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I INTRODUCTION

This report constitutes the final submittal of the results
of the study undertaken by Ho.ding-Lawson Associates (HLA) for
the Western Division Naval Facilities Engineering Command
(WESTNAVFACENGCOM) at the Alameda Naval Air Station Sanitary
Landfill, This study is authorized by WESTNAVFACENGCOM Contract
N62474-76~C-7543.

The purpose of the stu’y i to review the landfill site per-
formance relative tc compliance with State and Federal regulatory
guidelines; to evaluate the pogsible migration of landfill gases
to adjacent areas; and evaluate the seepage of subsurface watér
into San Francisco Bay. The . tudy includes.recommendations for
alternative measures, both short and long term, to correct defi-
ciencies if and as required,

The scope' of work included drilling test borings, installing
observation wells, monitoring water quality and gas generation,
laboratory testing, and analyses of the data obtained. The scope
also included presentation of an interim operation plan for the
disposal site through September 1977 and various long term plans
including continued operation by the Navy, continued operation by

a private contractor and closure of the site.
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IT SUMMARY

The purposes of the study are to review the
landfill site performance relative to compliance
with State and Federal regulatory guidelines;

to evaluate the possible migration of landfill
gases to adjacent areas; and to evaluate the
seepage of subsurface water into San Francisco
Bay and develop recommendations for alternative
measures, both short and long term, to correct
deficiencies if and as required.

The two major areas where compliance is in ques-
tion are adequacy of cover material and leachate
seepage from the site.

The actual cover thickness is not known over the
entire site but it is estimated that about one-
third the landfill lacks the required 12 inches
of intermediate cover. This represents a defi-
ciency of approximately 94,000 cubic yards of
material.

A relatively small amount of water (about 700
to 1,300 gallons per day) is seeping from the
site. It is slightly contaminated but is not
significantly lower in quality than that of the
adjacent bay. Therefore, unless required by
regulatory agencies, it is recommended that the
seepage not be corrected at this time.

Several alternative methods of stopping seepage
are presented in case the regulatory agencies
require it., The recommended method is a sub-
surface drain around the north and east perimeter
of the landfill which will cause the flow to
reverse from the perimeter. The collected sub-
surface water can be sprayed onto the landfill

or disposed of at a sewage treatment plant.

Methane gas is being generated in the landfill.
Most of it is venting vertically and adjacent
structures appear to be unaffected by lateral
migration at this time. When impervious cover
is placed over the site perimeter, gas vents
will be needed along the north and east bound-
aries. It is possible to combine this require-
ment with the perimeter drain.
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Three options for landfill operations that were
studied include:

a. Navy Operated Landfill

To continue op~rationg, adeguate intermediate
cover should boe placed and the area method

of landfill construction should be utilized,
Equipmeni and pecsonnel can be reduced.

b. Contractor Cp

0]

vated Tandfill

Adequate intermedis 2 cover slhiould be placed
and a loag-teom operating plen sho:ld be
developed by the Navy for the contractor

to follew.

i

c. Close The T.an. il

¢ — A — .+ i s

4
L

Closure +ill require placement of final
cover over the site and planting. Gas con-
trol measv-es will be required and a site
closure plan developed for the regulatory
agencies,

Capital Cost Estimates

a., Navy Operat:.d Landfill

1 Seepage repairs, if required $71,000 to
760,000

2., Placem<:.t of intermediate cover $47,000

b. Contractor Operated Landfill

1. Seepage and cover placement
costs are thv: same

C. Close The Landfill

1. Scepage repairs, if required $71,000 to
780,000

2. Place final cover $140,000

3. Install gas migration barrier $63,000

4. Plant grass and shrubs $19,000 to
$25,000

5. Total $293,000 to
$1,008,000



Estimated Operating Cost Per Year

a. Navy Operated Landfill

1. Current costs
2, Costs after placement of cover

b, Contractor Operated Costs

1. Costs assuming cover has been
placed

Cc. Close The Landfiil

l. The only annual costs would be if
seepage repailir alternative 6 were
selected and installed; it would
cost about $5,000 per year,

HARDING -LAWSON ASSOCIATES

$166,000

$128,000

$167,000
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III LANDFILL LESCRIPTION AND CURRENT OPERATIONS

A. Site Description and History

Prior to 1925, the (.S. Naval Air Station at Alameda was an
area of tidal marsh and slcughs. It is underlain by bay mud which
is a soft, gray silty clay containing minoer amounts of sand and
cshells. The bay mud tends to hecome firmer with depth. Send and
clay fill were placed over the mud during the period 1925 to 1929.
According to work by the California Division of Mines and Geology
(Ref. 1), the bottom of the younger bay mud is as deep as 80 to
90 feet . and the top of bedrock varies from a depth of 300 to 400
feet. According to a report (Ref. 2), filling began in 1956 with
construction of the sea wall on the south and west sides and
hydraulic placement of 15 to 20 feet of sa-d fill.

The landfill site occupies approximately 110 acres at the
southwest corner of the Air Staticn, as shown on the Vicinity Map
included on the Plot Plan, Plate l. It has been divided into
three areas designated A, B and C on the Plot Plan. After initial
filling, clayey and sandy dredge spoil was added in Areas B and C.
The sanitary landfill has heen confined to Areas A and B. The
present grade ranges from about Elevation 108.2 (elevations are
in feet relative to the Alameda Naval Air Station Datum*) at Bor-
ing 6%% to about 120 near the southeast corner; some sand stockpiles

in the latter area are higher than Elevation 135.

* Alameda Naval Air Station Datum equals Mean Lower Low Water
Datum + 101.2 feet,
** Ioring locations are included o Plate 1.
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Brief descriptions of the three areas are presented below.
1. Area A
Since 1958, this 5l-acre area has received refuse fill
and wastes from the Naval Air Station, Alameda, its ships and other
Navy. bases in the arca. Only in recent years has the operation
been limited to disposing of refuse frou the Naval Air Station and
its tenant commands. Filling operations were recently completed.
2, Area B
This l3-acre area was originally used for disposal of
dredge spoil material as discussed in Paragraph 3 below. Subse-
quently, the area was used for disposal of refuse. Refuse is
currently being placed as fill in the southeast portion of the
area.

3. Area_g

Area C (46 acres) and Area B were diked and used for the
disposal of spgil from dredging operations. Records of the
dredging operations at the Air Station (Ref. 3) show that about
360,000 cubic yards of spoils were deposited in 1970 and another
155,000 cubic yards in 1973. Most of it came from the pier areas,

turning basin and entrance channel.

B. Landfill Operations

l. Fill Placement and Cover Materials

Forma2r landfill operations consisted of (1) excavating
about 20 feet of hydraulic sand £fill; (2) filling the excavation
with waste materials and excavated sand; and (3) covering the fill

with the remaining sand.
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The current operation of the landfill is confined to the
southeast portion of Arca E. A trench is excavated to just above
the cround-water surface (depth of five to six feet) and the exca-
vated material is stockpiled foo future cover. Waste material is
deposited at the working fac» ci the excavation and 1s spread and
compacted with bulldaozers, The cover material, which consists of
on~-site dredge slurry saids +nd bay mud, is collected by dragline
and front-end loade:, hau: -1 and depcsited by a screper and spread
and track-rolled by bulldo:za s,

Initial insp~ections of the filling operations by HLA
personnel indicated that insufficient miterial wus used to cover
the debris, ‘iis deficiency has been corrected by obtaining
sufiicient cover material from Area C,

It has been reported recently that birds have been a
problem to aircraft using the runways adjacent to the landfill,
The bivds are probably attracted by the refuse exposed during
f.1lling, a cominon occurrence at many landfills close to the Bay.

Tnie Alr Station is a Federal facility subject to Public
Law G458(, the Resources Conservation and Recovery Act of 1976,
which requires that Federal facilities comply with all local and
state solid waste regulations. In compliance with this law, the
Navy Public Works Center, San Francisco Bay (PWC SFRAN) has
applied for an operating permit from the Alameda County Health

Servic » Agency for the NAS Alameda Sanitary Landfill.
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2. Refuse and Cover Quantities

Table 1 presents the refuse quantities received at the
site. Quantities are L:sed ci a weight survey ccnducted by

WESTNAVFACENCCOM in 2pxil 1875 (Ref, 4).

Tablie 1

Refuse Quantities Received At
The Sanitarvy Landf£ill

Facility Tonnage/Day
Naval Air Station Alameda 18.5
Naval Air Rework Pacility 5.5
Ships ' 12.5
Total 36.5

Noted;:

85 percent of refuse is dry trash; the remainder
is wet garbage

Separation of recyclable refuse meterials will
offset normal sclid wante quantity increases

4.5 tons/day of wet garbage from base residences
is disposed of elsewhere
An analysis of the dredge spoil pond in Area C indicates
that the guantities of sand and mud shown in Table 2 are available
for cover material., Detailed calculations are presented in

Appendix D.
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WESTNAVFACENGCOM commissioned a topographic survey of the
NAS Alameda Landfill. The resultant topographic map is presented

on Plate El in Appendix E.

Table 2

Estimated Cumulative Summary of
Available Cover Material
(cubic yards)

Bottom

Elevation Mud Sand Total
108.5 180,000 55,000 235,000
10€.0 200,000 70,000 270,000
107.5 215,000 85,000 300,000

3. Men and Equipment

Three men operate the site on a five and one~half day per
wcecek schedule, ‘he on-site equipment includes two bulldozers,
a crane which can be operated as a dragline, a scraper, a loader,

a motor grader and a water truck.
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TV INVESTIGATION

A. Test Borings

Subsurface conditicns were explored during October and
November 1976 by drilling 16 test borings at the locations shown
on Plate 1. Borings 1 through 6 were drilled with a truck-mounted
rotary wash drill rig and Borings 7 through 12 were drilled with
a truck-mounted continuous flight auger., Borings 13 through 16
were drilled with hand auger equipment and ranged up to 10 feet
in depth. Ten of the 12 borings drilled with truck-mounted equip-
ment var;ed in depth from 25 to 37 fuet below existing grade; the
other two were 44 and 68 feet deep to fully penetrate the bay mud.

In March of 1977, authorization was granted to drill three
additional test borings (17, 18 and 19) with.truck—mounted
hollow-stem auger drilling equipment. They ranged in depth from
25 to 30 feet below existing grade. Test Boring 20 was drilled
on Octobcr 6, 1977, using hand auger drilling equipment to a
depth of 10 feet.

An HLA engineer directed the test boring operations, logged
the soils and refuse encountered, and obtained representative
samples of the soils for visual classification and laboratory
testing. The boring logs are presented on Plates 2 through 19.
The results of labor :.tory tests to determine moisture content,
dry density and soil classification characteristics are included
on the boring logs. The soil classification system used and the
method of presenting laboratory test data on the logs are explained

on Plate 20. Compaction test data are presented on Plate 21.

10
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B. Observation Wells

On completion of each boring, Test Borings 1 through 13 and
17 through 20 were converted to observation wells for monitoring
water levels, and obtaining water and gas samples for qualitative
testing. A three-inch -di.meter perforated plas-ic pipe surrounded
with pea gravel was installed in each boring, Rorings 1 through
11, 17 and 18 were used for hoth gas and water monitoring. Boring
13 was used to obtain water levels, Borings 12 and 19 were used
for gas sampling only and Boring 20 for water sampling only. Bor-
ings 14, 15 and 16 were not usad for monitoring and have been
backfilled.

Water levels in the obsevvation wells were measured peri-
odically either by lowering a weighted tape measure or by using

a battery powered elecironic probe.

C. Water Quality Sampling and Testing

Observation well waters were periodically sempled for
qualitative testing. A day prior to sampling, the observation
wells were pumped so the water sampled was relatively fresh
inflow. The sampler 1is a two-inch-diameter plastic pipe, 2 feet
long, with a flap valve at the bottom. It was lowered into each
well to a few feet below the ground-water level, permitted to
£ill, retrieved and the contents transferred to a one gallon
glass bottle. The hottles were delivered to LFE Environmental
Lahoratory in Richmond for water chemical analyses performed in

accordance with Environmental Protection Agency (EPA) and State

11
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of California requirements. The components that were selected
for quantity and quality testing are those that the Regional Water
Quality Control Board has required in similar evaluations. The

results are presented in Section V and discussed in Section VII.

D. Gas Samplinc and Tastineg

GC.g scaples werc obthiinzd from observation welis and ammuni-
tion magazines and i .ted Ly LUE Favirommental Laboratory using
two method:s, The firit is a field test using a small meter to
detect the presencc c¢f combuntible gases (methane) expressed as
a percent of the "lower combustible limit". The second method
uses a small vacuum pump tc¢ collect samples in plastic bags.

The bagged ramples were analyzed in the laboratory by gas
chromatography. The results of all tests are presented in Section

V and discussed in Section VIT,

12
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V  MONITOUING PROGRAM

A. Water Levels

Water lev.l reacdings wera ohtained in the 17 observation wells

=

on geveral dates at difierent ‘imes during the tidal cycle. The

da%t are presented in . .:le 3.

B, Water Qualijty

Water samples werae taken “rom selacted points in November

1276 and in March, July and OQOctober of 1977 ag & own on Tabhle 4.

Wells 10 and 20, which ave ou.side the sanitary fill area were

197}

ample:n of bay water adjacent

szmpled as background references,
to Well 5 were taken at high and low tide in April and July 1977

to provide additioral bkackgroun’ rveferences. The results of all

enalyses are presanccl in Tahle 4,

Tw0 previously existing wells on the Aixr Station located
about 360J and &30 feet northeest of the landfill are referred
to as the Pan American and Army wells, regpectively. The Pan
American well is inoperative but the Aruy well water is used for
landscap: irrigation., I report (Ref. 5) has been prepared on the

feasibility of reactivating the Pan American well,

C. Gas

Cas samples from the observation wells and magazines were taken
on March 27, 1277. BRag samples obtaiuzd from Wells 5 and 9 a=
described in Scection IV were subjected to gas chrouwatography tests

for c¢rygen, nitrogen, cerbon dioxide and five hydrocarbons including

13
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Column 1 - Bay Waters Column 2 - Perimeter Wells
Low Tide High Tide Bay Averoges well 11 Well £2 Well #3 Veell 72
Porameters Analyzed (Units) 3/77 7/77 3/77 7/77 3/77 7/77 11/76 3/77 3/77 7/77 1/76 1/76 vy
Oil and grease (mg/1) 5.5 0.73 7.40 ‘ 0.73 6.45 0.73 2.2 8.5 8.3 1.47, n 1.6 8.
Sulfide (mg/1) <0.02 0.01 <0.02 0.01 <0.02 0.0l 3.0 12 0.026 0.02 0.7 33 11
] Total Hardness (mg CaCO./1) 5,800 6,100 5,600 6,100 5,700 6,100 3,700 2,000 5,300 5,600 5,200 3,500 8,200
. Totol Dissolved Solids (mg/1) 3,500 39,000 34,000 30,000 18,750 34,500 - 11,000 15,000 2,800 26,000 - - 16,000
; i .
: Calcium (mg/1) 300 300 310 300 305 0 i ¥ 110 370 360 560 260 140
1 ?
' Chioride (mg/1) 18,000 19,000 13,000 19,000 15,500 19,000 i 3,100 5,200 14,000 14,000 12,000 16,000 8,000
cob (mgmM 1,500 2,200 270 1,900 885 2,050 240 140 1,000 1,400 200 290 230
" pH 8.4 8.3 8.4 8.2 8.4 8.2 6.7 7.3 7.6 8.1 6.6 7.1 7.7
fron (mg/1) 1.6 0.15 0.34 0.07 0.97 0.11 3 2 20, 0.34 200 14 3.6
Mog.nesium (mg/1) 1,100 1,200 1,100 1,200 1,100 1,200 820 330 950 890 £00 350 460
Nitrate Nitrogen (mg N/1) 0.55 0.21 0.25 0.40 0.4 0.34 0.22 0.25 3.9 2.9 0.54 0.01 0.25
Potassium (mg/1} 420 270 . 410 270 415 270 340 . 260 340 170 220 290 310
Sodium (mg/1) 10,000 6,200 9,200 780 9,600 3490 __"°°° 5,700 8,000 | 4,200 8,000 4,000 5,500
Sulfote (mg/1) 2,500 3,200 2,100 2,700 2,300 2,950 1,600 380 13,000 1,400 1,100 660 &8
Mercury (xg/1) <1 <1.0 <1 <1.0 <1 <1.0 <1.0 <1.0 <1.0 3.4 <1.0 s <1.0
Lead (mg/1) 0.36 <0.02 0.34 <0.04 0.35 <0.03 0.22 0.16 0.36 <0.04 0.37 0.65 0.16
Total Phosphate (mg P/1) 0.22 0.18 0.18 0.16 0-20 0.17 ‘ Lt 1.8 0.45 2.0 0.10 0.95 1.3
Total Kjeldoh! Nitrogen (mg N/) 1.40 1.7 2.80 6.9 2.1 4.3 3.8 9.6 0.80 2.4 5.2 0.43 29
Total Chromium (mg/1) 0.02 0.03 0.06 0.03 0.04 10.03 2.12 0.02 <0.01 0.05 0.2 1.0 < O'L
Codmium (mg/1) 0.038 <0.01 0.028 <0.0! 0.033 <0.01 “ 0.02 0.014 0.052 <0.01 0.12
 Tuidity gT)® 14 28 1.30 2.6 7.65 27 ‘51; 74 150 150 15
e —en 750 70 750 760 ‘ .'-’ 75 ‘ -. ‘270 920 750 .-




Table 4. WATER QUALITY TEST RESULTS

; Colu;,.., 3‘_'lnter'n"or Wells
i Well #4 well #5 viell 16 Welt #7 §3 40 well 8 well #9 Well 11
11/76 3/77 7/77 11/76 3/77 7/77 10/77 11/76 3/77 10/77 11/76 377 T 10/77 < 11/76 11/76 3/77 7/77
! 1.6 8.2 3.27 2.0 6.8 7. 4.6 2.8 7.2 49 9.7 6.2 16 1 1 58
7 3.3 1.1 1.0 <0.08 0.061 0.01 <0.01 2.5 < 0.0 <0.01- 4.9 <0.01 <0.08 0.08 0.49 0.28
3,500 $,200 3,700 4,300 1,600 1.800 1,700 2,500 1,300 4,500 3,400 5,300 1,200 1,500 1,500 1,700
‘m ] -
'3 - 16,000 17,000 - 9,700 10,000 11,000 7,200 6,700 - 18,000 - - 8,300 8,800
l 260 140 150 180 86 110 160 500 1o 116 380 220 600 410 250 110
LN — - — —=
5
LM " 16,000 8,000 9,000 6,200 5,000 5,300 5,300 7,100 3,700 3,200 12,000 7,700 4,200 5,600 4,000 4,400
“q 290 230 600 400 3,100 650 540 220 240 150 220 410 130 £ 220 540
Wm =
7.1 7.7 8.0 6.6 7.2 7.9 7.3 7.2 7.7 7.7 6.9 7.6 6.9 6.6 7.4 8.3
g a4 3.6 - 0.40 3.6 2.6 1.7 190 13 6.6 7.5 22 9.7 30 4 2 . 32
350 460 470 460 180 290 300 240 180 180 3%0 520 100 130 i 860 2%
-l
m 0.01 0.25 0.59 0.25 0.38 0.99 1.4 0.01 1.4 0.75 0.40 1.7 0.42 0.42 0.40 1.4
2% 310 160 310 220 130 100 130 134 43 220 86 140 190 ' 270 120
% *
S~ 4,000 5,500 2,400 5,500 1,000 1,000 3,000 2,000 1,800 1,800 4,000 4,300 1,300 1,000 . 3,800 1,000
o 660 8 228 68 60 <2.0 <10 340 160 160 960 520 78 10 2 24 64
- 6 <1.0 1.3 <1.0 <1.0 <1.0 <0.5 <1.0 <1.0 <0.5 2 <0.5 <1.0 <1.0 < 1.0
0.65 0.16 <0.04 0.35 0.16 0.4 0.2 0.20 0.12 0.28 0.62 0.39 0.10 0.12 0.25 <0.04
0.95 1.3 1.3 0.18 0.75 1.6 0.9 2.8 1.2 1.0 0.34 0.75 0.26 0.40 0.43 2.4
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Jo 340 5,300 1,200 1,500 1,500 1,700 1,600 o2 3,500 2,300 2,300 540 28 160 300 120
R 18,000 -- - 8,300 8,800 9,800 10,000 21,000 13,000 16,000 -- 840 500 3,500 320
" 220 800 410 ; 250 10 85 130 180 & 150 390 ] - 45 3 1
™
N 12,000 v
| ’ 7,700 4,200 5,600 4,000 4,400 5,100 5,000 12,000 .7,400 8,200 400 210 120 | 47 22 z
v : u
I ' g
410 130 2 220 549 270 N5 870 450 455 43 110 170 136 2 1>:
- Tz F
7.6 5.9 6.6 7.4 8.3 7.2 7.4 7.5 8.0 7.6 8.0 7.7 8.0 7.6 7.7 >
-~ o k
9.7 EY a 32 2 3 16 Y 1.2 21 370 250 400 470 330 ;_
e
520 100 130 HE " 250 260 270 650 160 380 16 &7 130 ) o i W
— M 3 »”
; 5 v = C
5 - ; ER
5 1.7 0.42 0.42 - 0.40 1.4 0.5 1.4 0.40 1. 1.6 0.20 6.4 1.2 28 21
: = F
| : <
8 140 19 4 270 120 340 87 400 160 12 17 84 1 1.4 1.6 c
sr . u:
[ 4,000 4,300 1,300 1,000 . 3,800 1,000 3,700 2,800 7, 1,300 4,400 240 84 55 &5 50 L
S —_— -
L 3 © &
20 78 10 ; 24 4 2.8 <10 2 5.6 <10 50 0.05 34 26 98 - g
. o
[ <0.5 <1.0 <1.0 <1 1.0 <1.0 <0.5 <1.0 1.0 3.3 <1.0 <1.0 2.6 8.2 1 ‘&-’
= —— —
3 0.39 0.10 0.2 0.25 <0.04 0.16 0.30 0.22 0.05 0.38 0.20 0.28 0.18 0.51 0.2 =
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Elevation*

11/5/76

T1/15/76 12/3/76 12/17/76 3/10/77 3/16/77 3/21/77 | 3/22,
Top T200 1600 | 1045 1430 | 1415 1530 | 0845 1325 1517 | 1400 | 0900 1330 | 1330 09-
of Ground | to to’ to to to to to to . to to to to to tc
Number  Pipe  Surface | 1330 1650 | 1130 1505 | 1515 1630 | 1600 1345 1545 | 1530 | 0945 1350 | 1600 130
1 116.5 115.5 | 105.2 105.5|.105.3 105.3 | 105.7 105.3 | 105.9 105.6 105.2 — 105.8  --- | 105.9 105
2 114.4  113.4 | 105.4 105.4| 105.4 105.4 | 105.4  --- | 105.4 105.4° 1054 | 104.8 | 1052  --- | 105.1 105
3 112.2  111.4 | 1053 1052 | 105.2 105.2 | 105.3 105.2 | 105.5 105.1 105.1 | 104.9 | 105.0 -— | 104.6 104
4 110.4  110.7 | 108.2 105.5| 105.9 105.9 | 103.8 103.5 | 108.4 103.7 103.] - — | 1057 105
5 109.8  110.1 |106.6 105.9 | 105.6 105.6 | 105.1 104.9 | 106.8 104.9 104.5| 106.7 | 106.8 105.8| - 105
6 108.1  108.2 | 106.2 106.2 | 106.2 106.2 | 106.2  -— | 106.2 --- 106.2 | 106.8 ——  107.1] -107.1 107
7 109.2  109.9 |106.2 106.2 | 106.2 106.2 | 106.2  --—- | 106.2  ---- 106.2 | T106.7 ——~  107.7| 106.7 106
8 114.8  114.0 [ 106.6 106.6 | 106.6 106.6 | 106.7  -—- | 106.7 --- 106.6 | 107.8 | 107.2 - —- -
: 9 114.3  113.8 |107.3 107.3 | 107.3 107.3 | 107.3  --- | 107.3 -  107.3 | 108.1 | 107.9  --- - 108
:] 10 111.9  112.0 |108.0 108.0 | 108.0 108.0 | --- ~- | 108.0 --—-  108.0 - = = | 109.5 109
1 n 12,6 1125 | -—  -—-- —~  —— | 106.3 --- | 106.3 ---  106.3| 106.5 —  106.7| 106.6 106
LRV 1130 1130 | -=—=  ——= | —== === [ 106.2  -— | 106.2  --—-  106.2 | 106.4 = 106.5| 106.9 106
13 109.0  109.5 | --—-  -— | 106.0 106.0 | --- — | 1057 = 105.7 | 108.7 — = - 109
o7 111.7  110.3 No initial 105.2 106
118 111.8  110.0 > Borings installed 3/16/77 readings 104.9 106
19 110.4  109.8 j| | taken 105.3 106

20 115.3 114.5 |  Boring installed 10/6/77
TdeYe —- —— |107.9 104.9 | 103.9 104.4 | 104.1 103.1 | 108.2 102.4 101.4 | 104.9 | 107.2 103.4| 105.8 vari
High —- - | 107.9ar1230 | 106.1 at 1800 | 107.7 ot 0930 108.3 of 0815 106.1 at | 07,5 o o945 | 1087 | 100~
Tide e ’ » B 1645 1330 141
o — ee- | 100.9 Gt 1930 | 103.5qt1230 | 101.2 at 1615 100.7 ot 1530 02| 101.0at 1615 1S S
|_Rainfall since last reading (in.) 1.07 0 0 .~ - 3,93 1.42 0 0
| Cumuldative rainfall (in.) 1.07 1.07 1.07. 5.00 6.42 6.42 6.4

*All elevations are in feet, based on the Alameda Naval Air Station Datum




{ AR Y7/ R V7V /) A - 27777 373/77 . 4718
0 0945 | 0745 1000 1320 1430 | 0800 0950 1050 1150 1250 1350 1450 | 1230 | 1000 _ 1100 1130 1200
- to to to to to to to to to to to to to to . to to to
1330 | 1000 1315 1430 1440 | 0950 1040 1110 1240 1310 1410 1550 | 1400 | 1045 1115 1145 1250
~9 | 1057 | 103.2 103.7 1042  --- |104.4 1044 --—-  104.9 1046 1047 104.8 | --- | 1042 1047 1047 104.8
| 1050 | 103.9 1039 --- -~ 11050 105.0 --- 1050 --—-  --=  105.0 | --- el e eee s
~5 | 1046 | 103.3 103.6 103.7  --- | 1041 1041  --—- 1041 - ——- 1041 | --- 104.0 - ~—-  104.4
o7 | 1057 | 103.9 106.8 105.7 -—— | 103.2 103.2 103.4 104.1 1051 106.2 106.4 | -— 104.8  105.7 106.1 106.4
| 105.2 | 1040 106.0 106.7 106.3 | 105.4 1042 1047 1053 105.8 106.2 106.3 | 105.2 | ---  106.1 106.2 106.3
w1071 | 106.9  106.9  ~-= - 1 106.8  --=  -—=  106.8 --- -  106.8 | 1068 | —m- == o= oe-
T 1067 | 106.5 1065 = = [ 106.6 = == 106.6 - ==  i06.6 | --- el e e
N --- 106.4 106,44  --- === 11073 --- - 107.3  --- -——-  107.3 -~ — - --- ---
T e | - - - = |108.0 -  -— 108.0 -- - 108.0| - -
- 109.6 | - === =e= === 1090 —e= e e eee 1090 eem | - I
106.6 | 106.5 106.5  ——= = === 11067 ===  —-=  106.7  --=  —-=  106.7 | - I —
3] 106.7 | 106.5 106.2 106.3  --- 1066  ---  --=  106.6 -  ---  106.6 | == R —
: 109.3 | - - = 109.0 - - 109.0 - - 109.0 - =
3] 106.4 [ 1046 1053 1052 1053 106.4 106.4 106.4 106.4 106.4 :06.4 1064 | i06.2 | 1063  --=  ---  106.3
" | 106.4 | 105.4  ——- 1053 105.3 | 106.4 106.4 106.4 106.4 106.4 106.4 106.4 | 106.2 | 106.3 ---  --=  106.3
i 106.3 | 105.2 105.3 105.4 105.4 | 106.3 106.3 106.3 106.3 106.3 106.3 106.3 | 106.2 | 106.3 -  =--  106.3
58 | varies | 103.7 1059 106.2 105.7 |100.8 102.2 102.7 104.0 1045 195.4 1058 | 102.7 | 104.6 105.0 105.4 106.1
AU 107.1 of 1245 | 106.7 at 1530 A 106.5 «
| /-:iﬁ,,“"r 10057 101.0 ot 0600; 102.1 ot 1800 100.4 ot 0830 A 101.2 at 0600;
n 0 0.49 ~ 0 0
;42 6.42 6.91 6.91 6.91 6
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: - 4/7/77 . A R e 4/18/77 7/15/77 | 10/14/77 | -
T 0950 1050 1150 1250 1350 1450 1230 | "T000_. 1100 1130 1200 1300 1330 1400 ~ 1430 | 0930 1000 | -
to to to fo to to coto to to to to to to to to to
71040 1110 1240 1310 1410 1550 1400 1045 1115 1145 1250 1315 1345 1415 1445 | 1100 1115
1044 ---  104.9 104.6 104.7 104.8 | --- 1042 1047 1047 104.8 1050 1050 1051 105.0| 104.2 104.5
©105.0 ---  105.0 - 105.0 | --- . et = | 1047 105.0
1041 -—= 04,1 -~ 104.1 ——- 104.0  --- ——— 1044 - —- ———  104.3| 104.4 104.7
_‘ 103.2  103.4 104.1 105.1 106.2 106.4 | —-—- 104.8 105.7 106.1 106.4 106.5 106.4 106.1 105.1| 103.6 106.6
_104.2  104.7 105.3 105.8 106.2 106.3 | 105.2 -—-  106.1 106.2 106.3  106.3 106.3 106.2 106.2| 104.8 105.8
. = 106.8 ——  106.8 | 106.8 I 106.0
I - 106.6 - 106.6 — —- ——- —— —- - —- _— -— | 106.0 106.0
e e— 1073 — 1073 - e e ee e e e —m | 106.4 106.0
:, —- ---  108.0 ---  108.0 | --- -—- —- -— ——- - -—- -—- -—- | 107.3 107.0
L= - - 109.1  --- - - -—- - - - - - -— | 107.9 107.5
.- -—- 106.7 - 106.7 -—- -— - - o - — -—- - 105.9 105.9
e --- 106.6 -—--  106.6 -—- i -—- = -— --- -—- - -—= 105.8 105.7
- - 109.0 -=109,0 - ——- - - — - - _— —- — —
L 106.4  106.4  106.4 106.4  +06.4  106.4 | 106.2 106,3  --- - 106.3 - - -—-  106.3| 105.8 105.8
- 106.4 106.4 106.4 106.4 104.4 106.4 | 106.2 106.3  --- - 106.3  -—- -— -———  106.3| 105.8 105.8
. 106.3 106.3 106.3 106.3 106.3 106.3 | 106.2 106.3 = -—- = 106.3  --- -—- ---  106.3| 105.8 105.8 |
_ 108.5
T102.2  102.7  104.0 104.5 195.4 105.8 | 102.7 104.6  105.0 105.4 106.1 106.5 106.1 105.8 105.4| "104.0 105.6
. 106.7 ot 1530 '3§;ZSO* 106.5 at 1300 ]Qﬁ;fS?f ]cf;js°f
_ 100.4 ot 0830 '(?42;°* 101.2 ot 0600; 102.9 at 1745 ]?§g§6°f ]%§;f5°f
Z 0 0 0 66 .89
- 6.91 6.91 6.91 7.57 8.46
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HARDING -LAWSON ASSQCIATES

methane, The results of thess analyses are presented in Table 5.

camples from the other scizcted walls were tesid for oxygen,

nitrogen, carbwn dicxid2 and methane cnly. The results of these

. P N2 [ 4 d - o oty o e o = < - v 3 3 Y
e syses are presented in Tah' €, The presenc: of comsustible

Ga:z3:3 was checked in the Tiesid in ell except Volls 12 and 20 and

om2 magazines using a gas mahev; tha results are presented in

16
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Tabie 5

Gas Chromatographic Analysis.Results for Observation Wells 5 and 9

Cencentratlon by
Carbon
v en Nitrogen Dioxide Methane Trhane Promane Rutan Pentane
(5) (N,) (Co,) (CH,) (CoH, (C4Hg) CH: (CgH) )
% % % % ppm oL pom pom
Well S 3.2 70.0C 19.0 8.3 2.7 c5 1 1
Well © 15.0 67.0 8.2 8.3 2.9 L3 A 1
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Table 6

Reduced Gas Chromatographic Analysis Results

Corcentration (% by Volume)

lLocation Oxygeca Nitrogen Carbon Dioxide Methane
(0,) (N5) (CO,) (CH,)
Well 1 20 75 3.2 0.54
W2ll 4 18 72 1.2 1.3
Well 6 21 76 0.07 l.6
Well 10 21 77 0.05 0.01
Well 11 | 8.4 80 12.5 0.5
Well 12 10 45 12.0 27.3
Well 17 15 77 6.0 0.10
Well 18 21 76 .21 .24
Magazine 57 . 20 74 .05 .01
Magazine 353 22 77 .05 .01

18
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Table 7

Combustible Gas Meter Resuvlts

Percentage of Methane

By Volume
Well 1 >3.40
Well 2 negaiive®*
Well 3 negative
Well 4 1.30
Well 5 1.10
Well 6 0.49
Well 7 negative
Well 8 negative
wWell 9 >3.40
wWell 16 negative
Well 11 0.70
Well 12 >2.40
Well 17 0.02
Well 18 0.20
Well 19 negative
Magazine 56 negative
Magazine 57 negative
Magazine 58 negative
Magazine 353 negative

3.4% is the maximum the meter can measure when
converted to methane concentiations.

* Mcans no gas measured.
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VI .SUBSURFACE CONDITIONS

A 1973 report (Rel. 2) indicates that the initial fill place-
ment behind the perimeter sca wall at the landfill consisted of
hydraulic sand £ill. 2<ditional ¢and £ill has bien placed in
Area A and mixed with sanitary landfill debris meterials since
1558. In Areas B and C, abrut 5 feet of dredged spoil, consisting
of gilty and sandy soil, was placed directly over the initial sand
fill., »ndditionally, abot 3 to 10 feet of hydraulically placed
bay «aud slurry was placed in Area C whicli was diked off., Area B
contains some stockpiles of sandy soils 10 to 15 feet high.

Based on HLA bhorings, t e average subsurface condition for

each area 1s summarized helcw.

Depth Below

Ground
Surface, fee'® Areas A and B
g - 26 Sand and refuse fill
20 - 50 Soft bay silt deposit (bay mud)
_Area C
60 - 5 Bay mud £ill (dredge slurry)
5 - 10 Clay and sand f£ill (dredge slurry)
10 - 30 Sand fill
30 - 50 Soft bay deposit (bay mud)

In Borings 2 and €, the bay mud below the lower sand £ill
layer extended 44 and 63 feet below existing grade, respectively.

Firm sandy <01l was encountered below the bay mud.

20
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VII DISCUSSION AND CONCLUSIONS

A. Compliance With State and Faderal Guidelines

The Environmental “rotection Agency's 40 CFR 241 Guidelines
for Land Disposal of Solid Wacte and the State of California's
California Administrativn (nd., Title 14, Division 7, Chapter 3,
Article 7, were used as ctandsnils for evaluating ihe operation
of the Air § ation landfill, Both regulations were written for
application to new facilitie.:; howaver, existing sites are
cxpected to operate in com flance with them, The analysis of
compliance is presented in Apperdix C on Table C~1 for the Federal
guidelines and Table C-2 for the State guidelines.

The two major areas where counlian:a is.in question are
inadequate intermediate cover moterial and lzachate seepage from

the site,

B. Cover Mate:rial

The current Federal Solid Waste Disposal Guidelines require
12 incues of intermediate cover and 24 inches of final cover. New
Statoe (RVW)CB) regulations r :quiring 12 inches of intermediate
cover anc 36 inches of final cover have been adopted. The sand
and bay mud slurry available from the slurry pond are suitable for
cover material.

When obtaining cover material from the slurry pond, it should
be removed in a manner that promotes drainage of the slurry pond

toward the center of the south side (away from the landfill).
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This will prevent ponding and minimize surface water contributions
to the subsurface water.

The actuzl thicknesy of e isting intermediate cover over the
site is unkno.m and should he d=alermined by drilling shallow test
borings or pits., It is estimai- 1 that about one-third of the land-
fill lacks adequate iutevmadiate cover thicknegs. Further, the
cover soils aroe very poyrv! 3, If the landfill i to continue,
whether contrac.ox .o Navy cpeirated, adequate intermediate cover
shonld be placed over the 53 acres of the «'te that have been
filled. About $4,070 cuhric yards of cover material will be required.
This would leave about 205,002 cubic yards of cover or enough for
34 years of operaticon, The intermediate cover quantity estimate
includes a 50 paorcent inareage to £ill in low spots and to provide
slope for drainage. This amount of material is available in the
slurry pond above Elevation 108.5.

If the site is to le closed, a final cover of three feet will
2 required. The existing and future intermediate cover can be
included ag part of the required thicknes:. Considering the exist-~
ing cover, ahout 283,000 cubic yards of material will be needed.

It canr be obtained from the slurry pond without excavating below
Elevation 107.5. Excavations below Elevation 107.2 (approximate
Mean Higher High water elev.tion) will require a Corps of Engineers

permit.

C. DPerimetexr Seepage

The water levels in soae of the observation wells near the

sea wall perimeter fluctuate up to two to three feet corresponding
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with tidal variations which indicates relatively high permeability
of the sea wall. This is especially so in the vicinities of Wells
4 and 5 which were close to the sea wall. The water surface ele-
vation in wells distant from the sea wall are nearly the same as
each other, are higher than tﬁe perimeter wells, and show no tidal
influence. The difference in water elevation between the interior
wells and the perimeter wells shows that the subsurface water is
flowing from the northeast corner toward the Bay at the south and
west perimeter.

Flow net analyses of the subsurface conditions shown by
cross sections A-A and B-B, Plate 22, indicate that seepage would
be about 0.3 gallons per foot of sea wall per day at the terminus
of the sections. The seepage through Area C (between Wells 2
and 4) would be about half this amount because of the decreased
permeability of the subsurface soils and flatter hydraulic gradient.
Accordingly, the total seepage is estimated to be on the order of
700 to 1,300 gallons/day. Calculations for these estimates are

presented in Appendix A.

D. Water Quality

1. Usable Ground-Water Protection

Usable ground-water aquifers in the area are artesian
and are located in the lower sections of the Alameda formation
(Ref. 5). They are protected from intermingling with the landfill
subsurface water by the relatively impervious upper portions of
the Alameda formation and the layer of impervious bay mud between

the £fill and the formation (see Refs. 1 and 6).
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2. Precipitation

Precipitation data for the period of this study is
presented in Table 3. Very low rainfall for the year prior to and
the year of the study has had the effect of lowering the subsurface
water level which may tend to increase its contaminant concentra-
tions. However, shallow cubsurface water will continue to flow
through the site, dilute the cocacentrations and probably prevent
contaminant values from ris:ing.

Normal season:l rain.ill would raise the w2ter level due
to infiltration through the pervious landfill cover. As the
water percolates through the refuse, i+ picks up contaminants and
mixes with the water. The pollutant uptake of the percolating sur-
face waters will probably offset any dilution effects and the
contaminant levels will remain nearly the same.

An impervious soll cover cap over the site will minimize
rainfall infiltration and create a similar effect to the recent
dry spell. After many years of subsurface water flowing through
the site, the contaminant levels should decreasa,

3. Standaids

LFE Environmental Laboratory assisted HLA in seeking
published water quality standards related to the Air Station
landfill and San Francisco Bay, but none wers found. The Regional
Water Quality Control Board (RWQCB) has jurisdiction over watew
quality at landfills. Its staff indicates that sites are analyzed
on a case by case basis and that there are no specific guidelines

for water quality.
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4., Test Results

To provide a basis for evaluating the quality of water
samples obtained from within the landfill, samples were tested
from the Bay waters vazt of Wz2ll 5. Observation Wells 10 and 20,
located inland of the landfill, also werc analyzed to determine
the general quality of the subhsurface water on the Air Staticn
side of the landfille This method of comparing landfill sample
results to Bay and adjacent cround water is not used direclly by.
the RWQC2 but provides a basis for comparisons.

As shown on Table 4, the analyses have been broken down
into several groups of wells by their proximity at the landfill.
The average qualities of the Bay water for March and July 1977
were used as a base line for comparing thes perimeter, interior,
and outside well analyses, as discussed below.

a. Perimeter Wells (Table 4, Column 2)

Approximately 30 percent of the water quality com-
ponents tested .cre in greater concentration in the perimeter wells
than in the base line samples. These include sulficde, iron, nitrate
nitrogen, lead, total phosphate, total Kjeldahl nitrogen, total
chromium and turbidity.

b. Interior Wells (Table 4, Colunn 3)

About 50 percent of the water quality components
tested were in greater concentration in the interior wells than in
the base line samples. These include 0il and grease, sulfide, iron,
nitrate nitrogen, lead, total phosphate, total Kjeldahl nitrogen,

calciiv: and turbidity.
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c. Outside Wells (Table 4, Column 4)

About 50 percent of the water quality components
tested were in greater concentrotion in the outside wells than in
the base line samples. These includ: 0il and ¢rease, sulfide, iron,
nitrate nitroyen, mercury, lend, total phosphate, total Kjeldahl
ritrogen, total chromiw:, cadmiuim and turbidity.

Based on an overall analysis of the test results,
landf£ill characteristics, flow rates and seepage characteristics,
tha follow ng conclusions are made:

1. The cubsurface water gmmerally flows acros:: the
~site from =he north and easi boundaries in a
southh and west direction.

2, Well 20 indicates the general quality of sub-
surface vater adjacent to the landfill and is
considered to he unafferted by the landfill.
It is brackish and while 50 pzrcent of the
tested components had resnults higher than the
Bay water, many of the vaiies were lowar and
probably would not be considered polluting.

3, Well 10 also indicates the general ground
water gquality. The parameter concentrations
are generally a little higher than well 20,
indicatingy the landfill may be conti ibuting to
the higher values. The hydraulic gradient
throughout the study has been from Well 10
toward the landfill which would prevent con-
tamination, However, in the past during
periods of high rainfall, the relatively
pervious landfill has probably absorbed water
faster than the surrounding areas that are
mostly sealed and paved. This nay have
created a temporary reversal of the gradient
which could cause pollutants to migrate
eastward temporarily.

Also, the low fluw rates through the site may

allow some of the pollutants to disperse
easterly to areas of lower concentrations,
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It is believed Well 20 is too far east to have
been affected by these phenomena.

4, Subsurface water within the landfill contains
higher contaminant levels in 50 percent of the
components than the base line and some of
the concentrations are probably high enough
to be considered polluting.

5. Calculations based on the permeability and
hydraulic gradient in the landfill show that
at the edge of the refuse fill area near the
sea wall (about 1800 feet) about 0.3 gallons
of subsurface water per day per foot of sea
wall seeps from the site. Along the border
between the slurry pond and the sea wall (3100
feet) the longer drainage path and lower
permeabilities reduce the seepage by about
one-half.

6. The leachate seeping from the landfill mixes
rapidly with Bay waters in the vicinity of
the sea wall and contributes some contaminants
to it. These amounts are presented in
Appendix A.

7. The relatively small flow from the landfill
is mixed and diluted with the very large
volume of Bay water that flows in and out of
the tidal zone in the sea wall. Because of
the dilution, the contribution of contaminants
from the landfill cannot be detected in the
test results of the Bay water.

In summary, this study shows that a small amount of
water flows from the landfill into San Francisco Bay. The water
quality tests indicate that polluting materials are present in
the water but the concentrations are not significantly greater
than those found in the Bay waters adjacent to the site. The
small subsurface flow and the low concentrations result in the
discharge of extremely small quantities of contaminants into the
Bay each day (see Appendix A). It is believed that the flow is

insignificant and that repairs to the sea wall are unwarranted.
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As previously mentioned, PWC SFRAN is applying to the
Alameda County Health Services igency for an operating permit on
the NAS Alameda Landfill. Becauce this permitting agency has just
been established, the data on ithe site is being forwarded to thc
State Solid Waste M-nagament Noard (SWMB) for review. The SWMB
will consgsult with the DRWQCR ragarding the seepage problem and can
he expected to follow i.. recommendations. GCenerally, the RWQCB
prohibits discharge cf eany polluted water into waters of the State;
however, it lcoks at each 1a 1fill o: a case by case basis to

deternine 1f the seepage can ke tolerated.

E. Gas

Czs samples from Observation Wells 5 and 9 w.re subjected to
complete gas chromatographic analysis., The Ltest results in Table
5 indicate that the only flaanable gas present in sufficient
quantities to warrant analysis is methane. The other hydrocarbons
for which tests were performed are too scaice to be of concern.
The oxy<en to¢ nitrogen rétio found in Well 9 ig close to that
found in ambient ai~< (1 to 4) and the sample may have been diluted
by air. This would lower the methane reading. Air dilution also
may be a factor in the results shown on Table 6 for Well 1 since
the field check indicated that greater amounts of methane were
present.

The low methane readings in Well 10 indicate that migration
of the gas beyond the landfill to the east is negligible. The

results of tests on Well 6 samples show that small amounts of

methane may be migrating to the north but the test on samples
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obtained in nearby Magazine 353 showed a negligible gas concentra-
tion. The Magazine 57 and 353 readings may reflect both the effects
of ventilation and the ability of the concrete floor slab to retard
upward gas migration into the building. Due to the readings it
a,pears that methane migrating to the ammunition storage area is

not a problem at this time.

Methane is combustible wihien found in concentrations varying
between 5.3 and 15 percent in air. The data in Table 7 indicate
that methane is present in cuantities approaching combustible
amounts in Wells 1, 5 and 9. Concentrations in Well 12 are ahove
the combustihle limit. Due to rapid dilution with air as the
methane escapes, the chance for combustion is very low. The
remainder of the wells show either no methane presence or concen-
trations inadequate for combustion.

Methane gas generated at landfills is suitable for use as a
fuel. However, due to the relatively shallow refuse f£ill thick-
nesz, lack of high organic content and high ground-water table, it
is doubtful that this landfill generates sufficient quantities of
gas to he economically.recovered.

The results of gas monitoring are summarized as follows:

1. The landfill is generating methane and in some

of the borings it is in combustibhle concentra-
tions.

2. Insignificant concentrations were found in the
magazines which are well ventilated.

3. Carbon dioxide generated by the landfill is

probably increasing the hardness and lowering
the pH of water in the fill.
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F. Correction of Perimeter Sea Wall Seepage

If the State or Federal agencies require that seepage be
stopped, there are several alternatives for decrcasing the
flow from the landfill adjacent to the Bay, They include: (1)
chemical grouting; (2) sheet piling; (3) a trench with compacted
earth backfill; (4) & slurry trench; (5) an impervious ﬁembrane;
and (6) subdrain trenches to raeverse flow of subsurface water,
A description and the advantages and disadvantages and typical
gections of the repair alternatives are presented in Appendix B.

Cost estimates using 1977 dollars are presented in Table 8
for the various methods. The esiimates have been prepared for the
approximate current cost Qf applying Alternatives 1 through 5 to
about 2600% feet of the perimeter in Areas A and C where refuse
fill has been placed. The recommended repair areas are shown on
Plate Bl in Appendix B. Alternative 6 would be instslled along
the north and east boundaries to intercept flow from this direction
and to flatten or reverse the flow gradient toward the sea wall.
The Alternative 6 estimate provides for about 2700 feet of
interceptor trench averaging 10 feet deep, two colléction points,
and the equipment to spray the collected water onto the landfill.
The location of the repair alternatives is shown schematically on

Plate Bl in Appendix B,

* 2600 feet includes 1600 feet of repair near Wells 4 and 5 plus
200 feet on each end for a safety factor and 200 feet of repair
near Well 1 plus 200 feet on each end.
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Table 8. Cost Estimates
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G. Current Landfill Operating Costs

The cost data below for the current landfill operations have
been supplied by the Public Works Center (PWC), Sar Francisco
(Ref., 11), and have beon confirmed (Ref., 12) for their applicability

at the time of this report.

Landfill Personncl =~ 3 heavy equipment operators

Salarieg @ $8.05/hr x 2080 hrs/yr X 3 men = $ 50,232
Fringe ber=2fits @ $2.88/hr x 2080 hrs/yr x 3 men = 17,983
Overhead @ $5.75/hr x 2080 hrg x 3 men = 35,880

’TOTAL PERSONNEL COATS $104,095

Landfill Equipment =~ Lez :2d on monthly basis including fuel
and inaintenance

Ttem . Cost Per Month Yearly Cost

2 crawler tractors $1,900 $ 22,800
1 c;awler.crane 745 8,940
1 motor grader 680 - 8,160
1l front end loader 680 8,160
1 tug and scraper 680 8,160
1l water truck 475 5,700
TOTAL EQUIPMENT COSTS | $ 61,920
TOTAL ~ PERSONNEL AND EQUIPMENT $166,015
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H, Future Operating Costs

The options under consideration for future site use are} (1)
PWC will continue the current landfill operations; (2) have an
outside coniractor operat: the landfill and possibly accept Air
Statioca household refuse; and (3) close the site. The recommenda-
tions for implementing these cpliouvs ave presented in Section VIiIU

Options 1 and 2 require placement of about 9,000 cubic yards
of intermediate cover. The PWC would plrce the cover in conjunc-—
tion with normal f£illing and cover opevations i€ the first option
is selected. It would take about one year and cost approximately
$47,000 ($0.50 per cubiz yawrd) to finiclk, The cnst estimate calcula-
tions are presented in Appendix D. Under Option 2, the contractor
would place the intermediate couvar aud tha cost would be about
the same. However, with several pieces of equipment, the work
could be performed in a couple of months,

The cost éf secpage repair, if required, is in addition to
the cost estimates that follow, All estimuiies are based on 1976
costs,

1. Option 1 - Continue Current Landfill Operations

For the first year of continued operations, the personnel
costs would be the same as presented in Section G above. The
thrce operators would be used to operate the landfill and spread
and compact intermediate cover. One tractor, the front end loader
and the crane with dragline would he eliminated., The second
tractor and the grader would be needed occasion:lly. This would

reduce the yearly equipnent costs from abouv: $62,000 to about
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$27,000 and first year costs including placement of intermediate
cover would be about $131,000.

After cover placement, the landfill cperations would be
chancad to two operators and one gatekeeper, as discussed in
Cocodon VIIT,

Estiriates of opzrating cogsts for the second and succeed-

ing yeozxrs are:s

Lanliill Personncl - 2 operatorg and 1 gatekeeper

Salscic @ $u.,05/hyr x 2080 hrs/yr x 2 men = $ 33,488
$6.50/hr x 2080 hrs/yr x 1 man = 13,520

Fring> benefits @ $2.88/hr x 2050 hrs/yr x 3 men = 17,983

Overhead @ $5.75/hr x 2080 hrs/yr x 3 men = 35,880
TOTAL PERSONNEL COSTS3 $100,871

-

Landfill Equipment - Leased on monthly basis including
' fuel and maintenance

Ttem Cost Per Month Yearly Cost
Crawler tractor $950 $ 11,400
Tug ard scraper 680 8,160
vater truck 475 5,700
Tractor (1 month/year) 950 950
Grader (1 month/year) 680 680
TOTAL EQUIPMENT COSTS5 | $ 26,890
TOTAL - PERSONNEL AND EQUIPMENT $127,761
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2. Option 2 =- Outside Contractor Operates Landfill

The cosﬁ estimate for an outside contractor depends upon
his method of operation. Variables include the type and cost of
equipment and the number of people required. The estimate below
is based o.: information obtained fruam commercial landfill and
ecuipment operators, Tizir consensus is that two operator:s but
no gatzkeeper would bs requirad unles : specilied in the contrsct.
They probably would use the cguipment lishd below.

The estimated cost beld.r is equivalent to the second
year costs of Option 1. A cos™ of about $47,000 for placing
intermediate cover would have to be added to obtain the first year
cost.

Personnel Costs (Raeference 11)

Salaries @ $7.17/hr x 2280 hrs/yr x 2 men = $ 29,827
Fringe benefits @ $0.86/hr x 2080 hrs/yr x 2 men = 3,578
Total‘Direct Labor Costs 33,405
Administration Costs = 10% direct labor costs 3,340

Profit - 5% of direct labor and administra-

tion costs 1,837
TOTAL PERSONNEL COSTS $ 38,582

Equipment Costs (Reference 15) includes maintenance, overhead
and profit

1 crawler tractor -« $20/hr x 2080 hrs/yr = $ 41,600
1 self-loading scraper = $30/hr x 2080 hrs/yr = 62,400
1 water truck -~ $10/hr x 2080 hrs/yr = 20,800
1 gradecv (1 month/year) -« $20/hr x 160 hrs/month = 3,200
TOTAL EQUIPMENT COST $128,000

TOTAL =~ PERSONNEL AND EQUIPMENT $166,582
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Comparison of Options 1 and 2 costs show that the con-
tractor's labor requirements and expenses are lovar; however, his
equipment costs are much highter becaus: he includes depreciation
ard replacement costs. Becauze the Public Works Center does not
pay directly for equipment acquisition, am,rtization is not included
in the costs charged to customers., Other factors involved in the
differenc2 in costsg are contrac.ur's profits and the fact that the
Navy labor and equipment costis are basad on rates several years old,

3. Option 2 - Close the Landfill

To close the landfill would éequire covering the site
with three feet of compacited scil cover obtained from the slurry
pond. Slightly less may be required if further investigation shows
the cover to be thicker than estimated, It is estimated that using
land: ill personnel, their two dozers and scraper, it would cost
about $140,000 ($.50 per cubic yard) to place the fequired 280,000
cubic yards. it would require nearly two years to complete with
existing equipment because the slurry pond is inoperable during the
rainy months. The cost i about the same that an outside contractor
would charge but by using several pieces of nore efficient equipment
bz could probably do it in four to s¢ix months,

In order to minimize erosion by wind and rain, the surface
should be seeded with fast-growing grasses or shrubs; it is esti-
mated that this will cost $19,000 to $25,000 (Ref, 13).

When the site is covered it will be necessary to install
the gas venting system described in Section VIII, D. It is a

trench about 3 feet wide, 6 to 8 feet deep, and 4200 feet long
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with vertical perforated plastic pipe vents at 100-foot intervals.
Installation costs are estimated to be $15 per foot or a total
cost of $63,000.

To close the sit2 by covering, planting and installing the:
gas venting system would cost a total of about $225,000, If
seepage repais Alternative 6 is reguired and selected, the gas
venting system could be incorporated in the same trench which
would provide cost savings of about $40,000 (see Appendix D).

A maintenance program after site closure, as discussed
in Section VIII, C, should be imn»lemented. The cost would be
minimal and would not be affected by installation of seepage repair
Alternatives 1 through 5. Repair Alternative 6 would require an

annual maintenance cost of about $5,000.
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VIII RECOMMENDATIONS

A. Control of Subsurface Water

If seepage must ba controlled, the subdrain collector system
(Alternative 6) is recommended as the least expensive method,
This approach is not only suitable to the degree of severity of
the problem (potential or existing) but it provides flexibility
in that it can be adapted to future site use and regulatory
requirements. The low cost of the subdrain system would reflect
little in unused investment if it were‘no longer needed. On
the other hand, if regulatory requirements were to become more
stringent or if water quality problems were to increase because
ol changed conditions or site use, the subdrain system could be

conveniently and economically expanded or supplemented.

B. Immediate Operational Procedures

Criteria for the operation of the landfill during the period
of this study have been developed by HLA working with Naval Air
Station personnel and are as follows:

1. Trench method for disposal of waste materials
should continue in the area of current opera-
tions with the following modifications. These
modifications are illustrated on Plate 23.

a. Excavation should be limited to a minimum
depth of two feet above subsurface water
level. The current water level is about
Elevation 105 (NAS Datum}.

b. Trench width should be limited to the
minimum width allowable for efficient
equipment operation (approximately 20
feet).
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c. The working trench length should be limited
to about 200 feet.

d. Excavated soil should be stockpiled adja-
cent to the excavatl ion where it will be
available for cover,

¢, The active working ar:a should be kept to
the minjmum width of about 20 feet and a
length of aboun .20 feet until that por-
tion of the trench is filled,

f. Rczfuse should he deposited at the head of
the working face portion of the trench.
The material shculd be placed in the exca-
vation at a maximun thickness of 18 inches
and compacted with & mirnimum of 10 dozer
passes., Additional laycrs could be placed
during the day's operation as required.

'g. At the end of the day's operation, a

minimum of 6 inches o: compacted soil or

excavated sand from the trench should be
placed over the working surface.

h. When the trench has been filled to an ele-
vation close to the adjacent ground surface,
12 inches of intermediate soil cover should
be compacted in-place, This cover material
should consist of sand and a minimum of 50
percent dredged bay mud slurry. The mate-
rial can be obtained from the existing
dredged slurry pond,

i. The soil cover surface of new landfill areas
should be sloped at a minimum of three per-
cent toward the Bay, where possible, to
promote surface drainage and minimize
infiltration. This will require the refuse
fill to increase in height slightly toward
the center of the landfill.

Public Works Center, San Francisco Bay shall be
responsible for performing the trench excavation
and cover, stockpiling of cover material (sand
and bay mud slurry), compacticn of wastes, road
grading, record keeping, policing, and dust con-
trol at the sanitary landfill,
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3. The area surrounding the landfill working face
should be policed at least once weekly for
loose and blowing refuse. If this is not an
effective control, more frequent policing may
be required. Alternatively, portable litter
fences could be rlaced close to the working
area to collect blowing refuse,

-

C. Future QOperationas® Procedurc:

As discussed in Section VII, é, the options for future site
use under consideration aix: (1) continue the current landfill
operations; (2) have ~n outsile contractor operate the landfill
and possibly accept air station l.cusehold refuse; and (3) close
the site. The cost estimates “nr these options are also presented
in Section VII, H. Calculations for cover requirements and site
life are presented in Appendix D. The recommendations for
implementing the options are presented below. If Options 1 or 2
are selected the Navy should develop a long-term operational plan
using the recommendations of this report.

1. Option 1 - Continue Current Landfill Operations

Assuming the landfill remains open, then interwmediate
cover should he placed over the site, as discussed in Section
VIT, B. 7This will require about 94,000 cubic yards of material at
a rotio of about 60 percent dried bay mud and 40 percent sand.
The soils should be spread, moisture conditioned as required and
compacted to 85 percent relative compaction.* Placement of the

intermediate cover should begin immediectely in addition to the

* Relative compaction refers to the in-place dry density of soil
expressed as a percentage of the maximum dry density of the same
material, as determinad by the ASTM D1557~70(C) test method.
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normal activities of the site. Using existing manpower and equip-
ment, except for the loader and dragline, it is estimated that it
will require about a year to place the cover.

A grading plan should be developed to provide adequate
drainage of the site. The uses of "mounding" areas and directing
surface water into drainage swales for removal from the site should
be considered. Existing slopes should be used as much as possible.
Consultation with RWQCB should be pursued to reduce the required
drainege slope from three to two percent,

The trench method of landfill construction is currently
Feing used but should be changed to the area method before the
refuse trenches encroach on the slurry pond. The area method
viould in effect start a second layer on the site which can be
started at any location and progress in any direction the operator
of the site chooses. However, it is best to work logically from
one corner of the site toward another corner.

The area method, as shown on Plate 23, consists of placing
the solid wastes in 24-inch layei s and compacting them in an area
about 50 by 100 to 150 feet in plan dimension. At the end of each
days operation, 6 inches of compacted soil should be placed over
the refuse., This process forms a cell., Cells should be placed
on top of each other until the desired height is reached. Then 12
inches of intermediate cover should be placed over the top and an
adjacent set of cells started. Within 15 months after an area is
completed, an additional two feet of soil should be placed to

achieve the required total of 36 inches for final cover. Generally,
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the height of the fill should correspond to that required to achieve
a final grading and drainage plan. The additional layer, including
final cover, should no: exceed 12 feet in height and side slopes
should not be constructed stceper than three horizontal to one
vertical (3:1). The f£ill should be kept at least 100 feet behind
the sea wall to prevent stability problems from occurring,

Existing personncl.a:e adequate for continuing the opera-
tions and spreading the intermediate cover material. Once the
cover has been placed, the pe:sonnel should ke changed to two
equipment operators and & gatekeeper who will be adequate to operate
the site and place the final cover as the fill progresses.

The equipment necessary to operate the site includes the
tug and scraper to haul the cover material, a crawler tractor to
spread and compact the refuse and cover soils and a water truck
for dust contrql and fire suppression. The grader would only be
needed a few times a year to maintain the roads. The front end
loader and crawler crane should not be needed.

The gatekeeper should be responsible for record keeping
including number and types of loads plus their weight and yardage;
loads should be checked by him to be sure they are acceptable
materials. He should also keep track of equipment maintenance
and prevent unauthorized people from entering the site.

The work week should be changed from 5-1/2 dais to 5 days.
Arrangements in collection should be made to avoid use of the land-
fill on the weekends. Closing the site on the weekend will discourage

unauthorized dumping and scaVenging.
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Gas venting will take place through the intermediate
cover material. Whenever the fill and final soil cover approach
the north and east boundaries the gas prevention measures discussed
in Section VIII-D below should be installed tc prevent migration
of gases toward the ammunition storage areas.

By placing a l2-foot-thick layer of refuse and soil (which
would cause no clearance problems with the runways), the site can
receive about 820,000 cubic yards more of refuse which will give a
site life of 31 years. If specialized landfill equipment were
purchased, average densities of the refuse compacted in place
could increase from 800 to 1200 pounds per cubic yard, increasing
the site life to 51 years. Since 34 years is more than adequate,
the expense of the equipment necessary to achieve higher densities
is not warranted.

At a refuse to soil ratio of 4:1, 204,900 cubic yards of
cover material.would be required regardless of in-place densities,
This amount is available without lowering the slurry pond below
Elevation 107.5.

2. Option 2 = Outside Contractor Operates Landfill

The cost comparison between current and private contractor
operation of the site are presented in Section VII, G. If this
option is selected, the bidding contractors should be required to
submit an operational plan for the site which complies with local,
state and federal regulations applicable at the time, the recom-
mendations presented for Option 1, and a long-term operational plan
prepared by the Navy. These plans along with the cost estimates

should be considered in the selection process.
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For the contractors to prepare their plans and cost
estimates, certain operational decisions would have to be made
by the Navy. These include whether or not the contractor should
place tlia intermediate cover, install the gas venting system or
install the secpage control me2sures.

If (b2 outside contractor were to accept the 23 tons
per week of housing refuse, it is éétimated that the site life
would be reduced te 30 years at existing densities. At increased
densities, as discussed in Option 1, the site life would be
reduced from 51 to 46 years,

3. 'Option 3 - Close The Landfill

A site closure plan, as required by Alameda County and
the CRWNCB, should be prepared and submitted for approval.
Correction of perimeter seepage should be performed if required
by the regulatory agencies. Gas venting should be provided as
described in Séction VIII, D, below.

Closing the site would require that about 58 acres* bhe
covered with three feet of final soil cover. Using a ratio of
75 percent dry mud slurry and 25 percent sand, about 280,000
cubic yards of material would be required to meet the state
permeability requirement of 1 x 10~% centimeters per second for
the top foot. A larger percentage of sand can be used for the
remaining thickness. Adequate cover material is available above

Elevation 107.5.

* Excluding the dredge slur.y pond.

44



HARDING -LAWSON ASSOCIATES

The material should be mixed, moisture conditioned to
near optimum moisture content, and compacted to 90 percent rela-
tive compaction,

The final grading plan should be developed so that the
site drains from the interior toward the exterior at two or three
percent depending upon RWQCH requirements, Instead of returning
the surface water to tho bay, it could be directed into the trench
for Alternative 6, if it is constructed. The amount of surface
runoff and its effect on tli evaporation rate will have to be con-
sidered in the final design to determine if this is feasible,

’This will leave about 18,000 cubic yards of extra cover
material that will accommodate about 2-1/2 years of filling at
current rates. This could keep the site ope:1 while the final cover
is placed.

A landscape contractor should be consulted in selecting
plants that can tolerate the high salt content of the cover mate-
rials. It may be desirahle to delay planting a year or two to allow
rainfall to leach out the salts.

Once the site is closed, a maintenance program of periodic
site inspections should be implemented. The inspections should
include checking for cover material érosion, presence of sinkholes,
surface drainage and gas venting systems., Deficiencies should be
repaired immediately. The Alameda County Health Services Agency

will also inspect the landfill.
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D. Gas Control Measures

When the landfill is covered with impervious soils there will
he less vertical ventilation of methane gas than occurs now and
the tendency for the gas to migrate laterally toward the magazines
will increase accordinglv. To prevent ga:z movement outside the
refuse fill area, vertical ccllectors should be provided around the
north and east perimeters for @ length of about 4200 feet, as
shown on the Plot Plan in Appendix B, The colleciors should
consist of 2-foot-wide trenches excavated to a depth of 6 to 10
feet (down to the water table) and backfilled to within 2 feet of
the surface with crushed rock. The top 2 feet should be compacted
with impervious soils to prevent surface water infiltration. Vent
the gas to the atmosphere through vertical risers of perfofated
plastic pipe installed at 100-foot intervals.

If methang readings in the magazines outside the landfill
increase then the gas barrier should bz installed.

If it is decided to install seepage repair Alternative 6,
the subdrain collector system, it can be used for gas ventilation
by installing the plastic pipe vents. The trench would have to

be extended to the entire length of the north a-d east sides.

E. Slurry Pond Drainage

To provide drainage from the slurry pond a sump with drain
pipe should be installed near the center of the south perimeter.
The pipe should be an 1l8-inch~diameter steel drain pipe with tide
gate and should be placed from the sump through the sea wall. The
invert of the drain pipe should be at Elevation 107.5, the lowest

recommended elevation for the bottom of the pond.
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IX ILLUSTRATIONS
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o)

Bay !

- \
wrenge slaryd
© Sana

o )
{
3
2

5 abandoned)

Shy: ¥ Fond ee—e

Levew
ot Delris Fi "

Fill

3G /
Mo Sead Fill ‘ \ ﬁ‘z\m.d A /
o . © Boy Mud — /"Oumou:’d (i?rcp
. i =0t ¢ //, stope of perimeter
~¢  Send and Delris Fill TR eRpean o RO sec veoll

Saad Fill
gé =27~ Bay Mud

SAN FRANCISCO BAY .

General Developmenr Mop, Naval Air Station, Alomeda, by Ncwol Facilities Engmeermg Command, undqled
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e

b No

Appr:dCD Date

£ 8 _ LOG OF BORING 1|
Shear Strength (lbs/sq ft) - ; £
2 ;::_’ 2 -g. TEL Equipment 6" Flight Auger
S >
§8 5848 3§ Elevation 115.5* feet pgte  10/29/76
0TS BROWN SILTY SAND (SM)
o loose to medium dense, moist,
B with debris
‘o
5110
-0
- R
L = 3
. 7 [N 4
104 | . 9 KV, water level 4/18/77 g
. . T E
0
A
15410
\/' BROWN SAND (SP) _
. loose, saturated,
2011, S
. =)
2
’ ©
o o I>\
25 2 —
*Reference: Topo, NAS Alameda
307 Sanitary Dump Facility, 1975,
by M. B. Cristi
351
7 40-
JARDING - LAWSON ASSOCIATES PLATE
@ Consulting Enginecrs and Geologists LOG OF BORING 1
Sanitary Landfill Site 2
2176,030,01 5/20/77 Alameda Naval Air Station

49



L

LOG OF BORING 2

o

Equipment 5" Rotary Wash

Elevation 113.4 feet Date 10/26/76

_: \ﬁ Sample

b

TR

P

BROWN-BLACK CLAY (CH)

very soft, moist

LIGHT BROWN CLAYEY SAND (SC)

loose, saturated.

Vs water level 4/7/77

GRAY SILTY SAND (SM)

loose, saturated.

GRAY SILTY CLAY (CH)

medium dense, saturated

Hydraulic Fill

very soft, saturated, (bay mud)

LIGHT BROWN CLAYEY SAND (sSC)

. g 8.
Shear Strength (lbs/sq ft) S g E :::,
28 58488
0
5-
22.9 94
104
154
<}
201 b
|
254
301
]
45 4
17.6 113
50 J
. ARDING-LAWSON ASSOCIATES
@ Consulting Engineers and Geologists
b No 2176,030.01 Appr: 40D Dates_/]i/ﬁ_

LOG OF BORING 2

Sanitary Landfill Site
Alameda Naval Air Station

PLATE

50




I L 8 _ LOG OF BORING 3
Shear Strength (lbs/sq ft) ¢ - ; <
2 2 3 £ Equipment 5" Rotary Wash
‘0 >
i g S 844 Elevation 111.4 feet pate 10/25/76
0

BROWN-GRAY CLAY (CH) 4
very soft, saturated

O
O

97% passing No. 200 sieve 64.7

LIGHT GRAY CLAYEY SAND (SC)
medium dense, saturated

water level 4/18/77

LIGHT GRAY-BROWN CLAYEY SAND
(SC) - very loose, saturated

2

SRR

Hydraulic Fill

T

GRAY SILTY CLAY (CL)
very soft, saturated, (bay mud)

w
o
1

40
. . . LOG OF BORING 3
@ Consulting Engineers and Geologists
' Sanitary Landfill Site @
ob No. 2]76(03070] ] 7 Appr:fic*g,_oate_s/zom Alameda Naval Air Station
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L 8 LOG OF BORING 4
Shear Strength (Ibs/sq ft) - ; < o
g 2 e 5 ’é_ Equipment 5" Rotary Wash
‘5 >
gé’ 588 8 Elevation 110.7 feet Date 10/21/76
oTT "
L}// LIGHT BROWN CLAYEY SAND (SC)
3‘?/ loose, dry, with debris g
i 2|
i DARK GRAY SILTY SAND (SM) ‘
37 L medium dense, saturated,
g .
13% passing No. 2P0 siev 18.5 104 ﬁ . x;’f’;r‘:,"e"fgr:’/}"g}g’;
]Oi ’ . . ol E
1 L] »] _—6
| z
o
ol A
e | |o o8
15914 L
. 3
]
o] | Py
. -
111
201 -:Jf":“ v
’ DARK GRAY CLAY (CH)
/4 soft, saturated, (bay mud)
a7
Z
304
354
40
HARMDING - LAWSON ASSOCIATES PLATE
: . : LOG OF BORING 4
Consulting Engineers and Geologists »
- Sanitary Landfill Site j
ob No. 2]76_,9_30.01  Appr 2D Date 5/20/77 Alameda Naval Air Station &
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Shear Strength (lbs/sq ft)

Density incf)

Content (%)

Dry

Moisture

LOG OF BORING 5

Equipment 5" Rotary Wash

Elevation  110.1 Date _ 10/20/76

o Depth (ft)
Sample

J 50 120 04 BROWN SILTY SANDY GRAVEL (GM)
i s«j« medium dense, dry
N BLACK SILTY SAND (SM)
N 9 loose, moist, with debris
i ST water level 4/18/77
= EREE =
s * P
y 3
‘ &
5 104 |*
: gt DARK GRAY SILTY SAND (SM) Y
- loose, saturated
g 154 11 19
| il z
, Jdle 2
=)
o [ | <
d i‘:, . e
y 32.7 41 2
25 - 4‘:/ BLACK CLAY (CH) -
5 %’% very soft, saturated, (bay mud)
a %
) 30+
:
§
: 35-
5’ 40-
.ARDING-LAWSON ASSOCIATES PLATE
. : . . LOG OF BORING 5
@9 Consulting Engineers and Geologists
lr : Sanitary Landfill Site %
5o No 2176,030.,01 B Appr:.iD,,Dateﬁ_/Zo_/Z_ Alameda Naval Air Station
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I‘ O—
Shear Strength (Ibs/sq ft)

Content (%)

Ory

Moisture

Density (pcf)
o Depth (ft)

20+

254

. ma
03
03 3

30

351

40

Sample

LOG OF BORING 6

Equipment 5" Rotary Wosh

Elevation 108.2 feet Date 10/21/76

<
v
r)
>

3

DARK GRAY SILTY SAND (SM)
loose, saturated, with rock
fragments

water level 4/7/77
BLACK SANDY CLAY (CL)
very soft, saturated

DARK GRAY SILTY SAND (SM)
very loose, saturated

Hydraulic Fill

LIGHT BROWN SILTY SAND (SM)

loose, saturated

b

GRAY SILTY CLAY (CH)
very soft, saturated, with shells,
(bay mud)

ANANRANNNNEEN

N

Shear Strength (Ibs/sq ft)

sy
s %
s a -
e . &
5 ¢ Pl v
- QO YO et
=£ TR E
o]
S &8 & 3
40

(Continuation of Log)

N\
~,
QU

SRS
O\ N\

45

45

N
N

~

G

O\

50+

S

N

4
\&

N

554

N\

ENANANNN

60 4

PN
o\ *
°

65

70 4

75 1

80 -

GRAY SILTY SAND (SM)

medium dense, saturated

HARDING - LAWSON ASSOCIATES

&

Consulting Engineers and Geologists

Job No2176,030.01

Appr. Re)y) Date_.5.[,2,0/,.7_7_.

LOG OF BORING 6

Sanitary Landfill Site
Alameda Naval Air Station

PLATE
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Lk M

TS

Sr AT

o

& 8 LOG OF BORING 7
Shear Strength (Ibs/sq ft) o . T &
5 ¢ 2 K . "
% ;g B -Ed g Equipment 5" Rotary Wash
28 S8 8 8 Elevation 109.9 feet Date  10/25/76
0
H LIGHT BROWN SILTY SAND (SM) =1
1 o loose, with debris >
. water level 4/7/77 3
AR S
7. 2t
5441} GRAY SILTY SAND (SM)
‘17 loose, saturated
. LIGHT BROWN SILTY SAND (SM) ué
o1 loose, saturated 3
) S
. S
T
REE
154 4
%7 LIGHT GRAY CLAY (CH) —t
/ very soft, saturated, (bay mud)
30+
35+
40 |
IARDING -LAWSOMN ASSOCIATES PLATE

# Consulting Engineers and Geologists

|

job No 2176,030.01

_ Appr._ 39 pate 5/10/77

LOG OF BORING 7

Sanitary Landfill Site
Alameda Naval Air Station
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LR

PRty

< 8 LOG OF BORING 8
Shear Strength (lbs/sq ft) ¢« ; < o
‘-; %’ 2 -.:.L Té_ Equipment 8" Hollow Auger
oS
38 58 &8 8  cElevation 114.0feet Date 10/29/77
0 BROWMN SAND (SP)
O medium dense, moist, with debris
54
A VA water level 4/7/77
104} ;
=
: K
-
1544, A _l
19.2 104 gi,f. r, DARK GRAY SILTY SAND (SM)
R loose, saturated
i\l | E
201 | =
¢ O
]
i >
J 4 T
25 .
30+
35+
TR 40-‘
HARDING - LAWSON ASSOCIATES PLATE
@ : . . LOG OF BORING 8
Consulting Engincers and Geologists -
Sanitary Landfill Site §
obNo 2176,030.01 Ao AcD pate %/29/77 Alameda Naval Air Station
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| 2 3 LOG OF BORING 9
: Shear Strength (Ibs/sq ft) = ; < o
29 ‘2 £ o Equipment 6" Flight Auger
i 26 28 ¢ £
3 O oo 3 Elevation 113.8 feet Date 10/29/76
a oTTIT! BROWN SILTY SAND (SM) i
i bt 1 loose to medium dense, moist,
* " with debris
s i
T
4 JECE water level 4/7/77
‘i 10' lo [] " :
o ¢ h:
J ) 8
! 11 3
&
H 1540
4 . . .
i il
204 1|1 1
a rﬂ;" DARK GRAY CLAYEY SILT (MH)
soft to medium stiff, saturated,
I (bay mud)
251
! 30.4
!
{
§ | 35
5
E, 40"‘
CVARDING-LAWSON ASSOCIATES
@ Consulting Engineers and Geologists LOG OF BORING 9
! Sanitary Landfill Site
bNo 2176,030.01 Appr-_4¢D Date 5/20/77_ Alameda Naval Air Station
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_ 2 8- LOG OF BORING 10
Shear Strength (Ibs/sq ft) ¢ - ; = o
g 2 = _E' Equipmaont 8" Hollow Auger
‘D >
E 28 &8 &8 8§ CElevation 112.0 feet Date 10/28/76
0 7] LIGHT BROWN SAND (SP)
i e medium dense, moist, with
ol silt lenses
g ce water level 4/7/77
g . @ :
20.3 104 5% - -
E * & 0
! 104, £
£ (8]
. ¥ Q_;
i ¥ 5
.0 'g
* o I
i 5.7% passitg No.|200 sigve 21.4 100]5‘35’....,
i L
2OE [ ——‘-
F AT DARK GRAY SANDY SILT (ML)
. medium stiff, saturated
.5
25 -
5 B
{ 30
F 35
?
g : 40 :
' ARDING-LAWSON ASSOCIATES PLATE

LOG OF BORING 10

Consulting Enginecers and Geologists i E
! \ B

Sanitary Landfill Site
2]776,_(.)3;).01  Appr 2@ Date 5/20/77 Alameda Naval Air Station

ob No
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RPN

| 2 8 LOG OF BORING 11
Shear Strength (Ibs/sq ft) o . T &
25 £ 6" Fligh
2% 7R e quipment Flight Auger
| 28 58 &8 &  Elevation_112.5 feet _Date _10/29/77
0
{} ° BROWN SILTY SAND (SM)
: ’ loose to medium dense, with
. debris
11 vl water level 4/7/77
) ic
? 104 | ]
) 2
&
Q 15+ "
- Y
? LT DARK BLUE-GRAY SILTY SAND (SM)
20 loose, saturated
g ﬁm* Y
BLUE~-GRAY CLAYEY SILT (MH)
medium stiff, saturated, with =
' lenses of silty sand b=
4
25+ I
5
5 e
a 3
ﬁ 30—1
| 351
T 40-
E,.ARL?ING-LAWSON ASSOCIATES PLATE
§ : . . LOG OF BORING 11
@ Consulting Engineers and Geologists ﬁ@
! Sanitary Landfill Site Eés
o No 217{),7(')_3»0.9_1 _ Appr: 2 _Date 5/20/77 Alameda Naval Air Station -
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e

| X 8 _ LOG OF BORING 12
Shear Sirength (lbs/sq ft) o 3
3 € Pa o . .
o2 2 £ ‘g_ Equipment 6" Flight Auger
28 58 &8 8  Elevation 113.0feet Date  10/29/76
0
ik BROWN SILTY SAND (SM) ‘
loose, moist, with debris
o |4
54 .
A1 water level 4/7/77
104 'L @
[}
. 2
il ‘. E
o1 | o
154 11 |
1. Y
20+ DARK GRAY CLAYEY SILT (MH)
X medium stiff, saturated, (bay
Py mud)
. DARK GRAY SILTY SAND (SM)
J 1 loose, saturated
25 4kt
30-
35+
- = 4Q-
ALRGING - LAWSON ASSOCIATES PLATE

LOG OF BORING 12

@ Consulting Engineers and Geologists E 3

Sanitary Landfill Site
2176,030.01

o Appr',‘-}cs? Date__s_/20/77 Alameda Naval Air Station

Job No
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< 8 _ LOG OF BORING 13
Shear Strength (Ibs/sq ft) v Q: < &
z g % = %. Equipment  Hand Auger
55 rE5
=53 8838 & Elevation 109.5 feet  pate  11/9/76
0 [
. BROWN CLAYEY SILT (MH)
stiff, dry, (desiccated bay mud)
: becoming soft, moist at 3'
82.3% passirlg No. [200 sigve f.;f water level 4/7/77 -
5-4% | - =
g 2
i 3
i«‘“ wgl DARK GRAY SILTY SAND (SM) %,
loose, saturated, (fill) =
104 11 1
154
LOG QF BORING 14
Equipment Hand Auger
Elevation__ 113.3 feet  Date  11/9/76
. s o i
15% passing [No. 200 sievs g . BROWN SAND.(SP) . .
loose, moist, with organic matter
K GRAY~BLACK SILT (MH)
LY. soft, saturated —
X .. BROWIN SAND (SP) i
ST loose, moist 2
1. . becoming wetter at 6' 3
. <
- & 0 X
. I
Y
101
154
o _.r.r;..“...'» - .. o g2 -

4
i

O

Consulting Engineers and Geologists

{

b o, 2176,030,01

Appr:_CD Date 5/20/77

LOG OF BORINGS 13&14

AT
£

f""s

?r‘ ]
Y 4
EBA A

Sanitary Landfill Site
Alameda Naval Air Station

N34547
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£ T LOG OF BORING 15
' Shear Strength (Ibs/sq ft) v 9: i & S
dme c S’
é '9;2 'g -g. _Qé- Equipmenf Hand Auger
‘0 >N
E § S 588 8 Elevation 113.9 feet pqate  11/16/76
O _
iu LIGHT BROWN SILT (MH) !
g § 1 medium stiff, dry, (desiccated
" bay mud) =
’ LIGHT BROWN SAND (SP) S
.. mecium dense, dry =
511, 3
., °
g » @ & I
. wet at 8 \
; 10-
fi
f
E 15
E LOG OF BORING 16
Equipment __Hand Auger
i Elevation__ 109.3 feet pare  11/16/76
07 BROWN SILT (MH) ‘
l 3 soft to medium dense, moist,
J . . ) (desiccated bay mud) =
95.4% passimg No. [200 sigve becoming softer at 4' L:
i 5 3
5
>~
I T
_
| ‘ 101
| 151
. . . LOG OF BORINGS 15&16
@ Consulting Engineers and Geologists -
Sanitary Landfill Site 1 %
2176,030.01 . 5/20/77 Alameda Naval Air Station &
3b No. Appr: AW Date |

N34547 62



I g 85 LOG OF BORING 17
Shear Strength (Ibs/sq ft) ¢ - ; < o
‘3 2 B < -g'- Equipment 9" Hollow Auger
h 28 58 & 3  Elevation 110.3 feet Date 3/16/77
0
3, V BROWN SANDY CLAY (CL)
: i% medium stiff, wet, with
| organic matter
, "V{g_ DEBRISFILL
! 110 loose
> B water level 4/18/77 -
i Py v
L &
b ' -1
: b BLACK SAND (SP) ‘
loose, saturated
154
20.2 106 @&, .. —
=
g P 2
' )
2
201 " X
§ . T
e b _‘,
| e BLUE-GRAY CLAYEY SILT (MH)
§ B soft, saturated, (bay mud)
25 -
b
| HL
1 . BROWN SAND (SP)
) 304 F— loose, saturated
?
y 351
P -t
G ANNDING-LAWSON ASSOGCTIATES 7 PLATE
E;, Consulting Engineers and Geologists LOG OF BORING 1 2
;l' Sanitary Landfill Site E%
obNo 2176,030.01 apne {ep Date 20/77 Alameda Naval Air Station
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C o

neomear

8 i 3

;

Consulting Engineers and Geologists

b No. 2]76'_03001 _ _ Appr:_D Date 5/20/77

£ 8 LOG OF BORING 18
Shear Strength (Ibs/sq ft) ¢« ; = o |
L8 2 -,g —gé_ Equipment 9" Hollow Auger
2E
28 58 &8 &  clevation_ 110 feet  Date _3/16/77
a7 BROWN SANDY CLAY (CL)
,4_‘ medium stiff, wet, with debris
P DEBRIS FILL
R4 BV loose
5. G’v§ water level 4/18/77 _
7’ )
@ 2
'\" &
Y
104 o -
%-P |
T 'y
15.4% pasging Nol. 200 sfeve | 20.9 107 ||| B'—ACK' SILTY SAND (SM)
. of |9 oose, saturated
154§ L] |
o |® E_:_
201 L.i1. 2
3
of 10 O
]
of I* >
I
W 9| | ¥
251 I°t1°
of | \_
LT DARK GRAY CLAYEY SILT (MH)
21
soft, saturated, (bay mud)
30
351
— 40- .

LOG OF BORING 18

L
Sanitary Landfill Site 1 g

Alameda Naval Air Station
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Ty

ey

TS

L 8. LOG OF BORING 19
Shear Strength (lbs/sq ft) ¢ = ; < o
5 .
a2 B 5 g Equipment 9" Hollow Auger
s g 8848 8§ Elevation 109.8 feet Date  3/16/77
7 BROWN SANDY CLAY (CL) ‘
/ medium stiff, wet
6’1, DEBRIS FILL
NF loose, saturated
s ‘ ‘6' \——wafer level 4/18/77 —
3 P
9. 2
: ]
A &
SN
2
10 ,: 0
b -1
LT BLACK SILTY SAND (SM)
i loose, saturated, with
e layers of sandy silt
44,6 7515-% |||
o b L
e . 3
20 b
o] Jo ‘g
o 1% I
.- J -
25
a 30-4
: 354
| 40-
! .ARDING-LAWSON ASSOCIATES |. PLATE
. . . LOG OF BORING 19
@ Consulting Engineers and Geologists @
! Sanitary Landfill Site i{g
b No. 2]76(‘973‘0_.01_ Appr 3P Date 5/20/77 Alameda Naval Air Station
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2 5. LOG OF BORING 20
Shear Strength (lbs/sq ft) ¢ - ‘z: & 0
s s ‘2 = o Equipment Hand Auger
I 2§ »5 & E
=0 88 & & Elevation 114.5 feet pate  10/6/77
0 BROWN SAND (SP) I
! medium dense, dry
8 o becomes moist at 2" E
5 s becomes wet at 4' o
‘ N v water level 10/6/77 g
| g 4
T
[
l 10+
|
i 151
2
20
¢
ﬁ
251
i
f
301
i
]
b 354
I R ereeirives : 404
GAARDIMG-LAWSON ASSOCIATES PLATE
Q : . < LOG OF BORING 20
@% Consulting Enginecrs and Geologists )
| : Sanitary Landfill Site %@
Iob No 2176,030.01  anor Ve pate 11/21/77 Alameda Naval Air Station
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E MAJOR DJVISION 2 TYPICAL  NAMES
s re k2
w > L 3 Vv -
CLEAN GRAVELS If & ] WILL GRATED GRAVELS, GAAVEL - SAND MIXTLRES
i wiTH LITTLE OR ———%.“
1 N GRAVELS NO FINES P i POCRLY GRATRD GRAVELS, GRAVEL - SAND
i = E ¢ ra X RS
[ ™
o B| o nun g - ?,j SILTY GRAVALS, POOALY GRADED ORAVEL - SAND -
5 15 LANGER THAN orAVELS T L]} ST MixTRZ
4 (o] NO. ¢ 31ZvE 3128 VR 1T Ares X
A ol & 6C PP ui] SLAYEY GRAVILS, POCHLY GRADID GRAVEL - SAND -
&% ~ /g't/ CLAY MIXTURS
43 k.o
3 5 2 CLIAN SANOA 39 | o o | ¥ELL GRADED SANDS, GRAVILLY SANDS
i g WITH LITIE O 2.5
s 2 o o | POORLY GRADED SANCS, GRAVELLY SANDS
ﬁ"': S 1 mont 7aN naLr L
4 € COMSE PRACTION 891 Plell| SILTY S5ANDS, POORLY ORADED SAND - LT
, d § IS SMALLIR THAN SANDS WITH . o MIXTURES
NO. 4 SitvE 3I1Z8 OVE I 7% FINES z
sc CLAYEY SANDS, POCRLY ORADED SAND - CLAY
MIX TURES
INOGRGANIC $1LTS AND VERY FINE SANDS, ROCK
#L FLOWA, SILTY O% CLAYEY FINE SANDS, OR

CLAYEY SILTS WITM SUGHT PASTNICITY

SILYS AND CLAYS
LIQUID LIMIT LESS THAN 30

cL

INORGANIC CLAYS OF LOW TO ~IDIUM PLASNICITY,
GRAVELLY CLAYS, SANDY CLAYS, $ILTY CLAYS,
LEAN CLAYS

Tomiax.

58
°3
T
Qg oL it} orcanic cavs anp orGamic siLTY CLavs OF
til i e : 1] LOW MLASTICITY
MH INORGAMIC SILTS, MICACEOLS (¥ DIATOMACIOUS
e FINE SANDY OR SILTY SOILS, ELASTIC SILTS

g 3 SILTS AND CLAYS %
¢ w CH INORGANIC CLAYS OF HIGH MASRCITY,

z g LIQUID Listi - SAEATER THAN 50 FAT CLAYS

Q. on [///] orcamc cLavs of mtbium 10 an masTiGHTY,
2 [ﬁ ORGANIC SILTS

MIGHLY ORGANIC SO!LS Pt [ PEAT AND OTHER MIGHLY ORGANIC SOILS
d NIFIED il CLASSIFICATION TEM
i
'1
SAKPLE DESIGNATIGN
3 -Undtirurveer Semplo E Ovik or Classitication Semple
i .
& STRENGTH TESYTS
@SZSZTSZSZY VANE SHEAR TEST R MRER UNCONFINED COMPRESSION TEST
$ = Fletld
L = Leboaretery

g 1000 (30.0) ] OIRECT SHEAR TEST 1000 (30.0) (L_X B TRIAXIAL COMPRESSION TESTY

t CD = Contslidated - Drelned
Meoliture Conrent efrer Test (%)

Steess Normel te Shear Plene (pof)

e

UU @« Unconielldoted - Undrained
CU = Consolideted - Undralined
€O = Conselidered - Dreined

1/? Devieter Stress (pof)
Malsture Content after Test (%)

Cenfintng Steass - Oy (psf)

‘a KEY TO TEST DATA

s

HARDING - LAWSON ASSOCIATES

{ &

Consulting Engineers and Geologists

b No, 2176,030.01

Appr: (%) Date 8/3/77

SOIL CLAS

SIFICATION CHART

AND

KEY TO TEST DATA

Alameda Naval Air Station

PLATE

20

I

NO02470 67




l 150 T | oo

TEST METHOD
! ASTM D1557-70(C)

140 \

| %1 s Raference Lina - 100% Saturation
Y /Y for 2,70 Spacific Gravity

| Y

130 -
! 3 120
¢ [*]
>
0
=
7]
. Z Permeability of soil
f & 110 ) mixture compacted
g f to 90%
! & il ® 2.6x 10-3 cm/sec
< O 3.0x 10-4 cm/sec
g 100
$0 \\
q 80
0 10 20 30 40
§ MOISTURE CONTENT (%)
ol s S Classificati Optimum Maximum Dry
,‘ WLgetet Sample Source assification Molsture (%) | Density (pef)
)%
, =-==1 Dredged slurry pond 50% Sand, 50% Bay Mud (CH) 18.0 110
E e Dredged slurry pond 70% Sand, 30% Bay Mud (CH) 15.0 116
r ARDING - LAWSON ASSOCIATES PLATE
@ Consulting Engineers and Geologists COMPACTION TEST DATA
i Sanitary Landfill Site |
ry
o No. 2176,030.01 Appr_) Date 11/21/77 Alameda Naval Air Station

N30336 68



120

100

80

40

120

100

80

60

I R

o
b5
{
f
£
i

40

20

PN TN e S A LG

HYDRAULIC

SAND FILL‘L%

— _ =
— = = = -
£ 5 z ERS 3
5 <} 3 A S
z 2 : o B @ b
< ° © ° @) 3 - -3
g 3 2] S = S ~ € s 30
e = Y @ - x ~ e 2 e
2 e : o s S 'S -
g 2 & g g 3 g 3 e 8 ® 327 :
g & & 3 3 5 5 5 5 S 55 :'
@ ® @ » o » o (%) o »om s §
. = :
120 E rr
o P
Rock Seawall — y g
.' » \
K a
[ v A g
100
Meon Lower g
Low Water 2 e
~ s
Tog =
A{’( S j
AY M AN . <
SAND 8 ub | J 80
' —
|s "
= w
HS) [*N
@
@ z
-~
SECTION A-A , © 60 >
| [e]
Scale: 1" =200 horizontal 5 =
vertical >
"= 20' >
jos)
40 M
% i 7
a : z 2 -
o ! ) o g0 o
L2 ' 3 3 & o 8
= o @ & o 5 x
~ o o ~ & 2
o T e ® Sa o ®
g g S 3 3 £ 5
] S & 5] 5 2 o 32
.o @ 4] n » 0 o 5 o
' ;
120
NG 4 o "9 v E
3 Ck O v R 3
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HARDING -LAWSON ASSOCIATES
SUBSURFACE WATER FLOW RATE ANALYETD

Subsurface water levels in many of the observation wells
within the landfill lLuve been monitorcd foxr ahout a year. The
data ohtained from this program indicnte that there are two
different types of flow occurrxing within the lanafill. The first
is a relatively rapid exchauge of bay water alonrg the south and
west sides as the tide risss and falls, Second, water is
continuvally flowing southwesterly through the site toward the
Iy at a relatively constant rate, unaffected by tidal variations.

The flow rate fruan the intecior of th» landfill is small, as
indicated by the slight downward slope of the water table across
the site. As it flows through the site, it contacts the refuse
and leaches ou£ various contaminates,

As the contaminated subsurface water approaches the perimeter
of the landfill, it is mixed with Bay water and drained away
during falling tides. We estimate that the zone of mixing extends
100 to 150 feet into the landfill since beyond this region water
levels show no tidal variations, Therefore, contaminates are
discharged into the Bay at a rate do¢pnendent upon the flow through
the interior of the landfill.

Several factors influence the flow rate occurring in the
landfill: the permeability of the material, the area through
which flow is taking place, and the hydraulic éradient or driving

force that is causing flow.
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The permeability (k) of the landfill debris is highly variable.
However, our investigation indicates that a relatively clean, fine
sand zone exists between the sea wall and the refuse fill. The
sand limits the maximun flow rate because its permeability is
less than the refuse fill. A value of .0l centimeters/second
(cm/sec) was uscd for the sand in the analyses. This value is
typical of a fast-draining, fine sand.

The hydraulic gradient (1) or slope of water table varies
within the site. Using the witer level in Well 9 (the highest
water level) as a st-rting point, hydraulic gradients range from
0.0009 to 0.0028 feei/foot (ft/ft) and an average value of 0.0015
ft/ft was selected. However, since this average value was
calculated using extreme differences in water elevations, it is
probably higher than the true average gradient for the site.
Consequently, 0.001 ft/ft was assumed for the final analyses.

The area éhrough which flow is taking place (A) also varies
throughout the site and was considered to be restricted to the
porous material bounded by the upper surface of the water table
and the virtually impermeable underlying bay mud. The test bor-
ings indicate that on the average in the interior of the landfill,
the water table is approximately 14—1/2 feet above the bay mud
layer. Consequently, a flow area of 14-1/2 square feet/foot was

used in the analyses.
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Since the conditions under which flow is taking place are
relatively simple, the equation q = kiA was used to calculate the
flow rate through the site. In the equation, "g" represents the
flow per foot of discharge surface., The resulting flow, after
the required unit conversions have been made, was approximately
0.3 gallons per day per foot of levee (gpd/ft). The calculations
are presented below., The flow rate through the slurry pond in the
southwest corner of the site was estimated to be significantly less
due to the relatively low permeability of the slurry and longer
flow path. Based on engineering judgment and experience, it was
assumed that no more than one-half of the landfill value or 0.15
gpd/ft was flowing through this area.

The length of discharge face around the site was determined
to be approximately 4900 feet, 3100 feet of which is next to the
dredged slurry pond and 1800 feet along the refuse filled area.
The resulting total discharge from the landfill was calculated
to be approximately 1,005 gpd. Considering the uncertainties
in the assumptions and judgments, we estimate the actual total
discharge to be between 700 and 1,300 gpd. This range of flow
rates and the average chemical concentrations obtained from the
water quality tests were used to estimate pollutant discharge

guantities.

74



HARDING - LAWSON ASSOCIATES

Flow Rate Calculations

Taken between Borings 9 and 1l as typical.
Change in elevation = 108.0 - 106.7 = 1.3 feet
Length between borings = 1300 feet

Average refuse f£ill thickness = 14.6 feet

Flow Rate g = kiA

where k = 0.001 cm/sec (assumed) = ,118 ft/hour

i 1.3 £t/1300 £t 0.001 ft/ft

A=14.6 ft x 1 ft = 14.6 £t2/ft levee

therefore q = .118 ft/hr (0.001) ft/ft (l4.6) ft2/ft =
0.0017 f£t3/ft/hr

0.0017 £t3/ft/hr x 24 hrs/day = 0.041 ft3/day/ft

0.041 £t3/day/ft x 7.49 gal/ft> ~ 0.3 gal/day/ft

Flow rate for refuse f£ill perimeter
0.3 gal/day/ft x 1800 ft = 540 gal/day
Flow rate for slurry pond perimeter

0.15 gal/day/ft x 3100 ft = 465 gal/day
Total flow rate = 540 + 465 = 1,005 gal/daz

Use range of 700 to 1,300 gal/day
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QUANTITIES OF CHEMICAL CONSTITUENTS
DISCHARGED INTO SAN FRANCISCO BAY
To evaluate the amount of pollution the landfill is contributing
to San Francisco Bay, it was decided to determine what increase in
pollutants above the average of the Bay water is attributable to
the landfill. Therefore, the average of the Bay water concentra=-
tion was subtracted from a high and low range value for seven
components that exceeded the Bay averages.
The calculations for the components presented below are on

the following pages.

Discharge From Landfill*

Quantity

Component (pounds per day)
0il and grease 0.01 to 0.06
Sulfide ' 0.002 to 0.02
Iron 0.05 to 0.25
Nitrate nitrogen 0 to 0.010
Lead 0 to 0.002
Total phosphate 0.002 to 0.012
Total Kjeldahl nitrogen 0.06 to 0.90

* Quantities in excess of background levels

Chemical Constituent Discharge Calculations

Flow rates: 1l. Flow rate from site at refuse area is 0.3
gallons/day/foot, length = 1800 feet
1800 x 0.3 = 540 gallons/day

2. Flow rate from site at slurry pond is

1-1/2 gallons/day, length = 3100 feet
3100 x 0.15 = 465 gallons/day
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Conversion Factor: =
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Concentration Values
(Taken From Table 3)

g .

1000 I

b,

3.79 1

454 g

gallon

8.35 x 10~% #/gallon
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Interior
Parameter Wells (1) Bay (2) Increase Above Bay Average
Low High Average Low High Total Range (3)
0il and grease 5.0 11.0 4.0 1.0 7.0 0.01 - 0.06
Sulfide 0.4 2.1 0.2 0.2 1.9 0.002 - 0.02
Iron 6.0 30 0.5 5.5 29.5 0.05 - 0.25
Nitrate
nitrogen 0.4 1.6 0.4 0 1.2 0 - 0.010
Lead 0.2 0.4 0.2 0 0.2 0 - 0.002
Total Kjeldahl
nitrogen 10 110 3.0 7.0 107 0.06 - 0,90
(1) High and low value with extremes disregarded

(2) Average Bay water
(3) Pounds per day
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Landfill Contribution: seepage from that portion of the sea wall adjacent to refuse fill areas
pounds/day = (concentration) (8.35 x 10~6) (0.3) (1800) = 0.0045

Component Low value High value
0il and grease = 1.0 x 0.0045 = 0.0045 1bs/day ; 7.0 x 0.0045 = 0.032 lbs/day
Sulfide = 0.2 x 0.0045 = 0.0009 ;7 1.9 x 0.0045 = 0.009
Iron = 5,5 x 0,0045 = 0.025 i 29.5 x 0.0045 = 0.133
Nitrate nitrogen = 0 . ;7 1.2 x 0.0045 = 0.0054
Lead = 0 ;7 0.2 x 0.0045 = 0.0009
Total phosphate = 0.2 x 0.0045 = 0.0009 i l.4 x 0.0045 = 0.0063
Total Kjeldahl nitrogen = 7.0 x 0.0045 = 0,032 ;7 107 x 00,0045 = 0.482

Slurry Pond Contribution: seepage from that portion of the sea wa%l adjacent to the slurry pond
pounds/day = (concentration) (8.35 x 107°) (0.15) (3100) = 0.0039

Component Low value High value
0il and grease = 1.0 x 0.0039 = 00,0039 ;i 7.0 x 0,0039 = 0,027
Sulfide = 0.2 x 0.0039 = 0.,0008 ;7 1.9 x 0.0039 = 0.0074
Iron = 5,5 x 0.0039 = 0,021 i 29.5 x 0.0039 = 0.115
Nitrate nitrogen = 0 ;7 1.2 x 0.0039 = 0.0047
Lead = 0 ; 0.2 x 0.0039 = 0.0008
Total phosphate = 0.2 x 0.0039 = 0.0008 ; 1.4 x 0.0039 = 0.0055
Total Kjeldahl nitrogen = 7.0 x 0.0039 = 0.027 7 107 x 0.0039 = 0.417

See table on previous page for totals.
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PERIMETER SEEPAGE CONTROL MI".SURES

A discussion of the scepage control measures is presented
below. 'The arezg whera the yorious aiternatives would arply are
shown on the Plot Plan, Y ate L-L audl a typical section for =zach

ig shown on Platcs B-2 theough B4,

ia}

1. Chonical Gronting

Chemical grout could ke introduced through drill holes
to fill voids and decrease the pemnnahbility of the sea wall. This
would require two-inch -diameter holes drilled through the perimeter
sea wall approximately 20 to 25 faet deep and spaced about 5 feet
apart. Portland cement grout or chemical grout, consisting of a
cementing material and a reagent, would be pumped into the holes
under pressure and forced into the voids before hardening to form

an impervious seal.

Advantages Disadvantages
1. Repairs can be located 1. Difficulty in controlling
directly in the perimeter placement of the grout
sea wall making use of the (quantities may be excessive
existing structure or may not reach areas
desired)

2, Drilling through the rock
sea wall may be difficult

3. Cost may be relatively high
and can vary dgreatly

2. Steel Sheet Piles

Interlocking steel sheet piles could be driven through the
£i1ll and debris behind the sea wall well into the underlying soils
to provide a relatively watertight barrier. Pilesg at least 25 to

30 feet in length would be required.
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feet deep through the trash fill just inside the sea wall.

Advantages

Repair requires no excava-
tion or relocation cf
existing landfill material

Provides a barrier unaffected

by site settlement

3.

HARDING - LAWSON ASSOCIATES

Disadvantages

Unprotecter piles may be
suzceptible to corrosion
from sea water and from
contaminates within the
fili., Epoxy or some other
type ol pile coating may
be required.

Driing sheet piles through
roifuge and debrig filled
areas nay bo difficult,
Interlocks may be cdamaged
during the driving with

the result thai an impervious
¢2al will not be obtained

in sowe places.

Very high cost

3. Trench With Compacted Earth Backfill

This method would consist of excavating a trench about 25

The

trench would have sloping sides and be about 5 feet wide at the

bottom and 55 feet wide at the top.

The excavated trash would be

relocated on the site, and the trench wouid be backfilled immedi-

ately with compacted soils to form an

Rdvantages

Conventional earthmoving
equipment can be used

Provides a barrier that can
tolerate settlement

81l

impervionus barrier.

Digsadvantages

May require imported mate-
rial to be used for the
impervious backfill

Large excavation would be
required behind existing
perimeter sea wall

Best suited for repair of
long continuous lengths
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4, Would require trench
dewatering

5. Sands may not be stable after
the excavation is dewatered

4., Slurry Trench.

A trench approximately 3 to 5 feet vide and 20 feet deep
would be excavated just inside the sen wall and backfilled with either
bay mud dredged slurry or a mixture of water, cement and bentonite.

If dredged material were used, it would require at least two
applications to allow solids to separate from the liquid. This
would require the trench to be open for a relatively long period
of time and necessitate some shoring. The bentonite slurry would
be mixed on site and the trench could be hackfilled immediately

with less risk of caving so shoring would nobt be required.

47, Dredged Sluwry Alternative

Advantages Disadvantages

l. Fine-grained maintenance 1. Timing and location of a
dredging material could dredging project with
be used suitable dredge spoil

would affect the feasibility

2. Would provide a flexible 2. Best suited to repair long
impervious barrier continuous lengths
3. A relatively small amount 3. Would require an overflow
of excavation is required system to handle decant
water at one end of the
trench

4. May require some shoring
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4B. Cement Bentonite Alternative

Advantages Disadvantages
1. A relatively sm:ll amount 1. Relatively high mobiliza-
of excavation is required tion cost
2, Provides a barrier that cen 2. Requires specialized con-
tolerate settlament siruction equipment and

techniques

3. Requires a minimum amount
of excavation

4, One of the least costly
methods

Indepencent of dredging
schedule

(82}
)

5. Impervious Membrana

This method would involve excavating a trench approxi-
mately 3 to 5 feet wide and 20 feet deep just inside the perimeter
sea wall. The trenched refuse should stand vertically for a
short period of time which eliminates the need for shoring. A
tough imvervious membrane would be support-d frou the surface and
extend the full depth of the excav:ted trench. The void between
the trench and the impervious membrane would be backfilled with

sand to protect the membrane and support it withia the trench.

Advantages Disacvantages
1. Provides a barrier that can 1. Membrane muszt be protected
tolerate settlement agsinst puncture during

installation

2. Requires no special con- 2, Imported soil and/or clean
struction equipment oxr on-gsite sand will be
techniques required for backfill

between menbrane and
trench wallg

83



. : HARDING -LAWSON ASSOCIATES

6. Subdrain Collector System

An alternative method would consist of installing a system
of subdrain trenches leading subsurface water to two collection
sumps. Water would be collected and removed at a rate sufficient
to reverse the subsurface flow gradient from the sea wall back
toward the north and east perimeters of the landfill. The collected
water (approximately 700 to 1,300 gallons per day) would be
contaminated and could not be disposed of directly into the Bay.

It could be disposed of either by sprinkling on the landfill surface
or at a treatment plant; sprinkling would be the preferred method

due to its low annual cost. Most of the water would evaporate and
aeration would reduce the contaminant levels. The remaining water
would percolate through the cover and be recycled. While this system
is the only one that requires maintenance the cost would be minimal

and it could be performed by existing Air Station maintenance crews.

Advantages Disadvantages

1. Short construction time . 1l. May provide a temporary
remedy only depending on
feasibility of connecting
to a disposal facility or
incorporating continued
disposal into ultimate
site use

2, Lower cost 2. Will require some maintenance
of pumping and sprinkling
equipment on a perpetual basis

3. Might be discontinued if 3. Disposal of collected water
water quality improves at a sewage treatment plant
with time may be expensive
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Appendix C

FEDERAL AND STATE SOLID WASTE =~

REGULATION COMPLIANCE SUMMARY
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Toble C-1. FEDERAL SOLID WASTE REGULATION COMPLIANCE SUMMARY

Landfill
Section Nr., and “uhiect Con:Miance

Remanlis ond Feasures Required to Obtain Connlic e

241.2.2 Solid Woustes Accepied Yes Vhile the site appears to o in complionce, the landfiil foreman should be supplied o list of woites thet are acceptable so continued

complionece con be achieved, Sze Plate C4 for a Hisr of accepioble wastas,

241.201 Sofid Vigstes Fxcluder Yes )

241.202 Site Selection NAA ihe site fails mory site selsciion aciteria, This report provides mitigating moasures for these pic! fams,

241,203 Desiga N/A The landfilt is an exisiing oporation vl bus na spacific design. A Landfll Operation Plan incoparaiing focal, Stute and Fedoral
regulations end the: recommendetions of this reamt should be mads,

241,204 Warer Quality No Water quality nroblans of surfarsn drddnuge and {achaie are oddressed in this reporf.

241.205  Air Quality Yes

241.206 Gas Control No Gas control measures are addresced in this i oir,

241,207  Vectors Yes Vectors do not appear to be a problen of ilie landfill,

241,208  Aesthetics Mo The site should be policed more ofren ond/ui portable littes fences utilized.

241.20%  Cover Materiul Yes/No The site lucks adequate intermediate cover; dully coves operations are adequate. This subject is discussed in the report.

241,210 Compaction Yes For the size of the operation, compaction is crlequate,

241.21 Safety No Site sofety oparations ore inadequote, Corrective measures should include but not be limited to equipment (roll-over protection,
sect belts, backup warnings), perssonnel thard hats, safety shoes, safety glas s} and fire extinguishers sheuld be on each piece
of equinment.  Asbestos wastes must be confainerized or in plestic bugs and cuvered immedictely. Resiirators should be worn
by equipment operators. A complete safcly program for the site should be designed as part of the Landfill Operations Plan,

241712 Records MNo Record keeping procedures should be established and utilized to include type and vilume of refuse, opovational problerms,

environmental factors of gas, leachare, vectors, dust and litter,

Note: For detailed discussion of each sulject matter, refer to the Environmental Protection Agency's "40 CRF 241, Guidelines for Lond Disposal of Solid Waste"

BSAKE L3 P 05 AW &0 zxs&ﬁe_nu;:m‘;rgm FEDERAL SOLID WASTE REGULATION PL A'TE*
Qﬂ Consulling Engineers and Geologisls COMPLIANCE SUMMARY %
. Alameda Naval Air Station %1
JooNo 2176,030.0G1  apee e 2/16/78 Alomeda, California
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Section Mo, and Subject

17601 - 17603
17606 - 17608
17616 - 17617
17626 - 17629
17636 - 17639
176486 ~ 17649
17655 - 17660

17666 - 17670

General

Disposal Site Agye +.al
Disposal Site Informaticn
Disposal Sife Design
Disposal Site Records
Disposol Site Personnn!

Disposal Site Improvameits

Disposal Site Health
and Safety

Disposal Site Operations

17676
17677
17678
17679
17680
17681
17682
17683
17684
17685
17686
17687
17688
17689
17690

Mote: For detailed discussion of each subject matter, refer to the State of Californic
Administrctive Code, Title 14, Article 7, Disposal Site Standards

Confined Unloading
Spreading and Compecting
Slopes and Cuts

Final Site Face
Stockpiling

Available Cover Materiul
Cover

Spreoding

Intermediate Cover

Final Cover

Scavenging

Scavenging Permitted

Volume Reduction and Energy Recovery

Processing Area

Storage of Salvage

Table C-~2.

STATE SOLID WASTE KEGULATION COMPLIANCE SUMMARY

Landfill

Complionce

Yes
Yos
Yes
N/A
No
[

Yag/ v

Nao

Remaris cnd Measurn: Required jo Obpain Complionce

The Public Works Center, San Francisco Buy, is in the pioccss of obbaining the perniie el peoiiding ¢

by these sections.

Applizs to design of new focilities.

hie inforaciion os required

Record keeping procedures should be el blished and otilize ! as requised by tha.e seciioas,

Personnel reguire more training regarding safely, emergancies and endronmentul cordeo

Lo

3

Site access and interm! romls are adequate. Site security requires linnrovemand to puave & uncutheiized danping ool salvoging.

. The sits requires inproved identification and eahiy signs.

The site ncods adeguate communications facilliles to oblein compliance,

The site lacks adequate inte.mediate cover. This subject is discussed in the report,

The site lacks acequate finul cover, This subject s discussed in the report.

Apparently isolated scavenging has token place but the lendfill is basically in complionce,

| _STATE SOLID wASL 2L GUIATION

COMPLIANCE SUMMARY
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Section Neo. ond Subject

. ———

17691 Removal

17692  MNon-sulvageable liems
Disposal Site Controls

17701 Nuisance Control

17762 Animal Feeding

17703  Fire Control

17704  Leach:ve Control

17705  Gas Control

17706 Dust Control

17707  Wector and Bird Conirol
17708 Drainage and Erosion Control
17709  Contoct with Water

17710 Grading of Fill Surfaces
17711 Litter Confrol

17712 Noise Control

17713 Qdor Control

17714 Traffic Centrol

17715 Ponded Liquid

Disposal Site Equipment

17726 and 17727

Disposal Site Maintenance

17731 - 17735

17741 - 17744  Disposo! Site Special Wostes
17751 Periodic Site Review

Table C-2, STATE SOLID WASTE REGULATION COMPLIANCE SUMMARY (continued)
Landfill
Compliance Remarks and Measures Required to Obtain Compliance L

Yes
Yes
Yes
Yes
Yes ;
P This subfect is discusied in the report. !
No This subject is discusted in the report. :
Yes %
Yes Birds aru: present at the siiv; current operations keep these to a minimumy; however, birds prosoot o aviction sufety problem. i
No Site draincge is inadequate. This subject is discussed in the report. %
Yes Previous cperaticns coused refuse to come in contact with subsurface water. Current pro:edures ary in compliance, E
No This subject is discussed in the report.
No The site should be policed more often and/or portable litier fences utiiized, E
Yes E
Yes g
Yes r
N/A

:
Yes
Yes Once the [andfill is brought up to standards for cover, drainage, etc. then a site maintenance program should be implemented.
Yes The site daes nof handle these types of wastes.
No This may or may not be required depending upon future use of the disposal site,
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Table C-3. ACCEPTABLE ITEMS FOR DISPOSAL AT
NAS ALAMEDA SANITARY LANDFILL

Asbestos and cement.

Asphalt and tar.

Carbon biack.

Cooked ships' garbage.

Crude lime and calcium carbonates.

Domestic refuse. Delivered only by contractor,
Dry cell batteries other than mercury.

Dry paint skins or drained paint sludges, except those containing lead,
mercury or chromium.

Dry trash.
Class.
Crease trap pumpings.

Light bulbs and tubes, other than flourescent, mercury vapor, or neon
replaced by service contractor.

. Metal cans or drums. Holes must be punched in sides and container

crushed, All containers which once held chemicals, pesticides,
flarimables, or potentially hamful material must be emptied, holes
puriched in the sides, and covers removed. Aerosol cans must not be
punctured,

Metal scraps.

Photographic film after processing through silver recovery unit.
Rubber, leather, nylon and teflon,

Stone, concrete and sand.

Wood and building demolition waste.

Wood piling will be accepted from NAS Alameda only.

Reference: NASALAMEDAINST 1135@.2G memo dated 1 February 1973,

1ARDING - LAWSORN ASSOGIATES | ACCEPTABLE ITEMS FOR DISPOSAL

PLATE
QZ,Q Consulting Engineers and Geologists Alameda Naval Alr Station gﬁ Z,
Alameda, California R
Job No. ,2L76'039;_Q]. Appr:§ (N__Date 2/16/78 ’
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Appendix D

REFUSE, COVER MATERIAL, AND SITE LIFE CALCULATIONS::
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HARD!NG - LAWSON ASSOCIATES

REFUSE, COVER MATERIAL, AND SITE LIFE CALCULATIONS

Assumptions

1. 200 ton¢/weel delivercd to site (s=e bhelcowr)

2. Tight coapactior cf refuse achiaves densities of 800
lac

pounda/cubic vt in plac
3. Refuse to so’: cover ratic of 4.0 (Ref. 7)
. Additional refuse .iifts will overags 12 feet
5. 58 ecres of gsite hig reccived refuse F£1ill

Refuse daelivered tc ithe gite (Ref. 3)

NAL® tona/cavy
. Station

Shipg

5.5
18.7
12.5

o

~

N

36.7 tons/day x 5 days/weex = 184 tons/week

In-place yardage/year - scil and refuca

Refuse - 84 _tons/week x 2000 pounds/ton .. 460 cubic yards/week
800 pounds/cubic yard

460 cubic yards/week x 52 weeks/year =
23,920 cubic yards/yeaxr

Soil «~ 23,920 cubic yards/year @ 4:1 refuse to soil ratio =
5,980 cubic yards/year of soil ox 29,960 cubic yards total

Yearly acreage

29,900 cubic yards/year x 27 cubic feet/cubic yard
12 feet®

= 67,275
square feet/year

67,275 square fect/year _ o e
43,560 square feet/acre 1.5 acres/year

or for Areas A and pavt of Area B (58 acres) it will take

-
%ﬁg = 38.7 years to cover the site

Section 7(g) of this Appendix.
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HARDING - LAWSON ASSOCIATES

Volume of slurry pond

(Areas refer to parts of the slurry pond that were selected
on the basis of average g2il conditions indicated in the
test borings. These areas are shown on Plate Bl.)

Area 1 - averaca elevation = 113; average mud = 3 feet;
area = 528,000 .quare feet

a2at 1 528,007 fsgb! )
Volume mud = 3.£22F 528,000 square feet
2/ cubic fect/cubkic yard

= 58,700 cubic vards

2¢,300 cubic yards
39,100 cubic yards
48,900 cubic yards

Volume sand to 108.5 = 1.5 x 528,000/27
108.,¢ = 2 :x 528,000/27
107.5 = 2,5 3 528,000/27

LI T

Area 2 -~ average elevation = 11l1; average mud = 10 fezet;
area = 495,000 square feet

vVolume mud to 1068.5 = 2.5 » 405,000/27 = 37,500 cubic yards
10,0 = 3.0 x 405,000/27 = 45,000 cubic yards
107.% = 3.5 x 405,000/27 = 52,500 cubic yards

(No sand to Elevation 107.5)

Area 3 -~ average elevation = 113; average mud = 2 feek;
area = 264,000 square fect

volume mud = 2 x 264,000/27 = 19,600

Volume sand to 108.5 = 2.5 x 264,000/27 = 24,400 cubic yards
108.0 = 3.0 x 264,000/27 = 29,300 cubic yards
107.5 = 3.5 x 264,000/27 = 34,200 cubic yards

Area 4 -~ average elevation = 111.5; average mud = 6 feet;
area = 574,000 square feet

Volume mud to 108.5 = 3.0 x 574,000/27 = 63,800 cubic yards
108.0 = 3.5 x 574,000/27 = 74,400 cubic yards
107.5 = 4.0 x 547,000/27 = 85,000 cubic yards

(No sand to Elevation 107.5)
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Elevation

108.5
108.0

107.5

* Totals

HARDI}G-LAWSON ASSOCIATES

Summary -~ Cover Material Available*

(cubic yards)
__Mud _Sand Total Percent Mud
17%,6G0 53,700 233,300 77
187,700 68,400 266,100 74
215,800 83,108 298,800 72

in Table 2 arc rowiad off,

€. Cover material recujrements

~
na

Close existing site = 535 acres @ 3 feet cover

;8 acres x 43,560 square feet/acre x 3 feet

27 cubic fee. 281,000 cubic

yards recuired

./cublic yard

ratio of 75% mud to 25% sand = 210,800 cubic yards mud
= 70,200 cubic yards sand

This would require removing almost all mud to depth of
107.5 .but sgite could be closed using available cover
material. The bottom 12 to 18 inclies could use a ratio
closer to that of the intermediate cover,

Excess = 215,800 83,100
210,800 -0, 200
5,000 cubic yards mud 12,200 cubic yards sand
or 17,900 cubic yards total @ 4:1 = 71,600 cubic yards
of refuse can be placed while the cover is being placed.
This will take about 2-1/2 years at current rate.
Continued operations = intermediate cover: 58 acres,

12 inches cover: assume partly covered so 8 inches will
suffice; add 50 p-rcent for shaping

[28 acres x 43,560 square feet/acre x .67 footy 1,5 =
27 cubic fe=st/cubic yard

$4,000 cubic yards
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HARDING - LAWSON ASSOCIATES

Ratio of 60% mud, 40% sand = 56,400 mud and 37,600 sand
Adequate material is available above Elevation 108.5

Cover available after intermediate cover placed

mud remaining (Elevaticn 107.5) = 215,800 - 56,400 = 159,400
cubic yards

sand remaining (Elevation 107.5) = 83,100 - 37,600 = 45,500
cubic yar:'s

Total 204,900

cubic yards

204,900 cubic vards cover available after intermediate cover

a.

"Volume of refusa

with 4:1 refuse to cover ratio (will provide for final
cover):

refuse = 204,900 x 4 = 819,600 cubic yards refuse

increase for housing @ 23 tons/week

23 tons/week x 2000 pounds/ton
800 pounds/cubic yard

= 58 cubic yvards/week x 52 =

3016 cubic yards/year + 754 cubic vards of cover/year = 3770

Total volume at site

voluwe of refuse = 819,600 cubic yards
soil @ 4:1 ratio = 204,900 cubic vyards

Total 1,024,500 cuhic yards

Site life at existing densities and volume

1,024,500 cubic yards total _ .
29,900 cubic yards/year 34 years

Site life at existing densities and increased volume for
nhousing refuse

1,024,500 cubic vards total - 30 years

33,670 cubic yards/year
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HARDING -LAWSON ASSOCIATES

Increase compaction to achieve densities of 1200 pounds/

cubic yard

184 tons/week x 2000 pounds/ton _
1200 pounds/cubic yard

current =

307 cubic
vards/weel:

367 cublc yards/week x 57 weeks = 15,9061 cubic yards/year

15,964 x .25 = 3221 cubiic yards soil/year = 19,955 total

207 tons/week x 2000 pounds/ton _

current + housing = i -
) ” 1269 pounds/cubic yard

345 cubic yardgs/wael x 52 weeks = 17,940 cubic yards/year

17,940 = .25 = 4485 cubic yards soil/year = 22,475 total

"site life at increased densitiesg

1,024,500 cubic yards tota: _
14,955 cubic yards/year

current = 51 years

1,024,500 cubic vyards toial _

ant 4+ NS ing = — " . —— 2 o
current housing T3 495 oubic yards/year 46 years
Note: Site capacity will be reduced if refuse to soil

cover ratio increases from 4:1
Height of refuse f£ill and cover material
Site volume; intermediate cover = 94,000 cubic yards
refuse = 819,600 cubic yards
soil = 204,900 cubic yards
Total 1,118,500 cubic yards

58 acrez X 43,560 square feet/acre x 1 foot = 2,526,500 cubic ft.

2,526,500 cubic feet
27 cubic feet/cubic yard

height across f£ill

1,112,500 cubic yards total _ 4,
33,570 cubic yards/foot 12 feet

height =

99

= 93,570 cubic yards/foot of
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HARDING - LAWSON ASSOCIATES

Site closure cost estimate

a. Assumptions
1. PWC equipment tn e uged in ]uULng one 20 cubic yard
raper, 1L do to push scraper in slurry pond and
l doﬂer o ﬁprezﬁ and compad' cover
2. 10 minute av:e g2 turn acound time for scraper
3. Slurry poit orkebla 8 months it of the year
h. Tine reguired
1 load/10 minute - = § loalzs/hour = 43 lcads/day
48 loads/d vy 2 20 cubic yards/lecad = 960 cubic yards/day
_ ?f\’) dd\r e
- 5 ('.dYQ/V c,}"' 58 weeks
58 wieeks = 1A B et e
I woeks/month ¢ a5 e s
@ 8 months/year working timne it will require 1.8 years
to comp'a2te the job
¢, Cont estimato
Equipment:
2 dozers @ $850/month x 14.5 months = $§ 13,775
L scrap=2r @ $680/month x 14.5 rouths = 9,860
Totsl Bguipment Costh = S 23,635
Personnols
Salaries = $¢,05/hr x 2320 hrs x 3 men = $ 56,028
Fringe benefic. = $2,88/hv x 2320 hrs 2 3 men = 20,045
Overhead = $5.75/hr x 2320 hrs x 3 men = 40,020
Total Personnel Cost = $116,093
Total Cost ~ Personnel & Eguipment $139,729

$140,000
201,000 cubic yards

Cost per cubic vard =

100

$0.50/cubic yard



HARDING - LAWSON ASSOCIATES

d. Seeding
Seeding with salt-tolorant grasses and shrubs

stimated crast of ./5 to 1 cent/square foot over 58 acres
Ref., 13)

58 acres x 47,580 gauare feet/a

2,526,48C = nro fect x Lle¢/square ot » $25,000

2,526,480 oo feet w L 75¢/aquare foot = $19,000
Placemant of intimed: =2 orar cost estbimate

Ths: cost for the PRC to
par L of the noywil opura
per cubic yard dou 2leped

cover would be included as
ze, The unit cost of $0.50
abeove goectlion is applicable.,

It vnuld cost an ontside contractor about the s:ine unit cost
as the PWl to place Ui~ cuver, Thercfore, thz cost would be:

$0,50/zubic yvard x 21,000 cubic yards = $47,000
A 7

Alternative 6 cost estimate brealdown

This is for a fully automated collection, pumping and spraying
croraticn using movable sprinitlers to weduce infiltration,
Reicaercence 21 is the source of the gprinkler and pump data.

a. Tronchlng - ?/OO ft @ $20 to $25/ft = $54,000 to 567,500
(unshered end includeg sump )

!, Ivrigation -~ movable pipe system
400 ft with sprinklexs = $12,000

pipeline -~ sumps to irrigation
600 £t @ $5/ft installed = 3,000

2 punps @ $1000 cach installed = 2,000
Total $17,000

c., Yecarly costs
Maintenance @ 1% capital cost = $ 1,200
Operating costs @ $20/month = 240
Inspections 1/2 man-~day/week @ $120/man-day = 3,120

Tot:s 1L S 5,060
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HARDIMG -LAWSON ASSOCIATES

Cost of combining Alterrnative 6 with gas venting system

Cost of Alternative 6 from Table 8 is $69,000 to $83,000
for 2,700 feet ci trench.

Taotal cost of c¢an trench i 4200 feet x $15/foot = $63,000
Additional gas trencn cosh if #lternative 6 is installed is

i
4200 feet = 27C¢0 feet = L5006 feet » 15 7/foot = $22,500

[ oo S 4 ] [

Cost savinss = S07%.6066G - S22,500 = $49,5C¢

Total cost of Alternat: - 6 and g.:.. trench is $91,500 to $105,500
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Appendix E

TOPOGRAPHIC MAP
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HARDING - LAWSON ASSOCIATES
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