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PREFACE

This project was completed for McClellan Air Force Base, California, by CH2M HILL
under the Environmental Engineering and Scientific Support Services Contract
No. F04699-90-D-0035, Delivery Order No. 5003. CH2M HILL was assisted in this
work by Udell Technologies. This report presents the data review, site selection, and
conceptual design of a steam injection pilot plant.

Key CH2M HILL personnel were:

Wayne Pearce--Project Manager
Robert Evangelista--Senior Engineer
Jeff Heglie--Engineer/Analyst
Karla Ebert--Engineer/Analyst
Junghee Lim--Technician

Key Udell Technology personnel were:
Kent Udell, Ph.D.
Bo Stewart, Ph.D.

CH2M HILL would like to acknowledge .coop f the McClellan Air Force Base
Office of Environmental Management, In‘particular, CH2M HILL acknowledges the
assistance of Jerry Robbins, CaptamﬁFran Slavich, Bud Hoda, and Alex Johnson.
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1.0 INTRODUCTION

McClellan Air Force Base (McAFB), located in Sacramento County, California, provides

logistical support and maintenance of aircraft and ground support systems through the Sacra-
mento Air Logistics Center (ALC) (Figure 1).

The +50-year-old ALC is a key part of the Air Force Logistics Command lifeline of the
aerospace team. The command is headquartered at Wright-Patterson AFB, Ohio, and the
Sacramento center is one of five such facilities located at strategic points around the country.
Each of these centers supports the Air Force’s other major commands in key areas of
management, procurement, supply distribution and transportatlon, and maintenance and

repair. Each also supports certain aircraft, weapon systems; and various items and
commodities.

maintained and repaired (Ref. 1).

i,

Environmental efforts at McAFB during the prc Tous, cade have identified numerous
known or suspected hazardous waste disposal sites. They'are located in Operable Units A,
B, C, and D (Figure 2). Most of the sites-have had some previous soil sampling, monitoring

well installation, soil and water saplitig,
environmental efforts to date at M} €Clellai
Base library.

d data analysis. The results of site specific
lde i the Administrative Record (AR) at the

The purpose of the currént effGrt was ta.Conduct a data review, develop a site selection
process, select a site fB.tA wpilot-scalé in-situ remedial system, and complete a conceptual
design of the system. McAFB: has se]ected a promising alternative and innovative technology
called steam injection, develmped by Kent Udell at the University of California at Berkeley.
This technology combines in-sitt steam injection into soil and groundwater with vacuum
extraction of volatile and semi-volatile contaminants. The goal of the steam injection system
is to remove volatile and semi-volatile organic contaminants from both the soil and
groundwater within a selected site. CH2M HILL, in conjunction with Udell Technologies,
Inc., reviewed the existing environmental data in the AR and developed a site selection
process. The optimal siting criteria were developed to define the most appropriate siting
conditions and subsequently select the optimal site. Three candidate sites, Sites 2, 22, and
42, have been chosen for further consideration in the site selection process. The final site
will be chosen in cooperation with McAFB and the regulatory agencies. Conceptual designs
have been drafted for all three locations to aid in the selection process.

The objective of this report is to provide McAFB and the appropriate regulatory agencies
with a summary of and an opportunity to comment on the data review, site selection, and
conceptual design efforts. This report will provide the necessary input into site selection
issues, design modifications, and regulatory considerations of a pilot-scale steam injection
system.

SAC/T103/095.51 1
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2.0 REVIEW OF DOCUMENTS

2.1 DOCUMENT REVIEW

The McAFB library houses a collection of 211 documents, largely prepared by contractors,
containing information on environmental conditions at the Base. This collection, called the
Administrative Record (AR), was assessed to identify those documents pertinent to the task

of locating a suitable site for the steam injection pilot facility. A data review of those found
to be relevant is provided in Appendix A.

Only documents addressing areas A, B, C, and D were reviewed. Because of a lack of

Data considered“partially lacking in completeness and/or representativeness,
and/or not completely verifiable. These data should be used with caution in
decisionmaking and only with the support of other data of Code A quality.

C Data of poor quality or data with indeterminate or undocumented quality
control. These data should be used for decisionmaking only when strongly
supported by data of Code A quality.

The majority of the documents received either an A or B rating. The limitation of the index
is that it provides only a preliminary evaluation of documents (Ref. 3). Due to this
limitation, additional criteria used in determining the quality of data were the completeness
of information and the existence of supporting documents. Using the index, CH2M HILL
determined that existing data were of sufficient quality for the site selection process.
However, the data should not be assumed to be completely accurate; sampling is needed.
Additional samples will be collected before the demonstration study begins (see Section 6.1).
The site selection process involved using information from existing documents to target areas
with high contamination and a confining bed or high permeability layer.

SAC/T103/095.51 4
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3.0 SITE SELECTION PROCESS

A selection process (see Figure 3) was devised to select an optimal site at McAFB for the
steam injection system. Evaluation criteria for site selection were developed by CH2M
HILL and Udell Technologies in conjunction with McAFB and the regulatory agencies.
These criteria were segregated by order of importance into primary and secondary criteria.
The primary criteria are necessary conditions for the technical feasibility of the steam
injection process; the secondary criteria are relevant design considerations that may affect
the performance of the system.

Following are the two primary criteria, which are necessary conditions.

mately 10 to 1,000 parts per million (ppm)

A minimum concentration of about 10 p
change in contaminant concentrations.d
residual of a 10 ppm contaminant wemld y}only 100 parts per billion; a
lower concentration could give rise tdwlargé analytical uncertainties.) A

minimum concentration of 10 ppm--for an’ mdmdual VOC compound would
be preferable.

ould“aliéw for an observable
uring.the pilde test. (A 1 percent

The upper limitation op't
are denser than water,s
present within a sngmfican:t'.

DNAPL mlgfa ] ay exist at contaminant concentrations over 1,000 ppm.)
. Confining bed or high-permeability bed beneath contaminated zone

The vertical movement of contaminants in solution in the steam condensate
must be controlled in order to guard against further contamination of the
groundwater. Such control can be achieved by operating the pilot above a
continuous low permeability confining bed or by the maintenance of a
relatively high vapor phase pressure gradient in a steam-bearing zone below
the region soil contamination. In the second case, a continuous high
permeability zone at least 1 foot thick is required for preferential steam zone
movement. Also, this zone should be bounded on the bottom by a region of
low vertical permeability. Under these conditions, the trajectory of steam
condensate draining into this high permeability zone will be essentially
horizontal, allowing effective recovery by liquid pumping from the low
pressure recovery wells.

SAC/T103/095.51 5
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The hydraulically connected high permeability zone should have a permeability
on the order of 10 darcy (~100 gal/day/ft*), a thickness of over 1 foot, and a
contrast in horizontal permeability of about two orders of magnitude in

relation to adjacent zones in order to promote preferential steam zone growth
into barrier zone.

The following criteria are secondary and generally could be compensated for in the
engineering design of the pilot plant if they are not met. These criteria were used to select
among sites that meet both the two criteria above, by using a weighted-sum scheme.

Defined perimeter of contamination

The movement of contaminants ahead of the stea
lead to additional spreading away from the targe!
injection wells are placed inside the zone of ¢o;

‘Condensation front could
rea if perimeter steam

Relative site size

A pilot-scale demonstration that rerﬁi”e,, a "small" site, 1 acre or less,

would be preferable.

Site accessibility

A pilot-scale system“ydv‘;ﬂd‘grz’g’;fer;h‘l e sited away from buildings, structures,

and human intrusi¢

Distribution of cSintaminants in both high- and low-permeability zones

It is given ‘that sigmifi
conditions.™

cant sampling will be required to establish baseline

Proximity to gifouﬁawater treatment plant (GWTP) or GWTP pipeline

A pilot-scale system site near the groundwater treatment plant is preferable
so that any contaminated condensate can be adequately remediated before
discharge.

Adequate depth of contamination

This is relevant to vadose zone only. A minimum depth of 20 feet should be
sufficient.

SAC/T103/095.51 7
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The following conditions are important and necessary considerations for siting components

of the steam stripping process; however, these conditions are not criteria used in the site
selection process:

. Access to utilities (i.e. steam, electrical power)
. Adequate work space on the surface
. No underground utilities or structures that could be damaged by drilling

activities and by elevated temperatures

3.1 SITES MEETING SELECTION CRITERIA FOR-CONTAMINATION

The first criterion in the selection process is that the contamxrién’t oncentration range should
be approximately 10 to 1,000 ppm. Relevant documenis in th .AR, were consulted to
determine contaminant concentration ranges in vanous‘:‘s!tes . Table I (pages 9 through 19)
is a compilation of sites in Areas A, B, C, and D by ccmtarnmatlon Any site that had no
1nd1v1dual contarmnant present at or above 10 ppm was , jected as a potential 51te for the

:ntammatlon present. Table 2
~"A§ppend1x=-8 contains cross sections of the initially
emplored further for hydrogeologic selection
criteria and secondary selection crlt‘t{la

3.2 SITES MEETING SEL TIQN

RITERIA FOR HYDROGEOLOGY
3.2.1 Explanation ofA :m ch

The nine sites that meet ‘the”various conditions for contaminant concentration were
evaluated on the basis of the local hydrologic conditions. Existing boring logs and
geophysical logs were reviewed to determine if a continuous low-permeability layer or a
continuous high-permeability layer appears to be present in the saturated zone beneath the
bulk of the contamination. Such a layer is necessary to provide a barrier, either active or
passive, to downward migration of contaminants during the pilot test. The intent of this
initial screening of hydrogeologic conditions is not to provide a definitive judgement about
the feasibility of steam injection, but to determine if the existing data suggest that a
continuous low-permeability or high-permeability layer extends across the site.

High-permeability soils, for the purpose of the screening process, are defined as sand or
gravel (SW, SP, GW, or GP, by the United Soil Classification System). Clay (CL and CH),
silty clay, sandy clay, or "hardpan" are considered to be low-permeability soils. If geophysical
logs were available, the resistivity curves were used to identify the high- and low-permeability
zones. Sites were retained if existing borings consistently showed the presence of one or
more barrier layers at a particular depth. Example geological and geophysical well logs are
provided in Appendix C to illustrate how high-permeability and low-permeability layers were
identified.

SAC/T103/095.51 8
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For each site, two or more potential barrier layers were described in terms of soil type,
depth, and thickness. A qualitative evaluation of the probability that each layer is
continuous was made, based on the soil type, layer thickness, the number of available
borings of sufficient depth, and the spatial distribution of the borings. Because of the
general nature of alluvial systems, clay layers of a given thickness were assumed to be more
laterally continuous than sand and gravel lenses of the same thickness. Finally, each site was
given an overall qualitative ranking based upon the number of potential barrier layers, the
aggregate of the continuity ratings, and the quantity and quality of available data.

Table 2
List of Initially Approved Sites

Approved J(S'i:ieNo.)

o|lo|o|o|a]n|o|n]»

Because the candidate SiteSappear to have affected the local groundwater, the barrier layers
should be at some depth below the water table in order to be beneath the most
contaminated soils. In genera!a the stratngraphy at each site was analyzed in detail below an
elevation of approximately zerd-feet mean sea level (msl). The water table elevation at the

nine sites is at approximately -30 to -36 feet msl. Boring logs with total depths of less than
60 to 80 feet did not provide useful information.

Within Area D, only those zones below about -80 feet msl were considered because
shallower zones are penetrated by numerous extraction wells that are screened across
muitiple permeable layers. The shallower permeable zones within Area D appear to be
contaminated. (The permeable zone immediately below -80 feet msl is Zone C of the

CH2M HILL investigations, and is equivalent to the lower part of the middle zone described
in the Radian reports.)

3.2.2 Data Limitations

A majority of the existing soil boring logs are restricted to the unsaturated zone. Existing
data on soil conditions within the saturated zone are limited to geologic logs and geophysical
logs of monitoring wells, deep exploratory borings, and existing base wells. Geophysical logs
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are usually not available for wells constructed before the mid-1980s. The quality of the
earlier geologic logs is quite variable, and several different methods of soil classification were
used by the field geologists.

3.2.3 Summary of Sites

Based on existing data, all of the nine sites potentially have a high - or low - permeability
layer that could act as a barrier to vertical migration of contaminants. Therefore, none of
the nine sites was rejected on the basis of local hydrogeologic conditions, and all were given
qualitative ranking as described below. The results of the evaluation of hydrogeologic
conditions at each of the nine sites are presented in Table 3. The following summaries of
the nine sites supplement the information provided in Table 3.

Area A: Site 38. Five borings within Site 38 indicate the prese,-r‘fé of a sand layer between
elevations -55 to -70 msl. This layer varies from 2 to 15 fegt imthickness. Two of the five
boring logs classify this layer as sandy clay, but these logs::

A second 5- to 20-foot-thick sand and/or gravel ]dyerw
The same three borings also show a 10-foot clay layer,mi way between the two permeable
layers. The available deeper boring log data-tqr Site 38 : ¢ distributed over a relatively
large area, hence the site is given a low-to-moderate-o rall_:,'rankmg

Area C: Site 13. Deep borings near.Site, 13° d"to one cluster of four and one
additional boring. The site has a, Jow thentlaL 0{ two barrier layers and is given a low
ranking because of the limited agiount of dafa

rmeability, layers appear to extend below this site. The
035 feet“thick, and the distinctive sand correlates well between
boring g coverage across the site. For these reasons, the site

Area C: Site 22. Two high}
shallower of the two is @'t
borings. There also is*
is given a high ranking.

Area C: Site 42. This site is adjacent to Site 22, and the same geologic data were reviewed
in its evaluation. Site 42 is given a lower ranking than Site 22, however, because most of the
borings are located within or near Site 22.

Area C: Site 43. Two sandy clay layers appear to be present beneath Site 43. The overall
ranking of this site is moderate because the limited number of boring logs are of variable

quality.

Area D: Site 2. Of all nine sites, Site 2 has the largest number of deeper boring logs within
its boundaries or nearby. Zone C, or the lower part of the middle permeable zone, is
present at each of the nine borings. The four deepest borings also intercepted another sand
layer at about -100 feet msl. For these reasons, the site was given a high qualitative ranking.

Area D: Sites S and T. The same two permeable zones as at Site 2 are found beneath these
sites; however, the deeper zone is intercepted by only two borings. The site is given a
moderate to high ranking because of the reduced confidence in the continuity of the deeper
zone.
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Area D: Site 5. The boring log information for Site 5 is very similar to the data for Sites S
and T; consequently, a ranking of moderate to high is also assigned to this site.

33 EVALUATION OF SECONDARY SELECTION CRITERIA

The evaluation of the secondary criteria included six criteria for each of nine sites that met
the primary selection criterion for contamination. These evaluations were based on how well
the site met the individual secondary criteria and the adequacy of the existing data. Each
criterion was assigned a weighting factor based on the importance of that secondary criterion
to the siting of the pilot-scale system. First, a scoring plan was developed (Table 4) to
provide a basis of ranking the sites by secondary criteria. Next, each site was assigned a
score for each criterion. The value of that score was based on how well the site met the
particular secondary criterion. Finally, the welghted (the sum"‘”‘of the products of the

The scoring plan (Table 4) assigns numerical values (sco s) based Sn,
a specnflc secondary crltena The scores range from 0:£0 5,

criteria, or was totally deficié nd thﬁut rnerxt or insufficient data exist for evaluation.

The weighting factors Wer assigned values of 5, 10, and 15, corresponding to low, moderate,
and high importance, respeétively, of the secondary criteria to siting the pilot system.

Each of the six selection critetia“are listed below with an explanation on the assignment of
a value to the secondary selection criteria’s weighting factor and an explanation on the
assignment of a score to site for each secondary selection criteria.

3.3.1 Defined Perimeter of Contamination

A defined perimeter of contamination was assigned a high (15) weighting factor. The high
weighting factor was assigned to this secondary criterion because of its relative importance.
A defined perimeter is described as an outside edge of a waste site beyond which little or
no contamination exists and within which contamination is present. If a perimeter of
moderate contamination exists at a site, then steam injection wells can be placed just outside
the contaminated zone in the "Clean Zone." If a perimeter of contamination does not exist,
then the movement of contaminants ahead of the condensation front could lead to additional
migration of contaminants away from the site.
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Table 4
Secondary Selection Criteria Scoring Plan
Value

0 Site does not meet secondary selection criteria, or is totally deficient and without merit, or
insufficicnt data exist for evaluation.

1 Site does meet secondary selection criteria but contains deficiencies that can only be
corrected by major enginecring changes to relevant portions of the pilot system.

2 Site does meet secondary selection criteria but contains deficiencics that may be corrected by
significant engineering changes to the relevant portions of the pilot system.

3 Site adequately meets secondary selection criteria; however, lhere_may be perceived
weaknesses or areas that could use improvement. '

4 Site meets secondary selection criteria with some superj

5 Site cxcels in meeting secondary selection criteria.

Site Number

Secondary Selection Cntena Factor B (132 4249 2 S S| T
Defined perimeter of contamirfaion 1| O 2 2 0 o 0ofoO0f O
Relative site size 10 0 0 1 2 3 3 41 5 5
Site accessibility 15 0 S 5 1 5 2 21 2] 2
Distribution of contaminants in 5 4 3 4 5 2 3 3( 2 2
high and low permeability zones
Proximity to groundwater treatment 15 0 3 5 4 3 5 S| 5 5
plant (GWTP) or GWTP pipeline
Adequate depth of contamination 5 5 3 3 3 3 5 S| S 5
Site score - ]l 60 [120 | 225 | 165 | 170 | 170 |145 |190 |190
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Each site was evaluated on how well a distinct contamination perimeter existed at the site.
Little information to determine a defined perimeter of contamination exists; therefore, all
sites scored low on this secondary criterion. Of the nine sites, six have no data outside their
perimeters. Site 38 had data outside the perimeter of the site; however, the data show
significant contamination beyond the site’s boundary and the site was ranked low. Sites 22

and 42 were ranked slightly higher because the existing data beyond the site boundaries
indicate relative contamination.

3.3.2 Relative Site Size

Each site was scored for relative site size. The sizes of the sites were based on data
contained in the same references used for Table 1. This criterion was given a moderate (10)
weighting factor. Ideally, a pilot-size site would best suit a pilot-scédle treatment system, but
site size is not critical to the demonstration. However, a p11 cale demonstration that
remediates a "small" site would be preferable. Therefore," aller sites were scored
higher. Scores were assigned to the sites in the following m’im"ner =50,000+ square feet was
assigned a zero; 40,000 to 49,000 square feet was assigried a ] . t6:39,000 square feet
was assigned a 2; 20,000 to 29,000 square feet was asmgned 3; 10, 000 to 19,000 square feet
was assigned a 4; and less than 10,000 square feet wa,s as gned as.

3.3.3 Site Accessibility

The accessibility to a candidate site for::-amp_llot-
of high importance (weighting facto
would impede construction of the p

{ scaie denionstration project was considered
15). Obsiruetxon of a site by buildings and structures
t scale Sy em: 4 Regular human activity at a site could

at the site. The area sur;oundmg Buﬂdmg 475 consists of parking lots and operations areas

that are not suitable for $ystem smrng Site 42 is covered with large site-restrictive cement
holding ponds, so it was as51gned asscore of 1. These ponds were part of the old industrial
wastewater treatment plant. Sites 2, 5, S and T were each scored 2 because the composite
cap, which covers most of Area D, would be an impediment to subsurface accessibility.
Sites 13, 22, and 43 were highly accessible and scored 3.

3.3.4 Distribution of Contaminants in the High- and Low-Permeability Zones

Contaminant concentrations in unsaturated soils will vary with depth, soil type, and location
relative to the source of contaminants. Because of the difficulty in distinguishing between
influences on contaminant concentrations with a limited number of soil samples, confidence
in the analysis of contaminant distribution over different soil types is low. The distribution
of contaminants is consequently given the relatively low weighting factor of 5.

Only data obtained from analyses of native soils were reviewed. Fill materials are poorly
characterized and were ignored. For the purpose of this evaluation, gravel, sand, and silty
sand are assumed to have a high permeability. Clay, silty clay, sandy clay, and clayey sand
are assumed to have a low permeability, and silts are assumed to have a moderate
permeability.
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Each of the nine sites was qualitatively ranked on the basis of the observed distribution of
contaminants in natural soil samples obtained from shallow borings, which range from about
8 to 80 feet deep. The qualitative ranking is based on the total number of soil samples
analyzed for organic compounds, the range of soil types represented in the soil samples, and
the observed distribution of contaminants. For example, locations where observed
concentrations in sands are comparable to those in nearby silts or clays would be considered
to have a very good distribution of contaminants in both high- and low-permeability soils.
(At low concentrations and at equilibrium, saturated conditions, the total concentration of
an individual contaminant in soil is approximately proportional to the fractional organic
content of the soil. Under these conditions, clays, which typically contain greater amounts
of organic matter, would have higher concentrations of organic contaminants than sands).

Soil samples were usually analyzed for priority pollutants (sem1 velanle organic compounds
or volatile organic compounds). In the following section, "totaf organic compounds refers
to the total of the measured concentrations of individual sem}-evofatlle organic compounds
(semi-VOCs) and/or volatile organic compounds (VOCS), not,_ta_a single analytical
technique.

Slte 38. Seven borings are located w1th1n Slte 38, n sml samples from these borings

measured in sandy silt at 65 feet.

No samp“
compounds. Rank = 4. :

fall within the range that could be"rexpected given the different soil types. Contours of equal
concentration of selected confaminants are presented in Appendix E. Rank = 4.

Site 42. Five soil borings are located within Site 42, and samples ranging from sand to clay
were collected from these borings. At two separate locations, total concentrations of organic
compounds were higher in sands than in silt or clay. For example at soil boring 42 WSBO2,
a total of 21 ppm VOCs was measured in sand at 17 feet deep, while only 3.1 VOCs was
detected in silt at 30 feet. The sands are nearer to the source of the pollutants, suggesting
that soil type plays a secondary role at these two locations. Rank = 5.

Site 43. All soil samples collected at this location were sand and/or the samples were
analyzed using different techniques. A maximum total organic concentration of approximate-
ly 1 ppm was observed in one sample of native soil. Rank = 1.

Site 2. Samples retrieved from the three borings at Site 2 ranged from sand to sandy silt.

Observed total VOC and semi-VOC concentrations ranged from approximately 100 to 800
ppm. Rank = 3.
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Site 5. Soil samples from the three borings at this site that were analyzed using comparable
methods are all sand or silty sand. The concentration differences between the two soil types
(maximum $ times difference, 150 ppm VOCs versus 30 ppm VLCs) could be explained on
the basis of depth alone. Rank = 3.

Site S. Comparable samples from the two borings at Site S are all sand, with total
concentrations of approximately 50 to 70 ppm. Rank = 2.

Site T. Two soil samples were collected at site T. The one silty sand sample had total
concentrations approximately 10 times higher than that measured in sand from another
boring (sum of VOCs and semi-VOCs, 1,403 ppm and 134 ppm, respectively). Rank = 2.

3.3.5 Proximity to Groundwater Treatment Plan or Groundwatgr”[freatment Plant Pipeline

A substantial amount of groundwater and/or steam condensate;
demonstration test. Presumably, the condensate wﬂl ‘;’;maln 'contammants therefore,

thé liquid would have to be transported
i smgned hlgher scores (3) because they

from the injection wells to: he ;urface or air from the surface to the extraction wells.
Although an important considérdtion, especially where contaminants are near the surface,
it was assigned a low weighting factor (5) because any problems could be solved by
modifying the injection system design. Sites 13, 22, 42, and 43 were each scored 3 because
much of the contamination present remains near the surface in the former disposal pits.
Site 38 was scored 5 because short-circuiting would probably not occur with Building 475 and
adjacent asphalt parking lots covering the site. Even though many of the contaminants were
in the original surface pits, Sites 2, 5, S, and T were scored 5 because the non-permeable cap
above these sites should prevent short-circuiting.

3.4 FINAL SITE SELECTION

Final site selection was first based on the results of the hydrogeological evaluation. Then
these sites were compared to the results of the secondary selection criteria evaluation.
Because the hydrogeological evaluation was considered a primary selection criteria, a site
rating high in hydrogeology would be considered the more favorable location. If a particular
site received high scores in both the above evaluations, the site was a candidate for siting
the pilot-scale system.
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Therefore, the following selections were based primarily on hydrogeology. However, there
were several sites that were not selected but could be given future siting consideration
because of an acceptable hydrogeological evaluation and good secondary criteria scores.

The best site for the pilot-scale steam injection system is Site 22 in Area C. This site had
the highest hydrogeologic rating among the Area C sites. It also has high-permeability barrier
layers at -95 to -132 feet and -153 to -167 feet msl, each consisting of a thickness of sand
ranging from 9 to 35 feet and 4 to 10 feet, respectively. In addition, Site 22 scored well
above all other sites in the secondary selection criteria evaluation. The site has excellent
accessibility with no cap penetration problems, very good distribution of contaminants in high
and low permeability zones, and the best location in relation to the GWTP and the pipeline.

Alternate sites were selected in case unforeseen problems would: preclude the siting at
Site 22. Furthermore, if the future demonstration test proved successful and additional pilot
or full-scale use of the technology was desired, the pre- -ev. luated-alternate sites could be
considered for future remediation. '

Two additional sites selected as alternates to Site 2 Site 42 in Area C and Site 2 in
Area D. Site 42, adjacent to Site 22, received a modeta 1o igh rating in the hydrogeologic
evaluatlon the second hlghest ratmg in Area C.----Eor the’ scccmdary selection cntena Site 42

system, but only afters addmonal hydrogeologlca] data is acquired for further evaluation.
Site 38 is not acceptable*for 'siting’ ‘the pilot-scale system. Site 38 ranked only fair on the
hydrogeological investigation, and réceived the lowest score resulting from the secondary
selection criteria evaluation. Be.cause Site 38 is located in Area A, no current method exists
for transporting and treating the liquid condensate that the steam injection system will
generate. Finally, Site 38 is overlaid with a large industrial building (Building 475) and
accompanying parking lots that contain many people during working hours. The unknown
risk to industrial workers from a new alternative and innovative remedial technology is
perceived too great to install the pilot-scale system at the site at this time.

4.0 CONCEPTUAL DESIGN
4.1 DESIGN APPROACH

The candidate sites are not sufficiently characterized to develop detailed designs. Further
characterization of the selected site will be necessary. Therefore, flexibility must be designed
into the remedial system to take advantage of data that become available. However,
sufficient data are available to allow a preliminary conceptual design that can serve as a
basis for project planning and a guide for further characterization.
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The conceptual designs presented in this report were developed using information contained
in the Final Basewide Report on Contamination for the three leading candidate sites
(Ref. 4). The conceptual designs are for implementation of the process on representative
portions of the three candidate sites. The design may be altered for the selected site using
data obtained from further site characterization, laboratory steam treatability tests of the
soil, and modeling of the process. Following the design effort, the implementation of the
process will ensue. Design of the system will allow for scale-up to a total remediation etfort
for the selected site in the final phase.

Proving the effectiveness of the combined steam injection and vacuum extraction process for
removing volatile and semi-volatile organic contaminants from the soil and groundwater at
MCcAFB is the primary goal of this project. Yet, safety and the possibility of adversely
impacting the site are given careful consideration in the designs. The most serious concern
is collection of contaminated steam condensate. A number Of €xtra recovery wells are
included in these initial designs to ensure adequate condensate

The three candidate sites are Sites 22 and 42 from Area and Slte 2 from Area D. The

design for Site 22 of Area C is provided in greatest détai a_nd is the subject of discussion to
descnbe the system characterlstlcs Summary demgns Aar résented for the other sites. An
wells, and condensate extraction

injection wells are place m' two flVC-‘SpOt patterns This pattern can easily be repeated to
encompass the remaindet: ffabe site for a total cleanup effort. The injection wells (I1-16 in
Figure 4) are about 110 féet | €ep’ ‘and the injection interval is the lower 60 feet. The
location of the water table in“this region is assumed for the conceptual design to be at a
depth of approximately 90 feet. The steam injection will occur both below and above the
groundwater surface. The seven extraction wells (E1-E7) are completed from nearly the
surface to their total depth of approximately 110 feet. A strong vacuum is applied to the
extraction wells to assist the flow of water and gases through the contaminated zone. As a
precautionary measure, eight condensate extraction wells (DE1-DER) can be placed outside
the zone of contamination. These eight wells would be drilled to an approximate depth of
110 feet and completed over the bottom 30 feet. By applying a moderate vacuum to the
condensate extraction wells while slowly pumping the groundwater, a zone of capture can
be created for steam condensate that migrates down outside the ring of steam injection. Not
shown in Figure 4 is the array of approximately 20 temperature monitoring wells used to
track the steam zone growth.
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F_‘urther characterization is required to determine the exact placement of the wells. If a
significant amount of contamination is encountered in placing an injection well, it must be
relocated to ensure surrounding the zone of contamination with injection wells. Further
definition of the lateral and vertical extent of contamination in the soil and the geologic and
hydrogeologic conditions could alter the total depth and completion interval of the individual
wells. Specifically, the depth of steam injection and fluid extraction was chosen using
available data. This depth could change after additional site characterization.

4.3 PIPING AND EQUIPMENT LAYOUT

The piping and layout of equipment for Site 22 of Area C is illustrated in Figure 5. The
location and labelling of the wells shown in Figure 5 correspond directly to those shown in
Figure 4 for reference to piping and equipment layout on Area™€, Site 22. The steam
generator supplies steam at a specified flow rate and pressure | 16 each of the injection wells.
The steam generator requires a supply of fuel, conditioned _water, and alr for operation. A
schematlc of the trailer- mounted steam generation unit 1s [ 2

The liquid and vapor surfaec ndling equxpment is shown in Figure 7 and corresponds to
the equipment layout if, Flgure 5. A Iarge negative pressure is maintained on the extraction
wells by a high volume vacutun pump The pump draws out the soil gases and provides a
differential pressure to direét, the steam flow. The liquids are pumped from the bottom of
the extraction wells directly to'the storage tank. Hot liquids are cooled by fins on the lines
to the storage tank. The flow rates of the gases and liquids from each of the extraction wells
are monitored with flow meters. The vapors are passed through a condenser and knock-out
drum. Recovered air passes through the vacuum pump and the air treatment system before
emission to the atmosphere. The condensed liquids are pumped to the storage tank. A
cooling tower maintains the condenser water supply at the ambient wet-bulb temperature.

A makeup supply of water is required for the condensing system to replace water lost to
the atmosphere by evaporation in the cooling tower. The liquids are pumped intermittently
from the storage tank to the groundwater treatment plant. Based on the estimated steam
injection rates, the maximum expected rate of condensate recovery is 100 gallons per minute.
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The surface must be capped with concrete or asphalt. The cap prevents the short circuiting
of the air flow during vacuum extraction. This could be a significant problem if the fill

material is highly permeable. The cap also provides protection from the unlikely escape of
steam to the surface.

4.4 OPERATIONAL PROCEDURE

During the site characterization, as many soil borings as possible will be converted to
injection or extraction wells. After installation of all wells, plumbing and data acquisition
equipment, the knock-out drum, vacuum pump, air treatment system, and liquid storage tank
are brought on site. Vacuum extraction alone is then applied to the site. The concentra-
tions of contaminants in the soil gas are measured from recovered gas samples. This process
continues until its effectiveness can be documented. The vacuum-€xtraction yields baseline
permeabilities and gas flow rates that aid in predicting the performance of the steam
injection process. The steam generation equipment and ¢ de'nsate/groundwater fluids
handling equipment are then put in place. '

All steam lines are brought to steam pressure and tgmperature by ventmg the steam to the
condenser with the vacuum pump operating. Steam injeétion begins with the closing of the
condenser bypass valve and opening of the mjectron lin vaflves Ind1v1dua] flow rates mto

are currently unknown. Prioi™t stea ¥ breakthrough in the extraction wells, condensate
appears and yields the maxi Jiguid low rate. After steam breakthrough if the entire
contaminated region has been steamed the continuous steam injection is terminated.
However, the vacuum extraétion andiliquid pumping continues in all wells. Contaminants
held in solution by caprllary ferces are then removed from low permeability zones by
evaporating the water. High bodmg point compounds, such as oil and grease, are further
evaporated. The vacuum extraction continues until no contaminants are being recovered.
To maintain an elevated temperature in the soil contaminated by high boiling point
compounds, periodic steam injection may be necessary. The soil temperature is monitored
throughout the process by temperature monitoring wells. A duration of 1 to 2 months is
estimated for the thermally enhanced vacuum extraction.

The process monitoring consists of measuring the flow rates and pressures of steam into
each injection well, the flow rates of recovered gases and liquids, the vacuum pressure in the
extraction wells, the concentration of contaminants in recovered gases and liquids, the
integrity of the air treatment system, and the soil temperature. The flow rates, pressures,
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and concentrations are to be measured at least twice daily during steam injection and daily
after steam breakthrough. The vertical temperature distributions at various locations are
recorded periodically to chart the location of the steam condensation front. This
measurement should be made several times daily at locations near the steam front.
Elsewhere, the soil temperature should be measured once daily during the steam injection
phase and twice weekly in the vacuum extraction phase. The flow rate and pressure of
individual wells can be altered if the movement of the steam zone is not as desired.

4.5 ALTERNATE SITES

Conceptual designs for three other candidate sites have been developed. Well layouts for
Site 42 of Area C and Site 2 of Area D are presented in Figures 8 and 9, respectively.

Based on the available data, the completed interval of the steam irijection wells is the same
as for Site 22 of Area C. Therefore, the spacing among wells willsbe nearly identical. The
width of the three candidate sites is also similar and allow$ far ‘placement of the steam
1nject10n wells on the perimeter of each snte The f1v ~sp0t pémem used for the steam

those described for Site 22 of Area C.
4.6 UNCERTAINTIES

The risk of primary importance is the possibility of adversely impacting groundwater beneath
the site. Theoretically, collectlon of the: steal coa ensate 1s stralghtforward using extractlon

design. If insurmountable
injection will be termm te'

A secondary concern is the _pessible | lnss of control over the steam zone growth. This could
result in a loss of contact ‘hgfwéen the contaminated soil and the flowing steam or the
migration of contaminants away ‘from an extraction well. Research at the University of
California at Berkeley has focused on this topic, and criteria for control of the steam
movement have been determined. Also, implementation of this technology will include a
level of monitoring to detect the steam zone location. Based on this information,
appropriate actions can be taken to provide appropriate control of the process.

Specific to Sites 22 and 42 of Area C is concern over the fill material. The fill material
could provide a short circuit to subsurface air and steam tlow and diminish the vacuum
pressure applied in the extraction wells. To avert this problem, the sites must be capped.

Area D is covered by a composite cap to mitigate the downward movement of contaminants.

Site 2 is beneath the cap, and the necessary placement of wells would require piercing the
cap. This action may diminish the integrity of the cap.
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5.0 FUTURE EFFORTS REQUIRED

5.1 ADDITIONAL SITE CHARACTERIZATION

The selected site should be further characterized to better define site geology, hydrogeology,
and soil and groundwater contamination. To better define the site geology, a minimum of
two continuous cores should be drilled to a depth that will sufficiently encompass all
contaminants at a site and provide adequate coverage below the water table. The corings
should be visually logged by an onsite geologist or hydrogeologist. Additionally, the
continuous coring should be accompanied by geophysical well logs to further characterize
the site lithology. Also, wells and/or borings should be installed, in addition to the two
continuous corings. To characterize the site’s hydrogeology, wells should be installed in the
borings.

Finally, soil samples should be taken at several depths du nng the, continuous coring as
determined by the requirements of geostatistics to proguée a statlstlcally valid sample set.
The number of samples will be large and assistance fro
These samples should be analyzed for volatile and Serm \{Q ﬁle organlcs

The project items and schedule for the addmoual sne chéracterization are presented in
Figure 10. ;

5.2 MASS BALANCE CALCULAT'!ONS‘"

A mass balance of contaminants hﬂuld ,e C k:uhated at the test site. This mass balance
would encompass the quantity (mas Y of target contaminants in the soil volume before
treatment, the mass of target emdual'contammants after treatment, and the deposition and
quantity of the removed-farget comammants This mass balance of target contaminants in

the sml volume before, and after treatment can be performed by three dlmensmnal

a contammant value based G, al samples in the same grid points. A prerequisite to the
geostatistics is adequate data’ The more data on soil contaminants obtained before
geostatistical analysis, the fewer errors in the contaminant mass estimates will result and,
therefore, more confidence in the mass balance values is possible. As a notation on
deposition and quantification of the removed target contaminants, chemical analyses and a
geostatistical evaluation should be performed on the perimeter soil, along side and under
the contaminated soil volume, to determine if target contaminants have been driven into this
adjacent soil by the stream.

53 AIR QUALITY CONSIDERATIONS

The pilot-scale system will contain an air treatment unit for vapors from the extraction well.
This air treatment unit will have air emissions resulting from vapor abatement. The steam
generator will also have air emissions. All future air quality issues will be addressed with the
appropriate agency.
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5.4 GROUNDWATER TREATMENT PLANT

The groundwater treatment plant (GWTP) would provide a convenient treatment facility for
the contaminated steam condensate generated by the steam injection system. The GWTP
provides air stripping and carbon adsorption of a wide spectrum of organic contaminants as
well as biological treatment of aldehydes.

The GWTP design capacity is 1,000 gallons per minute (gpm); however, the current
utilization is only 240 gpm (Ref. 5). Therefore, 760 gpm Qf excess capacity exists at the
GWTP to treat steam condensate and future groundwater pumping in Area B, but this
excess capacity is not available for all the unit operations within the GWTP. For example,
the carbon adsorption system has three treatment trains, in parallel, each capable of treating
330 gpm. One treatment train has been removed from the GWTP“and would probably not
be available for the steam injection pilot test. Consequently, thxs .ca‘pacny (330 gpm) would
have to be made up by a temporary or permanent carbon upit. urthermore, the biological
treatment unit in the GWTP has also been removed and»WQ d not.pé-available for the test.
Because the biological treatment unit was capable of tr€ating only 250, gpm, a temporary or
permanent replacement, if required, would have to ttea» U
the additional steam condensate.

5.5 LABORATORY EXPERIMENTS AND MOD

A significant effort in laboratory experiments 'a‘n
may be designed. The steam mjec_tmm ¥ ;

selected site are de51rab1e These expenments can also be used to validate numerical models
describing the steam flows Numenca} modeling of the implementation of the process at the
selected site is necessary for, the’ detall design. The model can also be used interactively
during the operation of the system to predict responses to changes in the injection or
extraction conditions. Thermodynamic equilibrium models must also be applied to the
specific contaminants to determine their recovery rates.
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DATA REVIEW OF ADMINISTRATIVE RECORD

1. Final Report for Groundwater Contamination as of 30 April 81: Brunner and Zipfel,
4/30/81.
Missing from Shelf.
2. Installation Restoration Program (IRP) Records Search; CH2M Hill; 7/81.
Record search and identification of contamination, etc.
May be some relevant data, but most of it is contained in more recent documents.
3. IRP Phase Il Confirmation Vol. 1 & 2 Final Report; Engineering Science; 6/83.
Report to determine groundwater contamination and recommend measures to
mitigate contaminated areas, develop monitoring progra
A few good cross-sections and some soil sampling resxlts."Some TCE contamination
4.
5.
9/28/84.
Proposal for work. See #8
6. Source Control Feasibilits tudy A;ea ‘"l CHZM Hill; 9/84.
Compares alternatives, for
7. IRP Phase III/f‘V rea D Sité Characterization Study; CH2M Hill; 10/84.
Details sites in Area B sésses character of wastes and extent of soil contamina-
tion. Some cross-section: nd boring logs, but should be more recent data.
8&9. IRP Phase II Stage 2-1 Draft Final Report; Radian; 11/1/84.
Some good cross-sections. #13 is Final.
10. IRP Phase I1I/IV Area D-Final Report; CH2M Hill; 2/85.
See also #4, 6 & 7
Source Control Feasibility Study & Site Characterization study. Shows groundwater
contamination and geologic fence diagram. Proposes well locations, cap locations,
source control.
11. Site Characterization of A, B, C and Other Sites; McLaren; 3/85.
Summarizes IRP/FS data previously gathered. Lots of cross-sections, groundwater
contours, water and waste sample borings, extent of TCE and other contamination.
SAC/T103/100.51 A-1
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12. 10% Submittal Design Analysis for MTN Groundwater Cleanup, Area D, Membrane
Cover Installation; CH2M Hill; 3/27/85.
See #14 for Final.
13. IRP Phase [l Stage 2-1 Final; Radian; 5/85.
Detailed discussions of results for 13 tasks in this stage. Some good cross-sections.
14.  Design Analysis for MTN Groundwater Cleanup Area D, Cap Installation; CH2M
Hill; 5/85.
Final design analysis for major elements of cap installation.
15.  Area D Monitoring Extraction Tech. Report #1; Mc 7/85.
System confirmation by computer modeling. Contains. Bac round data and chemical
quality of groundwater in Area D. Some discussiod of Tt dra, ic conductivity.
16.
17.  Off-Base Quarterly Sampling and Analysrs
Off-Base.
18.  Proposal tor Initial Groun' }
8/16/85. ]
Proposes using vapor_pha n adsérber for treatment system.
19.  Groundwater M{)mtormg"]”rogram"for Surface Impoundments at IWTP; McLaren;
9/26/85. Pod
Deals primarily L1, come cross-sections through sites with chemical
analysis.
20.  Hydrogeologic Assessment Report for Surface Impoundments Area C; INEL; 9/85.
& Missing from Shelf
21. See #134 & 135 for similar, more recent document.
22.  MAFB Off-Base Well Survey Vol. 1-31 & Tech. Report; Radian; 1985.
thru  Off-Base.
33.
54.  Area D Monitoring/Extraction System Tech. Report #2; McLaren; 1/86.
#15 is Tech. Report 1.
Testing of initial extraction well and system confirmation by computer modeling.
Results of 30-day aquifer test (recommended in #15), data from monitoring wells,
results from computer modeling and water quality data. Lots of borehole lithology.
SAC/T103/100.51 A-2
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55. Tech Memo for Shallow Investigation Program in areas A, B, C and other Sites-Area
A; McLaren; 2/86.
See also #60, 61, 64.
Presents results of shallow exploration program for 5 sites in area A. Lots of soil
boring logs. Details results at each site. Collected to lead to RAP (#64).
56. Tech Memo for Shallow Investigation Program in Areas A, B. C, and Other Sites-
Area B; McLaren: 2/86.
See also #57, 62, 63.
Presents results of shallow exploration program at 5 sites in Area B. Lots of soil
boring logs. Detalils results at each site. Collected to lead to RAP (#62).
57.  Area B Site Characterization Groundwater Report,; Mc .
See also #56, 62, 63.
Presents results of source area groundwater progra
maps, distribution of contaminants, borehole lit
(#62). '
58. MAFB Off-Base Well Sampling and Analy51
Off-Base
59.
Sltes McLaren; 4/86.
See also #68.
Six sites not in area A, Bﬁ;k, ‘
at these sites. Details results® 1 site,Cross-sections of sites, soil boring logs and
chemical analysis.
60. Report on Corftammatlon in Area'A McLaren; 4/86.
See also #55, 61264, E
Brings together groundwiter mfo and soil info to lead to RAP (#64). Cross-sections
of sites with contaminatién, chemical results from soil samples, water level contours.
61. Area A Site Characterization Groundwater Report; McLaren; 4/86.
See also #62, 64, 55.
Presents results of source area groundwater program in area A. Water level contour
maps, distribution of contaminants, borehole lithology. Collected to lead to RAP
(#64).
62.  Area B Source Control Feasibility Study and Remedial Action Plan (RAP); McLaren;
4/86.
See also #5356, 57, 63
To develop alternative solutions for contaminated sites in Area B. Cross-sections of
sites with positive chemical results, vertical & horizontal distributions of TCE.
63. Report on Contamination in Area B; McLaren; 4/86.
SAC/T103/100.51 A-3
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64.

66.
67.

68.

69.
70.
71.

72.
73.
74.

75.

76.

See also #56, 57, 62.

Brings together groundwater and soil info to lead to RAP(#62). Cross-sections of
sites with contamination, chemical results from soil samples, water level contours.

Area A Source Control Feasibility Study and Remedial Action Plan (RAP); McLaren:
5/86.

See also #55, 60, 61
To develop alternative solutions for contaminated sites in Area A. Cross-section of
sites, vertical and horizontal distribution of TCE.

Area C Site Characterization Groundwater Report; McLaren; 5/86.
See also #75, 76
Presents results of source area groundwater program in

maps, borehole lithology, distribution of contaminants?
(#76).

aC Water level contour
Lollected to lead to RAP

Oft-Base Well Sampling Second Quarter, Anaiyucal Results
Physical Analysis and Appendices; Radian; 5/86
Off-Base

Other Areas Site Control Feasibilit
McI_.aren 5/86

groundwater.

Tech Memo for Shalt®
Others-Area C Site €
Data collected ) 4:
in Area C. Analy

ist in RAP for Area C. Goes mto a lot of detail about each site
resufts.from borings, aerial photographs.

IRP Sampling and Ana:iym Program, Round 3, Informal Tech.

Memo,; Radian; 6/86.

Sample results and analysis, and raw laboratory data for groundwater monitoring
wells.

Report of Contamination in Area C, McLaren; 6/86.

To help develop RAP (#76). Details the extent of groundwater and soil contamina-
tion in Area C, each site. Positive analytical results from boring, cross-sections of
sites with positive chemical results.

Area C Source Control Feasibility Study and Remedial Action Plan (RAP); McLaren;
6/86.

To mitigate groundwater and soil contamination identified in #75. Some good
vertical and horizontal distributions of TCE contamination.

SAC/T103/100.51 A-4
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77.  Basewide Report on Contamination: McLaren, 7/86.
See #81 for Final.
Geologic cross-sections of all areas & specific sites. Discussion of geology &
hydrology of all areas.

78.  Off-Base Sampling & Analysis Third Quarter 1986; Radian; 8/86.

79.  Oft-Base

80.  Acetone/Ketone Study; Metcalf & Eddy; 8/86.
Area D. Evaluates various methods of treating groundwater to get rid of ace-
tone/ketones.

81. Final Basewide Report on Contamination; McLaren; 12
Report on contamination in all areas. Pulls togetherdsla from previous reports.
Leads to RAP (#82). Water contour maps, Crosg- esct;ons Lof sites with chemical
results, some vertical distributions of soil conta m ion. § ou d be good source of
info. o

82.  Final Basewide Source Control Feasxblllty Stue;ly “RAP; McLaren; 12/86.
Some discussion of geologic and hydroi ' ttical distributions of TCE in all

83.

84.

thru  12/86. ‘ .

86. Installation of 38 ells on- and off-base; sampling and analysis. Plates

rlevels. Some geologic cross-sections, etc. in #84. Shows

occurrence of contafr E,t(s in wells.

87.  Final Operations and Maintenance Manual for Area D Cap; CH2M Hill; 12/86.
Operations and maintenance manual, but may have some relevant info regarding cap.
Shows utilities, cap cross-section.

88.  Operations and Maintenance Manual for Groundwater Treatment Facility; Metcalf
and Eddy

89.  Well Sampling and Analysis-Fourth Quarter 1986; Radian; 2/87.

thru  These quarterly sampling reports show levels of contamination

93.  in wells. Looking at them over a period of a few years might

97. show how contamination has changed, migration of contaminants, etc. Also contains
some good maps of wells sampled and contamination found.

94.  Area D Monitoring/Extraction System Tech. Report #4, Operation and Maintenance

SAC/T103/100.51 A-5
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Manual; McLaren; 3/87.
Some good cross-sections.

95.  IRP-Interim Tech. Report Stage 2-3 Aquifer Testing and Evaluation; Radian; 3/87.
Determines hydrologic characteristics of local groundwater flow system. Should be
good source of info.

96.  30-Day Performance Test Report for Groundwater Treatment Facility; Metcaif and
Eddy; 4/87.

Groundwater from Area D. Lots of analysis of influent and effluent.

98.  IRP-Phase IV-A Work Plan for Site Characterization Assessment Museum Site; Oak
Ridge National Lab.; 5/87.

Proposed museum sne south of Building 814, contamjinated soil from aircraft
maintenance.

99.  IRP-Phase I Stage 2-4 Interim Tech. Report:“Ratiap, 6/87

100.  Further defines extent and magnitude of subsufage contamination. Installation of
wells. Good cross-sections.

101.  Quarterly Sampling and Analysis Prqg iTS] .
Second Quarter 1987(# 106 through 1103} Thlrd ,,uarter 1987 (#113 through 120),
Fourth Quarter 1987(#137 throti'gh 145), Radnan 6/87, 7/817, 10/87 2/88.

105.

111.
relevant groundwater info.

112.  IRP Phase IV-A Task #1-Site Characterization Assessment for Area D; Oak Ridge
National Lab; 8/87.

Work Plan.

121.  Supporting Documents for Monitoring and Extraction System,Area C; EG&G Idaho:
7/27/817.

Health and Safety Plan for Interim Extraction Project.

122. IRP Phase Il Stage 2-5 Off-Base Remedial Investigation and

thru  Alternative Assessment Report; Radian; 10/87.

133.  Off-Base

SAC/T103/100.51 A-6
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134. Hydrogeologic Assessment Report for Surtace Impoundments-Area
135.  C: EG&G Idaho; 12/87.
Discusses waste characteristics. surface wells, groundwater, vadose zone. Some good
Cross-sections.
136.  Monthly Monitoring Reports-Area D; Metcalf and Eddy; 1/88 through 8/88.
Also #146, 147, 148, 149, 155, 156, 157. #163 is similar.
Useful for comparison.

150. IRP Stage 3-Groundwater Sampling and Analysis-First Quarter 1988(#150 through
154). Second Quarter 1988(#159.160), Third Quarter 1988(# 164,165.168). Fourth
Quarter 1988(#174.176,177,178); Radian: 6/88, 9/88,. 10/88‘ 3/89.

Groundwater sampling and analysis for 1988. Use - .comparison to earlier and
later documents. s

158.  Dismantling of Building 666 and IWTP #4¢]daho: Tatlonal Engmeermg Lab; 8/88.
Building 666 was an electroplating shop in Area,B.. Describes cleanup. Shows depth
of sumps, pits & reservoirs after clean e,

161.  Quality Assurance Project Plan (QAPP

162.  QA/QC procedures for RI/FS

163.  Monthly Monitoring Rep@rt Areds, C &.Ds .
Also #166, 167, 169, ¥ . 17547179, 183, 185, 186, 187, 191, 193. #136 is
similar. A
Useful for compéi‘ on.

170. IRP Stage 3 RI/FS, Mfarlqggmént Plan Draft Copy; Radian; 1/89.

Describes approach tg bé tdken to incorporate results of previous investigations into
RI/FS process.

180. Performance Work Statement-Decommission of Building 628, EG&G; 5/89.
Radioactive waste in rear of building 628 in Area B. Mostly about building-
description, waste disposal, contamination etc.

181. IRP Stage 5 Area B Groundwater Operable Unit RI Analytical Data and QA/QC
Report-Groundwater Samples; Radian; 6/89.

Lots of groundwater sampling results, Area B.

182. IRP Stage 3 Groundwater Sampling and Analysis-First Quarter 1989(#182), Second
Quarter 1989(#192), Third Quarter 1989(#188,189,190,194), Fourth Quarter
1989(#196,197,198); Radian; 6/89.

May be useful for comparison to each other. Good plates. Shows 1CE con.o Mi-
nation.

SAC/T103/100.51 A-7
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184. MAFB Interagency Agreement; MAFB; 6/89.
No relevant info.

195.  IRP Stage 3 Annual Technical Report, Groundwater Sampling-1988; Radian; 11/89.
Examines analytical and hydrologic data collected through 12/88. Looks like a very
good, up-to-date source of info. Shows contaminant distribution and migration for
all areas. Good plates and maps.

199. IRP Stage 3 Letter of Recommendation for Continuance of Groundwater Sampling
and Analysis Program; Radian; 3/90.

Defends continuance of groundwater sampling program.

200.  Quarterly Geologic Monitoring Report-Area C and D; 'Metca]t and Eddy; 3/90.
Used to detect any groundwater level changes apd felationship to extraction
operation. Good plates. Might be useful to compa flier monthly monitoring
(See #163).

201. IRP Stage 3 QA/QC Letter-Groundwater S p::,J anuary to March

202.  1990: Radian; 5/90.

203. Compare to earlier QA/QC Letters.

204. IRP Stage 3 Operable Unit B Prelimir

205. Report; Radian: 5/90.  #%

206. Some contamination info fer

207. IRP Stage 3 QAPP;

Procedures for QA;

208. IRP Stage 6P{ fpinary Groundwater Operable Unit Remedial Investigation
Sampling and Andlysis; Radian; 2/90.

Scope of work, metﬁ:”@g d rationale for Hydrogeologic assessment. Good, up-to-
date cross-sections and ‘maps, discussions of hydrology.

209. IRP Stage 5-Analytical Data Summary: Preliminary Pathways Assessment-Surface
Water and Stream Sediment Samples; Radian; 5/90.

Surface water contamination.

210. IRP Stage 3-Groundwater Sampling Data Summary-Fourth Quarter 1989; Radian;

5/90.

Should be good for comparison to earlier reports. Good plates (most up-to-date).

211.  Administrative Record Correspondence 10/88 through 3/89.
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CROSS-SECTIONS OF APPROVED SITES
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Appendix C
GEOLOGICAL AND GEOPHYSICAL WELL LOGS

SAC/T103/097.51
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Appendix C

Examples of geological and geophysical well logs used to identify high- and low-
permeability barrier layers.

High-Permeability Barrier

Attached are geophysical and geological well logs from the Deep Exploratory Boring
(DEB) and a geological log of PZ-28. Both of these wells are within Site 22.

The high-permeability zone that lies between about -95 and -132 feet msl is clearly
visible on the geophysical log for the DEB, which indicates a*highly resistive layer
between -105 and -122 feet msl (depth of 163 and 180 feet’ bgs) (Resistivity increases
to the right along the four curves labelled electric log. "The' “geological log for PZ-28
shows sand between -107 and -127 feet msl. ;

Low-Permeability Barrier

Attached are a combination of geophysical and g eloglcal well logs for MW-60 and a

right along the curves for pog 3
an elevation between -20 and

SAC/T103/097.51
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Piezometer #:
CORPORATION

LOG OF DRILLING OPERATIONS Page 1 _of 6
PROJECT PGOURI LOCATION McClellan Air Force Base
TOTAL DEPTH _187.00 START DATE 4/4/90 FINISH DATE 4/5/90

GEOLOGIST Rick Moore APPROVED BY CALIF RG.# 1838

DRILLING COMPANY _Water Development Corp,  DRILLER Tom Moreland

DRILLING METHOD Air Rotary Casing Drive EQUIPMENT __Speedstar 1511
DRILL BIT TYPE AND SIZE __5.5" Drag Bit

BORING LOCATION (ST. ADDRESS OR DESCRIPTION)_W nt Pl
3/'\
O: .E"_ €A
- v )
w 4 . : - 2.
P Lithologic col <@ o . )
ol — o 60| a Drilling Notes/Construction Details
9 = Description g4 3+
st & |28
01 w
33l o
v Color, Texture, Moisture, etc. 58.17 | Top of casing elevation= 57.64' °
0 N [ Top of grout E Eé‘
| I PID = 0.0 ppmv at =1 = [
4 i cyclone and in = = i
N I breathing tone. = = =
- SR
:1 |—55 = = [
6 — No recovery. i = = 5
] - SR
: : SHEI
- —50 = F [
) - = |H
e L =| S
i = :5 10
10 SILTY SAND 16YR 476, 30% 3ilt, 70% very e te ™ ElE
) fine, subangular-subrounded, quarte, mafics, feldspar, = =
] (SM). =l =
i ERE !

] =| S -
T = ElE 15
1 fast SANDY SILT 2.5Y 5/4, 10%K very fine sand, quarts and [: Sl= |
J mica, 90% silt, dry, (SM). =] = L
] PID = 6.0 ppmv at EE [

| wellhead. =
] Level C for all drilling =

_: _________ e e e e e = = crew. = 20
20— SILTY CLAY 25Y 6/1, 40% siit, 60% hard, dry clay, - Al personnel are =
(CL). [~ upwind. =
i i Connection at 16:30. =

1 SHs —25
25_:1 {ast =] E:
] =! =]

**NOTES**

ppmv parts per million per volume
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LOG OF DRILLING OPERATIONS

Piezometer #:

PZ-32

Page _2 of _6

PROJECT

PGQURI

LOCATION

McClellan Air Force Base

|

Depth Belouw

o - L (%)
(=] @ [~=] o

ll]llllllllllLlllllllJlllljll

o
o

=23
o

—

Surface (ft)

Rate

Drill

Lithologic

Description

Graphic

Log
Elevation
(ft MSL)

Drilling Notes/Construction Details

I

8
|

llllLlllllllll‘Llllll

%11111111

lllllllll

fast

fast

fast

subangular, 40% fine subangular-subrounded (50%
quartz, 26% feldspar, 26% mafics), (SM).

SILTY SAND 23Y 5/2, 30% silt, 70% very fine to fine
subrounded (60% quarts, 25% mafics with mica, 15%
pink and white feldspar), (SM).

At 55', snme as above.

fine subangular-subrounded (50% quarte, 30% mafics,
20% pink and white feldspar), (SM).

—
-]

b5
U -

VTV

PID = 0.0 ppmv.

U

T LAY

LTI

T T T T ey

Connection at 16:45.

T LALLM

PID = 117 ppmyv at
cyclone.

PID = 96 ppmv in
breathing rone.
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_r RADIAN Piezometer #: PZ«%%

CORPORATION

LOG OF DRILLING OPERATIONS Page 3 of 6
r [PROJECT PGOURI LOCATION McClellan Air Force Dase |
= 3Ll o
| 4 +~ c
o™ ] ) . o 07
Bl « Lithologic To ;‘.tg
ol -— o co| m Drilling Notes/Construction Details
£8| = Description S| >, g / ¢
Q " “
oS [ o mv
ogl| ©
. =R,
L | 571 fast [ SILTY SAND 23V 473, 0% 47it, 60% Very fine = 3 68
i subrounded (50% quartz, 25% mafics with mica and = :3 [
] olivine, 25% feldspar), (SM). == [
~ SE= [
= ] : SIS
70_.‘ fast SILTY SAND 25Y 5/6,20% silt, 20% very fine PID = 8.3 ppmyv at = _—10
i subangular-subrounded, 40% fine subangular, 20% - cyclone. =] K
i medium subrounded (30% quarte, 40% pink and white PID = 1.5 ppmv in = |
r feldspar (mostly pink), 30% black mafics, few mica), breathing zone. = 1
I _-1 (SM). = |
j L
75—: SILTY CLAY 25Y 6/5,-26%-v—er-y Tine to mediom Vinyl Chloride detector EE :_15
) subrounded quartz, mafics, feldapar, 30% silt, 60% tube = 0.0 ppmv. =1 f
i clay, (CL). TCA detector tube = =] [
- i 150 ppmv in bin. = [
1 = b—
4 é’:‘ s
80— 0} mrerureit T T £1I H0 e T e el - - - == =] —80
] SANDY SILT 2.5Y 5/4, 20% very fine to medium End of 04/05/90. = [
] subangular quartz, mafics, 10% clay pieces, 70% silt, Beginning of 04/06/90. = I
"~ | (ML). = I
{ ] = i
| ] g =g |
85— 0} wn AT AMAVTR RV A/F At e g mm = =& = === R = = —85
] SILTY GLAY 23Y 8/6, 30% silt, 70% clay and clay N = S |
- ] nodules, (CL). i _E__E _Eé‘ i
1 50 EN= I
- i =S !
S [ S L S e [ = E —90
] SANDY SILT 2.5Y 5/2, 20% very fine to fine = = =] 5
- A subangular quarte and mafics, 60% silt, 20% siltstone =1 1= L
: i with Fe staining, (ML). = [F s
i i = = L
] —-35 SR= [
i B =l |2 [
) ERE [
e e m e mm e ——m = . H [ —05
9% R SAND 2.5Y 5f4, 10% siit, 40% very fine subangular Hit water. =| = N
- 40% fine subangular, 10% medium subrounded (50% =1 1= L
i ] quartz, 30% mafics, 20% feldspar), (SM). ; = s
‘ =1 [H 8
: +-40 =l =
Pl t HE |
: l 1 ::— .—.E i
ltgod = leoc oo e mmee e m e oo S . o
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Piezometer #: PZ-3

LOG OF DRILLING OPERATIONS Page 4 of _6
~ [PROJECT PGOURI LOCATION McClellan_Air Force Base _|
| -

3/\
= 1a%) 2 c .
| o™ 9 . . {) 3]
, @q| % Lithologic fol<d
o| - . 00| @ Drilling Notes/Constructi i
- - Description s 3+ 8 / ction Details
o w
5| § o o~
Q¢
100
] CLAYEY SAND 2.5Y 5/4, 30% clay, 20% silt, 50% 77T Connection at 08.00. =15 100
- ] subrounded-rounded fine to medium (50% quartz, 30% [/// =| = i
I J feldspar, 20% mafics), (SC). AL = |3 i
ey, I f —::: [
| ] s ENERN
] / /T‘ = [
105— o b mrry et 30 5 v - e pro - - —==== 245 = (5 106
| medium | SANDY CLAY 2.8Y 6/4, 30% fine to medium 7 7 ERE u
- i subangular mafics and quartz, 20% silt, 50% clay and /L‘ = =]
fine ailt, small pi ilt . . - =| = i
| 4 very fine silt, small pieces of siltstone, (ML) %_ = E: L
1 S =1 = i
: / : HE
- ] / - -50 ERE -
| /: EI
r 110—_] medium %' _:-5 EE :—llO
N CLAYEY SILT 2.5Y 6/4, 25% fine to medium ~ | F F [
- ] subrounded quarte, feldspar, mafics, 35% clay nodules, = = !
| 40% silt and small siltstone clasts with no Fe staining, -58 '_';J =
: “1 =1 =] -
i (ML). S= |
115~ }arasv AV IV &/F A = = g == == = = - ERE —115
- ] SILTY CLAY 25Y 6/6, 30% siltstone {medium-coarse = = !
:l ] red and gray, 70% clay nodules, (CL). =l = L
] SILTY SAND 25Y 5-/2,-30-%Fei-lt_a;xd_Jn;ll.lﬁt;u;n;,- TR —-:_::r é:. N
- ] 30% very fine subangular, 40% fine ~ . =] = -
! ] subangular-subrounded (50% quarte, 25% feldspar, - —-60 =] [= i
J 25% mafics and mica), (SM). ¥ Sl= i
] - Organic vapors not = 1A !
Y e e e e em = NG detected. = 1= 120
- ] SANDY CLAY 2.5Y 66, 25% siit, 26% subangular very 7/ - Connection at 08:25. = 3 i
’ A fine to fine (50% quartz, 25% pink and white feldspar, = == i
i 25% mafics with mica), 50% 1-3cm clay nodules, (CL). /: ERE [
-l - / » HE T
] SANDY CLAY Z.8Y 474, 20% silt, 40% cloy, 40% very” V271 Si= [
] fine-coarse subangular, well graded (50% quarte, 30 - =RE i
r _ mafics and micas, 20% feldspar), (CL}. /: = CE [
v / -0 EIER
Z / ' ERE I
N 0 e m e mmmmm ] [ SH= 130
A SANDY SILT 25V 5/4, 20% clay, 40% very fine to R ERE r
' ] medium, subangular-subrounded (50% quarte, 30% — =l = 5
B feidspar, 20% mafics), 40% silt and siltstone, a few [ =l = :
- i coarse mafics, (ML). i = = L
I - 75 EQE i
r 135 ] = 135
1 \ E_ 5' - =| = r
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Piezometer #: PZ—32

CORPORATION
LOG OF DRILLING OPERATIONS Page 5 of 6
OJECT PGOURI LOCATION McClellan Air Force Base l
3z v
3‘:; + v g"
” 9 . : L 8
@y & Lithologic col| 2 . ) ]
P - oo a0 o Drilling Notes/Construction Details
=8 = Description o 3+
Q. C o e ot
[ wY
ag| ©
] GRAVELLY SANDS 10YR /8, 30% silt and soft - T = =
i siltstone clasts, 30% very fine to medium, subrounded R0 o = = [
i (60% quartz, 25% mafics, 15% feldspar), 40% coarse AN .'.'7_1 = [
i gravel (70% quartzite, 20% mafics, 10% feldapar), L =H |5 B
i (sW). " =80 =l 5 s
i L= = 5 i
140— + 3.“ :i‘ 140
] | o e o o my m — i me 2= = N SRS [
] SANDY SILTSTONE 10YR 4/6, 30% very fine to fine, i =
] subrounded-subangular (50% quartz, 40% feldspar, I = = i
a 10% mafics), 10% fine to medium subrounded (50% I = =] [
quarte (some fractured), 25% feldspar, 25% mafics), - = S B
] 60% medium to coarse hard siltstone, (ML). = | [
= = i
145 — At 145', same as above. ;—_-E .E—E 145
; SIEE
180 | SANDYSILT® SYR 4/4, 30% very fine tofine ~ = "~ = 3 150
i subrounded (60% quarts, 25% mafics 15% feldspar), = [= L
] less than 10% medium subangular quarte, mafics, E_'_’ = |
j feldspar, 60% fine to medium siltstone, (ML). = S K
: ENE
i I - SILTSTONE 2.5Y574; 10% very fine to medium, ERE 188
i subrounded-subangular (quartz, mafics, feldspar), 90% = |H R
] silt and soft siltstone clasts, (ML). = S I
n [ SILTY SAND 25V 4/4,20% silt, 80% very fine to fine ERE [
i subangular-subrounded (50% quarte, 30% mafics with = 1= i
] mica and olivine, 20% pink and white feldspar), (ML). = S i
' Z| B 160
160__ medium == s
- =1 = !
1l ____._ =
_ SANDY SILT 2.5Y 5/2, 30% fine to medium mafic =1 1S5 [
i sand (50% black mafics with high percent mica, 30% = 55 I
i quarte, 20% feldspar), 70% soft siltstone clasts, (ML). = = !
] —i’-:‘ E:_ L
— e e m e m H = —165
168 | SAND 2.5Y 474, 10% asilt, 90% micaceous sands, very = = | 1
] fine to fine, subangular (40% quartz, 30% mafics and = = L
i mica, 30% pink and white {eldspars), good sorting, = 1=
] (MH). : Z %:1 [
. SlE
1 S-I:
170— = —fi —170
: : Sl
] = =
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Piezometer #: PZ-3{

LOG OF DRILLING OPERATIONS Page 6 _of 6
r PROJECT PGOURI LOCATION McClellan Air Force Base |
1
3/\
= lox| ¢ c .
A R . . L o
a,| © Lithologic Lol <2 . . .
P _ o ao|l o Drilling Notes/Construction Details
8| = Description iy 3+
| v 5 a w
L {o@
- B ' _
‘. =-116 i
I - 4 o
: fast + ij—\’]fl:l—é% u-ili, —90’%_v;r; fine _t'o_m_ea-il.\_m—, - T Top of bentonite seal :
175 —] subangular, micaceous ‘50% quartz, 25% mafics and E 174.0' 175
- | mica with olivine, 25% leldspar), good sorting, (MH). : I
i ] T
i Cave in during well ] E t
:J i completion from 181' to Pl I g i
- 176.5'. hel I %g =
- B I e e e e m e i of I [
" | SAND Z.6Y 5]2,60% very fine to fine, 40% fine to -1 |- |
] medium, subangular-subrounded, micaceous sand (50% b I oy I
| quartz, 30% white feldspar, 20% mafics, predominantly <~ bA I
mica), (SM). = [= [
- wo_j ) ( ) Connection at 09:10. 1 I- i 180
| . = b I
I : At 181', same as above. Top of sand bridge % I I [

‘ ] 181.0' [
ol 5
! ] Top of sand pack 183.0° |

1 | SLIYSAND: 209 5Tl and sliatone, 80% sand aa 4t Top of 0.010" slot [
™ |185— . 178", (SM) stainless ateel screen —185
I medium | _ _ - _ _ - _ _ _ T —— - - - 185.0' L
‘ 1 SANDY SILT 10YR 576, 30% very fine-medium, . [
T subrounded-subangular quarts, mafics, feldspar, 70% [
’ siltstone and silt, some clay, (ML). _ _ ___ _ _ __ ] T.D. at 09:30. A
- SILTY CLAY 10YR 5§/4, 10% very fine-medium, Total depth 187.0".
[ subrounded sand, 40% silt and siltstone, 50% clay,
' (o) 7 N
-
i
-
-
|
-
B
N
I
=
i
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WELL CONSTRUCTION SUMMARY ;

Ly
WELL Zlu's

e

CEMENTING:

v 57372
LOCATICN or COCRCS: ZLEVATICN: 3RCUND LEVEL o _
TCPOF CASING L =i L,
DRILLING SUMMARY: CONSTRUCTICN TIME LOG:
s
a ART | FINISH
TOTAL DEPTH yara . -asx |
BCREMOLE DIAMETER 3% ATz ! zug | zave | pee
JRILLING: / | l
CRILLEA LT, Dwym. Coil oLe | 2372, /2D |
/ | '
|
AIG GECPHYS LOGENG: i |
8I1T(S) CASING: l
(Af |40 i /=
B i
ORILLING FLUIO 227 a4t ! i |
| —
SURFACE casing v/ L
i

WELL DESIGN:

8AS51S: GEDLLGKC LCG . GECPHYSICALLOG
ZASING STRINGISE 2:CASING SsSCRESIN

CEVELOPMENT:

A™Hza: :

v

v‘: e 77 - 21 3 - : &
.9 - -
! _—- — o — = .
T - ~ WELL DEVELOPMENT
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ce ! - -
_9.79_ £D ' - -
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Appendix D

PHOTOGRAPHS OF SELECT SITES






SITE 22 - LOOKING SOUTH
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SITE 22 - LOOKING EAST



SITE 22 - LOOKING WEST
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SITE 42 - LOOKING NORTH
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SITE 42 - LOOKING EAST




SITE 2 - LOOKING NORTH
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SITE 2 - LOOKING SOUTH




SITE 2 - LOOKING EAST



SITE 2 - LOOKING WEST




SITE 13 - LOOKING NORTH



SITE 13 - LOOKING SOUTH
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SITE 13 - LOOKING WEST




SITE 43 - LOOKING SOUTH



SITE 43 - LOOKING NORTH




SITE 43 - LOOKING WEST
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SITE 5 - LOOKING NORTH
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SITE 5 - LOOKING SOUTH




SITE 5 - LOOKING WEST
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SITE S AND T - LOOKING NORTH



SITE S AND T - LOOKING SOUTH
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SITE S AND T - LOOKING EAST



SITE S AND T - LOOKING WEST
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SITE 38 - LOOKING NORTH




SITE 38 - LOOKING SOUTH



SITE 38 - LOOKING EAST
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SITE 38 - LOOKING WEST
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Appendix E
CONTOURS OF EQUAL CONCENTRATION
OF SELECTED CONTAMINANTS
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