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PREFACE

The purpose of this document is to provide a comprehensive review of the Marshall
Landfill in support of a variance request for continuation of waste disposal at the site
concurrent with contouring and preparation of the landfill for final closure. The first
section of this document contains the Washington State Department of Ecology Application
for Disposal Site Permit and an Environmental Checklist. The second section contains the
Permit Application Report which addresses site history, existing site hydrogeology,
groundwater moaitoring, conclusions, and recommendations. The third section contains the
pertinent WAC 173-304 sections for a municipal landfill, followed by a statement of action
for compliance for each section. Both the second and third sections provide information
requested in the application, environmental checklist, and Minimal Functional Standards.
The fourth and final section contains the Landfill Operational Manual and Closure Plans.
Attached appendices contain supporting data, diagrams and plans which address landfill

operation, closure, and post-closure maintenance.



VARIANCE APPLICATION
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Russ Fetrow Engineering Inc.

2545K Prairie Road, Eugene, Oregon 97402

GeoEnvironmental Division Office

December 11, 1989

Steve Holderby, R.S.

Solid Waste Program Coordinator
Spokane County Health District
Spokane, WA 99201

RE: MARSHALL LANDFILL
EXISTING LANDFILL CLOSURE
CLASS Il VARIANCE REQUEST (Time Extension)

Dear Mr. Holderby:

Please consider this letter as a clarification of correspondence dated August 29, 1989
requesting a formal request for a Class Il Variance (time extension) from the
implementation dates and performance standards of WAC 173-304-400(3)(b).
Marshall Landfill Inc. intended that this request ask for an extension of the final date for

“closure of the existing non-complying landfill from November 27, 1989 until October 1,

1991. This would, of course, require an initial one year extension, to November 27,
1990, and an additional one year extension request, to be submitted in August of
1990.

The majority of the closure work will be accomplished during the summer months of
1990, with the balance to be accomplished after achieving the final configuration on
the presently active face.

If you have any questions or need additional information, please feel free to contact
me.

Sincerely,

Shane Hughes, P.E.
Division Administrator

cc:  Dennis Clayton, Marshall Landfill, Inc.
Mark Fuchs, Washington D.O.E.
Dale Wulffenstein, RFEI
Ralph Christensen, RFEI

(503) 689-8110 Fax (503) 689-1524



Russ Fetrow Engineering Inc. 2545K Prairie Road, Eugene, Oregon 97402

Ceoknvironmental Division Office {503) 689-8110 Fax (503) 689-1524

August 29, 1989

Steve Holderby, R.S.

Solid Waste Program Coordinator
Spokane County Health District
Spokane, WA 99201

RE:  MARSHALL LANDFILL
EXISTING LANDFILL CLOSURE
CLASS Il VARIANCE REQUEST (Time Extension)

Dear Mr. Holderby:

Please consider this letter and attachments as a formal request for a Class Il Variance (time
extension) from the implementation dates and performance standards of WAC 173-304-
400(3)(b). This request is for an extension of the final date for closure of the existing non-
complying landfill from November 27, 1989 until October 1, 1990. This time extension is
necessary to allow or provide for the following:

1. Prepare plans and specifications for the proper closure of the existing landfill facility;

2. Bring the existing landfill to proper contours consistent with the above referenced plans
and specifications;

3.  Arrange and generate funding necessary to implement the approved closure plans; and

4. Fund, design and construct a new “state of the art" landfill to accept wastes currently
being disposed of in the existing landfill.

We have reviewed the Washington Department of Ecology Technical Information
Memorandum No. 88-1 and have addressed the applicable items in that document as follows:

1. This variance request is for a Class |l (temporary) variance as noted above. In order to
be considered we are including a time/compliance schedule (attachment A) and a copy
of an executed contract (attachment B), between Russ Fetrow Engineering, Inc. (RFEI),
and Marshall Landftill, Inc., authorizing engineering and geotechnical services for closure
of the existing landfill and design of the proposed new landfill facility. These items
demonstrate that this project has progressed beyond the "planning stage* as detailed in
TIM 88-1, Section 5.2.

2. This request is consistent with solid waste management policies for closure of existing
landfills that do not meet current Minimal Functional Standards. The Marshall Landfill
was established long before today's stringent requirements were adopted. The work
items which will be accomplished if this request is granted, will minimize the generation
of leachate and provide for an orderly and environmentally sound closure of the site.

3. Granting of this variance should not conflict with the local comprehensive solid waste
management plan.



3. Granting this variance request will provide the following potential benefits to the citizens
of Washington:

A.  Currently there are no landfill operations in the Spokane area that meet the new
Minimal Functional Standards. If the Marshall, and other landfills, are forced to

closa November 27, 1989, a significant hardship on the citizens of this area will be
imposed.

B.  Allowing the additional time to properly close this site will also generate sufficient
funding to allow design and construction of a new "state of the arnt* landfill facility for
disposal of municipal solid wastes. ,

Denying this variance request will create an unnecessary financial hardship on the
applicant by eliminating the source of revenue necessary to properly close the site.

No short or long term public benefits would be gained by a denial of this request.

6.  Regular progress reports will be submitted to the Spokahe County Health District as per
any requirements included in the permit compliance schedule.

As discussed at our meeting of August 21, 1989, Russ Fetrow Engineering, Inc., will be
submitting, next week, a single source document which includes site history, goetechnical
reports, interim operation and maintenance plans, closure/post-closure plans, environmental
checklists, and sections addressing applicable portions of WAC 173-304.

We apologize for the delay in submittal of the above document, however, there have been

delays in assembling the necessary support data being provided by a number of different
outside sources.

If you have any questions or need additional information, please feel free to contact me.

Sincerely,

RUSS FETROW ENGINEERING, INC.

Shane Hughés, P.&/
Division Administfator

cc: Dennis Clayton, Marshall Landfill, Inc.
Mark Fuchs, Washington D.O.E.
Dale Wulffenstein, RFE)
Ralph Christensen, RFE]



ATTACHMENT "A"

' MARSHALL LANDFILL
Engineering Time Schedule

PROGRAM. ELEMENT

Task 1: Existing Landfill Closure
Engineering Work:

Field Survey Complete
Topographic Base Map
Preliminary Layout

Operation and Maintenance Plan
Final Closure Plans/Specs
GeoTech Work

County/DOE Closure Approvals:

Submit Variance Request
‘ Submit Closure/Post-Closure Plan

Landfill Closure Work:

Secure Top Cap Materials
Site Closure

Task 2: Environmental Impact Statement
(on new landfill)

Task 3: New Landfill Construction

Engineering Plans/Specs
Prepare/Submit Permit Application
County/DOE Review and Approval
Bid Process/Award Contracts
Construction

Site in Operation

TIME _LINE

June 89 - Nov. 91

June 1 - July 10, 1989
June 10 - July 21, 1989
June 1 - Sept 1, 1989
July 21 - Sept 1, 1989
June 1 - Aug 1, 1989

June 1 - Aug 1, 1989
Aug 1-0Oct1, 1989

June 1 - July 1, 1989
Sept 1, 1989 - Oct 1, 1991

July 10, - Oct, 1990

Sept 1, 1990 - Oct, 1991

Sept 1 - Dec 1, 1990

Dec 1, 1990 - Mar 1, 1991
Mar 1 - May 1, 1991

May 1 - July 1, 1991

July 1-Oct 1, 1991

Oct 1, 1991



SECTION 1

APPLICATION FOR DISPOSAL SITE PERMIT
| AND
ENVIRONMENTAL CHECKLIST
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APPLICATION FOR DISPOSAL SITE PERMIT CLASS II VARIANCE

PART I (All Sites)

1. Name of Site MARSHALL LANDFILL, INC.
2. Mdt@..' POST OFFICE Box 67
MARSHALL, WA 99020
3. Owner of Record MARSHALL LANDFILL, INC.
6. Address POST OFFICE BOX 67 County Serial
: MARSHALL, ‘WA 99020
7. Applicacion Date [BTITO0T9TOTT] 8. Location |MTATRISTHIAILIL | WX |
Year Month Day
9. Check Type of Site: -
X Sanitary Landfill Land Spreading Shredding
Industrial Landfill X Drop Box Baling
Transfer Station Composting Other
Incinerator Resource Recovery
| . s this an existing site? X_ Yes No
PART II Governmental Approval
A. Have any other permits or approvals been applied for from:
Yes No  N/A Yes No N/A
l. Municipalicy Approval X 6. a. Department of Ecology
2. Planning Commission X Discharge Permit | X
Approval ) b. Department of Ecology
3. Shorelines Management, Flood Control Permit ____ _ __ _X_
' County Approval X 7. Department of Natural
4. Consistent with County Resources; Surface %
Solid Waste Management . Mining Permit
Plan _—— X 8. Fire Department Approval X
5. Department of Game/ . 9. OtherSpokane County Health X
Fisheries Hydraulic X L__(——_-‘S_L—Specify Dept. .
Permit
(Local Health Department Use Only)
1 1 Approval Date |__ 1 T T T T | Approved by:
R Year Month Day .
2CY 030-38 10/80
AV/L6(B2-16)




PART 1I - Governmental Approval (Continued)

B. Zoning .

. Classification of Site Area Ag, Mz

2. Enforcement Agency SPOKANE COUNTY HEALTH DISTRICT

3. Restrictions (If any)) _CONDITIONS AS SET FORTH IN 1989 SOLID WASTE PERMIT

Use of Adjacent Properties within a Quarter Mile (Check Appropriate Box)

North

South | West

s. Residential X

| East ]I
|

X

X

b. Commercial

IRAILROAD
-

d. Heavy Industrial

X
e. Agricultural ,

I

f. Mixed

|
|
|
|
|
|
|
¢. Light Industrial {
|
|
|
|
|
|
g. Other |

|
|
|
|
I
I
|
!
|
|
|
!
I
!
|
|

(Spccifyj

PART III - Solid Waste Chancteriui.cl

B.

i-.'.. Type of Clientele Served: PRIVATE - COMMERCIAL

Source or Type:

Estimated Number: 53 DAILY

| Description |~ Present Volume | Projected Volume |

| (1f necessary) | (Tons) (Tmrxixaxs) Tons |

| MUNICIPAL SOLID | 330,000 PRESENT TO CLOSURE!

1. Garbage | WASTE ’ | 79,000 ||

; | ‘ | '

2. Rubbish | :
|

3.  Ashes II {

4. Bulky wastes ‘ ;

S. Abandoned vehicles |' ||

6. Construction and [ { 160,000 | 39,000 |

demolition wastes | + |

T

e s Gow



PART 1II - Solid Waste Characteristics (Continued)

- L]

( (Continued) | Description | Present Volume | Projected Volume
o |_(If necessary) (Tons) (Ten Years) Tons
i‘ .7. Industrial vastes (Msw)
{
8. Hazardous vaste | NONE
| .
9. Sewage treatment I NONE | . I
residues |
{
10. Street refuse | (Msw)
|
11. Litter | Msw)
|
12, Agricultural vaste | NONE
' |
13. Mining wastes | NONE
|
14. Other (Specify) | NONE | |
| C. Daily Waste Quantities:
: Volume l Weight :
‘ cIal- Y. TN
: 1. Estimated per customer daily vaste quantities :Pri“te'l 2 C.y. 125 Toms }
| |
o 2. Total maximum daily volume or weight | 1,600 c.y. 360 Tomns {
‘ | .
{ o 3. Total average daily volume or weight | 1,300 c.v. | 290 Tons :
°
4. Additional comments
D. D_Aily. Customer Traffic Number
1. Estimated number of transfer vehicles . ) 7
2. Estimated number of municipal collection vehicles 0
3. Estimated number of private collection vehicles 22
4. Estimated commercial/industrial/special trucks 0-1
5. Estimated residential pickup trucks/station vagons daily 20
6. Estimated residential cars , 3
7. Additional comments
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PART 1V - Soil and Geological Characteristics (All Sites)

P

\‘.

Location:

ittach copy of USGS Topographical map to each co
7.5 minute quadrangle mup, if published.

1.

Checkoff
a. Wells, water X
b. Springs NONE
¢. Swamps NONE
d. Streams X
e. Public water supplies X
£. Other bodies of water X
g. Underground or surface mines NONE
h. Mining spoil piles NONE
i. 1Irrigation canals NONE
j. 1Irrigation pools NONE
k. Mine pools and discharge points NONE
1. Gas and oil wells NONE
m. Other (specify) NONE
2. Describe the Topographical Setting ROLLING HILLS
Flood Plains:
1. 1Is the facility in the 100-year flood plain? Yes X No
2. Sitze of watershed above the landfill is 80 acres.
Soils:
1. List all soil series and phases within site and approximate thickness.
Qt, BuC, HsB, HxC, MaC, VaD, We, Te, Uh
2. List all soil series and phases to be used as cover material.
Qtr HuC, HsB, HxC, MaC, VaD, We, Te, Uh
3. ? copy of soil map or references to site location and source of cover

Plot on topographical map the following on site or within one mile of outer

perimeter of site:

py of Application using

material on published soil survey must be included.

See attached.

Y




PART IV = Soil and Geological Characteristics (All Sites) (Continued)

D~ Geology:

\

1
; " 1. Glacial geology or
\
|
|

a. Type(s) of deposit(s) Pleistocene age outwash sands and gravels

b. Texture of deposit(s) Medium to coarse, ranging from silty sand surficial

deposits to deep clean sands and gravels.

c¢. Thickness of deposit(s) +200 Feet
2. Bedrock
a. Type(s) Metamorphosed granite and basalt flows

b. Depth to +200 Feet

c. Extent of weathering Uprer metamorphic rocks are deeply weathe'red

Name and age of formation(s) Revett and Burke formations of precambria age

and Columbia River Basalt Group - Miocene and Pliocene

E. Surface Water:

Yes No
'A'i’ L Will there be a discharge of leachate to surface vaters? - X
i‘.z. Will leachate collection and trestment facilities be constructed? X
a. If yes, have you applied for Waste Discharge Permit? N/A

3. Rainfall (in inches)

a. Annual value ‘ 17.8" %
b. Peak 24-hour value 1"
¢. Peak l~hour value '

F. Ground Water

1. Depth to ground water 204 feet (MW-1A) and 30 feet (MW-4)

a. How determined Measurements at ex:lsting wells and monitoring wells

b. Seasonal varistion M3y be as great as 30 feet (CRIS Tech. Ball No. 15)

* U.S. Weather Bureau, Spokane, Alrport




F. . Ground Water (Continued)

PART IV - Soil and Geological Characteristics (All Sites) (Continued) {

~(

k‘ . c¢. 1f depth to ground water cannot be determined, it is recommended that

2.
3.

5.

.

a boring or well be drilled outside of, but adjacent to, the solid waste
disposal area. Additional information on construction type and materials
may be obtained from the regional office of the Department of Ecology.

i

$

Checkoff .

(1) Locate well on site map X i

(2) Provide complete log (description of well) X_ ;

(3) Indicate mcethod of drilling X E

Directioﬁ(u).éf ground water movement East-Northeast :

Discharge of ground water (indicate on topographical map) .* X

a. Distance and direction of discharge point(s) Appréx. k mile Northeast

b. Name(s) of discharge point(s), i.e., springs, streams, etc. ggafégigﬁglgfé¥éggie Creek;

c. Area tributary to discharge point(s) Minnie Creek, Marshall Creek
Subsurface information: (Detailed information is needed on subsurface
conditions for proper analysis of the site. This information on soils,
geology, and ground water may be determined from deep cuts, borings
and wells, backhoe pits, strip mines, quarries, natural outcrops, or
road or railroad cuts). Describe location, detailed description and
findings, and locate on topographic map, logs.

See Landfill Permit Report - Hydrogeology

How was information determined? Examination of site, geologic work,

review of previous investigations.

e e @ emam.w o
- OB ® o W DO WES S SO B s MunrS W Emmm S & & &S S o -

b . ¢




PART V - Disposal Sites -~ Design and Operation

(" Detailed Plans and Maps of Disposal Site:

) .;bnit one copy of each set of plans with ‘each set of application forms.

1. Property Line Map See Appendix F
a. One map should indicate property lines of site, use of adjacent properties,
all right of ways (fuel, power line, roads, etc.).
(1)

1f right of way exists, name of owner Marshall Landfi1l, Inc.

G ® & V-

. -

(2) Does owner/operator own mineral rights? X Yes No

(3) 1If not, name and address of owner of mineral rights.

N/A

2. Detailed topographic maps of the site should include the folloviné. More than |

one map may be used to shov the required information on site and within 1/4 mile
perimeter of site.

Checkoff

a. Scale 1":400' or larger X
b. Five-foot contour interval or less

X
c. Location of access roads and roads on landfill X
o d. Location of permanent fencing - X
{ e. Location of weighing facilities/gate attendant X
. f. Location of existing and proposed utilities (water, X
severs, electricity, gas, telephone, etc.)
g. Location of right of ways for power lines over 1 kv X
h. Location of discharge point of ground water NONE
i. Location and identity of monitoring wells X
j. Location and identity of other wells X
k. Direction of ground water flow (indicate all X
directions found) ) SR

1. Fire protection facilities if beyond 1/4 mile, show on
general topographic map

m. Leachate collection and treatment facilities

n. Employee facilities

o. Equipment storage and repair buildings

p. Selvaging facilities

%

E

)12

X
q. Buffer zoune, plantings, etc. X
r. Llocation and identity of springs NONE
s. Location and identity of swamps NORE
t. Location and identity of streams X
u. Location and identity of fire hydrants * NONE
v. Location and identity of fire ponds NONE
w, Diversion ditches and water control structures X
x. Lifts X
y. Cover stock piles NONE
z. Other (specify) -~
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PART V ~ Disposal Sites - Design and Operation (Continued)

..
f‘
g
h.
i.

: .Den’.gn (landfill only) .
a. Total thickness of each lift
b. Working grade of each lift
¢. Slope and width of working face
d. Approximate time interval between lifts

Sequence of lifts and cover usage in fill area
Final slope sequence

Cover supply sources

Drainage and water control devices

other (specify)

Plans for Finished Site (Check each item included)

a.
b.
c.
d.
e.

f.
g.

Slope and contour

Buildings

Surface water management

Road comstruction

Revegetation procedure

final site maintenance

Maps and a statement of fact recorded as part of deed with
county auditor (WAC 173-301-310)

Other (specify)

Leachate Collection and Treatment = Required? Yes X No
Not at this time

a. Llocation of collection and treatment facilities
b. Cross sections and elevations of collection system
c. Cross sections and elevations of treatment facilities
d. Llocation of discharge points of treated leachate
e. Comments

Fot applicable to this site, existing landfill.
Location of proposed ground water monitoring points

a.
b.
c'
d‘
e.
f.

Number

Depth

Log of boring or vell

Sampling method

Sampling frequency

Couments -~

.-..o-—-----‘-.“.-.-.o--o.-.—-.--—... L eesesceremenccssces e
e B

iif

5

© QT ——————————
50'-212°

guarterly

L S
Dedicated pump on bailer.

o 0w S A SRR



"PART V - bilpo.ll Sites -~ Design and Operation (Continued)

'w. General Plan of Operation. (Describe in addendum, check as completed.)

‘;f' 1. Proposed landfill method X 13. Erosion control . X
H 2. - Schedule of filling - X 14, Traffic control " N/A_
| 3. 8ite preparation X 15. Final cover X
‘ 4, Designation of unloading area X 16. Final slope X
S. Size of working face X 17. Revegetation procedure X
6. Cell consatruction X 18. Pinal site wmaintenance X
7. Compaction and cover practice X 19. Record system X
8. Blowing litter control X __ 20. Salvaging system X
9. Surface water management X 21. WNoise control R
10. Duat control X 22. Employee facilities X
1l1. Gas venting provisions X 23, Vector control X
12. Road construction X 24, Other (specify)
PART VI = Operational Support
A. Employee Facilities: Yes Ko
Are employee facilities provided in accordance with (WAC 248-62)7 X
B. Disease - Vectors: |
1. Facility will apply daily cover. X
{« 2. Pacility will practice other techniques. EL_
. Explain ,
3. Control program for: Rodent, Fly, Bird? (circle) . Daily Cover
C. Disease ~ Sewage Sludge and Septic Tank Pumpings: '
1. Are sevage sludge or septic tank pumpings to be applied to the
land surface or incorgorated into the so0il? X
2. Are crops for human consumption to be planted within 18 months
after application of waste? X
3. Will the vaste be tresated by a process to significantly reduce
pathogens and is access controlled 12 months for the public,
1 month for grazing animasls? X
D. Air Qualicy: ' )
‘ Will open burning of solid waste be practiced at the facility? X
Control program for odors? Dnilz_pover —_—
Y .

e B - W G i o s

e e e ———



3-(, PART VI - Operational Support (Continued)
|

£ Safety — Gas:

. Will methane or other explosive gases be generated? X Yes Yo

1 generated, how will they be controlled? Because of the semi-arrid region, no
significant quantites of gas will be generated.

However, a passive gas
discharge system will be installed in final cover process.

F. Safety - Fire Protection:

1. Fire Department (Name and Address - Telephone) Spokane County Fire District #3;

1321 - 2nd Street, Cheney, Washington 99004; (509) 235-6645

Distance from site 5 miles

2 Pond

a. Location Queen Lucas Lake - ) mile South

b. Volume of water Unavailable

e¢. Elevation 2129 Mean Sea Level

3. Soil Stockpile

. a. Location Daily cover will be supplied from site sources. Final couer
b. Volume Daily zg‘t'zf 15?308h2u§1]éc;§rggfrgn:g 2:;3::87?(:886 cubic yards compacted.
4. Water Under Pressure
a. Llocation On site well which will not deliver quanties‘ required for fire control.
N/A : o

b. Owmer

¢. Volume of water N/A

N/A

d. Pressure

e. Distance to fire hydrant N/A

5. Comments N/A

10




’ “PART VI - Operational Support (Continued)

/ . 0
.fety - Bird Nazards to Aircraft:

1. Will the disposal facility be within $,000 feet from any airport runway used

by piston~type aircraft or 10,000 feet from any airport runway used by turbojet
aircraft? No

2. Does the facility receive putrescible wastes like food vute, sevage sludge,
septic tank pumpings, animal maanures, animal carcasses, etc.? F°°5 waste only

" H. Safety = Access:

1. Will access of unauthorized persons into the facility be controlled? _ Yes
How? Caretaker, fence and lockable gates.

2. Will authorized persons be controlled v:.thm :he hcxh:y so as not to expose
them to potential health and safety hazards? Yes

How? With signs, barricades, cones and designated routing into and
on_the area.

I. Control Programs:

Dust control Gravel surfaces and remote locatiom.
.2 Odor coatrol Daily and final cover.

3. WNoise comtrol ' Equipment will be kept properly maintained and remote area.

4, Other’ Monitoring wells - water quality.

J. Endangered Species:

Is the facility vithin a critical habitat or the range of an endangered or threatened

species as listed pursuant to the Endangered Species Act of 1973 (16 U.S.C. 1530 ET.
Seq. as amended) in 50 C.F.R. Part 177 Yes X No

K. Public Utilities

On site Off site Distance from . Date
Yes or No Yes or No Site . °  Available
1. Electricity Yes Yes N/A Present
2, Water No Yes 1 mile Present
3. Sewvage No No , N/A Present
4. Telephoue Yes Yes N/A ' Present

5. Other (explain)

[1
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PART VI - Operational Sopport (Continued)

®.

M.

s;alen

;AEL. Weighing and Measuring Facilities:

a. Description

b. location

NONE

N/A

¢. Charges

N/A

Other (specify)

a. Type

Cubic Yard Measure

b. Description

c. Location

N/A

N/A

Records System (See Guide in Instructions):

Prepared by: Marshall Landfill, Inc.

X Yes No

BY:

Ralph W. Christensen

Russ Fetrow Engineering, Inc.

Title:

Senior Geologist

Date:

September, 1989
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MARSHALL LANDFILL PROPERTY
SOILS MAP AND REFERENCES

ATTACHMENT 2
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SPOKANE COUNTY, WASIIINGTON , 21

Hardesly soils arv used for grain, alfalfs, and grass, for
grazing, and as woodland.

Hardesty silt loam, 0 to 5 percent slopes (HhA).—This
soil occurs throughout Spokano County, generally in small
depressions.  Most slopes aro botween 9 and 5 percent.
Representative profilo:

0to 4 Inches, very dnrk gruylsh-brown, friuble silt louw ; gran-
ular structure ; alighbtly acid.

4 to 11 inches, dark-brown, very friable silt loam; slightly
acid.

11 to 32 inches, brown, friable light silt Joam mottled with
dark brown; neutra)l.

82 to 60 iuches -+, ycllowish-brown, friable very flue sandy
loam mottled with dark brown; neutral; underiain by
pale-brown, friabie loamny fine sund below a depth of 39
inches; lawinated with thin, wavy bauds of durk-brown
loam ; neutral,

The surface layer ranges from very dark brown to dark
grayish brown. “The texturo of the subsoil ranges from
very fino sandy loam to silt loam. In tho subsoil the
mottles range from few and faint to common and distinct.
As much as 5 percent of somo areas consists of Cocolalla,
Chenoy, Uhlig, or moderately shallow Hardesty soils.

This soil is modemtel; well drained and has moderate
permcability. It holds 7 to 9 inches of water that plants
cn use. It is easy to work. Root benctration is very
deep. The fertility is low. Surfaco runoff is very slow,
and there is littlo or no hazard of erosion,

bout 25 percent of the acreage is cultivated; the rest

is woodland or grassland. ‘The cultivated areas are used
for wheat, oats, barlcy, alfalfa, and grass. All crops cx-
cept lecumes respond to nitrogen ; legumes respond to sul-
fur m‘n’a‘ phosphorus.  (Capability unit IIIs-1; woodland
group 10; not in a rango site)

Hardesty silt loam, modcrately shallow, 0 to 5 per-
eent slopes (HmA).—This soil is underlain bly gravel, coarsoe
sund, or bedrock at a depth of 20 to 36 inches. As a con-
. uence it holds only about 4 to G inches of water that

lants can uso. Included in mapping were small arens of
lalla, Cheney, Uhlig, and eopri-lnrdesty soils.

Most of this soil is used for native or improved pas-
ture. All crops except legumes respond to nitrogen.
Jegumes respond to sulfur and phosphorus.  (Cupabil-
ity unit IIIs-1; woodland group 10; not in rango sitc)

Hesseltine Series

The Hesseltine series consists of well-drained medium-
taxtured soils underlnin by sand gravel, and cobblestones
ata depth of 12 to 3G inches, hf:my areas are gravelly or
stony throughout, and some are underlain by bedrock
below u depth of 20 inches. These soils occupy nearly
level to very steep areas in the channeled scablands.
They formed in glacial outwash mixed in the upper part
with loess and voleanic ash, under ponderosa pine and
grass.  Tho annual precipitation is 17 to 20 inches, and the
frost-free season is about 125 days.

Hesseltine soils are used for grain, alfalfa, and grass,
for muzing, and as woodland.

Hesseltine silt loam, 0 to 10 percent slopes (HnB).—
This soil is extensive in the channeled scablands. Most
slopes arc between 4 and 8 percent. Representative
profile:

0 to 6 inches, dark-brown, frialle silt loam ; granular structare
In upper 3 inches; slightly acid or ucutral,

6 to 27 inches, durk-brows, firm it loum, gruvelly below a

depth of 13 {nchies ; breaks Into %-inch to Y-inch subungular
blocks; ncutral.

17 to 3¢ lachies, multicolored very gruvelly, cobbly, and stony
Course suhdy loam ; loose ; neutral,

36 to GO inchiey 4, gravel, cobblestones, and stoues; nenrly free
of tlner materiul,

The surfaco color ranges from vory dark grayish brown
to dark brown. In some Places from 2 to 10 percant of the
surfuce layer consists of watorworn gravel. The texture
of the subsoil ranges from very gravelly loam to gravelly
silt loam. The depth to the ravelly and oobb?y layer
ranges from 12 to 20 inches. Bedrock is present in places

low a depth of 20 inches. Ag much as 10 percent of
somo areay consists of Cheney, Uhlig, Phoebe, Bong, or
gravelly Hesseltine soils.

Chis soil is well drained and moderately permeable. Tt
holds less than 5 inches of water that plants can use. It is
casy to work. The roots of most plants penetrate only a
few inches into the layer of gravel, cobblestones, and
stones.  The fertility is medium, Surfuco runofl is slow,
and the hazard of erosion is slight.

About 35 percent of the acreanme is cultivated; the rest is
used for grazing and as woodland. Small grain and
alfalfu are the chief crops. Legumes and grass for greon
manure are sometimes included in the crop rotation. "This
soil should be tilled early in spring while it is still moist,
because it hardens when dry. (gmss ond grain crops
respond to nitrogen, and legumes respond to sulfur, Pon-
derosa pine is the chief forest species.  (Capability unit
IVe-5; woodland Zroup 16; not in a rango simg

Hesseltine silt loam, moderately deep, 0 to 8 percent
slopes [HoB).—This soil has n surface layer 2 to 3 inches
thicker than that of Flesseltine silt loamn, 0 to 10 percent
slopes, and it is 20 to 3G inches deep over the cobbly layer.
It holds 5 to 7 inches of water that plants can use. ~ About
10 to 15 percent of some areas cousists of Cheney, Uhlig,
BonE(,)Phocbc, or gravelly Iesseltine soils. .

About 80 percent of the acreage is cultivated ; the rest is
pasture or woodland. Small grain, alfalfa, and grass are
the chicf crops. DBecause of its oreater cflective depth, this
soil has more alternative nses tﬁzm lesseltine silt Joam, 0
to 10 percent slopes, and yields aro higher. Grass and
grain crops respond to nitrogen. Legumes respond to
sulfur. (Capability unit IIIe-G; woodland group 16; not
in a rango site) .

Hesseltine gravelly silt loam, 0 to 10 percent slopes
{HrBl.—The gravelly surface layer of this soil hinders
cultivation to some extent.  As much as 10 percent of some
areas consists of Cheney, Uhlig, Bong, Phocbe, or stony
llesseltine soils. .

About 35 percent of the acreage is cultivated ; the rest is
pasture or woodland. Small guin and alfalfa are the
chicf crops.  (Capability unit 1Ve-5; woodland group 16;
not in a rnge site)

Hesseltine stony silt loam, 0 to 20 percent slopes

-HsBl.—This soil is too stony to be tilled with machinery.
About 10 percent of some nreas consists of Lusalt rock out-

crops or of Hessclline gravelly loam that has a slope range
of 0 to 10 percent.

This soil is used for grazing and for growing ponderosa
pino (fig. 3). A few small nreas aro sceded to alfalfa and
grass for pasture. (Capability unit VIs-1 ; woodland
group 16; not in a range site)
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Hesseltine stony silt Jloam,

mounded, 0 to 8 percent
slopes (H18).—From 20 to 50

. 9 percent of this mapping unit
consists of moundls, or “biscuits,” of moderatel ({,ccp Hes-
seltine silt Joam. The mounds are sm'roundct{by Hessel-
tino stony silt Joam, which makes up 50 to 80 percent of the
mapping unit. The mounds are 13 to 6o feet in diameter
and ure from 2 to 5 feet in depth to basalt bedrock (lig. 4).
These soils wero mapped as a complex beeanuse they are so
intermingled that is is not practical to show them sep-
arately on the map.

Theso soils are used for grazing and for the production
of ponderosa pine. ( Capability unit VIs-1; woodland
group 1G; not in a range site)

Hesseltine very rocky complex, 0 to 30 percent slopes
(HvCl.—F'ron 25 to 50 percent of this mapping unit con-
sists of basalt rock outerops and unnamed very stony, very
shallow soils. Most of the rest js Ilesseltine silt lonm that

has a slope range of 0 to 10 percent.  Steeper areas of ITos-
seltine soils and a few small areas of the poorly dranined
Ialla soils were included in mapping.

This complex is used for grazing and for the produc-
tion of ponderosa pine. (Asacomplex: en ability unit
VIIs-2. By components: Ilesseltine soi —capability
unit IVe-5; woodland &roup 16; not in a range site.  Rock
onterops—capability wnit VI Iis—l; not in a woodland
group or range site)

'Hesseltine very rocky complex, 30 to 55 percent
slopes (HvD).—Fromn 25 to 50 percent of this mapping unit
consists of basalt rock outcrops and wnnwmed very shallow,
very stony soils, The rest is Iesseltine silt lonm that has
2 slope range of 30 to 55 percent. ‘The nereage is used for
growing ponderosa pine and for grazing. (As a complex:
capability unit VIIs-2; Ilesseltine soil—capability unit
Vle-2; woodland group 1G: not in a rmnge site.  Rock out-
crops—capability unit V1lIs-1; not in a woodland aroup
or range site)

Hesseltine extremely rocky eomplex, 0 to 30 percent
slopes (HxC).—I"rom 50 to 50 percent of this mapping unit
consists of hasalt. rock outcrops and wnnamed very stony,
very shallow soils, The rest js Ilesseltine silt loam that

16
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hasa slope range of 0 Lo 10 pereent.  Included in mapping
were areas of steeper ITesseltine soils and a few small areas
of poorly drained Cocolalla soils.

This complex is used for grazing and for growing pon-
derosa pine.  (As a complex: capability unit VIl1s-2,
By components: Ilesseltine soil—eapability unit IVe-5;
woodland group 16; not in a range site. Rock outcrops—
capability unit VIIIs-1; not in a woodland group or
range sile)

Konner Series

Tho Konner series consists of dark-colored, poorly
driined and somewhat poorly drained, moderately fine
textured soils that are mottlal below a depth of @ fee.
Theso s0ils are on nearly level and wently s}opiug bottom

 lands. They formed in stratified alluvium under sedges,

 rushes, and grass. The alluvium contained some voleanic
ash. The annual precipitation is about 21 inches, and the
frost-free season is about 100 days.

Soils of the Ionner series are used mainly for grain,
clover, and gruss and for grazing. '

Konner silty clay loam (Kc).—This soil is along Dead-
man Creek and around the fringes of Saltese Flats and
Nowman Lake. In most areas it is nearly Jovel, but in a

- "w small areas it is gontly sloping, ~Itepresentative
{ Je:

ic J~Hesseltine stony silt loam, mounded, 0 to 8 pereent slopes  The soil in the mounds is moderately deep Hesseltine silt loam;

the soil surrounding the mounds is stony IHesscitine silt loam.

0 to 27 uches, black, friable shity cluy loam above a dopth of
11 inches; very dark grayish-browa, firm silty clay lonm
below 11 Inches ; sofl breaks into prixms 1 to 2 jnches wide;
grunular structure; neutral,

27 to 40 luches, very dark grayish-brown, firm eclay loam that
breuks into prisms % to 1 fnch wide and then into Y;-inch
to -inch angular blocks; durk-colored clay iy ovcur on
prismy and angular blocks; fow faiut molties; neutral,

40 to GO jnches +, dark-brown, firm clay Joam, alinost sandy
clay loam ; few fuint wottles ; neutral.

The surface layer ranges from black to very dark gray
in color nnd from silt loam to silty clny lowm in texture,
The subsoil ranges from silly clay loam to clay loum and
may contain thin Jenses of sand and gravel in the lower
part. The mottling is faint to distinct. As much as 8
percent of some areas consists of Bridgeson silt lowm or
Semiahmoo muck.

This soil is poorly drained and slowly permenble. 1t
holds 9 to 11 inches of water that plants can use and is
high in_ fertility. It is diflicult to work when wet, and
cultivation is usually delayed in spring. Root penctration
is limited by the excess water. Surface runoff is very slow
or ponded.  During spring runolf this soil is often flooded,
and fresh material i3 deposited on the surface. ‘There
is little or no hazard of erosion, .

This soil is used for hay, pasture, and small grain. All
crops except legumes -respond to nitrogen; Jegumes re-
spond to sulfur, (Capability unit IVw=1; Wet Meadow
rangesite; not in a woodland group)
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8 to 32 inches, binck, firm silty clny lonm, very dark gray
below a depth of 23 inches :.80ll breaks into prisms 1 luch to
2 Inches wide nnd then into anguinp blocks 3% to 1 Inch
wide; strong-brown mottles; slightly acid.
32 to 38 Inches, dark-gray, very frinble heavy silt loam ; neutral.
38 to G0 Inches <4, very dark gray, firm silty clay; soil breaks
into prixms 1 inch to 2 inches wide; strong-brown mottles;
clay filins on prisms; neutral.
. Tho surface lnyer ranges from very dark gray to black
In color and from silt Joam to silty clay loam in texture.
The subsoil is silty clay loam to silty clay, The profile is
slightly acid to moderately alkaline, A few small arens
of Caldwell silt Joam were included in mapping,

This soil is somewhat poorly drined or poorly drained
and very slowly permenble. It holds9 to 11 inches of water
that plants can use. It is high in fertility. It is easy to
work, but tillage is sometimes delayed in spring by a tem-
porary high water table. Freezes late in spring are com-
mon. Although restricted by excess water and the very

slowly permeable subsoil, some roots penetrate below a

depth of 5 feet, Surface runofl is slow, and the hazard of
erosion is slight. Low arens are subject to overflow,

More than 90 percent of the acreage is cultivated; the
rest is used as grassed waterways, Spring wheat is the
chief crop. Other crops grown are barley, oats, clover,
and grass. Grain crops respond to nitrogen; lezumes re-
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seed on Larkin silt loam, 5 to 20 pereent slopes, eroded. Grass will be plowed under
after 7 to 10 years,

spond to sulfur. (Capabilit
runge sile; not in a woodlanc

Marble Series

The Marble series is made up of excessively drained soils
that have a surface layer of loamy sand, lonmy conrse sand,
or sandy lonm and a subsoil or substratum of coarse sand.
These soils occupy level to moderately stcc|l) terraces. ‘They
formed in sandy outwash under grass, shrubs, and scat-
tered pines. The annual precipitation is 15 to 20 inches,
and the frost-free season is about 140 days,

Marble soils are used for grass and alfalfa, as woodland,
and as bnilding sites.

Marble loamy sand, 0 to 30 percent slopes (MaC).—
This is the dominant soil on the sandy, somewhat dunelike
terraces near Deep Creek and the town of Chester, Most
slopes are between 4 and 12 percent. Representative
profile:

0 to 2 inches, very dark brown,
Eranuiar structure ; slightly acid.

3 10 6 Inches, dark-brown, very frinble lonmy conrse sund ;
slightly ncid,

G to GO inches 4, Nght olive-brown, loose conrme sand : mnlti-
colored below a depth of 47 inchies; few, irreguiar, wavy

hands of loam % to % Inch thick at a depth between 6 and
47 Inches ; neutral,

it IITw-2; Bottomland
group)

very friable loamy sand;
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BPOKANE COUNTY, WASHINGTON

Tho color of the surfaco lnyor ranges from very dark
grayish brown ¢o very dark brown. As much as 5 percont
of some arcus consists of Springdale or other Mm'bie soils.

This soil is excessively drained and ra idly permeable.
It holds less than 5 inches of water that plants can use and

very deep.  Surface runofl is slow, There is n slight haz-
ard of water crosion and a severe hazard of wind erosion.

This soil is suited to grazing and to growing ponderosa
pine. It is not generally considered suitable for cultiva-
tion; however, fuir stands of alfalfa are obtained n fow

ears after establishment. (Capability unit VIIs-1 ; wood-
and group 17; not in a range sito)

Marble sandy loam, 0 to 8 percent slopes {McB).—This
soil occurs on terraces in the central part of the county.
Representative profile:

0 to 8 Inches, dark grayixh-brown, very frialle sandy loam;
granular structurc; neutral; undisturbed arcas have an
organic mat 1 inch thick on the surface.

8 te 23 inches, light yellowish-brown, very frinble fine sandy

loun underiain by friable cvarse sandy loam below & depth
of 16 inches ; slightly acid.

23 to GO inches, varicgated coarse sand; loosc ; neutral.

The color of the uppermost 8 inchies ranges from very
dark grayish brown to dark brown. The texture of tho
sulxsoﬁ ranges from fine sandy loam to course sandy loam.
The depth to coarse sand ranges from 20 to 48 inclies, In
some ureas & few waterworn pebbles occur in the soil. As
much as 10 percent of some areas consists of Springdale,
Marble, or Bong soils that have a slope range of 0 to 8
percent. . .

This soil is somewhat excessively drained and has mod-
erately rapid permeability. 1t holds 5 inches or Jess of
water thut plants can use. It is low in fertility. It s ensy
{0 work. Root penctration is very deep., Surface runofl
is slow, and there is little or no hazard of crosion.

About 10 percent of the acreage is cultivated; the rest
is used for growing ponderosa pine, for grazing, and as
homesites. Tho principal crops are wheat, alfalfa, grass,
and legumes. Grass and grain crops respond to nitrogen,
and nitrogen is also desirable for establishing legumes.
This soil 15 very good for residential and other building
sites. (Capability unit IVe-5; woodland group 15; not in
a rango site)

Marble loamy coarse sand, 0 to 30 percent slopes
MbC).—This is the dominant soil that formed from glacial
sands reworked by wind. It is near Mead. Most slopes
are between 7 and 15 percent; there are a few slopes of
moro than 15 percent, and a few of less than 7 percent.
Representative profile:

0 to G inches, very dark brown loamy coarse sand ; granular
structurce; slightly acid; undisturbed areas have a thin layer
of plue uecdles aud twigs ou the surfnee.

§ to 13 Iuches, dark-brown lonmy coarse sand ; slightly acld.

13 to 24 inches, brown to durk-brown sand ; neutral,

24 to 00 inches <4, variegated but dominautly dark yellowish-
brown sand; three yellowish-brown, wavy, irrcgular band-
like stainings occur in this layer, and they are finer textured
thun the surrounding material ; neutral,

The color of the surface layer ranges from very dark
brown to very dark grayish brown, and the texture from
loamy sand to sand. The texturc of the subsoil ranges
from Joamy coarse sand to coarse sand. In places there
arv a fow pebbles in the profile. A few granito outcrops
occur in places. As much as 7 percent of some areas
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consists of Marblo sundy loam, Murbio loamy sand, or

Hagen Joumy fino sand.

L'his soil 1s excessively drained and rapidly permeable.
It holds less than 5 inches of water that plunts can use.
It is low in fertility, 1tis casy to work., Root penetration
18 very deep. Surface runoff is slow, and the hazard of
water erosion is slight, but thers is a severe hazard of wind
crosion. :

. Teess than 20 percent of this soil is cultivated. Alfalfa
and grass are the chicf crops. Grain should be grown only
when reestablishing alfalfa and grass. Yields of hay and
pasture are fair, but yields of grain are low. Alfnlfa needs
phosphorus and minor elements. (Cupability unit VIs-1;
woodland group 14; not in a range site)

Mondovi Series

Thoe Mondovi series consists of very deep, dark-colored,
well-drained soils of silt loam texture throughout. Theso
soils formed under grass in silty alluvium that included
volcanic ash. They are in nearly level areas along drain-
ageways. The annual precipitation is 15 to 18 inches.
Tho frost-free season is about 110 days.

used for grain, peas, alfalfa,

The Mondovi soils are
clover, and .

Mondovi silt loam (Md).—This is the dominant soil
along drainageways in the silty uplands in the western
and southwestern parts of the county. The slope range is
0lo5 percent.  Representative profile:

0 to GO inches, very dark brown, friable silt loam; granular
structure in upper 8 luches ; neutral.
In places the surfaco Jayer is black. As much as 5 ]pcr-
cchlt of some arcas consists of Athena, Reardan, or Ullig
soils,

This soil is well drained and moderately permeable. It
holds more than 11 inches of water that plants can use.
It ishigh in fortility. Root penetration is ve deep. Sur-
Tace runoff is slow, and the hazard of erosion is slight.
This soil may be saturated for u few days in spring, and
somo areas are flooded occasionally.

Moru than 95 percent of the acreagoe is cultivated ; the
rest is used for seeded pusture and waterways. Wheat
i5 the chicf cash crop. In most places it is grown in a
wheat-fallow rotation, but some areas are cropped annually
and peas, barley, and oats aro included in the rotation.
Other crops grown are alfalfa for hay or green manure,
and grasy for pasture or hay. All crops except legumes
respond to nitrogen. Some crops, especially Jegumes, re-
spond to sulfur. (Capability unit IIe-5; Bottomland
rangosite; notin a womﬁnnd group) !

Moscow Series

The Moscow series consists of well-drained, medium-
textured soils underlain by bedrock at a depdx of 20 to
J0 inches or more. These soils formed under conifers in
weathered granite, gneiss, or schist that is mixed in the
upper part with loess and volcanic ash. They are on hilly
to steep uplands. The annual precipitation is 20 to 27
inches, and the frost-free scason is about 90 dngs.

Moscow soils are used for grain, alfalfa, and grass and as
woodland. ,

Moscow silt loam, 30 to 55 percent slopes {MmD).—
This is the dominant soil on the mountainous uplands in
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unit VIe-2; woodland group 7; not in n range site. Spo- terrnces and glacial flood plains near Colbert and Chat. p’.:‘.-ll
kane loam—eapability unit IVe—4; woodluan group 6; not tnro():eiu the central part of Spokane County. Most slope} '
in n range sito) are between 2 and 10 percent; n few are steeper. Repref
ooSpol';gne compleaft, go to 70 pllrrcent slotll)es (Sle).-]-F]xiom sentative profile: - f
to 70 percent of this complex is moderately shallow ; ! 5
Spokane lonm ; from 15 to 25 percent is Spokane loam that o &ﬁ.{,"ﬁ,’.‘ﬁ,‘lm?'}i’;.ﬁ.':'ﬂ':?rgﬁ’m’; ;:L’tr:‘l?ngd%:ﬂ: [
has n slope range of 30 to 55 percent; the rest consists of . arons huve an organic mat 1 Inch thick on the surface, | -
Moscow soils and other Spoknne soils. The moderntely 2 to 12 inches, dark-brown, friable gravelly conrse snndy loam; | {
shallow Spokane loam has n surface layer 3 or 4 inches 10" ikully e Jnedium ocld ey o depth of 0 inchies, o
thinner than that of Sgolmne lonm, 0 to 30 percent slopes, snnd ; slightly acid, yellowlsh-brown gravelly loamy coarsey
and is 20 to 30 inches deep to bedrock. Surface runolf is 24 inches 4, gravelly conrse sund. ..
;‘3":‘(‘10 or very rapid, and tho hazard of erosion is very The cglm' olf the surfaco Inyer is very dark grayish brows} ‘:
volrsd . , . . to very dark brown. The subsoil ranges from dark brownt.
. This complex is used as woodland and for limited g4ty durk yellowish brown in color and from eravell sandy b
ing. (As n complex: eapnbility unit VIIe-1. By com- o415 1o gravelly loamy coarse sand in texture. Gravelif
ponents:  Spokane lonm, moderately shallow—enpability  conpse sand is n o depth of 20 to 36 inches. In some nm’s j
gmg-kxyn?“l“;“ ‘V°?‘}}:‘l;;]‘}t g"“l’,‘“l: :{7’1 "g‘: m “n‘."‘“i's'e site.  cobblestones occur tlll‘Ollgho‘;It the profile. As much as 16 ‘
Ofnot ::?n :x‘mgml}:) Y un ¢=£; woodiand group  jercent of smme arens consists of other Springdale soils; 5f

Spokane very rocky complex, 0 to 30 percent slopes
(SIC).—From 50 to 80 percent of this mapping unit is
moderately shallow Spokane loam; the rest consists of
ﬁmnito rock outcrops and of Moscow soils or other Spo-

ano soils. These soils make up 15 percent of some arens.
(As a complex: capability unit VIIs-2. By compo-
nents: Spokane loam, moderntely slla]low—capabil];t
unit VIe-2; woodland group 7; not in a range site. Rock
outcrops—capability unit %1
group or range site)

Spokane very rocky complex, 30 to 70 percent slopes
(StE).—From 50 to 80 percent of this mapping unit is
moderately shallow Spokane Jloam. I'he rest consists of
granite rock oulcrops.

The acreage is used for timber and for arazing. The
uso of tractors for logging is Jimited. (As complex:
capability unit VIIs-2. By components: Spokane soil
—capability wnit VIle-1; woodland group 7; not in a
rango sitle. Llock outcrops—enpability unit VIIIs~1; not
in a woodland group or range site)

Spokane extremely rocky complex, 20 to 70 percent
slopes (SuEl.—F'rom 20 to 50 percent of this mapping unit
is & moderately shallow Spokane Joam that has a slope
range of 30 to 70 percent. ‘The rest consists of rock out-
crops. The acreago is used for timber and for grazing.
(As n complex: capability unit VIIs-9, By compo-
nents: Spokano soil—eapability unit VIIe-1; woodland

grguw j not in a rango site. IRock outcrops—capability
unit V1IIs-1; not in a woodland group or range site)

Springdale Series

The Springdale series consists of somewhat excessivel
drained, coarse textured and moderately coarse textured,
gmvell?' and cobbly soils. ‘These soils formed in glacial
outwash mixed with some volennic ash, under ponderosa
pine and grass. They are nearly Jovel to very steop soils
on outwash terraces and flood plaing. The annual pre-
cipitation is 15 to 18 inches, and the frost-free season s
about 140 days.

Soils of the Springdale series aro nsed for al falfn, grass,
and grain. They are also used for grazing and as
woodland. '

Springdale gravelly sandy loam, 0 to 20 percent
slopes (SwB).—This is the dominant soil on the outwash

20

Is-1; not in a woodland -

percent of Bonner
Clayton sandy loam.

r

moderately rapid permeability. It holds Jess than 5 inches
of water that plants ean use. It is low in fertility. In
general, it is easy to work. Roots of inost plants penetrate
only a few inches into the gravelly conrse sand.  Surface
runofl is slow, and the hazard of erosion is slight.

Most of the acreage is uscd as woodland and for 1
grazing, Yields of forage are low. TLess than 10 pereent |

13 cultivated, and only n few small arcas are irrigated.
The crops grown are alfalfa and grass for hay or pasture
Wheat or rye is grown during reestablishment of alfalfs
and grass.  Legunes respond to sulfur and sometimes to
boron. (Capability unit VIe-2; woodland group 17; not

gravelly silt loam; and 3 percent of ‘

his soil is somewhat excessively drnined and husf

P 2 asraind

>y

OC TRam . uraachas

ina rangosite)
Springdale gravelly loamy sand, 30 to 70 percent
slopes (SzF).—This soil is moderntely extensive on terrace
breaks and colluvial slopes along major drainngewnays in
the central part of the county. Representative profile:
0 to 11 inches, dark-brown gravelly lontny sand ; neutral; gran-
ular structure and slightly darker color in upper 3 inches.

11 to 17 inches, brown gravelly lonmy sand ; few dark-brown
and reddizh-brown mottles; neutrnl.

17 to GO Inches -, brown very gravelly coarse sand; neutrul,
The texture of the surface layer ranges from gravelly |

loamy sand to gravelly or cobbiy sand.” The gravel con-
tent of the subsoil ranges from 40 to 90 percent. As much
25 10 percent. of some areas consists of Marblo Jonmy conrse
sand, 0 to 30 percent slopes, and of other Springdile soils.

This soil is somewhat excessively drained and has mod-
erately rapid permeability. It holds less than § inches of
water that planis ean use. The fertility islow. Root pene-

Lration is deep,  The use of machinery'is diffienlt. Surface |

1runofl is slow to medium, and the hazard of crosion is
slight to moderate.

This soil is nsed as a source of gravel for concrete. There |

is some gezing on the less sloping aveas, but yields of

e

3

.

LI SR

forngre are low. (Capability wmit VIIs-1; woodland
group 19; not in a range site)

Springdale gravelly sandy loam, deep, 0 to 20 percent

slopes (SxB).—This soil has a surface layer 1 or £ inches
thicker than that of Springdale gravelly sandy loam, 0 to
20 percent slopes, and the depth to gravel and cobblestones
is inoro than 36 inches. This soil holds 5 to 7 inches of
water that plants can use. As much as 10 percent of some

PO
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MARSHALL LANDFILL IMPORTED
COVER MATERIAL SOURCE

Wilcox Pit Legal Description:

That portion of the SE quarter of Section 31, Towns

hip 24 North, Range 42
East, Willamette Meridian, Spokane County,

Washington, lying southerly of

ATTACHMENT 3
22



|| fruits. _All crops oxcept legumes responc

- 38

Moro than 95 percent of the acrenge is cultivated; the
rest is used for grazing and as farmsteads. Grass sced
and wheat are the principal crops.  Other iinportant crops
aro barley, oats, grass, legumes, vegetables, and orchard

{ to nitrogen.
Specialized crops respond to trace elements. (Precipita-
tion 15 to 18 inches—capability wnit 1IIe-2; precipitation
18 to 21 inches—eapability unit Ille-1; Loamy rango site;
not in n woodland group

Uhlig silt loam, 0 to 5 percent slopes {UhA).—This soil

has o surface layer 2 to 4 inches thicker than thut of Uhlig
silt lonm, 5 to 20 percent slopes, and the depth to lime 1s.

moro than €0 inches. Surface runofl is slow, and the cro-
sion hazard is slight,  Small areas of Cheney, Nez Peres,
Bernhill, Reardan, and Hesseltine soils were included in
ma]?ping. , L

The same crops aro grown as on Uhlig silt loam, 5 to 20
percont slopes, but more vegetables are grown and yields
are slightly higher. (P’recipitation 15 to 1S inches—capa-
bility unit ITo-1; precipitation 18 to 21 inches—capabilit
unit ITe-2; Loamy range site; not in a woodland group

Uhlig silt loam, moderately shallow, 5 to 30 percent
slopes (UmC).—This soil has a surface layer 3 to 5 inches
thinner than that of Uhlig silt loam, 5 to 20 percent slopes.
Bodrock is at a dc[»th of 30 to 40 incims, and the lower sub-
soil is gravelly, Iloots penctrate to the gravel or bedrock.
‘Chis soil holds § to 7 inches of water that plants ean use.
It has medium fertility, Small areas of Bernhill soils were
included in mapping.

Most of the ncreage is sceded to small grain, to grass for
sced, and to alfalfa and mrass for hay and pasture.” (Capa-
bility unit IIIo~4; Shallow range site; not in a woodland
group)

Vassar Secrics

The Vassar series consists of well-drained, medium-tex-
tured soils underlain by gneiss bedrock below a depth of
36 inches. Theso soils formed in coarso Juess and voleanic
ash, under conifers. ‘Lhey occupy rolling to very steep
mountainous areas.  The annual precipitation is 30 to 47
inches.  The frost-free season is GO to 90 days.

Soils of the Vassar series are used for woodland, wild-
life, recreational, and watershed purposcs.

Vassar silt loam, 30 to 55 percent slopes (VaD).—This
is the dominant soil above an elevation of 3,000 feet near
Mount Spokane. Representative profilo:

0 to 74 Inch, dark grayish-brown very triable loam, Yght brown-
ish gray when dry ; medbm acld ; undisturbed areas haye an
arganic mat 114 inches thick on the surface.

3 Inch to 22 inches, durk-brown, very frinble x1t Toam [n upper

mr:;. loam below a depth of 15 Inches; wedium to slightly
acid.

22 to % Inches, pale-brown, friable gravelly loam ; medinm acid.
G5 inchos 4, gneiss bedrock.,

Tho bleached surface layer is absent in some places and
as much as 1 inch thick in others. Gneiss bedrock is at
a dopth of 36 to 60 inches or more. As much as 5 percent
of some areas is Vassar silt Joam, 0 to 30 percent slopes, and
as much as 1 percent consists of gneiss rock outcrops. At
lower clevations, as much as 10 percent is Moscow silt loam.

" This soil is well drained and moderately permeable. It
holds 5 to 7 inches of water that plants can use. ‘I'he for-
tility is medium. Roots penetrate to bedrock. Surfacs
runoff is rapid, and the hazard of erosion is sovere.

23

80IL SURVEY

Nono of this soil is cultivated. It is suited to forest
“Lractor logring is diflicult because of the slope. (Cnpa
ity unit V1e-2; woodland group 1; not in a rango site)

Vassar silt }onm, 0 to 30 percent slopes (VaC).—1
soil has medium surface runofl. ‘The hazard of crosio
moderate. As much as 5 percent of somo arens is Mos
silt lonm, and 1 percent consists of gneiss outcrops,

‘This soil is suitable for woodland. ‘Thero is no diflics
in the uso of tenctors for logring. A small ncreagro
been cloared and sceded to smull grain, grass, and nifi
for hay. (Capability unit VIe-2; woodland group 1;
1 a range sito)

Vassar very rocky silt loam, 20 to 55 percent slo
{VsD).—I'rom 40 to 80 percent of this mapping uni
Vussar silt Joam, 30 to 55 porcent slopes; the rest
sists of gneiss rock outcrops. The acreago is used

roducing timber. (As a_complex: capability -

IIs-2. DBy components: Vassar soil—capability -
VIe-2; woodland group 1; not in a rango site. Rock

crops—capability unit VIIIs-1; not in a woodland g
or a rango sito)

Wethey Serics

Tho Wethey serics consists of nearly lovel, somoy
poorly drained and poorly drnined saundy soils o
slreams.  Theso soils formed in alluvium derived
cipally from granite and argillite, under grass, reeds,
aspen.  Tho annual precipitation is 18 to 22 inches.
frost-free scason is about 100 days.

Wethey soils are used for spring grain, alfalfa, ¢l
and arass and as range.

W::they loamy sand (We).~—This is the dominant
along Wethoy Crecle and tho southern end of Dra;
Creck. The nearly level topography is cut by n
sloughs and abandoned stream channels. Represent:
prolilo: : _

0 to 23 Inches, light-gray to hinck, grayish-brown, and b
looge, stratificd loamy sand and sand ; neutral,

22 to 4G inches, very dark brown, very frinble fine sandy
or loamy fine sand ; dark-brown mottles; neutral,

45 to GO inches, very dark gray, friuble loam: dark-l
mottles: neatral,

As much as 5 porcent of some areas consists of Dr
son silt Joam, drained, or Wethey loamy sand, draine
This soil is poorly drained nnd moderately porme
Tho depth to t‘:o water table ranges from 36 to 65 in
The soil holds 5 to 7 inches of water that plants e
and is Jow in ferlility. Root penotration is limite
the water table. Surfaco runofl is very slow, and
is Jitto or no hazard of orosion. Jloods commonly
during spring runofl and deposit fresh material or
surface. - )
This soil is suited to grass and clover. Grass resy
to nitrogen, and clover responds to sulfur. (Capnl
unit Vw-1; Wet Meadow runge site; not in & wooc
rou
g Wgt)hey loamy sand, drained (Wh).—-—Bccn}mq dra
has been improved by stream cutling or by artificial v
this soil is now somowhat poorly drained rather
poorly drained. As much as § percent of somo arcas
sists of Bridgeson silt loam or undrained Wethey sc
This soil is used for grain, alfalfa, and grass. (
and grass crops respond to nitrogen; alfalfa rospor



SPOKANE COUNTY, WASIUNGTON

arr~« consists of othor Springdule soily, and as much as §
it consists of Bonner and Cluylon soils.

ams soil is used for tho samo crops as Springdalo
E Jy sandy Joam, 0 to 20 percent slopes, but produces

) iolds. (Capability unit IVo-5; woodland group
15; 1 0 range silo) -
éprim:dalc cobbly sandy loam, 0 to 20 percent slopes
(v8l.—This soil contains gravel and cobblestones at
depth of 20 (o 36 inches. As much as 10 porcent of some
arcas consists of othor Springdale soils,

This soil is used as woodlund and for gruzing. (Capa-
bilit)y unit VIIs-1; woodland group 17; not in a range
sito

Tckoa Series

The Tockoa series consists of well-drained, gravelly,
medium-textured soils. Theso soils formed under conifers
and grasses in weathered sandstone, quartzite, schist, and
shale. They occupy gently sloping to very steep hilly and
mountainous arcas., ‘I'he annual precipitation is about 22
inches, and tho frost-free season is about 120 days.

Tokoa soils are used for grazing, as woodland, and as
wildlifo habitats. A fow small areas are used for grain,
grass, and legumes.

Tekoa gravelly silt loam, 30 to 55 percent slopes
{TeD).—This soil occurs on Tekoa Mountain and similar
promontories in the county. Most slopes aro between 30
and 45 percent.  Representative profile:

0 to 14 inchbes, dark-brown, friable gravelly silt loam, granular
in the upper 5 inches; neutral, grading Lo slightly acid below
a depth of § Inches; undisturbed arcas have an organic mat

i + inch thick on the surface.

P to 20 lnches, dark-brown, friable gravelly heavy silt loam

H L breaks into prisms 1 to 2 inches wide and then into
ular blocks % to % inch wide; medinm acid.
34 juches, yellowish-brown very gravelly loam; massive
or fincly laminated ; medium acid,
3§ inches <, fractured sandstone.

The color of the surf acoe layer is brown or dark brown.
The texturo of the subsoil is gravelly loam or gravell
silt loam.  Fractured parent rock ocenrs at g depth of 24
to40 inches. As much as 8 percent of somo areas consists
of Bernhill and Schumacher soils,

This soil is well drnined and moderately permeable. It
holds 5 to 7 inches of water that plants can use, The fer-
tlity is low. Roots penctrato to the sandstone, Surface
runofl is rapid, and the hazard of erosion is severo,

None of this soil is cultivaled. It is used for timber, for

ing, and by wildlife. (Capability unit VIe-2; wood-
and group 7; not in a rango site) :

Tekoa gravelly silt loam, § to 20 percent slopes
(TeB).—Tho surface layer of this soil is a littlo thicker than
that of Lekoun gravelly silt Joum, 30 to 55 percent slopes.
Surface runoff is mediun, and the erosion hazard is mod-
orate. Surfuce gravel hinders cultivation in some places.
As much as 3 percent of some areas consists of Bernhill
and Schumacher soils.

This soil is used mainly for timber and grazing, A fow
small areas are used for small grain and alfalfu, or are
sceded to grass and Jegumes for pusture or hay. Yields
are fair. Grain and grass crops respond to nitrogen;
J--umes respond to sulfur and phosphorus, (Capability

1Vo-4; woodland group 7; not in a rango site)

‘crops—capability unit

37

Tckoa gravelly silt loam, 20 to 30 percent slopes
{TeC).—This gravelly soil has medium to rapid surfuco
runoll and » moderate to sovere huzurd of orosion. About
3 percont of some arcas consists of Bernhill and Schu-
machor soils,

This soil is used primarily for timbor production. Small
areas aro sceded to small grrain or to gruss and Jeguimes for
hay or pasture. (Cupubihty unit Vle-2; woodland group
7; not in a rango sito)

Tekoa very rocky complex, 25 to 55 percent slopes
(TkD).—From 20 to 50 percent of this mapping unit con-
sists of sandstone outcrops; the rest is o Tekon gravelly
silt Joam that has a slope range of 30 to 65 percent. Tho
acreagoe is used for grazing. (As a complex: ‘capability
unit VIIs-2. By components: I'ckon soil—eapability unit
VIe-2; woodland group 7; not in a rango site. Rock out-

ITIs~1; not in a woodland group
or rango site)

Uhlig Series

The soils of the Uhlig scries are dark colored, well
drained, and medium textured. They aro very deop for
the most part, but bedrock is at o depth of 30 to 40 inches
in some places. These soils formed under grass in glucial
LIl mixed in the npper part with loess and voleunic ash.
They occupy gently sloping to moderately steep uplands.
The n.nmmrprccipil;u(.ion 516 to 21 inches. The frost-free
scason is about 140 days.

Uhlig soils are used for grain, peas, lentils, grass, alfulfa,
vegetables, and orchard fruits.
f!hlig silt loam, 5 to 20 percent slopes (UhB).—This js
the dominant soil on Peone, Orchard, and Pleasant Prai-
ries in the central part of the county, which receives 18 to
21 inches of rainfall annually. It also occurs on the glacial
outwash plain in the weslern and southwestern parts of
the county, which receive 15 to 18 inches of rninfall. Most
slopes aro between 6 and 10 percent; a few are steeper.
LRepresentative profile:

0 to 4 inches, black, very friable silt loam ; granular structure;
medivim acid.
4 to 18 Inchies, very dark gray, very friable slit loam above a
~ depth of 10 Iuches; breuks lnto plates Yie o 3% inch thick;
slightly acld; very dark brown, very friable silt loum below
a depth of 10 Inches ; neutral. ‘
18 to 42 Inches, dark-browa, firm loam, friable below a depth of

32 Inches; brenks into subangular blocks % Lo 1 fuch wide;
neutral.

42 to 60 inches, brown, very friuble very flue gandy loam;
neutral.

The color of the surface layer ranges from black to vory
dark brown. Tho texture of tho subsoil ranges from silt
loan to very fine sandy loam. Limo occurs in places below
# depth of 36 inches. “In some arcas ns much as 15 percent
of the subsoil consists of cuarse granile and basalt sand,
gravel, and a few cobblestones. 1n places a gravelly and
sandy layer is present at a depth of 36 to 48 inches. As
much as 10 porcent of some arens consists of Bernhill,
Chency, Snow, und IHesselline soils.

T'his woil is well druined and moderntely pormeable, It
holds 7 to 11 inches of water that plants can use, The
fertility is high. Root penetration is very deep. There is
no difficulty in the use of farm machinery. Surface runoff
is medium, and the hazard of crosion is moderate.
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ENVIRONMENTAL CHECKLIST

Purpose of Checklist:

The State Environmental Policy Act (SEPA), chapter 43.21C RCW, requires all
governmental agencies to consider the environmental impacts of a proposal before making
decisions. An environmental impact statement (EIS) must be prepared for all proposals
with probable significant adverse impacts on the quality of the environment. The purpose
of this checklist is to provide information to help you and the agency identify impacts from
your proposal (and to reduce or avoid impacts from the proposal, if it can be done) and
to help the agency decide whether an EIS is required.

A

Instructions for Applicants:

This environmental checklist asks you to describe some basic information about your
proposal.  Governmental agencies use this checklist to ‘determine whether the
environmental impacts of your proposal are significant, requiring preparation of an EIS.
Answer the questions briefly, with the most precise information known, or give the best
description you can.

You must answer each question accurately and carefully, to the best of your knowledge.
In most cases,m you should be able to answer the questions from your own observations
or project plans without the need to hire experts. If you really do not know the answer,
or if a question does not apply to your proposal write "do not know" or "does not apply".
Complete answer to the questions now may avoid unnecessary delays later.

Some questions ask about governmental regulations, such as zoning, shoreline, and
landmark designations. Answer these questions if you can. If you have problems, the
governmental agencies can assist you.

The checklist questions apply to all parts of your proposal, even if you plan to do them
over a period of time or on different parcels of land. Attach any additional information
that will help describe your proposal; or its environmental effects. The agency to which
you submit this checklist may ask you to explain your answers or provide additional
information reasonably related to determining if there may be significant adverse impact.

Use of checklist for nonproject proposals:

Complete this checklist for nonproject proposals, even though questions may be answered
"does not apply.” IN ADDITION, complete the SUPPLEMENTAL SHEET FOR
NONPROJECT ACTIONS (part D).

For nonproject actions, the references in the checklist to the words "project,” and "property
or site" should be read as "proposal," "proposer," and "affected geographic area,"
respectively. ' -
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A. BACKGROUND

1. Name of proppsed project, if applicable:

Marshal Landfill

2. Name of applicant: |

Marshal Landfill Inc.

3. Address and phone number of applicant and contact person:

P.O. Box 10
Marshall, Washington 99020

4. Date checklist prepared:

September 1, 1989

5. Agency requesting checklist:

Spokane County Health District

6. Proposed timing or schedule (including phasing, if applicable):

Begin filling to final contours September 30, 1989. Close the final landfill section by
October 1, 1991.

. 29



7. Do you have any plans for future additions, expansion, or further activity related to or

connected with this proposal? If yes, explain.

Yes, under separate permit a new six (6) acre fully lined landfill cell at an adjacent
location. The new facility will have leachate collection, treatment and disposal as well as
gas venting. v

This request is for continuation of existing waste disposal while reshaping and preparing
the landfill for closure. A proposal will be submitted for the new landfill which will allow

for the opening to coincide with the closure of the present site.

8. List any environmental information you know about that has been prepared, or will be

prepared, directly related to this proposal.

- WDOE Phase I and 1I Site Inspection Report, December 1987.

- Waste-Disposal Site Investigation, Phase I Report,Shannon & Wilson, June 1983.

- An EIS is being prepared by Century West Engineering for this site as a possible ash
disposal site. '

- Application and geotechnical narrative which accompanies this request and checklist.

9. Do you know whether applications are pending for governmental approvals of other

proposals directly affecting the property covered by your proposal? if yes, explain.
Yes, Conditional Use Permit request for expansion landfill.

10. List any government approvals or permits that will be needed for your proposal, if

known.
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Variance approval for time extension.

11. Give brief, complete description of your proposal, including the proposed uses and the
size of the project and site. There are several questions later in this checklist that ask you
to describe certain aspects of your proposal. You do not need to repeat those answers on
this page. (Lead agencies may modify this form to include additional specific information
on project description.)

The proposal consists of two interrelated activities. The first activity is the continuation of
deposition of waste to allow for shaping, contouring and grading the landfill to final closure
configuration. These activities are in preparation for the second activity which is final
closure of the existing landfill.

12. Location of the proposal. Give sufficient information for a person to understand the
precise location of your proposed project, including a street address, if any, and section,

township, and range, if known. If a proposal would occur over a range of area, provide

the range or boundaries of the site(s). Provide a legal description, site plan, vicinity map,

and topographic map, if reasonably available. While you should submit any plans required
by the agency, you are not required to duplicate maps or detailed plans submitted with any
permit application related to this checklist. |
Approximately one mile southwest of Marshall, Washington, between the Cheney-Spokane
Road and Spotted Road. Public access is from Spotted Road. (Section 21, Township 24
North, Range 42 East)

B. ENVIRONMENTAL ELEMENTS

1. Earth
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a. General description of the site (circle one): Flat, rolling, hilly, steep slopes, mountainous,

other

Slightly rolling hills with Minnie Creek Valley on the eastern margin of the site.
b. What is the steepest slope on the site (appro:dmate percent slope)?
Approximately 40%, final slopes at closure will be no greater than 33%.

c. What general types of soils are found on the site (for example, clay, sand, gravel, peat,
muck)? If you know the classification of agricultural soils, specify them and note any

prime farmland.
Glaciofluvial sands predominate at the site.

d. Are there surface indications or history of unstable soils in the immediate vicinity? If so,

describe.
There are no visible indications of unstable soils in the vicinity of the site.

e. Describe the purpose, type and approximate quantities of any filling or grading

proposed. Indicate source of fill.

Approximately 205,000 cu. yds. of waste, compacted and in place, will be deposited at the
site prior to closure, approximately 40,000 cu. yds. of daily cover will be used during final
stages of shaping and contouring the landfill. Approximately 75,000 cu. yds. of clay cover
material will be imported from the Fawcett and Wilcox clay borrow areas to be placed in
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a continuous two foot closure cover. Approximately 19,000 cu. yds. of local sandy top soil
will be used as the final six inches of cover.

f. Could erosion occur as a result of clearing, construction, or use? If so, generally describe.
Erosion control features are included in the closure plans.

g. About what percent of the site will be covered with impervious surfaces after project

construction (for example, asphalt or buildings)?

Daily cover will be provided as needed while final lifts and contours are shaped. Upon
closure, 100% of the landfill will be covered. The closure will be completed with a
minimum thickness of two feet of clayey material (permeability of less than 1 x 10
cm/sec). Final surface will be native soils.

h. Proposed measures to reduce or control erosion, or other impacts to the earth, if any:
Surface drainage will divert seasonal storm runoff away from the closed landfill.

2. Air

a. What types of emissions to the air would result from the proposal (i.e., dust, automobile,

odors, industrial wood smoke) during construction and when the project is completed? if

any, generally describe and give approximate quantities if known.

Odors which are associated with municipal landfill waste are present, but controlled with

daily cover. Upon closure, some production of gasses is expected.

33



b. Are there any off-site sources of emissions or odor that may affect your proposal? if so,

generally describe.

There is a chicken ranch to the northwest of the site which has significant odors, but is not
expected to impact this site.

c. Proposed measures to reduce or control emissions or other impacts to air, if any:

Daily cover of waste will reduce odor generated at the site. A passive gas collection and

elimination system is included in the closure plans.

3. Water

a Surface:

1) Is there any surface water body on or in the immediate vicinity of the site (including
year-round and seasonal streams, saltwater, lakes, ponds, wetlands)? If yes, describe type

and provide names. If appropriate, state what stream or river it flows into.

Queen Lucas Lake lies about a quarter mile to the south of the site. Minnie Creek, an
intermittent stream, is located 0.2 mile southeast of the landfill. Drainage from the lake
is to Marshall Creek via Minnie Creek. Marshall Creek flows into the Spokane River
which in turn flows into the Columbia River.

2) Will the project require any work over, in, or adjacent to (within 200 feet) the described

waters? If yes, please describe and attach available plans.

No
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3) Estimate the amount of fill and dredge material that would be placed in or removed
from surface water or wetlands and indicate the area of the site that would be affected.
Indicate the source of fill material.

None

4) Will the proposal require surface water withdrawals or diversions? Give general

description, purpose, and approximate quantities if known.
Surface drainage will be provided to divert seasonal runoff.
5) Does the proposal lie within a 100-year floodplain? If so, not location on the site plan.

No

6) Does the proposal involve any discharges of waste materials to surface waters? If so,

describe the type of waste and anticipated volume of discharge.
None will be discharged.

b. Ground:
1) Will groundwater be withdrawn, or will water be discharged to ground water? Give

general description, purpose, and approximate quantities if known.

Some leachate from the existing landfill can be expected. Discharge of leachate to ground

water will be reduced in the area where top cover is complete.
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2) Describe waste material that will be discharged into the ground from septic tanks or
other sources, if any (for example: Domestic sewage; industrial, containing the following
chemicals . . .; agricultural; etc.). Describe the general size of the system, the number of
such systems, the number of houses to be served (if applicable), or the number of animals

or humans the system(s) are expected to serve.

There is one on-site sewage disposal system which serves the employees at the site.

c. Water Runoff (including storm water):

1) Describe the source of runoff (including storm water) and method of collection and
disposal, if any (include quantities, if known). Where will this water flow? Will this water
flow into other waters? If so, describe.

Runoff sources are occasional storms and seasonal thaws. Collection of runoff will be
accomplished by perimeter ditching which will divert surface water to a point
topographically below the landfill. At this point the runoff will either percolate into the
sandy soil or flow to Minnie Creek, an intermittent stream.

2) Could waste materials enter ground or surface waters? If so, generally describe.

Some incidental leachate from this landfill could possibly reach ground water.

d. Proposed measures to reduce or control surface, ground, and runoff water impacts, if

any:

Surface drainage will be provided to control surface runoff, and closure cover will be

provided to reduce leachate generation with in the landfill.
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4. Plants
a. Check or circle types of vegetation found on the site:
deciduous tree: alder, maple, aspen, other

X _evergreen tree: fir, cedar, pine, other

shrubs

X _ grass
pasture

crop or grain
wet soil plants: cattail, buttercup, bulrush, skunk cabbage, other
water plants: water lily, eelgrass, milfoil, other

other types of vegetation

The actual site is currently denuded. There are a total of 30 vascular plant species found

in the surrounding area.

b. What kind and amount of vegetation will be removed or altered?

The closed landfill will be planted to grass.

c. List threatened or endangered species known to be on or near the site.
None

d. Proposed landscaping. use of native plants, or other measures to preserve or enhance

vegetation on the site, if any:

The closure will include seeding of the area.
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5. Animals

a. Circle any birds and animals which have been observed on or near the site or are known
to be on or near the site:

birds: hawk, heron, eagle, songbirds, other:

mammals: deer, bear, elk, beaver, other:

fish: bass, salmon, trout, herring, shellfish, other:
A total of seven bird species and two mammal species may be seen at or near the site.
b. List any threatened or endangered species known to be on or near the site.
None

c. Is the site part of a migration route? If so, explain.

No
d.'Proposed measures to preserve or enhance wildlife, if any:

Upon completion of landfill closure, natural feed will be available on the planted cover

material.

6. Energy and Natural Resources

a. What kinds of energy (electric, natural gas, oil, wood stove, solar) will be used to meet
the completed project’s energy needs? Describe whether it will be used for heating,

manufacturing, etc.

None
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b. Would your project affect the potential use of solar energy by adjacent properties? if

s0, generally describe.
'No

c¢. What kinds of energy conservation features are included in the plans of this proposal?

List other proposed measures to reduce or control energy impacts, if any:
Does not apply.

7. Environmental Health

a. Are there any environmental health hazards, including exposure to toxic chemicals, risk
or fire and explosion, spill, or hazardous waste, that could occur as a result of this
proposal? If so, describe.

Closure of the landfill reduces risk of exposure to potential hazards.

1) Describe special emergency services that might be required.

Standard emergency services, which would be required for any heavy earthwork
construction site, would be required.

2) Proposed measures to reduce or control environmental health hazards, if any:

Cover material will have a very low permeability and therefore will greatly reduce any
possible recharge of the watertable through the waste.
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b. Noise

1) What types of noise exist in the area which may affect your project (for example: traffic,

equipment, operation, other)?

There are train tracks to the east of the site and a chicken farm to the north of the site,
neither will affect the operation or closure of the landfill.

2) What types and levels of noise would be created by or associated with the project on
a short-term or a long-term basis (for example: traffic, construction, operation, other)?
Indicate what hours noise would come from the site.

Noise levels will remain constant at current levels, excepting a slight increase in noise
associated with truck and grading equipment during final closure. Upon completion of
closure noise will be incidental.

3) Proposed measures to reduce or control noise impacts, if any:

None

8. Land and Shoreline Use

a. What is the current use of the site and adjacent properties?
Solid waste disposal, agricultural, mining, and rural residential.

b. Has the site been used for agriculture? If so, describe.

No
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¢. Describe any structures on the site.

Presently, two mobile homes, two shop buildings and one office building are present on the

site.

d. Will any structures by demolished? If so, what?

No

e. What is the current zoning classification of the site?

Agricultural and Mining.

f. What is the currenf comprehensive plan designation of the site?

Rural

g. If applicable, what is the current shoreline master program designation of the site?
Does not apply.

h. Has any part of the site been classified as an "environmentally sensitive" area? if so,

specify.
No

i. Approximately how many people would reside or work in the completed project?
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Approximately nine people are currently employed at the site on a daily basis. Upon
closure, employment at the existing site will be negligible. No on-site housing is
anticipated, none currently is in use.

j- Approximately how many people would the completed project displace?

None. Upon closure, if another site was not opened, the nine people employed at the site
would not be employed. No residences would be displaced by this action.

k. Proposed measures to avoid or reduce displacement impacts, if any:

An expansion of the current site, which will be proposed, would employ any displaced

persons.

l. Proposed measures to ensure the proposal is compatible with existing and projected land

uses and plans, if any:

Continued use of the site at existing levels until closure. Quarterly monitoring of
groundwater will evaluate long-term compatibility. The current site is compatible with rural
uses in poor agricultural and silvacultural areas.

Housing

a. Approximately how many units would be provided, if any? Indicate whether high, middle,

or low-income housing.

Does not apply.
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b. Approximately how many units, if any, would be eliminated? Indicate whether high,

middle, or low-income housing.

Does not apply.

c. Proposed measures to reduce or control housing impacts, if any:

Does not apply.

10. Aesthetics.

a. What is the tallest height of any proposed structure(s), not including antennas; what is
the principal exterior building material(s) proposed?

The completed landfill will stand approximately fifty feet above surrounding terrain on the
west side and approximately 170 feet above the Cheney-Spokane road on the east. A 140
foot bluff already exists on the east side along the Cheney-Spokane Road.

b. What views in the immediate vicinity would be altered or obstructed?

None, most of this landfill is not visible from off site directions. Along the Cheney-
Spokane Road a hillside will be visible.

c. Proposed measures to reduce or control aesthetic impacts, if any:

The closed landfill will have a moderate slope of approximately 33%, it will be contoured,
graded and planted with grass.

11. Light and Glare
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a. What type of light or glare will the proposal produce? What time of day would it mainly

occur?

Landfill activities and closure activities will take place during regular daylight working
hours, not requiring lighting.

b. Could light or glare from the finished project be a safety hazard or interfere with views?

Does not apply.

c. What existing off-site sources of light or glare may affect your proposal?

Does not apply.

d. Proposed measures to reduce or control light and glare impacts, if any:

Does not apply.

12. Recreation

a. What designated and informal recreational \opportunities are in the immediate vicinity?

None

b. Would the proposed project displace any existing recreational uses? If so, describe.

No
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¢. Proposed measures to reduce or control impacts on recreation, including recreation

opportunities to be provided by the project or applicant, if any:

None

13. Historical and Cultural Preservation

a. Are there any places or objects listed on, or proposed for, national, state, or local

preservation registers known to be on or next to the site? If so, generally describe.

None

b. Generally describe any landmarks or evidence of historic, archaeological, scientific, or

cultural importance known to be on or next to the site.
Does not apply.

¢. Proposed measures to reduce or control impacts, if any:
Does not apply.

14. Transportation

a. Identify public streets and highways serving the site, and describe proposed access to the

existing street system. Show on site plans , if any.
Spotted Road and Cheney-Spokane Road are adjacent to the site on the west and east.

Haul routes in the immediate site vicinity include Grove Road, Andrus Road, Spotted
Road, and the Cheney-Spokane Road.
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b. Is site currently served by public transit? If not, what is the approximate distance to the

nearest transit stop?
No, Does not apply.

¢. How many parking spaces would the completed project have? How many would the

project eliminate?

Y

None, Does not apply.

d. Will the proposal require any new roads or streets, or improvements to existing roads
or streets, not including driveways? If so, generally describe (indicate whether public or

private).
None required.

e. Will the project use (or occur in the immediate vicinity of) water, rail, or air

transportation? If so, generally describe.
Yes, the project area is near rail transport. Use of the railroad is not anticipated.

f. How many vehicular trips per day would be generated by the completed project? If

known, indicate when peak volumes would occur.
Currently there are approximately 30 commercial waste haulers and approximately 15

private haulers per day. Approximately 75,000 cu. yds. of cover material will be moved to

the site during closure activities.
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g- Proposed measures to reduce or control transportation impacts, if any:

Transportation levels should remain constant with the exception of a short term increase

of truck traffic while cover material is being imported.
15. Public Service
a. Would the project result in an increased need for public services (for example: fire

protection, police protection health care, schools, other)? If so, generally describe.
No

b. Proposed measures to reduce or control direct impacts on public services, if any:
None needed.

16. Utilities

a. Circle utilities currently available at the site: electricity; natural gas, water, refuse service,

telephone, sanitary sewer, septic system, other.

Refuse service is available, other utilities are available édjacent to the landfill. Water by
an on-site well, a septic system is also on-site. Electricity is acquired from Washington
water and Electric, and telephone by U. S. West.

b. Describe the utilities that are proposed for the project, the utility providing the service,
and the general construction activities on the site or in the immediate vicinity which might

be needed.
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No utilities are proposed for the closed facility.

C. SIGNATURE
The above answers are true and complete to the best of my knowledge. I understand that

the lead agency is relying on them to make its decision.

D. SUPPLEMENTAL SHEET FOR NONPROJECT ACTIONS
Because these questions are very general, it may be helpful to read them in
conjunction with the list of the elements of the environment.
When answering these questions, be aware of the extent the proposal, or the types
of activities likely to result from the proposal, would affect the item at a greater
intensity or at a faster rate than if the proposal were not implemented. Respond

briefly and in general terms.

1. How would the proposal be likely to increase discharge to water: emissions to air:

production, storage, or release of toxic or hazardous substances; or production of noise?
Temporary continuation of waste deposition while reshaping, contouring and grading the
landfill and the proposed closure will decrease discharge to water by limiting recharge;
decrease emissions to the air by providing cover; help contain potentially hazardous
substances which may have been deposited at the site in the past.

Proposed measures to avoid or reduce such increases are:

Does not apply.

2. How would the proposal be likely to affect plants, animals, fish, or marine life?
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When closure is complete, the area will be planted to grass.

Proposed measures to protect or conserve p]ahts, animals, fish, or marine life are:
Does not apply.
3. How would the proposa1 be likely to deplete energy or natural resources?

Neither the continuation of landfill use nor the closure of the landfill will deplete natural
resources.

Proposed measures to protect or conserve energy and natural resources are:
Does not apply.

4. How would the proposal be likely to use or affect environmentally sensitive areas or
areas designated (or eligible or under study) for governmental protection; such as parks,
wilderness, wild and scenic rivers, threatened or endangered species habitat, historic or

cultural sites, wetlands, floodplains, or prime farmlands?

There are no parks, wilderness areas, wild and scenic rivers, threatened or endangered
species habitat, or historical or cultural sites in the area of the landfill. The proposed
closure will not affect any wetlands, floodplains or prime farmlands.

Proposed measures to protect such resources or to avoid or reduce impacts are:

Does not apply.
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5. How would the proposal be likely to affect land and shoreline use, including whether

it would allow or encourage land or shoreline uses incompatible with existing plans?
The current activities and proposed closure are compatible with existing land planning.
Proposed measures to avoid or reduce shoreline and land use impacts are:

Does not apply.

6. How would the proposal be likely to increase demands on transportation or public

services and utilities?

Demands on transportation will remain the same or decrease. The landfill exerts no
demand on utilities. Closure will require opening of another landfill site or other disposal
process for municipal and public wastes.

Proposed measures to reduce or respond to such demand(s) are:

Does not apply.

7 Identify, if possible, whether the proposal may conflict with local, state, or federal laws

or requirements for the protection of the environment.

The prdposed closure will enhance compliance with local, state and federal laws and

requirements for the protection of the environment.
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MARSHALL LANDFILIL

INTRODUCTION

The Marshall landfill is located in central Spokane County, Washington,
approximately ten miles south-southwest of Spokane and approximately one mile southwest
of the town of Marshall. The existing landfill site occupies about 75 acres in Section 21,
Township 24 North, Range IY) East, Willamette Meridian (Figure #1). The landfill is
bounded to the north by Andrus Road, to the west by Spotted Road and to the east by
the Cheney-Spokane Road. The site is visible only from the Cheney-Spokane Road. The
main access is by a gravel road with the entrance on Spotted Road. There are two other
entrances off of the Cheney-Spokane Road, with restricted access via locked gates. The

landfill is open from 9:00 AM to 5:00 PM Monday through Saturday.

HISTORY

Between 1954 and 1971 Spokane County owned and operated a landfill site directly
south of the Marshall landfill. The county landfill was used as a burn site during the
1950’s and as a landfill with cell construction and sand cover during the 1960’s.

The Marshall Landfill has been privately owned and operated since 1971, when it
was purchased from Spokane County. Most of the initial wastes disposed of at the site
consisted of domestic garbage and demolition materials. Currently, the Marshall landfill
accepts municipal solid waste, demolition debris, tires and appliances. The only hazardous
waste accepted is soil contaminated with petroleum hydrocarbons. This soil is deposited
over an older cell, spread for air stripping of volatile organic compounds and then mixed
with sand, for cover material.

The Marshall landfill receives solid waste from southwest Spokane County, including
the towns of Cheney, Medical Lake, Airway Heights, Spangle, and Colfax. The site also
receives solid waste from the City of Spokane and from Fairchild Air Force Base. Prior

to 1984 it is estimated that the site received between 8,000 to 10,000 cubic yards of waste
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per month. In 1987 the Department of Ecology reported that the site received
approximately 20,000 cubic yards of waste per month. Presently, landfill records indicate
that the site receives approximately 21,000 cubic yards of waste per month. Approximately
82% of the waste stream is municipal solid waste (MSW) and the other 18% consists of
demolition debris, tires, stumps and appliances. Approximately 85% of the MSW received
at the site is delivered by commercial haulers while the remaining 15% is hauled by the
public.

The Marshall landfill operates as a combined sand and gravel material source site
and landfill. As sand and gravel is excavated from each disposal unit cell, solid waste is
filled in, compacted, and covered daily with a 6-inch layer of sand. At the start of disposal
operations in 1971, solid waste was deposited near the base of the excavations, near the
2,200-foot elevation. This occurred near the southeast perimeter of the site, adjacent to
the old county dump. As sand and gravel excavation continued into the terrace, the solid
waste was deposited progressively to a current summit elevation of 2,340 feet above mean
sea level. Upon closure and covering of the landfill the summit elevation is expected to

be approximately 2,380 feet above mean sea level.

CLIMATE

The climate in the area of the Marshall Landfill is semiarid. Annual precipitation
averages from 15 to 18 inches, with a mean of approy;imately 17.4. Most precipitation falls
during the winter months as snow. Maximum mean monthly precipitation occurs in
January (2.5 inches), and the minimum mean in July (0.40 inches).

Summers are warm and dry. Midsummer temperature highs range from 85°F to
95°F and lows from 45°F to S5°F. Extreme tcmperatures are common during late
summer and reach as high as 105°F on occasion.

The average daily temperature during winter months is near freezing. Average

minimum temperatures range from 15°F to 25°F. Extremely cold weather occurs
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occasionally when arctic air spills over the Rocky Mountains and into the inland basin of
the Spokane area. During these periods temperatures down to -20°F are common.

The average relative humidity in the summer is about 50 percent at night and less
than 20 percent in the late afternoon when temperatures are generally highest. In
midwinter average relative humidity ranges from 85 percent at night to 70 percent in
midday. '

Frost penetration during a normal winter is generally between 12 and 18 inches.
Deeper frost penetration may be expected during very cold winters with little or no snow
cover to insulate the ground surface.

Warm winds and rain are not uncommon during winter months in the Spokane area.
These winds, referred to as chinooks, melt the snow cover very rapidly. When the surface
soils are frozen most of the melt is discharged as runoff and very little recharge to the

groundwater occurs.

HYDROGEOLOGY

This report is a summary of previous work done on geology and hydrogeology of
the area and the landfill specifically. The previous reports used were; WIRS Technical
Bulletin No. 15, 1975; Waste-Disposal Site Investigation Marshall Sanitary Landfill, Phase
I Report, Shannon & Wilson, Inc., 1983; and Washington Department of Ecology, Phase
I'and II Site Inspection Report, Marshall Landfill, Marshall, Spokane County, Washington,
WAD980511794, December 1987. |

Local and Regional Geology

The regional geology reviewed for this report and reported here extends
approximately five miles out from the Marshall landfill. The geology appears as an
overprint of younger units lying on top of older ones. Five primary geologic units are
exposed at or very near the landfill site. They are, from oldest to youngest, the

Precambrian Revett and Burke formations, Miocene to Pliocene Columbia River Basalt
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Group, the Latah Formation which was deposited contemporaneously with the basalts,
Pleistocene Glaciofluvial deposits and recent alluvium.

The Precambrian metamorphic Revett and Burke Formations underlie the site at
depth, as basement, and can be observed in surface outcrops to the south of Queen Lucas
Lake, and west of the landfill site in the Needham Hills. Domestic water wells drilled on
the southeast perimeter of the landfill and further to the southeast across Minnie Creek
are terminated in these older rocks. Pre;-Tertiary plutonic rocks are locally exposed in the
area but none are seen at the surface in the immediate vicinity of the landfill site.

During Miocene and Pliocene(?) times basalt flows of the Columbia River Basalt
Group filled and blocked valleys eroded into the older Precambrian rocks. The basalt
flowed around the Precambrian hills and where valleys were blocked, depressions were
filled with sedimentary deposits of the Latah Formation. The Latah Formation consists
of semi-consolidated clay and silt with some sand and gravel. In a quarry across the
Minnie Creek Valley and to the southeast of the landfill, flows of Columbia River Basalt
can be observed in direct, baked, contact with interfingered sediments of the Latah
Formation. A flow is present in the quarry which varies in thickness from 15 feet to 5 feet
where it laps against an uneven deposit of sedimentary material.

The glaciofluvial deposits found at the landfill site fill a window in the Columbia
River Basalt Group. "Windows" are areas where the basalt and contemporaneous
sediments were scoured out by repetitive flooding during the Pleistocene and exposed the
Precambrian Rocks below. This provided depressions which have subsequently been filled
with glacially derived flood deposits. The glaciofluvial deposit at the landfill site is 200 feet
thick and lies directly over Precambrian metamorphic rocks. The glacial materials may
have originally filled Minnie Creek Valley. Late stage flood flows and "normal” stream
flows could have removed some of the flood deposits and resulting in deposits of reworked
sediments. Geologic features of sedimentation such as cut and fill channels, cross bedding
and flood episode cutoff surfaces can be observed in the gravel excavations on the landfill

properties. The Palouse Formation, a thick blanketing deposit of loess which covers a
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large part of eastern Wéshington, is not present at or near the landfill site. It was
removed by the repetitive glacial flood episodes which formed outwash channels and
coulees.

The glaciofluvial sands are not cemented and var); from loose to well compacted.
Although a vertical cut bank will stand for some time if undisturbed, slopes within these
glaciofluvial deposits are unstable beyond the angle of repose of sand (30°, 58%).

Recent (post glaciation) alluvial deposits can be observed in the Minnie Creek valley
as floodplain or channel deposits. The majority of these deposits have been significantly
altered by railroad construction, maintenance, and the use of Minnie Creek as a cleared
firebreak.

No faults have been mapped in the vicinity of the landfill site. No surficial
discontinuities or breaks were observed in the sand suggestive of recent faulting.

The sands, resting on top of the metamorphic basement rocks and basalt, are
compacted to such a degree that no subsidence is taking place nor has a geologic record

of subsidence been left.

Local and Regional Hydrology

The hydrology of the region is relatively simple in concept but locally may present
complex interactions and flow paths. The permeability of the basement metamorphic rocks
is generally considered to be very low. Weathered contact zones and fracture zones
provide the primary "aquifers” within this unit. Aquifers within the overlying Columbia
River Basalt Group are developed in horizontal contacts or scoria zones, fractures and
weathered zones between the specific basalt flows. Aquifers in the Columbia River Basalt
Group are interconnected with the basement rock aquifers and water level contours within
the rock formations generally appear to be continuous in the vicinity of the landfill. The
general regional groundwatef flow is toward the Spdkane and Columbia Rivers to the
North.
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At the landfill site the water table and hydraulic head in the glaciofluvial sands, on
which the landfill is located, is lower in elevation than the "water table” in the surrounding
less permeable bedrock, particularly on the west side of the site (see Figures #3 and #4).
Beneath Minnie Creek Valley the heads in the gravel aquifer may exceed bedrock heads.
Groundwater in the surrounding bedrock generally moves into the sand-filled window and
then proceeds to the east and north through the valley-fill sediments in the Minnie Creek
Valley. Well data, from monitoring wells #1a through #5 which were completed during
March 1989, suggests a hydraulic gradient of 0.018 ft/ft in the sand and gravels. The
gradient of the head within the sands below the landfill is in an easterly direction.

Seasonal fluctuations of groundwater elevation may be significant and have been
reported to be as great as 30 feet in the area (WRIS Tech. Bull. No. 15). Recharge to

the area is attributed to precipitation and, therefore, may have significant annual variability.

GROUNDWATER ELEVATIONS
Marshall Landfill Monitoring Wells
Monitoring Well # April 14, 1989 June 7, 1989  Surface Elevation

MW #la  none recorded 2128.3 2332.6
MW #2 21143 2111.15 2175.2
MW #3 2104.5 2102.4 2179.2
MW #4 2128.9 2122.7 2159.1

MW #5 2093.3 2092.15 2184.8

WATER BALANCE and HELP MODEL

The water balance for the Marshall Landfill site was evaluated using the following

three water balance protocols or methods 1) Thornthwaite-Mather; 2) Fenn; and 3) the

EPA Hydrological Evaluation of Landfill Performance (HELP) Model (Appendix B). All

Page 6



DIAGRAMMATIC HYDROGEOLOGIC

i PR S
fn['\'w'fhmmuu T
l{&ﬂ\k\l\ﬁlh\ll\\l\‘l\\\l\'ﬁlﬂ

ELEVATION (FEET)

’

-,

ISIES -t

rars )
[ARSARY

AYAS

SCALE:

HORIZ, I" = 1000
VERT. I" = 80
VERTICAL EXAGGERATION|= 12.5X

RUSS FETROW
ENGINEERI&G, INC.

CROSS-SECTION

MW-IA MARSHALL
. LANDFILL

Il S peposIT
I © peposiT:
i EEE R
iy .

{ '“M

-
SRR

WELL #60

ORMATIONS

VAGRR S A RONN

ORI

SVIAYATORY,
2INTENID

-

EXPLANATION

& ASSUMED WATER TABLE
& ACTUAL WATER TABLE
e = FORMATION CONTACT LINE

- v o e WATER LINE

L |LanoFiL

GeoEnvironmental Branch
846K PRANIE RO., EUGENE, OR 97402
{803) s00-8110

T
,,mm(ﬂ] I
i
' l‘mu DI ’ﬂ!t

ke

il

At

1
il

i,

i

N
71, “‘i\u"

\I",‘\,\I ":I\,f
AP TSI
-~y - -
APt il
-
70
ATV

N
’

FIGURE




w,.,
\L».(uhv\
e
‘*
ol
o
400 200 [4] 400 800 ‘NR,. 400 200 /] 400 800 1200
SCALE IN FEET SCALE W FEET
LEGEND LEGEND
BEDROCK AQUIFER
~——— GRAVEL AQUIFER
CONTOURS CONTOURS
GRAVEL AQUIFER BEDROCK AQUIFER
NOTE: AQUIFER CONTOURS ESTABLISHED
FROM READING TAKEN ON
400 200 0 400 800 1200
SCALE IN FEET
LEGEND ‘
BEDROCK AQUIFER
CONTOURS :
—+——+ GRAVEL AQUIFER FIGURE #4
CONTOURS ¢ MARSHALL LANDFILL, INC. 4
EXISTING LANDFILL CLOSURE PLAN
GROUNDWATER CONTOURS
GRAVEL AND BEDROCK AQUIFER — o X
Design: cLn RAuss Fetrow Enginesring.inc. Job Me: W ‘
Drswn: mpy $90 Promontory PL SE Salem, OR 97302 |S"** . ,
P o PH (503) 363-8780 L




three models treat a water balance in the manner of an accounting system by "adding"
precipitation, "banking" water in storage (e.g. in soils), and "debiting" or subtracting water
lost to runoff, evaporation, transpiration, pumping and other phenomena. Climatological
factors such as precipitation, average monthly temperature and hours of sun light per day
and site features such as soil types and vegetation are also used in the water balance
calculations. |
The following parameters were used in the water balance evaluations:
1. A precipitation average of 16.71 inches per year.
2. Historically documented average monthly temperatures; the months of
December and January had average monthly temperatures below freezing.
3. Various cover materials: a) native sandy soils; b) a clay cover cap (closure
cap 2 feet thick); and c) a membrane liner system (one run of HELP model).

4. Poor to fair vegetative cover due to native sandy soil.

Fenn Water Balance

The Fenn water balance was developed in 1975 by Dennis G. Fenn and others for
the EPA. This method is used to predict the potential for leachate production from
landfills. One strength of the Fenn method is its ability to quickly assess the possibility
of recharge and concomitant potential for leachate production in response to precipitation
with native soil and vegetative cover.

The Fenn water balance was only run as a check on the Thornthwaite-Mather water
balance method and HELP model. It was run only once using a clay soil cover material
as the soil type to determine if leakage would occur through the cap. Under these
conditions, the water balance predicted that the clay cap would pass about 0.6 inch of
water on to recharge in the month of March. This reflects the onset of spring thawing
conditions after two months of below freezing temperatures with no evapotranspiration.

The Fenn water balance method was not run using a native soil as an input parameter.
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Thornthwaite-Mather Water Balance

The Thornthwaite-Mather water balance was developed primarily for the agricultural
community and is generally recognized as the most usable method. Although this method
was not developed specifically for landfills, it can provide useful indications of the water
balances that will act on landfill soil types. For the native sandy soils of the Marshall
landfill site the calculated water balance indicated about 3 inches of recharge per year.
A Thornwaite-Mather water balance was also calculated with a two-foot thick clay cap with
variable runoff factors. With a runoff factor of 50% from the cap during rainfall or snow
melt periods the predicted recharge would be about 0.4 inches per year (coming in
February). With the runoff factor increased to 70% the predicted recharge would
decrease to a little more than 0.1 inches per year. When the runoff factor was set to 80%
of precipitation the predicted recharge fell to zero (0). This indicates that recharge will
not occur, and thus leachate production will be reduced to near zero, if runoff from the
cap can be maintained at or greater than 80%. It should be noted that the waste at this
site will take some time before it reaches field capacity, which is the moisture content at
which any added moisture will begin to "leak out" of the material. Therefore, r¢charge
through the clay cap could become leachate only when the waste reaches field capacity.

This could take a number of years.

Hydrologic Evaluation of Landfill Performance, HELP Model

More recently, in the mid 1980’s, the EPA developed the HELP Model to
specifically address landfill leachate production. The HELP model utilizes inputs for

landfill design parameters as well as climactic data. The HELP model was run with the

following sets of parameters:

1. Two (2) feet of native sandy soil over 70 feet of waste with 70 feet of native

sands beneath;

Page 8



2. One (1) foot of native soil over 2 feet of clay soil top liner over 70 feet of
waste and 70 feet of native sand;

3. One (1) foot of native soil over a membrane liner over 70 feet of waste and
70 feet of native sand; and

4. A native soil, in two layers 70 feet thick, to a total of 140 feet thick.

The results of run #1, with the native sandy soils as top cover, predicted only

0.0085 inches of leachate production per year (once field capacity was reached). This is
equivalent to 31 cubic feet per year per acre or 5300 gallons per year from the 23 total
acres of the landfill. |

Run #2, run with the clay soil top liner, predicted production of 0.002 inches of
leachate which is about a fourth as much as predicted with sandy soil cover material. This
is equivalent to 8 cubic feet of leachate could be produced per year per acre or about
1400 gallons per year for the whole landfill. In comparison, other water balance methods
for an adjacent 23 acres underlain by native sands predict production of 1.9 million gallons
of water. This is a ratio of 1:1500.

With the membrane liner, run #3, the model predicted zero (0) leachate production.

With native soils, run #4, the model indicated a very low recharge factor of .001

inches per year. This may be a reflection of the large water holding capacity of the soils.

MONITORING WELLS

Five groundwater monitoring wells were installed in March of 1989 by Golder and

Associates for Century West Engineering. The wells were installed as part of a geological
and hydrogeological study of the site as a potential incinerator ash disposal facility.
Appendix A contains copies of well logs provided by Golder and Associates. These logs
are preliminary and are, therefore, subject to revision.

One groundwater monitoring well was installed hydréulically upgradient of the site
(MW-1A) and four monitoring wells were installed hydraulically downgradient of the old
County and Marshall landfills (see Figure #2).
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These monitoring wells were to be installed according to standard mdnitoring well
construction practices. However, in two instances the temporary casing, which was to be
removed after completion of the wells, became stuck and could‘ not be removed from the
boring. Therefore, monitoring wells 2 and 5 have steel casing around the well annulus to
within a few feet of the screened interval of the well. They also lack a seal outside of the
steel casing. However, it does not appear that this will significantly impact sample
integrity.

All of the monitoring wells were completed to allow measurement of static water
level and groundwater sampling of the uppermost aquifer beneath the landfill site. The
boring for monitoring well MW-1A penetrated into the Precambrian bedrock beneath the
sand aquifer but the screened interval is located at the interface between the Precambrian
bedrock and the overlying Pleistocene sands. Because the overlying sand aquifer has much
higher permeability it will greatly dominate the water quality and static water level
measured in this well. The other four monitoring wells, MW-2 through MW-5, were all
completed exclusively in the sand aquifer.

An attempt to install a monitoring well north of MW-1A was aborted when the
boring encountered basalt at 15 feet below the land surface. The well log for this boring,
originally identified as MW-1, shows that the loWer 8 feet caved and that the upper 7 feet

was plugged with a bentonite-grout seal.

SAMPLING RESULTS

Water quality data was obtained for two sets of split samples collected from the
monitoring wells installed by Golder Associates at the Marshall Landfill. These preliminary
sample results indicate that chiorinated hydrocarbon compounds have been detected in
monitoring wells MW-1A and MW-5. Other wells may have traces of these compounds
as well. A review of the Spokane County Health Department files and records at the

landfill indicate that various sources of these compounds had, with official sanction of the
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Health District and the Department of Ecology (DOE), been allowed to dmpose of liquid
wastes at the Marshall Landfill.

It should be clearly noted that in order to remediate a site that has had a release,
a source of income to that site is necessary to pay for such remediation. Also, the siting
of a landfill, such as the proposed ash monofill, at a "virgin" site which is uncomplicated
by previous impacts sounds very attractive but is in the long run counter productive. There
is risk of contamination of a second site, with all the requisite monitoring and remediation
installations, Whereas the monitoring and remediation equipment of the first site can aid
in monitoring and remediating, if it becomes necessary, of the secondary site.

Independent investigative work authorized by owners of the Marshall Landfill to
confirm and define the presence of chlorinated hydrocarbon compounds has also indicated
some release of chlorinated hydrocarbons. However the release does not appear to pose

an immediate threat to health, safety or the environment.

GROUNDWATER FLOW

Static water level measurements in the five (5) monitoring wells at the Marshall

Landfill indicate a generally east to northeast groundwater flow direction. The Marshall
Landfill site is located over a pocket eroded into the bedrock on the west margin of the
Minnie Creek Valley. This erosional depression became filled with medium- to coarse-
grained sands with some gravels and scattered silt layers during deposition episodes of the
Spokane Floods. These permeable sands are recharged by rainfall and during snow melt.
Groundwater flows downgradient towards Minnie and Marshall Creeks.

Because the landfill site is surrounded by relatively impermeable Precambrian
bedrock on the north, west and south sides, groundwater tends to flow out of the landfill
site toward the east into Minnie Creek Valley. Wells completed in bedrock west of the
landfill site tend to have higher static water level elevations than those in the sand aquifer
under the landfill. This is generally to be expected because lower permeability units tend

to have higher heads than more permeable units as restrictive flow tends to increase head

Page 11



(@

to overcome the resistance. If this is true, then the bedrock aquifers can be assumed to
be somewhat protected because groundwater discharges from them which tends to
minimize the opportunity for contaminated groundwater to enter them. However, more
permeable zones in the bedrock (basalt interflow zones or pre€ambrian fault zones) could
intercept the sand aquifer and provide permeable pathways for interaction between the two
aquifer types. Also the head difference is not great and pumping wells in the bedrock
could lower heads sufficiently to locally reverse the gradient so that groundwater would
tend to flow from the sand aquifer into the bedrock, perhaps along the previously
mentioned higher permeability zones.

Wells completed in the bedrock near the landfill tend to have heads (static water
level elevations) above the sand aquifer. An exception is the landfill drinking water well,
#60, which has a head about the same as the overlying sand aquifer. However, it is not
known if the #60 well has this similar head elevation because of pumping, generally lower
bedrock aquifer heads in this area, or because well construction (even though it is drilled
into bedrock) allows the well to interact with the sand aquifer.

Once in the Minnie Creek Valley, groundwater is expected to flow to the northeast
down the Minnie Creek Valley toward the town of Marshall and the confluence of Minnie
Creek and Marshall Creeks. Evidence suggests that water in the Minnie Creek Valley
generally flows as ground water. Little evidence suggestive of even seasonal (ephemeral)
surface water flows in the valley is present and the water level response of Queen Lucas
Lake, just upstream of the landfill in the Minnie Creek Valley, seems to indicate significant
water loss by groundwater seepage.

Groundwater contours as mapped by Golder and Associates (Appendix A) and by
Russ Fetrow Engineering, Inc. (Figure #4) are very similar and reflect the general flow

directions as mentioned here.
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BENEFICIAL USE

A number of residences, undeveloped residential lots and businesses are located
within a one mile radius of the Marshall Landfill area. In the past, the homes, lots and
establishments within this area ultimately obtain their domestic water from wells which
pump from both shallow and deep groundwater aquifers. Water mains extend into the
surveyed area from wells located in the Marshall municipality. These municipal wells are
cased through the sand aquifer and pump water from the bedrock aquifer(s). The
municipal water supply system serves residences northeast of the landfill site in the
community of Marshall.

All currently recorded Water Right Permits at the Washington State Department
of Ecology are included in Appendix C. These rights were established by property owners,
previous owners, and the community of Marshall. The water rights were established to
protect usage of groundwater extracted by domestic and irrigation wells. All water rights
in the survey area, except for one established by Ground Water permit #4821 (Harry
Smick), were established for groundwater pumped from the bedrock aquifer. The Smick
water right is established for a hand dug well which draws groundwater from the sand
aquifer overlying bedrock. The Smick well is located north of the existing landfill and is
screened in a sand aquifer, but it is considered unlikely that it is in hydraulic continuity
with the sand aquifer under the landfill. No water rights have been established within a
one mile radius for surface water diversion.

Water Well Reports, filed with the Washington State Department of Ecology are
included in Appendix C. There do not appear to be any downgradient wells within a mile
radius of the site currently pumping groundwater from the sand aquifer. However,
numerous wells located within a one mile radius of the Marshall Landfill and potentially
hydraulically downgradient of the site are screened in and pump from the bedrock aquifer.
Potential migration of leachate or contaminants from the landfill to wells which pump from

the bedrock aquifer is considered to be unlikely due to: 1) the apparent hydraulic head

Page 13



difference between the sand and bedrock aquifers, and 2) the poor permeability of the
bedrock which would make interation between the aquifers very slow , limiting the
potential volume of interactive waters. Specifically, the bedrock aquifer is characterized
by a higher head (mean static water level) than that of the sand aquifer. Therefore,
potentially generated leachate would remain within the sand aquifer.

Previous investigations (e.g. Shannon and Wilson, Inc., 1983) and current monitoring
indicate that groundwater within the area of concern ranges from about 2,100 to 2,310 feet
above mean sea level. Depth to water measurement (from the ground surface) range
from 6.5 feet at the Smick well, located approximately 1/2 mile north of the landfill, to 204
feet in Monitoring Well 1A at the landfill. As previously noted, these two wells do not
appear to draw from aquifers that are hydraulically connected. The nearest downgradient
surface discharge of groundwater which has been noted is at the confluence of Minnie
Creek (an intermittent stream that is usually dry) and Marshall Creek (a perennial
drainage).

Wells which draw from the bedrock aquifer north, west, south, and east (across
Minnie Creek) are considered to have low potential for impact by discharge from the
Marshall Landfill. It is possible, though unlikely, that wells located northeast of the landfill
along Minnie Creek and in the community of Marshall could be impacted by a leachate
discharge from the landfill. Water supply wells with the greatest potential for impact are
shallow wells which are screened in the sand aquifer (none currently known). Municipal
water supply wells of the Marshall community are located in the vicinity where the shallow
sand aquifer could be impacted. However, these wells draw from the bedrock aquifer
and have significantly less potential for contamination because they are cased through any
overlying surficial soils and the sand aquifer. The Community Water Association wells in
the area of potential impact are the primary source of domestic water for the community
of Marshall. These wells will be monitored on a regular schedule to assure water quality

standards are met or exceeded.
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CONCLUSIONS

The landfill is appropriately locéted with regard to land use of abutting
properties, groundwater hydrology, and aesthetic considerations.
Groundwater in the uppermost "sand" aquifer below the landfill site flows
toward the northeast and can be monitored at one upgradient and four
downgradient locations with existing groundwater monitoring wells near the
site boundaries.

Water balance calculations (Thornthwaite-Mather and Fenn) and HELP
modeling predict that leachate production is possible.

Some groundwater impact by disposal of solvent-bearing liquids is indicated
by preliminary sample results.

Groundwater flow from the landfill area is toward Minnie\Creek and then
down Minnie Creek Valley.

Groundwater users are primarily supplied by wells screened in bedrock and
not the overlying sands.

No water users are immediately threatened.

The landfill site could accomodate new landfill cells without technical

difficulties.
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RECOMMENDATIONS

© ® N o

Monitor surrounding water users on a regular basis until more is known with
regard to extent of indicated groundwater impact. |

Evaluate existing monitoring well data and determine if additional monitoring
wells are appropriate. .

Contour the current landfill to appropriate closure specifications and cover
with an impermeable capping material.

Evaluate the need for a membrane top cover.

Evaluate the possibility of "mining" the old landfill as part of a remedial
action plan, if required.

Design a new state-of-the-art landfill for continued solid waste disposal needs.
Continue to meet all applicable WAC requirements.

Request variance for extended closure period to contour landfill for closure.
Continue use of the site for solid waste disposal by opening new landfill cells

as an aid in remediation of the existing landfill.
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WAC 173-304-130(2) Locational Standards. All applicable solid waste facilities shall be

subject to the following locational standards:

(a) Geology. No facility shall be located over a holocene fault, in subsidence areas, or
on or adjacent to gedlogic features which could compromise the structural integrity of the
facility. |

No Faults have been mapped in the vicinity of the landfill site. No surficial
discontinuities or breaks were observed in the sand suggesting that there has been no
recent faulting or subsidence. The landfill is sited on a deposit of glaciofluvial sands which
rest directly on Precambrian metamorphic basement rocks. Basalt of the Columbia River
Basalt Group can be found on the perimeter of the site to the north, south, and west.

(b) Ground water.

(i) No facility shall be located at a site where the bottom of the lowest liner is any less
than ten feet above the seasonal high water in the uppermost aquifer; or five feet when
a hydraulic gradient control system or the equivalent has been installed to control ground

water fluctuations;

Well data, from monitoring wells #1a through #5 which were completed during March
1989, indicate a separation distance of 60 feet or more from the lowest point of the landfill
to the wéter table. The gradient of the head within the sands below the landfill is in an
easterly direction, with depth ranging from 204 feet to 30 feet below ground surface with
a gradient of 0.018 ft/ft.



GROUNDWATER ELEVATIONS
Marshall Landfill Monitoring Wells
Monitoring Well # April 14, 1989 June 7, 1989 Surface Elevation

MW #1la none recorded 21283 2332.6
MW #2 21143 2111.15 2175.2
MW #3 2104.5 21024 2179.2
MW #4 21289 21227 2159.1
MW #5 20933 2092.15 2184.8

(i) No landfill shall be located over a sole source aquifer, and;

Groundwater occurs in all exposed geologic units of the area. The hydrostratigraphic
framework is divided into two aquifer systems, arbitrarily designated as: 1) the Bedrock
Aquifer System, and 2) the Sand Aquifer System. Neither of these aquifer systems have

‘been designated a "sole source aquifer”.

(iii) No facility’s active area shall be located closer than one thousand feet to a down-
gradient drinking water supply well, in use and existing at the time of the county’s adoption
of the comprehensive solid waste management plan unless the owner or operator can show
that the active area is no less than ninety days travel time hydraulically to the nearest

down-gradient drinking water supply well in the uppermost useable aquifer.

The main source of drinking water in the area is the bedrock aquifer. The landfill is
underlain by the local sand aquifer. There are no users of the sand aquifer system within
one thousand feet down-gradient of the landfill. Any wells within 1,000 feet in a general
downgradient direction are completed into the bedrock and are almost certainly more than



90 days travel from the landfill. If permeability is assumed to be 500 gpd/ft? (a high
estimate), then with a gradient of 0.018 ft/ft and an effective porosity of 0.2 , then the
distance traveled in 90 days will be approximately 550 feet. The landfill and the wells both
predate this regulation. .

(c) Natural Soils. See WAC 173-304-400, such as WAC 173-304-460 (3)(c)(i), landfill

liners;

The existing landfill is not lined and is underlain by glaciofluval sands. The exposed
sediments in the landfill consist of fine to coarse sand with occasional interbeds of gravel

and scattered silt Ineses.

Any new landfill cells will be lined with imported material which has a permeability of less
than 1 X 107 cm/sec and a flexible membrane liner in a composite configuration as
required in these regulations. Borrow materials, not having these low permeabilities, will
be thoroughly mixed with bentonite to reduce the permeability to meet sandards.

(d) Flooding. See WAC 173-304-400 such as WAC 173-304-460 (3)(d), landfill,
floodplains;

The landfill is not located on the 100 year floodplain.

(e) Surface water. No facility’s active area shall be located within two hundred feet
measured horizontally, of a stream, pond, river, or salt water body, nor in any wetland nor
any public land that is being used by a public water system for watershed control for

municipal drinking water purposes in accordance with WAC 248-54-660 (4);



The nearest potential surface water is Minnie Creek, an intermittent stream passing within
0.2 mile (SE) of the landfill. Queen Lucas Lake lies about a quarter mile to the south of
the site. There is no recorded use of surface water for domestic supplies in the area. No

evidence of recent surface flow in the landfill vicinity was observed in 1989.
() Slope. No facility’s active area shall be located on any hill whose slope is unstable;

The glaciofluvial sands are not cemented and vary from loose to well compacted.
Although a vertical cut bank will stand for several years undisturbed, slopes within the
glaciofluvial deposits are considered unstable beyond the angle of repose of sand which
is approximately 33 degrees or about 1.5:1

(g) Cover material. See WAC 173-304-400, such as WAC 173-304-460 (3)(e), landfills,

closure;

Cover material with a permeability of less than 1 X 10 will be imported to the site. If

required, bentonite will be thoroughly mixed with the imported soils to further reduce
permeabilities to this standard.

(h) Capacity. See WAC 173-304-400, such as WAC 173-304-460, Landfilling standards,

(for standards that vary according to capacity);

The landfill is designed for closure by October 1991. The projected quantity of loose waste
to be placed at the landfill is 820,000 cubic yards. The projected inplace volume, following

compaction, is estimated at 245,000 cubic yards, this includes the daily cover material

(Based on the June 1989-October 1991 time period).



(i) Climatic factors. See WAC 173-304-400, such as WAC 173-304-460 (3) landfill

standards, (for standards applicable to arid climates);

The climate at the landfill and surrounding area is semiarid. It is characterized by cold,
relatively moist winters and warm and dry summers. The mean annual precipitation and
temperature is about 17.4 inches and 47 degrees Fahrenheit, respectively, at the Spokane
Airport, about six miles north of the site. Most of the precipitation occurs as snow
between October and March, with about 12 inches water equivalent. The estimated
potential evapotranspiration rate for the area is 24.4 inches annually (Phillips, 1965). This
is the amount of water that would be lost to the atmosphere if available when the
evaporation and plant transpiration processes occur (March through November). The
estimated actual evapotranspiration rate is 12.8 inches annually (Phillips, 1965). Design
characteristics consider runoff potential of the twenty four hour twenty five year storm,
providing adequate drainage.

(i) Land use. No facility shall be located:

(i) Within ten thousand feet of any airport runway currently used by turbojet aircraft or
five thousand feet of any airport runway currently used by only piston-type aircraft unless
a waiver is granted by the federal aviation administration. This requirement is only
applicable where such facility is used for disposing of garbage such that a bird hazard to

~ aircraft would be created;

Neither the current nor expanded landfill will not create a bird hazard for aircraft.
Spokane airport is approximately six miles to the north and no runway lies within five
thousand feet of the landfill.
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(i) In areas designated by the United States Fish and Wildlife Service or the

department of game as critical habitat for endangered or threatened species of plants, fish,

or wildlife;

The area is not critical habitat for endangered or threatened species of plants, fish, or
wildlife. There do not appear to be any sensitive plant communities and there are no
special features that enhance the wildlife value of this particular location or its habitat.
(iii) So that the active area is any closer than one hundred feet to the facility property
line for land zoned as nonresidential, except the active area may be no closer than two
hundred and fifty feet to the property line of adjacent land zoned as residential existing

at the time of the county’s adoption of the comprehensive solid waste management plan;

The privately owned Marshall landfill has been operational since 1971, when it replaced
the adjacent County landfill (to the southwest). The terrain consists mostly of rolling hills
with outcroppings of basaltic rock. Adjacent land uses are rural agricultural with some
residential development. To the northwest a chicken ranch is operational. Due to the
topography, the landfill is fairly well hidden or unrecongnizable to most adjoining property
owners and passers-by. Current active areas are within the guidlines. Closure of the site
may require some activity within 100 feet of property boundaries. Any new landfill cell,
will meet these requirement explicitly.

(iv) So as to be at variance with any locally-adopted land use plan or zoning

requirement unless otherwise provided by local law or ordinance; and

The landfill is compatible with current local land use. The dominant land use in the area
is the Marshall landfill. The site is bounded on the north and west by undeveloped lands
and on the south and east by the Burlington Northern Railroad and Cheney/Spokane
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Road. The area is zoned for agricultural use and Spokane Planning Department land use
plan maps designate the area as rural.

(v) So that the active area is any closer than one thousand feet to any state or national

park.
There are no state or national parks within one thousand feet of the landfill.

(k) Toxic air emissions. See WAC 173-304-400, such as WAC 173-304-460 (2)(b),
Landfill performance standards. [Statutory Authority: Chapter 43.21A RCW. 85-22-013
(Order 85-18), 173-304-130, filed 10/28/85.]

WAC 173-304-460(3)(c)(iv)Arid design. This design will apply to locations having less than
twelve inches of precipitation annually, and, in lieu of (c)(i),(ii), and (iii) of this subsection,

shall consist of vadose zone moisture monitoring, provided that:

Annual Precipitation averages 15 to 17 inches. Most precipitation falls as snow during the
winter months. Precipitation is lowest during July and August.

(A) Waste material is no less than ten feet above the seasonal high level of ground water
in the uppermost aquifer; and ,
(B) Any evidence of leachate or waste constituents detected in the vadose zone that

violates or could be expected to violate the performance standard of WAC 173-304-460(2)

shall cause the owner or operator to:

(I) Take corrective action, and either
(I) Close the facility according to these rules, or
(1) For all future expansions at that facility, meet the liner requirement of (c)(i) or (ii)

of this subsection.



WAC 173-304-490 Ground water monitoring requirements (1) Applicability. These
requirements apply to owners and operators of landfills, piles, landspreading disposal

facilities, and surface impoundments that are required to perform ground water monitoring
under WAC 173-304-400.

(2) Ground water monitoring requirements.

(a) The ground water monitoring system must consist of at least one background or
upgradient well and three down gradient wells, installed at appropriate locations and
depths to yield ground water samples from the upper most aquifer and all hydraulically

connected aquifers below the active portion of the facility.

Five documented monitoring wells are present at the landfill site. Monitoring wells M1a
and M4 are hydraulically upgradient of the landfill waste and wells M2, M3, and M5 are
downgradient of the landfill. Screened intervals of the monitoring wells have been placed
at depths where groundwater was first encountered. (see Figure #2 or Appendix E for

monitoring well locations)

(i) Represent the quality of background water that has not been affected by leakage from

the active area: and

As necessary additional monitoring wells will be placed to provide upgradient groundwater
quality.

(ii) Represent the quality of ground water passing the point of compliance. Additional
wells may be required by the jurisdictional health department in complicated

hydrogeological settings or to define the extent of contamination detected.
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Existing monitoring wells (M-2, M-3 and M-5) will be used to establish the quality of
groundwater passing the point of compliance.

(b) All monitoring wells must be cased in a manner that maintains the integrity of the
monitoring well bore hole. This casing must allow collection of representative ground
water samples. Wells must be constructed in such a manner as to prevent contamination
of the samples, the sampled strata, and between aquifers and water bearing strata and in
accordance with chapter 173-160 WAC, Minimum standards for construction and

maintenance of water wells.

Two inch monitoring wells (M1a through M5) were installed to depths at which water was
first encountered in each borehole. Standard monitoring well construction was used. As
built drawings are included in Appendix A.

(¢) The ground water monitoring program must include at a minimum, procedures and

techniques for;
Sampling procedures are addressed in Appendix E, "Sampling Methods and Schedule”

(i) Decontamination of drilling and sampling equipment;

(ii) Sample collection:

(iif) Sample preservation and shipment;

(iv) Analytical procedures and quality assurance;

(v) Chain of custody control; and

(vi) Procedures to ensure employee health and safety during well installation and

monitoring.
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Addressed in Appendix E, "Sampling Methods and Schedule”

(d) Sample constituents.

(i) All facilities shall test for the following parameters:

(A) Temperature;
(B) Conductiviiy;
(C) pH:
- (D) Chloride:
(E) Nitrate, nitrate, and ammonia as nitrogen;
(F) Sulfate:
(G) Dissolved iron:
(H) Dissolved zinc and manganese:
(I) Chemical oxygen demand:
(J) Total organic carbon; and
(K) Total coliform.

This will be done.

(i) The jurisdictional health department in consultation with the department may specify

additional or fewer constituents depending upon the nature of the waste; and

Monitoring for Methylene Chloride, 1,1,1-Trichloroethane (TCA), Trichloroethene (TCE),

Freons and other organic solvents which have been found will continue.

(iii) Test methods used to detect the parameters of (d)(i) of this subsection shall be EPA
Publication Number SW-846, "Test Methods for Evaluating Solid Waste-Physical/Chemical
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Methods" except for total coliform which shall use the latest edition of "Standard Methods

for the Examination of Water and Wastewater."

All samples will be submitted to an EPA approved laboratory for analysis and approved
testing methods will be used.

(e) The ground water monitoring program must include a determination of the ground

water surface elevation each time ground water is sampled.
This will be done. See Appendix E, "Sampling Methods and Schedules".

(f) The owner or operator shall use a statistical procedure for determining whether a
significant change over background has occurred. The jurisdictional health department will

approve such a procedure with the guidance of the department.

The data will be presented both as a graphical representation and using a standard
statistical format. When sufficient data has been collected the Students T Test can be
used to determine significance of any observed difference as outlined in CFR 40.264
Appendix IV and SW-846.

(8) The owner or operator must determine ground water quality at each monitoring we_u
at the compliance point at least quarterly during the life of an active area (including the
closure period) and the post-closure care period. The owner or operator must express the
ground water quality at each monitoring well in a form necessary for the determination of

statistically significant increases.

Graphic representation of parameters will allow for rapid screening and the statistical
analysis will provide for the determination of statistically significant increases.
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(h) The owner or operator must determine and report the ground water flow rate and

direction in the uppermost aquifer at least annually.
These determinations will be made from observations made while sampling .

(i) If the owner or operator determines that there is a statistically significant increase for
parameters or constituents at any monitoring well at the compliance point, the owner or

operator must;

(i) Notify the jurisdictional health department of this finding in writing within seven days
of receipt of the sampling data. The notification must indicate what parameters or

constituents have shown statistically significant increases;

Quarterly letter reports will be sent to the jurisdictional health department as laboratory

results are received.

(ii) Immediately resample the ground water in all monitoring wells and determine the
concentration of all constituents listed in the definition of contamination in WAC 173-304-
100 including additional constituents identified in the permit and whether there is a
statistically significant increase such that the ground water performance standard has been
exceeded, and notify the jurisdictional health department within fourteen days of receipt

of the sampling data.

This will be done.
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() The jurisdictional health department may require corrective action programs including
facility closure if the performance standard of WAC 173-304-460(2)(a) is exceeded and, in
addition, may revoke any permit and require reapplication under WAC 173-304-600.

If corrective action is required, appropriate plans will be submitted.

(3) Corrective action program. An owner or operator required to establish a corrective
action program under this section must, at a minimum with the approval of the

jurisdictional health officer;

(a) Implement a corrective action program that reduces contamination and if possible
prevents constituents from exceeding their respective concentration limits at the compliance

point by removing the constituents, treating them in place, or other remedial measures;
Remedial action proposed will be appropriate to meet the need to reduce contamination
to regulated levels. The closure cover proposed here will significantly "remediate” the site

or reduce potential impacts.

(b) Begin corrective action according to a written schedule after the ground water

performance standard is exceeded;
Any corrective actions which are required will be accomplished in a timely manner.
(c) Terminate corrective action measures once the concentrations of constituents are

reduced to levels below the limits under WAC 173-304-460(2)(5). [Statutory Authority;
Chapter 43.21A RCW. 85-22-013(Order 85-18), 173-304-490, filed 10/28/85.]
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Corrective actions or procedures will continue until concentrations of constituents are

reduced to acceptable levels.

WAC 173-304-600 (3)(b)
(i) A geohydrological assessment of the facility that addresses:
(A) Local/regional geology and hydrology, including faults, unstable slopes and

subsidence areas on site:

No Faults have been mapped in the vicinity of the landfill site. No surficial
discontinuities or breaks were observed in the sand suggesting that there has been no
recent faulting or subsidence. The landfill is sited on a deposition of glaciofluvial sands
which rest directly on preCambrian metamorphic basement rocks. The glaciofluvial sands
are not cemented and vary from loose to well compacted. Although a vertical cut bank
will stand for several years undisturbed, slopes within the glaciofluvial deposits are unstable
beyond the angle of repose of sand. Basalt of the Columbia River Basalt Group can be

found on the perimeter of the site to the north, south, and west.

(B) Evaluation of bedrock and soil types and properties:

Five primary geologic units are exposed at or very near the landfill site. They are, from
oldest to youngest, the Precambrian Revett and Burke formations, Miocene to Pliocene
Columbia River Basalt Group, the Latah Formation which was deposited
contemporaneously with the basalts, Pleistocene Glaciofluvial deposits and recent alluvium.

The Precambrian metamorphic Revett and Burke Formations, underlie the site at
depth , as basement, and can be observed in surface outcrops to the south of Queen Lucas
Lake, and west of the landfill site in the Needham Hills. Domestic water wells drilled on
the southeast perimeter of the landfill and further to the southeast across Minnie Creek
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are terminated in these older rocks. Pre-Tertiary plutonic rocks are locally exposed in the
area but none are seen in the immediate vicinity of the landfill site.

During Miocene and Pliocene(?) times basalt flows of the Columbia River Basalt
group filled and blocked valleys eroded into the older Precambrian rocks. The basalt
flowed around the preCambrian hills and where valleys were blocked, depressions were
filled with sedimentary deposits of the Latah Formation. The Latah Formation consists
of semi-consolidated clay and silt with some sand and gravel. In a quarry across the
Minnie Creek Valley and to the southeast of the landfill, flows of Columbia River Basalt
can be observed in direct, baked, contact with interfingered sediments of the Latah
Formation. A flow is present in the quarry which varies in thickness from 15 feet to 5 feet
where it laps against an elevated deposition of sedimentary material.

The glaciofluvial deposits found at the landfill site‘ fill a window in the Columbia
River Basalt Group. "Windows", scoured through the basalt and contemporaneous
sediments by repetitive flooding during the Pleistocene, provided depressions which have
subsequently been filled with glacially derived material. The glaciofluvial deposit at the
landfill site is 200 feet thick and lies directly over preCambrian metamorphics. The glacial
materials originally filled Minnie Creek Valley but have been cut down by late stage flood
flows and "normal” stream flows resulting in deposits of reworked sediments. 'Cut and fill
channels, cross bedding and flood episode cutoff planes can be observed in the gravel pit
on the landfill properties. The glaciofluvial sands are not cemented and vary from loose
to well compacted. Although a vertical cut bank will stand for several years undisturbed,
slopes within the glaciofluvial deposits are unstable beyond the angle of repose of sand.

Alluvial deposits can be observed near Minnie Creek deposited as floodplain or

channel deposits. The majority of these deposits have been significantly altered by railroad

construction and maintenance, and the use of Minnie Creek as a cleared firebreak.

(C) Depths to ground water and/or aquifer(s);
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GROUNDWATER ELEVATIONS
Marshall Landfill Monitoring Wells

Monitoring Well # April 14, 1989June 7, 1989 Surface Elevation

MW #1a  none recorded 21283 23326
MW #2 21143 2111.15 21752
MW #3 2104.5 2102.4 2179.2
MW #4 21289 2122.7 2159.1

MW #5 2093.3 2092.15 2184.8

(D) Direction and flow rate of local ground water;

Well data, from monitoring wells #1a through #5 which were completed during March
1989, suggests a hydraulic gradient of 0.018 ft/ft. The gradient of the head within the sands
below the landfill is in an easterly direction.

(E) Direction of regional ground water:
The general regional groundwater flow is toward the Spokane and Columbia Rivers to the

North. Intermediate flows in this area may be toward Hangman Creek. Local flows are
toward Minnie and Marshall Creeks.

(F) Quantity, location and construction (where available) of private and public wells

within a two thousand foot radius of site:

Water Well Reports, received from the Washington State Department of Ecology, for the
area within two thousand feet of the landfill, are presented in Appendix C.
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Permittee Permit # Quantity s

(G) Tabulation of all water rights for ground water and surface water within a two

thousand foot radius of the site:

Five Certificate of Water Right Permits have been issued for groundwater use. The
Certificates are presented in Appendix C and are as follows. '

CERTIFICATE OF WATER RIGHT

YsSe
Marshal Community Water Community
Association, Marshall, Wash. 10033 36 ac-ftyr  domestic
Harry Smick
Marshall, Wash. 4821 24 ac-ftlyr  irrigation
Western Poultry Inc. 28 ac-ftfyr  irrigation
Cheney, Wash. G3-23063P 2 ac-ft/yr  domestic
J. & S. Rodriquez 20 ac-ftyr  irrigation
Cheney, Wash. G3-24828P 2 acftfyr  domestic
Joseph Vernon irrigation/
Cheney, Wash. G3-26315P 16 ac-ftyr  domestic

No Water Rights for surface water have been established within the two thousand foot

radius.
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(H) Identification and description of all surface waters within a one-mile radius of the

site:

Minnie Creek is an intermittent stream which drains to the northeast on the east perimeter
of the site. Minnie Creek extends from Queen Lucas Lake, Approximately one quarter
of a mile to the south of the site, to its confluence with Marshall Creek approximately
three quarters of a mile to the northeast. Seasonal "scabland” ponds and marshes are
located southeast of the site on a basalt plateau across Minnie Creek.

(I) Background ground and surface water quality assessment, and for expanded facilities,
identification of impacts of existing facilities of the applicant to date upon ground and

surface waters from landfill leachate discharges:

Much of this information will be provided in the EIS. Additional information will be

- provided in future geological reports. Some potential impact has been identified.

(J) Calculation of a site water balance:

The Thornthwaite-Mather Water Balance and HELP Model can be found in Appendix B,
with discussion on page 6 of the Permit Report.

(K) Conceptual design of a ground water and surface water monitoring system, including
proposed installation methods for these devices and where applicable a vadose zone

monitoring plan:

If necessary, additional monitoring wells will be installed. Monitoring wells will be installed
in accordance with WAC 173-304-490 (Ground water monitoring requirements).
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(L) Land use in the area, including nearby residences: and
The dominant land use in the area is the Marshall landfill. The site is bounded on the
north and west by undeveloped lands and on the south and east by the Burlington
Northern Railroad and Cheney/Spokane Road.

M) Topography of the site and drainage patterns.

The site gently slopes from west to east toward Minnie Creek. Runoff, which is generally
restricted to spring thaw, is to the east and toward Minnie Creek. See Appendix F.

(i) Preliminary engineering report/plans and specifications that address:

(A) How the facility will meet the locational standards of WAC 173-304-130;

The site is historically a landfill.

(B) Relationship of facility to county solid waste comprehensive plan and the basis for

calculating the facility’s life;

Marshall Landfill is part of the county’s current waste disposal program. The facility will
be prepared for closure while waste disposal continues until October 1, 1991.

(C) The design of bottom and side liners;
The landfill is not lined. The landfill predates current regulations.

(D) Identification of borrow sources for daily and final cover, and soil liners;
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Daily cover is provided from on-site locations. Final cover will be imported from the
Wilcox Pit, which is located on that portion of the SE 1/4 of Section 31, Township 24
North, Range 42 East in Spokane County Washington, lying southerly of Jensen Road and
East of Androus Road.

(E) Interim/final leachate collection, treatment, and disposal;
No leachate collection facility is planned for this site.
(F) Landfill gas control and monitoring;

No gas monitoring or control devises are being used at the existing site. Upon closure a
passive gas collection system will be installed.

(G) Trench design, fill methods, elevation of final cover and bottom liner, and equipment

requirements; and
The *Cell’ is the basic design Building block used in developing this landfill, refer to the

Operation Manual (Section#4 of this report) for details, elevations, and equipment

requirements.

(H) Closure/post-closure design, construction, maintenance, and land use.

These are addressed in the Section #4 of this report, "Closure Plan", and Appendix F,
which contains the Operational and Closure drawings and Plans.

(iii) An operation plan that addresses:

(A) Operation and maintenance of leachate collection, treatment, and disposal systems:
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There is no leachate collection or treatment system in place.
(B) Operation and maintenance of landfill gas control systems:

A gas collection system has not been included in the operational plan. Daily cover , a
porous sandy material, disperses gasses.

(C) Monitoring pléns for groundwater, surface water, and landfill gases to include sampling

technique, frequency, handling, and analyses requirements:

Groundwater samples will be taken and handled as prescribed in Appendix E; there is no
sampleable surface water at the landfill site; and landfill gasses will be monitored on a
quarterly basis.

(D) Safety and emergency accident/fire plans:

As prescribed in the *Operation Manual’, "the operator is responsible for initiation and
continuing appropriate fire fighting methods until all smoldering, smoking, and burning
ceases. All fires shall be promptly reported to the Department of Ecology’s Eastern
Region office”. Daily cover will help keep fires containcd in a cell and from spreading.
The Fire Department for this site is the Spokane Fire District #3. The fire department
will respond to fire emergency’s and may be called at (509) 235-6645.

(E) Routine filling, grading, cover, and housekeeping:

Daily operation of the landfill includes compaction, cell construction, and emplacement of
cover materials. The landfill will be filled and graded in preparation for final cover, these
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activities will be concurrent with daily operational activities. Housekeeping, or daily site
maintenance, is addressed in the "Operational Manual” (Section #4 of this report) under
the sub-section titled "Maintenance". :

(F) Record system to address records on weights(or volumes), number of vehicles and the

types of waste received:

A record system is currently in place which documents incoming waste volumes, carriers,

and the number or private users.

(G) Vector control plans; and

Vectors including flies, rats, and birds can be controlled or prevented by proper application
of soil cover material. If a vector problem develops, a professional exterminator will be

consulted.

(H) Noise control.

Equipment will be properly maintained to control noise (i.e. properly lubricated, mufflers,
etc.). Heavy equipment will be operated during normal business hours.

(iv) Closure plan to address:

(A) Estimate of closure season/year;
Before October 1, 1991.

(B) Capacity of site in volume and tonnage;
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This site has an estimated 400,000 cubic yards of remaining in-place capacity which will

accommodate the waste stream through closure.
(C) Maintenance of active fill versus completed, final covered acreage;

The active fill will be maintained for dust and litter control, noise, rainfall run-on and run-
off control, and vector control. The closed landfill will be maintained for vegatative cover
(fertilizing and seeding the top cap as required), drainage facilities, roads, fences and
buildings, monitoring wells, gas collection systems, and site security.

(D) Estimated closure construction timing and notification procedures;

The proposed site closure contours have been prepared to include an estimated capacity
capable of receiving waste until the closure date of October 1, 1991. It is impossible to
forecast an exact date for closure activities to commence due to weather conditions or a
major shift in filling rates. Closure construction cannot occur during the wet weather
period. Partial closure can be anticipated for the summer of 1990, with the balance
anticipated for the summer of 1991.

Upon completion of closure activities the Marshall landfill owner(s) shall:
1. Submit a Facility Closure Plan Sheet, signed by a professional engineer registered
in the State of Washington and modified as necessary to represent as-built changes to the

final closure construction as approved in the closure plan.

yA Submit certification by the owner or operator, and a professional engineer registered
in the State of Washington that the site has been closed in accordance with the approved

closure plan.
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3. Record, with the County Auditor, any necessary deed clauses for land use, zoning
or other restrictions for the closed landfill site.

(E) Inspection by regulatory agencies;

The landfill will be open for inspection by regulatory personnel at all times.

(v) Post-closure plan to address:

(A) Estimated time period for post-closure activities;

Post-closure activities will commence only after the Marshall landfill owner(s) has submitted
the closure plan sheet and signed closure certification and has received notification from
Spokane County Health District that the landfill is considered closed. It is estimated that
closure of the landfill will be complete during the fall of 1991. |

(B) Site monitoring of landfill gas, ground water, and surface water;

The monitoring of gas and water quality will be conducted quarterly with the results of
these tests being forwarded to the Washington Department of Ecology.

(C) Deed clause changes, land use, and zoning restrictions;

Any necessary deed clauses for land use, zoning or other restrictions for the closed landfill
site will be recorded with the County Auditor.
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(D) Maintenance activities to maintain cover and run-off systems; and

The top cap will be fertilized and seeded as required to maintain a vegetative cover.
Surface water drainage systems will be maintained as required to allow the free flow of
water at all times.

(E) Identification of final closure costs including cost calculations and the funding

mechanism.

Final closure and post-closure costs are discussed in the closure plan in Section 4 of this
report. The funding mechanism for the closure/post-closure costs will satisfy state

requirements.
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OPERATIONAL MANNUAL

INTRODUCTION

The scope of this section is to set forth operating and maintenance procedures necessary
to effectively dispose of solid waste in the Marshall landfill through closure while
maintaining compliance with the Washington Department of Ecology Minimal Functional
Standards. A detailed operational description addressing all major landfilling considerations

from general to specific are included in this section.

The scope of work for this project was outlined in the Proposal to provide Engineering and
Geotechnical Consulting Services dated November 1988. The work is being performed and
this manual prepared for the exclusive use of the Marshall landfill and their consultants
for specific application to the project site. No other warranty, expressed or implied, is

made.

GENERAL LANDFILL OPERATIONAL DETAILS

Background

The Marshall landfill is located in central Spokane County, Washington, approximately ten
miles south-southwest of Spokane and approximately one mile southwest of the town of
Marshall. The existing landfill site occupies about 75 acres in Section 21, Township 24
North, Range 42 East, Willamette Meridian. The landfill is bounded to the north by
Andrus Road, to the west by Spotted Road and to the east by the Cheney-Spokane Road.
The main access is by a gravel road with the entrance on Spotted Road. The Marshall
landfill currently receives approximately 252,000 cubic yards of solid waste annually. The
waste material presently being deposited at the landfill include municipal solid waste
(MSW), demolition debris, tires and stumps (see Table 1).



TABLE 1

Waste Material - Cubic Yards/Year Toﬁs[!car

Compacted MSW ‘ 138,000 31,100

Loose MSW 71,000 8,000

Demolition Debris/Other 43,000 21,500
Totals 252,000 60,600

The following conversion factors were used to develop Table 1:
Density of compacted solid waste is 450 pounds per cubic yard
Density of loose solid waste is 225 pounds per cubic yard

Density of demolition debris/other is 1,000 pounds per cubic yard

Compacted municipal wastes make up 55 percent of this waste stream. The site has an
estimated 400,000 cubic yards of remaining in-place capacity which will accommodate the
waste stream through closure, October 1, 1991. Approximately 130,000 cubic yards of
this available capacity will be required to landfill material that will need to be excavated
along the eastern side slope to bring the grade to a maximum 33 percent slope in

compliance with Department of Ecology standards.

A major area of the site has already been filled with solid waste (see boundaries noted on
engineering plans). Waste is presently being deposited in the current operating area
located on the northeast perimeter of the landfill as outlined on the engineering plans

and will continue to be deposited there through closure.



- Cell Construction

The landfill area is divided into two major cell areas. The upper area of the site will be
filled with the material excavated from reshaping operations. The lower area will be filled
from the incoming solid waste stream until final contours are achieved. Each phase is
divided further into daily cells.

The cell is the basic element or building block in landfilling. A cell is defined as solid
waste completely enclosed on all sides by soil. The cell size is determined by the volume
of incoming solid waste and size of the working face. The working face should be kept

as narrow as possible at all times but never less than two times the equipment width.

Solid waste should be spread up the working face in 1 foot to 2 foot layers and compacted
with three to five passes of the equipment up and down the slope. Spreading up the slope
achieves sufficient size reduction, maximizes compaction, and is the most efficient means
of using the equipment. The working face should be maintained at a 3:1 slope or steeper
as determined by the machine’s capabilities. Special care should be taken to construct cell
slopes at a slope that is maintainable and can be compacted. All exposed compacted
waste should be covered daily with native soil material. Grade stakes should be used to

control exterior cell configurations for proper cell height and drainage grades .

It is important that maximum compaction of the waste is achieved. The benefits of well
compacted waste are:

- Extended landfill life;

- Reduction of cover requirements;

- Reduction of both total and differential settlement of waste;

- Reduction of litter;

- Leaves fewer voids for rats and insects;

- Provides for better roadways and smoother working area; and,

- Makes completed fill more suitable for other purposes.



Waste material excavated from reshaping operations will be deposited on the upper landfill |
area. There are basically three methods of moving the waste. The first method is to
excavate the waste material with the use of a trackhoe and push it up the slope with a
bulldozer. The area near the top of the slope could be easily excavated and moved in
this manner, however to push the Waste from near the bottom of the fill would be time

consuming and quite expensive in equipment time.

- A second method is to loosen and push the waste down slope, load the waste into dump

or end dump trucks and transport the waste to the top. When excavating the waste near

the bottom of the fill, waste can be loaded directly into the trucks with a trackhoe.

A third method is to push and/or transport the waste material to the active area and
divert the incoming waste stream to the top area of the landfill. The preferred method,
or any combination of these methods, will be left to the discretion of the landfill operator.
It should be noted that the slopes of the old roadbed at the toe of the fill and below the
waste is steeper than 3:1. Only the slope of the landfill will need to be reshaped. The

slope of the road bed should be left alone since buffer trees are growing within the area.

Equipment is available on-site to perform this work, however the use of larger capacity end
dumps would shorten the time requirement if either method two or three were chosen.
It should be noted that the same cover requirements and compaction procedures will need

to be observed as with incoming solid waste.

Cover Requirements
The three major categories of cover are daily, intermediate, and final. Daily cover, a

minimum of six inches (6") in thickness, provides vector, litter, fire, and moisture control.

Daily cover shall be compacted on top and side slopes as the cell is constructed and will



be graded to prevent erosion and ponding of water. Daily cover, which can include
gravelly soils, may be applied to the exposed working face by drifting the soil from the

top of the working face downward, spreading in a thin layer as it is applied.

Intermediate cover is that cover which will be utilized over areas that will not have
additional solid waste placed on it for a period greater than twelve months (12). This
cover will be a minimum of twenty-four inches (24") in thickness including the six inches
(6") of previously placed daily cover. The intermediate cover addresses the same functions
as daily cover but also provides a degree of gas control and can serve as a road base.
Periodic grading of the intermediate cover may be required to repair erosion, cracks,

depressions, and to prevent water ponding.

Final cover provides the same functions as daily and intermediate cover while providing
a protective cap over the landfill to reduce infiltration of water and associated leachate
generation as well as minimizing leakage of gas and leachate. The top cap will contain a
minimum of 2 feet of final cover with a maximum permeability of 1x10-6 cm/sec. which
is required for the Marshall Landfill and should be placed and compacted in six inch (6")
to eight inch (8") lifts.

Final cover should be placed over a minimum of six inches (6") of daily cover material to
provide a leveling coarse for the placement of the top cap liner. Because final cover must'
support vegetative growth, six inches (6") of good top soil high in nutrient value is required
over the top cap and should not be compacted too tightly. Final cover shall be filled and
shaped to the final grades as shown on the plans to insure proper drainage, to prevent
erosion, and to insure that the projected landfill capacities are achieved. The suitabilities

of different soils as cover material is outlined in the following table:



SUITABILITY OF SOILS AS COVER MATERIAL

Clean Clean

Function Gravel Sand Silt Clay
Prevent rodents from burrowing G P P
Keep flies from emerging P P G E*
Keep water out of waste P P G-E E*
Reduce odors from waste P P G-E E*
Control litter | E E E E
Support Plant Growth P P E G

E = Excellent; G = Good; F = Fair; P = Poor
* Except when cracks extend through the entire cover
“

Daily and intermediate cover material is readily available from on-site sources. Final cover

material is available from off-site sources within a fifteen mile proximity of the site.

Test holes, using a soil auger, should be dug to insure that proper cover depth is being
obtained as each cell is completed and covered. The final surfaces shall be prepared,
fertilized, and planted with grass to minimize future erosion. The type of seed, fertilizer,
amounts to be applied, and time of planting shall conform to recommendations of the

County Extension Agent.

Traffic Flow and Unloading
The unloading area shall be clearly defined by signs, fences, barriers, or other devices and

kept as small as possible. Mechanically discharging vehicles (commercial) and manually

discharging vehicles (public) should be kept separated but should utilize the same working



face if possible. If separate working areas are established, a sign should clearly designate
the route. Fences and barriers need to be erected to prevent unauthorized entry and

dumping. Vehicles should only be allowed to bypass the pay booth if it is inoperative.

Roads from the landfill entrance to the active operational area shall be constructed and
maintained to minimize traffic hazards, dust, mud, and to provide reasonable all weather
access for vehicles using the site. If snow builds up on the roads, it needs to be plowed
regularly and maintained to keep them free of ruts and pot holes. Permanent and
temporary roads will be constructed where shown on the plans and where determined

necessary by the operator.

Signs |

Clearly visible and legible signs shall be posted at the entrance to the disposal site
specifying the name of the facility, the hours and days the site is open to the public, an
emergency phone number, and listing the general types of materials which either will or

will not be accepted.

Solid Waste Handling
Residential, Commercial, and Industrial Plant Wastes

Residential, commercial, and industrial plant wastes contain a heterogeneous mixture of
such materials as paper, cans, bottles, cardboard and wooden boxes, plastics, lumber,
metals, yard clippings, food waste, rocks, and soil. Waste shall be spread up a 3:1 slope
working face in 1 foot to 2 foot layers and compacted by two to five passes with a tracked
or steel wheeled compactor. Brush, yard clippings, and similar waste may require more
compaction than other wastes. Hard to compact material should be placed at the toe of
the working face. The operator should make passes until he can no '].onger detect that the

waste layer is being depressed more than it is rebounding.
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Industrial Process Wastes

Industrial process wastes include liquids and semi-liquids; films and other light, fluffy,

- easily airborne materials; large sheets of metal, plastics, or wood; granules, shavings,

turning, powders, and defective manufactured products.
Liquids and semi-liquids are not acceptable at the landfill.

Films and other light, fluffy, easily airborne materials should be incorporated into the
working face and covered immediately. Watering down such waste may be helpful, but
the detrimental effects of adding water should be considered and only water waste when

absolutely necessary and taking special precautions against overwatering.

Large sheets of metal, plastic, or wood should be aligned parallel to each other before

compacting to help reduce voids and poor compaction due to bridging of waste.

Granules, shavings, turnings, and powders can be a health hazard to operating personnel
and should be covered immediately. Operators should wear face masks, goggles, or

protective clothing to avoid respiratory, eye, and skin contact.

Defectively manufactured products should be placed in the working face and incorporated ‘

immediately so that drivers, helpers, and other are not tempted to salvage this material and

expose themselves to injury.

Dry chemicals should be approved by the Department of Ecology before accepting the
wastes. Caution: Some materials react violently to water and may be classified as

hazardous.. Hazardous wastes are not acceptable.
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Solid wastes from schools, rest homes, and hospitals are usually highly compactable and 7
can often be handled in the same manner as residential and commercial wastes. If hospital
waste is delivered separately, it shall be spread immediately, compacted, and enclosed with
a layer of solid waste or cover. If pathological wastes are accepted, they should be covered

immediately with 1 foot of cover.

Bulky Wastes
Tires that have not been split or ground shall be deposited on the cell floor and solid
waste spread over them and compacted. Do not attempt to compact tires by themselves
or place them all in one location. Concrete, lumber, and other debris can be incorporated
evenly throughout the fill. Bulky wastes-such as large rocks, stumps, trees, logs, papers and
plastic rolls, and other waste shall be placed parallel at the top of the working face and
incorporated into the fill. Extra care should be taken to achieve good compaction around

these wastes. Do not allow bulky waste to remain uncovered because they provide

harborage for rats and other pests.

Water and Wastewater Treatment Plant Sludges
Treated and dewatered sludge may be incorporated directly into the fill upon prior written
approval by the Spokane County Health District (SCHD) but should be covered
immediately. Treated and dewatered sludge can also be used to generate a fertile final
soil cover. Raw sewage sludges and septic tank pumpings should not be disposed of in the
landfill. The permittee shall insure that any on-site disposal of sewage is accomplished in

a manner approved by the Department of Ecology and the SCHD.



Volatile and Flammable Wastes
These wastes include paints, paint residues, dry cleaning fluids and magnesium shavings and
may be in the form of solids, powders, or liquids. These materials should be excluded

from the fill due to their hazardous waste classification.

Agricultural Wastes
Residues from agricultural practices shall be recycled, utilized for productive purposes or
disposed of in a manner not to cause vector harborage, air or water pollution, public

health hazards, odors or nuisance conditions.

Pesticide Containers
Empty, rigid pesticide containers may be accepted for disposal or recovery if accompanied
by a written statement that they have been properly decontaminated by jet or triple rinsing
and crushing. Empty non-rigid pesticide containers (bags) need not be decontaminated

prior to acceptance and disposal.

Incinerator Fly Ash and Residue
Fly ash may be moist or dry when delivered to the site. If ash is dry, water may have to
be added to it so that it does not become airborne and create a nuisance. It should be

covered immediately.

Dead Animals
Dead birds, cats, dogs, horses, cows, and other animals shall be placed in a trench cut in
native ground and covered immediately. When there is no longer native ground available

for this procedure, animals shall be immediately incorporated into the landfill and covered.
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Waste Oil
No waste oil, grease, oil sludges, or oil soaked wastes will be permitted in the landfill. Oil
shall be only accepted at a proper receiving station permitted by the Department of

Ecology.

| Radioactive Wastes and Explosives
No radioactive waste or explosives shall be accepted. If a hauler attempts to dispose of
such wastes, the wastes, truck, and driver should be isolated and proper health authorities
contacted. Demolition experts should be consulted for removal of explosives found at the
site. Radioactive wastes are disposed of under the auspices of the United States Atomic

Energy Commission.

Asbestos

No friable asbestos shall be disposed of at this site.

Hazardous Waste
Hazardous wastes shall not be disposed of, treated, stored, or otherwise handled at the
Marshall landfill unless the requirements of chapter 173-303 WAC are met and with prior
written approval of the Department of Ecology.

Prohibited Wastes

Any prohibited wastes shall be removed from the solid waste site as soon as discovered

and shall be transported to a disposal site authorized to accept such waste. Such wastes
shall be transported within 48 hours unless otherwise approved by the Department of
Ecology. Temporary storage and transportation shall be performed in accordance with the

rules of the Department of Ecology.
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Surface Drainage Control

The landfill shall be constructed in accordance to the design plans and properly maintained
so that drainage will be diverted around or away from active and completed operational
areas. Surface grades will be maintained so that ponding of surface water is minimized.
The maximum external slope is 3:1 and the minimum external slope shall be 2 percent.

Grade stakes shall be used throughout construction to insure proper grades are reached.

Surface water diversions, ditches, or structures will be maintained to allow the free flow

of water at all times.

Site Screening
To the extent practical, the active landfill areas shall be screened from public view by trees,

shrubbery, fence, stockpiled cover material, earthen berm, or other appropriate means.

Maintenance

Dust Control
Dust is a problem especially in arid regions. Dust can be temporarily controlled by wetting
down roads, oiling roads if permitted, application of cinders, and keeping final vegetative

cover on closed out portions of the landfill or temporary vegetative cover of inactive areas.

Litter Control
Litter is visible proof that a landfill is not being operated properly. Litter can be
controlled by keeping the working face as small as possible, constructing wind break berms,
covering solid waste frequently, portable blow fences, and litter cleanup. Windblown
materials from the disposal site will be collected from the site and adjacent properties and

properly disposed of at sufficient frequency to prevent aesthetically objectionable

- accumulations. The entrance area shall be kept clean of litter at all times.
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The control of litter helps aid in vector control and fire protection as well as projecting a

good clean operation that is beneficial to the public.

Noise
Keep equipment properly maintained (i.e. mufflers, etc.) so equipment noise will not

become a problem.

Salvage and Scavenging

The public is prohibited from scavenging and no person may salvage food products or
furniture and bedding from the landfill. A permittee may conduct or allow the recovery
of materials such as metal, paper, and glass from the landfill only when such recovery is
conducted in a planned and controlled manner approved by the Department of Ecology.
No person shall salvage at the working face and all salvage materials must be stored away
from public view. Storage areas shall be kept orderly and materials removed at sufficient

frequency to avoid creating a nuisance condition, vector harborage, or safety hazard.

Recyclable Materials

Recyclable materials including newspaper, corrugated paper, metals, g]ass and white goods
shall be stored in other suitable areas. The storage area shall be maintained in an orderly
manner and kept free of litter. Recyclable material should be removed at sufficient
frequency to avoid creating a nuisance condition. Large metal appliances and other metal
recyclable materials should be stockpiled in an area screened from public view for periodic

removal as markets dictate.

Vector and Bird Control

Vectors including flies, rats, and birds can be controlled or prevented by proper application
of soil cover material. If a vector problem develops, a professional exterminator should

be consulted.
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‘Groundwater

The landfill permittee shall insure that the introduction of any substance from the landfill
into the groundwater source does not result in a violation of any applicable federal or state
drinking water rules or regulations beyond the solid waste boundary of the landfill or an
alternative boundary specified by the Department of Ecology. All solid waste disposed of
at the Marshall landfill must be maintained at a minimum of thirty (30) feet above the

highest anticipated ground water elevation.

Leachate

Leachate production shall be minimized by the proper use of cover material and proper
grading and construction. Where required, leachate shall be collected and treated or
otherwise controlled in a manner approved by the Department of Ecology. Any leachate
that percolates through the cover material shall be kept from entering surface water

drainage ways and the problem corrected as quickly as possible.

Gas Control

Operation, expansion, or modification of a landfill will not be permitted if the
concentration of methane (CHy) gas at the landfill exceeds: 25 percent of its lower
explosive limit in facility structures (excluding gas control or recovery system components);
the Jower explosive limit for the gases at the property boundary or beyond; and one
hundred parts per million (ppm) by volume of hydrocarbons (expressed as methane) in
off-site structures. Proper covering and drainage will help control methane gas production

and associated problems.

Burning
No burning of solid waste will be permitted at the landfill without the concurrent written

permission of the SCHD, the Spokane County Air Pollution Control Authority, and the
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Jurisdictional Fire District. If permitted, only burning of land clearing debris such as tree
stumps, large tree limbs, and brush will be allowed. Burning will not be any closer than

500 feet to the working face.

Fire Control

Adequate on-site fire protection as determined by the local fire control agency must be
provided and arrangements made to acquire immediate service. The operator is
responsible for initiating and continuing appropriate fire fighting methods until all
smoldering, smoking, and burning ceases. All fires shall be promptly reported to the

Department of Ecology’s Eastern Region office by calling their office at (509) 456-2926.

If a hot load (potentially flammable or burning load) is spotted, it should be dumped away
from the working face where it can be spread out and extinguished. The jurisdictional Fire
Department should be notified immediately. If burning waste is found, it should be pushed
out and spread so it can be extinguished. Extinguished waste should only be put into the

working face at the end of the day and then covered.

Daily cover will help keep fires contained in a cell and from spreading. As a precaution,
fire extinguishers should be kept on all pieces of equipment and all operators trained in

their use.

Equipment
Equipment of adequate size and design to properly operate the site shall be available at
all times. In the event of equipment breakdown, alternative equipment must be provided

unless a specific exemption is granted in writing by the Department of Ecology.
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Emergency

In case of equipment breakdown, flooding, fire, sliding, or other occurrences that cause a

violation of any condition of the permit or Department of Ecology rules, the operator or
permittee shall: |

1. Immediately take action to correct the unauthorized condition or operation;

2. Immediately notify the Department of Ecology so an investigation can be

made to evaluate the impact and the corrective actions taken, and to

determine what additional action must be taken; and

3. Immediately notify all pertinent County officials that an emergency has
occurred.
AREA FILL METHOD

The present landfilling practice being utilized is an area fill method. An area fill includes
a fairly large working face for waste disposal. Refuse is off-loaded either on undisturbed
ground or on a prepared tipping pad where it is pushed onto the working face in lifts from
1 to 2 feet in thickness and then compacted. Each layer is compacted as the filling
progresses over the course of the day. At that time, and at the end of each day’s
operation, a minimum six inch layer of cover material is placed over the completed fill.
Cover material may be excavated from adjacent higher points of land, imported from
borrow pit areas, or from previously constructed stockpiles. The width and length of the
fill or working face depends upon several factors, such as the daily quantity, traffic

volumes, and landfill equipment being utilized.
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Normally a dump pad is used by utilizing natural elevation differences or by constructing
a lift of solid waste large enough to provide a working platform for both public and
commercial vehicles. Due to the short term operations of this site and the firm base
provided by the local cover material, the present practice will be continued by the landfill
operator. This consists of a large flat unloading area where waste is deposited on the

ground and periodically pushed onto the active face with equipment.

Cell development will consist of filling the present operating area with waste and daily
cover material in approximately two foot lifts, working along the perimeter of the area and
shaping the cells to match final contour elevations minus the final (30") top cover. At the
completion of each lift, the operation can move over this cell and a new cell developed
over the previous cell. This process will continue until the required area is filled or
overlaid with solid waste and the final cover is applied according to the Cover Section

within the General Landfill Operational Details.

MARSHALL LANDFILL TECHNICAL DETAILS

Estimated Site Capacity, In-Place Cubic Yards/Life ( 0% Annual Growth Factor)
Lower Area = 190,000/19 months

Upper Area = 210,000/5 months (including excavated and replaced waste material)
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| . Estimated Required Cover Material Volumes
Daily and interim cover material:
Upper fill area 26,200 cubic yards
Lower fill area 24,500 cubic yards
Total daily and interim cover = 50,700 cubic yards

Final Cover Material:

24" clay top cap 75,000 cubic yards

6" top soil = 19,000 cubic yards

Note: 1) Estimated percentage of daily and interim cover to in-place solid waste
= 20%

2) All volumes are in-place measured

L ‘ Estimated Available Native Cover Material (On-Site)

There are sufficient on-site sources for daily and intermediate cover material.

Equipment Available
D8 Caterpillar crawler/tractor with rippers

966 Caterpillar wheel mounted front-end loader
285 Caterpillar trackhoe



INTRODUCTION

This report is designed to meet the requirements of WAC 173-304-407 (4), (6), (7) and (8)
and provide a plan for use by the landfill operators to initiate and complete closure/post
closure activities at the Marshall landfill. It is intended to be a working document and
conveys the intent of the designer for the most efficient closure/post closure of the landfill
while maintaining compliance with the State of Washington's requirements.

This report covers the actual closure of the Marshall landfill in 1991 as well as post closure
monitoring requirements.

CLOSURE COSTS

Items included in landfill closures are:
Cover Material
Gas Collection System
Site Grading and Soil Placement and Compaction
Fertilizing and Seeding
Maintenance Roads

These categories and costs are described below:

Cover Material - Final closure requires at least two feet of soil, compacted to achieve a
maximum permeability of 1x10-6 cm/sec., applied over a sand leveling course. Suitable
clay soils are available from nearby sources. A final six inch layer of top soil will be
applied to establish a cover crop. A detailed breakdown of the costs for the top cap is
found in Table 1. Total cost for 28 acres is estimated at $642,120. Soil testing indicates
no bentonite additive will be necessary for the top cap soil.

Gas Collection System - A system of perforated pipes for gas collection is required to
minimize gas migration off site. It is estimated that this system will require 2,300 linear
feet of perforated HDPE pipe and cost approximately $21,000 to install.

Site Grading and Soil Placement and Compaction - Grading of the site and placement and
compaction of the top cap soil will be done with a crawler tractor. Grading of the site is
included in the installation cost of the clay layer. The six inch sand leveling layer will
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consist of the daily and interim cover already placed or being placed. Installation of the six
inch top soil is estimated to cost approximately $46,190.

Fertilizing and Seeding - Grass seed and fertilizer will be applied by hydroseeding to
establish a vegetative crop for erosion control at a cost of approximately $110/acre. Table 1
contains the estimated closure cost.

TABLE 1
MARSHALL LANDFILL
ESTIMATED CLOSURE COST
AUGUST, 1989

UNIT

DESCRIPTION QUANTITY UNIT PRICE  AMOUNT
24" Clay Cap Installation 107,311 C.Y. $3.70 $397,050
6" Top Soil Cap 25,661 C.Y. $1.80 $46,190
Hydroseeding/Fertilizing 28 Acres $110 $3,080
Gas Collection System LS LS $21,000 $ 21,000
Construction Quality Assurance LS LS $96,000 $96,000
Engineering Design

& Construction Certification LS LS $22,000 $22,000
Other Misc. $56,800
ESTIMATED CLOSURE COSTS $642,120

CLOSURE/POST-CLOSURE PROCEDURES
Closure Procedures

The proposal calls for closure of the existing Marshall landfill site by October 1, 1991. As
such, some sequential or partial closure activities will be taking place. The remaining
landfill space will be divided into two areas. The upper area will be constructed for closure
by depositing additional lifts to the top portion of the landfill. This area will be reserved for
the disposal of waste material that will need to be excavated along the eastern side slope to
bring the grade in that area into compliance with Department of Ecology Standards.
Closure of the lower area, located along the northeastern perimeter of the landfill, will
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~ Marshall Landfill, Inc. intends to utilize on site manpower and equipment to
‘perform the closure work for the Marshall Landfill. The estimated closure costs
were calculated using Marshall Landfill's actual costs for labor and squipment.
Hourly equipment costs are shown in Table 1. Although Marshali Landfill will
be utilizing their own equipment, it has been assumed and anticipated that 20
cubic yard capacity dump trucks will need to be rented for transporting the clay
material to the site. o R g

The clay source is located approximately five miles from the site (haul distance).
It was assumed that one round trip would take about 25 minutes. A 20 cubic
yard capacity truck would therefore have a production rate of 50 cubic yards per
hour. Rock, sand and top soil sources are located on site and 10 cubic yard
trucks are available for transporting these matenals. :

TABLE 1 - MARSHALL LANDFILL, INC. EQUIPMENT COSTS

: "Operator Fuel Fuelt Tptai Alternate3  Rate
Equipment  Rate Cost Usage . Cost Cost  Rate Used

im 8, Y0 o/

D4 Cat 30.00 -02 02 - 02  $30.00 $44.48  $45.00
pDBCat . 80.00  15.00 100 7.0 $102.90 $100.30 $105.00
225 Trackhoe ~ 60.00  12.00 60 474 $76.74 $61.44  $65.00
966 Lloader  60.00 1000 5.0 395 $73.95 $63.50  $65.00
10Yvard Truck  40.00 9.00 5.0 3.95 $52.95 $45.00° $50.00
20YardTruck  85.00  -0- 0 o $65.00 $65.00% $65.00
Sheepstoot 1000 - 0 0 $10.00 $10.00
Water tank 1.00 -0 ¥ * $10.00 : $10.00

TEuel cost calculated using $0.79/gallon,

2Rental rate includes operator, fue! and attachments. .

3Equipment rental rate from Western States Equipment Company, Spokane, WA, and includes
fue! and operator. Operator cost based on prevailing wage rate for Spokane County.

4Customary equipment rental rates for Spokane County with operator and fuel.

The fouowing is @ detailed breakdown showing how the closure cost estimate
was obtained. Bold line items correspond to the closure items listed in Table 1
of the Closure Plan, o

Clay materialtransport Production ~ Costperc.y.

Purchase cost =y , $0.50
Strip/excavate w/D8 200 c.y/hr @ $105.00/hr  §0.53
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Truck (20 c.y.) 50 ¢.y./hr @ $65.00/hr $1.30

Loading w/966 200 c.y./hr @ $65.00/hr $0.32
Total clay materialftransport cost - $2.65
Placement/compaction Production Cdst perc.yy.

Spread/grade wiD8 200 c.y./nr @ $105.00mr  $0.53
D8 w/water tank 500 ¢.y./hr @ $115.00/hr $0.23
D8 w/sheepsfoot 400 c.y./hr @ $115.00/hr $£0.29

Total placement/compaction cost | - $1.08
Total 24" Clay Cap installation : $3.70
Stripping/transpontation/grading Production - Cost pér cy.
Stripping w/D8 1,000 c.y./hr @ $105.00/hr  $0.11
Loading w/966 150 c.y./hr @ $65.00/hr $0.43
Truck (10 c.y.) 50 c.y./hr @ $50.00/hr - $1.00
Grading w/D& 400 c.y./hr @ $105.00/hr $0.26
" Total 6" Top Soll Installation cost . $1.80
| ilizl |
Preparation/finish , Production ~  Cost per acre
D4 w/harrow (prep) 2.0 ac./hr @ $45/hr - $22.50
D4 w/seeder - 2.5ac./hr @ $45/hr $18.00
D4 w/harrow (finish) 2.5 ac./hr @ $45/hr $18.00
D4 w/spreader 2.5 ac./hr @ $45/hr $18.00
Seed $13.50
Fentilizer ‘ $20.00
Total Hydroseeding/Fertilizer cost $110.00
Gas_Collection ‘System |
Equipment/labor Unit Cost ~ Total Cost
Excavation w/225 20 hrs. @ $65.00/ht $1,300.00
Backdill w/225 20 hrs. @ $65.00/hr $1,300.00
Laborers 60 hrs. @ $25.00/hr $1,500.00
Plipe welder/equip. $1.700.00

Total equipment/labor 8 ‘ ‘ $5,800.00
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Materials

4" HDPE pert pipe
8 oz. filter fabric
1* drain rock
HDPE fittings

Vents & misc. piping

Total materials

Unit Cost
2,100 1.f. @ $5.50/1t

1,000 s.y. @ $1.00/s.y.

120 c.y. @ $3.00/c.y.

Total Gas Collection System cost

Drainage ditches |
Shaping w/D8
Excavation w/225
Truck (10 c.y.)

1" drain rock

~ Total drainage ditches

Reslope road
Shaping w/D8

Total reslope road

Reshape slopes

Exc./roshape w/D8
Excavate w/225

Total drainage ditches

Unit Cost
16 hrs. @ $105.00/hr
B hrs. @ $65.00/hr

16 hrs. @ $50.00/hr
100 cy. @ $3.00/c.y.

Unit Cost
8 hrs. @ $105.00/hr

Unit Cost

440 hrs. @ $105.00/hr
100 hrs. @ $65.00/hr

Total Other Miscellaneous cost

20C

Total Cost
$11,500.00
$1,000.00

$350.00
$1,000.00
$1.350.00

$15.200.00
$21,000.00

Total Cost
$1,680.00
$520.00
- $800.00
- $300.00
$3,300.00
Total Cost |
$840.00
$840.00
Total Cost

$46,200.00
$6.500.00

$52.700.00
$56,840.00



consist of filling the existing operating area with incoming solid waste and shaping to
proposed final contours.

A five-acre site located approximately 500 feet northwest of the existing permited landfill
will be closed at the same time as closure operations begin on the 23 acre site. Closure of
this site will consist of shaping and capping the slopes to proposed final contours.

When each area approaches its final elevation, closure contours will be verified and shaped
- so that installation of the final top cap may begin. Two feet of soil and/or bentonite will be
placed as an impervious barrier and a final 6 inch layer of top soil will be placed to support
a vegetative cover. When all final contours have been achieved the top cap will be seeded
and fertilized.

As noted, the proposed site closure contours have been prepared to include an estimated
capacity capable of receiving waste until the closure date of October 1, 1991, however,
several variables may shorten or lengthen this estimate. It is impossible to forecast an exact
date for closure activities to commence. However, closure construction cannot occur
during the wet weather period. Therefore, partial closure can be anticipated for the summer
of 1990 with the balance anticipated for the summer of 1991.

As the site is compacted and contoured for closure, some additional filling may be
necessary to achieve final contours.

Upon completion of closure activities the Marshall landfill owner(s) shall:

1. Submit a Facility Closure Plan Sheet, signed by a professional engineer registered
in the State of Washington and modified as necessary to represent as-built changes
to the final closure construction as approved in the closure plan.

2. Submit certification by the owner or operator, and a professional engineer
registered in the State of Washington that the site has been closed in accordance

with the approved closure plan.

3. Record, with the County Auditor, any necessary deed clauses for land use, zoning
or other restrictions for the closed landfill site.
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At the present time, the Washington Department of Ecology (WDOE) requires 20 years ‘
post-closure maintenance and monitoring, therefore, the post-closure maintenance costs
were calculated using a 20 year maintenance period.

Items included in the post-closure are:
Water Quality Monitoring
Gas Monitoring .
Leachate treatment/disposal
Facilities maintenance
Operating staff and management

These categories and costs are described below:

WATER QUALITY MONITORING - The monitoring wells will be sampled quarterly each
year with the data forwarded to the WDOE. Currently five (5) monitoring wells exist and
additional monitoring wells will be installed if required. For the purpose of estimating the
post closure water monitoring costs, a total of seven wells will be considered. The
laboratory cost are estimated at $250 per sample delivered to the laboratory. Twenty eight

samples per year will be required for a total annual water monitoring cost of approximately
$7,000.

GAS MONITORING - Gas levels created from the biodegradation of the landfill waste will
be sampled quarterly each year. Gas monitoring records as well as laboratory gas analysis
will be forwarded to the WDOE. Costs for each sampling period are estimated at $1,250
for each quarter. |

LEACHATE TREATMENT/DISPOSAL SYSTEM - From water balance models
developed for this site (see geotechnical report), very little recharge through the waste is
anticipated. Providing that a run-off rate above 80 percent can be achieved through proper
selection of top soil and vegetative cover, the recharge will be near zero. Therefore a
leachate collection, treatment, and disposal system will not be required at this site.

FACILITIES MAINTENANCE - Facilities maintenance includes fertilizing and seeding the
top cap as required, maintaining drainage facilities, roads, fences and buildings, monitoring
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wells, gas collection systems, and site security. It is difficult to determine with any
certainty what maintenance problems could occur. It is anticipated that only minor
maintenance will be required within the first years following closure of the site with an
increase in maintenance costs being required as the facility ages. Annual facility
maintenance costs are estimated to average $5,000 per year. '

OPERATING STAFF AND MANAGEMENT - The above post-closure maintenance and
monitoring requirements will require an operating staff of one part-time person and periodic
professional services to sample. Annual cost for a part-time person and administration is
estimated at $5,000. Professional services are estimated to cost approximately $5,000 per
year. Table 2 contains the estimated annual post-closure cost.

TABLE 2
MARSHALL LANDFILL
ESTIMATED ANNUAL POST CLOSURE COST
AUGUST, 1989

UNIT
DESCRIPTION QUANTITY  UNIT PRICE AMOUNT
Water Quality Monitoring 28 samples $250 $7,000
Gas Monitoring 4 quarters 1,250 5,000
Facilities Maintenance ALL L.S. "~ 5,000 5,000
Operating Staff/Professional services ALL L.S. 10,000 10,000
Estimated Annual Cost ' $27,000

Over a 20 year post-closure period total costs will be $540,000. Total closure/post-closure
costs will be $1,182,120.

-Closure Pr
Post-closure activities will commence only after the Marshall landfill owner(s) has
submitted the closure plan sheet and signed closure certification and has received

notification from Spokane County Health District (SCHD) that the landfill is considered
closed.
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Post-closure activities include monitoring of groundwater, surface water, gas emissions

and maintenance of landfill and its facilities as detailed in the Post-Closure Costs section of
this report.

When post-closure activities are complete, the owner or operator shall provide certification,
signed by the owner or operator, and a professional engineer registered in the state of

Washington stating why post-closure activities are no longer necessary.

SCHD may authorize the owner to discontinue post-closure maintenance and monitoring
activities, if post-closure monitoring has established that the facility has-stabilized.
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APPENDIX B

WATER BALANCES
*THORNTHWAITE-MATHER METHOD
*FENN MODEL

*HELP MODEL
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NONTHLY WATER SALANCE; THORNTHNATTE-MATHER METHOD SPOKANE, WASHINGTON LLAY 5D1LS CaP
YEAR JAN Feb MAR APR HAY JUN JuL AUS SEP oct NOV DEC
TEup 4718133 8.7 32.4 31.6 45.8 4.3 81.7 69.7 b8.1 59.4 41.6 3.9 29
i/1 HEAT INDEY  37.27 0 0.01 0.48 1.9 3.95 8.1 8.75 8.19 4 23 0.18 0
. UNADJ fET 0.48 6 0 0.02 0.04 0.08 0.1 0,14 0,13 0.1 0.05 0.01 0
SUN FACTOR 30.975 2.% 21.8 30.6 3.2 39.2 39.8 40.1 36.8 31.5 21.9 4.2 287
PET 24,669 0 U 0.612  LIB 336 438 S.614 4784 LI L3985 00232 0
PRECIP 16.71 .4 1.81 1.38 1.08 .38 1.23 0.5 0.74 0.71 1.08 2.06 .49
PRECIP-PET =1.959 .4 L6l 0.748  -0.208 1,756 -3.148 -S.114 -4.044 -2 -0.315  1.828 2.49
ACC. POT. WL -66.075 0 ¢ 0 -0.288 -2.044 -5.192 10,306 ~14.35 -18.79 -17.105 0 0
RET. TABLE vAL  23.51 .n 6,19 4,17 2.2 1.32 0.98 0.94
PROV. STOR 58.588 7.728  9.318  10.08s .1 619 .17 2.2 £.32 0.98 0.94 - 2,768 - 5.298
STOR 35.264  1.128 ] 8 .1 6.19 417 2.2 1,32 0.98 0.94  2.768  5.258
DELTA STOR., 0 2,47 0272 0 -0.29  -1.S2  -2.02  -1.97 -0.88  -0.34 -0.04  {.878 .4
ACT. EVAPG, 14.624 0 0 6612 1.37 2.9 3.25 2.47 1.62 1.0 L2  0.232 0
DEFICIT 10,045 0 0 0 -0.002 - 0,236 1128 3144 3,164 2.1 0,215 0 0
SURPLUS 2,088 0 L3IW8 0,748 0 0 0 ] 0 0 0 0 0
RUNOFF 2,086 0.000000 1.070400 0,012480 0.152496 0.032499 0.006499 0.001299 0.000259 0.000051 0,000030 0.000002 0,000000
SNOW- RUNOFF ¢ 6 ¢ 0 0 0 0 0 0 0 0 0 0

TOTAL RUNOFF 2.0B4 0.000000 1.070400 0,612480 0162494 0,032499 0.006499 0.001299 0.000259 0.00003¢ 0,000010 0.00000Z 0.000000
MOIST. DETENT, 35,7835 7.728000 8.267600 8.203120 7.750628 b.198124 4.171624 2.200324 1.320064 0,980012 0.940002 2.768000 S.258000

RECHARGE 0 0 0 0 0 0 0 0 0 0 0 0 0
SOIL Car. 8
RO FACTOR 0.8



MONTHLY WATER BALANCE; THORNTHWAITE-MATHER NETHOD

SPOKANE, WASHINGTON CLAY 5OILS CaP

P Y g

TENP

i/1 HEAT INDEX
UNADJ PET

SUN FRCTOR

PET

PRECIP
PRECIP-PET
ACC. POT, WL
RET. TABLE VAL
PROV. STOR
STOR

DELYA STOR,
ACT. EVAPD,
DEFICIY
SURPLUS

RUNOFF

SNOK RUNOFF

« TOTAL RUNOFF

ROIST, DETENT,
RECHARGE

SoIL Car,

RO FACIOR

0. 396453

YEAR JAN FEB HAR APR NAY JUN JuL AUS SEP oct NOV DEC
47.18333

L
wn
-

32.4

7 31.% 45.8 4.3 81,7 89.7 8.1 9.4 4.4 34.9 29
ar.21 -0 0.0t 0.40 t.o 3.95 6.1 8.75 8.19 5.4 2.3 0.18 0
0,68 0 0 0.02 0.04 0.08 0.1t 0.14 0.13 0.1 0.05 0.01 ¢
30.975 22.9 23.8 30.6 34.2 39.2 39.8 40.1 36.8 315 21.9 2.2 217
2. 669 0 0 0.612  L368  3.136 4378 S.b14  4.784 L5 L3 0232 0
1o.71 2.47 1.6t 1.36 i.08 1.38 L3 0.5 0.74 0. 1.08 2.06 2.4
~1.959 4 Lol 0,748 -0.288  -1.756 -3.148  -5.114  -4.044  -2.44 -0.315  1.828 .49
~b6.073 0 0 0 -0.288 -2.044 -5.192 -10.306 -14.35 -16.79 ~-17.105 0 0
23.51 .1 6,19 LR Y 2.2 1.22 0.98 0.94
58,688  7.728  9.339 10.086 n 6.19 417 2.2 1.32 0.98 0.94  2.788  5.258
95.264 7,728 8 8 LIL - b9 .17 2.2 1.32 0.98 0.94 2,768 5.258
v 247 0212 0 -0.29  -L52 -2.02  -.97  -0.88  -0.34  -0.04  1.828 2.9
14,524 0 0 0.612 .37 2.9 3.25 2.47 1.62 1,03 112 0,212 0
10,045 0 0 0 -0.002  0.236 1,128 3.144 3,144 2.1 0,275 0 6
2.086 0 1338 0.748 0 0 0 0 0 0 0 9 0
2,084 0.000692 0.649346 0.708673 0.354336 0.17718 0,088584 0.044292.0.022146 0.011073 0.005534 0.00274B 0,001384
0 o 0 0 0 0 0 0 0 0 0 0 0

2.085 0,000692 0.669346 0.708873 0.354334 0.177188 0.088584 0.044292 0.022145 0.011073 0.005534 0.002748 0.001384

57.35 7,728692 8.669346 8.708673 B.064334 4,367148 4.258584 2.244292 1.342146 0,991073 0.945536 2.770748 5.259384
0 0396453 0 0 0 0 0 0 0 0 0 0
8

0.5



HONTHLY WATER BALANCE; THORNTHWAITE-MATHER WETHOD SPOKANE, WASHINGTOM

YEAR JAN FEB MAR APR nay JUN JuL AUB SEP ocr NOV DEC

NATIVE SANDY SDIL

TENP 47.18323 25.7 J2.4 3.6 435.8 38,3 b1.,7 59.7 8. 1 9.4 47.5 M9 29

i/1 HEAT INOEY 37,27 0 0.01 0.48 1.9 3.95 6.1 8.75 8.19 5.4 2.3 0.18 0
. UNADJ PET 0.48 0 U 0,02 0.04 0.08 0.1t 0.14 0.13 0.1 0.03 0.01

SUN FACTOR 30,975 2.9 23.8 30.6 3.2 3%.2 39.8 40.1 34.8 3.5 27.9 3.2 2.7

FET 24,669 0 O 0,812 LIBE 336 4378 S.eu4 4.784 3.15 L399 0,232 U

PRECIP 16.21 247 Ll 1.36 1.08 1.28 1.23 0.5 0.74 0.71 1.08 2.06

PRECIP-PET -7.959 2.4 Lol 0,748 -0.288 -1,756 <3.148 S -0 2 -0.31S 1La0e

ACC. POT. NL  <-pb.075 0 0 0 -0.288 -2.044 -5.192 -10.306 -14.35 -16.79 ~17.105 ]

RET, TABLE VAL 8.03 i .36 1.04 0.29 0.22 0.2 0.19

PROV, STOR 39.458  6.978  8.58B  9.33% L L% £.06 0.29 0.22 0.2 0,19 2,018 4.508

STOR 26,048 4 4 4 . .36 1.06 0.29 0.22 0.2 0.19  2.018 4

OELTA STOR, ¢ 0 0 0 -0.29 -1.35 -3 077 007 -0.02  -0.08 1.8280 1.982

ACT. EVAPD, 11.374 0 0 0,612 1.%7 2.713 .33 L2 0.81 0.73 .09 0.232 0

OEFICIT 13.295 0 0 0 -0.002 0.406 1.848 4,344  3.974 2,42 0.305 0 0

SURPLUS 3.334 2.4 1.6 0.748 0 0 0 ] 0 0 0 0 0.508

RUNDFF 3.335746 0.514635 0.624190 0.536571 0.572914 0.515622 0.454060 0.417634 0,375889 0.338300 0.304470 0.274023 0.297395

SNOW RUNOFF ¢ 0 0 0 0 0 0 0 0 0 0 0 v

TOTAL KUNDFF  5.335744 0.514655 0.624190 0.534571 0.372914 0.315622 0.464060 0.417654 0,375888 0.338300 0.304470 0.274023 0.297395
KOIST. DETENT. 74.06571 8.531902 9.617712 9.729141 8.866226 7.U00604 5.236343 4,04B889 3.603000 3.244700 2.930230 4.484207 5.676558

RECHARGE  2.941153 1,955344 0, 985809 0 0 0 0 0 0 0 VR 0
SOIL ChP. ' '
RO FACTOR 0.1



RONTHLY WATER BALANCE; THORNTHMAITE-MATHER METHOD

SPOKANE, WASHINGTON

CLAY CAP SOIL

TENP

i/1 HEAT INDEX
. UNADJ PET

SUN FACTOR
PET

PRECIP
PRECIP-PET
ACC. POT. WL

RET. TABLE vaL

PROV, STOR
STOR

UELTA STOR.
ACT. EVAPD,
DEFICIT
SURPLYS
RUNDFF

SNOW RUNOFF
TOTAL RUNOFF
MOLST. DETENT,
RECHARGE
SOIL Cap.

KO FACTOR

0.129398

YEAR JAK FEB HAR RPR NAY JUN Ju AUG sep ot NOV DEC
47.18333 25.7 32.4 37,6 45.8 4.3 617 68,7 68,1 39.4 7.6 34,9 29
. 0 0.01 0.48 1N 3.95 4.1 8.75 8.19 S.4 2.3 0.18 0
0.68 0 0 0.02 0.04 0.08 0.11 0.14 . 0,13 0.1 0.05 0.01 0
30,975 22.9 23.8 30.6 34.2 39.2 39.8 40,1 3b.8 .5 2.9 8.2 4.7
24.689 0 0 0.512  L3B 3138 4318 S804 4.7B4 L3 L3950 0,232 ¢
16.71 .47 1.61 1.36 1.08 1.38 1.23 0.5 0.74 0.71 1.08 2.06 2.4
-1.95% 247 L&l 0740 -0.288 1,756  -3.148  -S.114  -4,004  -2.4¢ -0.715  1.828 2.49
=b6.075 0 0 0 -0.208  -2.04¢ -5.192 -10.306 -14.35 16,79 -17.105 0 0

2351 . 4.19 .17 2. 1,32 0.98 0.94

9B.668. - 7.728 9,318  10.086 .1 6.19 .17 2.2 .32 0.98 0.94  2.768 - 5.298
J5.264  1.7178 8 | 1.1% b 19 L1 2.2 1.32 0.98 0.9¢ 2.768  5.258
0 241 0.2712 0 -0.29  -L52 -2.02  -L97  -0.88  -0.34  -0.04  1.828 2.49
14,624 0 v 0,612 1.3 2.9 3,25 .47 .62 103 142 0,232 0
10,045 0 ¢ 0 -0,002 0.236 1,128 3144 3,184 2.1 0.273 0 0
2,086 0 1338 0.748 U 0 0 0 0 0 0 0 0
2.086 0.000008 0936801 0.804580 0.241374 0,072412 0.021723 0.006517 0.001955 0.000585 0.000175 0.000052 0,000015
0 0 0 0 0 0 0 0 0 0 ¢ 0 0

2.086 0,000004 0.935501 0.804580 0.241374 0,072412 0.021723 0.006517 0.001955 0.000586 0.000175 0.000052 0, 000015

5b.138 7.728002 8.4014V0 8344820 7.813446 £.221033 4,179310 2.202793 1.320837 0.98025) 0.940075 2.768022 5.258006
0 0.129198 0 ¢ 0 0 0 0 0 0 0 ¢
§

0.7



"

Recharqe Rate Calculations Using the Fenn Water Bajance Hethod  HARD INPUT SPOXANE, WASHINGTON CLAY SOIL Cap

MONTH AN FEB AR APR NAY JUN JuL AUB SEP ocy NOV DEC  ANNUAL

PET 0.00 0.00 0.41 1.3 314 4.38 5.61 4.78 3.15 1.40 0.23 0.00 24,47 PET
PRECIP 247 l.b6l 1.36 1.08 1.38 1.23 0.50 0.74 (U] 1.08 2,06 2,49 16,71 PRECIP
RUNOFF COEF 0.25 0.15 0.10 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0,05 0.15 RUNOFF COEF

RO 0.62 0.24 0. 14 0.05 0.07 0.06 0.03 0.04 0.04 0.03 o.10 0.37 1.81 R/0
INFILT. (D) .85 Ly 1.22 1.03 131 1.7 0.48 0.70 0.67 {.03 1.96 2,12 14,90 INFILT, (1)

1-PET 1.85 1.3 0,61 -0.34  -LBY -3 <504 -4,08 <248 -0.1) 1.73 2,12 -9,17 1-PET
SUR-(1-PET) 0.00 0.00 0,00 -0.34  -2.17  -5,38 -10.52 14,60 ~17.07 -17.45 0.00 0.00 5UM-{1-PET)
TABLE VAL, 0.00 1,64 4,09 .07 2.14 1.28 0.94 0.9 :

SOIL MSTR 6,40 7.9 8.00 T.66 b.09 4,07 2.14 1.28 0.94 0.%0 2.483 W4 SOIL WSTR
CHB. SN 1.85 1.37 0,04 -0.34  -1.S) <202 <193 -0.86 -0.34  -0.04 1.73 a1 CHG., 51
ACT.ET 0.00 0.00 0.41 1.37 2.88 i.19 .4 1.56 .04 1.07 0.23 0.00 14,33 ACT.ET
RECH 00 00 0.38 .00 «00 00 .00 .00 D0 00 00 00 0.58 RECH

PET = POTENTIAL EVAPOTRANSPIRATION BAL/ACRE/YR 15683

PRECIP = WEAN MONTHLY PRECIPITAION

RUNDFF COEF. = SURFACE RUNOFF COEFFICIENT (RATIONAL METHOD) AVG USE 6/AC/YR 365000

R/0 = SURFACE RUNOFF IPRECIP  HUMOFF COEF)

. INFILT. = INFILTRATION (PRECIP - R/D)

SOIL MDISTURE = MAXINUM SOIL MOISTURE STORAGE CAPACITY 8.00
CHG.SM = CHANGE IN SDIL MOISTURE STORAGE
ACT.ET = ACTUAL EVAPOTRANSPIRATION (IF I-PET)=0 THEN =PET,
IF HOT I-PET = PET + {1-PET - CHE.SM)
RECH = RECHARGE (PRECIP - R/D - CHG.SM - ACT.ET)
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FAIR GRABSS

LAYER 1

VERTICALL FERCOLATION LAYER
840,00 INCHES
0.4270 VOL/VOL
Q. 0624 VOL/VOL
00,0245 VOL/VOL.
0.0674 VOLL/VOL.
Q.0174000002444 CM/SEC

THICKMNESS

FOROSITY

FIELD CAFPACITY

WILTING FOINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

# 0 H N

LAYER 2

VERTICAL FERCOLATIDN LAYEFR
840.00 INCHES
0. 3339 VOL/VOoL,
Q. 0529 vOoL/voL
0.0245 VOL/VOL
0.0520 VoL svoL
0. 0002899999967 CHM/SEC

THICKENESS

FOROSITY

FIELD CARACITY

WILTING FOINT

INITIAL S0IL WATER CONTENT
SATURATED HYDRAUL.IC CONDUCTIVITY

LI I U O

GENERAL SIMULATION DATA

SC5 RUNOFF CURVE MNUMBER
TOTAL. AREA OF COVER
EVAFURATIVE ZONE DEFTH
UFFER LIMIT VEG., STORAGE 13.9840 INCHES
INITIAL VEG. STORAGE Z.8314 INCHES
SOIl. WATER CONTENT INITIALIZED BY FROGRAM.

55. 25
43560, SO FT
32,00 INCHES

o d o



CLIMATOLUGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SO0LAR RADIATION FOR SFOEANE WASHIMNGETON

MAXIMUM LEAF AREA INDEX =1, 60
START OF GROWING SEASON (JULIAN DATE) = 128
END OF GROWING SEASON (JULIAN DATE) = 267

NORMAL MEAN MONTHLY TEMFERATURES, DEGREES FAHRENHEIT

JAN/JUL FER/AUG MAR/ SERF AFR/0OCT MY /NOV JUM/DEC

B T pRp—— B T R T g puep— —— s ot s s L R —— R -

25,60 E2.40 I7.460 45.80 G54, 30 61,70
67,70 6H8.10 59.40 47 .60 24,90 29,00
A Y

LR R ok R R R R R R R R T R R B R AR R LR DL R LD R T R I L R E SR ORISR A SRR R TR AR

AVERAGE MONTHLY VALUES IN INCHES FDR YEARS 1 THROUGH 20

T e e o e S0 T8 41 o0 St cmh ek Pt o o8 e St 41 b 240 245 vt et S A 220 4 20 St s it 410 S0t e S0 4t 928 e s 00 v @ o 4083 S st s S et i ks, . Sl 088 A it o 29 s

JAN/JUL FEB/AUG MAR/SEF APR/OCT MAY/NOV JUN/DEC

N vt G M e et e G oo o e s fhem e Mo o e fe4 e S S o o e e e i s oo P S ma Bt oo S e

FRECIFITATION

TOTRLS 2.82 1.64 1.45 1.14 1.09 1.1
0.355 Q.73 Q.70 1.14 2.00 2.49
STD. DEVIATIONS 0. P4 0.65 UL b1 Q.58 Q.57 V.76
Q.35 0,55 Q.49 Q. bé& Q.92 Q.bé
RUNQGFF
TOTALS 0. 004 Q. OO0 0. 000 QL. OO0 0,000 0. 001
Q. 000 Q. 000 Q. 000 Q. 000 Q. 000 0. OO0
STD. DEVIATIONS 0.015 0. 000 0. 000 0. Q00 Q. 000 QL Q06
Q. Q00 Q. 000 . QOO QL QOO0 O . QOO O, OO0

EVAPOTRANSF IRAT ION

e e s e St Bt ret A2t e S8t Sk e 208 Sovin e SwR S e

TOTALS 0.470 1.079 1.675 1.224 1.1 1.610

1.149 0.751 0.560 0. 783 Q.69 o, A

STD. DEVIATIONS 0.095 0.111 Q. 604 0.562 Q. 550 QL5480
. 0.429 0.52 0. 452 QL4352 0,194 0,091}

PERCOLATION FROM LAYER 2
TOTALS 0.0264 00,0249 0.0281 QL0261 D.QE00 O, 0300
D.0Z219  0.03E2 & Q.02Z24%5 0.0742  0.0361

STD. DEVIATIONS D.0468 0.0441 0.049%  0.0491  Q.0522  0.051%9

0.0354%9  0.05462  0.0355  0.058% 0.0577  0.0&604
*******************************-»*******«**-»-x-*****--):-******%u--n--rs«x-%-»:-%w&- LR B
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AR RX AR TR AR R KWL AT AR HA S 053655 330 5 20260 5 3606 T 5

AVERAGE ANNUAL TOTALS % (3TD. DEVIATIONS) FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.) FERCENT

FRECIFITATION 16.86  2.199) bL1E16. 100,00

15. 0.0F

RUNGFF Q.003 ( 0.016)
- EVAPOTRANSFIRATION 11.3528% ( 1.3568) 418335, 684734
FERCOLATION FROM LAYER 2 Q.3697 ( 0.6368) 1342, 2.19
CHANGE IN WATER STORABE 4,964 ( 1.618) 18021, =9.44

e W S W X WU R W '!"X"K‘*'!‘**'X"!"X‘*****'K‘******'!‘*******%*******-&-*******-’***-K—%**-*"ﬁ'* L R

**%**************'!'********"********'**********%**%‘ﬁ--!~~¥:~¥.-¥-*%*-******‘I’.--!'**'K“& * F

FEAK DAILY VALUES FOR YEARS 1 THROUGH 20

TS S0 e o e s S st e S B B st St T i h SRR S St Seres s e Sueee wire

CINCHES) (Cu.

FRECIFITATION 1.28 4646, 14

RUNGFF 0. 086 274, 2
PERCOLATION FROM LAYER 2 0. 0067 24,

SNOW WATER 2071 9851.1

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0. 1650
MINIMUM VEG. SOIL WATER (VOL/VOL) O.0208

*******'*****-ﬂ'**********‘%N"*%%******%***'X“X‘*****-’******%***-K-**-}(-*'N-*'*-K- L R R

FINAL WATER STORAGE AT END OF YEOR 20

LAYER C(INCHES) (VAOL./VOL)

1 PI.10 0.1108

z 106.49 0.1268°
SNOW WATER Q.72

L R e S L AR E R TR R E R R X R A SR T LT DRI LTLIETEL LI TRLT L L T LT RS
Fode R Mo Fe R R o 0 I G e K AR K AW TN RS bR R S E L RS EE A ST PLTE T L L ST R T L L L LT
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NARSHALL LANDFILL
KATIVE SOIL COVER
RUGUST, 1987

lliifiiii!ili**l*i!iiiil!i!iiii!!lil!liiililili&ili?!!iiiiii*i{i*li!i{i
ililitiiililili}iiilifililliiiiI!lililifi!iilili*!tifi!iiiilliilili!ifi

FAIR GRASS

LAYER |

VERTICAL PERCDLATION LAYER
24,00 INCHES

0.4370 vOL/vOL

0.0624 voL/voL

0.0245 vOL/vOL

0.1402 voL/voL
0.0174000002444 CM/SEC

THICKHESS

FOROSITY

FIELD CAPACITY

WILTING PDINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

VERTICAL PERCOLATION LAYER
940,00 INCHES

POROSITY 0.5200 vOL/vOL
FIELD CAPACITY 0.2942 voL/voL

KILTING POINT = 0.1400 vOL/VOL
s

THICKNESS

INITIAL SOIL WATER CONTENT 0.2938 voL/voL
SATURATED HYDRAULIC CONDUCTIVITY 0.0001999999949 CH/SEC

LAYER 3

VERTICAL PERCOLATION LAYER

840,00 INCHES
POROSITY 0.3339 voLsvoL
FIELD CAPACITY 0.0579 voL/vou

THICKNESS =
WILTING POINT = 0.0245 vOL/VOL

INITIAL SDIL WATER COMIENT 0.055% voL/vOL
SATURATED HYDRAULIC CONDUCTIVITY 0.0002899999963 C/SEC



GENERAL SINULATION DATA

. SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE I0ME DEPTH 32.00 INCHES
UPFER LIMIT VEG. STORAGE 14,6480 INCHES

INITIAL VEG. STORAGE = 4,8789 INCHES
SOIL WATER CONTENT INITIALIZED BY PROGRAM,

35,23
43340, SQ FT

CLIMATOLOGICAL DATA

-

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AKD

SOLAR RADIATION FOR SPOKANE HASHINGTON
RAYINUM LEAF AREA INDEY = 1.0
START OF GROWING SEASON (JULIAK DATE) = 133
END OF GROWING SEASON (JULIAM DATE) = 267

NORMAL MEAN MONTHLY TEMFERATURES, DEGREES FANRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT NAY/HOV JUN/DEC

( 5
. 25,60 3.4 37,80 43.80 54.30 61.70

69.70 68.10 39.40 47.60 34.90 29.00

<

iliifi{ill{liiiiifﬁiiii!iliiil*i!Iiiii*!iiifilllili{iiiiiiill}iill{}iti

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS ! THROUBH  §

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 240 1Bl L8 117 0.78 112
0.65  0.51 072 L2 230 212
STD. DEVIATIONS  0.62  0.49 .81 0,72 0.39  0.81
0.3L 0.4 0.43  0.20  1.03 0.6l
RUNCFF
TOTALS 0.000 0,000 0.000 0,000 0.000 0.000
0.000 0.000 0.000 0,060 0.000 0.000
. STD. DEVIATIONS  0.000  0.000  0.000 0.000 0,000  0.000
0.000  0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATIDH B-10

TOTALS 0.447 1073 1661  1.350  0.74 1.678

L L1 [ 1) A CIE A AR A e



STD. DEVIATIONS

0.0005 0.0004 0.0005 0.0005 0.0005 0.0003

0.0006 0.0006 0.0006 0.0007 0.0007 0.0007

tiiiil*lil!iii}iiiiiitilflfl{iit*liiii!ffl*lflllii!iill!flii*llili{iiif

ill!!}iii}illlliilliil*l{IiIi!ilil!liiii*{iifliliifi*iiiflillli}il{llli

AVEKAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS I THROUGH S
{INCHES) (Cu. FT.}  PERCENT
PRECIPITATION 16,29 { 1.453) ) 947, 100,00
RUNOFF 0.000 ( 0.000) 0. 0.00
EVAPOTRANSPIRATION 11.708 ( 1.304) 42500, 71.84
PERCOLATION FROM LAYER 3 0.0085 ( 0.0069) 31, 0.05
CHANGE IN WATER STORAGE 8517 LD 16616, 28.09

ilfiiiii*liiil*!iiiiillllil!li!Ii!iliiit!illli!lii{}lili{|li!!*li{l§ill

P R R R R R R R R R R R ARV RO S RO E

PEAK DAILY VALUES FOR YEARS

| THROUGH S

PRECIPITATION
RUNOFF
FERCOLATION FAOM LAYER 3

SHORW WRTER

MAXIMUN VEG. SOIL WATER (VOL/VOL)

KIKINUM VEB. SDIL WATER {vOL/VOL)

(INCHES)

{CU. FT,)

24 4301.2
0.000 0.0
0.0001 0.2

1.04 J781.2

0.1914

0.0508

I R R R T PR R R R LR R R RN R R R R R R R R 04
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FINAL WATER STORAGE AT END OF YEAR 5

LAYER {INCHES) (voL/svoL)

--I-- 78.17 0.0931

2 44.52 0.0554
SHOW WATER 0.33

fl!l§!t|il§*ii&lii§l{iii*i!iiliifiiiiliiiliiii{l*li!il{ifi{i*lififiiiii
i’il!iliiliii!il0!0!%‘{!*"!’!‘lllﬁ'Oifﬁl’iif!iiliﬁll!l’!!"’liii'!?!’!
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| MARSHALL LANDFILL
KATIVE SOIL COVER
AUGUST, 1989

R R Y a2 2 I T PR R R R R R R R R R E A4k
li*liﬂ'iiiiIill}H"Hii*lililii{!illﬂ'liiilifilil‘i!{ii}f!i&&llI'Ii'll*"'*i{

FAIR GRASS

LAYER |

VERTICAL PERCOLATION LAYER

24,00 IHCHES

0.4370 vOL/VOL

0.0624 vOL/vVOL

0.0245 voL/svaL

0.1402 vOL/voL
0.0174000002444 CH/SEC

THICKRESS
4 POROSITY
. FIELD CAPACITY
WILTING POIRT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

-~

n N g

LAYER 2

VERTICAL PERCOLATION LAYER
840.00 INCHES
0.5200 VOL/VOL
<2942 vOL/VOL
0.1400 voL/voL
0.2938 vOL/svoL
0.0001999999949 CH/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

[ B BT BT )

LAYER 3

. VERTICAL PERCOLATION LAYER
: THICKNESS : 840,00 INCHES
POROSITY = 0,3339 VOL/VOL
FIELD CAPACITY = 0.0529 VOL/VOL
WILTING POINT = 0.0245 VOL/VOL B-13
INITIAL SOIL WATER CONTENT = 0.0559 VOL/YOL
SATURATED HYDRRULIC COKDUCTIVITY = (0,0002899999963 CH/SEC



GENERAL SINULATION DATA

‘ . SCS RUNDFF CURVE NUNBER

. TOTAL AREA DF COVER
i EVAPORATIVE 10ME DEPTH
UPPER LIMIT VEB. STORAGE 14,6480 INCHES
INITIAL VEG. STORAGE 4.878% INCHES
SOIL WATER CONTENT INITIALIZED BY PROGRAM.

35.23
43560. SQ FT
32,00 INCHES

®“ n H n

CLIMATOLDGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AKD

SOLAR RADIATION FOR SFOKANE NASHINGTON
NAXINUM LEAF AREA INDEX = 1.40
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 247

NORMAL MEAN MONTHLY TEMPERATUKES, DEGKEES FAMRENHEIT

JAN/JUL FEB/AUG HAR/SEP AFR/OCT RAY/NOV JUN/DEC

-~

) . 25,40 3240 17,460 45.80 54,30 61.70
69.70 88. 10 59,40 47.60 34,90 29.00

AR R R R C R B R R R R R R R R PR R R R R R R R R R R R R R R R R Rt

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/DCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 2.4 1BI L4 L17  0.78  1.12
0.63 0.72 L2 230 2.12

STD. DEVIATIONS ~ 0.62  0.49 0.8 0.72  0.39 0.5l
0.3 0.48  0.43  0.30  1.03 0.6l

RUNOFF
TOTALS 0.000 0.000 0,000 0,000 0.000 0,000
0.000 0,000 0,000 0,000 0,000 0.000
>
. STD. DEVIATIONS ~ 0.000  0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION

L T T Sy,

TOTALS 0.447  L.073  1.661 1,350 0.738 1.678

1 N0 A C©3INn A S A nrA A wm

B-14



i STO. DEVIATIONS  0.053 -0.134 0,337 0.562 0.303  0.547.

0.450  0.472  0.349 0.211 0.153 0.108

PERCOLATION FROM LAYER 3

: -TOTALS 0.0006 0.0005 0.0006 0,0006 0.0007 0,0007
. 0.0007 0.0008 0.0008 0.0008 0.0008 0.0009

STD. DEVIATIONS  0.0005 0.0004 0.0005 0.0005 0.0005 0.0005
0.0006 0.0006 0.0006 0.0007 0.0007 0.0007

FREEREFRE RSB ERER £ PR E R R R R R R R R E R FE N 4 HEERFRELERNE

flii*!il*l‘il!liﬂ'ﬂ'lllﬂ'iiiiliflllilfl*liﬂ'iiiil!lii*liliiili}ﬂ-iliif!l’

AVERAGE ANKUAL TOTALS & (STD. DEVIATIONS) FOR YEARS | THROUGH 5

(INCHES) (CU. FT.}  PERCENT
PRECIPITATION I;:;;---;-;:;;;; ----59147. 100. 00
RUNOFF 0.000 ( 0.000) 0. 0.00
EVAPDTRANSPIRATION - 11708 € 1.308) 42500. 71.86
PERCOLATION FROM LAYER 3 0.0085 ( 0.0049) 3. 0.05

CHANGE IN WATER STORAGE 5517 (LD 14618, 28.09

{ . ili’!i"ﬂﬂi*i!*illll!ll'iiiH{!lflfl*‘lll"’il‘lﬂ'l{'iilil!iliiill*iiliﬂ'}i
hY

PRER R R E AR R E R R R T R R R R F R 1 R R AR R R R R R R R R E

PEAX DAILY VALUES FOR YEARS | THROUGH S

{INCHES) ICu. FT.)

PRECIPITATION .24 4501.2

RUNDFF 0.000 0.0
FERCOLATION FROM LAYER 3 0.0001 0.2
SNOW WATER 1.04 3781.2
HAXIMUM VEG. SOIL WATER (VGL/VOL) 0.1914
HININUM VEG. SOIL WATER (VOL/VOL) 0.0508

ii*illiliﬂ'lfll’f!iiiil*iii}iii!iH'Iilll*iii!i*!ll{l!iil*lil**iH‘iifili

,/ .

{'lilN‘iiilflfll*il{!-ﬂ'iliIH'HNIIN}!il‘llii{lilil!iilil!iitilil*i!iliili B - 1 5

’ FINAL WATER STORASE AT END OF YEAR §
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FINRL WATER STORAGE AT END OF YEAR 5

s LAYER {INCKES)
® T T
2 2447

3 b2.24

SNOW WATER 0.33

{voL/voL)

- > o

0.0741

R R R P R R R R R R R R A TR A R R R R R R R R Y
PR R R R R e PR R R R R PR R RN R P RS R E R LR E LR R
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MARSHALL LANDFILL
CLAY TOP CapP
AUGUST, 1989

fifi*i**iIi}flii!iiiii!iililiiliiiiiiii{llfliiliiiiﬁiiflllf!i!liil‘if%*
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FAIR BRASS

LAYER |

—mewnn--

VERTICAL PERCOLATION LAYER
THICKNESS = 12.00 INCHES

FOROSITY 0.4370 VOL/VOL
FIELD CAPACITY 0.0624 VOL/VOL

#ILTING POINT 0.0245 voL/voL
INITIAL SOIL WATER CONTENT 0.2379 voL/voL

SATURATED HYDRAULIC CONDUCTIVITY 0.0174000002444 CM/SEC

LAYER 2

BARKIER SOIL LINER
THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

"

24.00 INCHES
0.4300 vaLsvoL
0.3663 vOL/VOL
2802 VOL/VOL
0.4300 voL/voL
0.0000001000000 CM/SEC

"8 W 0 on

LAYER 3

YERTICAL PERCOLATION LAYER
840,00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0. 1400 VOL/VOL B-17
0.2765 VOL/VOL
0.0001999594949 CH/EE

THICKNESS

FOROSITY

FIELD CAPACITY

WILTING POINT

IHITIAL SOIL WATER CONTEMWT
SATURATED HYDRAULIC CONDUCTIVITY

H o o g n g



LAYER 4

VERTICAL PERCOLATION LAYER
840.00 INCHES
0.333% voL/voL
0.0529 voLsvOL
0.0245 vOL/vOL
0.0542 vOL/vOL
0.0002899999963 CM/SEC

* : THICKNESS
. POROSITY
FIELD CAPACITY
RILTING POINT
INITIAL SOIL WATER CONTENT

SATURATED HYDRAULIC CONDUCTIVITY

GENERAL SINULATION DATA

SCS RUNDFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPCRATIVE 10ME DEPTH
UPPER LIMIT VEG. STORAGE 5.2440 INCHES
INITIAL VEB. STORAGE 3.025% INCHES
SOIL WATER CONTENT INITIALIZED BY PROSRAM.

35,25
43560, S0 FT
32.00 INCHES

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TENPERATURES AND

SGLAR RADIATION FOR SPOKANE WASHINGTON
KAXTHUM LEAF AREA INDEX = 1,50
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 247

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JANIIUL FEB/AUG NAR/SEP APR/OCT HAY/NOY JUN/DEC

25.60 32,40 37.60 43.80 4.30 61.70
§9.70 68,10 39.40 42,60 34,90 29.00

i“&ﬂ'ilfH'I‘ll*}!ﬂ'}!ifllif!lll‘lili!li!lliililii*!illItlil!lfﬂ'l{iillll

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUSH

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

TOTALS 244 1.8
B-18
ST0. DEVIATIONS ~ 0.62  0.49  0.81  0.72  0.39 0.5



RUNOFF

oo

TOTALS 0.068 0.580 0.269 0,006 0.005 0.038
0.018 0.017 0.000 0,007 0.134 0.024

STD. DEVIATIONS  0.027 ~ 0.103  0.335 0,014 0.011 0.040
0.020  0.038 0.000 0.012 0.081 0.040

EVAPOTRANSP IRATION

TOTALS 0.431 1.084 1.644 1.380 0.693 1.699
3,376 0.560 0.511  0.975  0.774  0.414

STD. DEVIATIONS  0.053 0.132 0.350 0.832 0.272 0.592
0.238  0.436 0.342 0,199 0.144 0.110

<
il

PERCOLATION FROM LAYER 2

3 N

TOTALS 0.1416 0.1415 0,1523 0.1425 0.1443 0.136
0.1236

0.1019 0.0000 0.0000 0.0035 0.0592

STD, DEVIATIONS  0.0066 0.0022 0.0028 0.0021 0.0006 0.0019
0.0164 0.0000 0.0000 0.0079 0.02872 0.0119

PERCOLATION FROM LAYER 4

TOTALS 0.0002 0.0001 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0,0002

STD. DEVIATIONS  0.000f 0.000f 0.0001 0.0001 0.0001 0.000!
0.0001 0.0001 0.0001 0.000f 0.0001 0.0001

R R R R R R R R R R R R R P R R PR R R R R R R R R R Y

B R R R A R R R R R R R R R RN R R R RS

AVERAGE ANNUAL TDTALS & (STD. DEVIATIDNS) FOR YEARS | THROUGH 3

(INCHES) {CU. FT.)  PERCENT
PRECIPITATION 16,29 1 1.65) 59147, 100,00
RUNGFF 1,187 € 0.265) 4236, .14
EVAPOTRANSP IRATION 13.561  ( 1.246) 49225, 83.22
PERCOLATION FRONM LAYER 2 1.1469 ( 0.0296) 4143, 7.04
PERCOLATION FROM LAYER 4  0.0021 .( 0.0000) 8. 0.01
CHANGE IN WATER STORAGE 1,568 ( 1.409) 3678, .60

R P R R R P R R R PR R R R R R R L R R AR R R Y
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PERK DAILY VALUES FOR YEARS | THROUGH 5

(INCHES) (CU. FT.)

- FRECIPITATION - —— - — - 1,24 4301.2
RUNDFF 0.416 1509.5
PERCOLATION FROM LAYER 2 0.0031 18.4
.HEAD OR LAYER 2 12.2
PERCOLATION FROM LAYER 4 0.0000 0.0
SNOW WATER 1.04 3781.2
MAXIMUM VEG. SOIL WATER (vOL/VOL) 0.4370
WINIMUM VEG. SOIL WATER (VOL/VOL) 0.01856

P R R RO RS L R R R R R R R R R R R R H I 4

R R R R R R R R I R F R T L R R P E R R E L E R E SR E

FIRAL WATER STORAGE AT END OF YEAR  §

LAYER {INCHES) (VOL/vOL)

-‘;" - 4,78 0.2987

2 10.32 0.4300

M 212,62 0.2749

4 90.83 0.0605
SKOW WATER 0.33

R R R R R R R R R R R R R R R R RN R L SR R R RSV RS F R ER RN
P R R R R D R R R R PR RO R RN R RN R RS
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MARSHALL LANDFILL
HEMBRANE TOP CAP
AUGUST, 1989
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FAIR GARASS

VERTICAL PERCOLATION LAYER

12.00 INCHES

0.4370 voL/voL

0.0624 voL/vOL

0.0245 vOL/vOL

0.2781 vOL/vOL
0.0174000002444 CN/SEC

THICKNESS

PORDSITY

FIELD CAPACITY

WILTING FOINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC COMDUCTIVITY

--------

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

THICKNESS = 12.00 INCHES

PORDSITY 0.4000 VOL/VOL

FIELD CAPACITY 0.3560 vOL/vOL

WILTING POINT 0,2899 voL/voL

INITIAL SDIL WATER COMTENT 0.4000 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY 0.0000000100000 CM/SEC
LINER LEAKAGE FRACTION 0.00001000 '

LAYER 3

-

VERTICAL PERCOLATION LAYER

840.00 INCHES
0.5200 vOL/vOL
0.2942 vOL/VOL
0. 1400 voL/vOL
0.1400 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

NILTING POINT

INITIAL SOIL WATER CONTENT

CATHCATER (IUANAIN 1A AALAL ATt e e,

B-21



LAYER 4

VERTICAL PERCOLATION LAYER

840,00 INCHES
0.3339 voLsvoL
0.0529 vaL/svoL
0.0245 voL/voL
0.0324 VOL/VOL

THICKKESS

PORGSITY

FIELD CAPACITY

HILTING FOINT

INITIAL SOIL NATER CONTENT
SATURRTED HYDRAULIC CONDUCTIVITY

o n N u

GENERAL SIMULATION DATA

5CS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE 20NE DEPTH
UPFER LINIT VEG. STORAGE 5.2440 INCHES
INITIAL VEG. STORAGE 3.2664 INCHES
SOIL WATER CORTENT INITIALIZED BY PROGRAN,

53.25
43560, S0 FT
32,00 INCHES

H ou H n

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY YEMPERATURES AND

SOLAR RADIATION FOR SPOKANE . WRSHINGTON
MATINUN LEAF AREA INDEX = .60
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GRONING SEASON (JULIAN DATE) = 267

NORMAL NEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

0.0002899999963 CH/SEC

JANSJUL FEDB/AUB NRR/SEP APR/OCT MAY/HOV JUN/DEC
25.40 12,40 31.60 43.80 94,30 61.70
69.70 68.10 99.40 47.50 34.90 29,00
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AVERAGE MONTHLY VALUES [N INCHES FOR YEARS 1 THROUGH . 3

JAN/JUL FEBJAUG MAR/SEP APR/OCT MAY/NDY JUN/DEC

PRECIPITATION

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

10TALS 2.4 181 L4 L1707 112
0.6 051 072 L2 230 2.12

STD. DEVIATIONS  0.62 0.49 0,81 0.72 039 0.b1
i 0.31  0.48 043 030 103 0.1

RUNOFF

T0TALS 0.140 0.941 0,319 0,006 0.004 0.040
0.018 9,017 0,000 0.007 0,134  0.024

ST0. DEVIATIONS  0.112 0,177 0,380 0,044 0.009 0,042
0.020 0,038 0,000 0.012 0.081 0.040

EVAPOTRANSP IRATION

TOTALS 0.450 1,077 1,638 1,384 0.633 1,754
1.875 0,709 0.491 1,021 0.753 0.411

STD. DEVIATIONS  0.053 0.134 0,342 0,629 0,195 0.b45
0.150 0,573 0,330 0.136 0.121 0,109

PERCOLATION FRON LAYER 2

TOTALS 0.0000 0,0000 0,.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0,0000 0.0000 0.0000 0.0000

STD. DEVIATIONS  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0,0000 0.0000 0,0000 0.0000

PERCOLATION FROM LAYER 4

TOTALS 0.0000 0.0000 0,0000 0.0000 0.0000 0,0000
0.0000 10,0000 0.0000 0,06000 0,0000 0.0000

7D, DEVIATIONS  0.0000 0,0000 0.0000 0.0000 0,0000 0,0000
90,0000 . 0.0000 0,0000 0,0000 0.0000 0.0000

I I I L R L R A AR A R AR R d Rt e f i AR d
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YERRS 1 THROUGH 5

{ . (INCHES) (CU. FT.)  PERCENT
PRECIPITATION 16,29 ( 1.653) $9147. 100,00
RUNOFF 1,650 ( 0.291) s988.  10.12
EVAPOTRANSPIRATION 10,226 (1.2 51642, B7.31
PERCOLATION FROM LAYER 2 0.0000 ( 0.0000) 6 0.00
PERCOLATION FROM LAYER &  0.0000 ( 0.0000) 0. 0.00
CHANGE IN WATER STORAGE 0,418 ( 1,395) (517, 2.5

PEERE AR R R R R L E R R R R R R R R R R R R R R R R R R PR R RN

ili}i!i!i*llliilf‘liiiil{illi*{li!*Iliiii}illl*iil*ii!liiiilii*iiiili!{

PEAY. DAILY VALUES FOR YEARS 1 THROUSH 3

(INCHES) {CU. FT)

) . FRECIPITATION 1.24 1501.2
) RUNOFF 0.485 1760.8
PERCOLATION FROM LAYER 2 "0.0000 0.0
HEAD ON LAYER 2 12.1
PERCOLATION FROM LAYER 4 0. 0000 0.0
SKON UATER 1.04 3781.2
MAXTMUN VEG. SOIL WATER (VOLIVOL) 0.4370
MININUM VEG. SOIL WATER (VOL/VOL) 0.0187

P TR T I T AR T A R R i R R AL R S R R daiatadadashy
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FIMAL WATER STORAGE AT END OF YEAR 3§

LAYER (INCHES) {voL/svoL)

T T

2 4.80 0.4000

3 117.60 0.1400

4 21.18 0.0324
SNOM WATER - 0.33

R R R R R R R R R R R R R R R R R L E R PR R LR R R R LR L R R E
FEE AR IR R R R R R R R R R R R R R R R R R R R R R R
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