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1. INTRODUCTION

1.1 GENERAL INTRODUCTION

1.1.1 Proposal Location, Nature, and Sponmsor

Dawn Mining Company, operators of a uranium milling operation near Ford, Washingtom,
have requested permission to expand their existing mill tailings disposal facility
by comstruction of a 28 acre membrane-lined, sub-grade impoundment contiguous

with their existing disposal facility.

1.1.2 Lead Agency

The governmental agency responsible for the proposed action is the Washington
State Department of Social and Health Services, Radiation Control Umit. (DSHS)

1.1.3 Authors

This document has been prepared by Dawn Mining Company personnel at the request
of the DSHS. The principal author is Norman J. Lehrman, Chief Geologist for
the Company. Important contributors to the project include: Jack E. Thompson,

Resident Manager, Walter R, Lawrence, Mill Superintendant, Robert E. Nelson,
Radiation Control Officer, and Phillip A Heninger, Geologist.

1.2 LIST OF ALL KNOWN LICENSES REQUIRED
Washington State Department of Ecology Waste Discharge Permit (gramted Nov. 7, 1975)

Washington State Radioactive Materials License (expires Aug. 31, 1979 - renewal
application submitted)

Washington State Permit to Appropriate Public Waters (granted Oct. 3, 1956)

1.3 SUMMARY OF CONTENTS

1.3.1 Proposal and Objectives

In order to provide additionmal storage capacity for mill tailings produced by their
uranium milling operation near Ford, Washington, Dawn Mining Company has proposed
a state-of-the-art, 28 acre, membrane lined, subgrade disposal facility. The
proposal is designed to meet foreseeable capacity needs with the best available
technology for hazardous materials storage and environmental protection.
Implementation of the proposal is necessary for continued operatioms at the Dawn
mill but will not affect either the process or rate of milling.



1.3.2 Potential Impacts

1.

Mitigation of present seepage problems leading to increase in ground-
water quality.

Mitigation of long-term land surface disfigurationm.
Reinforcement of existing i-pounénnnE dikes.

Restricted land usage options, in perpetuity.

Incentive for reductions in water usage by milling operation.

Potential seepage from liner leaks leading to continued groundwater
degradation.

1.3.3 Alternatives Considered

Four principal alternatives were studied:

1.

Vertical additions to present impoundment dikes
(rejected: less secure long-term 1solatiom of tailings; would not halt
seepage recharge; wuuld not provide reclamation materials)

Construction of new above-grade dike impoundment

(rejected: Less secure long-term isolation of tailings: greater surface
area requirements per unit volume capacitv; would not provide
reclamation materials)

Construction of a lined subgrade : »srage pit

(selected: more costly, but halts seepage recharge; provides secure
long-term {solation; produces needed reclamation materials without
additional excavation; minimizes disrupted surface area per unit capacity)

"No action" alternmative

(rejected: equal volume berrow pit still required for reclamation
materials, but no meaas of restoration of that pit exists; Serious
socioeconomic impacts through job loss without significant off-
setting environmental gains; loss of approx. 2% of nation's uranium
production in time of need).

1.3.4 Measures to Mitigate Impacts

No reasonable, economically feasible altermative is known to exist that could
attain the proposed objective at lower environmental cost The selected alter-
native is signiricantly more environmentallyattractive than even the "no action"
alternative due to the irreversible features of previously deposited tailings.

1.3.5 Remaiging Unavoidable Adverse Impacts

The 28 acre disposal site will be added irreversibly to the existing area that

will require perpetual usage restrictions, surveillance, and care to prevent
dispersal of tailings materials.
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2. DESCRIPTION OF THE PROPOSAL

2.1 INTRODUCTION

2.3.1 Lead Agency and Project Title

In compliance with the state rnvirommental policy act of 1971 (SEPA), Dawn Mining
Company has been instructed by the Washington State Department of Social and Health
Services (DSHS), Radiation Ccatrol unit, to prepare and submit the following
environmental impact statemen® for a project collectively referred to as the

DAWN TAILINGS DISPOSAL FACILI'Y EXPANSION.

2.1.2 Locatiom

The project site is located near Ford, Wa., about 25 miles northwest of Spokane.
The accompanying general location map (figure 2.1) illustrates the location of the
Dawn Mining Company Millsite and the associated project area.

2.1.3 Scope of Present Study

Since the present proposal involves a relatively minor addition to an extensive
pre-existing uranium milling and tailings disposal facility, ambiguities exist
concerning the specific scope of this document. The following comments should
help to focus the attention of concerned agencies, groups, and individuals to the
specific project here considered.

1. The proposal for which approval is sought is an addition to existing
tailings disposal facilities consisting of a membrane-lined, sub-grade
excavation to provide permanent storage of solid wastes and temporary
storage of liquid wastes generated by the on-going Dawn Mining Company
uranium milling operation near Ford, WA.,

2. The existing environmental conditions studied inciude both traditiomal
base~line conditions and features related to the past and present uranium
milling operatioms.

3. The potential impacts discussed are those related to the present proposal
only. Past and present impacts related to the on-going operatioms, actual
or potential, are discussed only insofar as they are affected by the
present proposal.

4. The potential impacts discussed emphasize those directly related to the
proposed tailings disposal facility expansion project. However, since
the project is part of a larger uranium mining and milling operation, the
major aspects of these related operations are discussed as well.

The proposed project, or some equivalent alternative, is necessary for
continued milling operations. The project will not affect either the
process or rata of on-going operations if implemented.

5. The overall mining and milling operations are subject to periodic review
and licensing requirements falling outside the scope of th# document.
However, much of the data here presented are relevant to mill licensing
considerations, and much is present in Dawn's current application for
license reneva' that is relevant to this document. Where 83PS or
omissions a.. apparent in either document, the concerned reader is asked
to review pertinent sections of the companion compilation.
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2.2 MAJOR PHYSICAI, AND ENGINEERING ASPECTS OF THE PROPOSAL

2.2.1 General Project Description

In response to the company's imminent requirement for an increase in tailings
disposal capacity, a state-of-the-art, fully lined, subgrade disposal system has
been designed.

A pit will be excavated into sand and gravel deposits south of and contigpuous to

the present tailings impoundment. The surface area at natural ground level will

be 1,224,800 square feet (28.12 acres). The structure would be 65 feet deep, below
grade, with inslopes at 1 vertical om 3 horizontal. Some of the excavated materials
will be used to comstruct a 35-foot high dike/stockpile around the new structure,
and the remainder will be strategically stockpiled around the periphery of the
existing impoundment. The stockpiled material will later be used to cap the entire
disposal facility after final termination of milling operations.

The excavation will be lined with 20-mil, fabric reinforced, synthetic rubber
(Hypalon) to a height of five feet above ground level and covered with a one to
two foot layer of stabilized sand. Ax under-drain system will be installed above
the floor liner to facilitate dewataring of the tailings at the time of final
decommissioning.

The total volume available for tailings storage to ground level will be 2.05
million cubic yards, which is adequate for approximately thirteem years of mill
production at the present rate of 160,000 tous per year. The five vertical foot
lined area above ground level may be used for temporary solution storage during
the final stages ol pond life.

A tentative reclamation and long-term stabilization plan has been formulated,
pending promulgation of final regulations addressing the subject. As presently
coutlined, the company will cap the total disposal facility with a two foot thick
compacted clay member, overlain by a further eight foot layer of sands and gravels
derived from the present project excavations. Outslopes on existing dikes will

be moderated to one vertical on five horizontal. The entire disturbed zome will
be revegetated, insofar as is possible, with native species.

After reclamation, stabilization, and revegetation work is completed, the
Company will comply with the provisions of the Washingtom State "Mill Licensing
and Perpetual Care Act of 1979" sectioms 3.1(b), 2(b), 6, 7, and 8, or the
current laws in effect at the time of the event.

2.2.1.1 Subgrade Excavation Design

The site of the propcsed excavation is immediately adjacent to the southwestern
corner of the existing tailings impoundment complex. (See Figure 2.2) It lies
fully within the present fenced restricted area.

The excavation will principally encounter sands and gravels deposited by glacial
meltwaters and may reach che surface of deeply weathered basalt bedrock in the
westernmost part of the pit floor. Figures 2.3 and 2.4 are a plan view and cross
section of the proposed excavation illustrating the overall pit configuration and
the geological materials that will be encountered.
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Where the proposed excavation adjoins the eidsting dike impoundment, a fifty foot
wide bench will be preserved at the downstream toe of the dike to assure structural
integrity of the dam foundation while pit excavation is underway.

Pit inslopes will be maintained at 3 horizontal on 1 vertical. If sharp or irreaz-
ular geologic units are encountered by the excavation, they will be blanketed with
fine sands to provide a smooth base for liner installation.

Ingress and egress ramps for the excavation work will be located at the northern
and eastern extremes of the pit area.

General requirements for rigorous structural engineering design for the excavation
are minimal. Since impoundment failure is precluded by the subgrade design, the
only significant enginesring concerms are those that could effect the integrity
of the liner system. Three key considerations relative to liner performance are:
1. slumpage of the excavation inslope,
2. differential compaction of the foundation materials,
3. slumpage of the membrane cover layer.

2.2.1.1.1 1Inslope Stability

Natural angles of repose for the uncomsolidated sands and gravels are from 38 to

42 degrees (1.28 h to lv; 1.11 to 1l,respectively), as measured along stream cutbanks.
Slopes of 1.5:1 have been maintained without problem along portions of the

existing dike impoundments.

From these observations, it is clear that the safety factor of the design inslopes
at 3h to lv is adequate.

2.2.1.1.2 Differential Compaction Potential

The only expected discontinuity in the pit flosor is the interface between the

basalt bedrock foundation which may be encountered in the easterm floor of the
excavation and the thick glaciofluvial section to the west. Differences in com-
paction behavior are to be expected. However, since the materials excavated are
comparable in weight to the materials being introduced into the facility (tailings),
the foundation is essentially pre-stressed. In addition to these natural compactive
processes, the operation of heavy construction equipment on the pit floor will
enhance existing levels of compaction to the point that tailings-induced differential
compaction will be negligable.

2.2.1.1.3 Membrane Cover Slumpage Potential

The synthetic membrane liner will be covered with one to two feet of chemically
stabilized sands. 'early, the smooth membrane surface forms a slick, pervasive
discontinuity plane.

The design inslope of 3:1 is premised on the experience of the contractor that
installed the membrana liner om a similar installation for the nearby Western
Nuclear Sherwood Project (N.A.Degerstrum Inc., Spokare). That installation
urilized inslopes of 2.75h to iv and a cover layer identical to that here proposed.
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According to discussions with Western Nuclear personnel, the cover has shown excel-
lent stability characteristics to date.

The gentler 3h to lv slope proposed by Dawn should further assure cover stability.
2.2.1.2 Above-ground Dike Design

The five foot, membrane lined portion of the above ground dike mentioned in section
2.2.1 may be used for solution storage when the pit is nearly full. A typical
section of the overall dike/stockpile is shown in figure 2.5. Material to be used
for dike construction will be taken from the upper layer of sands and gravels

from which all previous dikes have been constructed at Dawn. Maximum rock
dimension is less than 4 inches. Each lift during construction will be 12" thick
and will be compacted oy use of a minimum 25,000 pound vibratory compactor.

This will allow compaction levels in excess of Department of Ecology requirements.
Moisture content will be maintained so as to insure proper compaction. The

original safety berm and dam construction removed most of the topsoil from "'z area;

what remains will be excavated. Tha previous dams constructed at the site have
shown good bonding between embankment and foundations. The upstream side of the
dike will be lin¢d by the same method as the subgrade portion of the tailings
impoundment. Residual freeboard will be maintained greatly in excess of 5 feet.
Side slopes on the dike will be 3h:lv upstream and 2h:lv downstream. Top width
will be 30 to 35 feet, double the Department of Ecology requirement of 15 feet
for this height of dam.

It should be noted that the upper portion of this dike is basically a reclamation
material stockpile, under no foreseen circumstances to be used as an impoundment
dike beyond a level five feet above ground surface. This portion will be lined
and utilized only for temporary solution storage.

2.2.1.3 Pond Liner .

The entire pit floor and side slope surface will be lined with a fabric-reinforced
30-mil synthetic rubber (Hypalon) liner. The liner membrane will be carried up
the dike inslope to a level five vertical feet above the original ground surface
elevation in order to permit the lower part of che above-grade area to be

utilized for solutiom storage during the final stages of pond life.

A one foot thick cover layer of stabilized sand will be placed over the membrane
to prevent aerodynamic wind billowing and to shield the membrane from ultraviolet
rays for longer life. Membrane anchorage will be achieved by means of peripheral
trench burial in accordance with recommended practice.

2.2.1.4 Reclamation Material Stockpiles

The subgrade pit excavation will generate sufficient volumes of sand and gravel to
provide for anticipated long-term site reclamation needs for the entire tailings
dicposal area. To facilitate utilization of these materials for reclamatiocan
purposes in the future, Dawn intends to stockpile the sands and gravels in piles
surrounding existing tailings ponds. This plan will have the additiomal benefit
of reinforcing existing dikes. Figure 2.6 illustrates the intended :rockpile
areas. An interrim vegetative cover will be =stablished on the stoci .niles to
reduce wind and sheet-wash erosion.
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2.2.1.5 Underdrain System

Since the proposec facility will be fully lined, normal dewatering by means of
seepage into the substratum is precluded. It is therefore necessary to provide
a system capable of aiding in the dry-out phase of reclamatiun and long-term
stabilization.

Engineering studies are still in progress to determine -he optimum configuration
for the drainage duct system. Generally, the system envisioned would include an
underdrain grid of French or pipe drains feeding into a combined French/perforated
PVC pipe collection sump where solutions can be pumped to the surface for disposal
by evaporation. Tt will likely be necessary to cover the drain system with a

polyester filter fabric to prevent clogging of the drainage ducts with tailings
fines.

The potential for inducfung liquid migration towards underdrain lines by electro-
kinetic densification proceedures developed by the Bureau of Mines (Sprute and
Kelsh, 1974) is being researched, and may be incorporated into the dewatering
plan if feasable.

2.2.1.0 Reclamation and Long-Term Stabilization

Pursuant to the Washington State "Mill Licensing and Perpetual Care Act of 1979"
and based on the guidelines presented in NUREG - 0511, Draft Generic Enviromnmental
Statement, Dawn has developed the following planned program for reclamation and
long-term stabilization of the tailings disposal facility. This plan may be
modified upen promulgation of final regulations or im accordance with those in
effect at the time of the event.

The following steps will be taken to stabilize the tailings pond:

1. The tailings will be allowed to dewater for a period of 1 - 3 years to
allow heavy equipment to work on the tailings surface. Interim dust
control measures (sprinkling or wood chip cover) will be taken to
control wind dispersioa of tailings.

2. Tailings surface will be graded to enhance drainage.

3. A layer of clay 2 ft. thick will be placed and compacted over the
tailings surface.

4. An additional layer of fill 8 ft. thick consisting of sands and gravels
will be placed overlying the clay.

5. No topsoil will be added to this cover since the area surrounding the
project site has minimal natural "A" horizon soil development.

6. The cover over the tailings will be graded and contoured so as to
eliminate the possibility of ponding of precipitation over the area.

In addition,the out-slopes of the cap layer will be reduced to a slope
of 5 horizontal to 1 vertical by the addition of fill material along the
peripheries.

7. The entire area will be seeded and fertilized to stabilize the cover.
Natural reforestation will ensue fairly rapidly as evidenced by 20 ft.
plus trees presently growing on the abandoned tailings berm around areas
#1 and 2.

8. The revegetation effort will be monitored for success and remedial
measures will be taken to insure coverage of the area.

O
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With respect to the final disposition of the facility, Dawn Mining Company will
comply with the provisions of the Washington State "ill Licensing and Perpetual
Care Act of 1979" sectiomns 3.1(b), 2(b), 6, 7, and 8, or the current laws in
effect at the time of the event.

2.2.2 Timing of Phased Operations

2.2.2.1 Construction Phase

The detailed steps involved in the construction phase and their approximate timing
are summarized in Table 2.1. It should be specifically pointed out that Dawn's
existing tailings disposal ponds will be filled by mid-1980, by which time new
pond areas must be available. To comply with this scheduling requirement, constru-
ction work on the proposed facility will need to begin no later than January, 1980.

2.2.2.2 Operations Phase

Beginning in mid-1980, the new facility will be utilized as a disposal site for
tailings solids and solutions generated by the uranium milling process. If
utilized to full design capacity, the solids will f11l the pit to original ground
level by mid-1993, at which time the area would be taken ocut of service.

2.2.2.3 Post-Operations Phase

After useage ishalted, a 1 to 3 year dry-out period will ensue. Interrim dust
control measures will be implemented as necessary. After the surface of the
tailings material has dried sufficiently for heavy equipment access, the
reclamation and stabilization measures described in sectiom 2.2.1.6 will be

initiated. The process should be complete and vegetative cover well established
by 1999 or 2000.

2.3 OTHER OPERATIONS RELATED TO PR/ JECT

2.3.1 Introduction

The proposed project is part of a uranium mining and milling operatiom. While

the project will result in no changes in either the processes or rates of mining
or milling, construction of the facility is necessary to permit present operations
to continue. in order to better provide an understanding of the overall context
of the project, the nature of the mining and milling operation is here summarized.

2.3.2 Mining

Uranium ore fed to process at the Dawn mill is obtained from the Midnite Mine,
located 13 miles airline WNW of the millsite. The mine is on the Spokane Indian
Reservation, on land leased by Dawn from the Spokane Tribe of Indians.

The deposit consists of relatively compact, high-grade orebodies distributed along
the contact between a 70 million year old quartz monzonite intrusive and 1.2
billion year old metasediments of the Togo formation. The orebodi. ; are

typically mineralized breccias occuring within pyritic, carbonaceous facies of the
Togo. Principal ore minerals are pitchblende (uranium dioxide) and autunite

(hydrous calcium-uranium phosphate). Average ore grades over the life of the
mine hz » fluctuated between 0.10% and 0.252 U30g.

O
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The deposit was discovered in 1954 and has been operated by Dawn Mining Company
until the present time. To date, over 10 »illion pounds of U,0, have been
recovered from about 2.2 million tons of ore averaging 0.2252% Ugos.

The deposit is mined exclusively by open pit methods. Production has been from
eight essentially separate pits, all but three of which have been backfilled with
waste from subsequent mining. Waste to ore ratios have gradually increased over
the years from about 2:'l to nearly 30:1 today. Maximum depths of excavation have
also increased from about 100 feet to depths of over 500 feet.

Total mine life expectancy remains open-ended. Exploratory drilling is continuing
to increase proven reserves and delineate favorable targets. Dawn has announced
reserves totaling 937,000 tons averaging 0.143% U,0, (as of year end, 1978).

These reserves are sufficient to provide mill Eeea gor nearly six years.

Potential for the development of proven mineable reserves in addition to this
amount is considered excellent.

All mining operations (and eventual reclamation work) are conducted under plans

approved by the Department of Interior Bureau of Indian Affairs and the U.S.
Geological Survey.

2.3.3 Ore Hauling

Ore is trucked from the Midnite Mine to the Dawn mill at Ford by means of contracted

25 ton truck-trailer rigs. A company-owned and maintained haulage road comnects
the minesite with a paved county highway which extends to Ford. The trucks then
follow state highway 231 about one-fourth mile west to the mill access roadway.
Total one-way distance from mine to mill is 18 miles. During winter and spring
periods when road conditions become hazardous, ore haulage is interrupted and the
mill is fed from stockpiles maintained at the millsitr.

2.3.4 Milling

From millsite ore stockpiles, ore is delivered to the primary crusher system by a
rubber-tired front-end loader.

Primary crushing operations are conducted om a one-shift per day basis by means of
a jaw crusher and a three foot Symons cone. After screening, the material passing
5/8ths inch is mechanically sampled and conveyed to one of a series of five fine
ore bins. Crushed ore from the bins is blended to yield a constant grade mill
feed (currently 0.13 to 0.15% U308) and fed into a ball mill circuit producing a
ground product passing 28-mesh.

The ground ore is then introduced into a series of sulfuric acid leach agitators.
Acid content of the leach solutions is held at about 20 gm/l1. Steam is injected
to bring the system to a temperature of 40 degrees Centigrade, and manganese oxide
is added as an oxidant to aid {ndissolution of the uranium. This stage results

in extraction of about 92T of the uranium contained in the ground ore.

The solution/pulp mixture is then pumped into a counter-current decantation
circuit for separation of pregnant solutions from the leached sands and slimes.
Seperan Ma 200 is addeu as a flocculant. Outflow from this circuit is filtered

through a coal bed for final clarification of the solutions before being
injected into the ion-exchange circuit.

»)
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The clarified pregnant solutions are then passed through a series of three pressure
tanks containing ifon-exchange resins. Uranium, along with several other chemical
species, is adsorbed onto the resin bezis. After an ion-exchange cell is locaded

to capacity, the resin bed is eluted b, means of an ammonium nitrate rinse.

This eluate is then introduced into a series of pachukas where the pH is gradually
raised by addition of anhydrous ammonia and lime. At a pH of 3.8, calcium sulfate
and iron oxide precipitate and are removed from the solutiom by drum filtratiom.
The filter cake is returned to the primary leach circuit, while the filtered
solutions are fully neutralized by further additions of anhydrous ammonia. At
this point, the uranium precipitates as ammonium diurannate. A flocculant is
added to speed settling, and the product is separated from the remaining solutions
by further drum filtration.

The resultant wer "vellowcake" is then extruded into a dryer where excess moisture
and ammonia are driven off. The yellowcake is finally loaded into steel drums,
sampled, weighed and prepared for shipment.

Tailings leave the mill as a 30 to 50% solids slurry and are pumped through a
six-inch PVC pipeline ome-half mile to the tailings disposal facility. Tailings
components are derived from several points in the mill circuit, but the principal
exit point for leached solid residues is from the number 4 thickener underflow
(CCD circuit). Other fractions of the tailings composite include:

1. High-anitrate barren from the I-X circuit,

2. Wash solutions derived from the resin regeneration and wash cycle, and

3. Low-nitrate barrem periodically bled to tails to prevent silica build-up.
2.4 CONSISTENCY OF PROJECT WITH EXISTING COMPREHENSIVE LAND USE PLANS FOR AREA

A formal comprehensive land use plan has not been formulated for the Walkers
Prairie region of Stevens county. However, by merit of the provisions of the
Washington State Mill Licemnsing and Perpetual Care Act of 1979, uranium mill
tailings disposal sites will be deeded to the state at the time cf permanent
cessation of milling for purposes of perpetual care. All area involved with the
present proposal would already come under the provisioas of that act; in effect,
the project area has been committed to perpetual uranium mill tailings storige
by merit of its immediate proximity to pre-exiscing disposal facilities.



3. EXISTING ENVIRONMENTAL CONDITIONS

3.1 ELEMENTS OF THE PHYSICAL ENVIRONMENT
3-1.1 hrth .
3.1.1.1 Regional and Site Geology

Since long-term site stabiliry is an important consideration in the present
proposal, the geologic history of this region is discussed in detail in Appendix
A. The area surrounding the Dawn millsite has a long and varied history,
characterized by the following sequence:

1. Exceptionally stable pre €ambrian conditions of shallow marine deposition
lasting over 1 billion years (2 billion to 600 million yrs. B.P.);

2. Progressive marine transgression and gentle structural deformation during
the Paleozoic (600 million to 225 milliom yrs., B.P.);

3. Acceleration of structural deformation leading %o a major mountain
building episode and widespread granitic intrusions during the Mesozoic
(225 million to 55 million yrs. B.P.);

4. ﬁon-nn;inc deposition, scattered volcanic and intrusive activity, and
major block faulting during the early Tertiary /65 million through about
27 million yrs. B.P.);

5. Mid-Tertiary outpourings of flood basalts on an extensive scale; and,

6. A complex period of continental glaciation and glac r-related major
flooding during early Quatermary times ( 1 million to about 20,000 yrs.
B'Po)

Since the final recession of the great continental glaciers about 20,000 years
ago, the region has been geologically '"quiet'. The historic perspective presented
as Appendix A should help the concerned reader to evaluate the present geclogic
stability of the regionm.

In the last hundred years, there has been a scattering of minor earthquakes likel
related to glacial unloading, with epicenters located less than 100 miles from
the Dawn millsite; however, none of these have been significantly destructive.

A few of the most severe quakes with epicenters from 100 to 400 miles away from
the project area have produced significant local ground movement, but none in
recorded history have extensively damaged structures in the Spokane area.
Appendix B includes available seismic data for the region.

Walkers Prairie, site of the Dawn operation, is believed to be an erosional
feature free of potential seismic structures. The mill area is urderlain by a
granitic basement buried beneath thin remmants of Columbia River Basalt and a
thick accumulation of glacio-fluvial clays, sands and bouldery graveis. Figure
3.1 is an interpretive geologic profile of the materials underlying and
adjacent to the millsite. A detailed measured section of the glacio-fluvial
deposits which will be encountered by the sub-grade excavatioa is presented in
Figure 3.2.

18 : " 17
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From Figures 3.1 and 3.2, it is apparent that the significant aspects of the geo-
logy with regards to the proposed project are:

1. Most of the excavation will involve gravels an. fine sands. The latter
will greatly facilitate installation of a synthetic liner.

2. Deer'y weathered basalt bedrock may be encountered in the easterm part
of the pit floor.

3. A dense glacic-lacustrine clay underlies most of the project site and
provides a base for any vertically infiltrating seepage solutions. As
discussed in Section 3.1.3.6, it is clear that this "main lower clay"”
unit is i{afluencing seepage patterns from the present ponds. Figure
3.3A depicts the configuration of the upper surface of this clay. A
more graphic presentation of the main lower clay configuration is to be
seen in Figure 3.3b.
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Soils of the project area, are in gemeral,excessively drained, gravelly loamy
sands derived from glacial outwash deposits. Little or no organic rich "A"
horizon soils have developed on any of the units present.

3.1.1.2 Soils

According to soils mapping done by the USDA Soil Comservatiom Service, the
principal unit directly affected by the project is the "Springdale Gravelly
Sandy Loam", a stony phase of the Springdale series. A 6" surface layer of
pale brown extremely stony sandy loam gives way to very gravelly loamy coarse
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sands and very cobbly gravelly coarse sands below. The soil is best suited
for woodland, grazed woodland, or dryland crop use.

Locally, the glacial deposits have been reworked by wind, generating a soil

type referred to as the " arble Loamy Sand". Often covered by an organic forest-
floor duff layer, the thin surficial layers of brown loam> sand rapidly give way

to a thick zone of well sorted fine sands. Again, this excessively drained unit

is considered best used for woodland ~1 grazed woodland applicatioms.

Along very steep terrace breaks, a unit known as the "Spens Extremely Cravelly
Loamy Sand" is developed adjacent to the project area. This is an extremely
gravelly unit similar to the "Springdale Gravelly Sandy Loam" but lacking the
loamy surface layer.

A few areas west of the project site in the stream bottomlauds have local
developments of moderatsly well drained to somewhat poorly drained loam soils
classified as the "Narcisse Silt Loam" and the 'Chamokane Loam". In both of
these units, loamy surface layers may extend to depths of several feet and are
somewhat better suited for dryland crops than either of the terrace top soils.

3.1.1.3 Topography

Walkers Prairie, the site of the Dawn mill complex, is a northeast trending
valley about two miles wide and 15 miles long. It is bordered along the north-
west by rimrock cliffs of plateau basalts and along the southeast by rounded
granitic hills. A few erosional remnants of basalt veneer the flanks of the
granitic terrain.

The valley floor is a flat plain of glacial out-wash and flocd deposits cut by
the meandering channel of Chamokane Creek. At the millsite, valley floor
elevations range from 1740 to 1760 feet above sea level, while Chamokane

Creek has incised its channel to an elevation about 100 feet below the Dawn
mill level. Intervening cut banks between stream level and the main valley
floor terrace above are very steep but in most areas are stabilized by fir/pine
vegetation.

3.1.1.4 Unique Physical Features

No unusual or unique physical features are recognized in the project area.
Downstream about three miles though, Chamokane Creek cascades over a series of
scenic small falls, dropping about 50 feet in a span of 500 feet. This cascade,
known as Chamokane Falls, is the only physical feature of special interest in
walkers Prairie. It will in no way be affected by the project here considered.

3.1.1.5 Accretion/Avulsion

Because of the moderate climate, low precipitation, and flat topography of Walkers
Prairie, the only significant accretionary/avulsionary force operant in the area
is the flowing water of Chamokane Creek.

Chamokane Creek is actively downcutting, working i%s way through the 500 to 600
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feet of glacial outwash materials that fill its ancient channel. Since the
uppermost glacial flood deposits were laid down about 20,000 years ago, and
stream action has cut a channel 3000 feet wide and 100 feet deep through this
material, the rate of down-cutting may be cuuputed. In the past 20,000 years,
the stream has deepened its meander zone an average of 0.005 feet per year. It
has laterally widened its meander zome at a rate of 0.149 feet per year. If the
full volume er. .ed is compared with overall Prairie width (10,000 ft.) the
average rate of materfal removal is 0.00015 feet per year.

3.1.2.1 Air Quality and Odor

While no ambient air quality measurements have been made in the project area,
air quality is subjectively evaluated by local residents as excellent. No
significant sources of air pollutants exist in the local air flow regime except
for intermittant burning of logging slash or agricultural fields.

The only detectable aromatic components of the Ford airflow are those from
local agricultural or livestock operations, smoke from logging and agricultural
burns, and flowery infusions from major wildflower blooms. The Dawn mill
contributes no noticeable odors to the local atmosphere, and implementation

of the present proposal will not induce any change in either rates or quality
of gaseous emissions.

3.1.2.2 Climate
3.1.2.2.1 Areal Climatology

The Dawn millsite is located at the juncture between the broad flatlands of the
Columbia Basin to the west, and the abruptly rising foothills of the Rocky
Mountains to the east. Most of the air masses which reach the area comsist of
maritime Polar air brought in by the prevailing westerly and southwesterly
circulations. This warm, moist system is stripped of much of its moisture as
{t 1s lofred across the Coast and Cascade Mountain ranges, producing a dryer
"rain shadow" to the east. Less frequently, the area is over-riddem by dry
continental Polar air masses from the northeast, resulting in high temperature/
low humidity periods in the summer or sub-zero temperatures in wiater.

Complete meteorolcgic records relevant to the project area are available from
Spokane (25 miles to the SE), Wellpinit (10 miles to the WSW), and Chewelah (35
miles to the NNE). Climatological summaries for these stations are included as
Appendix C to this report.

3.1.2.2.2 Precipitation

Aanual precipitation for the area is 20 inches. About 707 of this total falls
between the first of October and the end of March. During the October-March
period, about half of the precipitation falls as snow.

3.1.2.2.3 Temperature

Mean annual temperatures for the area are about 47°F. The mean winter month
temperature is about 28°, while the summer months average 66°%.

O
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Apmual extreme highs of 100® +/- 3°F. have been consistently recorded at the Dawn
wsslsile. Temperatures in excess of 80° commonly persist for about 8 to 10 weeks
during June, July and August. Temperatures in excess of 90® are recorded for 2
to 4 week periods.

Annual extreme lows are bimodal. During years when local weather patterns are
dominated by southwesterly circulation, the maritime Polar air brings lows of
-7% +/- 5°P. However, during about half of the tem years that records have been
kept at the millsice, 1 to 2 week periods of temperatures in the -20° to -40°F
range have Been noted, likely due to spill- overs of modified continental Polar
air crossing the Rockies from the east or n —theast.

3.1.2.2.4 Wind

Surface wind roses for various Washington statious are presented in Figure 3.4.
Records from Spokane and from Western Nuclear's Sherwood mine site indicate pre-
vailing winds blowing out of the southwest or west-southwest at an average of
8.5 mph. During winter months the air flow is commonly reversed, with winds out
of the nortaeast.

/
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This prevailing regional southwest/northeast circulation is enhanced in the Dawn
millsitas area due to a similar trend to Walkers Prairie, providing a channel for
surfac: winds of that orientationm.
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3.1.2.2.5 Evaporation

Mean annual lake evaporation for this area is about 38" per year (Harbeck and
others, 1958). Class A pan evaporation is about 53'"/yr. If mean annual lake
evaporation rates above are adjusced to include the effects of precipitationm,

the net annual evagotacion that can be expected is about 18" per year, equivalent
to 11.1 gallons/ft</yr. .

Mean annual relative humidity for the Spokane station is about 65%. Average
January vapor pressures are on the order of 0.17", while midsummer (July) values
are about 0.30".

3.1.2.2.6 Inversions

Low-level temperacure inversions occur commonly in northeasterm Washington,
active up to 20-30 puvrceuc of the time during fall and winter months and
increasing to 50-65 percent in summer and fall (Hosler, 1961)

Periodic upper-level inversions during the winter months can result in stagnant
surface air conditions for extended periods. During such periods, under
conditions of low wind speeds and low mixing heights, effective dispersion of
atmospheric pollutants is at a minimum (U. S. EPA, 1972).

3.1.3 Water
3.1.3.1 Surface Water

The Dawn millsite lies within the drainage basin of Chamokane Cieek, the principal
surface stream of Walkers Prairie. Extending the full length of Walkers

Prairie, the creek flows southwestward, entering the Spokane River h2tween Long
Lake and Little Falls Dams. Chamokane Creek has its headwaters in the Huckleberry
Mountains north of the Spokane Indian Reservation. Its watershed includes

nearly 180 square miles, yielding a mean discharge of 53 cubic feet per second
near its mouth about 6 miles below the project area. Figure 3.5 illustrates the
Chamokane Creek watershed.

Although the creek has continuous flow in the mountainous headwater portion of

its basin, the flow becomes subterranean and the surface stream intermittant

upon entering the gravel-filled floor of Walkers Prairie near Spriangdale. Several
miles downstream, in the vicinity of Ford and the Dawm mill, a series of massive
springs emerge, restoring continuous flow to the surface channel from there to

its mouth.

Because of the high permeabilities of the glacial sands and gravels composing the
millsite terracc, there are no other surface stream courses in the area immediately
surrounding the mill tailings pond. Virtually all precipitation is absorbed into
the ground without surface runoff.

Chamokane creek does not have a history of serious flooding, and in any event,
potential flooding would not involve the present project area since the stream
occupies a wide meander flats about 100 feet below the project terrace.
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3.1.3.2 Surface Water Quality

In a study for the Spokane Tribe of Indians, Woodward (1971) states: "Natural
contamination as well as stock and agricultural pollution in the entire watershed
of the Chamokane Creek render the surface flowing water, as {n the case of all
streams, impotable without disinfection and possibly treatment."

Results of analyses om water samples collected by Dawn Mining Company are shown
{n Table 3.1. Figure 3.6 depicts sampling locations. Other analyses are reported

in Woodward (1971).

SAMPLE STATION 1.0.5. S04 3 in htl As 2] Er_ Cu Y
5p-15% 124 5 0.7 .002 .08 <001 002 %02 .00l
TCU 173 5 - - 015 00 - 02 002  .002
sP-11 %7 1§ 0.70 .004 .08 o0 002 - 202 .001

- Sespage W e

§ se-12 00 2% 2.92 .003 97 .006 .001 - .001 202
TCL 156 &0 - - Q15 001 - .ol . 002 0%
sP-11 %2 20 3.5%6 .003 .04 002 .000 - 002 202
Spokane River 68 H 0.03 .09 06 <.001 204 - 202 .000
(A1) values reported as mg/L [ecom) ) 1

TABLE 1.1 SURFACE <ATER ANALTSES
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An apparent increase in total dissolved solids, Sulfate, Nitrate and to a lesser
extent, trace arsenic and trace uranium is evident for stations progressively
further downstream. Zinc and copper are essentially constant at all stations,
while both lead and manganese decrease downstream.

Of the parameters tested, all stations meet the EPA criteria for livestock
consumption, while manganese alone is slightly in excess of the recommended limit
for human consumption.

3.1.3.3 Ground Water

The ground water/surface water relatiorship in Walkers Prairie is complex. As
has been noted in Sectiom 3.1.3.1, a substantial segment of the Chamokane Creek
water flow through Walkers Prairie is subterranean, moving through the highly
permeable glacial sands and gravels of the valley floor. Emergence of this
subterranean flow at large springs in the Ford area maintains a comsistant flow
rate of over 25 c.f.s. in the lower portion of the channel. As a further
consequence of the high perseability of the overburden gravels, nc lesser
tributaries to Chamokane Crzek are developed in the Prairie area; essentially
all precipitation and runoff from adjacent highlands infiltrates the gravels.

It is clear that both surface waters and precipitation recharge the glacio-
fluvial materials in Walkers Prairie. The uppermost mantle of coarse gravels
serves as temporary storage for recharge of underlying less transmissible
materials. The effective storage capacity of the glacial materials of Walkers
Prairie has been estimated at about 15,200 acre-feet (Woodward, 1971).

Several significant geohydrologic horizons exist in the Ford area. The uncon~
solidated valley fill materials consist of a thick relatively comstant section cf
glaciofluvial materials deposited by glacial melt and flood-waters. This
sequence of gravels, sands, and silty clays overlies a basalt-rimmed paleochannel
incised into granitic basement rocks. (see Figrre 3.1) The shallow aquifers
within the glaciofluvial section are quite well understood; however, considerably
less is known about inferred or surmised aquifers associated with the bedrock
units.

Within the unconsolidated section, significant ground water flows have been noted
in essentially chree zones. The uppermost zone occurs within and at the base of
the highly pe.meable gravel/sand section usually composing the uppermost 100 feet
of the valley £ill. This unit is floored on a dense silty blue-gray clay which
serves as a base for vertical infiltration. The clay surface dips gently westward,
inducing groundwater migration in that direction. Flows at this interface are
generally very modest, ranging from saturated sands to a few gallons per minute.
(See Figure 3.3a and 3.3b)

The blue-gray clay unit locally contains thin stri~~ers of water-bearing sand
under slight artesian pressures. Flow rates of up to 10 gpm were recorded from
this horizon in Dawn monitor wells.

To the south of the present mill tailings pond, the clay laps against a deeply
weathered basalt rimrock, completely buried by later glaciofluvial deposits. Ome
well encountered a sand/gravel layer beneath the lip of the clay which yielded up



to 70 gpm. Elsewhere similar material wag éncountered a¢ elevationg above the
surface of the clay unie, and no water flow was observeq . Where confined beneath
the clay, this horizon should pe considered 5 significane Potentia] aquifar,

annel depth of about 600 feet below the Present valley floor. Finally,
unpredictable fracture conduits within the bedrock units would comprise another
class of aquiferg likely to exist within the project area,

Since the major bluc—gtay clay unis 4cts as a bage for downwarg infiltration of
Solutions ip the projece area, the UPPermost aquifer level discussed is of the
8Treatest relevence ¢o the present PTOposal. The Pet of monitor wells established
by Dawn Mining Company around the Periphery of the tailings disposal area ig
being modified ¢qo Sample thig Zone. (See Section 3.1.3.5)

The information Summarized {n this section “as gained from ap extensive drilling
Program, seismic refraction and reflection Studies, electrical tcsistivi:y
Surveys, and geological examinations,

Support data for these Studies ig located in Company fileg and 1g available for
inspection by authorized parties.

3.1.3.4 Ground Water Quality

Data here Presented are bssed on analysesg of samples taken from the most
significane of the Ford area natural Springs, several of which flow at rates of
over 1,000 8Pm. Tabulated results appear on Table 3.2. while sample locations
are indicated op Figure 3.7, Additional analyseg may be found in Woodward
(1971).

!
E !
AT ros. s R N LS. Y 4 #. owy oo |
! 143 S 2. - 0 . ‘X5 . 06 yy . |
2 195 i X - 20 . - . - 003 201 a0 4y - 1

5 14 0 cos . 18 - . . . 005 001 903 74 R

§ 320 15 1.2 » 18 ’ . . . 018 000 o5 39 ,
16 232 5 2002 a8 o .001 002 302 - 8.2 < ‘
17 222 5 18 .04 00 ‘og ! 02 304 3 . - 590 |
18 200 5 .09 03 o5 ‘gor - 02 g0z 20) . 1o |
19 209 5 (6002 (gis 5y 0 oz 0 . - . < 05 |
2 160 5 a1 .08 og sy 08 002 a2 . S - 2.0 |
2 203 Sora2 a9 gy 001 . 06 004  ggp I - 2.0 |
AVERAGE 2218 105 0.789 0002 .66 g 01 038 0027 .g0e 01 004 a0 () 5, f
;

[A1! values IRO0Ft8d ag ma/1 ‘soom) ) !

TABLE 3.2 Gagump WATER (Naturq) Soring) AMALYSES
See Figure 3.7 for sampling locations




e e e

e e < s e <. 2

e R T g .1.1%\...
= i3 “._,.rﬁ\m‘,._‘.. Il
i ‘ .u ,’4(,.\MV, w 4 /
’ 2 - ™~ e,

21

AERY, TATRGS |

L2135 witcs

Q-
NTE

31

:
o
"J?:"‘-" _— '.

X SPRINGS

=sU

A ¥ T e
212 f
uk‘%

i ;
] /4 -
. . ly & l. .,
L) - 4
> :
1 -
) 1 p : |
p -
) Yera ~yer d
207 Y \
\ ‘.
s

| \l\... .‘.A

FIGURE 3.7
SAMPLING LOCATION

-
ChaA

" H}f

' 7 ~

GROUNDWATER (SPRINGS)




32 . ’ -

Such waters are typically somewhat alkaline and moderately high in manganese,

sulfate, nitrate and chromium. All fall within EPA limitations for consumption

by both livestock and humens, although manganese locally is slightly above

recommended limits for human use. ~

3.1.3.5 Dawn Monitor Wells

In order to obtain subsurface geological information and to establish a

groundwater monitoring network, a series of eleven 6" rotaty holes were

drilled during 1978 and 1979. Of these, 5 wells were cased to varying depths s
as permanent monitoring stations.

Table 3.3 prescats analyses received to date together with water level elevation
data. Figure 3.8 shows the monitor well locations.

O
STANDING

SAMPLE  CASED  wATER Ra226 TOTAL
STATION Q6PTH LEVELEL. U $0¢ W3 IDS.  In G4 oM dissT AP w0 M3
wel! 5§ 220° 1644 .00 90. 3.31 188 .03 001 3.3 0.3 2.1 .15 .005 .60
dell 5§ 133 1682 003§ 15. 3.2¢ 00. .10 .001 7.6 0.2 2.3 .20 .002 .80 (e)
Well 7 156' 1663 .002 30 - 102 .00 000 7.8 Q.3 2.2 .08 .006 .48
Well 8 182° 1676 02 35 - 140 000 .000 7.6 0.3 3.2 A8 013
il 3 177 1652 002 S - 162 .000 .001 9.3 0.3 2.2 05 008 .4

(A1] values reported as ppm (=mg/L) except *pCi/L)

Values given are means of | to § determinations (a:! availible anaiyses) _

TABLE 3.3 MONITOR WELL ANALYSES

See Figure 1.8 for wail locations

In view of the recently discovered seepage emergence zome located ome-half
mile west of the present pond area (discussed in Section 3.1.3.6, following)
it is distressing that the monitor wells failed to clearly define this flow.
The problem is likely due to upper (contaminated?) flows being scaled off by
casing that extends to greater depths. Dawn proposes to re-eater the wells
and perforate the casing just above the main lower clay surface (see section
3.1.3.3) in order to obtain more meaningful samples.

Comparison of Tables 3.2 (Ground Water analyses) and 3.3 (Monitor well
analyses) shows essentially background levels of Uranium, Radium, Total
Dissolved Solids, Nitrate, Cadmium, Manganese, and Molybdenum in the monitor
well waters. Above background concentrations in sulfate, ammonium ica,

and zines are aprarent in several wells, and this is probably a weak indication
of seepage contamination. It appears that sulfate may be the best seepage
{ndicator for future monitoring activities.

Observed standing water levels range between an elevation of 1644 and 1682
feet. In the immediate project area, the pcsition of the water table is
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about 1650 ft. The elevation ~f the proposed excavation floor is planned for
1680 ft., leaving a comfcctable buffer zone between ground waters and the base
of the disposal facility.

3.1.3.6 Tailings Solution Sezpage
As a part of the studies preliminary to the formulation of the proposed project,

detailed evaporation and water Balance calculations were made. The results
of this study can be summarized as follows:

TAILS @ 30% TAILS @ 502
SOLIDS SOLIDS
Solution inflow to pond 185 gpm 83 gpm
Net evaporation from pond 23 gpm 23 gpm
Solution entraimmeut in tails — 3 gpm 3 gpm
Implied seepage outflow 159 gpm 57 gpm

Subsequent mass balance studies of Chamokane Creek upstream and downstream
from the mill, based om conductivity and total dissolved solids, suggested

a similar rate of inflow to the stream. A detailed follow-up sampling program
led to the discovery of a high-conductivity seep entering Chamokane Creek
approximately one half mile west of the present pond. The location of this
seep corresponds with the projected position of a trough in the surface of the
glacial clay stratum that underlies the tailings pond. (See Figure 3.3a and
3.3b) Figure 3.9 <hows the position of the inferred seepage plume and seepage
emergence zome. -
Table 3 4 presents all available analyses from the seepage emergence zone,
depicted on Figure 3.9%.

Evidence that this seepage has not significantly degraded the quality of
Chamokane Creek ¢an be seen by a compariscn of analyses of stream waters
collected above and below the seepage emergence area (see Table 3.1 and
Figure 3.6). In general, total dissolved solids and nitrate show increases
of about five times background, while sulfate, conductivity, uranium, and
arsenic are elevated to about double background levels. Note however, that
po significantly elevated arsenic was detected in seepage samples (Table 3.4),
implying that the increase in this parameter is not due to the seepage influx.

Table 3.5 depicts the ratio of tailings solution concentrations to seepage
solution concentrations for key parameters. Note the major increases in water
quality observed in every measured parameter.

D
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D
SAMPLE Rad26  Total
STATION DS COWD.® S0p M3 U In Mo 4 M Py A Ca  (diss ™" Alphet®
sp 3.1 2857 2030 1500 8) o7 .on o5 7.0 .003 - - - 0.4 1.2
P 4=} 1512 2970 1800 105 10 .00 40 7.0 - .002 - - - 0.5 %
sP 7.1 5836 3200 5250 2 09 .01 2.55 7.5 - 005 001 260 - -
B 81 1466 1300 0 & .03 .005 .08 7.9 .002 .007 .002 128 - -
sP 9-1 1SN 2000 1600 09 .02 .004 0§ 7.9 .003 .002 .00} 14§ - -
SP 10-1 2726 2000 3500 11.7 .24 .006 o7 81 .08 .04 .002 150 - -
AVERAGE 2995 2250 2675 4.6 .06 .010 .53 7.45 003 004 .0015 170 0.45 1.28
(A11 parameters in mg/L except - * mhos/cmd **pCi/L)
g TABLE 3.4 SEEPAGE ANALYSES
See Figure 3.2 for sampiing locations
a 5P 3:\ g%r_ 9_7&
o L - - .0
(7} .00 .001 -
Cr - - .01
A5 ) - - .00S
Fe - - 213
ug - - 042
N3 - - o3
Th - - .001
¥ - - .0l
o1 - - 5.85
St - - .025
] - - 2%
Na - - 51.5
3 - - 12.5
P04 - - .001
Alkalinity*s - - 1150
Hardness ™" - - 3220
(A11 parameters in mg/L except - ***mg WCO3/L

*evomg CalO3/L)

TABLE 3.4 Cont. SEEPAGE ANALYSES

See Figure 2.9 for sempling locations
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Ratio

Parameter Pond/See

Ammoénium 2050

Zine 1:.90

Arsenic 627

Uranium 471

Manganese 429

Lead 137

Copper 101

Nitrate 36

Conductivity 13

Sulfate 9.4

Total diss. solids 9.3
TABLE 1: Pond/seep concentration ratios illustrating
magnitude of increase in water quality after seepage.

e ey

Clearly, as the result of chemical reactions and dilution during seepage
migration through about ome half mile of glacial deposits, mosc parameters
show drastic reductions in concentration. Examination of the conductivity,
sulfate, and total dissolved solids ratios suggests an approximate ten-fold
dilution of the seepage by natural groundwaters. The extreme drop in other
measured concentrations requires explanation beyond that of simple dilutiom.

It is apparent that tailings solution acidity (p8 = 1.6) is swiftly
neutralized as it infiltrates the substratum, since all monitor wells and
seeps show alkaline pH. This neutralizatiom is responsible for the precip-
{tation and immobilization of most of the heavy metals present in the
initial tailings solutioms.

The radionuclides, Radium 226 and Thorium 230, because of their well-documented
slow migration due to adsorptiomn o-.co soil mineral particlec, are not present
at levels above normal backgrouru in the seepage solutions.

Under the terms of State of Washington, Department of Ecology Waste Discharge
Permit No. 5230, disposal of process waters by seepage is authorized. 1Im no
tested parameter are EPA uranium mill effluent guidelines exceeded.
Nevertheless, the presence of the seepage is considered undesireable by Dawn
Mining Company, underscoring the urgency for rapid approval of the membrane-
lined tailings disposal facility here proposed. Such a system should be

seepage free, and {ts utilization at the earliest possible date would halt
the inflow of further solutions into the present unlined pond area.
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Fron the analytical work to date it is apparent that the emerging seepage
solutions are relatively innocuous, exceeding the EPA maximum permissible
concentrations for drinking water only in nitrate, which is present in the
seeps at levels about three and one-half times the M.P.C. si'cified. Observed
nitrate concentrations are well within the limits specified for livestock
utilization.

Sulfate, manganese, and total dissolved solids occur in excess of the EPA
"recommended" limit for drinking water, but none of these paramecers are
considered toxic; rather, recommended limits have been set due to taste and
laxative properties. All parameters show immediate dilutiom to near-
background levels upon mixing with creek waters. Observed concentrations of
toxicants in the receiving stream are sufficiently low that they will not
interfere with beneficial downstream water uses.

No pollutant concer“raticms have been observed in the receiving stream
(Chamokane Creek) that are expected to affect biclogical community diversity,
productivity, or stability. Further, no effects on the rates of
eutrophication or inorganic or organic sedimentation should be expected.

3.1.4 Flora
The project area occurs within the Poaderosa Pine Vegetation Zone and is

dominated by Pinus ponderosa, the sole significant tree species directly
affected by the project.

The well-developed open mature pine forest enviromment characterizing the
Dawn millsite area hos*s a simple understory floral community consistiang

of Columbia hawthorn (Crataegus columbiana), a variety of forb species
dowinated by Arrowleaf balsamroot (Balsamorhiza sagittata) and velvet lupine
(Lupinus leucophyllus), and peremnial grasses including idaho fescue
(Festuca idahoensis), needle-and-thread grass (Stipa comata), and

bluebunch wheatgrass (Agropyron spicatum). Local patches of smowberry
(Symphoricarpos albus), tufted phlox (Phlox caespitosa), yarrow (Achillea
millefolium), and wild strawberry (Fragaria virginiana) were identified.
Along roadways, sweet-clover (Melilotus sp.) flourishes.

Adjacent to the project area, along the breaks and b ttom-lands of
Chamokane Creek, there is an abrupt change in florw.l populations. There,
Douglas fir (Pseudotsuga menziesii) is the dominant conifer. Ponderosa
Pine is sparsely scattered throughout the area, and a few lodgepole pine
(Pinus contorta) have been observed.

A vigorous deciduous community exists along the creek bottom lands, dominated
by Mountain Alder (Alnus incana), Black Cottonwood (Populus trichocarpa),
quaking Aspen (Populus tremuloides), Western Paper Birch (Betula papyrifera
commutata), and Willow (several Salix sp.). Mock Orange (Philadelphus
lewisii), Chokecherry (Prunus virginiana), 2nd Elderberry (Sambucus

cerulea) are also common understory bushes.

Heavy undergrowth consists of Pearhip rose (Rosa woodsii), Mallow nineb:rk
(Physocarpus malvaceus), Snowberry (Symphocarpos albus), Nettle (Urtica
dioica), Russian Thistle (Salsola kali), Burdock (Arctium minus), Oregon
grape (Jerberis aquifolium), Mullein (Verbascum th.psus), Nightshade
(Solanum dulcamara), Jointgrass (Equisetum sp.), Camas (variety not

1077 007
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determined) and aumerous lesser grasses and forbs. Marshes and swamps
typically support heavy Cattail (Typha latifolia) populationms.

All species identified in the project area and adjacent bottomlands are of
widespread distribution in equivalent regional environments. No unique, rare,
threatened, or endangered species are kmown to occur in the general area of the
project. This determination is made with great confidence with regard to the
classic open pine forest zonme that will alone be directly affected by the
prcposed project.

The two main communities identifiec represent relatively mature ecosystems
thiat have evenly populated their respective environments. Zcne boundaries
coincide with topographic breaks; thus, the Chamokane Creek channel is, in
nature, a corridor for the lush Douglas fir/Mountain Alder community.

The proposed project is ‘ocated eatirely within the Ponderosa Pine community
of the drier terrace-top area and will in o+ way influence the configuration
of existing vegetative corridors or barriers. Ounly members of the

Ponderosa Pine Community will be directly affected by the project.

Alfalfa, and %o a lesser extent, grains, are the principal agricultural crops
raised in the Walkers Prairie area. No cultivated lands will be affected
by the proposed project.

3.1.5 Fauna
3.1.5.1 Mamals

The immediate area affected by the proposal is intermittantly frequented by
white-tailed deer (Odocoileus virginianus), Coyotes (Canus latrans), Porcupines
(Erithizon dorsatum), and more rarely by badgers (Taxides taxus), bobcuts
(Felis rufus), and long-tailed weasels (Mustela frenata). Ou an exceedingly
rare basis, the area may be crossed by transcient black bears (Ursus ameri-
canus) or moun.ain lions (Felis comcolor) although neither have been ohserved
during the 20+ years of mill operatiom.

A numbe . of small mammals are known to reside in the proposal area, including
ztound squirrels (Spermoptilus washingtoni), yellow pine chipmunks (Eutamias
amucous), northern pocket gophers (Thermomys talpoides), and red squirrels
(Tamiasciurus hudsonieus). Small bats of indeterminate species overfly

the area. The saried mouse and vole population includes Deer mice (Peromy-
scus manicilatu;) and montane voles (Microtus montanus). Common house mice

(Mus musculus) have been obszerved in the mill complex. Shrew populations have
pot beea stucied in detail.

The Chamokane creek bottomlands offer better habitat and cover, supporting a
population that includes all of the above species plus the following:

Cottontail rabbit (Silvilagus floridanus)
Striped Skunk (Mephitis mephitis)
Raccoon (Procvon lotor)

Beaver (Castor canadensis)
Muskrat (Ondatra zibethicus®
Mink (Mustela vison)
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No rare, 6 rhreatened, or endangered mammalian species are known to frequent

the project area. It 75 probable that most individuals present will be simply
displaced to extensive equivalent habitat nearby. It is possible that a limited
number of the rodents living within the project site may be accidentally
destroyed by construction equipment.

3.1.5.2 Birds

A complete listing of the wide variecy of species of smal) songbirds that
intermittantly use the project area is beyond the scope of the present study.
The most common of the smaller summer residents include:

Western blueb rd (Sialia mexicana)
Eastern Kingbird (Tyrannus yrannus)
American Robin (Turdus migratorius)
Bank swa'low . ‘ (Riparia riparia)

Song sparrow (Melospize melodia)
White-cro'med sparrow (Zonotrichia lzucophrys)
Mountain chickadee (Parus gambeli)
Yellow-rumped warbler (Dendroica coronata)

Of the larger birds observed ia the project arza, the populs“iom is best
characterized by the following:

Black-billed Magpie (Pica pica)

" Western Meadowlark " (Sturmella neglecta)
Common crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)

Common Flicker (Colaptes auratus’
Eilldeer (Charadrius vocife cus)
Mourning Dove ' (Zenaida macroura)
Down— Woodpecker (Dendrocopos pubescens)
Red-tailed Hawk* (Buteo jamaicensis)
Great Hormed Owl (Bubo_virginianus)
Cooper's Hawk (Accipiter c-operii)

*two pairs of Red-tailed hawks were observed nesting along the breaks of
Chamokane creek adjacent to the project area d-z.ug the spring of 1979.

The stream bottomlands adjacent to the project area provide habitar for a
variety of additional large species. Some of the more significunt include:

Great Blue Heron (Ardea herodias)

Ruffed Grouse (Bonasa umbellus)
Ring-necked Pheasant (Phasianus colchicus)
Mallard (Anas platyrhvncos)
Western grebe (Aechmophorus occidentalis)
Common Merganser (Mergus merganser)
Canada goose (Branta canadensis)
American widgeon (Mareca americana)
California quail (Lophortvx californicus)
Belted Ringfisher (Megaceryle alcvon)
Steller's Jay (Cyanocitta stelleri)
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0f the observed bird population, virtually all are common, wiiespread species.

None are known to inhabit the area that are considered threatened or endangered.

It is unlikely that any individuals will be directly affected by the project,
since no nests have been observed in affected areas.

3.1.5.3 Reptiles and Amphibians

A limited variety of reptilian species have been observed in the project area
and adjacent Chamokane Creek bottomlands including the following species:

Gopher (Bull) Snake (Pituophis melanoleucus)
Garter Snake (Thamnophis sp.)

Blue Racer (Coluber constrictor)
Rubber Boa (Charina bottae)
Western Skink (Eumeces skiltonianus)
Painted Turtle (Chrvsemys picta)

Observed amphibians include:

Leopard Frog (Rana pipiens)
Pacific Treefrog %gzla regilla)
Western Toad Bufo boreas)

Tiger Salamander (Ambystome tifTinum)

All abserved species are common throughout the region. The immediate area
affected by the proposed project would displace no more than a few individuals,
essentially limited to Pacific Treefrogs and Western Skinks. No sizeable
populations of any of the listed species inhabit the immediate project area.
None of the known reptilian fauna present are rare, threatened, or endangered.

3.1.5.4 Arthropods

As with other faunal groups present in very large numbers and widely varied
species, no effort is here made to catalog every individual genus that resides
in or migrates through the project area; rather, a few of the dominant
populations characterizing the locale are listed:

The most evident of the arthropod residents of the project area during summer
montns are the following:

Orthoptera (grasshoppers aud crickets): Field crickets (Acheta sp.),
camel crickets (Ceuthophiluc sp.), amd short-horned grasshoppers of
the family Acrididae.

Homoptera (cicadas): Annual cicadas of undetermined species.
Coleoptera (beetles): Diverse population present represented by click

beetles (Elateridae), Metallic wood-boring beetles (Buprestidae), Ground
beetles (Carabidae), and Tiger beetles (Cincindelidae).

Lepidoptera (butterflies and moths ): Also is a very diverse population,
this insect order is locally climaxed by Swallowtails (Papilionidae)
including (Papilio eurvmedon) and (P. rutulus). Whites (Pieris spp.)

and sulphurs (Colias spp.) are very common. Sara's Orange Tip

(Anthocaris sara), numerous small Lycaenid species, and Nymphalids includ-
ing several of the Tor:oiseshells, Anglewings, and the Mourning Cloak
(Nvmphalis antiopa) emerge early in the spring.later, several varieties

1077 010

O

O

(&



43

of Fritillaries, Nymphs, and Skippers become dominant.

No rare, unique, threatemed, or endangered, species have yet been identifiea
in the project region. Major geographical features such as high mountain
ridges and large river systems are the most common barriers to the spreading
of such species; corridors are formed by the generally extensive intervening
life zones. All of these features occur at a scale not affected by the present
project. No unique environments are affected by the proposed work, so the
potential for disrupting a small, highly localized population of unrecognized
rarities is considered very small.

3.1.5.5 Fish

The surface waters of Chamokane Creek, which skirt the prcject area on the
northern and wesrern sides, provide habitat for moderate populatioms of a
v -iety of gamefish, including (in descending order of abundance) the
following:

1. German brown trout (Salmo trutta)

2. Rainbow trout (Salmo gairdnerii)

3. Bastern Brook (Char) (Salvelinus fontinalis)
4. Cutthroat trout (Salmo clarkii)

Non-game species in the project area include:

Common dace (Rhinichtys sp.)
Redside shiner (Richardsonius balteatus)
Sculpin (Cottus sp.)

Below Chamokane falle, in the waters of the stream mouth and short distances
upstream, a variety of Spokane River species locally invade the creek As
well as the above listed species, these include:

Yellow parch (Perce flavescens)
Northern squawfish (Ptychocheilus oregonens’_)
Carp (Cyprinus carpio)
Largemouth bass (Micropterus salmoices)
Brown bullhead (Ictalurus nebulosus)
Black crappie (Pomoxis nigromaculatus)

None ¢f the fish known to inhabit Chamokane Creek are threatened or endangered
species; further, no individuals will be directly affected by the proposal,

ac any related ch ges in stream chemistry or sedimentation patterns will be
both gradual and icoivial.

3.1.6 Noise

The project site is located in a low population density rural area that may
be characterized as quiet and serene. Operation of the present Dawn mill
generally produces no sounds perceptible beyond the limits of the controlled
area. The largest source of noise in the Ford vicinity is vehicular activity
along the paved roadways. The mature pine forest intervening between the
project .ite and the nearest residences rapidly attenuates low level noise.
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3.1.7 Light and Glare

The present Dawn millsite is well lighted at night, but due to its location
within a mature pine forest enviromment, it is not visible to surrounding
roadways or residences.

3.1.8 Land Use .

Dominant land use patterns cf Walkers Prairie center around agricultural
pursuits, princi~- the cultivation of alfalfa and grain. The uncultivated
areas near the Dawu .ull are used as cattle rangeland. This proposed project
would imrolve only lands falling within the present confines of the
controlled area reserved focr uranium milling activities since 1956.

3.1.9 Natural Resources

3.1.9.1 Rate of Use

Natural resources utilized by the present uranium milling operation are
tabulated in Table 3.6.

Implementation of the proposed project would not alter either the materials
utilized or their rates of consumption.

3.1.9.2 Nonren. -able Resourses

It will be noted that most elements of the above listing (section 3.1.9.1)
are mineral products and hence "nonrenewable". Again, there .s no reason
to believe that i-plementation of the proposal would influence existing

patterns of consu. tion.

3.1.10 Risk of Hazardous Emissions

The system of tailings disposal utilized since the beginning of operations
(disposal in unlined, above grade diked impcundments) involves several
possible emission risks:

1. Dike failure and escape of liquified tails materials

2. Solution seepage

3. W'nd erosion and transport of tailings particles

4. Radiocactive emissions
3.1.10.1 Dike Failure
The potential for dike failure and escape of . vdous materials has recently

been examined by an outside investigator on beha f of Newmont Mining Corporationm,
Dawn's parent firm. It was there concluded:

"The possibility of failure of this tailings system appears to be relatively
unlikely. However, if failure should occur, damage should be limited to
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Material

Ammonia
Ammonium Nitrate
Caustic Soda
Diesel 01l
Flocculant
‘Fuel 011
Gasoline
Grinding Balls
Lime

Manganese
Resin

Steel Drums
Sulfuric Acid

45

Annual Consumption

143,000
846,000
135,500
18,500
26,500
350,000
20,000
197,000
1,054,000
308,000
150

605
20,232,000

1bs.
1bs.
1bs.
gal.
1bs.
gal.
gal.
1bs.
1bs.
1bs.

Cu.

ea.

1bs.

ft.

TABLE 3.6 Supplies consumed by milling operation
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the Dawn Mining Company property. With the limited amount of water
presently stored in the tailings pond, it would be unlikely that even
effluent water would flow off of the property."” (Toland, 1979)

In the 25 year period since the existing system was commissioned, there have
been no instances of dike faillure or slumpage and no cases where overflow
has been ncted.

3.1.10.2 3S:epage of Tailings Solutions

As detailed in Sectiom 3.1.3.6, seepage of tailings solutions has been
recently Iocumented; however, chemical evolutior of the solution by dilution
and reactions in the course of migration through about one-half mile of
glacio-fluvial deposits hus rendered the solutions relatively innocucus at
their emergence point. This must, nonetheless, be viewed as an undesireable
aspect or the present environment.

3.1.10.3 Wind Erosion of Tailings Solids

Since 1377, escape of hazardous materials by wind erosion and transport from
the present disposal facility has been precluded by:

1. Application of a heavy layer of wood chips over dried portions of the
tajls, and,

2. Maintainance of moisture saturation in exposed tails.

Prior to that time, moisture saturation was the exclusive means of dust control.
Locally, some dusting did occur and is the principal mechanism responsible
for the observed areas of elevated radiationm.

3.1.10.4 Radioactive Emissions

Parts 1, 2, and 3 of this sub-.ubsection deal with the principal potential
pathways for radivnuclide (and associated chemical species) escape from the
existing tailings disposal couplex. Under the present heading are presented
the observed radiologic characteristics of the pond area.

No direct data exist concerning radioactivity in the millsite area prior to
the initiation of operations. Background gamma radiation for the Spokane
area ir considered tc be about 9L mrem/yr (R. E. Nelson, pers. comm. 1979).
Values currently observed in presumably uncontaminated areas near the mill
range fr. * 77 to l77mrem/yr. and are taken as the approximate natural
background range. Background radiocactivity is a composite of radiation
from several natural sources together with widely dispersed radiogens of
human-related origin, including:

1. Primary and secondary cosmic radiation

2. Terrestrial radiation, principally from radionuclides in the U-238
and Th-232 decay series and K-40

3. Industrial and military sources
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Figure 3.10 illustrates the total radiocctivity measured at various points
around the present Dawn tailings disposal facility by means of thermo-
luminescant dosimeters. Measurements were made during three month periods
in the fall of 1978 and again in the spring of 1979. Observed radioactivity
would include elements of the normal background with local additions chiefly
related to wind-borne particulates that moved prior to application of the
present wood=-cliip cover. .

While highly localized elavativns in radiocactivity may be observed in the
immediate vicinity of the pipeline and wind-blown tailings fines, it is
gratifying to see that these elevated values do not persist moi2 tham a
hundred feet or so from the source. Note also that radiation levels measured
at the Ford store (one mile NE of the present pond) and at Bailey's Feed
store (one half mile E) are in the low background range.

Hence, although past operations have been characterized by congiderably looser
controls on potentially hazairdous emissions than will be built into the
proposed project, impacts are not of consequence outside of the restricted

access zomne.

3.1.10.5 Erosional Enchroschment on Existing Tailings

In section 3.1.1.5, data are presented indic~ting a widening of the Chamokane
Creek channel of 0.149 ft./yr. This is equivalent to an average yearly
advance of each bank totaling 0.075 ft.

At its closest point, the terrace edge lies 850 ft. from the existing
tailings facility. Barring human intervention, at the average calculated
rate of channel widening, the disposal facility could be breached by
erosion in about 11,300 years. L
Preventive measures such as rip-rap stabilization or stream diversions can
easily eliminate this eventuality. However, such efforts can be much more
efficiently focused in the distant future when actual encroachment patterns
become well defined. If measures were to be implemented at present to
foreclose this danger, the approach would have to be so broad that
prohibitive environmental costs would be incurred.

The proposal site lies on the far side of existing facilities relative to the

point of maximum present encroachment. Hence, it will not be significantly
related to this existing potential mecde of hazardous material release.
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3.2 HUMAN ENVIRONMENT

3.2.1 Introduction

As has been previously noted, implementation of the proposed actiom would
simply permit continuation of operations that have been on-going for many
years. No new demands or influences on the elements of the human environment
as a result of this work are to be expected. Hence, t!. following sections
are discussed only briefly but are included so that t'' concerned reader

may better evaluate the potential impacts of a "no action™ altermative, whi:h
could force closure of the mill and a consequent loss of about 130 directlr
related jobs.

3.2.2 Population

According to Carl Bade, Ford, WA., pustmaster, the Ford Post Office serves
about 225 families, representing a local population of approximately 700 to
800 individuals. This population resides within a geographic area of 50 to
70 sq. miles, indiceting population densities of 10 to 15 individuals

(3 - 4 families) per square mile.

- 4 Housing

Virtually all available housing in the Walkers Prairie area is presently
occupied. ... . A . . . . :

3.2.4 Transportation/Circulation

Paved State highwsy 231 running from Reardan, WA., to Springdale, Wa., and
a paved county road extending from Ford, WA., to Wellpinit and Hunters, WA.,
intersect at Ford near the Dawn Millsite and project area. (See General
Location map, figure 21). Ore haulage trucks reach the Dawn Millsite via
the county highway while supplies arrive by truck on Highway 231.

The nearest railheads are at Springdale, WA., and Reardan, WA. Yellowcake
shipments originating at the Dawn Mill move by truck to Reardan where they
are transferred to railroad cars for long distance transport.

Traffic on both roadways is light, and no traffic flow problems have been
evident during the past years of Dawn Mill operatioms.

Both highways are travelled by school buses during ongoing school terms.

3.2.5 Public Serv.ces

An eleven man volunteer fire department comsisting of one pump truck and
a tanker w/ 200 and 1600 gallon capacities respectively, is located at
Ford. Police services to the off-reservation area are provided by the
Stevens County Sheriffs department and the Washington State Patrol.
Tribal police patrol the Spokane Reservation.
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Public schools exist in Reardan, Wellpinit, and Springdale. Caildren from
the Ford area are transported by bus to their respective schools. A
variety of parks and recreational facilities service the region, chiefly
located along the Spokau  River or the lakes formed thei:om by the
several local dams.

3.2.6 _Energy

The present Dawn Mill operation requires about 7 million KWH of electrical
energy per year which is supplied by nearby Washington Water Power Co.
hydroelectric operations.

3.2.7 Utili:ies

Electrical emergy for the area is provided by Washington Water Power Co.
Pacific Nor~hwest Bell provides telephone service to the region. No
centralized water, sewer, or storm water disposal systems have yet been
installed in the Ford area. To date, population densities have not
warranted such expenditures. An open durp for solid waste disposal is
maintained about 2 miles SW of Ford.

3.2.8 Human Health

Major medical services to the region are provided by the Spokane hospitals
about 25 miles airline SE of Ford. Clinics located in Wellpinit and
Springdale accomodate routine health services.

3.2.9 Aesthetics

The Walkers Prairie area is one of gentle, woderate scemery, rolling
forested hills and tableland basalt plateaus. Fertile valley floors
checkerboarded with agricultural crops and meandering brushy stream
coarses complete the rather pastoral scene. The Dawn Mill complex is
located within an open, mature pine forest that completely shields it from
the view o7 incidental passers-hy as well as local residents.

3.2.10 Recreaticn

Many of the local summer-month recreational opportunities are water-
related, taking advantage of -he lakes, rivers, and streams that are the
dominant features of the region. An excellent Walleye Pike fishery exists
in the lower Spokane River, while a variety of species of trout, bass, and
other game fish populate regional streams and lakes.

The area affords good hunting opportunities, with White-tailed Deer, Ringed-
necked pheasants, grouse, doves and migratory waterfowl being the principal
objects of pursuit.

During winter months, area residents are avid snowmobilers and many travel
to the major ski resorts on Mt. Spokane and Chewelah Peak.
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4. TMPACT OF PROPOSAL ON THE ENVIRONMENT

4.1 IMPACT OF PROPOSAL ON THE PHYSICAL ENVIRONMENT
4.7.1 Earth
4.1.1.1 Constructirm irhase

Implementation of :he proposal will necessarily result in modificatioms to
or disruptions of the geology, soils, topography, and accretionary/
avulsionary processes characteristic of the area. However, none of chese
impacts is coneidered significant.

Construction work will disrupt or modify about 50 acres that are not presently
disturbed. However, long-term stabilization and reclamation requirements
(such as the probable requirement for Sh : lv or gentler outsloping of exis~
tirg dikes) would result in equivalent land disturbance at some future time.
In the long-term perspective, this impact will be necessary even if the
present proposal is not implemented.

Stockpiled reclamation materials will be subject to increased sheet wash
erosion until interrim stabilization vegetation is established. Due to the
high permeability of surface gravels, silt-laden runoff will not reach
surface drainages in the area, so no impacts to drainage systems would be
expected.

4.1.1.2 Operations Phase

During operation of the lined, suh;grade dispoc-! system here proposed, no
further impacts to elements of tlie geology, soils, topography, uuique
physical features, or accretiorary/avulsionary processes are anticipated.

4.1.1.3 Post Opecations Phase

Upon termination of utilization of the disposal site and implementatiom ,¢
the long-term reclamation plan, the site will be returned to a condition
quite similar to the initial state : topographic form will be gently mound d,
planting of stabilization vegetation will rapidly generate soils comparable
to those initially present, and aggradational/degredational processes will
be operant at their usual slow pace. The geologic pattern will be perman-
ently modified, although this might well be viewed as a "neutral" chauge

rather than either a beneficial or deleterious impact.
d.1:.¢ AlLt

4,1.2.1 Construction Phase

The only potential impact anticipated during constructior operations is
dusting. rinkling by means of a water truck will be utflized as needed to
control this potential impact on air quality.

4.1.2.2 Operations Phase

The subgrade disposal system here provosed will be essentially free of dusting
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3.2.11 Archaeological/Historical

No evidence of earl, human occupation has been disclosed in the project area,
but the valley was used intermittantly in prehistoric and early historic times
by the lower Spokane band of the Spokane Tribe of Indians. About 1 mile
northwest of the Dawn Millsite, the Tshimakain Presbyterian MIssion was
founded By Reverends Eels and Walker in 1838. Nothing remains of this
historic site save a commemorative granite monument. Since the local

tribes centered their -~ctivities around the salmon rums of the pre-Grand
Coulee Dam Spotane River, most significant cultural remains are located

along the majr waterways rather chan inland valleys.
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potential due to a rapid bui.u up of sclutions that will either cover or
saturate the tailings solids. No discernable odors or other air impacts are
anticipated.

4.1.2.3 Post-Operations Phase

Afte~ placement of a stabilization cap and establishment of vegetatiom, there
should be no further potential for air quality degradatiom.

4.1.3 Water
4.1.3.1 Construction Phase

No changes in any water quality or quantity parameter is expected durirg the
construction phase of the proposed project.

4.1.3.2 Operations, Phase

Utilization ~f &.c membrane~lined sub—giadc disposal system will have important

beneficial impacts on ground water quality. Solution seepage is a serious
negative feature of the present disposal facility. The proposed system w-
provide an essentially seepage-free alte: r:ative, permitting terminatiom oi
utilization of the preseut system. It is probable that contaminated seepage
will continue to emerge for a period of several years, but once the influx
of solutions has stopped, flow rates will slow and dilution effects increase.

There is a potential negative impact related to possible leaks in the
propc3ed membrane liner system. However, at worst, cuch leaks would be of
lesser magnitude than the seepage from the present unlined pond. The
concerned reader is here urged to re-examine the nature of actual seepage
solutions observed to date. (Sectiom 3.1.3.6) 7Tt is encouraging to note
that the actual nature and effect of such seepage hs e not been extreme,
even in a case of totally uncontrolled seepage. Given a potential of
much more limited leaks, at worst, from the proposed system, there is valid
reason to argue that the resultant impacts would be barely discermable.

Installation of the impermeable liner system will result in a loss of
28 acres of precipitation infiltration surface, resulting in a slight
decrease in ground water quantity derived from this source area.

No surface waters will be affected by operations, and conversely, no
surface waters are in a position to affect the operation. Major flooding
will not encroach upon the project area as the stream channel lies in a
wide meander valley, a full 100 feet below the project elevation.

4.1.3.3 Post Operations Phase

Stabilization and reclamation plans will result in decreased infiltration
rates for an indefinite period due to the imperveous membrane and the

low permeability clay cap which will ultimately cover the disposal site.
The impacts of this on the overall hydroclogy should be negligible.

No other long-term impacts to surface or ground water movement, quantity,
or quality is anticipated.
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4.1.4 Flora
4.1.4.1 Comstruction Phase

Construction work will directlv result in destruction of 50 acres of open pine
forest ecosystem consisting of mature Ponderosa Pine, scattered Columbia
Hawthorn shrubs, numerous clumps of Arrowleaf Balsam root, velvet Lunine

and grasses.

Disrupted areas do not differ in any known significant respect from adjacent

populatious, so neither species diversity nor overall population densities

are expected to suffer. ¥Vegetative assemblages are nearly homogeneous

throughout the project area. No pioneering species have been observed

encroaching upon the area; it is consequently belisved that the project will

neither affect nor become a barrier or corridor for dispe—sal of species.

(Se: also Sectiom 3.1.4) ) -

4.1.4.2 Operations Phase
Same as above.
4.1.4.3 Post Operations Phase

Native species will be re-established on the reclaimed area, essentially
returning it to its baseline levels of productivity and diversity.

4.1.5 Fauna
4.1.5.1 Construction Phase

While about 50 acres of open pine forest habitat will be destroyed by

operations, the specific areas involved are close enough to existing

operations that they are very infrequently utilized by the larger game N
species, such as white-tailed deer. The principal species directly affected -
by operations will include the various small rodcacs residiag in the area

and insects. All other species are likely to te displaced into similar

adjacent habitats. The effects of the project on the varicus faunal

groups is discussed in more detail in Sectiom 3.1.5.

4.1.5.2 Operations Phase

The disposal facility itself will be barren of vegetation, and will there-
fore not serve as habitat for any of the local fauna. The vegetation-
stabilized reclamation material stockpile will provide good habitat for
smaller species during operatioms.

4.1.5.3 Post-Operations Phase

After reclamation and revegetation, all local species are expected fo
return, equivalent in diversity and population density to baseline conditioms.
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4.1.6 Noise
4.1.6.1 Construction Phase

For a period of 3 to 4 months, the operation of heavy equipment will increase
noie~ levels in the immediate project area. Table 4.1 cites expected noise
output levels for equipment likely to be utilized. Noise should not be
objectionable at the nearest dwellings. Once a pit has been excavated, most
noises will be effectively blocked. No explosives will be required for
expected operationms.

A.,1.6.2 Operations Phase
Utulization of the facility will be essentially silent.
4.1.6.3 Post Operations Phase

After termination of the utilization of the facilities, noise levels will be at
basel.iue conditions.

+.1.7 Light/Glare

Yio thase of the project will result in increased light or glare. The
existing oneration is fully shielded from view, day or night, by the
surrounding pine forest.

4.1.8 Land Use

All lands involved in the proposal fall within presently restricted areas
permanently dedicated to tailings disposal. The present project will remove
28 acres of additional area from potential long-term alternative usage.

A significant beneficial impact on land use patterns is a special strength
of the proposal. If future tailings disposal were by means of continued
vertical or lateral expausion of the diked impoundment system now in use,
when it comes time for final reclamation and stabilization, a major source
of cover aaterials would be needed. To meet this need, a very large borrow
pit would have to be excavated, prnbably in the curreat mill/stockpile area,
significantly di.rupting ancther large block of land. In suort, a hole the
size here proposed will eventually have to be dug whether or uot it can serve
a double purpose and he used for tailings disposal as well. The excavation
required [or the subgrade proposal is specirfically designed to offset the
known requirements of materials for reclamation and stabilization of the
entire disposal facility. The proposed excavation will be filled with
tailings such that no subgrade structure will remain after reclamationm.

By this line of reasoaing, implementation of the proposal will result in one
half the amount of land disruption that would be incurred by continued use

of dike impoundments. Because of the reclamation material requirements,

even if operations were now halted and no further tailings generated, the
same sized pit would have to be excavated, but no means of reclaiming that
pit would exist. We believe that the present proposal results in the most
efficient land use alternative available, even if the "no action" alternative
is considered.
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Equipment Noise Level (dba) at 50 ft.
Scrapers, Graders 80-92
Tractors 76-96
_LCpmpacters.. s e 72-74 o
Trucke - 82-93
Front Loaders 72-84
O
TABLE 4.1 Construction Equipment Noise Ranges
(Adapted from "Noise from Construction Equipment® as O

quoted in Draft Environmental Impact Statement Relative
to The Proposed Administrative Action of The Washington
State Department of Ecology for the Proposed Northwest

Alloys Magnesium Plant, Addy, Wasnington, May 1973)
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4.1.9 Impact of Proposal om Natural Resources

4.1.9.1. Rate of Use

Implementation of the proposal will permit continuation of operations at thei~ curreat
rate and will not effect the present pattera of resource utilization.

4.1.9.2 Non-renewable Resources

Same as 4.1.9.1

4,1.10 Impact of Proposal on Risk of Hazardous Emissions

Significahc Behifiéigl‘iiﬁdéﬁg of the proposal have been identifiaed in sev.: Ll areas:

l.

The reclamation materials stockpiles will bolster the streagth of existing
impoundment dikes, reducing the risks of dike failure and escape of
liquified tailings.

Termination of use of the present disposal facility will permit dust control
measures (wood chip cover or sprinkling) and pessible reclamatiom work,

to be undertaken through-out that area.

The proposed facility is designed to eliminate dusting potential by the
rapid build-up in tailings liquids that will saturate and soon cover all
tailings solids introduced into the system.

Halting the use of the present facility will StOP the recharge of
seepage solutions into the substrate and will decrease the hydraulic
head and phreatic mounding that drives the seepage laterally into the
groundwater regime. This decrease in the driving force behind seepage
migration will permit a more gradual rate of influx of seepage into the
groundwater, iacreasing dilution effects and maximizing the time for
chemical reactioms.

Slow-moving radionuclides presently in the zone of vertial iafiltration
will be stranded in the dried vadose zone once seepage recharge has

halted, permitting the extended time periods needed for radiocactive

decay. Even chemical species whose migration fronts have now reached

the regime of phreatic mound-induced lateral flow will be largely stranded
by interruption of their transport mechanism. Only species whose

migration fronts have now reached the natural groundwater transport

regime will continue to migrate towards eventual emergence at a significant
rate. See section 3.1.3.6 for a complete analysis of seepage features.

Since tailings solids may retain up to 70% of the total radicactivity of
the raw ore, commissioning of a new disposal facility will result in a
direct chamge in the distribution of radiation emitters on the mill
property block. However, due to the subgrade design and the peripheral
35 ftr (+) stockpiles, complete shielding of adjacent areas from increased
radicactivity is expected. There should be no detectable change in
radiation levels measured at the external bcundary fence.
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No consequential negative impacts on the risk of hazardous emissions have been
identified. The key potentials of such a facility are related to:

1. escape of toxic chemical species,

2. escape of radionuclides, and

3. direct radiou~tive emissions.
The company believes that design features eliminate these potential concerns.
The escape modes of potential significance include:

1. dike failure (precluded by subgrade design)

2. wind erosion (precluded by solution ponding)

-3. 32seous emanations (reduced to minimal levels by solution cover)

4. solution seepage (precludec by synthetic membrane liner)

5. direct radiocactive emissicns (eliminated horizontaily by stockpile/
dike; vertically by solution cover)

From a "worst case" perspective, m-ubrane failure is the only significan®
possibility, and at worst, the impacts of such an event would be no worse
than those observed in comnection with the uncontrolled seepage characteristic
of the present facility (see 3.1.3.6) which is undesireable, but clearly

not catastrophic.

4.2 TMPACT OF PROPOSAL ON FLEMENTS OF THE HUMAN ENVIRONMENT

Implementation of the proposal will simply permit a continuation of existing
patterns. New jobs will be created caly during the short-lived construction
phase and are expected to be filled by present employees of the selected
project contractor.

Since virtually no changes in the human status quo will result from the
project, the impacts under every be ding of the existing human environment
(section 3.2) are nil. For this - ason, individual headings are not further
reviewed.

Only the "no action" altermative would result in alterations to the local
human status quc. In this case (discussed in section 8.3) abeout 130 present
jobs would be lost. This represents a highly significant impact of that
alternative to the area.

Similarly, such features of the human environment as Aesthetics, Recreational
opportunities, and Archaeological/Historical resources will not be affected

by the project. The site is fully shielded from public view and will therefore
nut affect the aesthetic vaiues of the area. Restricted access (already in
effect) precludes utilization of the site for recreational purposes, and no
features of either archaeological or historical importance have been
identified, despite the extensive work previously undertaken in the project
vicinity.
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4.3 SUMMARY OF IDENTIFIED IMPACTS

Because of the narrowly restricted nature of the actual proposal, the poteamtial

areas of impact are few. After intensive review, costing tens of thousands of

dollars and over 6 months time, no major adverse impacts have been identified.

On the contrary, the most significant impacts expected are bemeficial. Following

is a brief compilation of the significant or potentially significant impacts identified
in the previous headings of this section.

4.3.1 Known Signilicant Bemeficial Impacts
4,.3.1.1 Mitigation of Present Seepage Problems

Implementation of the proposal will permit immediate termination of the use of the
existing, freely seeping tailings disposal complex. This will result in interruptiomn
of seepage recharge, diminution of hydraulic head, and dissipation of the phreatic
mound. Radionuclide species now slowly migrating will be effectively stranded in

the dried vadose zone. Rapid up-grading of seepage-contaminated groundwaters

is 2xpected to ensue.

4.3.1.2 Mitigation of Long-term Land Surface Disfiguratioms
The proposal will simultaneously satisfy two requirements:

1. Increased tailings storage capacity.
2. Production of reclamation and stabilization materials.

The second requirement is an inescapable feature of all alternatives, including
the "no action" option. In that case, a pit of equal size must still be excavated,
but no mechanism for restoration of that pit would exist. Under the proposal,

the excavation that generates required reclamation materials will be backfilled
with mill tailings, thereby resulting in less long-cerm land disfiguration than
any other optionm.

4.3.1.3 Reinforcement of Existing Impoundment dikes

While existing impoundment dikes are considered both safe and stable, it is nonme-
theless a significant beneficial consequence of proposal implementation that the
existing dikes will be greatly reinforced by the reclamation material stockpiles
that will be placed in dike-like configuration around the peripheries of existing
dikes.

4.3.1.4 Environmentally Sound Continuation of Milling Operatioms

While other alternatives exist which could provide the increased tailings storage
capacities required for continued operation of the uranium milling facility, the
proposal incorporates state-of-the art technologies that result in a high degree
of envirunmental soundness. No other economically feasable alternmative provides
a comparable degree of impoundment stability and freedowm “rom adverse impacts.
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Even the "no action" alternative has signigicanily greater negative impacts than
the proposal in that (1) operations would necessarily be halted resulting - the
loss of approximately 130 direct jobs, and (2) reclamation material requi -.ents
would -:ill remain, resulting in the excavation of a borrow pit for which o
environmentally attractive restoration exists comparable with that offered by the
proposal.

4.3.2 Koown Significs % Adverse Impacts

4.3.2.1 Foreclosure of Future Land-use Options For the Site

Proposal implementation will directly result in a 28 acre increase in the land

surface area nov covered with uranium mill tailings. This area will be removed

from alternate usage in perpetuity unless the tailings are reclaimed and reprucessed

for recnvery of other elements at some “iture time. Note, however, that unde~

the terms of the Washington State Mill Licensing and Perpetual Care Act of 1579, -~
o ch if not all of the project site will be perpetually removed trom altermate

usage regardless of project implementation by merit of its immediate proximity to

a tailings disposal facility. Hence, the actual magnitude of this impact is small.

4.3.3 Potential Significant Beneficial Impacts

o
4.3.3.1 Incentive For Reduction in Water Use aud Liquid Discharge to Tails
Because of seepage ocutflow of tailings liquids from the pr..ent disposal facility,
* there has been no liquid bufld up requiring additional disposal system design or
reduction of liquid discharge to tailings. o

Implexmentation of the prooosal will eliminate seepage discharge from tailings,
resulting in a gradual build-up in liquids in the disposal facility. The proposed
system is capable of storage of all solids and liquids generated for several vears.
However, to derive full utilization of solids storage capactiy, the company must
devise either (1) a supplemental system for liquid disposal, or (2) a means of
recycling process liquids to ‘reduce discharge rates to a level that can be -
accommodated by direct pond evaporation.

This prob.em is currently being studied in detail by the company. It is probable
that systems will be devised to recycle a signilicant fraction of the process
liquids, which will have the potential significant impact of reducing fresh water
requirements for milling operatioms.

4.3.4 Potential Significant Adverse Lmpacts

4.3.4.1 Potential Seepage from Liner Leaks

While theoretically the proposal is a zero-seepage facility, the potential for
liner leakas~ certainly must be recognized. However, since such leaks would be
of many or: ' s of magnitude less than the volume of seepage presently generated
by the unlined dike impoundments, expected impacts of such seepage would alsc be
correspondingly reduced.

Since the actual envircnmental impacts of presently cbserved seepage are quite

slight, the amount of seepage expected from potential liner leaks should produce
wholly negligable results.
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4.4 POTENTIAL FOR SIGNIFICANT CUMULATIVE EFFECTS

Virtually no cumulative or interrelating environmental effects that could generate
a significant overall effect have been identified.

One cumulative effect considered is the following: If seepage influx into the
receiving stream is halted, and utilization of fresh waters by the mill is
diminirhed, resulting in a corresponding increase in spring flow into Chamokane
Creek, might the freshening of downstreas waters be of sufficient magnitude to
effect the existing biologic communities?

In view of the relatively slight impacts of both seepage water and spring waters
on the over-all chemistry of Chamokane Creek, the changes induced by a reduction
in seepage and an increase in spring flow would be slight. Discussions with
Washington State Game biologist, Ray Duff, indicate that the principal species
pupulating Chamokane Creek show wide tolerances for the chemical species studied.
The chief risk to biota is in sudden changes in chemistry; gradual changes of
large magnitude can be readily tolerated.

In the instance under discussion, overall changes will be both slight and gradual,
in that seepage emergence can not be suddenly halted, but flow through vith ever
increasing levels of dilutiom by groundwater is expected to persist for moutus to
years. It is therefore concluded that no significant impacts on the bio-
community are to hu <xpected as a result of this cumulative effect.
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5. RELATIONSHIP BETWEEN SHQRT-TERM USES OF THE
ENVIRONMENT AND LONG-~TERM PRODUCTIVITY

5.1 POTENTIAL TRADE-QFFS, SHORT-TERM VS. LONG-TERM
5.1.1 Land Use and Aesthetics -

The local, short-term effects cf continued milling are those associated with the
operation of any comparable-sized ore milling facility. The short-term disruption
of the landscape during mill operations will not adversely affect long-term
aesthetics if reclamation efforts are successful as planned. The millsite will be
returned to its prior uses without restriction, except for the tzilings disposal
area, which will require perpetual rescrictions against digging or other forms of
intrusion that could expose the buried tailings. Proposed reclamation measures
should permit otherwise unrescricted access and land use in the long-term.

5.1.2 Water

Since all water requirements for the continuing cperaticn are satisfied by
natural springs, no long-term effects om groundwater availability are expected.
Although local groundwater quality has been affected by seepage from existing
tailings impoundments, implementation of the proposal should preveant any further
seepage influx into the aquifer. Dilution, diffusion, and chemical attenuation
by soil reactions will render presently affected groundwaters non-toxic within
short periods, eliminating long-term degradation of water quality.

5.1.3 Mineral Resources

The mining and milling of utaniun.ores does not preclude extracting other substances

of future economic importance should the demand arise. The uranium-mill tailings
could be easily reworked.

5.1.4 Biota

Milling activities to date have reduced or eliminated the viability of about 220
acres of open Pine forest vegetation and wildlife habitat. Implementation of the
proposal will result in the disturbance of an additional 5 to 10 acres that would
not otherwise be disturbed. However, final reclamation plans call for re-
establishmen: of native vegetation afiter cessation of cperations which should be

immediately followed by the returm of native faunal species. Long-term productivity

and diversity of both faunal and floral communities should rapidly return to a
state approximating undisturbed surrounding areas.

5.1.5 Radiological Environment

Reclamation plans for the millsite complex are designed to return all areas to near
background alpha, beta, and gamma radiocactivity. Capping and burial of tailings
wili be undertaken to meet radon release standards, rendering the disposal site
non-hazardous so long as the cover layer is properly maintained. Both funding

and responsibility for perpetual care have been established by the Washington

State Mill Licensing and Perpetual Care Act of 1979.
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5.1.6 Summary

No significant long-term trade-offs have been identified other than the permanent
restriction on digging or otherwise breeching the cap over the buried tailings.
These restrictions are a necessary consequence of the substantial amount of tailings
already in place. The incremental additions related to continued operations
afforded by the propoecd action should not constitute a large long-term cost.

5.2 EFFECT OF RESERVING PROPOSAL FOR SOME FUTURE TIME

There is a considerable advantage, both in terms of economics and resource
utilization, to permit uninterrupted operations throughout the fall life of the
milling facility. If the proposal were reserved until some future time,
essentially two options would be open to the company: (a) mine remaining ore
and have it processed at another licemsed mill, or (b) iaterrupt all operatioms.

The only other licensed milling facility within economic ore transportaticm

distance is Western Nuclear's Sherwood project mill, located about 8 miles from

the Midnite Mine. However, the Sherwood Mill is operating at capacity and faciliries
there have been designed to balance the anticipated production of the associated
Sherwood Mine. Processing of Midnite ores at Sherwood would therefore require
enlargements to existing facilities there similar to the propcsal. Under this
option, the Dawn Mill at Ford would be permanently closed and all associated
employment terminated, but an equivalent proposal would still be required.

Interruption of all operations would also result in prohibitively high costs
without compensating gains. The Dawn operation was interrupted from 1965 through
1970 due to market conditions. Rehabilitation of the facility after that period
required virtual replacement of the mill. The co<ts of maintaining a continuing
operation are very low in comparison to mill replacement costs, and considerable
needless energy and resource consumption would te required during the rehabilitationm
phase. Interrupted operations would also generate costly sociceconomic impacts
through job loss, emigration from the area, reduction in existing supportive
services, followed by reconstruction with its reversed conditions. In general, it
is obvious that uninterrupted continuity of operations is more efficient and
yields fewer overall impacts than the interruptri operations that would be a
necassary consequence of proposal deferral.

In view of preseant national enmergy supply and 13and, it is imperative that energy
production resources be generated in a timely .shiom. This is particularly

true in the case of nuclear power generation in that the huge funding commitments
and lead time requirements for the construction of a nuclear power facility
necessitate an assured fuel supply. If nuclear power is to contribute its
projected share to the nation's goal of energy self-sufficiemcy, then sufficient
levels of uranium production need to be maintained to allow utilities to proceed
with reactor comstruction with assurance of adequate tuel availabiliry.

Undelayed growth ¢f nuclear and coal-based electrical energy production is
desirable in that this would decrease our dependence on (and consumption of)
other fossil fuels already in very short supply in the U. S. At preseat,
uranium is less expensive on a thermal unit basis than any other fuel used to
produce electrical power.
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In recent years, the Dawn operation has produced 2 to JX of the nation's
uranium production, and i{s capable of maintaining this status for many years
to w -
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6. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

6.1 LAND AND MINERAL
6.1.1 Land

A restriction on digging or other forms of intrusion may indafinitely prevent
the the dev:lopment of the lands containing buried tailings. This is con-
sidered an irreversible commitment of resources.

6.1.2 Mineral

The extraction, processing, and eventual use of the ammonium diuranate produced
by the mill a- . considered irreversible and irretrievable. Other than the
uranium resource itself, several million gallons of fuel oil and other fuels
consumed to generate the electrical power utilized in the mining and milling
operations, no irreversible or irretrievable commitment of mineral resources
are anticipated.

6.2 WATER AND AIR

6.2.1 Water

'Because of the large volume of gr undwater available in the alluvial aquifer

and its large recharge capacity, the use of this groundwater for the mill's
water supply is not considered to represent an irreversible or irretrievable
commitment of (his resource.

6.2.2 Air

Because the atmosphere is self-c’ -.aning of pollutants a* the low concentration
anticipated, no irreversible nor irretrievable ommitme t. of the area's
air quality are expected.

6.3 BIOTA
6.3.1 Terrestrial

The area of the tailings pile will not be available for anv activity that will
result in the incorporaticn of the tailings into the upper strata of the soil
or in any way damage the seal over the tailings. The possible effects of
breaching of the soil and clay materials by burrowing animals is not knowm.

6.3.2 Aquatic

The presence of certain heavy metals, radionuclides, and other toxic chemical
Byproducts of mill operation may exceed background concentrations in the
receiving stream. Implementation of the proposal will halt fresh influx of
solutions to the substrate. Subsequeut diffusion, dilution, and actenuation
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by soil reactions will eventually erase the areas of excessive concentrations
of these substances.

6.4 MATERIAL RESOURCES

Chemicals and reagents (see Table 3.5 ) required by the milling préceac will
be consumptively used, and therefore are zonsidered irrerrievable and
irreversible commitments of these resources. Use of these materials, howr.ver,

is considered a minor impact, because, in the volumes consumed, the mater 'als
are readily available.

(Section adapted from U. S. NRC NUREG-0505, 1978)
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7. ADVERSE IMPACTS WHICH CAN BE MITIGATED OR ELIMINATED

Of the direct impacts of the actual proposal discussed in Section 4 of this
document, only one was deemed a "known significant adverse impact", and that
consisted of foreclosure of future land-use options for the immediate site
(4.3.2.1). Mitigation of this effect as much as possible was a stated

goal of the disposal option designed. Since the facility will be excavated
to the maximum depth permitted by the position of the water table, its
capacity relative to surface area is at a practical maximum.

The only disposal alternative that would avoid incremental increase in the
foreclosed-usage surface area would be a lift of about 20 vertical feet
around the entire above-ground dike system now in use. While this approach
would mitigate the land-use foreclosure problem, it would sustain the more
serious solution seepage aspect of the present syatem. Also, it would
place the tailings in a comsi’~rably more vulnerable position for erosiocal
breeching of the cover layer in the long-term.

Solution seepage, the key "known significant adverse impact" of the present
tailings disposal system, would be greatly mitigated by implementatiom of
the proposed fully-lined facility.
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8. ALTERNATIVE METHODS FOR TAILINGS MANAGEMENT

8.1 INTRODUCTION

For the purposes of the sectiom, "tailings management" is defined as the
disposition of the tailings and waste leach solutions following extraction
(separation) of the uranium. In the case of the Dawn Mill, the number of
alternatives for tailings management is cona&rained by the fact that the
mill has been operating for about 20 years and considerable tailings have
a’ready accumulated.

The alternative tailings management plans considered by the Company have

been evaluated against the following set of performance objectives, o
developed by the NRC (see Scarano and Lineh.n, 1978), and designed to .

ensure t+ potential public health hazards which otherwise could occur

in the operation of the project are avoided or minimized:

Siting and Design

1. Locate the tailings isolation area remote .rom people such that C
population exposures would be reduced to the maximum extent
reasonably achievable.

2. Locate the tailings isolation area such that disruption and
dispersion by natural forces is <lizi=~*~4 ~= T.d-ced to the o
maxium extent reasonably achievable.

3. Design the isolation area such that seepage of toxic materials
into the groundwater system would be eliminated or reduced to the
maximum extent reasonably achievable.

D._-' .g Operations

4. Eliminate the blowing of tailings to unrestricted area during
normal operating conditioms.

Post-reclamation

5. Reduce direct gamma radiation from the impoun<»2:nt area to essentially
background level.

6. Reduce che radon emanation rate from the impoundment area :0o about
twice the emanation rate in the surrounding environs.

7. Eliminate the need for an ongoing monitoring and maintenance
program following successful reclamation.

8. Proride surety arrangements to assure that sufficient funds are
available to complete the full reclamation plan.

68
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8.2 ALTERNATIVES CONSIDERED

8.2.1 Siting

After considering the existing tailings Aisposal area relative to the NRC
performance objectives, no significant veasons were found for seeking an
alternate disposal site location. Since the present disposal site is already
irreversibly contaminated, it makes becter semse to confine future disposal

to the same site than to contaminate :ny other area without strong cause.

This approach will retain important bemefits in terms of the cost of perpetual
monitoring and maintenance: Further, it would be exceedingly difficult to

either define or find a more acceptable site than that already in use.

8.2.2 Design
Severa facility design alternatives were evaluated, including:

1. Vertical additioms to present impoundment dikes.

2. Construction of a new dike impoundment adjacent to existing
facilities.

3. Excavation Jf a subgrade storage pit.

Thc above-gradc 1npounduent options wntc tejected becauae

1. Isolation of the tailings in the lang term is less assured than
with the subgrade option;

2. The large reclamation material requirements would .ve to be
derived from some other area. With the subgrade option, needed
sands and gravels for reclamation would be a by-product of
facility construction;

3. The Company was anxious to conform to designs considered the best
available technology in order to facilitate aquisition of necessary
permits. Time constraints on the approval and construction process
are very tight;

4., The disrupted surface area per unit capacity would be greater.
The lined subgrade facility propcsed is believed to be a state-of-the-art
system. No reasonable alternmative is known to exist that could attain the

proposal objective at a lower envirommental cost.

8.2.3 Liner Alternatives

Both synthetic membrane liners and compacted aatural clays were investigated.

Hypalon synthecic rubber (30 mil) reinforced with a 10 by 10 polyster scrim
was selected, although clay liner: appear very similar in favorability. The

r2jection of the clay option is I sed on the wider range of uncertainties,

1077 037



70

both in engineering characteristics and ecomomics of acquisition and
placement, assor ‘ated with utilization of natural clays.

Synthetic membrane i.vestig-.ed .. i¢ UZolyvinyl Chloride (PVC), Chlorinated
Polyethylene (CPE) and S 1 etic Ru““er ‘Hypalon). Of the group, Hypalon

is most exp~nsive but ha: excallont, proven performance characteristics under
the anticivated conditic. 3. “yralon is the principal liner material specified
by both ind stry ard gove _.nt for this apriication.

8.2.4 Wind Erosion Coatrol

The subgrade design promotes situration and liquid covering - f tailings solids
precluding wind erosion vroblevs within the proposed facility.

The use of wood chip cover on existing disposal facilities was predicated on
ready availability and effectiveness. No reason for investigation .~ other
options has arisen.

8.2.5 Reclamation and Stabilization

The proposed long-term reclamation plan was l..ed on NRC preferences outlined
in the Generic Environmental Impact Statement (GEIS, NUREG - 0511) recently
published. Other options have not been investigated as formal regulations
prescribing reclamation requirements are expected as an outgrowth of the
GEIS. Hence, the Company has tentatively proposed a plan comsistent with
present objectives and comsiders it futile to speculate on other options
until final promulgation of related rule-making.

8.3 THE "NO ACTION" ALTERNATIVE

It is a peculiar feature of the proposed system, that the '"no action"
alternative--rhat is, non-issuance of permit, resuliing in termination
of mill operacions-—-generates greater impacts to the physical environment
than would implementation of the proposal. The key considzratizz in this
context is the source of the considerable volumes of borrow materials
required for the reclamation and stabilization of existing (and any new)
tailings dispcsal facilities.

The proposed excavation will generate an amount of sands and gravels adequate
to cap all facilities and moderate outslopes as outlined in sectiom 2.2.1.6.
Utilization of this pit for tailings disposal will effectively restore the
topographic form of the excavation.

If *he "no action" alternative were pursuea, a borrow pit exactly eonivalent
in volume to that of the present proposal would still have to be excsvated
to obtain reclamation materials for existing facilities, but no means for
restoration of that pit would exist.

Hence, even ignoring the more obvious adve' .e socioceconomic impacts of mill
closure and job losses, the "no action" alternative does not result in
environmental benefits. Virtually all expected impacts of the proposal
already exist and cannot b- avoided by the "no action" alternative.
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9. UNAVOIDABLE ADVERSE IMPACTS

9.1 DISCUSSION

The only unavoidable adverse impact of the proposed tailings management
system is the generation of an additicnal 28 acre area that will require
usage restrictions, surveillance, and .are in perpetuity, due to the
placement of hazardous materials within that area.

All other adverse envirommental effects of proposal implementation will be
indisc —-iable in the long-term.

It should be emphasized that the single unavoidable adverse impact of the
proposal is but an incremental increase to an identical, existing impact
involving a much larg>r acreage.

9.2 COST-BENEFIT ANALYSIS

In return for the single unavoidable adverse impact discussed in 9.1 above,
milling operations at the Dawn facility will be able to continue, ultimately
preserving over 130 jobs for a period of 6 to 10 or more years. During

that period 2.5 to over 4 million pounds of yellowcake will be produced,
significantly coutributing %o the nation's electrical energy production

in a time of widespread shortages and pointed attempts to achieve national
self-sufficiency in energy resources.
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APPENDIX A REGIONAL GEOLOGIC HISTORY

Since long term site stabilit; is an important consideration in the preseut
proposal, the geologic history of this region is here discussed in detail.
The area surrounding the Dawn millsite has a long and varied history, ranging
from th: monotony of a full billion years of conditions as stable as any

part of the woild has ever seen, to major episodes of mouvntain building,
Plutonism, earthquake:, volcanism, glaciationm, and flooding. The following
hie .oric perspective should help the concermed reader to evaluate the

present geologic stability of the regiom.

The oldest preserved rocks of the NE Washington area are slates, argillites,
and quartzites of the preCambrian Belt Supergroup. Muds and fine sands of
this unit were deposited in su'llow salty wters occupying a slowly deepening
trough at the edge of a broad, flat continental plain. Deposition of the
Belt Supergroup began nearly 2 billion years before present (B.P.) and
continued unevertfully for a billion years. Nearly fifty thousand feet of
sediments accumulated.

The cverlying Huckleberry conglomerate and volcanics of Late preCambrian
age record the abrupt close of this lung sequence of stable conditions. The
slow coampressional stresses that caused the Jdownwarping of the Belt deposit-
ional basin finally exceeded the plastic lim't of the underlying crustal

‘plate, and sudden viclent rupture resulted. ' The continental side of the

break rebounded, lifting the Belt rocks of Idaho and Montana high atove sea
level. Rapid erosional downwasting of this uplifted highlands concributed
the coarse cobbles of the Huckleberry conglomerate into the down-dropped
NE Washington basin. Magmas found their way into the ruptured zone and

fed submarine volcanism indicated by the Huckleberry volcanics.

Continued compressional stresses were relieved by underthrusting of the
oceanward plate bemeath the lip cf the continental plate. Frictional drag
between the plates slowly downwarped the continental plate, leading to the
deposition of a deepening water succession of sediments. The basal

Camgriap deposits are sandc of the Addy Quartzite formatiom, cwerlain by off-
shore muds of the Maitlenm Phyllite, topped by the deep water parts of the
midCambrian Metalline Limestone. However, during the last half of

Metalline Limestome depostion , a broad upward bulge began to grow in the
continental plate.

Increasing restric:ion of the seaway was recorded in Ordovician times by
the accumulation of organi: black muds of the Ledbetter Slat “ormation.
The very stagnant conditions required for this type of sedin ~ion
indicate very poor circulation of the marine waters——clearly u.L an open-
ocean feature.

Small coral reef deposits of very limitec geographic extent were formed
during late Paleozoic times, further documenting the greatly restricted

seaways. By this time, the broad upward bulge had multiplied into a series
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of wave-like folds,and slender tongues of marine water were rastricted to the
troughs of the synclinal folds.

Continued compressional folding and underthrusting finally lifted the
continental plate above sealevel about 300 million years B.P. A period of
mountain building ensued, culminated by the intrusion of large granitic
plutons about 100 million years ago.

To the west, in the area of the major subductive underthrust (near the
present course of the Columbia River), a melange of denp sea deposits car-
ried continentward by the diving plate were scraped off on the lip of the
continental crust. Landslides of continental detritus cascaded into the
trench, accumulating in a structurally complex pile of jumblea deep sea
and continental deposits.

Intrusion of the Cretaceous granites "healed" the underthrust zone, welding
the two plates together again. As unrelenting compressional stresses built
up, a new downwarp was initiated west of the present Cascade Mountains.

The entire sequence began to repeat itself at that locality, while in north-
eastern Washington, stresses greatly relaxed.

Release of the compressicnal forces that both built and maintained the
1»fty folded and thrust-faulted landforms, resulted in large scale
collapse structures in several areas. The Metaline, Republic and Methow
grabens formed as large fault-bounded blocks dropped downwards as much as
10,000 feet. :

At about this time, widespread wolcanic eruptions commenced, blanketing
much of northeastern Washington with rhyodactic tuffs and flows of the San-
poil Volcznics. Simultaneously, the younger (50 milliom years B.P.)
intrusive units of the Loon Lake batholith were rising into place.

Relatively stable conditions and deep erosion prevailed over the following
20 million years, etching deeply into even the younges% intrusive units.

About 30 million years ago, great rifts opened in central and southwestern
Washington and flood basalts poured out, fluidly filling the lowlands like
vast rivers of lava. For the next 20 million years flow after flow
poured out, building thicknesses of up to 10,000 feet. A few of the
uppermost flows lapped into the highland valleys in the vicinity of the
Dawn millsite.

Again, a period of quiescence and erosion intervemed. Very little tectonic
activity occured in the NE Washington regionm, but to the west, the Cascade
volcanoces were growing. As a result of the Cascade rain-shadow, weather in
the eastern part of the state became increasingly arid.

Climaxing the local geoiogical history, the great continental glaciers

Began their southward march about 1 million years ago. Several times the
ice advanced, then receded, stagnatirz somewhat north of the present city
of Spokane. Meltwaters carried huge loads of rock flour, sands, and gravels
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southwestwa~ds across the basalt plateau. Winds picked up the fine particles
and blew them back again, forming the dune-like fertile soils of the Palouse.

The final advance of the Purcell lobe of the glacier dammed the Clark For'
River, backing up waters to form glacial Lake Missoula. Eventual failure
of the ice dam sent a wall of water across the Spokaae (and Ford) area
estimated to have carried a flow of water for a brief period that equaled
ten times the flow of all the major rivers of earth combined. This raging
torrent scoured its way ~cross the plateau producing Washington's channeled
scablands. In the Ford area, a twenty foot layer of coarse gravel was
deposited by the waning stages of the "Great Spokane Flood". This
spectacular event took place about 20,000 years ago.

Since the final recession of the glaciers, the region has been geologically
"quiet". In the last hundred yeare, there has beern a scattering of minor
earthquakes, probably related to glacial urloading, with epicenters located
less than 100 miles from the Dawn millsite; however, none of these have been
significantly destructive. A few of the most severe quakes with epicenters
from 100 to 400 miles away from the project area have produced significant
local ground movement, but none in recorded history have extensively
damaged structures in the Spokane area. Appendix B includes available
seismic data for the regiom.

Walkers Prairie, the site of the Dawn operation, is believed to be an
erosional feature free of potential seismic structures. The Dawn mill
area near Ford, Wa. is umderlain by a granitis basement buried under thin
remnants of Columbia River Basalts and a thick accumulation of glacio-
fluvial clays, sands, and bouldery gravels. Figure 3.1 is an interpretive
geologic profile of the materials underlyiang and adjacent to the millsite.
A detailed measured section of the glaciofluvial deposits which will be
encountered by the sub-grade excavation is presented in Figure 3.2.



APPENDIX B REGIONAL SEISMOLOGY

From "Draft Environmental Statement, Sherwood Uranium Project, Spukane Indian
Reservation,” Appendix E, U.S. Department of the Interior Bureau of Indian
Affairs, Portland, April, 1976.
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TABLE B~|

PRIMARY SOURCES OF EARTHQUAKE DATA

ey

.

Reference Geographic Area Time Period
Townley and Allen (1939) Washii.gton, bregon, Idaho lo..-1928
Coombs (1953) Washington 1930-1951
Rasmussen (1967) Washington ' 1840-1965
Coffman and von Hake (1973) Washington/Oregon, Western ; 1841-1970

Mountain Region

U.S. Earthquakes Washington/Oregon, Western 1928-1971

Mountain Region
U.S. Coast and Geodetic .
Survey (1930-1970) ~
U.S5. National Ocean Survey *
(1971)

U.S. Environmental Data
Service (1972, 1973)

.~

Milne (1956) Western Canada 1841-1951

Milne et al (1953, 1961~ Western Canada 1951-1963
1964, 1966) :

Smith and Milne (1969, 1970) Western Canada 1964-1965

Stevens et al (1972) Western Canada 1966

-1
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TABLE B 2

RECORDED EARTHQUAKES LOCATED WITHIN 100 MILES OF THE PROJECT

(a)
sheet 1 of 2

Assigned ‘
Latitude/ Intensity/
. Year Date Location L .agitude Hagnitudc(b,
- i897 Dec 15 Lakeside 47.8 N, 120.1 W *“Severe Shock”
1898 Jan 1) Lakeside 47.8 X, 120.1 W Felt
1898 June 3 Lakeside 47.8 N, 120.1 W Felt
1906 Jan 2 N.E. Wash. 43.5 N, 118.0 W VI
1908 Nov 2 Colville 48.5 N, 117.9 W v
1309 May 24 47.6 N, 47.6 N, 120.0 W Felt
120.0 W
* 1914 Feb 1 Lakeside 47.8 N, 120.1 W Felc
1914 Aug 8 Lakeside 47.8 N, 120.1 @ Felt
1915 Mar 1 Lakeside 47.8 N, 120.1 W IIr
1918 Mar 5 Lakeside 47.8 N, 120.1 W z )
1918 Jul 18 Lakeside 47.8 N, 120.1 W v
1915 pec 10 Spckane 47.7 N, 117.4 W v
1318 Mar 11 48.0 N, 48.0 N, 116.7 w v
116.7 W -
191° Apr 18 white Bluffs 47.7 N, 117.6 W v
Prairie
1918 Nev 1 Corfu 46.7 ¥, 119.5 W v-vI
’ 1920 Nov 28 Spokane 7.7 N, 117.4 W Felt
1920 © - Nov 29 . _Spokane ... . . 47.7 N, 117.4 W Felt
1922 Jan 31 Tonasket 3.7 4, 119.5 W I1x{?)
1922 Jan 11 Republic 48.7 N, 118.7 W II(?)
. 1922 June 1 Spckane 47.7 N, 117.4 W v
1926 Nov 28 47.% M, : 47.5 N, 116.0 W v
116.2 W
1976 Dec 30 Chelan/East- . 47.3 N, 120.1 W vl
Central Wash.
1930 Sept 3 47 1 N, 47.3 N, 117.8 W v
117.8 W
1911 Sept 13 Lakeside/ 47.8 N, 120.0 W Felt
Chelan Falls
1932 Aug 15 Chelan 47.8 N, 120.0 W - - -II1
1912 Sept 5 Lakeside 47.8 N, 120.1 W III
1933 Apr 29 Chelan/ “ateros 47.8 N, 120.1 W 111
19133 May 29 Chelan 47.8 N, 120.0 W I1I
19133 May 31 - Chelan 47.8 N, 120.0 W w
1334 Jan 11 48.0 N, 48.0 N, 117.0 W {2)
. 117.0 W
1934 Mar 9 Lakeside 47.8 N, 120.1 W v
1334 Mar 10 Chelan Falls 47.8 N, 120.0 W III
1334 Mar 18 wa-erville 47.7 N, 120.0 W Il
191315 July 9 47.7 N, 47.7 N, 120.0 W v
120.0 W
193S ocet 12 Entiat 47.7 N, 120.2 W v-v
1937 Aug 1 Spokane 47.7 N, 117.4 W Felt
1939 Nov 29 Chelan Falis 47.8 N, 120.0 W Felt
1939 Nov 130 Chelan Falls 47.3 N, 120.0 W Felt
1940 Jan 6 Epnrata 7.3 N, 119.6 W Felt
194l Jan 3 Pullman 46.7T N, 1i7.3 W Felt
1941 apr 7 Republic 48.7 N, 118.7 W Felt
1941 Apr 7 48.1 N, j4.3 N, 119.6 W vl
119.6 W
1941 Apr 12 waterville 47.7 N, 120.0 W Felt
’ 1941 . Jul 2 Spokane 47.7 N, 117.4 W Felt
1942 Feb 23 wenatcnee/ 47.6 N, 120.1 W v
Chelan Falls
{a) Compiled from references cited in Tabie8-1.

{(b) <Intensity * mcdified Mercalli Scale; magnitude = Richter Magnitude Scaie.

. 1077 Q46~
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TABLE B -2
et el o Sheet 2 of 2
Ausigned
Y Latitude/ Iintensity/
Year Date Location Longitude Magnitude
1942 Nov 1 48.0 N, 48.0 N, 116.7 W ur
! 116.7 w
1942 Dec 1 Entiat 47.7 N, 120.2 W Felt
1943 June 13 Entiat 47.7 N, 120.2 W Felt
R 1943 Sept 23 Coulee Dam 48.0 N, 119.0 % Felt
~ . 1943 oct 9 wWaterville 47.7 N, 120.0 W Felt
1943 Oct 27 Okanogan 48 4 N, 119.6 W Felt
1944 Jan 29 Chelan Falls 47.8 N, 120.0 W Felt
1944 Oct 7 Chelan Falls 47.8 N, 120.0 W 111
1944 Dec 25 Entiat 47.7 N, 120.2 W Iv
1945 Jan 4 Entiat 47.7 N, 120.2 W v
N 1945 Feb 27 Winthrop 48.7 N, 120.2 W w
’ 1545 Mar 2 “ntiat 47 , 120.2 W v
1946 Feb 5 Chelan/ 47. N, 120.2 W v
Ardenvoir
1947 Dec 22 Entiat 47.7 N, 120.2 W v
1948 Jan 13 Lucerne/ 47.7 N, 120.0 W v
Waterville
1948 Aug 28 Deer Park 47.8 N, 117.5 W v
2o 1948 Oct 25 Chelan 47.9 N, 120.0 W v
1949 Apr 14 Pullman 46.7 N, 117.2 W Felt
1950 Mar 8 Entiat 47.7 N, 120.2 W v
1950 June 25 Cheney 47.5 N, 117.5 W v
1951 Jan 4 Chelan/ *  47.75 N, 120.0 W v
’ £ L - *t “'Waterv:ille '
1952 Mar 4 Spokane 47.7 N, 117.4 W v
1954 “May 25 °© Twisp 48.3 N, 120.1 W v
- 1954 June 8 47.5 N, 47.5 N, 116.0 W v
. 116.0 W
° 1955 Feb 6 Grand Coulee 48.0 N, 119.0 W v
Dam
195S% Jul 15719 Scap Lake 47.4 N, 119.5 W 1v
1955 Dec 19 48.5 N, 48.5 N, 116.3 W 2.1
. 116.3 w
t 1956 Feb 24 Electric City 47.95 N, 119.0 W v
1957 Dec 18 wallace, Idaho 47.5 N, 116.0 W VI
1358 Apr 12 483 N, 120 W 48.0 8, 120.0 W vi
1959 July 11 Neep Lake 47.7 N, 119.5 W Felt
1959 Aug 6 e 47.8 N, 120.u W v
1959 Aug 18 Chelan 47.8 N, 120.0 W Felt
1961 Apr 22 49.0 N, 49.0 N, 119.7 W 3.3
' 119.7 w
1961 May 22 47.6 N, 47.6 N, 120.2 W v
120.2 W
1981 Oct 31 46 .4 N, 48.4 N, 120.0 W v
120.0 w
1961 Nov 7 Spokane O 47.7 W, 117.4 W Felt
1962 Jan 15 47.83 N, 120.22 W v
1963 Dec 22 48.5 N, 119.3 W V/4.4
1965 Apr 28 48.6 N, 116.9 W v
1968 Jul 23 7.2 8, 1195 W 4.3
1966 Nov 6 47.9 N, 119.1 W ?)
1966 Nov 13 48.5 N, 119.0 W y:2
1966 Lec 8 48.3 N, 120.0 W .8
1967 June § 49.2 8, 119.1 w 3.9
1968 Apr 1 48.8 N, 1l6.3 W (?)
19638 Aug 9 47.52 N, 116.0 W {(?)
1969 May 10 49.1 N, 118.72 W 3.4
1971 Jan 26 6.91 N, 119.57T w 2.3
1971 Oct 25 46.7 N, 119.5 w 3.2
19 Cec 20 46 .94 N, 119.25 w 4.8

| 1077 047
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MODIFIED MERCALLI INTENSITY (DAMAGE) SCALE OF 1931

(Abridged)

Intensity
I

I1

vIi

vVII

vVIIZ

ix

L2 3

Dcnct{ﬁtlon

Not felt except by a very few under especially favorable circumstances.

(I Rossi-Forel Scale.)

Felt only by a few persons at rest, especially on upper floors of

buildings. Delicately suspended objects may swing. (I to II
Rossi-Forel Scale.)
Felt quite noticeably indoors, especially on upper floors of

Standing motcrcars may rock slightly. Vibraticn like passing
of truck. Duration estimated. (III Rossi-Forel Scale.)

- buildings, but many pecple do not recugnize it as an earthquake.

During the day felt indoors by many, outdoors by few. At night

some awakened. Dishes, windcws, doors disturbed; walls make

creaking socund. Sensation like heavy truck striking building.
Standing motorcars rocked noticeably. (IV to V Rossi-Forel Scale )

Felt by nearly everycne, many awakened. Some dishes, windows,

etc., broken; a few instances of cracked plaster: unstable

i objects owverturned: - Dasturbances of ' arees, poles,. and other.

tall objects sometimes noticed. Pendulum clocks may stop.
(V to VI Rossi-Forel Scale.)

Pelt by all, many frightened and run nutdcors. Some heavy
furniture moved; a few instances of fallen plaste~ or damaged
chimneys. Damage slight.. (VI to VII Rossi-Forel Scale.)

Everybody runs outdoors. Damage negligible Xn.buxfainqs of good

design and construction; slight to moderate in well-built
ordinary structures; considerable in poorly built or badly

designed structures; some chimneys broken. Noticed by persons

driving motorcars. (VIII Rossi-Forel Scale.)

Damage slight in specially designed structures; considerable

in ordinary substantial buildings with partial collapse; great

in poorly built structures. Panel walls thrown out of frame
structures. Ffall of chimneys, factory stacks, cclumns,
monuments, walls. Heavy furniturs overturned. Sand and mud
ejectéd in small amounts. Changes in well water. Persons

driving motorcars disturded. (VIII+ to IX Rossi-Forel Scale.)

Damage consgideraole in specially designed srructures; well-designed

frame structures thrown osut of plumb; great in substantial

buildings, with partial collapse. Buildings shifted off{ foundaticns.
Ground cracked conspicuously. Underground pipes broken. (IXe+

Rossi-Forel Scale.)

Some well-bu.lt wooden structures destroyed; most masonry and
structures destroyed with foundations; ground badly cracked.

Rossi-Forel Scale.)

Few, 1f any, (masonry) structures remain standing. Bridges
destroyed. Broad fissures in ground. Underground pipelines
completely out of service. Earth slumps and land slips in
soft ground. Rails bent greatly.

Damage total.
level distocred

Objects thrown upward into the air. .

frame
Rails
bent. LlLandslides considerable from river banks and steep slcpes.
Shifted sand and mud. Wwater splashed (slopped) over banks. (X

“aves seen on ground surface. Lines of sight and
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MYARRATIVF CLIFATOLOCICAL SIRMARY

Chewe 13k i« located im the northeastern section of the Stats
Wd near the southern aire ~f Stevens Coumty, The city is in
the Colville #iver vallev. Within 5 to 10 siles nf the :iver,
northesouth ranres of anwntains rench clevations of 4,000 to
6,00 foer, The anst ueertant agricnlitural activities are
the ratsine of livestack and the growing of hav and small
Fraim cro~s,  The hisher elevatiang are State and Natiomal
forest jamds. Ytemesics of commer, silver aml nther mincrals
are faund in the mewagaias.  The lucklohersy ‘ountains w the
oAt Tlank Af the s.iey contain one af the larrest sasmesite
demesits v the imited £3tes. A magnesito nrocessing slant
I8 located nenr the city, Tiater ski aress are being devel-
ored aloar somv of the sountain slopes,

Twwmers are warm, div and sunnc and winters are rarher cold
WIth consiscranie ¢lomdiness, Some of the factors (afluenc-
‘AF the climate are terrain, Jistance s direction ‘rom the
Sccan and the sreviiliag westoriy wimds apove the summits of
the sountaing. The ‘seiv ouataing sragect this ires from the
BOTE Severs LINEAT JLOFms COVIAL SOUCRWATYD ACTOSS Lanadd, Nowe
ver, the sorth-sout™ vallevs ietveon ranges of mountains
Tieading (ara Tritish Tolurhid sermit some of the cold air
I8 reach the Inland Rasin oFf erstem sashimgtom. Im 3
Pesterly directina, the Cascade 'ountaing fare 3 Larrier

A the sasterly mavescat of seist air froe aver the sesan.

9 3 tymical sumoer's tay, aftermoon tosrerature is in the
By Gith nighetine resding in the 40°s. In »idwumper,
Stinue toemeratures cscoed 0% on sne Jay et of thres,
feact.ag 100° on 1 fow aftormnons. Fvem o8 the varmest Javs,
temmeratures Jrne rather ouickly after sumset. The rrowing
103%0n 13 comraraticely shart and frost has eccurred (a side
Wemmer semths,  The last freeting tommerature im the s~ring
WSunlly occurs afror the First af June and the First in the
3l aev occur dnrinp the latter haif of Aupwst.

Nrine the wintar scavan, aftemonn terneritres are near
freating amd sinimum temmeratires ranpe from 187 te 20°
ove iera. Vizious temmcratures were below frewziag m o0
Yars 1n ome of the coider winters and on onlv 13 days in ome
97 the varcer winters.  linimum temmeratires are Selew
freeiing om tismat svery aight from the lstter Salf ef
Wtoher thrangh Yarch, Finisum tewmeratures cas be empected

POOR ORIGIHA

to drom to -14° or lower on 3t least & nights in 7 sme
Muring ome of the coldest winters in recent years, 19« 7 & aewe
temperatnres vere heiow tere om 24 nights, <10° on 20 aigh v, 20
on 1T airhts and S10° on 6 michts, The coldest westher semerallv
occurs when cold air frowm Camada ar cast of the Rocly Mountaing
reaches this sectiom af the State. Muring these cold suthreaks, the
shky is frenuently cloar and the sround i3 covered with snow, thus 3
larse amount of heat i3 [ost Sy radistion t aiphe,

Frecinitation i3 1ight in summer, i(ncreasing i+ the fall, rescrang
& reak in winter, them lecreasing In the soring with 3 slight
increase in Mav and June followed hy 3 shars drop in fuly. Anmual
Arecinitation has ranged from 13 to )7 inches. Duriag \August, the
driest month, the total srecinitation 13 less tham .01 iach ia 1
summer out af (0. also, the total arecinitation s sore thoa 2
inches ia [ summer dut of (0, Several thumaerstorms and 3 fow hail
JLOTEMS OCTUr cach suMmer.

Most of the ecinitation betwean the latter half of ‘ovesber and
the first of L =eh falls as saow, ia the righer clevat.ons, snow
can be exrected after the miudle of October smd in *he lower vailers
before the First of Neccaber. A smow cover remains o the ground
so3t of the time hetween the middle of Necember 1nd the flrst of
“arch. Smow reaches a death of 15 2o 29 inches 1imost every vinter
and 0 to 3O inches in the Seavier saowfall seatons. In the Righer
elevations, snow can d& expected o remain om the prouwnd from the
last of Octoher unti! May or June. The few smow survey resorts
availanlc for clevations above 4,200 or 7,000 feet indicate & to

8 feet 5F smow on the ground the Firse of Anril and § 20 5 feer

the first of “av,

Durinr the winter season, the [oss of heat by radiatinm 3¢ aighe
nd 2013t Aur crnssing the Tascades results Im considerabic clomd! -
ness and foe, The sumher of clear or oaly sartiy :ioudy Javs zach
mowmth increases from annrorimatcly G in winter to 14 ia nring and
fall and o0 2% 1n sidsusmer,

In this section of the Stats, the relative Wmidity in winter

ranges feam 75N (a the aftemonn to 0% ot night, and 'n suseer
from 30V in the aftormcon to 40% at aishe,
Farl L. ™iltins
ftace Climataiogist

UL, meather Yreau
Sesttlc, sashingtom
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