM# 

- - - 

NAVAL AIR STATION, OCEANA 
I I !I 
I 

Parameters 

Volatilesb 

Number of Samples Collected 
I 

Total Organic Carbon 

Total Metals 

TCL Pesticides 

Polynuclear Aromatics 

I 
Analytical 
Methoda 

SW-8240 ii7 ,-$? 

.::. ::. 
r;' ,:>r ,,,,!* :;sl!V" '!$: 

Notes: d! .It? ,,j:j2:!s~:433. ,,,:$,, a:Z 'c: 

Constituents for each method are listed in Chapter 3 ~ f&~~i ; a~ ' '~ ; ;$~$! re~on .  
:=: ,,,..$z ,::"?,:, '?:*, j . . . . . . .  Table does not include quality control samples. .::. .i3i. .:+ . 3 

.:,F .iii[!~i/i. .:/!:. 

"Analytical methods as per Test Methods for Evaluating Solid ~a&e~i"3r&dd~ib&!~ec.  1986. 
%!, 

bA detection limit of 2 pgll or less was required for vinyl chl~ridk,:~h.$~t~'?~:~,,. ... 
,j!!!z .: :+;: .rh!l!;!;?!!!!:, 

'Phase I1 includes investigations in the Spring and Fall of 1994. .-:::,,.8zr .:!!:, -. .::. jl. .:L .:I!:. ..... ..... .:,:, ?jj, 

<? .::. 

,!l( 
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analytical method are listed in Chapter 3 of the Phase I RFI report (CH2M HILL, 

December 1993). 

The analytical data collected during this investigation was validated using EPA protocols 

for Level C data packages. Data validation remarks are included in the analytical tables in 

this report and in the corresponding POL and CMS reports. The data validation 

procedures are described in Appendix G of the Phase I report. Appendix E of this report 

summarizes some of the fmdings of the data validation for this rwnd of data collection. 
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This report is divided into three parts. Thigkapduccf' Bbapter describes the context for 
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the investigation as a whole. Chapter 2 is A & f h & d i o n  of results for the five RFI 
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sites. It includes the following 

a 

The appendices include investigation data for the entire investigation. Appendix A 

describes drilling and test pit excavation activities and includes test pit logs and all soil 

boring logs for the new wells as well as three Site 15 wells installed by R.E. Wright 

Associates in 1982. Appendix B summarizes quality control sampling and field sampling 

data, particularly parameters such as pH, temperature, and conductivity recorded during 

groundwater sampling. Appendix C presents the time-series graphs of the in situ hydraulic 

conductivity tests. Appendix D presents surveying data and a summary of all wells 

installed at the active RCRA sites. Appendix E is a summary of data validation. 



Appendix F contains a memorandum to the EPA describing the results of background soil 

sampling for metals. The background data presented in Appendix F apply to soil data 

collected at the CMS, RFI Phase 11, and POL sites but are presented only in this report. 

Appendix G is a memorandum describing the results of a records search for Site 2E 

historical use data. 



Chapter 2 

Results of RFI Phase I1 Site Investigation 

Introduction 

This chapter presents the results for the five sites investigated during the Phase II RFI. 

Changes in conditions and understanding are emphasized in -. @&ndividual - site sections, 
.' .*F 

particularly those arising from new data collected during tW%&-e 11 investigation. Some 
P"' *ik*. n 

jii 

details about site history and location, ecology, and p.a&$?es&it? ,:!: -- are repeated from 
=>; $Fs 

the Phase I report as needed (CH2M HILL, 1993),P' -. . ;exw, the %@r is referred to the - -. - .- .- ..c. 

Phase I report for additional detail. 
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The discussion of site conditions encompasses the site location, history, and ecology. Few 

details of the ecological setting have been modified since the ecological study conducted as 

part of the Phase I investigation. Aspects of the site history that are new or have been 

reinterpreted since the Phase I report was finalized are highlighted in this section. 

Geologic cross sections of Sites 2E, 15, and 24 are included in this section. 

Investigation Activities is a description of the individual tasks at each site. This section is 

primarily a summary of the activities described in the work plan but includes some 

important adjustments in response to field conditions encountered during the field 



investigation. The Data Interpretation section presents groundwater flow data and 

analytical results. The distribution of contamination is described in this section. A 

discussion of the fate and transport of site contamination also is presented. Tables include 

results from all samples collected at the site since these sites were first investigated in 1990 

or 1993. The complete data record is provided so that historical trends can be reviewed. 

As before, only detected constituents are included in the tables. Detection limits are 

indicated either by individual sample or by constituent. The complete list of constituents 

within each analytical method was presented in Chapter 3 of &e Phase I report. The .=% 
dr &,. 

analytical data are compared to potential criteria, guideline Mikes, and standards in the 
,iF < 

section Health and Environmental Assessment. The disqi#&.?keilored to determining 
i>;ii:# -*- 

.,$=' k". 
whether future action is advisable. A more detailed @*slon of&'&proach to assessing 
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contaminant concentrations is included in the intr@u&o$ tehap te r  5 of the Phase I RFI .- -%. -+ /:' 
Report (CH2M HILL, 1993). % 'i!!:. 
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Site 2D-Line Shack 125 Disposal Area 

Site Conditions 

Site 2D includes the area near L i e  Shack 125 and the southeast comer of Building 111. 

The area near 'Line Shack 125 is used for aircraft maintenance and storage of equipment 

and materials. The line shack was constructed in 1963. Building 111 was constructed 

more recently, in the late-1980s or early-1990s. The Initk&&sessment Study (IAS) 
.:+= ,g 

identified Site 2D as an area where aircraft cleaning a n d ~ ~ ~ n c e  - chemicals were 
8; - 

disposed (RGH, 1984). The period of potential releas&,&$q = construction in 1963 
;i. 1; L - 

and ended with the implementation of a rigorous J&@%qps wa.&j<$kuP system in the ." .,.' "I; 
,IT = 

early 1980s. During thii period, oil, hydraulic fl&%#6gf), aromatic hydrocarbons, and - .:. 
halogenated solvents may have been d i s p o p q e  &$fBP"tential disposal indicated in 

" - p=. --. 
the IAS is illustrated in Figure 2-1-1. :; = T5 .-= =i,& '%?:' 
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One area of clariLation is theA$@noda&rq, - - S I ~ P ~  "- ' the southeast comer of the parking lot ,= % >+- *=!%. =. 4I'' 

outside the fenceline. In the ~rlf:$1anrlfa depression was said to have no outlet; 
&=!bbKh .- = '" 

however, adjacent to , $ $ ~ & n k - a ~ t o m w a t e r  culvert that crosses the access road to 
g I r 

& b'; 
the southeast. On *mer side d the road is a grate that traps debris from stormwater 

= i " a .li ;;i; .:;' 
originating from flightlm=aws - . -. .@st and northeast of the depression. The elevation of the 

%- i-- 

grate appears higher than thhi&vert so water appears to drain to the depression rather than 

away from it. If this is true, this depression receives runoff from the paved parking lot to 

the north and the paved flightline area to the southeast, east, and possibly northeast, 

depending on runoff patterns. 

The depression was dry during an April 22, 1994, site visit. This suggests that the 

depression is fed primarily by stormwater and receives groundwater only when the water 

table is high. The presence of cattails and other wetland features indicates that the water 

table is within inches of the bottom of the depression most of the year. 
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Investigation Activities 

Investigation activities included in-situ soil and groundwater sampling, well installation, 

slug testing, and surveying. Figure 2-1-1 shows the locations sampled during the Phase 11 

RFI. Two purposes of the Phase I1 work at Site 2D were to attempt to find a soil source 

for the 1,l-dichloroethylene (1.1-DCE) in well 2D-MW2 and to determine the extent of 

1.1-DCE contamination in groundwater. 

.&- .,F -. 
The program began with in-situ groundwater sampling q$+F4qe locations (2D-GP1 to ... -- 
2D-GP5). Samples 2D-GP2, 2D-GP3, and 2D-GP5 -A=k we$&&& s7 from 13 to 15 feet, 

.i ?,& 

2D-GP4 was collected from 10 to 15 feet, and 2 ~ - ~ - h * % a s  coll&$'%rom 14 to 16 feet. ;;. - -* 
Ip 

The screen lengths and depths varied because di&&.& of lead rods or screens were 
3;. 7 X' 

used to sample. All in-situ groundwater ~ -we+~fk ted  from a depth even with the 
i' ? % ~  .:>, - 8 ", " 

mid-depth of the monitoring wells so that & i m m ~ &  .- konitoring well results would 
-,s =% 2; <=" 

be comparable. 
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Seven soil samples were collec i$<dfid&t;t;gsitu sampler (2DGS2, ZD-GS3, 2D-GS4) ea ">. '"a 

- 
n. -. 

ex (2D-SB1, 2D-SB4, 2D-SB5, and 2D-SB6). The and the drill rig with 3_;: *, p m q C 9  
= 4'F 

three in-situ sampl&*e analZ@ . d k e  on-site mobile lab, whereas the four samples 
?k& -kk 

collected with the dd&qnZ%&$'' analyzed using full Level C QC in CH2M HILL'S - .c .::. 
3% ,&iT 

Montgomery, Alabama, 1abOaory. A split was taken of in-situ sample 2D-GS2 to confirm 

the on-site lab results. In-situ samples were collected from 3 to 5 feet and samples 

collected with the drill rig were from 4 to 6 feet. 

Two shallow monitoring wells were installed after review of in-situ soil and groundwater 

results. Well 2D-MW4 was installed as indicated in the work plan but well 2D-MW5 was 

moved to the southeast to be more directly upgradient of soil locations with detected 

contamination (2D-SB4, 2D-SB5, 2D-GS2). The well construction of all Site 2D wells is 

summarized in Table 2-1-1. Groundwater samples were collected from all five wells 

during the Phase II RFI. 



Table 2-1-1 

21.52 feet. 
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The surveying of the low point in the wetlands depression and of the monitoring wells and 

the measurement of in-situ hydraulic conductivity of the suf~cial aquifer also were part of 

field activities at Site 2D. Slug tests were conducted in wells 2D-MW1, 2D-MW2, and 

2D-MW3 to calculate hydraulic conductivity at these locations and infer the general 

conductivity for the site. 

Data Interpretation 

The water-level elevations for 

contours are illustrated in Figure 

to the west during the investigation. reported to be to 

the northwest during the Phase I RFI. to be more 

representative because it is based on five Both rounds of water-level 

measurements show that groundwater 

depression. 

The elevation of the bottom 

considerably above 

investigation and 

1993. Even in 

discharge 

area and recharges to groundwater. 

The average hydraulic conductivity from slug tests in wells 2D-MWL, 2D-MW2, and 

2D-MW3 was 5 ~ 1 0 - ~  cmlsec or 14 Wday. An aquifer test at Site 2B and a pump test at 

Site 1 showed that the hydraulic conductivity calculated from aquifer tests was 

approximately three times the average volume calculated from slug tests. If this ratio also 

holds at Site 2D, the area-wide hydraulic conductivity would be approximately 1.5 x 10" 

cmlsec, or 42 Wday. The hydraulic gradient shown in Figure 2-1-2 is approximately 

0.004 Wft from 2D-MW5 to 2D-MW2. If the porosity of the sand aquifer is 25 percent 



Table 2-1-2 
SITE 2D WATER-LEVEL DATA 
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and the hydraulic conductivity is 42 ft/day, the velocity of groundwater flow is 

approximately 240 Myear to the west. 

The concentrations of volatile organic constituents in in-situ groundwater samples are listed 

in Table 2-1-3 and illustrated in Figure 2-1-3. The concentrations of all constituents in in- 

situ groundwater samples were low. Only 2D-GP4 contained 1,l-DCE but its 

concentration was only 0.9 ppb, considerably less than the 9 ppb of 1.1-DCE in well 

2D-MW2. Trace concentrations of fuel-related constituents klow the Method 8240 
- P-.ii 

detection limit were detected at each in-situ location except 2PQP4. - -- = - - .,. -2. - -. %. 
.:iT 2%. ==- 

,,&i. .e_ = - >& 
The concentrations of VOCs in surface water sampl&=#d grou&%yZ@ from monitoring - - =- 1. - .A- -*= 
wells are listed in Table 2-1-4 and illustrated in FE&fQ#;% The VOC concentrations in -. -. 

7):;. - ?!F 
monitoring wells and in the surface water f e  the --I% depression also were near the 

.d .&. - -. ... - - - := =- 
detection limit. No volatile constituents$&&hae&&= -" --- wells 2D-MW1, 2D-MW3, 

l L  <$>-! 
2D-MW5 or in the surface water s*. - O ~ J % & ~ X  - &gentrations were detected in well 

2D--4. The VOC .= ..,. concen@ztd&~)w~1?~&~~2 = ::., in 1993 were confi ied by the 
$i 3;:. s 3;; =;/ 

March 1994 sampling. The k ~ , c w & & & g  &I-DCE had a concentration of 9 ppb, the 
a,=, g E  =w 

same as in 1990 a n d ! & m F 1 6 k + $ . h a n  the 12 ppb detected in 1993. The total 
2. %. %=, 3 

concentration of ~c$C$was 53p'& i81994 versus 78 ppb in 1993. The groundwater 
=i, %' : 3 

results suggest that &d;ad~&~i~contamination by VOCs is limited to a radius of .,- ?,,& A= 

approximately 50 feet froz%@eflix2~-MW2. - The radius with 1,l-DCE above the maximum 

contaminant level (MCL) of 7 ppb is probably less. 

The VOC data for soils are listed in Table 2-1-5 and illustrated in Figure 2-1-4. 1,l-DCE 

was not detected in the seven soil samples and the concentrations of other chlorinated 

VOCs also were near detection limits or undetected. Benzene, toluene, ethylbenzene, and 

xylene, known as BTEX compounds, were detected in all seven samples. This finding 

suggests that the soils in this area contain some petroleum products. Total BTEX 

concentrations were highest near the small building east of 2D-GS2. The total BTEX 

concentration in the mobile laboratory sample from 2D-GS2 was 1,960 ppb versus 6 ppb in 

the split sample sent to the offsite laboratory. The higher concentration in the soil sample 



TPV - Total Petroleum Volatiles. There is no MCL for TPV. 

13 to 15 feet-2D-GP2, 2D-GP3, and 2D-GP5 





2-14 
ORGANIC COLIPOUNDS IN GROUhr .;TER AND SURFACE WATER AT SITE ZD 

Ethylene Dibrnmidc 
Tolal Pelroleu~n llyllrocarhonr 

) Concenlnlion below detection limit 



Table 2-1-5 
ORGANIC COMPOUNDS IN SOIL AT SITE 2D 

The analytical laboratory performed a dilution run on 2D-SB4. 
b The analyte is found in the associated blank as well as the sample. 

* Compound analyzed but not detected in any samples. 
The (-) for 2-butanone in 2D-GS2 indicates the value was rejected because the instrument calibration was out of the specified range. 
NA - Not analyzed. 
All volatile organic compounds not listed above were analyzed but not detected. In the case of 2D-SB4, the quantitation limits for all unlisted 
compounds were qualified as estimated during the data validation process. 





sent to the onsite laboratory may be due to the reduced handling and analytical time for the 

onsite analysis. 

Health and Environmental Assessment 

As in 1990 and 1993, the only constituent that exceeds health-based criteria is the 1,l-DCE 

in well 2D-MW2. The concentration was 9 ppb, slightly above the MCL of 7 ppb. The 

threat to human health or the environment from Site 2D is -1 because: p- 3 
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The area of groundwater contamination &;&idb&=does not appear to be 
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The nearby wetland depre&zk$oes not appear to receive groundwater from the site, so no 

effect to the biota in the depression is expected. 

Conclusions and Recommendations 

The Phase I1 investigation demonstrated that the extent of groundwater contamination at 

Site 2D is limited to the vicinity of well 2D-MW2 and that nearby surface water is 

unaffected. No source of the chlorinated VOCs was located by the Phase I1 soil sampling. 

The presence of BTEX compounds in soils suggests that some petroleum products have 

been disposed or spilled in the area; however, the groundwater has not been affected. 



Because the concentrations in groundwater are low and do not appear to be migrating, no 

aggressive remediation or monitoring program is recommended. 



Site 2E--Line Shack 109 Disposal Area 

Site Conditions 

Site 2E is the area bounded by Building 23, Line Shack 109, Buildig 110, and a steam 

line along FirSt Street. Line Shack 109 has been used since 1963 for cleaning and 

maintaining aircrafi and storing equipment and material. The Phase I RFI report includes 

historical details about Site 2E; however, other obse~ations hav-en made and additional 

The free product recovery in September 1993 has 

ked over time. 

- A study of the of the area near 

Buildig 23 

investigation 

After the 

sampling event in January 1993, the NAS Oceana Public Works Department instituted a 

product recovery program. Since January 1993, free product has been removed from the 

monitoring well every month using a bailer. Free product has been removed twice a month 

since June 1994. The free phase, which is black and more viscous than fresh fuel, 

typically has been approximately 1 foot thick during most bailing events. 

As part of the drilling phase of the field work in February 1994, all underground utilities 

were marked by the NAS Oceana Public Works Department. The utility markings revealed 

a 25-foot-wide utilities corridor that runs parallel and adjacent to the flightline fence. 



According to Fred Tipton of the Oceana Public Works Department, Electrical Branch, 

high-voltage electrical conduit typically rests in concrete banks for added reinforcement and 

protection. In some cases, the area around and beneath the bank is baclcfilled with sand or 

gravel during construction. The utility bank is believed to be primarily above the water 

table. 

During a utility clearance meeting in February 1994 with personnel from the Public Works 

Department, the two adjacent manholes located approximately 25 eet south of the southern 
e -4 

corner of Building 23 were identified as utility access po&f'i'~oth compartments were 
;I' .a, 

filled with liquid to 1 to 2 feet below grade. One cornpar&$=&i&_aaifloating oil of unknown 
2& . >- - yL 3% 

thickness at the surface and the other contained watepds: ~uring+1%@93 site inspection, 
ii- - - 

Y', ,::+- 

field personnel noted that the surfaces of the coni&a&n&%emed B~ , -. tcbe  smeared with oil 
=. . .;p7 

and the fluid levels were approximately 4 $qbe~o&J;~&e. These structures may have 
=%- 

been the manholes into which waste oil &&<@&&%&kharged = through a funnel as 
$; yt .;$::%%;;F 

discussed in the Phase I report. ."*. x -& -y - 7% 2 ,;= 
1' .**, F ." ;i -- g %, 5 -. *. .- =. = 
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CH2M HILL personnel ob~ke%~&~'&&ce %=- of the localized topography upon 
+ E: *$ .- 

stormwater run-off ~ l $ % ~ , ~ n ~ c t h g % e l d  activities during February 1994. After a 
2 .;$F %:. = .+$ *LA$ 

rainstorm, field obse&mno'ff flowing from the main aircraft parking area west '+& " .. - 
--, "+. u D 

of Building 23 and sub~t i tgg lywding  in the low grassy areas between the southeastem- 
3,& -* 

side of Building 23 and theYQ$tline fence. A fuel-like sheen was observed on the runoff. 

The extent to which this type of discharge is one of the sources of the PAHs detected in 

soils near and outside the flightline fence is not known. 

A detailed review of historical utility and construction records and a series of interviews 

with current and long-term Oceana personnel were conducted in August 1994. The 

purpose of this records search was to identify possible sources of the contamination at 

Site 2E. Seven potential sources were identified and are discussed in detail in a 

memorandum included as Appendix G with this report. The search for a definitive source 

of the fuel problem at Site 2E was inconclusive despite a detailed search involving several 

people familiar with the site and fuel operations at the station. The records search did 



provide important site context and was used to guide the September 1994, sampling 

program. 

Investigation Activities 

The groundwater sampling results from the Interim RFI in 1990 indicated that the 

parameters analyzed were either detected at low levels or were not detected. However, in 

January 1993 during the RFI field investigation, a free-phas%i,~etroleum product that 
3 

smelled like diesel was discovered in well 2E-MW1. This dis&gEry lead to additional site .::. . 
characterization. ,< .3.. - -e- - - ... - ... -. .= <:. ... - 9. -%. - -: AP -$& -2: 

.:r * %= 
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The primary focus of the Site 2E in~esti~ation%&~tft"~&te~ - -. -. - . :? the extent of free- 
--2 '.' 

product contamination and continue cham=-ation hundwater contamination. The -- i.. .&> 

51 .*;". 
Phase I1 study was completed in two p h a s t i s ~ A m ; ~ ~ h P a r y  - 

d. :s 
and March 1994 and the 

"; $ x ,.$ 
second in September and October l ~ ~ ~ u & @ @ a e  - Pf%se 11 study, field personnel: 

"; $7 % y; 
;- .*- "&-:, 2 z g- e;- _.;. %,!. 

Probed the ~ u b - i k f & ~ ~ ~ & w e r  auger and drilled to determine the 
..=-& ->lkA ;%- . .. 

extent o & !  c%qth$mtion qualitatively. 
dr +$ - .  = : 'i; -.. % \ += .+;, 3kL 
r. z:. .I! 1 
, - ,g. ..O 

Collecte '"i* so# samples (2E-SS11, 2E-SS12, and 2E-SS13) from the ." r="" ;.;- - 
outer fringex$-& free-product contaminant plume as determined by the 

qualitative power auger results. 

- Collected 21 in-situ groundwater samples (15-GP1 through 15-GP21) using 

a hydraulic-probe sampler, and analyzed the samples in a mobile laboratory 

for field VOCs. 

Installed eight small-diameter PVC piezometers screened across the water- 

table to facilitate long-term monitoring of the free-product contamination. 

The piezometers were installed using the direct-push sampler. The 



piezometers were screened from 3 to 9 feet, installed using sand and 

bentonite, and completed at the surface with concrete. 

- Installed 10 monitoring wells (2E-MW4 through 2E-MW13) to assist with 

groundwater characterization and delineate the downgradient extent of the 

contaminant plume. 

Figure 2-2-1 is a geologic cross section of Site 2E. The RFkPhase - I1 soil sampling 
- 2 s3 

locations are shown in Figure 2-2-2. Groundwater sampling - -&@om = and the alignment of 
- - .:. - $* 4%& - 1 ~  the geologic cross section are shown in Figure 2-2-3. 

,&=%-N = +  - - .- - .:/- 
. . 

i: 3 r *- 
-= - d'C I, ?>& 

8 .= - -=;= 

The boreholes were advanced to the water table, .~;i&$@t approx&nately 4.5 to 5 feet. 
:&+ = >< 

The number exceeded 

the characterization of 

instrument readings and 

presented in Appendix A. 

The three were collected from 3.0 to 

4.0 feet using a sampler. The soils were sampled for 

VOCs, total polynuclear aromatic hydrocarbons 
A>. 

(PAHs). ?++F 

Groundwater samples were collected from 20 of 21 locations using the hydraulic-probe 

sampler and were analyzed by an onsite mobile laboratory. The 20 samples were collected 

iteratively over three days, allowing early results to be used to select later sampling 

locations. The hydraulic-probe sampler was used to develop a better understanding of the 

extent of contamination and allow field personnel to select monitoring well locations more 

effectively. The screened section of the sampling probe was placed across the water table 

to determine if free-product contamination was present. Eight 314-inch inner diameter 0) 
piezometers were installed during the hydraulic probe investigation. The piezometers were 

installed to help determine the extent of free-phase petroleum. 
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The locations of the ten monitoring wells installed during the RFI Phase I1 field 

investigation (2E-MW4 to 2E-MW13) were determined from information gathered during 

screening activities. Five of the 10 wells were installed in February 1994 and the 

remaining five wells were installed in September 1994. The well locations were based 

upon field observations recorded during in-situ groundwater sampling, power augering, and 

soil sampling. . The intention wasto place the wells at the outer edge of dissolved-phase 

areas. Drilling locations were moved outward if product was encountered so that the weIls 

for the Site 2E wells 

are presented in Table 2-2-1. The groundwater 

Data Interpretation 

The water-level e water levels and equipotential 

contours on Octo 2-2-4. These data show that 

groundwater flows in to south-southeast and that the gradient 

is approximately 0 13 and from 2E-MW2 to 2E-MW9. 

The presence of s it difficult to determine the water levels in wells 

2E-MW4 and 2E-MW8 the weight of the petroleum product depresses the water 

level. The water levels in these wells were not used in contouring water levels in Figure 

2-2-4. The average hydraulic conductivity determined from slug tests in wells 2E-MW3, 

2E-MW7, and 2E-MW8 was 6x1W3 cdsec,  or 17 Wday. A comparison of aquifer test 

data to slug test data at Sites 1 and 2B showed that hydraulic conductivity values from 

aquifer tests were approximately three times the values determined from slug tests. If this 

were representative of Site 2E also, then a representative conductivity of 1.8 x 10' cdsec  

would be predicted at Site 2E. If porosity is assumed to be 25 percent, hydraulic 

conductivity is assumed to be 1.8 X lo-' cdsec,  and the prevailing gradient is 0.0005 Wft, 





The water levels in the wells with free-product are lower than expected because of 
the weight of the free-phase petroleum. 

bExperienced technical difficulties with oil-interface probe. Unable to obtain exact 
measurements so a range was provided. 

Nh3 - Not measured because unable to open well. 





- 
the average velocity of groundwater flow in the surficial aquifer is approximately 

40 Wyear. 

The Phase I1 investigation showed that free-phase petroleum contamination is limited to 

areas near Building 109. Due to extensive soil sampling and in-situ groundwater sampling, 

the approximate limit of free-phase petroleum contamination has been identified. 

The thickness of free-phase petroleum in the wells and piemmeters during various 
.$% A' .s. 

measurement events is shown in Table 2-2-3. The thickrm@+Of free-phase petroleum 
. i;- 

obsmed in 2E-MW4 was 3.25 feet in March, 6.47 feet &f-\and 2.7 to 4.7 feet in 
A!+.%-$ - 'i. 

October 1994. The measurements in well 2E-MW8$ep5-0.25 $&%arch, - 3.25 feet in 
s +-" +. ;* 

August, and 4.06 feet in October 1994. The thic~crae&&~&-phase 7-= p&oleum in 2E-MW1 
, F 

was 0.47 feet in March 1994 and 0.4 feet,& AU&L,I~ ;  however, the water table at 
= \, - - 

C .. ? 
2E-MW1 was above the top of the well s ~ ; i ? p ~ ~ ~ h ,  so active free-phase flow p ;$ "-. - 
into the screen was not possible. .,. ..x& p r o ~ ~ s T ' & - P h a ~ e  recovery also may have 

= .r 

reduced the thickness of free ph&i@*g;we4 .g .. &specially during periods when the water 
e 9t_ 

table is above the screened q : ~ ~ ~ t e l Y  7 feet of free-phase petroleum were - i' 
e*, 'k .:. 

measured in well 2E--%~=Q93. In 2E-MW7, samplers noted a moderately 
.f s- - -. 

strong fucl odor. Azfe#&im&$kd?? of more than 300 percent of the lower explosive 
%i 

limit (LEL) was meaSui~r_~eKAdning the well cap to begin well development; however, 
i I .r 

% :*r -. the oil-water interface prob&p&i&xl no measurable thickness of free product in 2E-MW7 

during sampling. 

No free product was measured in any of the eight mini-piewmeters shown as 2E-PZl to 

2E-PZ8 in Figure 2-2-2. The piemmeters are too narrow to accommodate commercial oil- 

water interface probes, so the measurements were qualitative. A slight odor was noted in 

piezometer 2E-PZ5. 

Qualitative observations during Mlii and power augering to 5 or 6 feet were an 

important element in determining the extent of petroleum contamination. The observations 

from this program were the following: 



THICKNESS OF FREE-PHA 

*Experienced teChni~l difficulties with oil-interface probe. Unable to obtain exact 
measurements so a range was provided. 
- Not measured 



Samples 2E-SB9, 2E-SB12, 2E-SB8 northeast of the fence were 

contaminated with free product but a second tier several feet to the east 

(2E-SB13, 2E-SB11, 2E-SB18, 2E-SB7, 2E-SB14, 2E-SB17, 2E-SB16, 

2E-SB15) was not contaminated. 

. Sampling along the utilities bank was not possible below 2 feet (2E-SBlO, 

2E-SB19, and 1993 soil sampling). 

"$ f = - Contaminatiori was low or absent at ~ E - s E ~ ~ ~ ~ E - s B ~ ,  2E-SS12, and 
3- 
8 .  2E-SS11 but present at 2E-SB3 and ~E-sB~;.P-\ 

"I.%- kL %= c 
=3 ." ? - -. - - 4 '  ,gi. 

;n % -- :i 
-&? 

Fuel contamination was high in a Ene'%&~ui~din~ - %. ... 109 from 2E-SB20 to 
%A 3- 

2E-SB23 but was not r e p o w h e n  -i' -7+-, df%@iwell2E-MW7. - - 7, 
'". 

"j- hL;= yi .- \ ..:.i*,,= 
7 6  " j ./; <'99 .P . The fuel contaminatiti?ndq@ a&ffy@ter%ble at a depth of 4.5 to 5.0 feet. 

Z 
1; 

Accumulated fre&&se~j~Pdi@ns 4 z ;. - did not appear to be thick except at 
.q$ "? 

=ih ir 2E-SB20, ~E-s&& -?E+&%l2 -+ 'grid 2E-SB23 where the presence of free 
$ :  == 7th w 

product=wtt%g swfbger suggests that it was over l-foot thick. 
.:T = ,; " " .B %. Q 

%\< .%!< 
; - - 

7.; -%= g 2 

The results of the t h r e e ~ J f & ~  -+&< ,/? analyses (2E-SS11, 2E-SS12, and 2E-SS13) are listed 

along with past soil resul .& Table 2-2-4. Sample 2E-SS13 was from an area with 

obvious free-phase contamination. The TPH concentration of 7,700,000 ppb, the 

ethylbenzene concentration of 960 ppb, and the xylene concentration of 80 ppb confirm this 

observation. Soil samples 2E-SS11 and 2E-SS12 were believed to be at the fringe of free 

product contamination but TPH results (717,000 and 944,000) show that these points 

contained petroleum constituents. The presence of numerous polynuclear aromatic 

hydmcarbon (PAH) constituents in 2E-SSll and of elevated l-methylnaphthalene and 

2-methylnaphthalene in 2E-SS12 and 2E-SS13 also indicate petroleum contamination. 

A sample of the black fuel product in well 2E-MW4 was submitted to the analytical 

laboratory for POL fingerprinting analysis. This analysis is used to identify the type of 







Tabk 2-24 
ORGANIC COMR)lJNLW I SOLS AT SllF 26 

BDB Bhylem Dibm* 
TPH mu ~c~mlrum n y d m m t m  
('1 C~rrcnlmion amlyztd b* rml deleend. All volllile organic, umivohlilr orgmie and polymcknr ammtiE compounds m l  l imd above wrr w l y z t d  b u ~  MI d m @ .  
b Compound found in hbonmry b11nL 11 well u umplo. 



fuel by comparing the chromatograph of the sample to chromatographs of laboratory spikes 

of JP-4, JP-5, diesel, gasoline, and other fuels. The fuel at Site 2E was identified as 

diesel. This result was confirmed by the organic chemist, who expressed a high degree of 

confidence in the identification. The fuel in well 2E-MW4 appeared to be of uniform color 

over its entire thickness during the October 1994 measurements and sampling. 

The analytical results from the in-situ groundwater sampling event are listed in Table 2-2-5 

and presented graphically in Figure 2-2-5. The results indicate &o broad areas of BTEX 
- f-& 

and total petroleum volatiles (TPV) contamination at Site W.gThe largest contaminant = .* 't= 
plume extends southwest from Building 23 to ~ E - G P ~ O , , ~ '  ... - "" 

SS- 
~ u i t  to 2E-GP14. The - - -. . i s  

dissolved-phase contamination detected in this area&% -. - attr i~i&%&o the freeproduct 
27F &+= ,&$i! - .? 

contamination northeast of Building 109. 5% .s :;$ 
"is Y!'_P' 

.+=is. 
i 5.. 

a, %?. == 2~. 
'a, 

A second, BTEX contaminant plume w i t h $ a L = ~ ~ ; l " & f o n s  appears to exist south of 
% &x --g 

Building 109. 2E-GP17 and 2E-GP-B&~ntai$ - BTEX compounds. This plume 
'. &='%. 

may be caused by spills from ... =. aw@t &$&e vehicles parked near these locations; ... -. 3 -:. ,k. ,=- -. 
however. because this - areaT;<&e&&'gr.downgradient - of the worst areas of 

-7, ;%- 
3,:. 

contamination, the e w e *  A;. ._ -. - a s  ?- wond = plume also may be the releases near Building 
PP ,pi. =I,:, 5: .:r& z 

109. +:: - % . 5 
x %  ?!= 

=. A -. i? s 
, $ I' 
-;!i; g=, 4;$ 

=!I& .- -!: -- - - 
The in-situ groundwater s-ng results also suggest scattered areas with chlorinated 

volatile contamination. One plume extends downgradient from 2E-GP9, where 

cis-1.2-DCE was detected at 160 ppb, to 2E-GP19, where cis-1.2-DCE was detected at 

6.7 ppb. This contamination may be a result of the maintenance activities being performed 

in Building 110. Cis-1,2-DCE also was detected in the vicinity of Building 23 at 2E-GP5 

(120 ppb), 2E-GP1 (5 ppb) and 2E-GP4 (15 ppb). In addition to these areas, an isolated 

detection of cis-1,2-DCE at 2 ppb was detected in 2E-GP16. 

The in-situ sampling results assisted field personnel in choosing locations for the additional 

wells. The locations of the Phase I1 monitoring wells (2E-MW4 through 2E-MW13) are 

shown in Figure 2-2-3. The organic laboratory results for groundwater samples collected 



ORGANIC COMWNOS IN IN S I l U  GBOUNDWAlBR PaOM SITE 2E 

h* WlnpDundr nm reprkd  were kbv dcDcdoa lhlu In dl uapkr. 





from the Phase I1 monitoring wells are presented in Figure 2-2-6 and listed in Table 2-2-6. 

Table 2-2-7 lists the inorganic results for groundwater. Only total and dissolved lead, zinc, 

and mercury were analyzed from the new well samples because these were the only 

potential metals of concern in previous sampling rounds. The concentrations of these three 

metals was low. The organic results suggest that organic groundwater contamination at 

Site 2E is well characterized. No TPH or BTEX compounds were detected in the 

downgradient wells except 6 ppb of BTEX compounds in 2E-MW13. 

-&& - ;pP';? 
Figure 2-2-7 shows the extent of hydrocarbon contaminatW.=YIt - shows a central area 

. T.. 
" P 

where free product has been 0bSe~ed in wells and&$*~~,"tensive area where 
6 = hydrocarbon constituents were detected in groundw@r,="BTEX ,?a@&trations are shown 

.E & t  -*:. #? 
?? 

for context; however, other evidence such as fuel &@%as considered in defining the 
' =+ ._% _. P? -- extent of dissolved contamination. - 

The results of the duplicate was considerably lower - - r- + 
(730 ppb) than the initial .. - sam&r&%$900:m&). 9 ::: :+&- Field samplers did not notice any - z -% LA? 

difference between the initial ad&d~f-.~sam~le - .- --.- volumes. One explanation for the 
,&--T~- =% --. 

difference in analytic all^^ .wY=&?--at a globule of free product was present in the 
.& -% .'" .:iF ! =,. 

initial sample but 4 d& dupl&atg. Distinct spikes in concentration between sampling - i 
events or between -&&.args@he of the characteristics of sites with free-phase - YW. .,"' 

contamination. However, b@gsence of PAHs and the minimal total BTEX concentration 

(6 ppb) is not consistent with the high TPH concentration in the initial sample. 

Chlorinated volatile constituents were detected in monitoring wells 2E-MW9 and 2E- 

MW13. The vinyl chloride concentration was 13 ppb in 2E-MW9 at the southern limit of 

the site and 6 ppb in 2E-MW13. An estimated concentrations of 4 ppb of 1,2-DCE also 

was detected in 2E-MW13. No volatiles were detected in 2E-GP6. 

Figure 2-2-8 shows the approximate extent of chlorinated VOCs in groundwater at Site 2E. 

The total concentration of chlorinated VOCs is shown next to each sampling location. The 
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ORGANIC COMPOUNDS IN GROUNDWATER AT SITE 16 



TER AT SITE 2E 

EDB - Elhylene dibromide 
TPH = Toul pvokum hydmcarbons 
PAH = Polynuckrr rmnuiis 
(*) = Conccnmtbn bcbw detection limit 

nuuion exceeds calibntioa nnge. 

VOC resulB as determined by UK data validation pmeeu. No qulifrnion was prrlomud. 





I - The wnrantnlion is qudificd u ~ n d e a c l  k a u u  the .rulYte was deaced in the labonlory pnpnt ion blmX. Ar required by EPA. all ramplc valuer ku than 5 t i m r  the compavndr lcrcl in the p n p m b n  bhnk rn vliM nondcwsr 
b = Valve leu 1h.n Ihe CRDL, bul gnalrr thin or equal w the !DL. 
w - Port digewion spike for bmare AA s ~ l y r i r  is oul ofconlml limits, while sample nbrorbrnce is Ikrr h n  50 p a e n t  of spike absorbance. 
n = Spiked sample ncovery no1 within conlml limils. 
pC umpliw: 2E.MW30 il a dupiiulc of 2E-MWI: howsvrr. no dissolved m u l r  amlyrir war pcrforned on 2E-MW3O. IE.MW70 is a duplicr. of 2PMW7 for 10.1 mcub only: 2E.MW80 is a dupliclU of  2E-MW9 for wml meulr only. 
+ = Duplicau amlyrir not within control limits. 
R = Qwntimtion limil qualified rr njccled a d  unuarblc during dam validation. 
uj - The quantilstion limit is qual i fd IS e~limated durine &u validalion. 
j = Value qualified ar enimld .  
jE  = Tho value is qunlird i s  t l l imIed ~ E ~ U S C  the malrh.-lpikc REOVCR values wen outside the contml limig. 







values shown include estimated concentrations. The two main areas of chlorinated VOCs 

are near Building 23 and south of Building 110. 

Health and Environmental Assessment 

The data are compared to potentially applicable federal and Virginia standards and 

guidelines in Table 2-2-8. This table is based on the corresponding table in the Phase I 

above the MCL of 

5 ppb in four wells that contain or are suspecte 

2E-MW1, 2E-MW4, 2E-MW7, and 2E-MW8. the MCL at three 

in-situ sampling locations. Two of these 1 

2E-GP4), and the third is southeast of Bu 

Virginia groundwater standard of 0 

in any wells. The mercury c 

wells (2E-MW2, 2 

and the second 

concentrations. 

The concentration of TPH was above the Virginia groundwater standard of 1,000 ppb in all 

five wells installed in February and March 1994, but in none of the five more distant wells 

installed in September 1994. Concentrations were considerably above standards in 

2E-MW4 (17,900,000 ppb), a well with free-product fuel. The initial sample from well 

2E-MW7 (3,790,000 ppb) was above the standard but the duplicate (730 ppb) was below 

the standard. Estimated concentrations in 2E-MW5 (1,850 ppb), 2E-MW6 (2,380 ppb), 

and 2E-MW8 (1,080 ppb) also exceeded the Virginia groundwater standard for TPH. 
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Table 2-2-8 
CONSTITUENTS IN SITE 2E GROUNDWATER AND SOILS THAT EXCEEDED 

.POTENTIALLY APPLICABLE FEDERAL AND VIRGINIA STANDARDS 
(All data in ppb) 

Page 1 of 4 

Groundwater 

Risk-based 
Screening 

Concentrations 
Location Concentration Virginia (RBcs) 

Compound Detected (pIJb) MCL MCLG Groundwater Standards (tap water) 
,!,,I?! ,!,. 

Mercury 2E-MW2 .:$. ::. 
Total 0.12 b 

Dissolved 
2 .os 11 

2E-MW3 
Total 

0.08 b ":!: Dissolved 

2E-MW4 
Total 0.12 

Dissolved <0.07 

2E-MW6 
Total 0.08 

Dissolved <0.07 

2E-MW8 
Total 0.10 

Dissolved <0.07 

2E-MW9 
Total 1 .O 

0.89 Dissolved 

2E-MWlO 
0.83 Total .q ,,!:i. 

0.61 
".. i "  

Dissolved .<IF 

2E-MWI I 
Total 1.3 

Dissolved 0.58 

2E-MW12 
Total 0.40 

Dissolved 0.89 
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Table 2-2-8 

CONSTITUENTS IN SITE 2E GROUNDWATER AND SOILS THAT EXCEEDED 
.POTENTIALLY APPLICABLE FEDERAL AND VIRGINIA STANDARDS 

(All data in ppb) 
Page 2 of 4 

Groundwater 

Compound 

Mercury 
(continued) 

Zinc 

Benzene 

Vinyl Chloride 

- 

(continued) 

Location 
Detected 

2E-MW13 
Total 

Dissolved 

2E-MW2 
Total 

Dissolved 

2E-MW4 
Total 

Dissolved 

2E-MW7 
Total 

Dissolved 

2E-MW8 
Total 

Dissolved 

2E-MWI 
ZE-MW4 
2E-MW7 
2E-MW8 
2E-GP3 
2E-GP4 

2E-MW9 
2E-MW13 
2E-GP19 
2E-GPZO 

2E-MW9 
2E-MW13 

Concentration 
( P P ~ )  

1.3 
0.90 .:!cL:' 

A? .... 
.+/ii' ,:;f 

61 ,7 '7":. g: 
101 ':!ji ;!:, 

35.4 
414 

1391171 
42.9 

194 
113 

8 
81 
2 

25 
46 
47 
I j 
2 j 
2.9 
5.8 

13 
6 j 
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Table 2-2-8 
CONSTITUENTS IN SITE 2E GROUNDWATER AND SOILS THAT EXCEEDED 

POTENTIALLY APPLICABLE FEDERAL AND VIRGINIA STANDARDS 
(AU data in ppb) 

2E-SSS 520 
2E-SS9 570 

Total Petroleum 
Hydrocarbons 
(TPH1 

Ben~(a)pyrene 

Benzo (a) 
anthracene 

Chrysene 
i. 

ZE-SS5 
ZE-SS6 
ZE-SS8 
2E-SSI I 
2E-SS12 
2E-SS13 

2E-SS7 
ZE-SSI I 

2E-SS7 
2E-SSI I 

2E-SS I I 

607,000 
189,M)O 
286,000 
717.000 
944,MX) 

7,700.000 

98 
230 j 

54 j 
220 j 

240 j 

NS 

60.9 

224 

NS 

NS 

NS 

NS 

NS 

) y*~ii,,, 

,. 
!' s~gi'~k,"+i .., 

NA 

N A 

N A 

N A 

P' 
NS $Ii' , .'? ,ti1 

NS 

NS 

NS 

NS 

390188 

390188 

390188 

e:. ,"Ii! * 1GiJ.O d 

NS 

NS 

NS 



Table 2-2-8 
CONSTITUENTS IN SITE 2E GROUNDWATER AND SOILS THAT EXCEEDED 

POTENTIALLY APPLICABLE FEDERAL AND VIRGINIA STANDARDS 
(AU data in ppb) 

EPA 530lSW-89431 

trations are from the 0.5 - 1.0 foot and 2.0 - 3.0 feet depths, respectively. 



The soil concentrations exceeded carcinogenic criteria and residential soil RBCs for benzo 

(a) pyrene in soils 2E-SS11 and 2E-SS7 (2 out of 13 soil samples). RBCs for five PAHs 

for residential soil were exceeded in 2E-SS11; however, these concentrations were qualified 

as estimated. None of the PAH concentrations are above industrial soil RBCs. Because of 

the high dih~tions and elevated TPH in 2E-SS12 and 2E-SS13, it is reasonable to assume 

that some of the same PAHs also are present in these two soil samples. 

Conclusions and Recommendations 2% ... - - 
/*?4 

The primary problem at Site 2E is contamination by 01- p~oducts. The 

free-phase generally is found at a depth of app . In some areas, 

notably at locations 2E-SB20, 2E-SB21, and 2~;%1ftf9free product is shallower than 

3 feet, possibly because it is perched on 

simply thick enough to be present closer origin of the fuel may be 

leaks and poor handling of fuels Buildii 109 but this is not 
. .  

known definitively. The 109 may not be the 

only source of the fuel southwest of 

Building 23, a 

The origin of 

JP-5 appears to preclude most potential sources identified during the records search in 

August 1994 because JP-5 is the fuel used for all jets, the helicopters stationed in Building 

23, and most of the support vehicles. The only potential source of diesel identified during 

the investigation were mobile generators, hydraulic test stands, and auxiliary power units 

used to service fighter engines. It is not known whether these vehicles used diesel fuel. 

These vehicles were reportedly parked in the area between Buildii 109 and the line of 

lockers to the northeast (Jones, November 30, 1994). This is also the center of the area 

contaminated with diesel fuel. The diesel contamination could have been caused by chronic 

leaks from such equipment but the substantial volume of diesel fuel suggests that a large- 



volume release is more likely. These fighters were transferred from Oceana in late 

Summer 1994 so the support vehicles are no longer used in this area. The recent discovery 

of this potential source does not make it the most likely explanation of the diesel 

contamination; however, it is the only theory put forth that may be consistent with diesel 

contamination. 

The utility bank may be facilitating migration of the fuel from its original release area, 

whether the release area is upgradient of Building 23 and Bu'ding 109 or adjacent to 

Building 109. Regardless of whether or not the utility bank p 56 a conduit at Site 2E, it 
s? 

is clear that the free phase has migrated downgradient of*"ati&s bank. The direction ~ p q =  \ -x 
of groundwater flow is primarily south-southwes~gclarly - - pe$qdi@ar to the utility 

F s  4 b' 
alignment. Free-phase petroleum has reached as *%~~$~E-MWS but does not appear 

to have migrated 

The extent of the hydrocarbon has been 

well characterized by the The approximate extent of the area 

wbae the fuel ~IMESS than 0.01 feet is i ~ u ~ ( s d  in 

he1 was determined from drilling, in-situ 

nts in the wells and piezometers in October 

1994. A small E-MW9 may warrant additional characterization on the 

basis of the vinyl chloride iTqpkd in 2E-MW9. 

This site has been characterized suff~ciently to proceed with a corrective measures study 

(CMS) that addresses remediation options for the free-phase petroleum and dissolved-phase 

groundwater contamination. Future activities should include: 

Develop and implement a more aggressive interim measures program for 

recovering free phase from the broader free-phase area using pneumatic or 

electrical pumps. This should include the installation of 4-inch or 6-inch- 

diameter recovery wells. 



Develop a plan for storing and handling the recovered fuel. 

Collect in-situ groundwater samples at approximately six locations and 

analyzed them for field VOCs identified at Site 2E previously. Send one 

split sample to the laboratory for confiation by 8240 VOC analysis. 

Installing two shallow monitoring wells south of wells 2E-MW13 and 

2E-MW9 and a deep well in the Yorktown Formatjkn south of Building 109. " 21; 
Sample these'wells for PAHs, 8240 ~ ~ ~ s , ~ d & i i a  =I. -- 2 ppb vinyl chloride 

'5: 

detection limit, TPH, and total and d i s ~ o l ~ ~ . & d , * ~ ~ c ,  . ... and mercury. 
;:. -- -L. 2::. ... '5 '%:,. 

.*::' .:;q .*- --- .:::. '+ .... J$:F ,:+? ..... .- .- yc 

Analyze wells 2E-MW7, 2E-~~g&&f&$f&, .- _. .;/:. 2E-MWl 1, 2E-MW12, and 

2E-MW13 for 8240 VOCs, 'pw, ........ .... -. '"*=;., L 
& -'& ...... g L*>=. -=,- -, 

:?=, :; -:::-, '=A*& '::*:' 
8 Ti; ;,Ii .::.=,!=."<? 

Preparing a full ~ ~ ~ : : ; o ~ e m e & ~ f &  - options for free product recovery and 
> , ,  =- r:. .- 

remediation of saifLxd &dku@d&& contamination. 
iE  =c / - - ?c;% ?# 
Six .i*J ;;?:%A T;!; - . ., .., ..& - .=. =;.:." 

,*..;<v %L-, $- ..* 

Surveyi&'&==-e'ir% .,; -A=. -:. -. &&the lip of the manhole where oil was observed. . . . . .  =. *= ;" ... .,:. .* *s 
. : ?.'F 

.* ?i. 
= _ ?. .... - - .; -= .. - 

-. - r. I - Tij\, = Q - . . . .  
ii; .-7j,s-'%s .- ': ,,::? 3 ,y 

- $?? ... .:!,:: . . . . . .  .:= .=. .-- .< ..... -. 



Site 15-Abandoned Tank Farm 

Site Conditions 

Site 15 is an abandoned tank farm that was part of the North Station area. The North 

Station was active from the mid-1950s to the mid-1970s. The tanks and associated piping 

have been removed and there is little evidence of the tank locations. Their position was 

inferred from historical maps and recent air photos. 

The ecological setting of the site was I report (CH2M 

HILL, 1993). Two aspects of the ecological clarification are 

the thickness of vegetation in the eastern half the prominence of the ditch 

vegetation east of the 

are quite thick and the 

northeast-southwest. Four 

The ditch 10 to 30 feet wide and is quite 

shallow. In most distinct. The ditch appears to be a broad 

It transects the entire site east of the 

former tank area. -. ,.. 
7.' 

There is no evidence of wells 15-MW1 to 15-MW4 installed in the early 1980s. They 

appear to have been abandoned. Their exact location is unknown. 

Investigation Activities 

The Phase 11 investigation at Site 15 consisted of two field events. After compiling the 

field data collected in February 1994, it was apparent that additional field activities were 

necessary to accomplish the objectives of the RFI, namely to complete contaminant 



characterization of the site. During the f is t  field event in February 1994, field personnel 

completed the following activities: 

Collected eight in-situ groundwater samples with the hydraulic probe 

sampler (15-GP13 to 15-GP20) in areas not covered by the Phase I in-situ 

sampling. The samples generally were in a l i e  northeast of the known 

areas of contamination. The samples were collected from 7 to 9 feet, with 

the exception of 1 5 - ~ ~ 1 3  and 15-GP17, which  ye^ collected from 0 to 
='3 

5 feet. An air photo of the area was used to&kinine - sampling locations 
= if. 

-2. 

because the area is heavily wooded. ,g<g+i%, %& 
: %, \. 

8 5 .- =. ':%* 
A =  k,ir '-+- 
.- %. = .,,&F 

Collected 15 in-situ soil samples &&a&& tank f a h ~  area (15-GP13 to 
"i 4 ,<- 

15-GF'20). The samples seven locations in the most 

contaminated area as dete sampling. At six 

Ioations, samples 3 feet and 4 to 

6 feet. ~t feet, 2 to 4 feet 

VOCs in the 

.... 

The wells w&g;ibtalled in locations that were intended to be outward from -, 

the contamination idenHied during the in-situ sampling. Groundwater 

samples were collected from each well for VOCs, TPH, PAHs, and total 

and dissolved lead analyses. 

Performed slug tests in three wells (15-MW5, 15-MW6 and 15-MW8) to 

determine the hydraulic conductivity of the aquifer at these locations. 

Analysis of the data collected during February and March 1994, demonstrated that 

additional field work was necessary to characterize the site completely. For this reason, 

field personnel conducted a second field event in September and October 1994 to 



characterize the southwest, northeast, and northwest limits of dissolved contamination and 

the extent of recoverable free-product fuel. The following field tasks were completed 

during this second phase of site characterization. 

Nine in-situ groundwater samples were collected (15-GP21 through 

15-GP29) and analyzed in a mobile laboratory for field VOCs. The samples 

were collected from the water-table, which was approximately 7 to 9 feet 

below grade. 23, 
A- .- 

$F g; 
Five shallow monitoring-wells (15-MWll ~~&%&iW15) were installed 

AS .F;= '" - 
=zx.- % 'a 

and sampled. The results of the in-siqE,.W-piing w&=,usgd to determine the 
,,F' "'B if'+ _jL - ':? 

new monitoring-well locations so tl~@J . - - t$&mhcations would be outside the 
-. . 
-; . .iF 

wells were sampled for 

- Six test-pits were excavated in order to expose the 

of free-product contamination. Field -- 
; , ;i4_ iip - 

p e r s ~ n n e & ~ ~ ~ , o ~ ~ t i o n s  from each test-pit. See Appendix A for thii 
.x:*- * 3. '-? &-,= 31 +- .A? 

info%+n. j b ;. 
%>% 1; 

-, -e X 1  .,,? <#.*: - 
Six p i e z o m e b f ~ ~ - ~ ~ l  through 15-PZ6) were installed in the suspected 

free-product area to c o n f i i  the presence of free-product and to facilitate 

long-term monitoring of product concentrations. 

Well constmction specifications are summarized in Table 2-3-1. A geologic cross section 

of Site 15 is illustrated in Figure 2-3-1. The horizontal and vertical position of each new 

well was surveyed to aid in locating the well locations accurately on a map. Figure 2-3-2 

presents the Site 15 RFI sampling locations and the alignment of the cross section. 



Drilled in Level C 

Table 2-3-1 
SITE 15 MONITORING WELL SUMMARY 

Well Number 

15-MW1 (MW-1) 
15-MW2 (MW-2) 
15-MW3 (MW-3) 
15-MW4 (MW-4) 
15-MW5 
15-MW6 
15-MW7 
15-MW8 
15-MW9 
1 5 - ~ ~ 1 0  
15-MWll 
15-MW12 
15-MW13 
15-MW14 
15-MW15 

Notes: '8::j!!~~, .:!uik. %!,, 
I '$ 
.$I# i!l~lis<:: !!hqv 

ND = No data available .,!tlL .dl' .I!!& Jlp #$i" ,#d 
Wells 15-MW1 through 15-MW4 were installed in November 1982 by a contractor 8 er R.E. Wright Associates. The logs 
for the first three are in the drilling appendix under MW-1 to MW-3. The wells are no longer visible and appear to have 
been abandoned and removed. 

Date 
Installed 

11/82 
11/82 
11/82 
11/82 
3/9/94 
4/13/94 
4/12/94 
4/12/94 
3/11/94 
4/13/94 
9/28/94 
9/27/94 
9/28/94 
9/27/94 
9/27/94 

Ground 
Elevation 

(feet above MSL) 

18.4 
17.6 
18.8 j,*~#!' ,? "3bk. 

t.. &),pcrl ,,,, .:I, 
N . .  ;a; 7; 
@' '@$I:' I 8 

, l$6k+!11 #' .: 
,,P ,8.88x ,,,e$; :,,,:#,:::8 

18.3 
I .  I 

17.8 .a/. 

17.3 
17.6 
16.1 
17.7 
17.3 

Total Depth 
(feet) 

16 
20 
20 

:;. ND 
J ,  18 

dll l ! ,~o 

,:!$g :::, 
,:$# $11:' 

, :. 4 , 18, '3 .+:: !!! 
:I. ,!I~,:;:II:@ d 

'4. *$fl 
.,d ... 

,:!!, ?. . A  >,!I? .&o ,,l,!:!,~*;vfi .& 

,- , l ! f i ~  

?,.. , ..:," 
''W A,, 

: ! 
I+ '+z,/ 

20 : .I 

20 ,$, ,!,, j 

Screened Interval 
(feet below 

ground surface) 

0.5-10.5 
0.5-10.5 
0.5-10.5 

ND 
3-18 
3-18 
3-18 
3-18 
3-18 

,,iiiisb. 3-18 
5-20 

9 
!y 
! d! 5-20 

,,? $ 
l$&?o 

; +I!<$$B.~, 
,dl' .,$I! ,,is.. ~ ~ ~ - ~ ~ ~ 1 ~ ~ 1 ,  ,, &I .a 

I!!? $'Il!:. "$' - Ilk "!llkn, 

Comments 

Abandoned 
Abandoned 
Abandoned 
Abandoned 
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Data Interpretation 

Water-level measurements were collected on three occasions during Phase II, with the most 

recent measurements on October 20, 1994. The groundwater-flow direction as evaluated 

from the October 1994 data, is illustrated in Figure 2-3-3, and the water-level elevations 

are listed in Table 2-3-2. As shown in the figure, the groundwater flow is north-northeast 

to north-northwest. The results of a May 1994 measuring event, demonstrated that flow 

was to the northeast. This second set appeared to be represenRve of flow at that time. 
.- 

This flow direction also is consistent with the flow in the R.E. Wright 

report (1983). The October 1994 data set was groundwater flow 

directions because this set includes the new complete. The 

results from the first two water-level as evidence that 

flow directions vary at the site. 

The hydraulic gradient is low. gradient was approximately 

0.Wl Wft from 15-MW9 15-MW5 to 15-MW14, and 

0.0007 Wft from 15-MWll to on wells 15-MW5, 

15-MW6, and conductivity 

detennkd 

Sites 1 and 2B at O c i & ~ ~ & d  - - hydraulic conductivity estimates approximately three 
"9, li" 

times the average conductiviQ calculated from the slug tests. If the actual hydraulic 

conductivity is three times the slug test average at Site 15 also, then 1.8 x 10' cmlsec, or 

50 feetlday would be representative of the site. If a porosity of 25 percent a hydraulic 

conductivity of 50 Wday and an average gradient of 0.001 ft/ft are assumed to be 

representative, then the average velocity of groundwater movement in the surficial aquifer 

is approximately 70 Wyear. The depth to water was 6 to 9 feet during October 1994. 

The in-situ soil data listed in Table 2-3-3 and illustrated in Figure 2-3-4 indicate that 

petroleum contamination of unsaturated soil is widespread in the center of the site. The 

samples collected from the 4 to 6 feet were generally more contaminated than the shallower 





Table 2-3-2 
SITE 15 WATER-LEVEL DATA 

October 20.1994 

Water-Level 
Elevation of Distance Below Water-Level 

Survey Datum Survey Datum Elevation 
Well (feet) (feet) (feet) 

15-MW5 20.13 9.12 11.01 

15-MW6 21.11 10.08 3% 10.93 

15-MW11 

Note: All elevatiod ?.. & -= in fa-tikve%ean sea level. 
:: ... =- - - - >h<. -\, .:?fZr; -. z .:- - ? -? - - 

.- - - - ... - % 
8.32 10.28 

~ .:. 
$7 

.. ... 8.96 10.41 

I 15-MWl5 .<B' .- -+=' ,..=ii, ;+'jk, -+= p&i8;b= = .= 7.64 11.16 
' 1  '7,. " 2: 
& :: atroveSean sea level. 

- ~~~ - - >h<. -\, .:?fZr; -. z .:- - ? -? - - 



Table 2-54 
ORGANIC COMPOUNDS IN SOILS AT SITE 15 



Ta 3-3 
ORGANIC COMPOUNOS IN SOILS AT SITE IS 

February 1994 

Detection Llrnll' 

I5OSI-1. 15-GS2.1, 15-GS3-I, IS-OS4-1. 15-OS5-1, and 15OS6-I w e n  wl l s ted  fmm 1.0-3.0 feel below grade. 
I5GSI.2. I5OS2-2. 15-GS3-2. 15OS4.2, I5OS5-2, d 15OS6-2 wen  wllecled from 4.0-6.0 f m  below grade. 
15-GS14-2. 15-GS14-4. and 15-GS14-6 wen  mliected from the following depths respectively; 0-2.0 feet. 2.0-4.0 feet, and 4 0 4 . 0  feec below grade 
15-GS14-4 war splil and submitted to the standard lab for TPH, PAH, and VOC analysis. 

'In instances where two deleclion llmits are provided. the lint ilmil applies lo the moblle laboratory. and the second ilmil listed is fmln the analyt~cal labonlory. The detection limits for TPH and PAHs 

Compound was analyzed but not delsted. 
NA . Not anslyrcd. 
j Indicates an estimated value that w a ~  below the quanlitation limil. 





samples from 1 to 3 feet. All samples contained BTEX compounds. BTEX concentrations 

in samples 15-GS5, 15-GS4, 15-GS3 and 15-GS1 were all greater than 33,000 ppb. These 

concentrations and field observations of a hydrocarbon sheen on the rods confim that these 

samples were collected from an area where soils are contaminated with hydrocarbons. 

15-GS2 and 15-GS14 indicated moderate contamination by BTEX compounds. The results 

from these samples may indicate residual fuel contamination rather than free product per 

se. The soils from 15-GS6 contained negligible concentrations of fuel constituents. It is 

noteworthy that during installation of piezometer 15924, field pegonnel upgraded to Level - 
...< 3 

C after drilling to 1 foot. This suggests there is high suf i~=&il  contamination at that - - - 
location. 

hydraulic probe 

and illustrated in 

Figure 2-3-5. The concentrations of were high in in-situ 

15-GP18. Concentra- 

tions of benzene, of parts per billion in 

these samples. 

BTEX groundwater samples. 

exception of 15-GP27 

and 15-GP28 which contaikpfcis-1.2-DCE at concentrations of 4.2 ppb and 2.4 ppb, 

respectively. The existence of cis-1,2-DCE in the two wells is consistent with the detection 

of 11 ppb of trans-1,2-DCE is 15-GP8 in November 1992. 

The analytical laboratory results for total and dissolved lead, VOCs, TPH, and PAHs in 

the ten monitoring wells installed during Phase 11 are listed in Table 2-3-5 and the 

distribution of organic constituents in the monitoring wells is illustrated in Figure 2-3-6. 

The groundwater contains BTEX constituents at comparatively high concentrations in wells 

15-MW7, 15-MW9, and 15-MW15 and at lower concentrations in well 15-MW5, but 

BTEX compounds were below quantitative detection limits in other wells. These results 



Tan,.. 2-34 
ORGANIC COhlFOUNDS AND LEAD IN IN-SITU GROUNDWATER AT SITE IS 

November 1992 through September 1994 
(All mncentrnlions in ppb) 



ORGANIC COMPOUNDS AND LEAD IN IN-SITU GROUNDWATER AT SITE IS 
November 1992 tbmugh September 1994 

(All conmntntlons In pgil) 



ORGANIC COMPOUNDS AND LEAD .a1 I N - S I N  GROUNDWATER AT SITE IS 
Novrmbv 1992 thmugh September 1994 

(All concentrations in dl) 



T -3-4 
ORGANIC COMPOUNDS AND LEAD IN IN-SlTU G R O W W A T E R  AT SITE 15 

November 1992 through Seplemba 1994 
(All concenlmlions In a l l )  

Field GC detection limits were 10 ppb lor aromatic VOCs and 2 ppb for chlorinated VOCs. Standard lab deteclion limits are listed above. 
a Field analysis was for Mohile Lab chlorinated VOCs, total petroleum volatiles, and Mobile l a b  aromatic VOCs: IS-OK was split and analyzed for 8020 aromatic volatiles, total and dissolved lead, and 81CQ. 
b Positive VOC results were qualified a! tentatively identified during validation process because the results were not conlirmed by second column analyses. 
NA - Not analyzed. 

Concentration k l o w  delcction limii 
e The value is estimated because it is outside the linear working range of the curve. 
j Indicates an estimated value. 





AU vohlile o w t  wmpavdl and polynvckar nmmtic wmpnmndl nor l i d  in h e  able .bore were arulyzed for but ml detrclal. 
Q2 ~ l i w :  l5.MW30 i s  1 d ~ p b e  of IS-MW9 br mml lud only; I5.MW3I is a dupliue of 13-MW6: 15-MW32 Is a dupliue sf  15-MW12. 
b - mil compound *u found in h e  r ra ia lcd  Iabonary b1.d IS well u h. m p k .  
C - 'lbr E?A mluim hat  Ill IIumple vdm1 k l o v  5 linu he p n p n l b n  W.mh conhminnl Ikvel a1 1.02 MIL k qtalificd I S  mndcOEl. 
B - Tb. rap& rrlvc O h i d  W u  kn hm hc w m l  - q u i d  hlcnion limit (CRDL), bul g m e r  hm or (gull a h. IDL. 
d - W f L a  somundl wbih h.vr bran NO u I diluliw a br iy  h. mrrenmbn of hr wmpwnd wiMn h e  l i i r  ~ p c  of he innnunun. 
j - l a i s  h m =nimrod vnhK ~ Y C  it was demwd klw h. u a n e l y  W m d ~ e  demLk. l h k .  
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are consistent with the results of the hydraulic probe groundwater sampling, with the 

exception of 15-MW15. 

Well 15-MW9 contains the highest concentrations of fuel-related compounds. Volatile 

concentrations were 740 ppb of benzene, 140 ppb of toluene, 300 ppb of ethylbenzene, and 

980 ppb of total xylenes. Minor concentrations of PAHs also were detected in 15-MW9. 

Laboratory analyses detected naphthalene, 2-methylnaphthalene and 1-methylnaphthalene at 

concentrations of 8 ppb, 2 ppb, and 3 ppb, respectively. Air konentrations during the 
s- 4, 

drilling process at 15-MW9 were quite high; however, they* - no free product in the 

well. The presence of volatdea and some PAHs is the air monitoring. 
;i P Y- 

Several BTEX compounds were also detected in 1 m 5  (22 p"@hpzene and 26 ppb 
-#' <= - 

ethylb~nzene), l 5 - ~ ~ 7  (300 ppb benzene ang7)(pd3ktal xy2ni), and 15-MWIS 
P 

(270 ppb benzene pond 270 ppb xylene). A - Qce xylenc (1 ppb) was detected in 
5' "i.., ?. u 

15-MW10, but no volatile organic c o m & @ r & A ~ b & % t e d  in 15-MW6, 15-MW8, 
L %  =? - . . 

15-MWll, 15-MW12, 15-MW13, og, 1% -&-detect results from these wells 
= *MWh 

indicate that the down-gradient &&&~&+&di% '&ruts of the dissolved contaminant plume 
"= g - d =--a& i" 
s 
7% ';+% ,d = =  %- have been delineated. 1"%-, .p. $k iC -5 

4pe=snji_ =- , 
;" 
;- '8 = p a  

-F -"s '& 2 
Total petroleum hy-bons - p&nt over a wider area than the BTEX compounds. . - 
TPH was detected at & gentrations ' of hundreds of parts per billion in all Site 15 

C 

monitoring wells with the +-dEion of 15-MW8. The TPH concentrations were highest in 

15-MW5 (3,000 ppb) and 15-MW6 (1,250 ppb) but were also elevated in 15-MW7 

(960 ppb) and 15-MW9 (790 ppb). The TPH concentrations in the perimeter wells 

installed during the second phase were below the detection limit. 

Lead was detected at low concentrations in all wells. The concentration of dissolved lead 

was lower than the concentration of total lead in each case. In the perimeter wells installed 

in October 1994, the dissolved lead concentrations were below the IDL of 1.0 ppb. Total 

lead concentrations in the wells were 9.6 to 73.3 ppb, whereas the dissolved lead 

concentrations were less than 4.8 ppb. 



Although the Phase 11 activities were designed primarily to complete characterization of the 

outer extent of contamination, several tasks were intended to target potential free-product 

contamination. The free-product investigation, which included installation of six 

piezometers and excavation of six groups of test pits, revealed that the accumulation of free 

product on the water table is minimal. Figure 2-3-7 presents the piezometer and test pit 

locations. The piezometers were installed to 14 feet below-grade with 10 feet of PVC 

screen extending across the water table. The test pits were excavated to depths of 8 to 

observations, 

, free product was 

rable free product 

was observed on the 

water surface in test pit 15-TP6. The test nches for a minimum of 

12 hours to allow free product to e water surface. The elevated OVM 

readings recorded during soil sampling rods contrast with the 

absence of free product pport the conclusion that the shallow soils 

little to no recoverable free 

Figure 2-3-8 presents an a-&.dhate delineation of the dissolved phase contamination at 

Site 15 as determined from the analytical results. No evidence of free-phase hydrocarbons 

on the water table was found, except the sheen in test pit 15-TP6. TPH data from wells 

are shown for context. Both in-situ results and monitoring well data were used in d e f i  

the extent of dissolved contamination. The extent of petroleum hydrocarbon contamination 

in soils also is indicated in the figure. The extent of groundwater contamination generally 

has been well defined by the sampling to date; however, the BTEX contamination in the 

vicinity of 15-MW15 is an exception. The absence of detectable contamination at in-situ 

locations 15-GP21 and 15-GP22 lead samplers to believe this southeastern limit was 

characterized completely. Well 15-MW15 was installed to confirm this result. It contained 







270 ppb of benzene and 270 ppb of xylene but the TPH concentration was below the 

detection limit. 

It is notable that patterns of contamination are in some cases inconsistent with the location 

of the tanks and piping if the generally northern flow direction were constant. For 

example, no contamination would be expected in well 15-MW5 on the basis of this flow 

d i i t i o n  because tank G-5 and the small tanks southeast of 15GS6 are not upgradient. 

Contamination in 15-MW7 may have originated from tank G-5, d leakage from this tank % 
is suspected because of high concentrations in 15-GP13 and pz&hearby locations, but the 

x 

- ?a. 
low concentrations in 15-MW6 are not consistent with - dp$t%$from - tank G-5 to well - 
15-MW7. In addition, the source of BTEX contaqih$&n in i b h 5  is unknown but 

-8- g ,=A- %-:#? 

may be due to releases from the aviation fuel pm&hbi3w"fs&e southeast. Transport from - X!.' Y 

the fuel pump house to 15-MW15 is not co@tent *- wh;&undwater flow to the northeast. I , % 'h -+= 
These anomalies support the hypothesis tha - , m h @ r % p w  2L directions is variable due to 

1; 7 the low prevailing gradient. .$ %" .F- 5; 

_=.;;p& ?j j: Q *F. .= Z I 

s g. ,p :-=, = 3 - 't* 
Health and ~ n v i r o n m e n ~ l : ~ ~  +- 

Constituents that 15 in concentrations that exceed potentially 

applicable federal and guidelines and standards are presented in Table 2-3-6. 
d - 

The MCL for benzene wa?%&<eeded in several in-situ groundwater and monitoring well 

samples. Xylene was present above the MCL in only two in-situ groundwater samples 

(15-GP6 and 15-GP13) but was above risk-based concentrations (RBCs) in several others. 

Toluene and ethylbenzene were above MCLs in two in-situ samples. 

The concentrations of total lead in most wells were above proposed action levels, but all 

dissolved lead concentrations were below action levels. Concentrations of total lead in 

15-MW5 (21.9 ppb), 15-MW6 (22.7 ppb), 15-MW7 (73 ppb), 15-MW9 (40 ppb) and 

15-MW14 (17.8 ppb) exceeded proposed action levels. Dissolved lead was below the 



CONSI'I'NENTS IN SITE 15 GRO EXCEEDED POTENTTALLY 



CONSTITUENTS M SITE 15 GROUND 
APPLICABLE FED 

Only compounds thst were detected and exceeded enablished nandads'are presented in fhe table above. 
'RBC in tap wafer lor p-xylene. 
'RBC in rap water for m- and o-xylene. Both RBC's provided for the basis of comparison. 
'Source: 40 CFR 141 and 142. Vol. 56 (110). June 7. 1991, p. 26478. 
"his is an action level applied at ihe tap of a drinking water system. 
NS - No Standard Available 



detection limit in several wells. The concentrations in the remaining monitoring wells were 
I 

2.3 ppb to 4.8 ppb, well below the proposed action level for lead. 

The concentration of TPH was above the Virginia groundwater standard of 1,000 ppb in 

wells 15-MW5 and 15-MW6. The concentration of TPH in soil sample 15-GS14 

(259,000 ppb) .was above the Virginia guidance limit for soil disposal of 100,000 ppb. 

This sample was the only soil analyzed for TPH; however, the reasonable assumption is 

that some of the soils collected from areas where petroleum-sa ated soil contamination x s- l 
was observed or suspected also contain high TPH c o n c e n t r a t w  

Conclusions and Recommendations 
5 

ted and the dissolved-phase 

contaminant groundwater of the extensive shallow soil 

contamination and the above the MCL over a wide 

area of groundwater, direction of flow was to the 

north during the plume suggests 

that flow areas 

Collect five in-sihl groundwater samples west and south of 15-MW15 to 

define upgradient areas of contamination. Analyze for field VOCs detected 

previously at Site 15. 

Install and sample two additional shallow wells near well 15-MW15 to 

delineate the upgradient extent of dissolved contamination. Submit samples 

for TPH, PAH, and VOC analyses. 



Collect five surface soil samples and analyze them for PAHs, TPH, and 

BTEX. 

Collect three soil samples from approximately 3 feet and conduct a soil 

treatability study on the soil. 

Collect samples to detennine soil properties to aid in screening remedimtion 

technologies. .+& 
AfE= - 

s to confim the direction of 

groundwater flow. 

Perform a CMS of at Site 15 to address the shallow 

subsurface soil water contamination in areas where 

the MCL is e 



Site 24-Bowser, Building 840 

Site 24 was added to the List of RFI sites after a groundwater contamination problem was 

discovered during sampling in February and March 1994. The soil has been characterized 

and is being addressed under a CMS and stabilization action for the petroleum- 

contaminated sites (CH2M HILL, 1994). The RFI covers groundwater contamination only. 

Site Conditions 
.K 8 

,y'' g 
"' 31 

""' ;" .>-m ( 
Site 24 is the former location of a waste-oil bowser n , .  $p ,= see Figure 1-1). , %Tm '%. 
The Naval Construction Battalion (SEABEES) has ,&%@'bas@ in BW&g 840 since 1972. 

4 -3 = -* 
Waste solvents and oils generated at the equipm%g-&'& garage in Building 840 

%. .c 
were routinely hand-carried and poured aste-9 hwser. The bowser, which was $3, . ie 
typically positioned in the southernmost CO&~--E compound was periodically 

- 6 #.**=&:, 
transported to the tank farm for di@Wgof &:. & % $ + ! A ,  1988). The waste-oil bowser is - , = = 
no longer present at the site&- , I$ . ;, &\=:: &a observed by CHZM HILL personnel -.. y;=k. 
conducting field investigation ac$i ~~rdu%s@%n~ phase of the RFI since October 1992. 

.&==9k:, % '+= 
In addition, Navy &.Eise&$kthe - SEABEE Compound during the sampling ' =L " 
activities had no kn&&ge of 9 = wser. The current p r a ~ t i ~  dictates waste-oil disposal 

k--.- > <i? .; 
in drums that are s u b s e q % n i ~ p o r t e d  to the base hazardous-waste lot and entered into 

T L  
F -de. 

the waste management pro& to ensure appropriate disposal or recycling. 

Investigation Activities 

As recommended by the RFI Phase I Final Report, additional soil sampling at Site 24 was 

performed during the CMS field investigation in February 1994 to delineate contaminant 

boundaries. The CMS report describing these soil results has been finalized (CH2M HILL, 

1994) and the design of the remediation activities also has been completed (CH2M HILL, 

1994). Some details of the soil investigation are described below to give context to 

groundwater results. 



During the CMS field investigation, CH2M HILL personnel initially collected soil samples 

from three depths in six locations. The depths of soil sampling were 0.5 to 1.0 feet, 2 to 

3 feet and 5 to 6 feet. After field screening, the two most-contaminated samples from each 

sampling location were submitted for analysis. While collecting the soil samples, 

especially the deepest sample from 5 to 6 feet, it was apparent that the contamination had 

leached through the vadose zone and intercepted the water table. At this point, four in-situ 

groundwater samples were added to the scope of work. The CMS groundwater sampling 

results indicated the need for additional site characterization of oundwater contamination & 
before a CMS of the groundwater remediation could pmce&&or this reason, Site 24 

% 
re-entered the RFI investigation for further study and ~h$&t8&~afl:on of the groundwater 

-Y_ &? r 5 
z!F 3 

contamination. 9, ;t;. 
.C' &" * =&: - .8'.,. a, -. .& ,=?- 

d d- iF ,* -- 
= .- 
- 4 ~ .  -=z- *= - . .- 

The second field event in September a n c & , O c t o ~ ~ l ~ 4 ,  consisted of an interactive 
-=r- = -. 

?&- -=k 

--. 
e ~nstallation of permanent investigation using a hydraulic probe sam&c+*-hy 'E; p Th .' 

P 
wells. Field personnel completed tq&j@ow&&%ming the field event: 

.i &< .:<"% ? " !F 
b. .;/ i"? j 3 =* %$ 

Collected 19 i h ~ ~ ~ & % k a t & = s a m p l e s  using a hydraulic-probe sampling 
g- r2" 

device. .x ~-~$p$&~$pr red  *e in 15 locations. At 4 of the IS locations, 
- - . - .:. 3- *, 

groud+r = samBJes were collected from two depths. The probe collected 
-=+= *&g 

=,+= 
across the water table. At locations where two 

samples ~ e & ~ d l e c t e d ,  the second sample was collected 5 feet deeper than 

the apparent water table. 

Installed and sampled six shallow monitoring wells. The wells were 

sampled for VOCs, TPH, PAHs, and total and dissolved metals. 

A geologic cross section of Site 24 is illustrated in Figure 2-4-1. See Appendix A for data 

on well installation and geologic logging. The RFI sampling locations are shown in 

Figure 2 4 2 .  
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Data Interpretation 

The water levels measured on October 11, 1994, are listed in Table 2-4-1 and illustrated in 

Figure 2-4-3. These results show that groundwater flows uniformly to the south. This is 

in contrast to the water level measurements in the 314-inch ID piezometers installed in 

February and measured in March 1994. The March water levels suggested that 

groundwater flow was to the northeast. Because the wells were developed thoroughly and 

are easier to measure accurately, groundwater flow to the so-U is likely to be more 
_:: =. ... .::: = ... 

representative of the site. This southerly flow direction ,@'&& the predominant flow .. .::. 
= . ?i; -. ...... 

direction in the eastern half of Oceana NAS. ;- -:,/- ':iiiik, . . . . . .  ?ikA 
*-a:. ... .=. 

q.. -. 
,:/ .:=: L; .. -. -3:. - .... . .  ..:. .::.. -. 

:;= ,+!:- .. ... . . .  -- .. .- .- ... .- -. 
-2:. *: ". .? .%. 

No slug tests or aquifer tests were performed at S& B;SP';'& hydraulic conductivity of the 
ai/i, .:. 

sediments is not known. The geologic units!* - - ....... simZbr;hiother RCRA sites, however, so .... -. ..i- ::. ::a. 

the hydraulic conductivity can be a s s & e 8 + + ~ = ~ P r ~ ~ & a t e l y  6 x cmlsec to 
'!i =- " ..... = .: : :  .:' 

2 x 10.' cdsec .  The gradient at @.si& in%$&& l994, was approximately 0.002 Wft 
.!!< 

-:' ..L*. 
*. .:? ::. :: ... 

over the southern half of the &&ring h@ork!ik .. At an assumed porosity of 25 percent, 
:!: =:, .?- .- .- 

.:. - - 
: . ':&. -7 

a gradient of 0.002, and a = c o n d g c I ~ b x , ~ g e  -- of 6 x 105 cdsec  (17 ftlday) to 
. ". s. ..,. 

2 x c d s e c  (57 ~ / , ~ ~ - + h ~ ~ ~ ~ ~ ~ ~ ~ ~ e 1 0 c i ~  ... .:. of groundwater in the surficial aquifer is 
.:r 2r -. . ;  : -:: ::. ... ... ,_ .- . .- -*:. .= ::. .- .. ::. 50 to 160 feet per ::. :: 

2:. - 'PI. 
e : 

.=. %. 
..... = :> - .. 

: 7%. 
. . . .  .- .. 

.::. ... -& -+;c ,:::F 
7!% -!:. -? .... 

The in-situ groundwater ?*&'ling results are listed in Table 2-4-2 and illustrated in 

Figure 2-4-4. The results indicate that a central area near 24-GP2, 24-GP10, and 24-GP11 

contains both chlorinated and POL-related constituents. This is the area where the waste- 

oil bowser was parked. No chlorinated and POL-related constituents were detected in the 

outer in-situ samples in the south, east, and northeast so in-situ characterization was 

stopped in these areas. 

Low or non-detected values also were characteristic of in-situ samples in the outermost 

samples in the north (24-GP17), northwest (24-GP14). and southwest (24-GP6 and 



R-LEVEL DATA 

Water-Level 
Elevation of Distance Below Water-Level 
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24-GP15). The assumption was that characterizations of these areas would be complete 

after installations of a well a conservative distance outward from existing in-situ samples. 

Deep in-situ samples were collected from 12 to 14 or 13 to 15 feet at five locations. The 

selection of the five samples was biased towards the northeast because water-level 

measurements in March 1994 has shown that groundwater flowed to the northeast. The 

deeper samples at 24-GP5 and 24-GP18 contained no POL or chlorinated constituents. 

Chlorinated volatiles were detected is 2 4 - ~ ~ 1 4  and both POL and chlorinated constituents 
8% 

were detected in 24-GP15 and 24-GP10. Chlorinated volatile.&p%ntrations were higher in " "- 
the deep samples than the corresponding shallow S~~$&~&&-%;GPIO, 24-GP14, and 

-+ ? '  = - 
24-GP15. This suggests that the chlorinated v o l a ~ $ ~ e  i>ih,concentrated 5 or 

,Hz*++ . - = +? .*,% more feet below the water table. ,% ~?p,  dF-gF --. *' ... 
-a_ ,iP- 

3:. 7% P+%*=- ... "C Pli_ 

The organic results from the wells are ~ ~ < ~ ? e  24-5 and the organic and 
", :r' -< 

inorganic data are listed in Tabl~&43~1f&f7i;~+'~ The extent of the petroleum = ,<:. -. . - . < 

compounds in groundwater has&&n~eifid"$6,the surficial aquifer. No POL-related *.= ,P; ';"I"".- " ." 
constituents were detected in KW -&tl%.storing wells but 19 ppb of ethylbenzene = .- -*, B -. -sp. 
and 48 ppb of xylene y.sf=~emge&$+he center well near the bowser storage area. The 

.L- - .;. ljb '?= '% 2 
extent of fuel cons&&@ in gr&%w&i is indicated in Figure 2-4-6. 

-% '7% 8 8% l9 8 E 
=. - .:. 3% 

7%. %. .== A+s' .a& m.=. s? 

The primary chlorinated v ~ ~ p ~ i s  cis-1,2-DCE, with lesser amounts of trans-1,2-DCE and 

trichloroethylene (TCE). The first four in-situ samples and the wells were analyzed by 

method SW-8240 for total 1,2-DCE only, but all the remaining in-situ samples were 

analyzed for cis and trans isomers. The extent of the chlorinated compounds has not been 

defined fully in some areas. The source area of the chlorinated compounds is not known. 

The extent of contamination by chlorinated VOCs is shown in Figure 24-7. Total 

chlorinated VOC concentrations are shown for context. 





Table 2-43 
ORGANIC COMPOUNDS IN GROUNDWATER AT SITE 24 

OCTOBER 1994 
(All Date in pglL) 

Analyte 

TPH 

Detection 
Limit 

1,ooo 
.::. .::, ::.. ,,. . . . . . . .  

Volatile Organic Compounds LF . . . . . . .  ,,y ,;;? ,,$a:iL. .,;:, '8!!i:. .:!: 

24-MW1 

,,!,.:!, * 

Methylene Chloride 

1,2-Dichloroethylene (total) 

Trichloroethy lene 

Chloroform 

Ethylbenzene 

Xylene (total) 

24-MW2 

* 

.1' 

10 .ib ,:,? 
.:i:. 

10 .:! 

10 

10 

10 

10 
yi .: ,:;!i! !:,, ,::i:. 

Polynuclear Aromatic Hydrocarbons //i //: , : :  .:/:. ..,I, 3:. ..a. 
i i  .;p , -C, .:!;:,'-:I:. . . . . . . .  ... .U. 

24-MW3 

c 

,:;:. '?;, '!!: 

~ + ~ ! ~  :. 5 bj in, , ./i ; 
i:.  . . . . .  .,!a' ,jr 
::, ':::!:?:::gm .,:ii- ,:!;- 

............. ............... 
6 j ;:. ,: 

, ' * ':TI, .,+ .... 

19 j 

48 j 

Naphthalene 

24MW4 

* 

* 

. ,:!;<I ,;q . 
;;;!:' ':!;:, .:::, 

. . . . . . . . . . .  :,:!!: ::!:, 2'1 ' j  
: :  ::.,,::'; ' . .  8 : .  .,!, " :$#,  

:$ ,, 

.:;f *$ir ,,///, 

;;. .,. -,> iy ,:!v ,,:,, * :!,!2z.. ..&: ::F , .:;:! 

.... .... .,:, 
, . :  

~ x : : : ~ ~ + < , . ! ~ : : + : ,  
. . . . . .  

:;j. .b! 
.,:c ... ... Notes: I!:. 

.:i:. .:;/,. ':!/:,, 
! ! : :,is. .:<:. .,!:' .::L-,r 

2:' ,>!;:. 
,+$? ,;::. ,788 

All volatile organic and polynuclear aromatic compounds not listed above were r@j$kd ...... for but not detected. 
....... * Compound not detected above the instrument detection limit. .I!!Y 

j Indicates an estimated value. 
b Indicates compound also found in the associated laboratory blank. 
d Concentration from diluted GC run. 
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24MW5 

* 

9 bj 

180 d 

81 
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::..:r ,.::. %: ir ,IF * 
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iy 2? * :,$ ;!>, 

... 

52 

24-MW6 

* 

9 bj 
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* 
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::,: ..; $!' . .  $iij!*;ii;,7!iiii;- * 
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Health and Environmental Assessment 

Groundwater concentrations that exceed potentially applicable state and federal standards 

and guidelines are listed in Table 2-4-5. Benzene concentrations were greater than RBCs 

or MCLs in seven in-situ samples collected near the center of the site. The MCL was 

exceeded in five of these samples, at locations 24-GP1, 24-GP8, 24-GP10, and 24-GPll, 

and presumably was exceeded at 24-GP2 also. The concentration of xylene in the 7- to 

9-foot sample of 24-GP10 (920 ppb) was greater than the FUg but not the MCL of .,;. .'. ... 

10,000 ppb. The Virginia groundwater standard for TPH ... o.fl~,& .., ppb was exceeded in .:- ... 
two of the same 24-GP10) but 

also 24-GP13, located west of these other 

Several wells and i s of 1,2-DCE and TCE that 
exceeded MCLs or RBCs. Most of 60-foot radius of 24-GP2 

contained chlorinated VOCs above;,,M€&s. in the northwest (24-GP14, 

24-GP17, 24-GP1 t] and 24-MW3) exceeded 

RBCs and most 

24-MW2 (2 ppb) exc 

Conclusion and 
.... .... ... .:=, .::. .... ... .:-. zi:. 

A problem with moderately deep chlorinated VOCs and shallow POL-related VOCs was 

confirmed during this investigation. The POL contamination problem is well defined and 

does not appear to include any free product fuels or oils accumulated on the water table. 

POL residues accumulated in the soils in the central bowser area will be addressed during 

the ongoing CMS and remediation design for soils. 

The contamination by chlorinated VOCs appears to be greater at a depth of 13 to 20 feet 

that at the water table at 8 feet. Additional characterization work is essential in the western 

half of the site. Because some samples are near the northwestern limit of the SEABEE 
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Table 2 4 5  
CONSTITUENTS IN GROUNDWATER AT SITE 24 THAT EXCEED POTENTIALLY 

APPLICABLE FEDERAL AND VIRGINIA STANDARDS AND GUlDELMES 
(AU data In ppb) Page 1 of 2 

Groundwater 

Compound 

Benzene 

Xylene (total) 

1.2- 
Dichloroethylene 

Trichlomethylenc 

Location 
Deteded 

24-GPI 
24-GP7 
24-GP8 

24-GPIO (7-9 ft) 
(13.15 m 

24-GPI I 
24-GPIS 

24-GP8 (7-9 ft.) 

24-GPZ 
24-GW 

24-GPIO (13.15 ft) 
24-GPll 
24-MWI 
24-MW3 
24-MWS 

24-GP8 
U-GP10 (7-9 ft) 

(13-15 ft) 
24-GP14 (8-10 ft) 

(13-15 ff) 
24-GPI5 (12-14 ft) 

24-GP17 
24-GP19 
2 4 . ~ ~ 1  
2 4 . ~ ~ 2  
24-MW3 
24-MWS 

Concentrations 
(wb) 

7 .:: .,/:. 
2.5 , I I  ,;;ii' ,:;!:' 

98 ,!;,, ,.!I!: 
::. !il. . . . . . .  

36 , 

7.2 ::::, . : 
2.7 

920 

2.200 (total) 
180 (cis) 
130 (cis) 
280 (cis) 

700 (total) 
180 (total) 
I I0 (total) 

2.8 
5.6 
5.0 
3.3 
9.1 
12 
4 

3.9 
6 j  
2 j  
81 
16 
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Risk-based 
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(tap water) 

0.36 

52VI140Ob 

Pmposed 
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Levels 
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Table 2 4 5  
CONSTITUENTS IN GROUNDWATER AT SITE 24 THAT EXCEED POTENTIALLY 

APPLICABLE REDERAL AND VIRGINIA mANDARDS AM) GUIDELINES 
(AU data in ppb) Page 2 of 2 

": ;:,. ,,,!!:::::4, '!1b!<. '::z!::>@il! ;::, Notes: , , .%. .:. . . . . .  .. ,::. :;, ::. '!!!:. 
...... .a,. .:? .. ..... ..... .I/: .. .!;. 

.:!:, .:<!: 
Only compaunds that were detected and exceeded established standards are presented in the table above. , 

I:' 
'RBC in up  water for p-xylene. ,::. "' ,,//i::.. ':!:. .......... .st.. "iii. .... ,:j:, ?!:...j? bRBC in tap water form- and o-xylene. Both RBC's provided for the basis of comparison. ,i;? , 2 ~  .a!,,!: ... -. 
'Source: 40 CFR 141 and 142, Vol. 56 (110). June 7, 1991, p. 26478. !il? .a:. 

.:! ./!!av 
NS - No Standard Available 'ij. .:: ...... . :/: ..... .... 
The MCLs and MCLCs a n  listed in the Drinking Water Regulations and Health Advisories dated May 1994. 

Risk-based 
Screening 

Coneentratlws 
W C S )  

(tap water) 

NS 

NS 

11.000 

I1 

.:.. i,>. 
.:/i 

...... .:!!ii:MCL 
1 ':#::. . . . .  :. .2ci;.:::ti~3;:. 
, : ! ,  ?j; '?!: 

.b2, ..... ':i!. 
, IJi 

. . . . . . . . .  . . . . . . . . .  ;jr 
..:/I. ilJ 

( . '  ::"fy*;c.Etl~ii,cYrl/ii/ii 
::::,,:::i;d' ropk. i';' ,, 
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compound, it is possible that the investigation will encompass areas outside the compound. 

The investigation should include sampling in the 13- to 25-foot range with the hydraulic 

probe sampler and installation of wells to a depth just above the clay layer typically found 

at 25 to 26 feet. The purpose of the deeper sampling is to determine the depth of the 

chlorinated VOCs. 

This investigation phase can be handled either as a continuation of the RFI or as a f i s t  step 

of the CMS. Considering that a CMS is proposed for Sites 2E ..... and = 15 and Site 24 is the 
.;? 

last site that has not been either dropped from consideratiogrO~advanced .- ... to the CMS, it 
>:. -. 

may be advantageous to prepare a CMS for Site 24. ~he;=ip'w1"&t~ecommended .:.. .:?++ elements 
.::. ... -. .=. Y/>  -:. - . . . . . .  .- -.. 

.:? :.. ... ... -. 
_:: .". .- .- -. -. ........ ...... of the field investigation are: ?=. .:ii. 

,:+? ,:$!:. ?& -:;. ... ... ... .- ... - .;:. ..... ...... -. -. ... ...... -. .- - -, .- 
;? .- <.. _. :;i :jj ... 

>,&, "?*, .::, ,:$!? .::- .... 
5 ;  y:;;' 3:. 

• Sample with the hydraulic p ~ ~ b e  sam7&r'k, approximately seven locations 
.>!r -=a::=.. ...... >I& %. 

and collect a second deepe?iy~~~~%lili&a&'~%f -:. .... ::: 
these locations. Split one 

..... 

deep sample and ~ne,~&aJlow $&&&a;i.&nd . . . .  the samples to the laboratory ::. "?:. .:: >' 

for confiiatory,&Fjk!i$ ii $r;,82$C?ii~~~s. ... .... :: .::. Field samples will be analyzed ; .;; .=. I&.:: -. 
for field VOCs. -'i;, ''i~~Fii",:ii;";"'i =+:, '=.,: 

.:p - - .zr 
.:*i-i.i;, ". = .... .... ... .:L .:>. 

;?.. 
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,;s-'~;j ems>, %>. ;.:i. * -. -. -= "i- S$: ...... ::: , ,  ' ?  -- ..? 

hta&&deep \iBE1tito &ermine if chlorinated VOCs have migrated to the 
~! r  -ii, I ir 

~ o r k t o & , ~ k $ $ & .  The analysis of the groundwater sample should be for 
zx ... .... ? vocs, PAfi4i,&$ TPH, 

Install four shallow wells to 20 feet with screens from 5 to 20 feet. Analyze 

groundwater for 8240 VOCs, PAHs, and TPH. 

Conduct a 24-hour pump test of the shallow aquifer. 



Site 25-Inert Landfill 

Site Conditions 

Site 25 is an inundated borrow pit and landfill for inert debris located north of Potters Road 

on 26 acres of land (see Figure 1-1). In 1979, NAS Oceana purchased the land and 

received a permit to dispose of inert solid waste. The landfill is currently a disposal site 

for concrete rubble that is being removed from the flightlbe at2qpd the MATWING and ... .- .- -. ... ... 
FITWING aircraft parking areas. The station has been accq&i&$Lg concrete rubble at the 

.%? . .ii. 
,:-A '::. 

site since 1993. The concrete pile covers the landfill ru:p+/";.i'~b.~pal details on the site 
.;; 7:. .:: .:>:. 'b. =<.- 

history and ecology are described in the Phase I REF%$~~, ( c H ~ % & ~ L ,  1993). 
; .;,? '= 

74% .+ .:::= ..::. .- ... .- .:is:. 7::. ,;::. .. -. .. .- =. 
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Investigation Activities .-.,:.. 
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Prior to the RFI Phase I ~ a m ~ l i p g ^ ' ~ i ~ ~ ~ n u & ~ ' i p 9 9 3 ,  there had been no environmental 

;;. ii':,'.=':. :; 
.:I? .:!:. .5, :: 

=. i. 
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sampling at Site 25. During @$e - ... I &-h-n6;i.ahd surface water samples were collected 
= .";; ,.,. ;;: ,::; ''/i=:$. ."; .,.. 

from the banks of the bonwpik$ -:.. -. -:,-.. -. @eek=ttfaT' discharges from the pit. .<; .:;:,, ?z. 
. " =:. -. ... . . ..-;;;, . ";, ':B -.. ... .- ... ... -. -- .. ... -. .* ,d,r .:c .=. .:; .>? 

.= .. .= ?. i-. 

The RFI Phase I1 fi&d~>hyestig&~~ .- revisited Site 25 because the Phase I results indicated 
-::, 7% 

.. .. 
:: .: 

that pesticides and m e ~ ~ ~ ~ ~ ~ ~ i ; ~ r e s e n t  ... in the pond sediment at concentrations above 
-. -. 

.::!!:' 

potentially applicable ecologffal guidelines. CH2M HILL field personnel collected three 

sediment samples (25-SD4, 25-SD5, and 25-SD6) from the borrow pit in February 1994. 

The sampling locations are presented in Figure 2-5-1. The sediment samples were 

submitted to the CH2M HILL analytical laboratory in Montgomery, Alabama for analysis 

of total organic carbon, Target Compound List (TCL) pesticides, and TAL metals analyses. 

VOCs and semivolatile organics were not analyzed because they were not found to be 

elevated in the Phase I samples. 
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Data Interpretation 

Tables 2-5-1 and 2-5-2 present the organic and inorganic laboratory results from the 

Phase I and Phase I1 surface water and sediment sampling. Total organic carbon 

concentrations were analyzed to give context to the Phase I and I1 sediment sampling 

results. The proposed limit. for contaminants in sediment are based upon the percentage of 

organic carbon at the sampling location. This relationship required that TOC 

0.516, and 

0.415 percent organic carbon by weight. 

and respective 

(7.5 ppb). No 

at Site 25. 

Inorganic the Phase I detections of several 

heavy metals at metals detected include: arsenic, barium, 

beryllium, chromi and zinc. Results are 

consistent with 

Health and Environmental Assessment 

The four TOC samples (25-SD4, 25-SD5, and 25-SD6 initial/duplicate) collected at Site 25 

during February 1994 were collected and analyzed to give context to the analytical results 

from the three Phase I1 sampling locations. Because TOC samples were not collected 

during Phase I and it is not possible to resample at exactly the same locations, an 

assumption must be made about TOC concentrations at the Phase I locations on the basis of 

Phase I1 TOC sampling. Two criteria, the minimum and the average, were used for 

comparison to Phase I pesticide data. The minimum TOC concentration detected in the 
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ORGANIC COMPOUNDS IN SURFA JATER AM) SEDIMENT AT SITE 25 ' 

Februny 1993 and Febwry I994 
(All dnts In ppb) 

&nm(b)fluoranthene 

2-Methylnapthalem I0 390-410 6 j  e N A N A N A N A 



ORGANIC COhlPOUNDS IN SURFA vVATER AND SEDIMENT AT SITE 25 
February 1993 nnd Febmnry 1994 

(All data In ppb) 

was found in the associated laboratory blank as well as the sample. 
asd value betause it was detected below the accurately quantitative detection limit. 
was analyzed for, but not detected. 





INORGANICS m SURFACE W A ~ R  AND SEDIMENT AT SIIE IS 

Tim NA <11.7 NA 3.8 b NA NA NA NA NA f 
Cyanide NA c l . 4  NA c0.08 NA NA NA NA NA 
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w Port digcrtion spike for lumcc M analysis i s  aul ofranlml IimiU (85 to II5%1, while mm* ahrorbance is lcsr lhnn SOX orylikc ahmrhawc. 
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four Phase I1 samples was considered because using the minimum TOC concentration in 

the toxicological formulas creates the most stringent limit for the environmental assessment. 

An average TOC concentration also was used to determine if pesticides would be a 

problem at average TOC concentrations. 

Table 2-5-3 lists constituents detected in the sediment at Site 25 that exceeded potentially 

applicable federal guidelines. Because there are few established criteria for contaminants in 

sediment, The National Oceanographic and Atmospheric AdmMstration (NOAA) effects 
~:r- .+? 3 

range median (ER-M) sediment guidelines and proposed eco.bg#~l .- . . . .  .- pesticide criteria were 
A:. -. 

applied to give context to the contaminant concentrations.r!~9wir.;comparison -. - -. criteria are 
.:$?:!:. -%- ;:. 7; 

described in Appendix A of the RFI Phase I report (G*  HILL,&^). ...... ... 
-<. - .. 

.- ,z .??<!:. ..... -. 
.' I - -. ... ... -. . . . . . . . .  -- .+ ;;:. .< 

7:. -. s.;? <:. -. -. .::. 

The Phase I detections of phenanthrene and.jJgoran~@ee%ere .?? .y8~=:... below the NOAA sediment 
- .-.,. -> 2!:. 

> ":.. 
guidelines and the proposed ecological sed&@:<sk~~<5;i&1culated from the conservative 

.$; a '*..:. .-... 

(0.415%) and average (2.315%) .:. TOC,;valui& -. '<;'Tf$&&ntrations of 4,4'-DDE (27 ppb) .... '% *!? 

and 4.4'-DDT (25 ppb) in 25;~~+%&..abo'8~~&?1e .... .- .2:. 

NOAA ER-M guidelines of 15 and 
... - ;:: :?.-,,:~. .... :: .:. --- 

7 ppb, respectively. The co$k&ad~&"k'~:44PPb ... --. of 4,4'-DDT in 25-SD5 also was 
d,,+$%c2: 7%!;. *:: 

slightly above the ER-Mi''@&ie &7?Q, ppb. No ecological criteria have been proposed 
aF .= -7;*, .?:, y:. . . . . . .  .- -. =. - 7;. -" ... 

I:;;< 

for these pesticide cq!&jounds. '-: . . . .  
. 

5; = ..... .* .!b ... = 
ii 

- :  - -. -'- .&. .:? 3 ,,, - - ::. 
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Dieldrin is the only pesibjj/ii.for which an ecological guideline has been proposed. 

Dieldrin was detected in 25-SD1 at 56 ppb during Phase I. The dieldrin concentration is 

above the NOAA ER-M guideline value of 8 ppb. Because no TOC sample was collected 

at 25-SD1 in 1993, it is not possible to determine whether the concentration exceeded the 

proposed sediment criterion of 37.35 ppb. This value is based upon the most conservative 

TOC value detected in the pond during Phase I1 of the RFI. If a more expected 

(i.e., average) value for TOC is used, the sediment criterion is 208 ppb. The dieldrin 

concentration in 25-SD1 is considerably below this value. Dieldrin was not detected in any 

other sediment samples during Phases I and I1 of the RFI. 



Table 2-5-3 
CONSTITUENTS DETECTED IN SEDIMENT AT SITE 25 THAT EXCEEDED POTENTIALLY 

APPLICABLE FEDERAL GUIDELINES 

Compound 

Fluoranthene 

Phenanthrene 

Dieldrin 

4.4'-DDE 

4.4'-DDT 

Zinc 

Copper 
, j! : 3 '  ! " '4'' 

NOTES: 's!ll, ':!ijil, 
.:i ;:,, i$ ,:!!:, , .:I!,, .:I!:, :I!. 

: :  *;C!,' "" ,,r+!n :!!:, ':!!:;. '3!!!F.:!!!:, ... .!:. gr ':!!:, 
Compounds that were detected and exceeded potentially applicable guidelines are included in this table. "::zijii!"; ''!!:! .:$ "Ti:. :+:. 

" ji!:. 
'Sample collected in February I994 during the RFI Phase 11. All other samples collected in February 1993 during th&Fl  ~hak'j! .  ,:!I,: 

'Long and Morgan. National Oceanic and Amtospheric Administration. 1991. 
,,* 

.!pF ,,# !! ,7!L >:.. 
'EPA, 1991. .,I: ';%. ,i;iir ,:/!#, ':!;*#a 

'The proposed sediment criteria are based on percent organic carbon. ..,. 
... .::. .:js' .!!! 

The Proposed Sediment Criteria figures were convened from the Proposed Sediment Criteria for protection of Benthic 0$&isms Using TOC Values. 
'Criteria calculated using the lowest TOC result (0.415% organic carbon) from the Phase I1 sampling event. The lowest value was detected in the duplicate of 25-SD6. 
'Criteria calculated by applying an average (2.315% organic carbon) of all RFI Phase U TOC sampling resulu from Site 25. 
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(An Data in ppb) 
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5 1,020 pglg of 
organic carbon 

1120 pglg of organic 
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From Avenge TOC 
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<208.35 

NS 

NS 

NS 
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The zinc and copper concentrations in the three Phase I1 sediment samples were 

considerably less than NOAA ER-M sediment guidelines values. Sediment sample 25-SD1 

collected in 1993 contained 723,000 ppb of zinc and 746,000 ppb of copper. These 

concentrations were above ER-M screening guidelines. The maximum zinc and copper 

concentrations in the other five Phase I and II samples were 65,100 ppb and 8,500 ppb 

respectively. These concentrations are well below ER-M screening guidelines. 

Because surface water flows gently out from the pond, transport of surface water and some 
=ex+:, -. ... 

sediment via the ditch is a potential transport mechanism. ,&&$bntaminants are located .=. = . ?;; 

within the sediment and not the surface water. The seas&k%jggukulation - ... 
;. .sF 

and addition of 
.- .= .... '3. 'i. 

organic matter on the pond's bottom creates a cd$i&ent r&s$%m which inhibits 
,:;+? ,,g . .,. ..... .::. 

transport and erosion. Decomposing organic &tt& - ...... .J&% the corkminated sediment, .... .... .... " .,+- 

further isolating the contaminants from ero$@n. 1n3'qd&wn, it appears that the water in ...... .; r=-, .::. ... ..... .- .- -. ?:~. 

the borrow pond is generally stagnant and &t-&gbge;S<$f@y enough towards the drainage 
.:% :& -. ...... 

-a> 
<%L.. ,::r 

ditch to significantly impact and er@,&e -- p&&$$bttorn. . .i ::. J:. 

. -. : ..> 'L ::. z .. .. =. ~:: 
w k: ii ::. :: ...... = :: 

:z <, ...... : :: 'I :: . .  :: .i .... .. .:. Conc,usions and Reco-b~asl~;**I;~:~;9:q/i 
.. . . . . . .  - .... .:sm +:,- .?> 7:. 

..:. 
.:::. . . . . . . .  .::. - .- -. 

: .;+:a,- 
.<! i; '?-, :ii:. -. -.. 

.i ". ..' --= .:ii .'-=$, ...... ." 3. .=. .- - ;:. 
On the basis of thez&Ixtical .:= =. d3!&!:no 'hrther action is recommended for Site 25. There 

7; '-!; ,j  -7 
are several general and"b&=ii~'?eisons for this recommendation. The first is that the site 

: - 3  ./ - 
is adjacent to a field that h&b&gn farmed for years. The reasonable assumption is that the 

farming rather than the landfill is the source of the pesticides DDE, DDT and dieldrin 

found at two of six sampling locations. These pesticides are highly persistent. DDT was 

banned over 20 years ago in the early 1970s. yet remains in the sediment along with its 

breakdown product DDE. It is unlikely that Navy activities are the source of the pesticides 

because the Navy purchased the land in 1979, several years after the DDT ban. 

Concentrations of dieldrin and DDE were only slightly above NOAA guidelines in one out 

of the six samples and DDT was slightly above NOAA guidelines in two out of six 

samples. Average concentrations are well below NOAA guidelines. Furthermore, the 



authors of the NOAA document (Long and Morgan, 1991), caution against the use of these 

values as regulatory standards. They are statistical effects data only. 

This last comment also applies to the zinc and copper concentrations in 25-SD1, 

particularly considering that the NOAA values are from a variety of marine, brackish, and 

freshwater environments. A review of the NOAA data for other freshwater environments 

with mean concentrations close to the ones in 25-SD1 does show that there are sites with 

lower mean concentrations where some toxic effects to test,;.species -- were observed. 
...... 
2:. = 

However, there also are freshwater environments within the.,,Ff@kA database of zinc and 
; 'i; 

copper effects where there were no effects even thoug&'&i%$k~~ , . .=. ... concentrations were ... .:::. ...... ..... .- .:: ........ .- - 
above those in 25-SD1. In either case the basis fa~;'!~&~ariso$$&e . . . .  NOAA database 

ii :/. , . . . . .  . . . . .  ..... - .. - .:. -- 
concentrations should be mean, rather than ma~in&&~s&%nt conc;ntrations. - -::- ;<:. ?* ~.-- -. . . . . . .  ... ....... - . . . . . .  .... 

i/:. ....... =. .... ... . -:=.. . . . . .  2:. .* .::. 

The fact that only one of the six sedimentr;'i~$i%+~~~<2&hations .r+ :$ ..:.. and neither of the two 
...... .... 

9:<::., . : ;5 

surface water concentrations was elqy&d .. al& '&~~ck~ ..m&iderations. The 25-SD1 values -. :i. .:? 

are clearly anomalous. The prq@&=ii"@!Q5 &&I study was to compare effects to mean 
;r SF ,.. =..~ --.. 

concentrations. The mean a n d $ s  of the sediment concentrations in the six - .- 2:' - .:?~ -- 
.*6*2%:=:,, 

.-. 
samples were 146,000 , . s ~ ~ u 9 ~ ~ ~ r i p & f 9 r  2c' ..,=. zinc and 129,000 + 276,000 ppb for copper. 

, ,  ; :  :i;. .:: . :/i ": .%. >F -. 
Both means are b e l q y $ ~ - ~  .... vhl&s. Because high zinc and copper were found in only .;; 3:. 

.ZZ> .:::. ;B 

one sample and the mC!&nc&ti$tions =+;, .:;: .:!~. for the pond are below the non-regulatory ER-M 
. .Ii. .:/ii 

screening guidelines, no a&&&al study of this site is recommended. 

Furthermore, the principle means of remediating the sediments at 25-SD1 if this were 

recommended probably would be to dredge them. This action would release the metals- 

laden sediments into the surface water and enhance their transport to other areas. Because 

remediation would tend to be destructive of the pond and there is evidence that constituents 

are not distributed broadly throughout the pond, no further action at Site 25 is 

recommended. 
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Appendix A 

Drilling Activities 

Introduction 

Forty-one shallow monitoring wells were installed at seven sites as part of the Oceana NAS - -. 

Phase iI RFI and CMS field investigations. Other drillin&'&vities -. .:. included 17 soil 
.- ... 2:. ... 

borings, installation of 20 piezometers, test-pit excavati.~~~:,,:~d=~~.u~erin~ -!& ?:. 
,L7+-. 

using a small 
;:=. ..s' 

power auger at Site 2E. The drilling, well install@?$, and ' t & - ~ i  ... excavations were 
.:? ,<:. . . . . . .  ...... 

performed by Rock-Ray Drilling, Inc. under the&@bisf$& of CH% HILL personnel. 
4:. ,:;<:. ... 

These activities occurred in four separate drilling ........ ph&$ the to weather complications and .......... .- ... .::. .=. .- 
the need for iterative site characterizatiogi .. ....... _ ; ~ ~ ~ & : - @ 8 ~ % c t i v i t i e s  . . . . . . .  of each phase are 

-. .- 7;: '!?: 2 ... .= ... .3 ...... ..../l.i.. :.i summarized below: :=:,;.. :: . : . ... ..... .:. -- ::. i:.::. ... ., .; .;* - = ,e:. 
d' : : :  'b 

.:? _= -- I 
'E. 1: 

-. ... .::. ::. =. :: 
?. .:: 

/ ...... -. ... ...... = % 'C ... ...... :/i ?.. ._. .;/ ..... February 21 t o ' ~ ~ & ' ~ , ~ & ~ ~ , ' " 7 M o s t  monitoring wells were drilled and 
.... .... =. .? ...... ... 

installed ~ i l ~ ~ ~ ~ & i i , , ~ = ~ C ~ f w 1 6 ) ;  Site 2B ( 2 ~ - ~ ~ 1 7 ,  2B-MW18, and 
: .... : :  . . .  .- ....... ... 

2B-m'ig$; ('&ZUW14, 2C-MW15, 2C-MW16, 2C-MW17, and ..... .(; ";. .. :: = ... 

2C-Mg$8~-Site~m 9 ':;-. (2D-MW4 and 2D-MW5); Site 2E (2E-MW4, 
... :...... .-:;,, ,<? ,:r 

2E-MW5, 2%@6, 2E-MW7, and 2E-MW8); and Site 15 (15-MW5 and 

15-MW9). In addition, 9 piezometers were installed for the Site 2B Air 

sparging pilot test and 17 soil borings were drilled and sampled for soil at 

Site 1. 

April 11 to 15, 1994. The remaining monitoring wells at Site 15 (15-MW6, 

15-MW7, 15-MW8, and 15-MW10) were installed during this phase. The 

delay in the installation of these wells was necessary after an exceptional 

rainfall that flooded the Site 15 drilling locations and made the locations 

inaccessible. 



May 11 to 12, 1994. After receiving the analytical results from the newly 

installed monitoring wells and select existing wells, CH2M HILL and the 

Navy determined that additional contaminant characterization was necessary 

at Site 2B and Site 2C. Three shallow monitoring wells were installed at 

Site 2B (2B-MW20) and Site 2C (2C-MW19 and 2C-MW20) during this 

phase. 

September 19 to October 5, 1994. After additi:& review of the data for 
$5:. .::: 

Sites 2E, 15, and 24, CH2M HILL and the ~avfifoncurred that additional 
.,F ,<i'.., 'i 

2:. ... - -,*. 
monitoring wells were necessary to enha~g&hafikqe&ation of these sites. 

.:i" *i. ::.. .... -. 
: '"- 

A total of 16 monitoring wells w4:&ta&d . 
.ii .:: 

durik:i;this field event at 
... -. .::. ... 

'It ." 
Site 2E (2E-MW9, 2E-MW10, 2 ~ ! ~ f ' $ $ ' i i i ~ ~ - ~ ~ 1 2 ,  and 2E-MW13), .- .:: .... - 
Site 15 (15-MWll, 1 5 - ~ ~ ~ $ ~ ? 4 = ~ 1 3 ~ ~ ~ 5 ~ M W 1 4 ,  - . =:SL.. and 15-MW15), and 

;: ,..+. .-.I;::.. .::;:..::::. 

Site 24 (24-MW1. 2 4 - M W 2 , 3 4 i m 3  :!: .:; .:? a+:%::..tFr '2qfdw4, 24-MW5, and 24-MW6). 
... - ... ::. ?!-. .e!i' "-' 

In addition, the f ~ l l ~ & ~ ~ ? ~ k s  . . . :: 'weE= completed: 
:: ? ?. :: 

.- .. - .- ::. = 
;: :<$:' : ;;; 8 ;  -. ... = -. .... ;= .:- .j/ .:. -. .:::. ::../(. .:+- ?& .:? ....... =.. :? 

.:i. : ... '" .... ::;:. . . . . . . . . .  
- An ex-tih.'&&l (2~i-Sw4)  and an observation well (2B-Owl) - 

.:ii 
...* ...!>,, 'a!>, 'E .... -"_ ;d;*:i:,?wy&. ipE,i"& 2B 

. . . . .  . . . . .  . . . . .  .:: . . . . .  .- 
::. .= .ij ... - -& 

- .. 
-. .... - -. 
".;, 5 .. - .... - -. ... - - .:. ... .:. .. .. - -. .=. 

- A2'&&f$6g well (l-EW1) and five piezometers were installed at .... ... ... -. .... .:: ....... ...... 
Site 1 '; 

- Six piezometers were installed and ten test pits were excavated at 

Site 15 

The extraction wells are 6-inch-diameter PVC wells installed to 25 feet with 

20 feet of screen. 



Shallow Monitoring Wells 

The boreholes and 2-inch-diameter PVC wells were drilled with 6-inch inner diameter (ID) 

hollow-stem augers (HSA) using either a Mobile B-37 drill rig or Acker AD-2 rig. The 

6-inch-diameter PVC extraction wells were installed with 8-inch ID hollow stem augers. 

At some drilling locations, an all-terrain CME-55 drill rig was used due to limited access. 

CH2M HILL geologists recorded the lithologic and geotechnical characteristics of the split- 

spoon samples, which were collected at 5-foot intervals. . z!#!::.2$P' ~ ~ 8 2 a ~ ~ e n d i x  includes the 

drilling logs for the newly installed monitoring wells and .:/: thrd._e&.ting I wells at Site 15 that 
... ;. .:i. .=& ". 

were installed by R. E. Wright Associates in 1982. ~ t , ~ t i t & ? . n c l ~ s ' i ~ e  ,.> test pit logs from 
.:3r? ,><?'' 

..: :::. i:. .... 
.::- .<:. li; ,;I' .. . . . . . .  Site 15. .- .. 

-7 %. 
-. 

.:.? .:::. ,::. *:: .. ... .=. .'. .:= -.. -. ..... .... - ..= ,:;:. 
: : .P' .... - -. . . . . . .  ....... ... .- 

All monitoring wells were constructed a d ~ ~ Q p e d 1 + ~ 9 ~ " & ~ ~ r i b e d  .:: .:=.. in the Phase I RFI 
.. '&"::i=,, ."' .>:, >:. 

Report (CH2M HILL, 1993) and as specifi& =. = tk,F&$t?f'and .ii .. -~. Phase 11 RFI work plans 
...... ....-.-.=.. ::. 'iif "3' 

(CHZM HILL, 1992 and. 1994). .:/:. A/i, ,3::'&@~-lhe.$;ibes -. .. the results of power augering at 
:> - ..... = : : : : :  s. '5: 

Site 2E. Table A-2 lists t h e : ~ $ ~ & , ~ € l p n ' ~ & f i c a t i o n s  .:$-, ...L.. .. 2.... ......*.. a;= for the new monitoring wells. 
.:% i:. ::. .=:. .. 

Fifteen-foot well s~reens~:,+wmf:~.usai 6 modtbring wells at Sites 1, 2E, and 15. The 
.??- .......>>.. -iz::. -5% 

screens were i n s t a l l & i ~ ~ s ~ ~ o s s ~ : ~ & 5 w a ~ ~  .= .=. table to capture suspected floating free-phase 
%:. .A. ...... 1: .. 
.=.. .s=. 

ii. 1 - .. 
. . . .  ........ I //: 
. . . .  ... . . . .  contamination. .:=, .... .::. .::. . . . .  ..... ... -. ... .,*, Yyi:. .::. ,:;? 

-:!:, .:=::> .:. ... ?. ::: .... .... .... -. . . . . . . .  . . . . . . .  ... ....... .... .::. .-- - 

Test-Pit Excavation 

Objectives 

Because the shallow soils and several groundwater samples at Site 15 contained elevated 

contaminant levels, CH2M HILL and the Navy added a test-pit excavation task to confirm 



Table A-1 
SO= BORING CHARACTERIZATION AT SITE 2E 

February 1994 
Page 1 of 2 

... - .=. ... ... -. ... .::. -. ... .- ... ... .. ... .. 



Table A-1 
SOIL BORING CHARACTERIZATION AT SITE 2E 

February 1994 
Page 2 of 2 

encountered between 3.0 and 4.0 feet. 

NR - Not recorded. Instrument readings were not recorded because the wet weather 
conditions at the time of the drilling and probing caused the instrument to malfunction. - 



Table A-2 
INSTALLATION 

Well 

1-MWlO 

2B-MWl7 
2B-MWl8 
2B-MW19 
2B-MW20 

2C-MW14 
2C-MW15 
2C-MW16 
2C-MW17 
2C-MW18 
2C-MW19 
2C-MWZO 

2D-MW4 
2D-MW5 

2E-MW4 
2E-MW5 
2E-MW6 
2E-MW7 
2E-MW8 
2E-MW9 
2E-MWlO 
2E-MWll 
2E-MW12 
2E-MW13 

15-MW5 
15-MW6 
15-MW7 
15-MW8 
15-MW9 

15-MW10 
15-MW11 
15-MW12 
15-MW13 
15-MW14 
15-MW15 

24-MW1 
24-MWZ 
24-MW3 
24-MW4 
24-MW5 
24-MW6 

Total borehole 
depth does not equal the bottom of either the screened interval or sand interval because the driller overdrilled 
to facilitate well installation. 

MONITOREVG 
FIELD 

Grout 
Interval 
(~ee t )  

0-2 

0-5 
0-5 

0-4.5 
0-5 

0-5 
0-6 
0-5 
0-6 
0-4 
0-5 
0-5 

0-1 
0-2 

0-1 
;O;ki.; 

.,:. ..:; .= .&&_ -. :$ .. . .::. - 
?.~.< .. -. 0-1 3 :=:. - 
kL .\,,,&#::',e,e .ches <:. :. 

.>:. 
I:. '=. ':!gJid. - 

-%A sL;:;,! .%. ::. - 
'!:. o-l ?V 

: /i 

.= ;? 0-1 
,:- 

ii:< 0-1 
0-1 
0-1 
0-1 
0-1 

04.8 
0-1 
0-1 
0- 1 
0- 1 
0- 1 

0- 1 
0-2 
0-1 
0-1 
0-1 
0-1 

from the well 

RECORD OF 

Ground Elevation 
(~t. Above MSL) 

17.1 

21.7 
21.0 
18.2 
19.1 

19.5 
18.2 
18.8 
18.4 
18.2 
20.6 
19.4 

22.4 
22.3 

20.7 
20.4 
20.5 
20.9 ;..<'- ... ... :. 

:.. 
20.4 :=: 

20.7 -;=:_- 21A"' -.-.. :.. .=:. 
20jO+!.;;-:~-, .:=. .=. 

7, :,2q. ..,. 

'=A+g~%+:, 
.... ... :. 

18:;4e,, .... :?+&= . . 
17.9 ':!\& .:$ :+,. .:;> 

16.6 - 
17.8 
18.3 
17.8 
17.3 
17.6 
16.1 
17.7 
17.3 

17.0 
16.9 
16.0 
17.3 
17.0 
17.7 

depths are estimated 

WELLS 
INVESTIGATION 

Bentonite 
Interval 
(Feet) 

2-2.8 

5-8 
5-7 

4.5-7 
5-7 

5-8 
6-8 
5-8 
6-8 
&j ,P' 
5-7,,,P'; 
5& .... 

.I/ 

7 
i. :& :*23= .. +.. 
... .. :*, y3-y;3 ., 

:% ,:+::- 

T:?: w. ,:? .- -.. 
1-2: 

::&, :i727& --.:. 
:;&. . =3=:lZ9 '::. 

.:~&.5-2 
1-3 
1-3 
1-3 
1-3 

1-2 
1-2 

1-2.3 
1-2 
1-2 

0.8-2.1 
1-3 
1-3 
1-3 
1-3 
1-3 

1-3 
2-3 
1-3 
1-3 
1-3 

1-2.5 

logs and drilling 

INSTALLED 

Sand 
Interval 
(Feet) 

2.8-18.2 

8-21 
7-20 
7-20 
7-20 

.. -. 
8-21 ,:=' 

81#::!:s,, 
. . . 

&:!:+!Y~~ - - 
:!iq.= 

' ,-=6-19 .,:. 
z F ~ ,  

-=326 ;, .;:. 
... 

"ii; ,b $$20 
=<s,-?& .... .... .> 

.&. .:. - -"3-22 
:i:+!c+2-20 

2-20 
2-18 
2-20 

2-18.5 
3-20 
3-20 
3-20 
3-20 

2-18 
2-18 

2.3-18 
2-18 

2-18.5 
2.1-18 
3-20 
3-20 
3-20 
3-20 
3-20 

3-20 
3-20 
3-20 
3-20 
3-20 

2.5-19 

field notes. 

DURING RFI 

Screened 
Interval 

(Feet) 

3.2-18.2 

10-20 
10-20 
10-20 

;!!=9.5-19.5 
-. - 
10-20 

+cG.. 10-20 
310-20 

b= 
+:;. @q 

3,lTi: =. .- 

91% 
10-20 

8-20 
10-20 

4.5-19.5 
4-19 
4-19 
3-18 
3-18 

3.5-18.5 
5-20 
5-20 
5-20 
5-20 

3-18 
3-18 
3-18 
3-18 
3-18 
3-18 
5-20 
5-20 
5-20 
5-20 
5-20 

5-20 
5-20 
5-20 
5-20 
5-20 
4-19 

At some 

PHASE WCMS 

Total Borebole 
Deptha 
(Feet) 

18 

24 
24 
20 
20 

24 
24 
24 
20 
19 
20 
20 

20 
21 

22 
23 
23 
18 
20 
20 
20 
20 
20 
20 

18 
20 
18 
18 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
19 

wells, the borehole 



the presence and extent of free-phase hydrocarbons at the site. The objectives of the test- 

pit excavations were to: 

Observe free product accumulation on the water table in the test pits. 

Observe any evidence of freeproduct in the soil zone near the water table. 

Complete a visual inspection of each pit an@!";se -. .- health and safety 
.>:. -- ...... 

monitoring equipment to evaluate contaminant+L'ds . . .  semi-qualitatively. 
: .:;:E., -%.. :s .:#r -++ '>%;:, 

.:!L':&z+- - -. ... ...... ' *  Tib .;" .C .:* ::. 
.=. - 'ig -=. 

..!;, :'&, 
Develop stratigraphic cr~ss-sections.~df~e &al low-~mrface  geology to 

" -8'; -,e=~,;F = '3. 

complement any potential remedial '&si&:'kpt:rations .:: in the future. 
... -:. .- 

.s=... .? =. 
2:-  .-,r=% 

. .=. 
.... - - .... .=. .::.. 

:b -..., ~-=!:*:- -. -. ....... .- -*: a.? ,,,- -::: :=,, .::=:::?,' 
Excavation -; " .-:;- .-. =:,. .- .... :,, . i. :k ,,,.! :. ,;.+:L.;i,ii. .. -%. 

ii ?:. 
= .:::. =. 

.%. 
.::. 

./:. / / .  .=. 
:z .::- ,.*: :::*LZ<$ y= ::. =. :: :: 

=. .- .. - .. ... :> .i 

>..... _: ...... 
The excavation of ten test pits 1:3'~@~q&~eted in two events on September 26-27, 

: : - :  ?:: 

1994, and on September .::. 28- i , ,16 .  .*;. 'ii. -:@ock:&ii .=;. Drilling of Virginia Beach performed the 
.::. ;,?==;::: .- .$, 'r .  

excavation using a .. ba.-. ::. ' l ' h$f ina l ; i~s  .. of excavation extended several feet below the .:: .... -. ... z. .... ...... - 
water table, which $&:&proxi&t~ly .... 7 to 8 feet below grade during excavation. CH2M .;. ;i;; .::;I. :;; .... .* 

HILL provided health and&~f&@"monitorin~ -. ... over the course of the excavations. After ... .... .::. ...... 
excavating each location, CHZM HILL allowed the conditions on the exposed water table 

to stabilize for a minimum of 12 hours. 

At the end of the stabilization period, CH2M HILL field personnel recorded observations, 

monitored the atmosphere in the pit, and completed test-pit logs documenting the 

stratigraphy of each pit. Detailed logs of the test pits are found in this appendix after the 

monitoring well logs. After the inspection, Rock-Ray Drilling promptly backfilled the test 

pits. 



Health and Safety 

CH2M HILL monitored the atmosphere continuously throughout the excavation work using 

an Organic Vapor Monitor (OVM) and explosimeter. The atmosphere monitoring targeted 

three locations to ensure worker safety. OVM readings were collected from: 

The breathing zone supporting the individuals involved in the work 
.".." ::. //: 

::. -. ... .- ... .::. _::. 
i' 

Within and immediately adjacent to the soil-c&&&~gile - =.:= where the excavated 
- ,:r ?!$& ?ti&, ... ": ... :!" =. ... 

soils were placed temporarily ... .::!=:. ?:, ... .=? . . . . .  . . . . .  - .Si 

.:.. . . . . . .  .- - 
.:; .:r ...... - ...... 

;:. .::. ....... ... ........ 
-::, .=. . . . . .  ..... .e;:4::..:.!7 -. ... .:r-,:, -. ,:. 

ii/. .::. ... -::. .&:. .:!= .... .=. ... 

At depth within the test pit, e s p e c i ~ ~ ' ' i ~ ' @ ~ t l y  above the water table, to ....... .... ..... -. 
'ij; ''. ........ -. -. . . . . . .  ... .- identify areas of volatile con@$iiieiQbn -4%. .?I; .. 

:: ;;:;= =::,,, -'-::L .=..: :' 
, : ...=,. .-::+:<=. 
?h, ::. :? 

~~~~ 

+ $; .::< .::=&.* .:? ... ./ .:: _ .. ..ii 
>....=+.... ;;. ,-". ." -:' .. . 2r 

Because the continuous air m o n i t ~ i ~ $ 8 . ~ l t s ~ ~ ~ h & e d  .::. ,::. .. elevated concentration of organics, 
;-- ... ;. B - .::. =. 

li ...:.:;;;; =. :i. 

the test pits were excavated iag&vg1 ...... ;. . ~ ~ . r s ~ $ i ~ r o t e c t i v e  equipment (PPE). The OVM 
; ....... ." 7 .  ..... ... ?: . . . .  ...... 

readings in the breathingl,a-r$Edp6~m '%aikground to 60 ppm. The highest readings 
.:;. -=, .=. .:i . : : :  " =. 

were close to the scj$'.@itting~1::~$k. .I .,:. ..... ri'i3%$vated readings were also triggered by the soil 
li:. - -. =. :: 

removal and d ~ m ~ i n ~ ' ~ t $ i k y  .... of &d;backhoe, which increased the release and dispersal of 
.::!& -f2<>. .:? ,:;:? 

the vapors that were othe&i~?'&~~ed .... ....... in the soil-pore space. The OVM readings recorded 
...... -. .::. ..... 

directly from the soil cuttings were from 0 to 285 ppm; whereas the readings at depth in 

the test pits commonly ranged from 30 to 188 ppm during the excavation. The organic 

vapors in the pits dissipated somewhat with time such that upon return to the site after 12 

hours, the readings had decreased to 0 to 81 ppm. 

Contamination and Extent 

On the basis of instrument readings recorded during excavation and geoprobe soil 

sampling, there appears to a significant amount of shallow sub-surface soil contamination; 

however, during observation of the test pits no free product was clearly evident in soil or 



on the water surface. The pits were placed in six alignments. Several alignments had 

multiple test pits. The locations of the test pits are illustrated in Chapter 2. The overall 

pattern of contamination is summarized in Chapter 2 also. A synopsis of the field notes 

describing each test pit follows. 

Test-Pit Alignment 15-TP1 

This alignment consists of two test pits straddling the horse-trail,~e$r .- .::. 15-MW6. The OVM 
.//? _::. 

at depth in 15-TPIA registered 143 ppm; however, there &;. $evident free product or 
J:' ,<;:.=;, .:::. 

sheen on the water table. Test pit 15-TP1B c o n e  .:.. .- rt-kn+bb~y, material scattered ... ::. .::. .?. .ii. 

intermittently across the water table; however, the"T&e&l did &&-tPpear to be free 
a ,:? :g: ..:: - ::. ,::~ -. ... 

product and its thickness could not be measured. %&:. ' =  ... .::r .... .?. ..... .?. ~~ 

.::. -*::.. =;, ':: = 'k. 
.... .:/:.. ?:.. 

= , '-=.. ... :: . .  ....... ...... ............. . . . .  . X'.. ... , ?i+i :r; "::>;:+ ..;.. . . . .  ...... .... Test Pit 15-TP2 .!;::: .?= .:!+ +:' , ;:=:!:%.. .... .... ii .;G: ..... ..:::: ... .; .;"' .. - .. ..L .- i l  .::. 
;r' .;:; :; 

=. ..- 
... .~:.-~ ... ::. :: 

/ .  ::. .:: !! . . . . .  . . . . . . . . . . .  .. ~.. 
...... -- .- 

::. :: ... -. ... 
:i Cj. 

7 :: '. " ....,- >.% ::*. >, .s 

All monitoring of the soil cuttii~gsj~p~&&~th~&&one -;. .::a,- .. during excavation and inspection of 
... .= .... .. ..... 

this test pit indicated a . : i ~ ~ t & ~ , ,  &pos&&e. No free product or petroleum sheen 
: : :  ' 'ii; ik. ...... -- - 

evident on the water "5. .:::. :du . ,7&p.&&n.  .. 
.. .= .. -. ::. .... 3. .... .... '3::. ... .... 

.:% 'a!:. 
>l; ,- 

'7s:. .::.. .:v .:!: 
.-=+<> ':&= ,,+; = .:?: .:. .= 

Test Pit 15-TP3 .:I$;, -- ... -. .- .;:. -. ... ,G- 

This test pit, which was located near 15-MW9, contained heavily contaminated soil cuttings 

that produced OVM readings that ranged from 188 ppm to 285 ppm at a depth of 3 feet 

below-grade. The water table at this location had a bubbly, scum-laden appearance and 

exhibited a reddish-orange color. No free product was evident. 

Test-Pit Alignment 15-TP4 

This alignment, consisting of three test pits, extended approximately 200 feet across the 

southern portion of the site. No free product was evident in any of the test pits. At 



15-TP4A, the silty sand cuttings from approximately 5 feet below grade to the water table 

contained brown, streaked patches and generated OVM readings of 175 ppm. At 15-TP4B, 

which was 15 feet north along the alignment, high OVM readings of 125 pprn were 

recorded from soils 3 feet below grade. During inspection of this location, brown bubbles 

and a scummy material were noted on the exposed water table; however, there was no 

petroleum sheen. A third test pit, 15-TP4C, was excavated approximately 150 farther 

south along the alignment. While the OVM registered 3 to 25 pprn above the cuttings and 

in the breathing zone during excavation, the water table ape-wed . .:;:. to be clear of free 
...... 

product. No iridescent sheen was observed on the water, a p d ' i r t @ c ~ ~ ~  .+ .:.. -. at depth in the pit 
... .:>.=. .......... .-. 2. 

registered 0 ppm. The water was gray, which was p r g w -  duii,t&i@e natural silt in the 
. ,;r ':!!:. -+:. ... ,:< .:;!:' .- ... -- .?%. . . . . .  ...... ...... .s:. ::- 

-. .=: formation. ... =. .=, -:. .- -. ..... .. .. . ;!:. :: 
.::% ... ... .: ;!=$ -:. 

.a:. .=. . . . . . . .  . - . .  .::. .... .... . . . . . .  ....... .... .=. .... 
.;;=a- ... . . . . . .  . . . . . .  -. .... .::. ......... Test-Pit Alignment 1.5-TP.5 ...... . . . . . .  .. - 

..'i:;.. 
- .- .::, ..>. 

-2, . ".> .. 'ii: ::. /.-=.. -:. :: : .... i;;;;.. '.Si ....... 
>2<, :Cii: .-.=: ::!!, .-a*:,.. '* ...... ..... 

:!!> .-,2faa7 .::? :::::%::..::J*~ .... 
.:: '7 ." ...... .- .. 

There were two test pits excavatd'~::~&g .::. .s:. -. :: thi4 Gknment. The pits were approximately 
-. ... - :: ... ...... :: -. 

?-.. 
. B. 

15 feet apart. During i n s p e c t ~ ~ $ 1 5 ~ ~ ~ ~ , K ~ ~ & + c ' ~ n ~ a t e d  _. .... _:. .:. .:_-=:. soil cuttings and produced 
........... ... .;;; ,;= ". I' ..... 

OVM readings of 57 ppq,i~!t& .;:. $a,. $he w&r table in 15-TP5A was slightly discolored, 
.=. '?$ !>:. ':!:>~ .-.. ........ .... -a:. .... 

with reddish-orange ... :Wbbles.'"''iQ4j, <:. . . . .  th&;.aher hand, 15-TP5B, which was approximately 
,:: .... - .. ...... - = 

15 feet north a~on~"~&';'~li~nn$nj, .... ... 
had neither free product on the water table nor 

: .:::. :::: 

contaminated soil cutting~!:i,+A?f;~~ .:= .., readings were background during the excavation and 
.;: ...... - 

inspection. 

No free product was evident on the water table, but a slight rainbow-colored sheen was 

observed. The OVM registered 122 pprn at depth in the pit, and 25 to 110 pprn above the 

soil cuttings. Orange-red bubbles were observed along the edge of the test pit. 



oject Oceana Job NO. 8280 Boring No. .,"-I 

cation Old Fuel . ~ a n n  - Classified by RCB Sheet- of 2 

r a ~ t o ~ .  Herbert Assoc. _ Driller R. Sraar Ground Surf. Elev. 18.41 
of Advancing W i n g  snlit - soo- static Water Level 2.3' 

Started 11/22/82 Date Completed 11/24/82 

Sediment Construction 
Description and 
Classification 

1.0'-2.0' s; NO fuel odor 
Dark gray; fine sand, moist, 

NO fuel odor 
-0'-3.0' AS above. 

3.0'-4.0' e: 
Medium brownish-gray; fine sand, NO fuel odor 
very moist, soft. 

4.0'-5.0' As above, saturated. NO fuel odor 
medium stiff. 

5.0'-6.0' As above. NO fuel odor 

No fuel odor 

little silt, moderately well 

7.0'-8.0' As above, little to No fuel odor 
some silt in pockets. 

No fuel odor 

coarse sand, vcll sorted, some 

NO fuel odor 



'IUject Oceana Job No. 8280 Borinq No. MU-1 

aca t ion  old Fuel Farm . Classified by RCB S h e e t 2  of 

tractor Herbert ~ s s o c .  D r i l l e r  R. Seaw Ground s u r f .  E ~ C V .  18.4' 
kthod of Advancing Boring split-Spoon Augering s t a t i c  water ~ e v e l  2.3' 

late Started 11/22/82 Date completed 11/24/82 

u 
(r - 
c 
0 -.I 
u 

0 

4 Y 

- 

construction 
Detai ls  

and Remarks 

C 
0 
4 

a 
Y 

c 
8 

O H  r( 

-4 

4 

Ca 4 
u 

No fuel  odor 

sw 

SW 

SW 

13 

13 

10 

9 

7 

11 

9 

13 

20 

18 

20 

22 

- - - 
2 - - - 

12 
- - - 

F - - - 
1 4  
- - - 
15 - - - - 
16 

- 

3 

c 
u 

c i  L 
8 
I 

s 
V) 

511  

j12 

S13 

j14 

515 

516 

Sediment 
Description and 
Classification 

 lows per 
6 1 n .  

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

- 
5 
8 

10.0'-11.0' A s  above. - 
11.0'-12.0' A s  above. No fuel  odor + - 

- - 
12.0'-13.0' A s  above. No fuel  odor - 

-. I 13.0'-14.0' A s  above No fuel  odor 

.:::. 
: . -:: . . 7 

I:::: ...... - 
14.0'-15.0' A s  above. .:::: N o  fue l  odor ....". . .::. -.:... . . - a  ..:. - - .... . - . . ..- 
15.0'-16.0' A s  above. . . .'.'.. : No fuel  odor .....:: - . . . . .: 

U 
0 
C 
u 
Y Y ' 
" 
8 2  
u.rr "as 

.. L. . . . :: .. . . .. . .. - 
I - - 
- 
- 
-. 

- - 
- 



...' ? I,. .'h; I.: .... :..I'I\::.: 1, '.: Slli I L I  

Bro~ect Oceana Job No. 8280 Boring No. MW-2 

acation old Fuel Farm . Classified by RCB S h e e t 1  of 2 

 tractor Herbert Assoc. Driller R. Seaqe Ground Surf. Elev. 17.6' 
tthod of Advancing Boring Solit-Sooon Auserinq Static Water Level 1.3' 

late Started 11/22/82 Date Completed 11/30/82 

u 
Ir - 
c 
0 
4 u 
4 

r( o C 

- 1 0.0'-1.0' Topsoil and Silt; - 
- S1 Dark gray; little fine sand, 17 

slightly moist. friable, medium 

1.0'-2.0' Silt as above. 

2.0'-3.0' Silt; No fuel odor 
Dark grayish-brown; little very 
fine sand, trace clay, slightly 
moist, friable, medium stiff. 

3.0'-4.0' Silt as above. No fuel odor 

No fuel odor 

medium stiff. 
5.0'-6.0' Silty Sand; No fuel odor 

6.0'-7.0' Sand; No fuel odor 

moist, soft. 
i.0'-6.0' e; No fuel odor 

8.0'-9.0' Sand as abcve. No fuel odor 

- Trace fuel odor 
Medium gray; medium sand, 
moderately well-sorted. moist, 

~onstruction 
Details 

and Remarks .' 
5 
3 

C 
0 
4 

3 
u 
u, 
u 
C 
0 

4 O  
S 

al 
0 
c 
0) 
Y Y  

0 2  
w w  

# S  
U1 

Sediment 
Description and 
Classification 

- 

0 
a 
4 
C 

S Z  

Blows per 
6111. 

e 
u 

2 ;  
al 

6 "  
d 



m j e c t  oceana Job N o .  8280 Boring No. MW-2 

>cat ion o ld  Fuel Farm C l a s s i f i e d  by R,-- S h e e t 2  of 2 

.=act= Herbert ~ s s o c .  D r i l l e r  R. seaae Ground Sur f .  E l e v . m *  

rthod of Advancing Boring - S t a t i c  Water Level , T S  

s te  S t a r t e d  11/22/62 D a t e  Completed 11/30/82 

Sediment 
Descr ip t ion and 
C l a s s i f i c a t i o n  

11.0'-12.0' Sand a s  above. No f u e l  odor 

12.0'-13.0' Sand as above. Trace f u e l  odor 

13.0'-14.0' Sand a s  above. L i t t l e  f u e l  

14.0'-15.0' Sand as above. Trace f u e l  odor 

15.0'-16.0' Sand a s  above. Noderate f u e l  

16.0'-17.0' Sand a s  above. Moderate t o  

17.0'-18.0' Sand a s  above. Moderate t o  
s t r o n g  f u e l  

18.0'-19.0' Sand as above. NO f u e l  odor 

19.0'-20.0' Sand a s  above. NO f u e l  odor 



J O ~  NO. ~7110 Boring No. - 3 'ro ject oceans 
acation old Fuel Farm Classified by JST sheet- of 2 

rractor-  ill^^ R. Ground Surf. Elev. 18.8' 
ethod of Advancing Boring split-swon Auqerinq Static Water Level 2.7' 

late Started 11/23/82 Date Completed 11/23/82 

Sediment 
Description and 
classification 

st, friable. 

Trace fuel odor 
Dark grayish-brown; some very 
fine sand, moist, stiff. 

Strong fuel 060 
lso a septic od 2.0'-3.0' Silt as above. 

strong fuel odo 

Medium greenish-gray; fine sand. 
little silt, trace medium sand, 
moist, friable, soft.- 

4.0'-5.0' %; Strong fuel odo 

Dark grayish-brown; some very (Driller says st 

fine to fine sand, saturated, fuel odor is 
coming from well. 
Strong fuel odo 

moist.cohesive. 
6.0'-7.0' sandy Silt as above. strong fuel odo 

7.0'-8.0' Sand; Strong fuel odo 

Light greenish-gray; fine to 
medium sand, trace silt. 
saturated, friable, soft. 

8.0'-9.0' Sand as above. weak fuel odor 

9.0'-15.0' w; Trace of fuel 



r o l cc t  oceana Joh No. 8280 Poring Sn. MU-3 

 cation Old Fuel Farm ' Clars i f  icd by JST S h c c t 2  of 2 

l r ac to r  Herbert Assac. D r i l l e r  R. Seaqe Ground Sur f .  Elev. 18.B' 
etllod of  Advancing Boring Soli t-Swon Auqerins S t a t i c  Water Level 2.7' 

a t e  S t a r t ed  11/23/82 Date Completed 11/23/82 

Sediment Construction 
Descript ion and 
C la s s i f i c a t i on  

11.0'-12.0' Sand a s  above. NO f u e l  odor 

12.0'-13.0' Sand a s  abcve. Moderate f u e l  
odor (smells 1 
s e p t i c  bu t  may 
weathered f u e l  

13.0'-14.0' Sand a s  above. Weak odor ( s m e l  

14.0'-15.0' Sand a s  above. t r a c e  Moderate f u e l  
of f i n e  sand, medium s t i f f ,  
cohesive. Sand heaving. 

15.0'-16.0' Sand a s  above, t r a c e  Weak f u e l  odor 
of silt. Cohesive. 

16.0'-17.0' Sand; Strong f u e l  

17.0'-18.0' Sand a s  above, l i g h t  
t o  medium gray. 

Hodcrate f u e l  

19.0'-20.0' Sand 2s above. Moderate f u e l  



- OCEANA CMS -110~ North of Site I 

ELEVATION Froehling 6 Robertson 

WB - CUE-55 ATV Rig with 8" HSA 

RQECTWmEn 
MO 11 

m m  2-25-94 - 3-3-94 L- BraccialBrand 

SOIL NAME. USCS GROUP SYMBOL. COLOR 
MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 

DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

0-1.2' SANDY SILT IMLI. Dale yellow. 
Brown lIOYR4/2). moist, firm; 15% fjnes. 
1.2-1.6' POORLY GRADED SANO with SILT 
ISP-SMI, v.pale orange IIOYR8/2) . moist; 

flne to  medlum Quartz tana with s#lt 6%. 

POORLY GRADED SANO (SPI, tog 0.8 is 

POORLY GRADED SAND ISP). same as 
above. But light gray (N7) to med~um l ~ g h t  
gray IN6): g r a m  are mostly fines. 

POORLY GRADED SAND with SILT ISP-SM). 
medium gray lN5). wet. soft  and loose: 
fine sand wtth silt <lo%. 

BQIIWBI1IYBal 

I -MWI~ SHEET 1 OF I 

S O I L  B O R I N G  LOG 



ma€mHYBER BmImHY%R 
I-FWl SHEET 1 OF I 

SOIL BORING LOG 

PRQECT OCEANA RFI  Phase I1 -- 30  feet South of I-MW4 

ELEVATION -- Rock-Ray Drilling. Inc. - *H) Mobile 8-37 With 8 1/4" ID HSA 



PmEmHMBOR BQrme)UYBER 

- SHEET I OF 1 - SOIL  BORING LOG 

-m OCEANA RFI  Phase I 1  -- 5 feet from 28-EW4 

Ei. lwAlmN Rock-Ray Drilling. Inc. 
r m n r ~ ~ ) ( ~  Mobile 8-37 HSA 6 1/4" I D  

W A m  LEVaS  ST^ 9-21-84 ~ l l ~ g l  9-21-84 - S. Brown 
=.urn r I r~..m.sn I e n m  n~e-tas.n.a I ..A.,.,,-~,-- 1 -"..r LG a 8 ",.w"n" S".L w=a"".r, a",. 

PENETRATION 
bunn=m .II a 

SOIL NAME. uscs GROUP SYMBOL, caou. 
MOISTURE CONTENT. RELATIVE DENSITY OEPTH OF CASING, DRILLING RATE 

6 - 6  - 6  OR CONSISTENCY. SOIL STRUCTURE. DRILLING FLUID LOSS .... TESTS AND INSTRUMENTATION 



m o . E c l ~  BQaWBNUsER 

11 - SHEET 1 OF I 

S O I L  BORING LOG 



F liWUECTHlYBER BORMB- 
MAE20368.MO.11 28-MUIT 

SWEET I W I 
I 

SOIL  BORING LOG I - OCEANA CMS - 7 ~  Behind BldQ 137-SWATSLANT 

El.Ewl'IoN #IILLIWB Rock-Ray Drilling. Inc. - ~0 -  Mobile 

WATER LEYELS 

SAMPLE STANOARO 
. PENETRATION 

TEST 
RESULTS 

8-37 Rig with 6" HSA 

gm 2-28-94 - 2-28-94 

SOIL DESCRIPTION 

SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

CONCRETE cored by Holes. Inc. 

- 

- 

0-1.0' FILL. clean sand and gravel under - 
flightline concrete. 
1.0-1.5' SILT (ML). dusky yellowish brown 
lIOYR2/2), moist. firm: trace fine sand. - 

non-elastoc. 

- 

- 

- 
POORLY GRADED SAND with SILT ISP-SM). - 
color grades from light bluish ay 15B7/1) 
to dark yellowish orange (IoY%/B), wet. 
loose; slit ranges from <5% to <lo%. - 

- 

- 

d 

POORLY GRADED SAND ISPI. meaum gray - 
(N5). wet, loose; fine to medium, rounaea 

quartz sana with silt C S X .  - 

- 

- 

- 

WELL GRADED SAND ISM), medium light - 
gray IN6L wet, loose: fine to very coarse 
auartz sana with trace gravel and 
feldspar. Sub-angular to sub-rounded - 
grams. 

&I 

- 

CO 

- 

- 

- 

w 

- 

- 

- 

1LO 

- 

- 

- 

D.Bracc~a 

COMMENTS 

MPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUIMTATION 

Well Construction Summary 
Total Depth = 2 0  
Screen = 10-20 
Sand Pack - 8-?0' 
Bentontte = 5-8 
Grout Seal = 0-5' 
Flush Mount 

I ppm in auger 

1 

- 
3 

8 

lo 

13 

15 

18 

20 

1 

2 

3 

4 

1.0' 

1.5 

1.0' 

1 ,  

1.0. 

g. -I). -I). 
(NI 

6-7-4-6 
(Ill 

4-7-9-8 
(161 

5-4-6-7 
(10) 

' 

3-3-4-5 
(71 



- PRQECT HII%R moRINB)(UYBER 
MAE20368.MO.11 26-MW18 

SHEET 1 OF 1 

S O I L  BORING LOG 

OCEANA CMS -- Beside Bldg. 137-SWATSLANT 

W A l I o N  -OR Rock-Rav Drilling. Inc. 

0~1~- - ATV Rig with 6 I 0  HSA 

WAlERLNELS 2-24-94 -= 2-24-94 0.Eraccia 

SAMPLE STANDARD 
PENETRATION 

A > TEST 
RESULTS 

a g. -v -8. 
IN) 

SOIL DESCRlPTION 

SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTURE CONTENT RELATIVE DENSITY 
OR CONSISTENCY. S~IL STRUCTURE. 
MINERALOGY 

- 

- 

0-1.3' SILT w ~ l h  SAND IML). dark yellow. - 
Drown llOYR412). dry, soft; very fine to 
f ~ n e  sand <lo%. 
1.3-1.5' SILTY SAND ISM). dark yellowish - 
brown (IOYR4/2) to  Pale yellowish brown 
110YR612). molst, loose: medium sand:silt = 

70:30, orange mottle marks = I cm. 

- 
- 

- 

COMMENTS 

DEPTH OF CASING. ORXLLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Well Construction Summary 
Total Depth = 20' 
Screen = 10-20' 
Sand Pack = 7-20' - 
Bentonite = 5-7 
Groul Seal = 0-5' 
Stick-up - 

- 

- 
- 

- 

- 

- 
- 

- 

- 

- 

- 
- 

- 
- 

- 

- 

- 

3 

- 

- 
- 

0-0.5' POORLY GRAOED SAND ISPI. dark -. 
Yellow. orange (IOYR6/61, wet, loose: fine 
l o  medium auartz sand. silt <5%. 
0.5-1.2' POORLY GRADED SAND (SP). light - 
gray IN7). wet, loose: mealum auartz sand. 
s111 <5%. 
1.2-1.5' POORLY GRADEO SAND ISP). same - 
as top of  spoon except medium gray 
(N5). 

- 

- 
POORLY GRADEO SAND ISPI, same as - 
above In bottom 3rd of spoon 2. 

- 

- 

- 

- 

1 

18 

20 

1.5 2-2-2-2 
14) 

4 2.0 3-2-3-12 
15) 

- 

- 

WELL GRADEO SAND (SH). medium light - 
gray IN61, wet. loose: fine to  coarse 
Sands wlth trace: gravel, feldspar. biotite. 
NO silt. - 



mQECTwmm BQIlWBWUaEll 
MAE203BB.HO.ll 28-MW19 

SHEET 1 OF I 

SOIL  BORING LOG - OCEANA CHS mm Behind CSP Tele~hone Bidg 

ELEVATIOW -a Rock-Ray Drilling. Inc. 
Mobile 8-37 Rig with 8" M A  

N A T E n m  m m  2-21-94 2-21-94 u)88w A.Lloyd 



- -- - OCEANA CMS -m 
ELEVATION - -QI Rock-Ray Drilling. Inc. - Mobile f3-37 Rig with 6" HSA 

4 

~ W U Y % R  BQrmeWUY%R 
MAE20388.MO.ll 2C-MU14 

SHEET I OF I 

SOIL  BORING LOG 

- D.Braccia 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Well Construct~on Summary 
Total Depth = 20' 
screen = 10-20' 
Sand Pack = 8-21' 
Bentonite = 5-8 
Grout Seal = 0-5' 
Flush Mount 

- .  

Cuttings a t  surface very runny. and most- 
of sample lost when pulling out of 
borehole. Rod sank 2' from 13-15' 
without weight of hammer. 

- 
1 - 

-1 

m m  3-1-94 - 3-1-84 

SOIL OEsCRIPTION 

son NAME. uscs 6ROVP SYMBOL. COLOR 
MOISTURE CONTENT RELATIVE DENSITY 
OR CONSISTENCY. S~IL STRUCTURE. 
MlNERALOGY 

- 
- 

0-0.9' SILTY SAND (SHI, dark yellow. - 
brown (IOYR4/21 to moderate Drown 
(5YR3141, ary, soft; medium quartz sands 

with 25% silt. - 
0.9-1.9' SILT (MLI. dusky yellowish brown 
(lOYR212). dry. soft: elastic. clay = (OX. 

- 

- 

- 
POORLY GRADED SAND ISPI. medium light - 
gray (N6). wet. loose: medium, rounded. 
quartz sand. TOD of sample is moderate 
yellow (5'1716). - 

- 

- 

POORLY GRADED SAND (SPI. same as - 
above. but fine to medium sand with trace 
gravel. - 

- 
- 
- 

POORLY GRADED SAND ISPI. same as - 
aoove on samples 2 and 3. 

- 

WAmLMas 
TANDARD 

P ~ + , ~ ~ $ T ~ N  
RESULTS 

- 

U 

- 

LD 

- 

- 

- 

M 

- 

- 

- 

LO 

- 

- 

- 

a 

- 

- 
3 

5 

8 

13 

15 

18 

20 

1 

2 

3 

4 

o 

1.9' 

1.0. 

0.5. 

1.5, 

. - .  - .  
(N) 

3-3-4-4 
(71 

2-5-5-5 
(101 

WT. of ROd124' 
(--I 

3-7-11-13 
(181 



m a € m H I ( B E R  mmm M % R  
MAE20368.MO.11 2C-MW15 

SHEET 1 OF I 

SOIL BORING LOG 

PRQEET OCEANA CMS -- ~ o r t h  slde of Bldg. 520 

ElEVATIOW C-OR Rock-Ray Drilling. Inc. - Mobile 6-37 Ris with 6" HSA 

WATER LEVELS Q T ~  2-28-94 - 2-28-94 L- D.Bracc~a 

SAMPLE STANDARD 
PE TRATION YEST 

RESULTS 

8- em -B. -0. 
IN) 

SOIL DESCRIPTION 

SOIL NAME. USCS GROUP SYMBOL. COLOR 
MOISTURE CONTENT RELATIVE DENSITY' 
OR CONSISTENCY. S~ IL  STRUCTURE. 
MINERALOGY 

- 
0-0.3' SILT IML). grayish brown ISYR3/2). - 
dry, firm: trace sana and organtc. 
0.3-0.7' SILT with SAND IMLI, dark 
yellowish brown (IOYR4/21, dry, f~rm: fine - 
to meaum sana = 10%. irregularly ShaDed 
mottles throughout . light brown 15YR5/6). - 

- 

- 

- 

CO 

COMMENTS 

MPTH OF CASING. DRILLING RATE 
DRILLING FLUlD LOSS 
TESTS AND INSTRUMENTATION 

Well Construction Summary 
Total Depth = 2 0  
Screen = 10-20 - Sand Pack = 8-20' - 
Bentonite = 6-8' 
Grout Seal = 0-6' 
Flush Mount - 

- 
- 

- 
- 

- 

- 

- 

- 

Foam on outside of spoon. - 

- 

- 

- 
- 
- 

- 

3 

5 

- 
- 

POORLY GRADED SAND ISPI. medium dark - 
gray IN41, wet, loose; meahurn. 
well-rounded, quartz sand w!th c5X silt. - 

M - 

- 

- 
WELL GRADED SAND ISW). medium light - 
gray (N6), wet, loose: fine to coarse 
quartz sana with trace feldspars. 
well-rounded. Trace gravel. - 

- 

- 

- 

1 

I8 

20 

1.0' 5-4-5-5 
I91 

q 1.6. 8-8-17-16 
125) 

- 

- 

WELL GRADED SAND ISWI, same as above. - 
but Silt <5X. same color. 

- 



lwwECl- BmW6NUWBER 
MAE20368 MO 11 PC-MWl6 

SHEET 1 OF 1 

SOIL  BORING LOG - OCEANA CMS -- I n  front of Bldg 423 

ELEVATmW CO(TRIEIQI Rock-Ray Or#lltng, h c  - AIQ ATV R I ~  

W A m  E V a S  - 
SAWPLE TAHIARD 

P&+\.TION 
> 

RESULTS 
a 

g 8- s. -s -e. 

wrth 8" ID HSA 

gtm 2-25-94 - 2-25-Q4 

SOIL DESCRIPTION 

SOIL NAME. USCS GRWP SYMBOL. MKOR. 
MOISTWE CONTENT. RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

- 
- 

SILT with SAND and CLAY IML). dark - 
yellow Drown (IOYR4/2). molst, soft. f~ne 
to medlum sand <lo%, Clay = 30%. threads 
thm - 

- 

- 
- 

POORLY GRAOED SAND w~th SILT ISP-SMI. - 
meaum dark gray (N41, wet, loose. f~ne. 
Well-rounded Quartz sand with 20% slit. 
trace mlca - 

- 

- 

- 
WELL GRADED SAND (SW), medlum light - 
gray INB), wet. loose. f~ne to coarse 
Quartz sand wlth trace feldspar and 
gravel, moderately rounded. - 

- 

- 

- 

POORLY GRAOED SAND (SP), mealum gray - 
(N51 to medlum light g a y  LN61, wet, loose. 
fine to medium sand. wlth fewer coarse 
gralns than above - 

LO 

- 

- 

- 

IPO 

- 

- 

- 

M 

- 

- 

- 

- 0 Braccoa 

COMMENTS 

DEPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AN0 INSTRUMENTATION 

I 

W e l l  Construct~on Summary 
Total Depth = 2 0  
Screen = 10-20 
Sand Pack = 8-2l' - 
Bentorute = 5-8' 
Grout Seal = 0-5' 
Flush Mount 

- 

i 
- 

- ! 

I 
- 

- 
I 

- 

- 
3 

- 
5 

8 

' O  

13 

15 

18 

20 

1 

2 

3 

4 

2 0. 

10' 

17 

I 8' 

IN) 

2-3-3-5 
(61 

WT-2-2 
(--I 

3-1-2-2 
(3) 

3-4-5-3 
(9) 



moJzclMJmEn BaRMB - 
MAE20368.MO.ll 2C-MUIT 

SHEET 1 OF I 

S O I L  BORING LOG 

MCT OCEANA CMS -- I n  Parking lot. Bldg 520 

ELEVATIOI O R ~ L ~ B  -MQ~ Rock-Ray Drilling. Inc. 

ma, Mobile 8-37 Riq with 8" HSA 

WATER m m  3-1-94 3-3-94 ~08801 D.Bracc~a 

SAMPLE STANDARO 
PENETRATION 

> TEST RESULTS 
a 6. -6'-8. 

(N) 

- 
- 

- 

- 
SOIL OESCRlPTlON 

SOIL NAME. USCS GROUP SYMBOL. COLOR 
MOISTURE CONTENT RELATIVE DENSITY' 
OR CONSISTENCY. S ~ I L  STRUCTURE. 
MINERALOGY 

- 
ELASTIC SILT (MHI, dusky brown - 
15YR2/21. morst. soft; c1ay:silt is 50:50. 

Sample threads thin. no sana except some 
rnednum sand at top of spoon that was fill - 
under asphalt. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I PPm In auger - 

COUMENTS 

EPTH OF CASING. DRILLING RATE 
MI IU ING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Well Construction Summary 
Total Depth = 20' 
Screen - 10-20' - Sand Pack - 8-20' - 
Benlonite = 8-8 
Grout Seal = 0-6. 
Flush Mount - 

- 3 

- 
- 

- 

SILTY SAND ISM), medium dark gray (N4). - 
wet. very soft: fine to mealum sand = 
65-702 and sttt = 30-352. sticky. 

- 

- 
- 

- 

POORLY GRADED SAND ISPI, medium light - 
gray (N6). wet. loose; fine to medium 

wllh trace Coarse grains and - 

- 

- 

- 

I 

18 

20 

1.0. 3-2-2-2 
(4) 

4 1.3, 3-2-4-2 
(61 

- 

- 

POORLY GRADE0 SAND ISP), same as - 
above Put with a greater coarse sana 
content of 5-10%. - 



I SOIL  BORING LOG I - OCEANA CMS -- Behind Bldg 403 

ELwATmN D R ~ L ~  Rock-Ray Drilling. Inc. 

IETHQ) - Mobile 6-37 Rig with 6 HSA 



RRIECT NumEn eomm WUI%R 

~ b ~ ~ n 3 f i 8  ~n 17 ZC-MWl9 SHEET 1 OF I 

S O I L  B O R I N G  LOG 

OCEANA CMS -- Site 2C Build~ng 500 

E L E V A m  ~ ~ l - 0  Rock-Ray Drilling. Inc. 
Hollow-stem Auqer Acker AD-2 rig 

DEPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND lNSTRUWENTATlON 

3-4.5 SILTY SAND ISMI. mealum gray N-5. 
mealum to coarse auartz. wet. 4.5-5 

SAND ISPI. meakurn gray. N-5. mealum 
quarlz. suDrounaea. trace s~l l .  trace black 
mdneral, wet 

SAND ISPI. mealum gray N-5. mealum 
quartz, subrounaea. trace coarse. trace 
BiaCk mineral, wet. 

SAND ISPI. mealum gray N-5. medium 
Quartz. subrounaea. moaerate sorted. 
l race Black mlneral, wet 



OCEANA CMS ~ T ~ Q S  Site 2C Building 513 

ELEVAl'mN Rock-Ray Drilling. Inc. 
Hollow-stem Auger Acker AD-2 rig 

E 
I 

moEcl- ~ W w s E l l  
MAE20388.MO.IJ 2C-MW20 SWEET I OF I 

SOIL BORING LOG 



W C T  W E R  BQWeWUI(%R 
MAE20368.MO.ll 20-MU4 

SHEET 1 OF I 

SOIL  BORING LOG 

OCEANA RFI PHASE I 1  4 m- Near Line Shack 125 

ELEVATIOW Rock-Ray Drilling. Inc. 
Mobile 

STANOARO 
PENETRATION 

TEST 
RESULTS 

8. -8. -8. 
(N) 

12-14-14-14 
128) 

3-3-9-15 
I121 

4-3-3-5 
16) 

5-5-6-8 
(11) 

WATER LEVaS 

SAMPLE 

s o  == 
F$J cz 

1 

2 

3 

4 

Al 

- 

M 

- 

- 

- 

01) 

- 

- 

- 

En 

- 
- 

- 

8-37 Rig with 6 HSA 

flm 2-21-04 - 2-21-04 

SOIL DESCRIPTION 

SOIL NAME. USCS GRWP SYMBOL COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRlICTURE. 
MINERALOGY 

- 
0-0.6' FILL - 
0.6-1.2' SILTY SAND ISM). olive gray 
(5Y3/2). dry, memm aenslty, medium 

sand. - 
1.2-1.9' POORLY GRADED SAND ISP). olive 
gray (5Y3/2). molst, medium density, 
medlum sana like above but with very lnllle 
silt. 

- 
- 

0-0.5' same as bottom of SI. - 
0.5-1.5'. LEAN CLAY/SILT (CLIMLI. 
Yellowish gray (5Y7121 to brown~sh gray 
15Y4/1) to dark yellowish orange - 
IIOYR618), moist, firm. 

1.5-2.0' same as bottom of 51. - 
- 
- 

Same as bottom of 52. but clam shell - 
fragments, with some very fine gravel. 

- 

- 

- 

- 

Same as 53. but no shells. cleaner. - 
well-sorted. medlum beach sana. 

- 

> a = 
8= 
Ek 

l.g 

2.0' 

2.0' 

2.0. 

- 

- 
3 

5 

8 

'O 

I3 

15 

I8 

20 

- S.Brown 

COMMENTS 

DEPTH OF CASING. DRILLING RATE 
DRILUNG FLUID LOSS 
TESTS AN0 INSTRMNTATION 

Well Construction Summary 
Total Depth = 20' 
Screen = 8-20' - Sand Pack = 2.7-20' - 
Bentonite = 1-2.7' 
Grout = 0-1' 
Flush Mount - 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 



-cT )(UYBER 
MAE2036B.MO.ll 

BQrmeWUYBER 
20-MW5 1 

SMEET I OF I - OCEANA RFI Phase I 1  ~ T W  Near Line Shack 125 

E l . € v A m  0- Rock-Ray Drilling. Inc. 

S O I L  BORING LOG I - - O # ~ ~ W D I T  Mobile 

STANDARD 
PENETRATION 

TEST 
RESULTS 

ern -,. -,. 
(N) 

4-2-3-4 
15) 

-- 

4-7-8-11 
(15) 

WT./18"-5 
I--) 

WT.112"-5-6 
1-1 

WATER LEVELS 

g 

8-37 Rig with 6" USA 

m m  2-22-94 2-22-94 

SOIL DESCRIPTION 

SOIL NAME. USCS GROUP SYMBOL COLOR. 
MOISTURE CONTENT RELATIVE oENsITY 
OR CONSISTENCY, s h ~  STRUCTURE. 
MINERALOGY 

FILL: Construction fill under asphalt 
consisting of sand-gravel-silt. 

- 
0-0.3 SILT with SAND ISW-SM). olive gray - 
I5Y4/1), moist, soft: some gravel. possibly 

fill. 
0.3-0.6 POORLY GRADED SAND ISP). - 
Yeltow~sh gray (5Y712). mo~st. soft: 
medium. quartz sand. 
0.6-1.4 SANDY SILT ISM). olive gray - 15Y4/1), moast to wet. soft. slightly 
mottled. 

- 
- 

POORLY GRADED SAND ISP), dusky yellow - 
ISY61l) and medium light gray INB), vet. 

Soft to medium density: medium, quartz 
sand with trace silt and opaques. - 

- 

- 

- 

POORLY GRADED SAND ISP), same as - 
above In spoon X2 except ail medium gray 
IN51. - 

- 

- 

- 

POORLY GRADED SAND ISP), same as - 
above except there is a I" thick silt layer 
at 0.7'. - 

SAMPLE 

Se 
ES 

I 

2 

3 

4 

JJ 

- 
M 

- 
- 

- 

PO 

- 

- 

- 

m 

- 
- 

- 

*.Lloyd 

COMMENTS 1 
DEPTH OF cAsIN6, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION I 

- 

Well Construction Summary 

1 
Total Depth - 20' 
Screen = 10-20' 
Sand Pack = 5-20' 
Bentonite = 2-5' 

1 
Grout Seal = 0-2' 
Flush Mount 

1 
J 

- 

- 

- 

- 
- 
- 
- 

* 
LI: 

g 

i g  

1.4 

1.6 

1.9 

1.3 

E 
- 

- 
3 

B 

lo 

13 

15 

I8 

20 



- RULECTHlllBEA BQRU(B- 

MAE2036B.MO.ll 2E-MW4 
SHEET 1 OF 1 

S O I L  BORING LOG - OCEANA R F I  PHASE I1 -~l(m Behind Line Shack 108 

El.EvliTU)W D- Rock-Ray Drilling. Inc. - 110 Mobile 

WATER LEVaS 

SAMPLE STANOARO 
PENETRATION 

2 0  = TEST 
RESULTS 

U- g. -g -g. 
(N) 

- 

- 

3 

- 1 1.4' 2-2-3-3 
(51 

fa 

- 

- 
8 

- 2 1.5. 4-4-5-7 
19) 

no 10 

- 

- 
13 

- 3 2.0. 2-1-2-3 
(3) 

M 15 

- 

- 

18 

- 4 2.0. 1-3-2-10 
(5) 

20 

8-37 Rig with 6" HSA 

START 2-22-94 - 2-22-94 

SOIL DESCRIPTlON 

SOIL NAME. USCS GROUP SYMBOL, COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

- - 

- 

FILL, loose. med-coarse beach sand with - 
strong fuel odor 
0-1.4' SILT w /  SAND (ML). olive gray 
(5Y3/2). slightly moist. soft to  firm; wood - 

fragments. very fine sand, sl~ght to no fuel 
Odor. Driller notes few mches of sand fill 
under asphalt. - 

- 
- 

POORLY-GRADED SAND (SP), greentsh - 
gray L5EY6/1), moist to  wet. loose: well 
rounded, fine to medium sand, fuel odor. 17 
ppm ~n spoon. - 

- 
- 

- 

POORLY-GRADED SAND ISPI, light olive - 
gray (5Y6/1). wet. very loose; medium 
Beach sand, fuel odor and sheen. - 

- 

- 

- 

Same as above In 553. - 

- 

- S.Brown 

COMMENTS 

DEPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRIMENTATION 

Well Construction Summary 
Total Depth - 20' 
Screen = 4.5-18.5; 
Sand Pack = 2-20 
Bentonite = 1-2' 
Flush Mount 

Cutting to 29 ppm OVM 

- 

Borehole = 1.1 ppm. Cuttings to 57 P D ~  
- 

- 
- 
- 

- 

- 

- 

- 

- 
- 



rrWJECT I*Y(BER mRXN6- 
MAE203BB.MO.II 2E-MU5 

SHFEI I OF I 
1 

S O I L  BORING LOG I - OCEANA RFI PHASE II Belween Bldgs I09 ana 110 

ELEVATDDW Rock-Ray Drilling. Inc. 

YTHQ) m- ATV Rng with 6" I0 HSA 

WATERLEVELS w m  2-23-94 2-23-94 D.Bracc~a 

STAWARD 
PENETRATION 

SOIL DESCRIPTION COMMENTS I 
TEST 

a RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR 
MOISTURE CONTENT. RELATIVE DENSITY! DEPTH OF CASING. DRILLING RATE 

em -6- -6. OR CONSISTENCY. SOIL STRUCTURE. DRILLING FLUID LOSS .... YIUCDAI MY TESTS AND INSTRUMENTATION I 



CtM H I K  =4 
OCEANA RFI PHASE I1 -7m Beside Building 110 

ELEWATDDW DRILLII(B -- Rock-Ray Drilling. Inc. 

Y- 13L1 ATV Riq with 6" ID HSA 

1 
L 

- - 

WIm LEVELS START 2-22-04 F~~QSH 2-23-94 D.Braccia 

SAMPLE STANDARD SOIL DESCRIPTION COMMENTS 
PENETRATION 

> TEST 
a RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 

MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 
OR CONSISTENCY. SOIL STRUCTURE. DRILLING FLUD LOSS 

8' -8' -6' .... *-a . TESTS AND INSTRUMENTATION 

PRRECTHIIBER BQ~wWWBER 
MAE20368.MO.11 2E-MW6 SHEET 1 OF 1 

SOIL BORING LOG 



MAE20388.MO.ll 2E-MW7 
SHEET 1 OF I 

I S O I L  BORING LOG 
I 

m q l ~ ~  OCEANA RFI Phase I1 I mm NU of Bldg 2 3  

ELEYAlmN m a  Rock-Ray Orllllng. Inc - 110 m- A T V  Rlg wlth 8" ID HSA 



RWJECT W E R  BmINB)IWBER 
MAE203BB.MO.ll 2E-MWB 

SHEET 1 OF 1 

SOIL BORING LOG 

OCEANA RFI Phase 11 ~ja- I n  front of Bldg 109 

OLEVAn#r DRILL- Rock-Ray Drilling. Inc. 
Moblle 8-37 Rig with 6" HSA 

WATEn LEVELS START 3-7-94 F]IIIS( 3-7-94 L- S.Brand 

SAMPLE STANDARD 
PENETRATION 

TEST 
RESULTS 

e. -8' -8.' 
IN) 

a 

- 

- 

- 

- 

- 

SOL  DESCRIPTION 

SOIL NAME. USCS WOUP SYMBOL. COLOR 
MOISTURE CONTENT. RELATIVE DENSITY! 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

0-0.6' SILTY CLAYEY SANO ISM), olive - 
gray (5YR411). molst. medium grained. 
WELL GRAOED QUARTZ SAND, some brown 
staining on bottom 0.1'. - 
0.6-1.3 POORLY GRAOED SANO (SF'), 
moderate yellowish brown llOYR4/5), wet. 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

COWENTS 

DEPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Well Construction Summary 
Total Depth - TO' 
Screen = 3-18 - Sand Pack = 2-20' 
Bentonite = 1-2' 
Flush Mount - 

- 

- 

3 

Subrounded to subangular, medtum quartz 
sana. some brown sta~ning on bottom of - 
sDoon. 
1.3-1.8' CLAY ICL). brownish gray 
I5YR411). wood fragment ~n top 0.1'. - 

- 

POORLY GRADEO SANO ISP). light brownish - 
gray (SYR610. wet, very soft: subrounded 
lo subangular. fine quartz sand, some fuel 
odor. - 

- 
- 

- 
POORLY GRADEO SAND (SPI, same as - 
above except slightly clayey in secttons. 
some fuel odor in borehole. - 

- 

- 

- 

I 

18 

20 

1.8. 1-2-3-3 
(5) 

4 -- 2-2-6-'4 
(81 

- 
- 

POORLY GRADED SAND ISP), light brownish - 
gray (5YBll). wet: fine to medlum quartz 
sand. subrounded to subangular. 
moderately sorted. - 



PROECT- BQIMBNUYBER 
It - SHEET t OF t - SOIL  BORING LOG - OCEANA RFI  Phase I 1  -- Near SWMU 18 

-A- 20.74 ft. DRO~~WB Rock-Ray Drilling, Inc. 

Mobile 8-37, HSA 6 1/4" ID 

WATER LEVEL8 m m  8-21-84 F]WESH 9-21 -84 - 0. Braccia 

SAMPLE STANDAR SOIL DESCRIPTlON COMMENTS 
P E ~ ~ $ T I ~ N  

a- a RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTWE CONTENT. RELATIVE DENSITY MPTH OF CASING. DRILLING RATE 

8- -8- -8. OR CONSISTENCY. SOIL STRUCTURE. DRILLING FLUID LOSS 



m o E C T N U e E R  BORZNB v 
n 11 9F-MWlll SHEFT t OF 1 

SOIL  BORING LOG 

OCEANA RFI Phase I1 South side of Air Ops building in grass 

20.74 ft. ~ A C T Q I  Rock-Ray Drilling, Inc. 

0- - Mobile 8-37 with 6 5/8" HSA 

WATW IEVELs g~m 8-22-04 - 8-22-84 - D. Braccia - SAMPLE I STANOARD I SOIL DESCRIPTION I COMMENTS 



PROJECT WWBER BORIW MJII%R 
MAE20368.MO.11 2E-MWll 

SHEET 1 OF 1 

SOIL BORING LOG 

PROJECT OCEANA RFI Phase I 1  LO~TION West of Hanger 23 

€LEVATMY( 21.64 ft. -w m-0~ Rock-Ray Drilling. Inc. 

m m  au-1 Mobile 6-37 With 8" ID HSA 

WATER LEVOLS 9-26-94 F- 9-26-94 u)- R. Doucette 

SAMPLE STANDARD 
PENETRATION 

0 
TEST & RESULTS 

g 5~ g 

SOIL DESCRIPTION 

SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTURE CONTENT RELATIVE DENSITY 
OR CONSISTENCY. S ~ I L  STRUCTURE. 
MINERALOGY 

- 

- 

0-0.2' POORLY-GRADED SAND (SP). - 
moderate yellow-brown 110 YR 5/41, 
moist.very loose density. grains range from 
fine to medium quartz sand, <5% silt. - 
0.2'-1.0' LEAN CLAY WITH SILT (CL), 
brownish-gray (5 YR 4/1). moist. soft to 
very soft  consistency, highly plastic. <lo% - 
silt. 

M 

- 

60 

COMMENTS 

DEPTH OF CASING. DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Well Construction Summary 
Total Depth = 20' 
Screen = 5-20' 
Sand Pack = 3-20' - 
Bentonite = 1-3 
Grout = 0-1' 
Flush Mount - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M 

- 

- 

- 

60 

- 

- 

- 

m 

+ 
- 

- 
3 

5 

8 

13 

l5 

18 

20 

cz 

SS-I 

93-2 

SS-3 

SS-4 

# 

1.0' 

e. -,. -,. 
(N) 

2-2-2-3 
14) 

2.0, 

1.4' 

2,0. 

2-2-5-7 
(7) 

2-4-2-3 
(6) 

10-20-22-25 
(42) 

- 

- 

0-1.1' LEAN CLAY WITH SILT ICL). - 
brownish-gray (5 YR 4/1). moist. soft to 
very soft consistency hi hly plastic. <lo% 
silt. 1.1.-2.0. W E L L - G R ~ ~ O  SAND (sw). - 
medium gray (N5). wet, loose density, well 
graded sand, fine-coarse quartz sand. 

- 

- 
- 

WELL-GRADED SAND WITH GRAVEL ISW). - 
medium gray (NS), wet, loose. well graded, 
fine to very coarse quartz sand, some 
gravel. - 

- 

- 

- 

WELL-GRADED SAND WITH GRAVEL ISW). - 
medium gray INS), wet, loose, fine to very 
coarse quartz sand. some gravel. - 

- 



- OCEANA RFI Phase 11 --On ramp between Hanger 23 6 Building 200 

-A- 20.60 11. DRILL- -QI Rock-Ray Drilling. Inc. 
Mobile 8-37 

- ~ C T M m B E R  BQrmeI*YBW 
MAE2036B.MO.11 2E-MW12 

SHEET I OF ! 

SOIL BORING LOG 



m&€cllllllBW BORINBWYBOR 
MAE20388.MO.11 2E-MU13 

SHEET I OF 1 

SOIL BORING LOG 

~ C T  OCEANA RFI Phase I1 -- 200 feet South of 2E-MU8 

20.35 ft. -a Rock-Ray Drilling. Inc. 

O#IIRIP(T Mobile 8-37. 8 114" ID HSA 

WATER LEVELS m m  9-28-84 FDI~SH 8-28-94 - R. Ooucette 

SAMPLE STANDARD SOIL DESCRIPTION 
PENETRATION COmENTS 

TEST 
RESULTS SOIL NAME. USCS GROUP SYMBOL, COLOR 

- MOISTURE CONTENT RELATIVE DENSITY MPTH OF CASING. MIIUlNG RATE 

gm -g. -g. OR CONSISTENCY, S~IL STRUCTURE. DRILLING FLUID LOSS 
I- PZ U ,.,, YINERALBSY TESTS AND INSTRUMENTATION 



- OCEANA RFI Phase I1 ma- Site 15. Background Well 

ELNATION 0- -QI Rock-Ray Drilling. Inc. - Acker A02 Rig w i th  8" HSA 

W A T W  LEVELS g~m 3-9-94 3-9-94 S.Brand 

- 

SAUPLE STANDARD SOIL DESCRIPTION COMMENTS 
PENETRATION, 

> TEST 
LL RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 

MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRIUING RATE 
a 0. -6. -8. !JEP.YSE'ENCY. SOIL STRUCTURE. DRILLING FLUID LOSS 

TESTS AND INSTRUMENTATION 

PnaEcTlLYeER 
MAE20388.HO.ll 

BQrmeNUYBER 

15-MU5 SHEET 1 OF 1 

S O I L  BORING LOG 



MAE20368.MO.11 15-MW6 
SHEET 1 OF I I 

I SOIL  BORING LOG I 
I I - OCEANA R F I  Phase I1 -- Site 15 

UEVATlDN Rock-Ray Drilling. Inc. - EPURWD(T ATV Rig with 6" ID  HSA 



PRQECTIUY&R BWD(BMmEa 
MAE20388.MO.ll 15-MU7 

SHEET I OF 1 

SOIL  BORING LOG i 
OCEANA R F I  Phase I1 -- Site 15 

EEVATOOW m~ ~ Q I  R o c k R a y  Orilling. Inc. 
-mm ATV Rig with 8" I D  HSA 

WATER LMELS m m  4-12-04 m a  4-12-04 S.Brown 

SAMPLE STANDARD SOIL DESCRIPTION COMMENTS 
PENETRATION I 

> TEST RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. WILLING RATE 
OR CONSISTENCY. SOIL STRVCTURE. DRILLING FLUlO LOSS 

? MINERALCGY TESTS AN0 INSTRUMENTATION I 



moEcTI *118ER B Q ~ I ~ N U Y B E ~ ~  
MAE203EB.MO.ll 15-MU8 

SHEET I OF  I 

S O I L  BORING LOG 



m&€clNUeER BORMBWUliER 
r )  11 - SHEET I OF I 

a S O I L  BORING LOG 

m&€cl OCEANA R F I  Phase I 1  Site 15 

ELEVATION m a  Rock-Ray Drilling. Inc.  
ATV Rig with 6" 10 HSA 



PRQECTWIIBER BQrme llYBER 
MAE20368.MO.ll 15-MWIO 

SHEET 1 OF I 

SOIL BORING LOG 

OCEANA RFI Phase I 1  Sile I 5  

E L € V A m  ~ Q I  Rock-Ray Drilling. Inc. 

YTWQ) lilQ ATV Rig with 6 I D  HSA 

nNmL€Va.S g ~ m  4-13-04 4-13-84 - S.Brown 

SAMPLE STANDARD SOIL DESCRIPTION 
PE TRATION 

COMMENTS 

w TEST RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 

E- " MOISTURE CONTENT RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 
OR CONSISTENCY. S~IL  STRUCTURE. WILLING FLUID LOSS 

&& Cg W F  8'-?A;B' MINERALOGY TESTS AND INSTRUMENTATION 



rrUYECT- BQrme- 

11 SHEET I OF I 

SOIL  BORING LOG 



OCEANA RFI Phase I 1  -- Site 15, East of 15-MWB 

-A- 19.16 ft. Rock-Ray Drilling. Inc. 

Mobile B-37, HSA 8 1/4" ID 

- 
WATER L E V m  g~m 9-27-94 FI)IEBH 8-27-94 - R. Doucette 

SAMPLE 2 TAMARD SOIL DESCRIPTION 
NETRATION 

COWENTS 

> TEST SOIL NAME. USCS tROUP SYMBOL COLOR, = RESULTS . 
MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 

a 0 6' -9' -6. OR CONSISTENCY. SOIL STRUCTURE, DRILLING FLUID LOSS .. .. TESTS AND INSTRUIFNTATIflN 

PROSCTW1118a) BQDWBI*Y%R 
11 IS-MWI:, SHEET I OF 1 

SOIL BORING LOG 



PROJECT MJlsER 80- W B E R  
MAE20368.MO.ll 15-MW13 

SHEET 1 OF 1 

I S O I L  BORING LOG I 
~ M C T  OCEANA RFI Phase I1 LO~TION Site 15. North of 15-GP20 

ELNATION 18.60 f t .  D R U ~  ~ M O R  Rock-Ray DriNing. Inc. 

YW AH) EOUIPI(ENT Mobile 8-37, HSA 6 114" ID 



OCEANA RFI Phase I1  -TIQN Srte 15. west of ~ S - G P ~ O  

ELEVATIW 19 37 ft. ~ T - Q I  Rock-Ray Drllllng. Inc. 

YTHQD ~#nm~ p c k e r  AD-2. HSA 6 114" ID 

a mimum - 
WATER LEVELS sm 9-27-94 ~ 1 ~ s  9-27-94 - R. Doucette 

-C I SAMPLE SOIL DESCRIPTION I COMMENTS 

~ R E C T  WR BQnW W B E R  
MAE20368.MO.11 15-MW14 

SHEET 1 OF I 

SOIL BORING LOG 



rrWUECTWUeEll WmNEWUeEll 
MAE20388.MO.II IS-MW15 

SHEET I OF I 

SOIL  BORING LOG - OCEANA RFI Phase I1 -tr(r South of 15-MWS, near road 

-A- 18.8 ft. PR~~LOWB Rock-Ray Orilling. Inc. - Acker 

WTER LEVELS 

STANDARD SAMPLE 
PENETRATION 

TEST % RESULTS 

10-2. HSA 8 114" ID 

m m  8-27-84 - 8-27-Q4 

SOIL DESCRlPTION 

SOIL NAME. USCS GROUP SYMBOL. COLOR 
MOISTURE CONTENT RELATIVE DENSITY 
OR CONSISTENCY, ~ b l l  STRUCTURE, 
MINERALOGY 

- 

- 

0-0.8' SILT WITH SAND IML). grayish - 
brown I5 YR 312). moist. soft consistency. 

- roots, density inc. with depth. 0.8'-1.8' 
CLAY WITH SAND ICL), light ray IN71 
with pale yellowish orange mogtling, moist. 
soft consistency, some roots <20X sand. 
1.8'-2.0' POORLY-GRADED SAND (SP), - 
medium gray (N5). moist, loose. fine grain 
quartz sand with <20X fines. - 

- 

0-0.4' CLAY ICL), dusky brown (5 YR - 
2/21, moist, firm, dense clay. 0.4'-1.8' 
WELL-GRADED SAND WITH GRAVEL (SW), 
medium gray (NS). moist, loose, fine - 
gra~ned sand to gravel quartz. <!OX fines. 

- 

- 

- 

WELL-GRADED SAND WITH GRAVEL (SW). - 
medium gray INS), moist, loose, fine 

- grained sand to gravel quartz. <lOX fines. 

- 

- 

- 

WELL-GRADED SAND WITH GRAVEL ISW). - 
medium gray (NS), moist, medium density. 
fewer gravel, more fine sand -50%. - 

- 

a9 

- 

- 

- 
6a 

- 

- 

- 

PO 

- 

- 

- 

6 n  

- 

- 

- 

rn 

- R. Ooucette 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
MllLLlN6 FLUID LOSS 
TESTS AND lNSTRUMENTATION 

Well Construction Summary 
Total DeDth = 20' 
Screen = 5-20' 
Sand Pack = 3-20' - 
Bentonite = 1-3' 
Grout Seal = 0-1' 
Stick Up Well - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

E z 

3 

5 

8 

10 

13 

15 

I8 

20 

$g cz 

ss-1 

59-2 

SS-3 

5s-4 

8 
Y 

2.0' 

1.6' 

, 1.8' 

2.0' 

6'bdm 
IN) 

2-1-2-4 
(3) 

4-3-4-3 
(7) 

3-5-11-18 
(1%) 

3-5-8-13 
(11) 



- 
PRRECT NUWBER BaUW WBER 
MAE20388.MO.11 24-MW1 

SHEET 1 OF 1 

S O I L  BORING LOG 



p w ~ ~  OCEANA RFI Phase I 1  LOUTION Near teleDhone pole. SE corner of fence 

ELEVATION 18.76 tt. ~ I W  C(*I~KTQI Rock-Ray Drilling. Inc. 

-6 AM EOUI~MENT Mobile 8-37, HSA 6" 10 

- 
W A m  LEVELS WART 9-19-94 F I ~ S H  9-19-94 LO- S. Brown 

- -...ma - --...-.em ---. I 1 

PRRECT HmBER BQnW MJYBER 
MAE20368.MO.11 24-MW2 

SHEET I OF 1 

SOIL BORING LOG 

JRITLC 3 I ANUAUU 

I PENWTTION 
I COMMENTS 

SOIL NAME. USCS OROUP SYMBOL, COLOR. 
MOISTURE CONTENT, RELATIVE DENSITY I DEPTH OF CASING. DRILLING RATE 
OR CONSISTENCY, SOIL STRUCTURE. DRILLING FLUID LOSS 
MINERALOGY TESTS AND INSTRUMENTATION I 



~ C T  OCEANA RFI Phase I1 L~CI- 20 f t  southwest of playground sub tower 

 AT^ 18.08 ft. DR~LUNB Rock-Ray Drilling. Inc. 

-m Mobile 8-37, HSA 6" ID  

- 
WATER LEVELS mhm 8-20-84 - 9-20-94 LOBBQI S. Brown 

SAMPLE STANDARD SOIL DESCRIPTlON 
PENETRATION 

COMMENTS 

RE!&T{S SOIL NAME. USCS GROUP SYMBOL, COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 

g. -8. -6. OR CfflSISTENCY. SOIL STRUCTURE. DRILLING FLUID LOSS 
YINFRAI OGY TESTS AND INSTRWENTATION 

PROECTNUBER mm- 
MAE20388.MO.ll 24-MW3 

SHEET 1 OF I 

SOIL BORING LOG 



) PROJECT HRBER I BORlffi NUMBER I 
MAE20368.MO.11 24-MW4 

SHEET I OF 1 I 
I SOIL  BORING LOG I 

~ C T  OCEANA RFI Phase I1 LOUTION 15 f t  north of 24-GPl8. East-central 

ELEVATION ft. ~ T # I  Rock-Ray Drilling. Inc. 
D ~ M  E T H m  4~ ~0-1 Mobile 8-37, HSA 6" I D  



PROJECT DCEANA RFI Phase I 1  L O ~ T I ~  western end o f  SEABEE ComDound 

ELEVATION 17.14 f t .  ~ U N B  Rock-Ray Drilling. Inc. 

~ I N O  e T H m  EO-W Mobile 8-37. HSA 6 I D  

- 
WATER LEVELS START 9-21-94 ~ l m w  9-21-94 S. Brown - 

I- SAMPLE STANDARD SOIL DESCRIPTION 
PENETRATION 

COMMENTS 

Sk - 
TEST 

1 RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. 
MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE 

o 8- -8- OR CONSISTENCY, SOIL STRUCTURE. DRILLING FLUID LOSS 
MINERALOGY TESTS AND INSTRUMENTATION 

PROJECT MJWER BORINB MJWBER 
MAE20368.MO.ll 24-MW5 

SHEET 1 OF 1 

SOIL BORING LOG 



~ C T  OCEANA RFI Phase I 1  LO CAT^ North-central SEABEE Compound 

E L E V A T ~  17.79 ft. -0 ~ T R A C T Q I  Rock-Ray Drilling. Inc. 

-6 E T H M  E O U I ~ ~  Mobile 6-37, HSA 5'' I 0  

L - PRWECT W E R  BORlNB W E E R  
MAE203BB.MO.11 24-MWB 

SHEET I OF 1 

S O I L  BORING LOG 



I PROJECT NO. TEST PIT NO. 
I I 
mlm 
I 

TEST PIT WALL LOG 

P SMPLE , 

0 

PROJECT h k  MAIA &I PHPsL.? LOCATION SITE&- 6 1 2 f l ~  T ~ l t   OM MAP O F ~ W A L L  OF PIT 

ELEVATION 

WATER LEVEL AND DATE EXCAVATION METHOD &r&; LOGGER bAw ~ W A  
APPROXIMATE DIMENSIONS LENGTH WIDTH DEPTH REMARKS - 

- 

- 
- 

- 
- 
* 

- 
- 

- 
- 
- 

- 

- 

C 10 lr 20 2 5  b SK 4u - 0 ts 
U W  r& 

COMMENTS 

C-, 0 - 

- - -  

I - 

r *,? I I f  
15 'tJm . 

C - - L  

. . 
- 

-- 
- 

. 

t - 

- 

LENGTH I I 



I 
I 
Emm 
I 

PROJECT NO. TEST PIT NO. 

)14826368, ~ i . 3 ~  I I ~ - T P L  : f -34 H E  1 0. 1 
TEST PIT WALL LOG 

z 

P 
W 

d 

D 
2 
:a 
$2- 
La sa- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

'' 

1 

"MPLE 

0 
z a  
# 
n g  
E2 

PROJECT MAS OC EAtdA !ZC I Pf-1 AS 3 LOCATION MAP O F W A L L  OF PIT 

ELEVATION CONTRACTOR DATE EXCAVATED 

WATER LEVEL AND DATE EXCAVATION METHOD P a u c m  LOGGER T / C U  
APPROXIMATE DIMENSIONS LENGTH WIDTH DEPTH REMARKS 

O s b  \ 0 I 5 0 C /o 14- - 
I S  - 7 P 3 A  /r- 7p2 

-qppeox B O O W ~  

G R A Y  h s )  
.- S ' L ~ Y  S m S M  

no-I UQ 

COMMENTS 

-- I" 0 p- 

-10 - 51DS 
*mr'uJ5 Ha"= %, pTw 

mol 

- 0 -- 

- 
- 5 
- 

- 

- 

L E N O W (  I 

- 

-- 

-- 



I 
I 
EaEN 
I 

PROJECT NO. TEST PIT NO. 

hi& @ L X . ~ $ . ~ R  I 7 ~ r   PI^ u 8 H I OF 

TEST PIT WALL LOG 

D SAMPLE PROJECT LOCATION XE 16 - h L n  htl. . MAP O F ~ W A L L  OF PIT 
2 2 : ::- a ELEVATION CONTRACTOR Rm - me~~ b&i i l t~4 DATE EXCAVATED P . 2 6 . 9 f  

, IE *: WATER LEVEL AND DATE EXCAVATION METHOD- LOGGER b .  ~ W B  a; 
YI LIL E! APPROXIMATE DIMENSIONS: LENGTH WIDTH DEPTH REMARKS i 2 I 

0 
1 

P I;r 
COMMENTS 

- 
1, En' 

---- - 
UM hobaPsC SYc3b - I 

hrrmimnn UTI& tp &g - ... 
--% 9i?y ~ ~ h , n a i w ~ ~ , ~ k ~  m. 'I 

\ - - 

- 

- 

- 

- 
- 

- 

- 
- 

LENGTH I 1 

IE 

0 

1 

4 

- 

- 

"--... - 
.., .~ 

- 
6--- . 

- N (2' 

- -- 
&--.--, 

- .. 10' 



I 
I 
Emm 
I 

PROJECT NO. 

flA€Zdabg. M& 11 
TEST PIT NO. 

I S - N  SHEET I OF I 

% SAMPLE PROJECT LOCATION % - f h h ~  W Q  Fkcm MAP O F W A L L  OF PIT 

N A CONTRACTOR W k - v  ~ M C I  DATE EXCAVATED 9-28' 94 ', 9.29.s(r EXCAVATION METHOD .bPUU# LOGGER 1-h WATER LEVEL AND DATE .17 
APPROXIMATE DIMENSIONS - LENGTH 16' WIDTH 4- C' DEPTH 8-10' REMARKS 

COMMENTS 

0 

4 

4 Sn\ v -- 
8 - ! hd y Ud6gs. WRIw 6 9 ,  M, &I MID. LT. M y  -- 

1 EST PIT WALL LOG 

-- 

c - ---- - - - #  ~ b . % ~ s ~ ~ t a r b i S n a r # o ? y  - kmhsr4 vtw. 

k 
~ * ~ ~ S L , U # ~ ~ . O V Y ~ ~ ~ ~ = D , U - -  

r 4 b # I @ $ &  4 

, , _ I I I I I I I ~  %W hdtiqr h d  \u'k.Sk P A . .  Gf\bP- 
Wor ole,* ~daumhkq 4 ~ -  w). -- 

I-- u' --------I 

I 1 I 

LENGTH I 1 

J 

w@l lr I&' S 4 1s-w f 48 

€*fit@ : 9-28-94 @ 16% 
&&3 1 9.Z9-* @ 07.p h(-wA 

-. 

t - 



I 
I 
Ezwa 
I 

PROJECT NO. TEST PIT NO. 

l s - 7 ~ ~ ~  t a SHEET 1 OF / 

g SAMPLE PROJECT LOCATION 1s- / B  MAP O F W A L L  OF PIT 

CONTRACTOR DATE EXCAVATED 9.26 '9# 
WATER LEVEL AND DATE EXCAVATION METHOD LOGGER W M I ~  /rbeuttm 

TEST PIT WALL LOG 

- 

- 

- 

- 
- 

- 

- 
- 

- 
- 
- 

- 

- 

- 

- 

I 
DIMENSIONS LENGTH W I D T H  DEPTH REMARKS 

0 

5 

I0 

0 5 /O If 20 2s b 3s 40 4s 
/J TI=% - I~K( rW / 6 - 7 P  56 - 

C --- - - 

COMMENTS 

- 
-- 
- 
- 

-- 
2 

- 

- 

- 

2 

qp .. Ulir, 7~ m,k a~ IS- 
hV fhrb M S  

-v 
7 9 

- 
- 

- 1 0 '  - 
- - 

- 

LENGTH ( I 

/ \ 
- \ .  * /  - \ .  - / *  

-- 



I 
I 
EzEm 
I 

PROJECT NO. TEST PIT NO. 

N & € ~ d 3 b 8 . ~ @ *  11 I Is- 7P6 SHEET I OF I 

TEST PIT WALL LOG 

F 

2 
i 

g 
W 
mo, 

2 

PROJECT LOCATION SM 16 64L h W  MAP O F W A L L  OF PIT 
ELEVATION N A CONTRACTOR ROCY- DU WIIG DATE EXCAVATED 9' f V'W 
WATERLEVELANODATE EXCAVATION METHOD LOGGER 3. 
APPROXIMATE DIMENSIONS L E N T  1 %  I D  3 - o~p~- 

SAMPLE 

hrkt.Sk-nbrr ors tq6 15 ------ 
- S\J- MW- / P .  WIVD H @h&%O mjtiS 

d 
q > 
E 

i 
COMMENTS 

- 

O C  '' 
"E 

- 

~ . p r . y ~ + p s ~ o . a  . 
U - 5 W D  fbk 70 F\& "I 

flL 

0 i - -  

mr : b,6,4,1 [~.ah& @VU tbr l))  
I I I 1 

LENGTH I I 

% 

8 

T i  R+ laG - IS-IP6 
low sir^ -O \m' 5w os 15W~ b 46 
@-I%y DkUidC -T wU4W bW'6Q- 

WAVA* 1 9rr.w e br 
-. 





Appendix B 

Environmental Sampling 

Environmental samples of soil, sediment, surface water, and groundwater at the 12 

POLICMSIRFI Phase II sites were collected from February to October 1994. The general 

progression of the work was: 
.,: ...... ...... .= ::: -. .::. ... 

.::. 2:. . . . . .  :? /:. 

In-situ soil and groundwater sampling wi&:<h&ulic probe and onsite 
,,*+::. :;;;. .*:. 

=; .- 
.- - ....... .=. y:. ..... ....... ... .- ,.. ...... ... analysis in a mobile laboratory ::: -. -. -. -. 

.:: ,:7 
-. . .:: . . . . . . .  .,r .:::. . . . . . . .  ........ -. ....... . . . . . .  . . . . . .  ...... 

: - .... ;. . . . . . .  - s:. 
.,iL:< 

Manual sampling of soils, sediments, 

Sampling during drilling at 

Monitoring well ugh May, 1994 
.- .-. ..:>:_ .::. 'i. .= .::. ..... .... . . . . .  - .- -%. 

: : :  -+; Ti:. .:!!:, ... -. Drum,;B*Sings:~lf&~g.~3&e drilling phase 
.=. .::,. ....... ....... 2 .  z . . . .  'S ',!a:. .- -;. .. ::. :: .: ... 

.YE, ':::#:, .... .:= .:- ,:: .... ... -::. =;. <:: .::. 

Additional '~~i i~~~&~i;groundwater  sampling 
....... .... ,= 

Monitoring well sampling of wells installed in September and October, 1994 

Table 1-2 in Chapter 1 of this report details the types of samples and quantity collected at 

each site during the investigations. The sampling also is summarized by medium in Tables 

1-3 to 1-5 in Chapter 1. 

CH2M HILL personnel performed all sampling in accordance with the procedures 

described in the RFI Phase I work plan (CH2M HILL, 1992) and revised in the RFI 



Phase 11 work plan (CH2M HILL, 1994). The RFI Phase I Report (CH2M HILL, 1993) 

also contains details on standard sampling procedures. 

A total of 57 monitoring wells were sampled by varying methods such as disposable 

bailers, positive displacement bladder pumps, and submersible pumps. The use of the 

submersible pumps for sampling and purging deep monitoring wells during this 

investigation was approved by the U.S. EPA Region 111. Positive displacement pumps 

were used in most wells except the deep wells and the wells sugwted of containing free ...... .- .;:. ... .s. 

product. Disposable bailers were used when sampling frep$&e wells and submersible 
=. -. ."'&, :*. 

pumps were used to sample deep wells and a few shalb$:i&e@&ik,e~qble . . . . .  B-1 presents the .. -. 
A. =. -. - .=.. .::. ........ ...... -- .:>, 

parameters recorded during groundwater sampling. ;&";;i$iF .+:. , I; 
: 2 .  .? 

?!=+ 
... .- .. .... ;;; ~:<, ,(- ,::? 

... .::. .:;> .:r 
'Z,.& : ,!; .. .... - .- .- ... 

Quality assurance samples (duplicates, tr$i&a&s, f%@-hl&s, and equipment blanks) 
:;, =.. ,=:::-. ... =. ""*, ..=:;: :,,, ... -. -- .- 

were collected using ratios established in the@@lQ&@::+J%e results of duplicate analyses 
'8, a, ;;- ;(ii-..3:i..;iiF 

are presented along with the ~ r i ~ i d " s ' ~ l ~ $ ~ $ ~ u f t s  .. Chapter 2. The trip blank and 
.;= <:. %;, ? - .. 

equipment blank results are +$*nte& B-2, B-3, and B-4. Trip blanks 
il!, ? ,  : '%?;."' 

accompanied shipments c9~.idg;,%$d .:=& sf&1es to be analyzed for volatile organic 
.>=. ..s:. ... -. .::. 7:. 

,g- *+=*. ..%>>, .:!%, -;= ... compounds. .- .::. ... ! ,  -+. -- -.:I- ..:. - iiib 76; 2:;:. ,:+F ...... -.; >:. .::. .. - .- .- .. .:: := .== .... ....... .- =. :li 
". '3,. -= '%. ii - 

?$:, '%. .= .:: .:. :: 

CH2M HILL field persd&h&gr~d ... to sample handling protocols such as maintenance of 
. . . . . . .  ... 
li. ." 

custody, sample preservation?'&d daily shipment via Federal Express Priority Overnight 

Service. Refer to the RFI Phase I Report (CH2M HILL, 1993) for additional details. 

All sampling equipment was thoroughly decontaminated between samples in accordance 

with the decontamination process listed in the RFI Phase I Report (CH2M HILL, 1993); 

however, as approved in the RFI Phase I1 work plan (CH2M HILL, 1994), the hexane 

rinse was removed from the decontamination process due to an inability to completely rinse 

the hexane from the sampling equipment. 



SUIIIIARY OF PARAMETERS MEASURED PHASE II/CLIS GROUNDWATER SAMPLING 



SULILiARY OP PARAhlKrERS LIEASURED RFI PHASE IllCMS GROUNDWATER SAMPLING 





SULlLlARY OF PARALIE'TERS hlKASUREI) I'HASE IllChlS GROUNIIWATER SACIPI.IN(i 

SP = Submersible Pump 
PQ = Portable QED Well Wiwrd Positive Displacemenl Bladder Pump 

I 



NAS OCEANA RVI INYeSTlGATlONS 

quanlilnlion limit of dichlamdiflvnromUlane in TB-33 war qualified as cl imaW dwiag the dau val'ition pmcur. 
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INORGANIC RE 

Because equipment blanks are a measure of decontamination efficiency between sampling points. the 
environmental samples that precede and follow the equipment blanks are listed below. 

11-EQB: After 11-GSZ and before 11-GS1. 
15-EQ1: After 15-MW10 and before 15-MW8. 
25-EQB: After 25-SD5 and before 25-SD4. 
15-EQB10: After 15-MW12. 
2E-EQBIO: After ZE-MW9 and before 2E-MW13. 
2E-EQB20: After 15-MW13 and before 15-MW14. 

< Value was not detected at the listed detection limit. 
b Value was less than the CRDL but greater than or equal to the IDL. 
n Spiked sample recovery not within control l i i t s .  
+ Duplicate analysis not within control limits. 
15-EQ1 and 15-EQB10 were sampled for total lead only. 





Appendix C 

In-Situ Hydraulic Conductivity Analysis 

As part of the Phase I1 RFI field investigation, CH2M HILL personnel performed in-situ 

hydraulic conductivity tests on three monitoring wells each at Sites 2D, 2E, and 15. The 

conductivity tests, referred to as slug tests, recorded water level fluctuations caused by 

removing slugs of water from the monitoring well. A ~ a m ~ b & 2 ~  .- .::. datalogger equipped - .. . . . . .  
with pressure transducers recorded the rising water l e ~ e l s , : ~ & k ~ , & ~  water level reached its 

, -5&, "c;. 
original static position. Multiple tests were performed$~i~&ch ... .::. &&Qkg .... well to ensure .... - - -. .=. .- ... . . . . . .  'i-, ' 5 :  

. ;!i' ?:. .;l ... ..... ...... representative data. .=. ZC- ... 
.? 

.{!a, =e ::,. ..- :!- ,:::? 
: 2:. 

- .. -. ... ... .- ... =*. . . . . . .  -- 
.::. .=. 

CH2M HILL hydrogeologists analyzed thei~iv&+lexsl~d~sing AQTESOLV (Geraghty 
%, :b--::+ :+;.. -:a*: $+-, 7 ~ s : '  

and Miller, 1989), a computer software p&$awi;:,:::::+X@ data were analyzed using the 
.:.=<+I*:> C =+!? ,:= 

Bouwer and Rice method (1976)~!~fbr.:~~od~e4I'a~uifers. ... .=. Table C-1 summarizes the 
I '  :;' ::.i!: *:<::, .% 

hydraulic conductivities deriv&.f&. -. ea6~~~m6&&bg well. The graphical results of the 
.; "Li- .:;' '" ... - .:. ... .* ..: 

in-sim tests follow the taw~; j (4 i2aE~dk.  -. 
: :  : # ,  i& '9ii, .::. - .-;. d!' .... .::. i; -. . . . . . . .  ... ... -. ,> 

.:_ - : -- ..... ...... 
::: -. . . .... ''::'?. .- .. : 3'; 
iii .li. 

..... .. - 
.... -. -. - ;B .... . . . .  . . . . .  . . . .  

.=. -_. .... ....... -- .,.. ,*:?=' 'Pt,. ?*~ ::? 
-. . . . . . . .  .:::. .=. -:: .::. ,=. 



RESULTS OF HYDRAULIC CONDUCTIVITY TESTS 
ON SELECT MONITORING WELLS AT SITES 2D, 2E, AND 15 

Average Hydraulic 
Test Results 



O c e a n a  N.A.S. R i s i n g  H e a d  T e s t  1 BD-MWl 
100. 

10. 

1. 

= B.BB9229 cn/sec 

0.1 
0. 2. 4. 6. 8. 10. 

Time Czsec) 



O c e a n a  N.R.S. R i s i n g  H e a d  T e s t  2 2D-MW1 

Time Csecl 



O c e a n a  N.A.S. R i s i n g  Head T e s t  3 2 D - M W l  
1 0 0 .  

1 0 .  

1. 

K = 0.007Sli om/seo 

0 . 1  
0. 2.6 5.2 7.8 1 0 . 4  1 3 .  

T ime Csecl 



O c e a n a  N.A.S. Rising Head Test 4 E D - M W 1  
100. 

10. 

1. 

X = 9.007534 om/smo 

0.1 
1. 3.6 6.2 8.8 11.4 14. 

T i m e  Csecl 



ceana N.A.S. R i s i n g  Head Test 1 2D-MW2 
100. 

10. 

1. 

0.1 
1. 8.8 16.6 24.4 32.2 40. 

Time Csec) 



O c e a n a  N.R.S. R i s i n g  H e a d  T e a t  2 2 D - M W 2  
100. 

10. 

1. 

X = 0.003996 on/seo 

0.1 
1. 11.4 21.8 32.2 42.6 53. 

Time Csec) 



O c e n a n  N.A.S. R i s i n g  Head Test 3 2 D - M W 2  



O c e a n a  N.A.S. R i s i n g  H e a d  Test 1 ED- 
100. 

10. 

1. 

0.1 
1. 15. 29. 43. . 57. 71. 

Time Csec) 



O c e a n a  N.R.S. R i s i n g  Head Test 2 2D-MW3 
100. 

10. 

1. 

0.1 
0. 13.8 27.6 41.4 55.2 69. 

T i m e  (sac) 



O c s a n a  N.R.S. R i s i n g  Head Test 3 2 D - M W 3  
100. 

10. 

1. 
-0 

0.1 
1. 18. 35. 52. 69. 86. 

Time Caec) 



O c e a n a  N.R.S. R i s i n g  H e a d  Test 1 2E-MW3 
100. 

10. 

1. 
mmRRD 

mXlOlXALRmO 

0.1 
1. 9.4 17.8 26.2 34.6 43. 

Time Csecl 



O c s a n a  N.R.S. R i s i n g  Head Test 2 2 E - M W 3  



O c e a n a  N.A.S. R i s i n g  Head Teat 3 2 E - M W 3  
100. 

10. 

1. 

0.1 
0. 8. 16. 24. 32. 40. 

Time Csecl 



O c e a n a  N.A.S. R i s i n g  Head Test 1 2 E - M W 7  
100. 

X = 0.007006 om/seo 
90 = 85.97 on 

10. 

- 
1. 0 - - 

0.1 
0. 29.8 59.6 89.4 119.2 149. 

Time  Csec) 



O c s a n a  N.A.S. R i m i n g  Head Test 2 2E-MW7 
100. 

= 8.888018 o d s r o  
y8 = 93.14 o n  

10. 

1. 

0.1 
0. 12.4 24.8 37.2 49.6 62. 

Time Caec) 



O c e a n a  N.A.S. R i s i n g  H e a d  Test 3 B E - M W 7  
100. 

yB = 87.31 om 

10. 

1. 

0.1 
0. 14.8 29.6 44.4 59.2 74. 

Time Csec) 



O c e a n a  N.A.S. R i s i n g  H e e d  T e s t  1 BE-MWB 
100. 

~8 = 75.49 on 

10. 

1. 

0.1 
1. 9.4 17.8 E 6 . 2  34.6 43. 

T i m e  Caec) 



O c e a n a  N.A.S. R i s i n g  H e a d  T e s t  2 BE-MW8 
100. 

10. 

1. - 
0.1 

0. 16.4 32.8 49.2 65.6 82. 
Time, Csec) 



O c s a n a  N.A.S. R i s i n g  H e a d  T e s t  3 BE-MW8 
100. 

96 = 86.19 OM 

- 0  

Time Csrscl 



O c s a n a  N A S  R i s i n g  H e a d  Tea t  1 at 15-MW5 
10. 

90 = 2.126 on 

n 
Ei 
0 
u 

r: 
3 1. 
0 
P 
3 
I 
L 
n 

0.1 
0. 42.2 84.4 126.6 168.8 811. 

T i m e  Csec) 



O c e a n a  N A S  R i s i n g  H e a d  T e s t  2 a t  15-MW5 
10. 

- X = 0.005457 on/seo - 
1 y 0  = 2.15 on 

- 
-. 

T i m e  Cscsc) 



O c e a n a  NRS R i s i n g  Head Test 3 at 15-MW5 
10. 

1. 

0.1 
1. 37.2 73.4 109.6 145.B IBZ .  

Time Csec) 



O c e a n a  N R S  R i s i n g  H e a d  Test 1 at 15-M 

98 = 5.473 on 

. 
Time Csecl 



O c e a n a  N A S  R i s i n g  H e a d  Test 2 at 15-MW6 

Time, Csec) 



O c e a n a  NRS R i s i n g  H e a d  T e s t  3 a t  15-MW6 
10. 

W = 0.01098 olr /~ .e  
r0 = 3.249 em 

1. 

0.1 

1.E-002 
0. 18.2 36.4 54.6 72.8 91. 

Time Csecl 



O c e a n a  N A S  R i s i n g  Hsad Test 1 at 1 5 - M W B  
10. 

y0 = 2.575 om 

1. 

0.1 
1. 18.6 36.2 53.8 71.4 89. 

Time Csec) 



O c e a n a  N A S  R i s i n g  H e a d  Test 2 at 15-MW8 
10. 

r8 = 2.3 cn 

1. 

0.1 

l.E-002 
0. 18.2 36.4 54.6 72.8 91. 

Time Crsecl 



O c e a n a  NAS Rising Head T e s t  3 a t  1 5  

re = 3.260 cm 

T i m e  Csecl 





Appendix D 

Other Field Activities 

Surveying and investigation-derived waste (IDW) management were also part of the POL/ 

CMSlRFI Phase I1 field investigations. Baldwin and Gregg, Inc., of Norfolk, Virginia, 

surveyed the new monitoring well locations for vertical control. The elevations of the 
ii 

newly installed monitoring wells were surveyed to an accuracJl,i~~+O.Ol feet. At Site 1 
<.. .:= .- .. 

and Site 15, horizontal coordinates also were recorded at tbe(&&i9onitoring wells due to iiii ,<i" '>. ' ;. .:.5 Ti& '== 
the lack of context resulting from heavy vegetation a t , t t iS  sites?:,,-mqddition, permanent 

.;y ,<7 -> <IL 

F5. ,=::. 
benchmarks were installed and Surveyed in the dr&&<d&t!ires at Sltt- 1 and Site 2B, and 

'k; 4::. .==:F 

the Site 2D wetland's elevation also was s~~e~ed . '~ '$~&nchmarks  ... and monitoring well -. .... .'- ... -. .. 
elevations were essential for calculating g4u&$%m, f l h d i e n t s .  The elevation data 

<: .-%*:>,, ---- 
/;: .-:._ ... 

for all wells at active groundwater sites a& %d&te&n Table D-I. The horizontal 
-.YLL ..... % .=. 

:>. - -. 
coordinates of the new m ~ n i t o r i n ~ ~ & ~ ~  Site,! &d Site 15 are presented in Table D-2. 

:: :/i_ .- - 
;::. .,::. - ==. ::. >- ........ - ... . . . . . . .  : z : . ; :  

.?= "L . "  -=. ...... ::..:: -<;. z$,;,i? :iii. - .... .... ..... j l l '  .. -. .:* 
Management of investigati&%lh.&:,,&te Ggs necessary during the field investigation to 

$ 7  : :  : 'ii$. Ski;, 

prevent exposure .,: t o . , p ' i ~ ~ t i a i ' f g ~ j ~ h d d ~  ...... soil and groundwater brought to the surface ... '3. -- - = ?I ' 
during the investigati 'h2,"~e -. ,@$stigation generated a large and varied waste stream 

=. .i: .. -. .;y ,::SF 

comprised of soil cutt&&"~@rsonal protective equipment (PPE), and purge and 
*:$:. 

development water. An IDW management plan was written to document the procedures 

for handling each type of waste generated during the investigation. The IDW was managed 

as follows: 

All PPE and soil cuttings were separated and drummed during drilling. 

Select drums were sampled for TCLP analyses to determine if they were 

hazardous. 



Table D-1 
NAS OCEANA MONITORING WELL ELEVATIONS AND DEPTHS 

Well 

1-MWl 
1 -MW2 
1 -MW3 
1 -MW4 
1 -MW5 
1 -MW6 
1 -MW7 

1 -MW7D 
1-MW8 

1 -MW8D 
1 -MW9D 
1-MW-10 

2B-MWl 
2B-MWlD 
2B-MW2 
2B-MW3 
2B-MW4 . 

.:. 2B-MW5 .?- .- 
2B-MW5D '?{ 

2B-MW6 
2B-MW7 
2B-MW8 
2B-MW9 
2B-MWlO 
2B-MWl 1 
2B-MW12 
2B-MW13 
2B-MW14 
2B-MW15 
2B-MW16 
2B-MW17 
2B-MW18 
2B-MW19 
2B-MW20 

Page 1 of 3 

Ground 
Elevation 

(Ft. above MSL) 

15.3 
17.0 
17.3 
16.9 
16.7 
15.4 
17.2 
17.3 
15.2 
15.4 .. . .;' 
15.3 P . 

: 

17.1 7. 

Survey Point 
Elevation 

(Ft. above MSL) 

17.13 
18.59 

.:ii-. 19.33 =:... .= xi: . ..... 
19.90 .x , a.!;2iij~ .:> 

19.0&+':-s;+:, 'stG. 
...:.... 1 ! %; '; 

&5j3 .; .::. ::. 

. . . . . . . . . . . . . .  s: :"; .:. f+.6~--5 
-:*. j!*$T2$!? 
is, .... . . . .  

...... :% 28 A. 
.--:- 

.. =. 
w;.. 1 j:%$5 -%! .......... 

: - . -.. *.g=gjys:. ........... 
:. 1: .:: .::. .:. .:.;,. .::: 

Total Depth 
of Wellc 
(Feet) 

22 
19 
19 

18.5 
18.5 

i", 

...... 1:. 
20.5 

. . . . .  - . 22.5 
7&,=?' 

57 
22 
55 
65 
18 

19 
55 
25 
20 
19 
18 
51 
15 
14 

22.5 
20 
18 

18.1 
22.5 
21 
20 

22.5 
20 
24 
24 
20 
20 

20.34 
.... =~-g!:=:- . . .=.. . . . . .  . ,% -3L -. ... 

F ,:&-,:+ms:?.Ts -y .B. %-9.'+=::, .... 's%+J2 

<:. 
.= ,<7. 
:y . . . . .  .=. 

2j :. ':i= ...... s;. ',$:. ..... - .. 
' 7  "' 

... 

, .... .- ..%. . , , i~.7 
' 18.0 

20.5 
22.1 
22.1 
18.4 
17.9 
17.4 
19.0 

21.16 
21.7 
21.0 
18.2 
19.1 

19.23 
20.93 
21.49 
21.53 
21.01 
20.95 
20.02 
22.27 
22.07 
22.07 
21.29 
20.40 
20.41 
21.97 
21.16 
21.66 
22.75 
18.22 
19.08 



NAS OCEANA MONITORING WELL ELEVATIONS AND DEPTHS 



Table D-1 
NAS OCEANA MONITORING WELL ELEVATIONS AND DEPTHS 

Well 

2C-MW1 
2C-MWlD 
2C-MW2 
2C-MW3 
2C-MW4 
2C-MW5 
2C-MW6 
2C-MW7 
2C-MW8 
2C-MW9 

2C-MW9D 
2C-MW 10 
2C-MWl1 
2C-MW12 
2C-MW13 
2C-MW14 
2C-MW15 
2C-MW16 .. ;; 
2C-MW17 ."i7 '3:. 

?!:. 
2C-MW18 
2C-MW19 
2C-MW20 

2D-MWI 
2D-MW2 
2D-MW3 
2D-MW4 
2D-MW5 
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Ground 
Elevation 

(Ft. above MSL) 

20.5 
20.43 
20.5 
20.1 
18.0 
20.4 
20.7 
20.8 
19.0 
17.0 .: 

Survey Point 
Elevation 

(Ft. above MSL) 

20.14b 
20.43 
20.23b ,:$:: .;gj2L .:; 

Total Depth 
of Wellc 
(Feet) 

20.0 
62.0 
20.0 

18.0 
57.0 
20.0 
24.0 
24.0 
22.0 
24.0 
24.0 
24.0 
20.0 
19.0 
20.0 
20.0 

17.0 
19.0 
19.0 
20.0 
21.0 . 

. 
17.1 <i;, 

$ 18.24 .. 
18.47::!:=$ :%=, -. 

8 
= = 

+;:, i ... 

- : !  : ... - . ... ... .:c I& .....~ .:= 
.+. .=. ..., d,g:3 -. &:, Is, :%+2- ..a. -..- .:: "":. ':!+ :. .= 
... ,:!:. .- ... ..... ..*. ... 
s: 
'"k. 

%!- :. -z. 

'b.8 
E- . 1g.z - - 

?a?& 
. .zL,,,. :501;6 ..-. .::. .... ..? 

-::. .::. .... .- .: ;<;,* 2z.19.4 
=:. 

18.9 
22.3 
22.1 
22.4 
22.3 

21 29 .. :% ;?" 18.0 
18.0 

- :  19i*5':i;e, 

:;: ;,., ..% ... . .:. .:. 
.* .-=;:+>z,. ~-j-k?a!i::. 

: ... , ;:. ..::. 
2:. *, .<:- *;+::&$; 
'::, =. A: zF 

"5; 8. 17.84 
, ,  : 8.49 - ... -.... ,:. 
'ii$:.- 
.i' .... 19.47 

18.24 
18.84 
18.35 
18.23 
20.56 
19.42 

21.52 
22.26 
22.10 
22.40 
22.34 

.:. ::. - 
+&f$j T 

<!*" 25.8J+::':!5 <:: .. .- - . &;%-+F 
-%A. .: 

E~:::.. . .P$&,:. 

3%.  .- =.. 
16.0 

.-r. - 22.0 ... ... .>;;r 19.5 
18.0 



- 

Table D-1 
NAS OCEANA MONITORING WELL ELEVATIONS AND DEPTHS 

Well 

2E-MW1 
2E-MW2 
2E-MW3 
2E-MW4 
2E-MW5 
2E-MW6 
2E-MW7 
2E-MW8 
2E-MW9 

2E-MW 10 
2E-MWI 1 
2E-MW12 
2E-MW13 

1 l-MWl 
1 l-MW2 
ll-MW3 

. 
.i: 15-MW5 .:. .. .- 

15-MW6 %. .= -. .:. 
15-MW7 
15-MW8 
15-MW9 
15-MW10 
15-MW11 
15-MW12 
15-MW13 
15-MW14 
15-MW15 

22-MW1 
22-MW2 
22-MW3 
22-MW4 

Ground 
Elevation 

(Pt. above MSL) 

20.3 
19.4 
18.9 
20.7 
20.4 

- 20.5 
20.9 
20.4 
20.7 
21.4 ..: . 

,:? 

20.3 =. .= 
.' 

20.6 : : 

20.3 .,:. ;:.iw.-:i,, 
.:. ..:=.. 5 

= ..-. ' "  as ... , ,  .: 
' ,  ; : .... . .:- I!L, . 

.=::s::!::= l',i3,j ,:. -.-- ..... .->.. .&- .= A. 

.=. .::-:;.. .;.= ;. ..:=.. i!i;4 .;:. 
.ii ' .::. ~... T. -. .::, .ii 7; =I!- 

%= 
.:=. . -. r7.q 

:kA .. .... .. _ .:iii:. ... .:. - 365 .. 
_:& .:ii .i .. -. .=.:cp .:. ,k,-.8 .... .... ... .,r., .::. .::\:: 18.3 

17.8 
17.3 
17.6 
16.1 
17.7 
17.3 

16.0 
15.6 
19.2 
16.6 

Survey Point 
Elevation 

(Ft. above MSL) 

22.52 
19.43 
20.83 .... !; 

20.69 .- - ,:iCii7i!++? - .. 
20.37+?F~c~+ih."'~+J2s 
2@&Jii.+:. - ... '==:, ... 
$6 $3 .+- -. .= .. ... -. - ,  

"';' 
.... ::: .... ..., -. 3B++4;$: 

~.:% .... .... . , .- .... 
..... +a:,. 3~.64<:. 
. .. %-?&. ..:::... 2$+Q ... .:$ 
;. "; .20d'!t- 
: .:: -!!. .. 

j, ~:;; ,;;;:. .. ,;::::i: 2(j;$j5 . ..' 
;$ :- ,;P ... .::. 

::. ;. 
$!; .% :. '=. 19.25 

i " ~ .  9 ' ; ~  
IS:. 19.82 
.,? 

: -:. .... .-'" 17.33 

20.13 
21.11 
19.02 
19.92 
20.23 
20.38 
19.16 
19.16 
18.60 
19.37 
18.80 

18.61 
18.08 
21.18 
18.77 
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Total Depth 
of WeUc 
(Feet) 

19.0 
18.5 
18.0 
22.0 
23.0 

".+:. -. 
-3:. .- 23.0 

. : ,  .$: 18.0 
=. .>. ... .. ..... 20.0 

18.5 
20.0 
20.0 
20.0 
20.0 

18.5 
20.5 
20.0 

18.0 
20.0 
18.0 
18.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 

20.0 
28.0 
23.0 
23.0 



Table D-1 
NAS OCEANA MONITORING WELL ELEVATIONS AND DEPTHS 

WDCR895/010.WP5 

'%. i? 
.-A:? 



Table D-2 

N192290.0 



The groundwater generated during well development and purging of the 

Site 2C, Site 2E, and Site 15 monitoring wells was contained in a tanker 

truck to avoid potential risk to human health and the environment. TCLP 

analyses of the groundwater indicated that the water was not hazardous and 

it was subsequently treated and disposed off the station at an industrial 

wastewater treatment plant. 

C&M Waste Oil Distributors of Chesapeake, Virginia, provided;:%decontaminated tanker 
Z? .:$? 

truck for containment of the groundwater. Refer to the md7Management Plan (CHZM 
<-A++& ::i2:~ " .::. 'ex. ..:;. ... HILL, 1994) for additional details. ... *:. -. 

.:7+. .:=? -. 
.::. <$. '16, ... .=<:. .:!~ 2:. -. .:. .= 

- .. - .=. -. ... ii ...... .=. ... .-:. - -<;I. ... 
:: :c . ... .:+ ;;; :.. G?. ..... i. 2' - ... ,=. -. ... .:: . . . .  .ci 5 .=. =$:. ,*<= j:y -., =>. .::. 
-8;. .:5~ ....... - -. -. .,"!.. :::, .:i 

.= =:-. .::. ?:. ... .::. ..s:L. .::. .=.. - c  .... 
$ .. ""5;- p:. iii 
%, ..... y=: =-:: :=:.. %&*::. 

3 ;  1 ;  ;;; ' "  ..:* ... 
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Appendix E 

Data Validation Report 

Introduction 

Data validation is the technical review of a data package using criteria established in the 

Data Quality Objectives of the Quality Assurance Project ~l&-i+bata validation for the 
.I' .:i 

analytical sampling at Oceana Naval Air Station (NAS;)~+~:& done by Heartland 
!%-,,:< -3,. ma: .-- ....... .= _ii. ... -. .:=: - . . . . .  .- ... .- ..- 

Environmental Services, Inc., St. Peters, Missouri. .:- :;? ;:. ,SF : .- .=:. ;i;:.. -. =:. 
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Samples that were analyzed ::. ~= uL&B+';;m&W, .B. - &sods :: .. were reviewed and validated by 

.:= ::..:r 

Heartland personnel using ~ & ~ ~ ~ ~ ~ g s ~ ~ ~ ~ a a a a  . . . . . . .  Chemical Analysis Qwliiy Assurance -. ... .Ih?' ....... 
-:-i-.i9i;_ 

Requirements for the ~ ~ ~ ' ~ a a * i & ~ ~ ~ [ o r o t i o n  . . -%. .=. .:+. .:: Program, mESA 20.2-04723 (June 1988 

revision), the ~abor&g:  ~ a t a  Functional Guidelines for Evaluating Organics 
?.. 5; 

Analysis (June 1991), &i&~PIai'& =a. .:.& ::. .- Data Validation Functional Guidelines for Evaluating 
-. .:? 

Inorganic Analysis (July l&@*&nd method specific SW-846 requirements. 

The data were screened to determine the usability of the results along with the contractual 

compliance relative to the analytical requirements and deliverables. The screening assumes 

that the analytical results are correct as reported and merely provides as interpretation of 

the reported quality control results. 

A minimum of 10 percent of all laboratory calculations were verified and all instrument 

output, such as spectra and chromatogram were reviewed. Data is reviewed to determine 

if holding times, calibrations, matrix spikes, matrix spike duplicates, duplicates, laboratory 

control samples, serial dilutions, tunes, surrogate recoveries, and internal standards are 



within established quality control criteria and to determine if method and field blanks have 

any contamination. Quality control criteria are established to show the accuracy and 

precision of the analyses. 

Below is a summary of Heartland's findings organized by type of analysis. Sample results 

and specific qualifiers are presented on tables found in the body of this report and in data 

tables of the CMS and POL reports. 
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The holding times, tunes, matrix spikes, and &'''&;* dupli&&% were all within 
%. .::. .:;- :g ... .=. . . . . .  

specified criteria. Acetone, 2-hexanone, and 2 - b u & g & ' e  out of specification in some 
1:. 8 : .  ... .- 

calibrations and dichlorodifluoromethane ~ g ' = & . & ~ f  :i 'F;.. s'&h+tion .... in one calibration. An 
_i :.. :>.. -=is... . . . . .  ..... 

internal standard was out of specification fo&$"~&?&dsurrogate recoveries were out 
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Acetone and methylene .&bri.d~?+e . . . . . . . . .  foddl' in method, trip, and equipment blanks. 
: : : .  : "c:. " 

Chloromethane and 2 z 6 i ~ o n 2 y & e  F&,UIZI in different equipment blanks on one occasion .:: ... .L. :i ... 
each. Acetone andP&&ylene ....... har ide  are used as extraction solvents; hence, they are 

..& .::. .c:. .;: . . . . .  

common laboratory con-gb. When detected in a sample, the concentration reported 
; :/i .. ,::. 

is the actual concentration &The sample, i.e., correction for contamination also evidenced 

in method blank was not made. Therefore all the acetone and methylene chloride results 

qualified as such can be attributed to laboratory contamination. 

Sernivolatiles 

No samples were qualified based on holding times, tunes, initial calibrations, internal 

standards, field blanks, surrogate recoveries, matrix spikes, or matrix spike duplicates. 

Di-n-butylphthalate contamination was found in a method blank. Continuing calibrations 

were out of specified criteria for six compounds (4,6-dinitro-2-methylphenol; 



2.4-dinitrophenol; benzoic acid; 1,3,5-Trinitrobe~lzene; 4-Nitroquinolii-1-oxide; and 

hexachlorophene) . 

Organochlorine Pesticides and PCBs 

All holding times, calibrations, blanks, surrogate recoveries, matrix spikes, matrix spike 

dupiicates, and gas chromatograph (GC) performance were within specified criteria. 
=-x& 
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Kepone 

Holding times. GC performance, calibrations, blanks, surrogate recoveries, matrix spikes, 

and matrix spike duplicates were all within criteria. 

Polynuclear Aromatic Hydrocarbons (PNAs) 

No qualifiers were applied for GC performance, continuing calibrations, blanks, matrix 

spikes, or matrix spike duplicates. Two initial calibrations were out of specification for 

benzo(a)anthracene and chrysene. One initial calibration was out for benzo(k)fluoranthene. 

Extraction holding times were exceeded for seven samples. Surrogate recoveries were 

outside specified criteria for two samples. 



Total Petroleum Hydrocarbons (TPH) 

Holding times, calibrations, blanks, matrix spikes, and laboratory control samples (LCS) 

were within specified criteria for all samples except those collected in October 1994. The 

LCS for TPH during the October event was below the lower control limits. Two 

duplicates were outside criteria. 

Total Organic Carbon (TOC) 
.? ... . . ". 21:,~i*::-:-:L .,!+;:, 

All holding times, calibrations, blanks, matrix s p i k e s , , ~ ~ ~ l i c a ~ & ~ ~ z & d .  LCSs were within 
." ,*i' -. .:;;:. ,&? -. .... .'=, :;' ... .c- ::. ..... ..... -. ...... criteria. .. .- 

.- ;:. 
-. -. ;f- <-: ,< ';:; - -. ... -c:..,*;:. .:+:. 

.:$ljs --7 >> 

Sulfide 

shes .  dunlicates. and T.CSs were within 
..#,$==:=;., .:. .:- :% : 

All holding times, calibrations, ...... ,pl&@,=.&atri&~~ T---, __,.._-.__, -- ---- .. --- .. 
;C' " ;, ::,:=+-. Y3. ,: 

:i . :. .... 
criteria. , -i .dF .--,, -8,:. 'S? 

-& ...... -. !X' .:p--=:. -=:. 
-:. ::> .:: - ..... .... .- -~ 

.>= .=. -i..*' .... 
..:;"&L '". = -. .E. _ 

.=. -3:;. 7:.. '?k. . "  1 .  ... -. ... .- -. -.,+, .:% " -::. -=. := ... 9;; ''a '3. .:<? ... Metals and cYani;ak= .- .... .. .. - 
........ -- :;; i 

-A. Y:. 
$ gi 

?it -=. .:> .. -. ... - - .- . . . .  - .- ... 
',&, ?% c,<; f' ,::f .... =&- :? -. 

Holding times, calibratioG~%@terference checks, LCSs, and serial dilutions were within 

criteria. Arsenic, aluminum, barium, beryllium, chromium, copper, cobalt, lead, sodium, 

thallium and zinc, were out of specified criteria in some method blanks. Matrix spikes 

were out of criteria for arsenic, mercury, copper, antimony, selenium, silver, thallium, and 

zinc. Serial dilutions where outside the control limits for aluminum, calcium, iron, 

magnesium, manganese, and sodium. Duplicates for aluminum, chromium, copper, iron, 

lead, manganese, mercury, and zinc were out of specified criteria. Furnace post digestion 

spikes were out of criteria for three samples. 



Overall Assessment 

All the data were reviewed against the data quality objectives defined earlier in the Quality 

~ s k r a n c e  Plan. Using NEESA level C deliverables, it is difficult to assess the accuracy, 

precision, and completeness because the required raw data are not available as they are 

with higher levels of QC. In some cases, the field duplicate results did not match well. 

Overall, the data met the expected data quality objectives and can be considered acceptable 

as qualified and can be used in the decision-making ~rocess. .:$ 





M E M O R A N D U M  UM HILL 

TO: Bob Stroud/EPA Region 111 

COPIES: Erica DameronIDEQ 
Will BullardlNAS Oceana 
Doug Dronfield/CBM HILL 
Stephen RomanowICBM HILL 
Chris BozziniICHZM HILL 

FROM: 

DATE: 

Steven BrownICBM HILL 
Jim HarrisLANTJIIV 

April 21, 1994 

SUBJECT: Results of Background Metals Sampling at Oceana 

PROJECT: MAE20368.MO. 1 1  

One of the issues remaining after the first phase of the RFI at Oceana was whether metals 
concentrations in soils were a problem. Specifically, the concentrations of beryllium and 
arsenic at several sites were above risk-based screening concentrations (RBCs) published 
by EPA Region 111. This was the focus of several comments by the DEQ. The DEQ 
mentioned burning of fuel oil or coal as a possible source of the high beryllium. Our 
contention was that the metals concentrations were not the result of any station activities 
but were naturally above RBCs. Our proposal to resolve this issue was to sample soils for 
metals at two locations distant from any RCRA sites or other activities that could cause 
contamination to determine background concentrations of metals in soils. 

The results of the background soil sampling are now available. The results are consistent 
with past results at the RFI sites, that is, the concentrations of beryllium and arsenic were 
above RBCs at one or both of the locations. The locations of the samples are shown in 
Figure 1 and the results are tabulated in Table 1. Both samples were collected near the 
main gate entrance off of Oceana Boulevard. Sample BG-SOIL1 was collected northwest 
of the large white announcement sign just west of the guard station. BG-SOIL1 was 
collected at the edge of the woods at a depth of 2 to 3 feet from a silty clay zone. 
BG-SOIL2 was collected adjacent to the flag pole and blue-and-gold Oceana entrance sign 
just east of the guard station and the parking lot for the main gate pass office. It was 
collected from a clayey silt zone at a depth of 0.5 to 1 foot. Both samples were similar 
lithologically to the majority of the soils samples collected during the RFI and both were 
in areas of minimal human activity. 

The analytical data are compared in Table 1 to the average concentration in the eastern 
United States (Shacklene and Boerngen, 1984) and to proposed RCRA action levels 
(Federal Register, July 27, 1990), the same criteria used in the Phase I report. Beryllium, 
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chromium, and lead were present above mean concentrations for the eastern United States. 
The concentration of arsenic was 0.62 ppm in BG-SOIL1 and 2.1 ppm in BG-SOIL2. 
The RBCs listed (EPA? first quarter 1994) for residential and industrial soils, were 0.37 
ppm and 1.6 ppm for arsenic (as a carcinogen), 0.15 and 0.67 ppm for beryllium, 78,000 
and 1,000,000 ppm for trivalent chromium and 390 ryld 5100 for hexavalent chromium. 
There is no RBC for lead. 

It is apparent from the comparison of RBCs to the data that only beryllium and arsenic are 
above RBCs in the background soils. This was also true in the soil sampling during the 
RFI Phase I. Reference to Appendix A of the report shows that maximum concentrations 
in soils ranged from 1.2 to 22 ppm for arsenic and 0.24 to 1.2 for beryllium. The high 
concentration in both cases were from sites that have been removed from the RFI after 
consideration of overall concentrations, pathways, and site history. The concentrations at 
sites that are still active are 2.2 to 3.5 for arsenic and 0.29 to 0.63 ppm for beryllium. 

Because the background soils were collected from clean background areas, are consistent 
with past concentrations, yet are above RBCs, we conclude that soils at Oceana are 
naturally above RBCs and, therefore, arsenic and beryllium concentrations above RBCs 
during the Phase I RFI do not indicate site contamination. 



Figure 1 
LOCATIONS OF BACKGROUND SOIL SAMPLES 

RCRA Facrii lmss(i~lion-Navd Air Stpb&l. Ocema I 



INORGANIC COMPOUNDS SOILS AT NAS, OCEANA 

States Mean # 

e constihlent was not detected at the instrument detection Limit (IDL). 
e reported value was less than the Contract Required Detection Limit (CRDL), but 

greater than or equal to the IDL. 
* Indicates duplicate analysis not within control limits. 
n Indicates poor prespike recovery. 
uj The quantitation limit is estimated 
j The reported value is estimated. 
c The analyte was found in the associated laboratory or field blank as well as the sample. 
ND - No data. 
# - Shackleme and Boerngen, 1984. 
& - Federal Register. July 27. 1990. 



U.S. Environmental Protection Agency 
Attn: Mr. Roberc Stroud 
Mail Code: 3HW61 
Region I11 
841 Chestnut Building 
Philadelphia, Pennsylvania 19107 

MAY 1 0 i394 

Re: Results of Background Metals Sampling at Oceana 

Dear Mr. Stroud: 

One of the issues remaining after the first phase of the RFI 
at Oceana was whether metals concentrations in soils were a 
problem. Specifically, the concentrations of beryllium and 
arsenic at several sites were above Risk-Based Screening 
Concentrations (RBCs) published by EPA Region 111. This was 
the focus of several comments by the Virginia Department of 
Environmental Quality (\mEQ). The VDZQ mentioned burrring of 
fuel oil or coel as a possible source of che h i ~ h  beryllium. 
Our contention was that the metels concentrarions were not 
the result of any s:ation activities but were na~urtlly 
above RBCs. Our proposal to resoive inis issue was co 
sampie soiis for me:els at two locations disiani from any 
RCRA sites or other activities that could cause 
contarc,ina:ion to determine background concen:rations of 
mezals in soils. Tinis wes agreed io by the regulatory 
agencies in the October 1??3 TiiC meeting held a: NAS Ocfane. 

Tine results of the background soil sawling are now 
avaliaSle. ?he resulis are consisient wizh sasc re=-lzs at 

- .  
~ h t  EFi  ~ i ~ e s ,  =hat is, the concentretions of ber,.l-i.x. aacd 
~rsezic were tbove F.3Cs cz one cr bozh cf c h ~  lacaziozs. 
m' . - .  . . -ne locacio-s cf the sam;les are shov~ :n rzgure 1 tnc zne 
results are tabu'-- "-+ in Tzble 1. -..ese are provided as 
enclosures. S o ~ h  samples were coliec=ed near =he mtir. gace 
entrance off of Oceana Bou2evard. Sam2ie 3G-SOIL1 was 
collected northwest of the large whiie announcemen: sipr: 
just west of the guard scazion t: che e5pe of =be woods tt a . - dcprh of 2 ro 3 feet from a szlty clay acne. 5s-50122 wes - . -  cc11ec:ed adjtcenc zo ~ h e  flag 3 ~ 1 ~  ano o~ce-enc-g=1c Ocear,a 
eacrance sign just ees; cf =he ~uzr.2 szszioc and =he ~ t r k i z ~  - - .  - . - . - - v-s - lo: fcr z:rls .,sir! g z = r  gas= CIZLCE. - -  .-a CCL-EZ;EC Z Z ; ~ .  e 
clayey silc zone a= a depzk of C.5 z o  1 5021. 53zk C+X;:EE . . .  - .  . - were oxr.:ier iith~l~pl~illy zc ;he rnajori~y cz c r ~ e  sc:-s - -- . . 
sex~les ccllectod &zinc =he :.:- 232 DCEZ 5 r 2 : - ~  ir. irfis of . . . . - 
m:a;mal human acclv==y. 



- ne: Res-1:s cf 3sckgrol;nd P:e:als S a z > l i r . ~  6: Ocri!;a 

The analytical daza are compared in Table 1 :o :he average 
concentration in the eEs:ern LIni:ed S:s=es (Shbcklerre and 
Eoerngen, i 9 i i C )  and to proposed HC:+ actior, levels (Federe2 
Register, July 2 7 .  1P40 )  , the shme criceria used in the 
Phaze I report. Bexyllium, chromi-m, er.d lead were present 
above mean concentrations for the eastern United States. 
The concentration of arsenic was 0 .62  pprn in BG-SOIL1 and 
2 . 1  pprn in BG-SOIL2. The RBCs lis~ed (SPA, firsc quarter 
1 9 9 4 )  for residential and industrial soils were 
respectively, 0.37 pprn and 1 . 6  pprn for arsenic (as a 
carcinogen), 0.15 pprn and 0.67 pprn for bewllium. 7 8 , 0 0 0  pprn 
and 1 , 0 0 0 , 0 0 0  pprn for trivalent chromium and 390  pprn and 
5100  ppm for 3axavalent chromiufia. Tinere is no F.Bi Lor iead. 

It is apparent from the comparison of R3Cs to the data that 
only ber)rliium and arsenic are above RBCs in the background 
soils. This was also true in the soil sampling during the 
RFI Phase I. Appendix A of the regort shows thar: maximum 
concentrations in soils ranged from 1.2 pprn to 22 pprn for 
arsenic and 0.24 pprn to 1 . 2  pprn for beryllium. The high 
concentration in both cases were from sites that have been 
removed from the RFI after consideration of overall 
concentrations, pathways, and site history. Tine 
concentrations at sites that are scill active are 2 . 2  pprn io 
3 .5  pprn for arsenic and 0.29  ppm to 6.6: ppm for beryllium. 

Because the background soils were collected from clean 
background sreas, are consis:en: with pest concentrazions, 
yet sre above RSCs, we conclude that soils a: Oceana are 
naturzlly above P.SCs and, therefore, arsenic and bezyllium 
concen:raiions above R3Cs during the Thase I RFI do nor 
indicate site contamfnaiion with respec: to mezals. 

Sincerely, 

Ii. 55. GO:-:!:SO!<, I . E .  
EeaC - -p-s--7 - - - -  ,c-ia~lon Xesiorarion Secrion 
(Norih) 
Envir0mez:sl ?rogrsns Srazch 
Environmer.=al Quelicy 2ivision ",, =--ec--C- -_ -- --I.. cf fhf Co-~,ancier 

c02y io: (b:!e?.cls) 
T<.=-C: 3cear.a ( 1 .  . 3cllard) - -9 : ;.;3 (Ks. Z .  Darneror-.: 
Slinc co?y ic: 
1 8 2 2  JFH,' lES, metzlbk.jfh 
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TO: Jim HarrisLANTDIV 

COPIES: Will BullardOceana Base Civil Engineering (BCE) 
Darren BracciafCH2M HILL 
John BallingerIOceana BCE Environmental 

FROM: 

DATE: 

Steven BrownICH2M HILL 

August 19,1994 

SUBJECT: Results of Records Search at Site 2E 

PROJECT: MAE20368.MO.M. 

This memorandum summarizes the results of efforts to determine the source of free product 
fuel at RCRA Site 2E near Hangar 23 and Line Shack 109. The purpose of the 2E records 
search was to identify the source of free product so that additional sampling planned for 
September 1994 could be as focused as possible. The search effort involved several 
activities, including interviews with long-term employees, a review of utility and 
construction maps on file at Base Civil Engineering, a brainstorming meeting with several 
current Oceana employees, a round of measurement of water level and free product thickness 
conducted by Oceana personnel, an onsite review of manholes up and down the service lines 
from the contaminated manholes at Site 2E, and a review of some historical air photos. 

The current status of the free product at Site 2E is illustrated in Figure 1. The thickness of 
free product in well 2E-MW8 has increased considerably, from 0.25 feet in March 1994 to 
3.25 feet on August 10, 1994. The fuel thickness in well 2E-MW4 increased from 3.25 to 
6.47 feet over the same period. John Ballinger, Mike Ryan, and Pat Ryan of Oceana smelled 
the fuel from well 2E-MW4 and concurred that it smelled like JP-5 rather than diesel. 
During groundwater sampling in March 1994, two types of free product were observed in 
well 2E-MW4. There was a black, viscous POL material at the bottom of the free product 
zone and a more translucent fuel at the top. This suggests that there may be more than one 
source of free product in this area or that the older material has weathered and become more 
viscous with age. 

A review of the potential causes of the fuel contamination at Site 2E has lead to the following 
possible causes. 

1. Overflows of the day tank and known releases from the fuel lines connecting the day tank 
to the MATWING fuel pits, with subsequent migration to Site 2E down the utility banks 
that connect these two areas. 

2. Potential leaks from two small UST's near the control tower building. 

3. Potential leaks from jet wing tanks stored on wooden racks at a location between Line 
Shacks 106 and 109. 
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4. Leaks from the above-ground heating oil tank at the center of the northeast side of Line 
Shack 109. 

5. Disposal of waste oil and fuels directly down the manhole at the comer of Hangar 23 and 
general waste disposal into the grassy area outside Line Shack 109 

6. Runoff from areas where aircraft are parked or serviced. 

7. Potential leaks and direct disposal of stripped fluids from fuel tanker trucks potentially 
parked in the area later covered by Hangar 23. 

Each of these potential sources will be discussed in sequence, followed by conclusions about 
the probable source or sources and their implications for future sampling. 

Day Tank Activities and MATWING Fuel Line. There are several types of known fuel 
releases from the day tank. Senior Chief Sundin of the fuels division said that the bottom of 
the day tank is stripped daily to remove condensate water that could accumulate there. This 
fuel was formerly dumped directly into a french well (wet well) north of the day tank. Mr. 
Bill Duff of the fuels division said that the practice of discharging stripped fuel down the 
well ended in the late 1960s or early 1970s. Substantial overflows of the day tank or leaks 
from adjacent piping also have occurred. Mr. Larry Kight of the Oceana BCE Planning 
department, an employee since 1964, recalled a release during the early 1970s during which 
fuel was 4 to 8 inches deep on the ground surface northwest of the day tank. He said that a 
separate release occurred in the late 1980s when a 114-inch diameter hole developed in the 
fuel line west of the filter house. The problem was discovered when fuel flowed up through 
the floor of the filter house. During excavations to repair the problem, a substantial amount 
of fuel was found in the soil near the filter house. Mr. Pat Ryan of BCE also reported that 
substantial leaks also had occurred in the old fuel line leading to the day tank from the fuel 
farm southwest of the runways. 

Terry Switzer of BCE reported that the old fuel line that lead from the day tank to the 
MATWING fuel pits also had a history of leaks. This old line has been replaced with a new 
line over the last 3 or 4 years. I did not read any reports related to this problem and am not 
sure that any environmental sampling was done in this area. 

The migration pathway of fuel releases at the day tank or from fuel lines is a key 
consideration. Baker Environmental completed a study of the fuel problem at the day tank in 
March 1994. Review of the figures in this report showed a broad free product area north, 
northwest, and southeast of the day tank. The report also clearly shows: 

• Groundwater flows to the northwest in this area. 
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There are a series of wells that do not contain fuels at locations outward from 
the free product area. 

Monitoring wells around the entire free product area. 

A minimal number of wells on the south and southeast side of the free product. 

The low number of wells on this south/southeast side suggests that free product could have 
escaped and migrated to Site 2E and been undetected by the monitoring well network; 
however, this does not appear likely considering the overall size and shape of the free product 
plume. This result appears to rule out the possibility that fuel releases from the day tank area 
flowed directly across the taxiway to Site 2E. 

Another key possibility is that fuel originating either from the day tank or from.releases along 
the old line leading to the MATWING fuel pits was able to migrate along the utility banks 
that connect this area with Site 2E. The general layout of utilities connecting these two areas 
is shown in Figure 2. Chief Chaney of the fuels division reported that one of the manholes 
near the control tower had to be ventilated of fuel vapors each time it was serviced or used. 
As part of this work, we removed all of the manholes for the electrical and telephone lines 
and inspected the inside of the compartments for fuels. None of the manholes showed 
evidence of fuels either north or south of Site 2E; however, the two manholes at the south 
comer of Hangar 23 were found to contain fuels as before. It is possible that fuels could flow 
along the sand or gravel that was laid as a construction base beneath the utility banks yet not 
be present in the manhole compartments. Mr. Mike Ryan said that sand, not gravel, is used 
as a construction base for utility banks at the station; however, these utility banks were 
apparently constructed in the early 1960s before Mr. Ryan started working at Oceana. 
Nonetheless, the weight of evidence does not suggest that fuel has flowed along the utility 
bank to contaminate Site 2E. 

Potential Leaks From Two SmaU UST's near the Control Tower. John Ballinger of BCE 
Environmental reviewed the records of UST's near and north of Site 2E. He found records 
and evidence of a 1,000-gallon tank at the northeast corner of Building 100 and of a 550- 
gallon tank next to a small utility building southeast of Building 100. Because of the size of 
these tanks and the observation that fuel does not appear to have flowed down the utility 
lines, these two UST's do not appear to be a source of the fuels at Site 2E. 

Potential Leaks from Wing Tanks Stored Near Line Shack 106. Terry Switzer and Carl 
Hebert of BCE showed me air photos of the Line Shack 109 area before the construction of 
Hangar 23 and Line Shack 110. The photo shows several wing tanks stored on racks at the 
current location of Line Shack 110. Mr. James Holsey, an Oceana employee since 1955, told 
me he recalls wing tanks being stored in this area. Mr. Kight also confirmed that wing tanks 
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were washed and stored in the Hangar 23 area Although the air photo showed wing tanks 
southeast of where the fuel was found, it is possible that the tanks were stored over a broader 
area or that waste fuels from servicing the tanks were disposed onto the grassy area. 

Above-ground Heating-Oil Tank Alongside Line Shack 109. A 275-gallon heating oil 
tank has been present along the northeast side of Line Shack 109 since it was constructed (in 
1962?). Piping from the above-ground tank is illustrated to be routed below grade in 1962 
as-built drawings. It is likely that some spills have occurred fiom this tank. These spills are 
not the likely cause of the probable JP-5 in the adjacent well 2E-MW4 but may be the source 
of the viscous black POL observed during sampling in March 1994. 

Disposal of Waste Oil and Fuel Down Manhole and Onto Grassy Area Near L i e  
Shack 109. It is not clear how long the reported practice of funneling waste oil down the 
manholes between Hangar 23 and Line Shack 109 continued. Waste-oil funneling was 
reported in the IAS report written in 1984. Mr. Larry Kight said he remembered fuel flowing 
into these two manholes in the early 1980s and remembered the rumor that servicemen had 
dumped waste oil into the manholes. The observations of CH2M HILL personnel during 
sampling in February and March 1994 and conversations with current enlisted men working 
at the line shack suggest that some waste handling practices at Line Shack 109 continue to be 
substandard. Practices were particularly loose in earlier years. It is likely that waste oils and 
fuels were dumped to some degree in the grassy area northeast of the Line shack. Fuels are 
drained every day from pencil drains in the aircraft in Hangar 23, according to Senior Chief 
Sundin of the fuels division, but he does not know where the waste fuels are disposed. 
Officer Robertson, the FITWING and Search and Rescue (SAR) hazardous waste 
representative may know more about these practices but he did not attend the meeting. 

Runoff From Aircraft Areas. A fuel sheen was seen on runoff water flowing into the 
grassy area from aircraft parking areas northwest of Line Shack 109 during a February 1994 
sampling event. Even though the volume of fuels that infiltrated into the grassy area from the 
aircraft areas may not be significant, runoff clearly flows to the low grassy area near Line 
Shack 109 from a broad area. 

Tanker Trucks Parked Near Hangar 23. Mr. Thomas McGowan of the fuels division, 
reported that he had been told that refueling tankers used to park in the area now covered by 
part of the southeastern half of Hangar 23 some time before his arrival at Oceana in 1973. 
These tankers were probably stripped often to eliminated condensate water. Stripping is 
currently performed on the tankers according to Senior Chief Sundin, and this activity was 
also presumably a standard procedure prior to 1973. Them waste fuels may have been 
disposed of on the ground. Mr. Kight and Mr. Holsey of BCE said that he did not recall a 
time when tankers were parked near Hangar 23 despite working at the station since 1963 and 
1955 respectively. Mr. Kight did report that it was a common practice to dispose of waste 
fuels on the ground in the 1960s. I presume this practice was also common in earlier years. 
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Mr. Kight worked in 1958 and 1959 as a driver for a private contractor that operated these 
refueling tankers and said they did not park tankers near Hangar 23 at that time. Mr. Boone, 
an employee at Oceana since the 1940s. and Mr. Wally Waldrop and Mr. Roger Reed, two 
other long-term employees, may remember more about the use of tankers in this area but 
were not available at the time of the records search. 

The source of the fuels at Site 2E remains uncertain There may be several sources, but the 
likelihood is that one or two major sources caused the problem. I judge that the wing tanks 
and refueling tankers along with routine disposal of waste oils and fuels onto the ground near 
L i e  Shack 109 are the primary causes of the fuel contamination. There also may have been 
a contribution from the heating oil tank to cause the two-phase POL contamination in well 
2E-MW4. The day tank and the leaking fuel line leading to the MATWING fuel pits, with 
subsequent migration down the utility banks do not appear to be a major source. 

Sampling should be geared primarily towards the area southwest and downgradient of L i e  
Shack 109. Some samples should be collected north of Hangar 23 to confirm that fuel is not 

-flowing from the day tank and inside the hangar to check on the possibility that the 
southeastern half was used for parking and stripping out waste fuel from fuel tankers in the 
1960s. One to three samples should be collected from the edge of the concrete utility bank 
northeast of Site 2E to determine if the base of the bank is contaminated with fuels. The 
POL fingerprinting sample from well 2E-MW4 should be run against a JP-5 standard 
supplied by Oceana to confirm the identity of the primary POL at the site. A second POL 
fingerprinting sample of t h ~  k viscous material may be warranted. 




