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D A M S I T E A N D S T R U C T U R E R E V I E W T E A M R E P 0 R T 


Y A K I M A R I V E R B A S I N 

W AT E R E N HAN C EM E N T P R 0 J E C T, WAS H I N G T 0 N 

TRANSMITTAL 

·organization of Team and Purpose of Report 

· The following report was prepared by the Oamsite and Structure Review 
Team established to fulfill the requirements of reclamation Instructions, 
'Part 133, which state in part that "As a part of the plan formulation process, 
a Oamsite and Structure Review Team shall review damsites to be included in 
the .feasibility report. The team will be composed of regional and project 
personnel, an earth dams designer, a concrete dams designer, and a geologist 
from the Engineering and Research Center . " 

A Oamsite and Structure Review Team comprised of the following members 
was formed for this project: 

John Ooty 
Thomas Luebke · 

E&R 
E&R 

Center 
Center 

Western Geology Branch 
Embankment Dams Section 

Harold Blair E&R Center Concrete Dams, Spillways, 
and Outlets Section 

Dan Magleby
Al Kennedy
Gary Kitterman 

Regional Office 
Regional Office 
Yakima River Basin 

Geology Branch 
Planning Engineering Branch 
Civil Engineer (Study Team 

Leader) 

Warren Dunkin, Plans Coordination and Engineering Branch, Division of Planning 
Technical Services, E&R Center, accomp~nied the team~ 

Travel period (dates): November 1, 1982, through November 8, 1982. E&R 
Center participants arrived Sunday evening, October 31, 1982, because commer­
cial travel schedules into Yakima are limited . 

Places or offices visited: Potential reservoir sites in the Yakima River 
basin and the Yakima Project Office. 

Synopsis of Trip.--Regional and E&R Center personnel met in the confer­
ence room of the Yakima Project Office the morning of November ·1, 1982 . Also 
participating in the meeting were Steve Mitchell, Department of Ecology, State 
of Washington, and Onni Perala, Yakima Project Hydrologist. 

Gary Kitterman, YRBWEP Study Team Leader, gave a brief history of the 
Yakima Project and explained the study team's report on Phase 1 of the YRBWEP 
feasibility study. This report identified 35 potential storage sites on the 
Yakima River basin. These sites were evaluated and the study recommended 
11 sites for further detailed study which are scattered throughout the Yakima 
basin. 
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Onni Perala, Yakima Project Hydrologist, discussed the present operations 
of the Yakima project and explained the water shortages on presently irrigated 
lands in dry years. 

The damsite review team then proceeded to inspect the 11 potential stor­
age sites recommended for further detailed study. The purposes of the review 
were to: 

1. Familiarize the DSRT and the D-700 coordinator with the potential 
reservoir sites 

2. Provide the DSRT an opportunity to evaluate each site 

3. Provide the DSRT an opportunity to discuss the data requirements and 
deficiencies related to site evaluations 

4. Provide the DSRT an opportunity to divide up assignments for 
preparation of the team report 

5. Make preliminary recommendations on the subsurface exploration 
program 

6. Make recommendations for topographic and surface geologic mapping 

late Saturday afternoon, November 6, the DSRT returned to Wymer to look 
at the potential pumping plant site along the Yakima River. This was the 
last stop on the field inspection trips. 

On Sunday, November 7, the DSRT met in the conference room of the Yakima 
Project Office to discuss the findings of the week's field inspection trips. 

This report is a result of the Yakima River Basin Water Enhancement 
Project Damsite and Structure Review Team reviews. 

SUMMARY AND CONCLUSIONS 

All 11 sites were visited and following is the type of dam recommended 
for each site: 

1. Bumping lake Enlargement Zoned earthfill embankment 

2. Cle Elum Enlargement 	 Earthfill embankment and dikes 

3. Devils Table 	 Eliminate, go to Mile 4 damsite 

4. 	 East Selah Reregulating Earth dikes 

Reservoir 


5. 	 Forks Earthfill embankment or RCC center 
section with zoned earthfill dikes 
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6. Horseta i1 Thin arch concrete dam and rockfill dike 

7. Tieton En 1 argement Rockfil l embankment 

8. Wymer Concrete-faced rockfill embankment 

Sa. Wymer Afterbay Same as Wymer 

9. Satus Zoned earthf ill or RCC 

10 . Simcoe Zoned earthfill 

11. Tampico Zoned earthfill or RCC 

There are many options for outlet structures and spillway structures, and 
these options are explained in the report. 

CONCURRENCE 

This report was prepared in the Planning Branch of the Regional Off ice 
under the direction of the damsite review team leader . A copy was sent to 
each member of the review team and their comments have been incorporated into 
the final report. 

The continuation of planning and design of selected projected features 
will be in accordance with the findings, procedures, and conclusions contained 
in this report . 

Regional Director 
Pacific Northwest Region 

Ass is~~ 
Engineering and Research 

Date Date 
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PURPOSE AND AUTHORITY 

The purpose of the YRBWEP feasibility study is to ascertain if there are 
means to alleviate problems and provide for needs related to water resource 
development and use in the Yakima River basin. The primary objectives of the 
study are to (1) provide supplemental water to presently irrigated lands, 
(2) provide water to new lands on the Yakima Indian Reservation, (3) provide 
water for increased instream flows for aquatic life, and (4) develop a com­
prehensive plan for the basin to enable efficient management of the existing 
water supplies. A secondary set of objectives exists which would be addressed 
only if there are no conflicts with the primary objectives. Secondary objec­
tives include increased hydroelectric power generation, improved municipal and 
industrial water supplies, new irrigation on non-reservation lands, improved 
flood control, enhanced water quality, enhanced wildlife, and increased 
recreational opportunities . If an acceptable plan meeting these objectives 
can be put together, a recommendation would be made to Congress and to the 
state legislature to take actions necessary to implement the plan . 

LOCATION 

The Yakima River basin, located in south-central Washington, covers an 
area of about 6,000 square miles or about 4 million acres. The basin centers 
around the city of Yakima and includes most of Yakima, Kittitas, and Benton 
Counties. Topography is characterized by a series of long, rather hilly 
ridges extending eastward from the Cascades and encircling flat valley areas. 
Elevations in the basin range from over 12,000 feet in the Cascades to about 
350 feet at the confluence of the Yakima and Columbia Rivers. 

The Yakima River and its tributaries drain the area. The Yakima River 
heads near the crest of the Cascade Range, above Keechelus Lake at elevation 
2517 and flows for 175 miles generally southeastward to its confluence with 
the Columbia River near Richland. Major tributaries include the Kachess, Cle 
Elum, and Teanaway Rivers in the north and the Naches River, which has two 
major tributaries--Bumping and Tieton Rivers . Ahtanum, Toppenish, and Satus 
Creeks join the river in the lower portion of the basin. Natural runoff for 
the basin above Parker averaged about 3.5 million acre-feet annually over-the 
period 1940-76. Natural runoff usually peaks May and June and drops to its 
lowest point in August. 

The Yakima Project is primarily an irrigation project with hydroe)ectric 
power generation, an associated function. Project reservoirs do provide 
incidental flood control and recreation benefits, and project operation does 
provide some flows for fish. 

The water supply for the Yakima Project comes from natural flow, storage , 
and return flows. The six Federal reservoirs in the basin which help regu­
late this supply have a total storage capacity of 1,070,000 acre-feet--Bump­
ing Lake (33,700 acre-feet), Keechelus Lake (157,800 acre-feet), Kachess 
Lake (239,000 acre-feet), Cle Elum Lake (436,900 acre-feet), Rimrock Lake 
(198,000 acre-feet), and Clear Lake (5,300 acre-feet) . Other principal 
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features include several diversion dams, two hydroelectric generating plants, 
canals, laterals, and pumping plants. The Yakima River basin schematic shows 
the major tributaries and diversions. 

About three-fourths of the present storage capacity of the Yakima basin 
is in the upper Yakima drainage (Lakes Keechelus, Kachess, and Cle Elum). 
One-fourth of the storage capacity occurs in the upper Naches drainage (Bump­
ing, Clear, and Rimrock Lakes). Upper Yakima reservoirs meet water supply 
needs in the valley above the Yakima-Naches Rivers confluence and are the 
main suppliers of storage water to the large irrigation districts in the lower 
valley. The upper Naches reservoirs provide storage releases to irrigation 
development in the lower Naches Valley and make a small contribution to the 
irrigation developments in the lower Yakima Valley. Return flows from irriga­
tion developments in the upper valley are major contributors to some lower 
valley irrigators. 

The six project reservoirs are the key to the regulation and utilization 
of ~he Yakima basin water supply. Operation of these reservoirs provides the 
control necessary to meet the basin•s irrigation needs by the storage of 
winter and spring runoffs for subsequent use during the months of July, August, 
and September when natural runoff is low and irrigation demands are high. The 
carryover of water supplies in storage from one irrigation season to the next 
is an essential ingredient in assuring a continued supply in water-deficient 
years. 

The 1945 Consent Decree provides for the allocation of the available 
water supply in the Yakima Valley to meet the irrigation needs of the parties 
to the decree . In years of sufficient water supply, it is not necessary to 
apply the provisions of the decree since there is adequate water to meet the 
needs of all parties; in water-deficient years the decree is the essential 
tool in distributing the available water supply. The available water supply 
for purposes of the decree is defined as the natural flows, stored waters, and 
return flows . Some of the parties to the decree hold what are referred to as 
nonproratable r i ghts, others hold proratable rights, and others have a combi­
nation of these rights. Under the decree, any deficiency in the available 
water supply is first assessed against the proratable rights. The amount of 
water whi ch the holders of proratable rights will receive is thus variable, 
depending upon the type of water year, while the holders of nonproratabl~ 
rights receive a consistently firm supply unless the total available supply 
is not sufficient to satisfy even the nonproratable rights, in which event 
they too would have less than a full water supply. 

In recent years, the Federal Court has ordered instream flows in specific 
river reaches to protect anadromous fish spawning and rearing. These orders 
are considered to be an interim action until a more permanent solution is 
reached. An annual operating plan is developed each year to meet project 
authorizations and institutional constraints. Some annual changes or modifi ­
cations based on court or informal agreements are expected to continue in the 
absence of adjudication or other solutions. 
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PROBLEMS AND ISSUES 

The problems and issues addressed in this study were identified from 
previous studies, reviewed in newsletters sent to the public, and confirmed 
at public meetings and by written comments in response to newsletters. Addi ­
tional detail and quantification of needs were obtained through discussions 
with basin residents; contact with appropriate Federal, state, and local 
agencies; and limited fieldwork. 

Water Shortage on Presently Irrigated Lands 

At present, about 550,000 acres of land are irrigated in the Yakima River 
basin. Of this total irrigated acreage, about 190,000 acres with proratable 
water rights and about 20,000 acres of other lands are short of water in 
varying degrees during dry periods . 

The estimate of the need for supplemental irrigation is dependent on 
the definition of a full-water supply and what shortages would be acceptable . 
In Phase 1, the full-water supply is defined as the existing or recognized 
entitlements and water rights in the basin. The State of Washington is at 
present conducting an adjudication of water rights and may adjudicate water on 
the basis of beneficial use. In some cases, there is indication that existing 
entitlements exceed beneficial use. If so, the adjudicated water rights in 
the future could be less than existing entitlements. The acceptable shortage 
definition used for Phase 1 is based on what would be economically tolerable 
for general crops. The Yakima basin, however, includes many specialty crops, 
so if Phase 2 is initiated, a detailed examination would be made to determine 
economically tolerable shortages based on actual cropping patterns. 

On the basis of the foregoing definitions, it was determined that there 
is a need for an estimated 150,000 to 200,000 acre-feet of storage to reduce 
shortages to an acceptable level. A change in these definitions is likely 
and could lead to a greatly altered estimate of the need for supplemental 
irrigation water . 

New Irrigation Development on the Yakima Indian Reservation 

The Yakima Indian Nation is interested in protecting its claims to 
diversionary water rights and developing new irrigation on the Yakima -Indian 
Reservation. Development of about 36,000 acres is being considered in this 
study, of which some 24,000 acres are presently drylands. An estimated 
200,000 acre-feet of storage would be needed to meet these demands. 

Anadromous Fish 

Anadromous fish populations in the Yakima basin have declined . Today, 
annual spawning runs, including spring ch i nook, fall chinook, coho salmon, 
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and steelhead trout, are estimated at 2,000 fish. S~eel head trout account 
for about one-half the population, spring chinook account for about one-fourth 
the population, and the remainder is composed of fall chinook and coho salmon. 
The primary reasons for the decline and continued low populations are inade­
quate instream flows at times and excessive flows at other times in the Yakima 
River and tributaries. Minimum and optimum instream flow needs for fishery 
enhancement were identified for various stream reaches. These preliminary 
recommendations were developed in cooperation with Federal and state fish 
and wildlife agencies and are based on existing data and professional 
judgments. The daily average minimum and optimum flow recommendations for 
various stre~~ reaches are shown in table 1. 

Table !.--Recommended Daily Average Minimum and Optimum Instream Flows 

(Listed in Approximate Order Going Downstream) 


Stream Reach Minimum Flow Optimum Flow 

Yakima River near Martin 
Kachess River near Easton 
Yakima River near Easton 
Cl e El urn River near Roslyn 
Teanaway River below Forksl/ 
Yakima River at Cle Elum 
Yakima River ~ear Umtanum 
Bumping River_! 

1Little Naches Rivi;-1 
Rattlesnake Creek-
Naches River above Tieton River 

Confluence 
Tieton River below Tieton Divers ion 

Dam 
Naches River below Tieton River 

Confluence 
Yakima River at Parker 
Yakima River at Prosser 
Yakima River at Kiana 

ft 3/s 
50 
30 

150 
95 
65 

2loY 
250 3/ 
6~ 
30 
15 

120 

55 

180 
400 
5604/ 
5603 

ft 3/s 
100 

90 
285 
280 
125 
625 
730 3/
12~

90 
45 

365 

170 

530 
1,355 
1 '680 
1 '680 

1/ Can be ;f,rovided only if storage is constructed on the drainage.· 
2/ 400 ft /s from October 15 to Ma:rch 1. 

7 

~ Without enZa.rgem~ of Bwr.pirzg Lake the flows would be 30 ft v/s 
minimum and 90 ft '/s opti.71l471. 

4/ From April 15 to ~ne 30 and October 1 to November 15~ the minimum flow 
would be 13 200 ft /s. 
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The storage r equired to meet the m1n1mum recommendations totals 

300,000 acre-feet. Approximately 450,000 acre-feet of storage could provide 

instrea:n flo\~S :nid\vay between minimum and optimum recommendations for about 

three-fa urths of the time. The amount of star age needed to provide flows 

:n idway between minimums and opt imums a11 the time or for optimum flows a11 

the time waul d be much greater and was not calculated. 


Other problens include high fishing pressure; poor, lacking, or improp­

erly maintained fish passage facilities; and unscreened or inadequately 

screened diversions. If minimun instream flow needs and adequate fish 

passage and protective facility needs are met in the basin, it is estimated 

that an annual spawning run of 68,000 fish could be realized . Spawning runs 

of about 100,000 could be expected if enhanced flows (flows midway between 


. recommended min imt.rns and max imuns for about three-fourths of the time) were 
substituted for minimum flows. Annual addition of about 715,000 pounds of 
hatchery produced smelts to the Yakima River system combined with enhanced 
flows and fish passage facilities would provide a potential spawning run of 
138,000 fish. Total harvest including sport, Indian, and commercial fisheries 
Y~'Ould be 2.6 million pounds for 68,000 spawners, 3.7 million pounds for 
100,000 spawners, and 5.1 mill ion pounds for 138,000 spawners. 

Resident Fishery 

The resident fishery of the bas in generally is considered poor . Present 
conditions are largely the result of inadequate instream flows to maintain 
gcrne fish and aquatic invertebrate populations. Other factors include large 
fluctuations of flows below reservoirs and diversions, very low drafts and 
lack of minimum pools in some reservoirs, degraded water quality, and 
unscreened diversions~ 

Hydroelectric Power 

Although projections of the growth rate in electric pO\'Ier denand have 
declined, power deficits continue to be predicted for the Pacific Northwest 
power system in 1990 •s and beyond. Also, power se·l f-suffic iency continues to 
be a national objective. · A need exists to develop renewable resource power 
facilities, such as hydroelectric powerplants, especially where environmental 
effects would be minimal. 

Municipal and Industrial Water Supplies 

Water supplies for all communities in the basin, except for the city of 
Yakima, are considered adequate for the present and estimated future expan­
sions. In Yakima, the existing supply is considered adequate to meet a pre­
sent average daily demand of 9,960,000 gallons but too small to meet future 
growth. By 1990, municipal and industrial requ-irements of Yakima are expected 
to surpass the existing supply and capacity of the system. The increase in 
average daily water use above 1980 levels is projected to be 1,100,000 gallons 
in 1990, 2,440,000 gallons in 2000, and 4,520,000 gallons in 2010. An addi­
tional water supply of about 3,400,000 gallons per day would be needed to 
meet 2010 needs. 
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During lm.,. fl0\·1 periods, the city of Yakima is unable to divert its full 
water right because of physical limitations. This problen can be solved by 
.:iaintaining sufficient instream fl01·1s for use of present facilities or by 
redesigning ne'.V facilities capable of diverting the full water right at lower 
flows. 

Flood Control 

Average annual flood damages in the Yakima basin are estimated by the 
Corps of Engineers at $3,888,000 and occur primarily in the low-lying lands 
belm.,. Yakima (see table 2). Cost-effective methods of reducing flood losses 
are needed. 

Table 2.--Average Annual Flood Damages ft.nticipated 
in the Yakima River Basin 

River Reach D amaaes 
doZlars 

Easton to Thrall (Ellensburg) 192' 000 
Thrall to Selah Gap (Selah) 28, 000 
Selah Gap to Union Gap (Yakima, Union Gap) 2,220,000 
Union Gap to Mabton 640,000 
Mabton to Columbia River (Benton City, 

Richland, and West Richland) 112,000 
Teanaway River Valley 132,000 
Naches River Valley 282,000 
Ahtanum Creek Va 11 ey 42,000 
Toppenish Creek Valley 120,000 
Satus Creek Valley 120,000 

Tot a 1 3,888,000 

Water Quality 

Water quality in the lower reaches of the Yakima River and tributaries 
is severely degraded. Standards set for acceptable levels of fecal coliform, 
temperature, turbidity, nitrates, and orthophosphates are exceeded at times 
in all reaches of the river bel ow the towns of Cl e El urn and Naches. The most 
severely affected reaches are below Sunnyside Dam where recommendations and 
standards on dissolved oxygen, nitrites, and crnmonia concentrations cannot be 
met. Nonpo int source pollution appears to be the major factor causing reduced 
water quality. 

There is a need to improve agricultural practices and water managenent to 
reduce pollution from agricultural sources. In addition, the treatment plants 
at Prosser, Snoqualmie Pass, West Richland, Ronald, and Roslyn need to to be 
improved to meet 1983 effluent 1 imitations. 
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~4ildlife 

TI1e :nost significant •11ildl ife probl8ll is the loss of habitat. \·lhile 
irrigation originally increased habitat for pheasants and Hungarian part ­
ridges and some other species, urban and suburban growth and intensive 
farming practices have reduced the amount and value of that habitat. Also, 
improvanents in irrigation systems in recent years \vhich are intended to 
conserve water have further depleted habitat by reducing canal seepage and 
waste water that supported riparian vegetation. Large canals can also affect 
wildlife by blocking migration. Attempts to cross canals can result in injury 
or death of the animals. 

In addition to these general problans, the water supply for the Toppenish 
National Wildlife Refuge is inadequate and needs to be supp18llented. 

The primary need in the basin is to protect and preserve existing wild­
life habitat. Also, enhancement of existing habitat where possible would be 
des i r ab 1e. 

Recreation 

Although the recreational resources of the Yakima basin are extensive, 
the demands on the resource are also large bee aus·e of proximity to the Puget 
Sound metropolitan area. Projections show recreation demand will increase 
28 percent in the next 20 years. A demand of this magnitude \'f'Ould indicate 
a need for a substantial increase in canpsites, picnic tables, and boat 
launch lanes. 

New Irrigation Development of Nonreservation Lands 

An extension of the existing Kennewick Divis ion has been identified as 
a potent i al for new land developnent. The Kennewick Irrigation District is 
independently studying the development of lands located between Benton City 
and Riehl and. 

There are other tracts throughout the basin that may have irrigation 
development potential, but their scattered nature and location makes many of 
these lands unsuitable for project-type developnent because of water supply 
and economic considerations. The need for new irrigation off the Yakima 
Indian Reservation would be further evaluated if Phase 2 proceeds. 

RESOURCE CAPABILITY 

With existing water resource development, operated under present 
institutional constraints, irrigation needs of the basin cannot be fully met 
about 30 percent of the time, and in stream flows for fish are inadequate in 
some reaches in most years. In good 1-fater years, the water supply with 
present development is sufficient for most if not all irrigation and instream 
flow needs. In drier years, present storage is inadequate to provide the 
needs of those with proratable rights, and streamflows in many reaches fall 
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below recommended m1n1mum levels. During the driest years, or during a 
series of dry years, ..... ater supply becomes critical because the basin reser­
voirs provide 'Jery 1 it~l e carryover storage fr om one year to the next. 

Conservation measures including lining canals , addition of control 
structures, and onfarm improvenents caul d reduce shortages for irrigators 
and could also improve water supplies for instream flows . Institutional 
changes, including adjudication or reallocation of water supplies, could 
also help. However, improving resource use through conservation measures 
and institutional changes would not meet all irrigation and instream flow 
needs with the present level of storage developnent. 

The undeveloped water resources of the basin, if developed, appear 
capable of meeting all existing and future needs. Use of the undeveloped 
resource requires development of additional storage to control runoff and 
provide carryover for dry years. To meet all irrigation and instream flow 
needs, additional storage would need to be developed in the upper Naches 
River drainage. A minimum of 450,000 acre-feet of storage would be needed 
to meet supplsnental irrigation needs and minimun instream flow recommenda­
tions--150,000 acre-feet for irrigation, and 300,000 acre-feet for instream 
flm'ls. An additional 150,000 acre-feet for a total of 600,000 acre-feet 
would be needed to meet supplemental irrigation needs and provide enhanced 
flows for fish (midway between miniml1Tls and optimlJlls for about three-fourths 
of the time). Greater operational flexibility would be achieved if more 
than one new reservoir was developed and if part of the new storage was 
located on the upper Yakima River drainage. 

The total anount of storage needed to meet suppl en ental irr ig at ion and 
instream flow objectives could be reduced by 50,000 to 60,000 acre-feet if 
the East Selah reregul at ing reservoir was constructed . The total storage 
need could be reduced an additional 60,000 to 80,000 acre-feet if water con­
servation measures were instituted that would improve irrigation effie iency 
by 4 percentage points. 

New irrigation development on the Yakima Indian Reservation could be 
served from storage developed in any part of the basin upstream from the 
reservation or by development of storage on the reservation. On the basis 
of economics and the physical position of reservation lands in relation to 
water courses, developnent of water supplies on the reservation would be 
preferable. Developnent of about 200,000 acre-feet of storage within the 
reservation would provide an adequate supply for about 36,000 acres. · The 
potential for ground-water development to meet irr ig at ion needs on the 
reservation is 1 imited and is not capable of meeting the needs entirely. 
Integrated use of ground water and storage would increase the amount of 1and 
that could be served from reservation resources. Developnent of new irriga­
tion on the reservation would not conflict with other study objectives 
re1 ated to in stream flow improvsnent and suppl en ental irr ig at ion water. 
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MEASUR ES TO ME ET NEEDS 

Identification 

A variety of potential measures 1vere identified including storage and 
strean1 reregulating reservoirs, facilities such as fish screens and ladders, 
instream flm'l improvements, recreation facilities, water conservation 
measures, and other measures to improve effie iency of water use and control. 
These potential measures were identified from previous studies and through 
public participatiuo n in the study process. A list of potential measures 
including 35 storage sites was eventually compiled. 

Because the list of potential storage sites was 1 arge and many of the 
sites appeared to lock real potential, a two-step screening process was used 
to evaluate the sites and eliminate those with the least potential for 
development. In the first step of the process, sites were screened on the 
basis of four evaluation factors--(1) economic aspects, (2) legal/institu­
tional aspects, (3) social aspects, and (4) environmental aspects. Potential 
storage sites no t compatible with t ·hese evaluation factors were discarded. 

In the second step, storage sites that were considered to be alternatives 
were arrayed together and ranked. The highest ranked alternative site was 
kept and the other alternatives discarded. Eleven sites remained after the 
screening process was completed. 

A further evaluation of storage sites and other potential plan elements 
was made following public workshops. Five sample plans were developed to be 
presented to the public for comment on the potential plan elements and means 
of meeting basin needs . The five plans were formulated so that accomplish­
ments related to supplemental irrigation, new i rrigation, and fish enhancement 
'nOUld be nearly the same for each; instream flows and hydropower generation of 
one plan were considerably less than for the other four plans. The primary 
difference among the plans was the way supp1611ental irrigation water supply 
needs would be met. In four of the plans, supplemental irrigation needs 
would be met through various combinations of new storage using 9 of 11 sites 
that emerged from the screening process. The fifth plan waul d use water · 
conservation measures and various nonstructural means to meet some of the 
supp1611ental irrigation needs. These plans were presented at public workshops 
held in Ellensburg, Yakima, and Prosser, Washington. 

As a result of public expressions during and following the workshops, 
one storage site was eliminated, and one site discarded if the screening 
process '.'las reinstated. Table 3 shows the storage sites that were eliminated 
from further co nsider at ion and the reason for el im inat ion . 
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Table 3.--Potential Storage Sites Discarded During Phase 1 

Stream Reason for Elimination 

Bakeoven South Fork Tieton River Cost 
Casland North Fork Teanaway Ri ver Cost 
Cooper Lake Cooper River Cost, wilderness impacts 
Cowiche South Fork Cowiche Creek Cost 
Dog take C1 ear Creek Cost 
Hole in the Wall Dry Creek Cost 
Horseshoe Bend Naches River Cost, geological problems, 

anadromous fish passage 
prob1ern 

Hyas Lake C1 e E1 urn River Cost, v1 il derness impacts 
Little Rattler Ratt1 esnake Creek Cost, inundates big game 

winter range and resident 
fishery 

Lost Meadow little Naches River Cost 
Lov1er Canyon Yak i m a Ri ver Cost, anadromous fish 

passage problem 
i~anastash Manastash Creek 'Cost 
rv!il e Four Rattlesnake Creek Inundates big gc3Tie winter 

range and resident fishery 
Minnie Meadows South Fork Tieton River Cost 
Naneum NanelJTl Creek Cost 
Pleasant Valley Prnerican River Inundates anadromous fish 

habit at, recreation area 
loss 

Ra tt1 esn ake Nac he s River Anadromous fish passage 
prob lern, soc i a 1 effects 
prob lern 

Soda Springs Bumping River Alternative to Bumping Lake 
enl argernent 

Swauk Swauk Creek Wi 1dl ife impacts 
Toppenish Tappen ish Creek Cost 
Upper Canyon Yakima River An adromous fish passage 

prob lern 
Wapatox Naches River Anadromous fish passage 

prob lern 
Waptus Lake Wapt us River Cost, wilderness impacts 
Wen as Wenas Creek Under construction 
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The potential plan elements including 11 storage sites proposed by the 
study team for further consideration and evaluation i f Phase 2 studies are 
initiated, are listed in table 4. Some of the plan elements listed in 
table 4 could be eliminated and other elements identified in Phase 2. 

Table 4.--Potential Plan Elements 
for Consideration in Phase 2 

Plan Elements 

Reservoirs 
Bumping Lake enlargement 
Cle Elum Lake enlargement 
De vil 1 s Tab1 e 
East Selah reregulating 
Forks 
Hor seta i 1 
Rimrock Lake enlargement 
Satus 
Simcoe 
Tampico
Wymer 

Hydroelectric powerplants 
Water conservation measures 
Reallocation of water 
Waterbank 
Irrigation facilities 
Fish passage and protective facilities 
Fish hatchery 
Wildlife protective and enhancement measures 
Recreation facilities 
Flood control measures 
Municipal and industrial water supply 
Water quality improvement 
Water management plan 

Reservoirs and Hydroelectric Powerplants 

The 11 reservoir sites identified for further detailed study are scat­
tered throughout the Yakima basin (see Potential Reservoir Sites map). Four 
sites (Bumping Lake and Rimrock Lake enlargements and Devil 's Table and Horse­
tail Reservoirs) are located in the Naches River drainage, three sites (Cle 
Elum Lake Enlargement and Forks and Wymer Reservoirs) are located in the upper 
Yakima River drainage, three sites (Satus, Simcoe, and Tampico Reservoirs) are 
located on the Yakima Indian Reservation, and the single reregulating site is 
located near Yakima (see East Selah Reregulating Reservoir map). Hydroelec­
tric generation facilities are included at all sites except East Selah reregu­
lating, Satus, and Tampico. Hydrologic data including hydroelectric potential 
at the 11 reservoir sites are shown in table . 5 . Specific functions were not 
identified with individual reservoirs, as any reservoir added to the Yakima 
system would be operated as an integrated facility with the existing reservoir 
system to accomplish project objectives. 
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Table 5.--Hydrologic and Hydroelectric Power Data for Potential Reservoirs 

Max imun Aver age Power­ Hydro­
Storage Annual plant electric 

Reservoir Water Source Capacity Runoff Capacity Power 
acn•e-feet aare-feet kilowatts average 

annual 
kilowa.tt­
hours 

Bumping Lake 4.58, 000 
Enl argenent Bumping River (424,000 new) 213,000 6,000 23,000,000 

Cl e Elt.m1 Lake 482,000 
Enl argenent Cle Elt.m1 River ( 45,000 new) 680,000 18,000 49,100,000 

Devil' s Tab 1e Rattlesnake 
Creek 50,000 69,000 3,200 12,100 , 000 

East Se1 ah 3,000 Not Not 
Reregul at ing Yakima River (offstream) Applicable None Applicable 

Forks Teanaway River 400,000 260,000 10,800 40,700,000 

Horsetail Little Naches 
River 143,000 177,000 7,400 27, 600,000 

Rimrock Lake 220,000 
En 1argement Tieton River (22, 000 new) 370,000 19,000 51' 700,000 

' Satus Satus Creek 80,000 105,000 None 

Simcoe Simcoe Creek 80,000 21,000 1, 780 6,300,000 
Toppenish Creek 39,000 

Tampico Ahtanum Creek 55,000 65,000 None 
-

~~ymer Squaw Creek 300,000 25,000 21,00o2/ 67,800.000 21 
Yakima River 100,000 

1/ Includes t~'O powerpZants, a 16, 800-kW plant at Wymer Dam, and a 4, 200-kW 
- plant in the carriage system at potential Manastash tunnel. 
2/ Net power production is 34_,800_,000 kWh; about JJ_,OOO_,OOO kWh wou.Zd be 

required to operate SWau.k pump used to fiZZ wymer Reservoir. 
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PROJECT AREA 

Regional geology and seismicity are discussed in this section because 
of their possible impact on design. Environmental considerations and 
topography are more site specific and will be discussed in a subsequent 
section addressing sites examined. 

Regional Geology 

The Yakima River Basin is situated astride Yakima Fold Belt Subprovince 
of the Colunbia Plateau Physiographic Province; and immediately to the west, 
the Northern and Middle Cascades Subprovinces of the Cascade Range Physio­
graphic Province. The Cascade Range Physiographic Province defines the 
region of tectonic uplift forming the Cascade Mountain Range. 

The Yakima Fold Belt Subprovince is characterized by a series of folds 
that extend eastv1ard through the Yakima River Basin from the eastern flank 
of the Cascade Range. The folds dissect the basin into a nunber of sub­
para1lel anticlinal ridges and synclinal subbasins developed by the crustal 
stresses associated with the tectonism in the birth of the Cascade Range. 

Prior to developnent of the folding and associated faulting, large 
voluninous floodflows of basalt erupted from fissure systems tens of miles 
long and covered 55,000 square miles of Washington and Oregon to form what 
is known as the Columbia Plateau Physiographic Province . 

The Yakima Basalt Subgroup, the most recent flood basalt flows collec­
tively termed the Colunbia River Group, occurred during the Middle and Upper 
Miocene Epoch. This subgroup covered the area of the Yakima River bas in in 
its entirety. ·The thickness of the Yakima Basalt Subgroup has been found to 
reach 3,000 feet in some areas of the Yakima Fold Belt Subprovince. This 
basalt Subgroup has been studied sufficiently enough to classify the basalt 
flows into the following three formations (from youngest to oldest): The 
Saddle Mountains Basalt Formation with 10 distinguishable menbers, the 
Wanapum Basalt Formation with 4 distinguishable menbers, and the Grande 
Ronde Basalt. 

As the period of floodflm<~s was coming to an end and deveiopnent of the 
subparallel anticlinal ridges and synclinal subbasins was nearly completed, 
pyroclastic and sedimentary deposits from the Cascade Range began accumulating 
in the depressions of lakes and streambeds. These deposits of clay, silt, 
sand, and gravel were deposited during the Pliocene Epoch and have since been 
classified as the Ellensburg Formation. Much of this material was deposited 
before the close of the basalt outpourings as these sedimentary units con­
formably underlies, overlies, and intertongues with the upper members of the 
Saddle M:Juntains Basalt Formation. Deposition of this material was also 
large and extensive as thicknesses of the Ellensburg Formation have been 
found to exceed 1,500 feet as deposited in some· synclinal subbasins. 

More recent deposits of the Pleistocene period have been identified as 
fluvial, lacustrine, and eolian deposits indicative of a time when molding 
of the terrain features was daninated by glacial activity. 1-blocene alluvial 
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deposits are products of the earlier glacial activity (e.g., stream re'f.{Jrking 
of ~lacial moraine and glac i al outwash) coupled with mor e recent stream 
a: tbity ·r~hich i s con t inuing to t he present day. 

Four sites believed to rest within the boundary of the Cascade Range 
Physiog r aphic Province are Cle ElL.m, Forks dcmsite, Bumping Lake, and Tieton 
Dam. The terrain has been strongly influenced by glaciation . Considerable 
quantities of alluvium and glacial outwash overlie the bedrock in the valley 
sections. The abutments at most sites are commonly underlain by basalt. 

The terrain features of the dansites studies in the Yakima Fold Belt 
Subprovince is the end result of \'.hat has occurred in geologic history; the 
folding and assoc i ated faulting; floodflows of the Yakima Basalt Subgroup, 
and the sedimentary deposition of the Ellensberg Formation. 

The dansites which have been subjected to these features throughout 
Geologic time include Horsetail, Devils Table, Wymer, Tampico, Simcoe, and 
Satus dam sites . 

Even though it can be concluded that these features are ident if i able in 
respect·to each site, the exanination and identification of these featur es 
have been limited to a cursory review of their presence and their influence 
on the feasibility of each site as an acceptable location for a dan and 
reservoir. 

Seismicity 

The. Yakima Basin is located with i n Zone II on Algermissen ' s Se i smic 
Risk Map. The western border of the basin is near the. boundary with Zone III. 
Zone II corresponds to e.xpected "Moderate" danage (coeff. of 0. 05) and 
Zone I II corresponds to "major" dan age ( coeff. 0. 10). 

No site-specific seismotectonic studies have been made for the individual 
dansites in the Yakima Basin . 1-bwever, considerable information has been 
assembled by the Washington Public Power, in their nuclear powerplant siting 
studies, that can be used for background information for any site-specific 
studies. This background information includes: 

1. Geologic mapping of the basin with detailed studies of the major 
fault sys terns . 

2. Rese arch of all past reports and recordings of ear thquakes. 

3. Monitoring and interpretation of a 1arge seismograph network. 

At the present time, there are no recognized serious sei smic hazards 
t hat \'t'Ould preclude further studies of any of the dcmsites. 

It is recommended, in the preconstruction stage, that a seismotectonic 
study be made of each cons idered dcmsite i n the study. 
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A study should also be made of the potential hazards from possible 
volcanic eruptions. Since some of the damsites are near volcanic eruption 
centers having historic records of activity, the study should involve the 
problems of lava flows as well as ash flows and ash falls. 

SITES EXAMINED 


The 11 reservoir sites identified for further detailed study as 

previously described (MEASURES TO MEET NEEDS, Reservoirs and Hydroelectric


-Powerplants) were examined by the Damsite and Structure Review Team from 

November 1, 1982, through November 6, 1982. A discussion of each of the 

sites follows . 


BUMPING LAKE ENLARGEMENT 

Introduction 

Bumping Lake enlargement was visited Thursday morning, November 4. The 
weather was miserable--rain, snow, and sleet with temperatures in the 30's . 

· The DSRT vi~ited this site Thursday morning, November 4, 1982. 

Description 

The site for the enlarged dam is on Bumping River about 4,500 feet 

downstream from existing Bumping Lake Dam and about 60 miles via paved 

highway northwest of the ci ty of Yakima, Washington. The dam would be a 

rolled earthfill structure with a maximum height above streambed ranging 

from 154 to 223 feet and a crest length ranging from 3,058 to 3,300 feet. 


A concrete chu5e-type spillway with a capacity of about 36,030 cubic 
feet per second (ft /s) would be constructed on the left abutment. The 
spillway, in combination with a reservoir surcharge storage ranging 3from 
20,000 to 26,900 acre-feet and an outlet works capacity of 3,470 ft /s, is 
provided to protect ag~inst the routed inflow desiBn flood which has a peak 
discharge of 39,500 ft /s and a 5-day volume of 131,000 acre-feet. 
Controlled releases of water from the reservoir would be through outlet 
works located in the left abutment of the dam. Dam maintenance facilities 
consisting of a combination garage-maintenance building would be on the left 
abutment above the spillway. A roadway along the crest of the dam and a 
bridge across the spillway would provide access to the right abutment for 
operation and maintenance purposes. As safety measures, the spillway 
structure would be fenced, and the outlet works would not be accessible. 

The final design of the dam which would be made during advance planning 
studies would be modified to include means to provide minimum continuing 
flow to sustain fish life during a closure. Also, any closure of the dam 
would be coordinated with the Washington Department of Ecology, Department 
of Game, and other appropriate agencies to minimize any adverse effects on 
the resident fishery and anadromous fish runs. 
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3umping Lake Reservoir 

Jumping L3:<e Reservoir ;vo•Jld be enlarged to a c apacity of 458,000 acre­
feet at elevation 3560 as compared to the present capacity of 33,700 acre-feet 
at elevation 3426. The present don would be breached following construction 
to insure full use of the existing pool. 

The enlarged reservoir, with a total capacity of 4.58,000 acre-feet, has 
a very lm-1 ratio of inflow to capacity. Refill after severe droughts may 
take several years with low \'later levels during that period . The added 
storage would have to be treated as long-term carryover storage because of 
the poor refill capability and as such would only be used during drought 
conditions. Even with a smaller Bumping Lake enlarganent (250,000 total 
acre-feet), the refill capacity would not be as good as Cl e El un Lake enlarge­
ment, Horsetail, Devil's Table, or Tieton enlargenent. The location is 
excellent within the basin. The upper Naches requires additional storage or 
the presently recommended in stream flows c annat be met except in good runoff 
_years. 

The enlarged reservoir would inundate 4,120 acres of land, of which 
1,300 acres are in the existing reservoir and 2,820 acres would be newly 
inundated. The new reservoir would have about 17 miles of shoreline, an 
increase of about 7 miles over the existing reservoir. All required right­
of-way is within the Snoqualmie National Forest. The present reservoir and 
a substantial part of the area needed for enl arganent are national forest 
lands under Reclanation withdrawal, and the additional lands needed for the 
enlarged lake would be placed under ReclCITlation withdrawal. 

StllTlps \·IOuld be ranoved from the existing pool and timber, including 
stunps, cleared from the enlarged reservoir area. Some trees and snags 
hOuld be retained for wildlife purposes. The Forest Service would administer 
and be reimbursed by the Bureau of Reclonation for the administrative costs 
of the sale of merchantable timber resulting from reservoir clearing . 

Stumpage value of the timber in and near the reservoir area is estimated 
by the Forest Service to be about $64,200 (1978 price). 

The May 1975 Forest Service report shows the 1and area in the unit 
(between enlarged lake and Cougar Lakes Managanent Unit) contains an esti ­
mated 7, 570 acres of timberland, of \It\ ich about 2, 300 acres are noncommercial 
timberland and 5,270 acres are commercial timberland. Annual gro\'lth that 
could be harvested .is estimated at 800,000 board-feet per year. Based on 
logging restrictions and methods, average annual harvest is estimated at 
60 percent of annual gro\'lth, or 480,000 board-feet per year. 

Jlbout 134 jobs would be lost with reduction of the timber in and around 
the enlarged reservoir. 

Estimated value of the timber in the reservoir area was updated by the 
Forest Service in 1978 from a range of $10-$25 per thousand board-feet to 
$40-$90 per thousand board-feet. No changes were made in the estimated 
vol une of timber. 
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Relocations 

lr1 establisl1ing the lG'-·1 density recreation use concept around the 
enlarged lake to be compatible with the existing wilderness experience, road 
access above the dam would be el im in ated and the Forest Service 1and use 
permits around the lake terminated. The plan provides for relocating a 
port ion of the Forest Service road downstream from the dam. The new perma­
nent access road would accommodate traffic to the enlarged lake. During 
construction, logging traffic in the reservoir area would be routed over the 
existing dan to connect with the north side road . 

The new reservoir would inundate about 8.8 miles of Forest Service road, 
and 16.9 miles of road would be closed and abandoned 1Nith termination of all 
vehicle traffic above the damsite. In addition to the roads, 4.2 miles of 
trails would be inundated. Termination of the vehicle traffic would result 
in a change in resource use to either boaters or hikers. 

Existing road, outside of the proposed reservoir and upstream from the 
d.:msite, would be closed off, scarified, seeded, and culverts renoved such 
that the area would soon blend with the adjacent forest. Plant species to 
be seeded would be determined during advance planning and in cooper at ion 
with the Forest Service. 

Goose Prairie residents are interested in a temporary road south of 
Bumping River to bypass the community during the construction period. 
Construction of such a road would be physically feasible~ and an al inement 
and cost estimate have been prepared. The Forest Service has some concerns 
about using this bypass route, largely because of the fragile environmental 
setting and the potential conflict with the adjacent proposed Cougar Lakes 
Wilderness Study Area and RARE II Roadless Area #6032. If the project is 
authorized, discussions would be made with the Forest Service and the 
appropriate local transportation agency to decide whether to include the 
bypas s r o ad . 

The existing Bumping Lake Road from S.R. 410 to the construction area 
is not adequate to accommodate additional traffic expected during construc­
tion. Based on information provided by the Yakima. County Public Works 
Department, costs are included in the plan for 9.72 miles of improvement, 
principally improvement of the shoulders and installation of the guardrails 
in hazardous areas. 

The public campgrounds and public boat-launching facilities would be 
replaced as a part of the new recreation plan. New trail heads would be 
developed. Recreation traffic would not be permitted an or near the con­
struction areas . Bumping Crossing Campground would not be available during 
construct ion, and the Forest Service does not anticipate operating it as a . 
campground after the project is completed. 
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The summer horn~/ and cabin permits no1v existing with the Forest Service 
\..Ould be te1·minate~ 'Nith construction of the reservoir, and t he structures 
\·;ould 11ave to be re:noved without cost to the Federal So•1ernment. The project 
would provide funds to survey and lay out substitute sites for summer homes 
and to construct an access road (0.4 mile) to that s-ite as replacement for 
the existing sites and road access developed by the Forest Service. The 
tentative replacement site is on the north side of Bumping Lake Road, just 
dm-mstream from the community of Goose Prairie. · 

The commercial boat launch and rental under permit from the Forest 
Service would be eliminated and not relocated!/ . With the exception of 
water base services, most services or supplies such as gas and oil, fishing 
t ackle, etc., are available on private land at nearby Goose Prairie. Since 
the project will construct a boat launch with floating dock, most of the 
necessary 1vater base facilities will be provided by the Government. 

There are two existing hydrometeorological stations that would require 
relocation if Bumping Lake is enlarged. 

1. Bumping Lake Snow Course No. 21C8 is a Soil Conservation Service 
stat ion; however, readings are taken by Bureau of Reel an at ion personnel. 
In 1966 a second course was established downstream--the Bumping Lake New, 
No. 21C36. The purpose was to have concurrent readings for a number of years 
so that data correlation could be established betwee-n the two stations if the 
old stat ion was inundated. 

2. Bumping Lake Climate Station, No. 450969, originally a National 
Weather Service station, is located, adjacent to the existing storage 
building . In 1976 the Bureau replaced the equipment at the station with a 
fully automated weather station, including air temperature, precipitation, 
and snow-water content sensors. The Bureau of Recla.'llation would assume the 
responsibility of moving the station. 

Breaching of Existing Dam 

The existing Bumping Lake Dam waul d be breached. Complete removal of the 
old structure is not believed to be necessary because of infrequent exposure. 
Reservoir operation studies show that over the period of study (52 years) the 
embankment would have been exposed in only 1 year for a period of 7 months. 
Adequate posting would locate the old structure and alert reservoir users 
during low water periods. 

Environmental Considerations 

En 1argement of Bumping Lake wi 11 make a not iceab 1e change in the c1ar ity 
of the lake, with more clear water. Fish production will increase due to 

lf See Appended Mate~iaZ~ Provisions Regarding Termination of Fo~est Service 
Land Use Permits at Bumping Lake 
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increased habitat, but the fish will be more dispersed within the lake which 
will have an adverse impact on angler success. The reservoir should provide 
a significant amount of cool water for instream flows. 

Anadromous fish enhancement potential is excellent because of the good 
location and storage potential. The present fishery is only moderate and 
would likely stay that way or decrease slightly from enlargement. Wildlife 
use of the area in the spring and fall is significant and some appropriate 
mitigation would be necessary. No significant environmental quality problems 
are present at this site . 

Geology of the Site 

Data Reviewed 

Reconnaissance Geologic Report on the Bumping Lake Enlargement Damsite, 
· . Yakima Project, Washington, by R. G. Anderson, July 1952. 

Design Request Data for the Feasibility Design of Bumping Lake Enlargement 
Dam, Yakima Project, Washington, 1963. 

Preliminary Findings Report, Yakima River Basin Water Enhancement Project, 
October 1982. 

Field Review of Potential Reservoir Site, by the Damsite and Structure 
Review Team , Yakima River Basin Water Enhancement Project, Washington. 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin Water 
Enhancement Project, Washington, November 1981. 

Damsite and Reservoir Geologx.--The dam and reservoir site is on the 
eastern side of the Cascade Range in south-central Washington. Bumping River 
valley is a typical erosional valley which has been modified by the action 
of alpine glaciers. At the damsite, the 2,~0-foot-wide valley floor is 
covered by glacial deposits known to be more than 250 feet thick. The 
glacial deposits consist mostly of an unsorted mixture of boulders, cobbles, 
gravel, and sand with some layers of silt . Exposures of hard, sound volcanic 
flow rocks occur ~t various places along the canyon walls. On the left 
abutment of the damsite, hard andesite occurs in steep cliffs above the 
river; on the right abutment dacite occurs beneath a thin veneer of talus 
and slopewash . 

At the damsite the elevation of the valley floor is about 3350 feet near 
the left abutment and about 3425 feet near the right abutment. From the 
valley floor, the right valley side rises on a slope near 30° or 63 percent 
to approximate elevation 5500. 

The left valley side rises on a slope from vertical to 55° to approxi­
mate elevation 3450, continues at a slope of about 14° to elevation 3475, 
and then steepens to a slope of about 26° to elevation 3600 where the slope 
begins to descend into a gully. Two small gullies exist near elevation 3585 
to 3550 after which the slope continues to rise at about 5° to elevation 
3800 and then continues to elevation 6000 at about 16°. 
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~~o surficial deposits exist on the left abutment be101v elevation 3450. 
In this reach, a nearly vertical cliff has a gradient too steep to allow 
so il or roc k debris to accumulate . .~'Jve 3450 feet the abutment is mantled 
·,o~ith glacial till to about elevation 3475, and with the slope wash and talus 
from elevation 3475 to 3575. This overburden is estimated to be less than 

· 15 feet thick . 

The right abutment is completely covered with slope wash and talus 

acci.J1lulations of silt, clay, sand, and rock fragments . One large talus 

slide exists on this abutment near the axis and should be avoided if a dan 

is built. Better foundation conditions exist 100 feet farther dol'lllstream. 


Bedrock, as exposed in numerous outcrops on the 1eft abutment, consists 

of one basalt flow which is fine-grained, highly jointed, massive, and dark 

gray to 1 ight red. rne color and texture is not consistent from place to 

place within the flow. Joint systems in the upper portions have broken the 

basalt into platy fragments ·:~hile the lower portions exhibit coll11mar 

jointing. No vesicular basalt has been found in this lava flow. 


No bedrock crops out on the right abutment, but rock fragments in the 

talus covering part of the abutment indicate andesite porphyry exists under 

the overburdens. 


In 1940 the Corps of Engineers churn-drilled two exploration holes to 
depths of 100 and 102 feet in the valley floor at the Bumping Lake En 1arganent 
dans i te. 

The Bureau of Reclanation drilled two foundation exploration holes at 

the site to 200 feet and 111 feet in 1951 and 1952. A topographic reservoir 

map on a scale of 1 inch equals 500 feet of Bumping Lake was prepared in 

1940. A topographic map of the dansite was prepared on a scale of 1 inch 

equals 100 feet with a contour interval of 5 feet, and a geologic map of the 

site was prepared in 1952 . 


Much of the alluvial material encountered in earlier explorations at 

the site is permeable. Gravity water tests were made at intervals of 5 feet 

in the overburden by using a 5-foot length of 3-inch pipe perforated with 

725 1/4-inch holes on the end of 3-inch casing . The water level was held 

from 2 feet to 13 feet above the perforated pipe of water table during the 

test depending on the depth of sect ion being measured . 


Water losses ranged from 0 to 15 . 5 g~/min per minute. Gravity water 

tests were, also, performed as the casing was withdrawn from the hole. 

Losses ranged up to a max iml111 of 166. gal/min under an 80-foot head. At the 

considered axis, the water table is 25 feet to 22 feet below river level, 

indicating a penneable valley fill and a silted river channel which prevents 

rapid recharge of ground water from this source. 


Bedrock in the left abutment is jointed, fresh, dense, hard, and ....ould 
not leak excessively if ' the joints were grouted. Although bedrock on the 
right abutment is not exposed, rock fragments on the talus slopes indicate a 
tight, sound foundation can be expected at shallow depth. 
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In the left abutment, 500 feet .;md 900 feet north\vest from Bur.1ping River 
near the considered 3.X is, t\'IO gullies trend northeast and southeast and inter­
sect the d2.'Tlsite axis. TI1ese gullies have been eroded along highly jointed 
zones in the basalt by moving ice and \vater. Since glaciation, rock fragments 
\'leathered from the gully sides have accunulated along the floors. Since these 
talus-filled gullies might furnish seepage paths through the left abut:nent, 
expl oration will be necessary to determine the thickness of talus accunulation 
and the permeab il ity of these conduits. 

Overburden along the valley sides in the reservoir basin is rather thick 
but probably does not exceed 30 feet. Most of the valley slopes are covered 
'.'lith slope wash and coarse tal us composed of 1av a rock fragments. Alluvial 
fans have accl.Jllulated at the mouths of the small tributary valleys entering 
the reservoir basin but the alluvial debris does not extend for a great 
d i stance onto the fl oar of Bumping Va11 ey. 

Overburden along the valley floor exceeds 200 feet and consists of 
glacial till and small deposits of river gravel and sand. 

Although most of the valley overburden is till, some of the mater i al is 
stratified, indicating that glacial melt water sorted portions of the deposit 
at the time of depositio n or shortly thereafter. 

The only knovm source of impervious and semipervious material in the 
vicinity of the dansite is the glacial till along the valley floor. This 
material is an unsorted mixture of boulders, cobbles, sand, silt, and clay. 
Much of the material i s oversized and some method of sorting would be 
necessary before using the embankment in various sections of the dam. 

No 1arge deposits of sand and gravel exist along Bumping River in the 
vicinity of the dansite . Large deposits of gravel exist downstream from the 
site along the Naches River but would require a 20- to 30-mile haul to the 
site. Large quantities of rock fragments of sand and gravel size exist in 
the overburden along the valley floor and might be recovered by processing 
the .g1ac i a 1 till . 

__ No riprap or rockfill areas have been defined - at the present time, but 
very 1 ikely riprap and rockfill could be obtained from the basalt flow along 
the left valley side. The lower portions of this flow are hard, durable, less 
jointed, and would be the most suitable. Many boulders exist in the valley 
fill and would be suitable for riprap provided they were separated from the 
rest o f the g 1ac i a 1 deb r i s . 

Three geologic problans have been identified: 

1. Excess ive reservoir seepage losses may occur through the deep glacial 
till deposit in the foundation. 

2. There may be 1 iquefiabl e materials in the glacial deposits underlying 
the dansite. 

3. The close prox imity of Mt. Rainier raises questions of seismicity and 
associ ated volcanic erupt ions : 
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Design 

Data Reviewed.--The data reviewed by the designers included: 

SEED Data Book 

SEED Evaluation Report dated September 1982 (for existing dam) 

Bumping Lake Enlargement- Preliminary Estimate Drawings (November 
1953) 

Bumping Lake Enlargement- Feasibility Estimate (January 1955) 

Bumping Lake Enlargement- Feasibility Estimate (July 1963) 

Draft Environmental Statement- Bumping Lake Enlargement (February 
1977) 

Embankment Dams Section (D-222) Correspondence File 

Preliminary Findings Report October 1982 

Dr~ft Geologic Appraisal Study of Potential Oamsites, Yakima River 
Basin Water Enhancement Project (November 1981) 

Structural Features Embankment Dam.--The proposed dam for the Bumping 
Lake Enlargement Plan is currently based on a 1963 feasibility design per­
formed by the Bureau. The dam would be a rolled earth and rockfill structure 
with a maximum height above streambed of 223 feet and a crest length of 
3,300 feet. The damsite investigation (based on drilling prior to 1952) has 
revealed bedrock on both abutments and glacial deposits at least 200 feet in 
depth in the bottom of the valley section . 

Permeability testing of the glacial deposits indicate very high perme­
ability rates (35,000 ft/yr) in certain zones of .the foundation. The dam 
design includes a pressure relief well system to reduce the anticipated seep­
age under the dam as well as upstream blanket1ng to reduce the flow gradient . 
Still, under the present design, up to 100ft /s of seepage losses may be 
expected. It is important to note, however, that the drill holes in the 
bottom of the valley section did not reach firm formation. Flow samples were 
obtained and permeability values were estimated from open-end pump-in tests 
of questionable valid i ty. Consequently, the extent and cost of the design 
features to handle seepage may vary considerably from the present feasibility 
design based on final design data collection. It does not appear that a 
slurry trench or chemical grouting would be practical solutions to reduce 
those large levels of seepage. Since the seepage can be safely handled and is 
not detrimental to the safety of the structure, there are three alternatives 
to examine: 

Accept large seepage losses under the present design 

Explore the river valley upstream and downstream of · the present site 
(possibly by geophysical methods) to determine if a site exists with 
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lesser depths of glaci al deposits that can be economically treated to 
reduce seepage 

Lower the rese rvo it· e1t:vation sought fo r the enlargenent 

Tne 1arge seepage 1 asses under the present design may be found acceot­
cble since much of the water development is for stream enhancement for fish. 
~ihile topography for an alternate s ite may indicate greater above-ground 
quantities are required for the embankment, a net savings may be found by 
elim inating m· reducing the extent of features for seepage control. A 
smaller dan with less reservoir head may be found acceptable since Bumping 
La ke alone may not satisfy the objectives of water development within the 
Yakima basin. If other reservoir development is required anyway, it may be 
more economical not to develop Bumping Lake Reservoir to the extent indicated 
by the present design. 

The major unknown 'Nith regard to the present design is the potential for 
seismic activity vdthin the area of the dcrnsite. There are indications of 
potentially liquefiable sands in the dan foundation . If requir ed, the founda­
tion materials can be treated by some means of densif ication to \oJ iths t and the 
earthquake load but this will add to the total cost of construction and is 
not c urrently addressed in the feasibility design. 

Spillway and outlet works.rThe recent maximun probable flood is predic­
ted to have a pea k of 39,500 ft /s and a 5-day volume of 131,000 acre-feet. 
This is in excess of twice the peak of the flood which was designed for in 
the 1963 feasibility estimate. This would require a wider spillway, but the 
locat ion and type of spillway would be the same as in the 1963 feasibility. 
The location would be on the left abutment ·and the crest structure would b·e 
uncontrolled with an open-cut chute and type II stilling basin. The spillway 
would be founded on andesite, which would provide an excellent foundation for 
the structures. If a lower dam were considered more feasible, the al inement 
may be changed slightly. r~ore spillway excavation could result in this 
situation because of lowering of the spillway crest. 

The outlet works should be a tunnel al ined as shown on the 1963 
feasibility drawi ng. The trashracked outlet works . intake structure would 
have a circular upstream tunnel, a gate chamber with an access shaft and 
house, a free-flO\'/ downstream tunnel and a stilling basin. Additional 
information will be required for designs related to fish facilities needed. 

Add i tiona l Data Required 

For Elimination Process . --None . 

For Appraisal Desion.--Pending the results of the elimination process 
and the requ1re11ent for rull reservoir developnent, the present design may 
serve as adequate to acco unt for knO\•nl conditiol']s. However, significant 
changes in design features may occur during the final design process if 
alternate sites are found or reductions in reservoir developnent are sought. 
In any case, a preliminary assessment of the potential for seismic activity 
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sf1oul.j be conducted and the present design evaluated to determine if addi­
tional features are r-equired to reduce 1 iquefaction potential of foundation 
.11at·=ri3ls. A prelim!nary assess:;Jent sllould be ::ond ucted to evaluate the 
Bumping Lake lineament. Also, the fol lowing data should be provided: 

Verification of maximun probable flood 

Diversion floods 

Out 1et •xorks discharge and head requirenents 

CLE ELUM ENLARGEi~ENT 

Introduction 

Cle Elun Dam and Lake Enlarg8llent was visited late afternoon , Tuesday, 
Nov8llber 2. The weather was still clear but cool, about 40. F. The DSRT 
talked with the dantender , Robert Crosier, to discuss the probl611s associated 
\'lith this site. 

Previous Studies 

Cle Elum Dam is on the Cle Elum River, a tributary of the Yakima River, 
approximately 8 miles northwest of the city of Cl e El urn. 

This site has been identified in several previous studies. Am6Tlorandun 
from the Chief, Planning Technical Services, dated June 20, 1980, regarding 
the <:nl argenent of Cl e El urn and Tieton Dams and the Formulation \~or king Docu­
ment, Cle Elt.m and Tieton Powerplants, Yakima Project, Washington, June 1981, 
are the most recent studies identifying the structure. 

Descriotion 

The existing Cle Elum Dam, a zoned, roller compacted earthfill structure, 
rises a max imun of 134 feet above the bed of the Cle El urn River to a crest 
elevation of 2250 feet. The structural height is 165 feet, and the hydraulic 
height is 124 feet. The crest of the dan is . 750 feet 1ong and 30 feet wide; 
a 3-foot-h igh parapet extends along the upstream edge of the crest. A main 
dike with a crest width of 30 feet, a crest e 1 ev at ion of 2253 feet, and a max­
imun height of 40 feet extends 750 feet to the west at an angle from the left 
abutment of the dan. Three S'llall di kes with a total crest length of about 
200 feet are located in low spots or saddles to the northeast of the dan. The 
dan and dikes contain approximately 1,410,000 cubic yards of material. 

The spillway is a concrete-lined open channel on the right abutment of 
the dan. Five electrically operated 37-foot- by 17-foot-high radial gate~ 
control flows into the spillway, which has a design capacity of 40,000 ft /s. 
The stilling basin at the lo\•ler end of the spillway is a concrete structure 
with vertical sidewalls and a dentate lower sill. 
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The outlet works for the dam consist of a concrete-lined tunnel through 
the right abutment of the dam and four hydraulically operated gates . The tun­
nel is 2,108 feet long and 14 feet in diameter. A gate chamber and 250-foot 
section immediately upstream of the gate chamber are lined with 3/8-inch steel 
plate. The inlet structure is located about 765 feet upstream of the dam axis, 
and the conduit terminates about 880 feet downstream of the dam axis in the 
spillway near the left wall just above the stilling basin. 

An outlet control tower is adjacent to the spillway immed.iately upstream 
of the dam axis. Four hydraulically actuated 5-foot by 6.5-foot gates were 
installed in 1980 to replace original cylinder gates3 Discharge capability 
after th~ rehabilitation is projected to be 4,900 ft /s at full pool and 
4,250 ft /sat 70 percent of full pool. This capability is sufficient to 
meet existing release requirements of the project. 

Hydrology 

The reservoir water surface could be raised 2 to 3 feet to increase 
active capacity without raising the dam and dike embankments if the inflow 
design flood for the dam is assumed correct. However, the inflow design 
flood was reviewed in March 1980 as part of the SEED (Safety Evaluation of 
Existing Dam's) program, and from that review it was determined that the 
inflow design flood should be reanalyzed to recognize additional hydrologic 
and meteorologic data. 

Raising the embankments and constructing new dikes to accommodate 
moderate increases in the reservoir water surface (10 to 15 feet) would not 
cause major problems with seepage, settlement, or stability. Cle Elum Dam 
was conservatively designed, and the embankments have performed very well. 
Available topography indicates that more than 2,000 feet of new dikes would 
be necessary for a 10-foot increase in embankment crest elevation. Reservoir 
blanketing upstream of the existing dikes and any new dikes would probably 
be required to insure adequate seepage control. The existing freeboard from 
maximum water surface to crest of dam is 10 feet. 

The spillway structure could accommodate, without major modifications, 
an increase in active storage elevation of 2 or 3 feet. Increases in excess of 
those elevations would require replacement of the spillway. The outlet works 
could satisfactorily accommodate a higher water surface elevation with only 
modest modifications. However, the outlet works, which are presently under­
going rehabilitation which includes new gates, will only marginally meet 
project delivery requirements. In addition, its capacity is required for 
emergency reservoir evacuation. For these reasons, the addition of power 
features should not affect the discharge capabilities of the outlet works. 

Hydrologic data available indicates a very good ratio of inflow to 
capacity even for the driest years, indicating a very good refill capability . 
The reservoir would be expected to completely fill in almost all years and at 
least substantially (70 percent full) fill in all years. The drainage area 
is about 201 square miles, and the average annual runoff is 680,000 acre-feet. 
Based upon reconnaissance level data, the inflow design flood at the damsite 
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3is estimated to have peak flow of 26,200 ft /s and a 5-day vo lume of 
276,000 acre-feet. 

Environmental Cons iderations 

Cle Elt.rn Lake is a relatively sterile, nonproductive lake. A limiting 
factor may be the availability of phosphorus, which is present in a very low 
concentration compared to nearby reservoirs. Whether low productivity is due 
to a 1ack of phosphorus or the absence or presence of som e other factor is not 
known at this time. Lit t le change in water quality is expected from the 
existing conditions. A small anount of additional cool water for instream 
flow would be available. 

Anadromous fish enhancement potential is minor because of the small 
anount of new storage; however, location is good. Any impacts to fish and 
\'lildl ife resources \'/au ld be very minor. The dead storage provides an adequate 
min im urn poo 1 . 

Cle Elum Lake, the impoundment formed by Cle Elun Dam, has an active stor­
age capacity of 436,900 acre-feet. The total storage capacity is estimated at 
709,900 acre-feet, and at full pool the 1 ake has a surface area of 4,800 acres. 

Geology of the Site 

Data Rev iewed 

Draft Report on Safety of Dam and Appurtenant Works 

Feasibility Geologic Report, Cle Elun Dam Powe r pl ant, USBR, J. B. 
Buehler, January 1982 

Preliminary Findings Report, Yakima River Basin Water Enhancement 
Project, October 1982 

Notes on the Site Team Exanination of Cle Elum Dam for the Yakima 
River Basin Water Enhancement Project, November 1982 

Site Geology.--The dan and reservoir are on the eastern slopes of the 
Cascade Range that is composed mostly of Tertiary volcanic and sedim.entary 
rocks. Cle Elun Lake was once a naturally impounded glacial trough lake 
situated within a large glacial valley trending north-nor thwest. Glaciation 
spa nned the valley and deposited glacial moraine and outwash material at the 
site of the dan. The exact classificatio n as to moraine versus outwash has 
not been reached. 

The geologic units identifi ed at the site consist of Glacial Drift 
(Glacial Till with interbedded Glacial Outwash) . and Recent River Alluvium. 
The Glacial Drift is composed of Glacial Till characterized by a heterogenous 
mixture of mostly subrounded to rounded igneous and metamorphic cobbles and 
gravel with sand, fines, and scattered boulders. This un it lacks stratifica­
tion. Glacial Outwash is typified by 'r'lell-sorted, stratified sand and 
gravel 1 ayers and/ or 1enses. 
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The Recent River Alluvium consists of the same materials as the glacial
material. The water action has removed much of the fine-grained components 
from the boulders, cobbles, and gravel . 

Drill holes at the damsite show glacial materials well over 100 feet 
deep. A well near the town of Cle Elum about 7 miles south of the dam 
penetrated 649 feet of unconsolidated material above bedrock. 

The Roslyn Formation constitutes most of the valley exposures and under­
lies the glacial materials beneath the damsite. The Roslyn Formation consists 
of interstratified light-colored arkose, lithofeldspathic sandstone, siltstone, 
minor conglomerate, and coal beds of the Eocene Epoch. 

During rehabilitation of the outlet works, lenticular and bulbous voids 
of about 3 to 8 feet in length and 1 to 3 feet in diameter were encountered 
in the glacial materials. No investigation of the nature, extent, and cause 
of these voids has been made. 

An assessment of this situation in the foundation is necessary before 
enlarging this reservoir is considered . This problem could conceivably 
influence seepage of a large reservoir as well. 

Considering the length of the glacial materials of over 100 feet at this 
dam, a potential for liquifaction may exist. 

Design 

Data Reviewed.--The data reviewed by the designers consisted of: 

SEED Data Book 

SEED Evaluation Report (dated November 1982) 

Embankment Dams Section Correspondence File 

Preliminary Findings Report, October 1982 

Structural Features 

Embankment Dam.--A review of the above data revealed that the information 
in the Preliminary Findings Report accurately summarizes the position of the 
designers in adding embankment material to the existing dam and dikes for the 
purposes of the elimination process. Pertinent information is restated here 
for completeness. 

The existing Cle Elum Dam, a zoned, roller compacted earthfill structure, 
rises a maximum of 134 feet above the bed of the Cle Elum River to a crest 
elevation of 2250 feet. The structural height is 165 feet, and the hydraulic 
height is 124 feet. The crest of the dam is 750 feet long and 30 feet wide; a 
3-foot-high parapet extends along the upstream edge of the crest. A main dike 
with a crest width of 30 feet, a crest elevation of 2253 feet, and a maximum 
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heigh t ·J f 40 feet extends 150 feet to the 'r'lest at an angle from the left 
abutment ::~f the da:n . Three s.11all di kes \oJith a total crest length of about 
200 feet are l::Jcated in low spots or saddles to the northeast of the dam. 
The dc:n and dikes contain approximately 1,410,000 cubic yards of material. 

f.n increase in reservoir water surface of approximately 10 feet is 
sought for Cle Elum. Tne reservoir water surface could be raised 2 to 3 feet 
to increase active capacity without raising the dcrn and dike embankments if 
the inflow design flood for the don is assumed correct (the IDF was revised 
recently but no routing to detennine max imt..nTt water surface was found). 
Raising the embankments and constructing new dikes to accommodate moderate 
inc·reases in the reservoir •t~ater surface (10 to 15 feet) \'KJuld not cause 
major proble:ms with seepage, settle:ment, or stability. Cle Elum Dam was 
conservatively designed, and the embankments have performed well. Available 
topography indicates that more than 2,000 feet of new earthfill dikes would 
be necessary for a 10-foot increase in embankment crest elevation. Reservoir 
blanketing upstream of the existing dikes and new dikes 1...auld probably be 
required to ensure adequate seepage control. 

The preceding assessment of the feasibility in raising Cle Elum Dam and 
dikes by 10 feet is suitable for the elimination process without additional 
data . However, an appraisal study to enlarge the facilities should only be 
conducted based on following through with the recommendations on the recent 
SEED study. Of particular concern is the potent ·ial for seismic activity at 
the site and the performance of the dan and foundation under seismic loading. 
Apparently, zones of potentially 1 iquefiable materials are present in the 
foundation. Also, important to the appraisal design l'lill be location of 
adequate borrow sources (thought to be in the reservoir area). Also, a 
cursory subsurface investigation of foundation materials underlying the new 
d ike wo u1d be in order . 

Spillway and outlet works.--Raising the dan and dikes to accommodate an 
increase of 10-foot rise in reservoir water surface \'KJuld probably require a 
complete rebuilding of the spillway. It is obvious that the gate size will 
have to be increased and the hoists and bridge raised. It will also be 
necessary to raise the walls and probably lengthen and deepen the stilling 
basin. Further study will be required to determine the extent of mod ifica­
tion or if the entire spillway would have to be replaced. Under the Safety 
Evaluation of Existing Dams Progran, the Cle EllJTl probable maximun flood was 
updated and subsequently approved in Novenber 1982. The probabl3 maximun 
flood is a rain-on-snow event with a peak discharge of 77,330 ft /sand a 
15-day volume of 339,500 acre-feet. Preliminary routings indicate the new 
probable maximum flood will not impact the decision concerning modification 
of the spi 11 way, however, the E&R Center has not completed the final routing. 

The outlet works has been recently rehabilitated . Capacity and opera­
tion of the outlet works would be adequate with the 10-foot increase in water 
surface. Hol'lever, the outlet \'KJrks control house would have to be raised. 

Previously discovered voids around the existing outlet works conduits 
should be located and appropriate repairs made . 
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Addition al Data Reauired 

:7 or El irni nat ion P r ocess.--~lone 

For Appraisal Desion . - ­

1. Preliminary asses sment of the potential for seismic activity a t t he 
dam. 

2. Studies to determine the performance of Cle Elun Dam and dike under 
seismic loading. 

3. Borrow investigations 

4. Subsurface investigation of foundation materials for the new dike 

5. Topography (1 i nch= 100 feet scale and 2 feet contours ) in areas of 
the ne1v dikes 

6. Foundation expl oration to exe:mine voids? 

DEVIL 'S TABLE DAi•l AND RESERVOIR 

Introduction 

Devil ' s Tab l e was vi sited Friday afternoon, Nov enber 5 . The weather 
was cloudy 1vith in t ermittent showers and temperatures in the 30's. The DSRT 
visited this~site Friday afternoon, Novenber 5, 1982 . 

Devil's Table dansite is located on Rattlesnake Creek about 6-1/2 miles 
upstream from the Naches River, in section 11, T. 15 N.. , R. 14 E., W.M., in 
the Snoqualmie National Forest. Reservoir sizes in the 43,000- to 58,000-acre­
foot range are being studied. 

Description 

An embankment dan is anticipated for this site . At a crest elevation 
of 2845 the dan would be about 315 feet high, have a crest length of . 
1, 130 feet, and contain about 4.9 million cubic yards of embankment material . 
The capacit y of the reservoir would be about 58,000 acre-feet and would 
inundate about 580 acres of 1and (about 240 acres bottom 1and and the remainder 
in forested or dry grazing land). County roads in the reservoir would be 
rel ocated . 

.Hydro1ogy 

Hydrologic d ata available indicate a good ratio of inflow to capacity, 
much bet t er than For ks or Bumping Lake enl argenent. The size is small and 
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the location within the basin is poor. This site cannot help meet the needs 
of the upper Naches and is not low enough to achieve any significant benefits 
for reregulation of streamflows. The drainage area is about 97 square miles, 
and the average annual runoff is 69,000 acre-feet. Based on reconnaissance 
level data, the i~flow design flood at the damsite is estimated to have a peak 
flow of 55,000 ft /s and a 5-day volume of 174,000 acre-feet. 

Environmental Considerations 

Devil •s Table will offer some cool water for instream flows, but it will 
be a rather small amount. Primary production will be low, and the reservoir 
fishery will be rathe~ poor, ~imilar to Cle . Elum. 

Anadromous fish enhancement potential is only fair because of the limited 
amount of new storage possible and poor location on the Naches system. Rattle-· 
snake Creek sustains a natural population of cutthroat and rainbow trout. The 
remoteness of the area and presence of naturally produced fish results in a 
highly valued fishery because of the scarcity of such fisheries in the Yakima 
basin. Impacts of a reservoir on this fishery would be highly significant. 
Elk and deer use of the reservoir area is also substantial, and wildlife 
impacts and mitigation would also be highly significant. A reservoir at this 
site would be oligotrophic with only a fair potential for establishing a fish­
ery. Some potential anadromous fish spawning and rearing habitat would be 
inundated. 

The preliminary area-capacity curve and reservoir map were developed 
using Geological Survey 7-1/2 minute-quadrangle map, Meeks Table, Washington. 

Geology of the Site 

Data Reviewed 

Washington Public Power Supply System Preliminary Safety Analysis 
Report, Amendment No. 23, dated April 18, 1977 

. ­
Preliminary Findings Report, Yakima River Basin Water Enhancement 

Project, October 1982 

Field Review of Potential Reservoir Site, by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancement 
Project, Washington 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington, November 1981 

Site Geology. - -The geology of the Devils Table site has not been exam­
ined in the detail that would identify the existing units, although a surface 
geology map has been prepared by Shannon and Wilson, Inc., in a Preliminary 
Safety Analysis Report, Amendment 23, for the Washington Public Power Supply
System . 
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According to this map, the surface unit on the right abutment is identi ­
fi ·2d as the l0\·1er :nenber, the Grande Ronde Basalt of the Yakilila Basalt Sub­
group and the surface exposures on the left abutment exhibit the upper unit 
of the Ellensburg Formation. Conceivably, the left abutment therefore is 
expected to contain the Ellensburg Formation, sedimentary rocks conformably 
underlying, overlying, and intertongued with the Yakima Basalt Subgroup. The 
sedimentary rocks of the Ellensberg Formation range from arkosic sandstone to 
1ahar ic breccia and airfall tuffs derived from the Case ade erupt ions. The 
basalt of the underlying group, the Yakima Basalt Subgroup, is black to 1 ight 
gray, dense, fine to very fine grained, and sparsely porphyritic. Further 
discussion of the geology at this site is not attempted without an on site 
geo1og ic reconnaissance. 

Immediately upstream of the right abutment is a massive landslide of 
the Grande Ronde Basalt Formation whereby the basalt exhibits closely spaced 
fracture patterns, often conchoidal in nature and parallel with the surface 
topography as features of foliation. These characteristics as exhibited by 
the surface exposures are believed to have been contributory to the instability 
of rock mass and hence the occurrence of the slide. 

In stability of the right abutment as shown by the characteristics of 
the basalt coupled by the local relief, would tend to rule out this site as a 
potential site for a dan. 

Design 

Data Reviewed.--The data reviewed by the designers consisted of 
Preliminary Findings Report, October 1982. 

Structural Features.--As described in the section on Geology, the 1arge 
landslide area just upstrecm of the right abutment is of great concern, not 
only for reservoir rim instability, but also with regard to the right abutment 
where the rock mass characteristics are very similar. Based on existing data, 
we would recommend against construction of a dan at this site. 

fln alternative site has been located downstream of Devil's Table known as 
Mile 4 dansite. The dcmsite review team did not visit the Mile 4 dcmsite and 
no data is currently avail able. If the site itself proves suitable, reservoir 
rim instability will still exist as a major problem to be addressed. 

Additional Data Required 

For elimination process 

None required for Devil' s Tab 1e - el im in ate it 

Conduct a dan site review of the Mile 4 site and recommend additional 
data on that basis 
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For Aopraisal Desian.--As an alternate to a site at Devil' s Table, 
another site duobed :·1ile 4 locatc:d c.bout 4 miles upstream of the confluence 
of Ra t tlesnak2 Cree k and the Naches River has been offered for consideration . 
A geologic reconnaissance ~<Jill be necessary to evaluate this site. 

In respect to the existing landslide, a study of the failure mechanisms 
may be in order to ascertain reservoir rim stability for any site considered. 
This study would require exploration drilling, rock mechanics testing, and pos­
sib l y a geotechnical analysis on stability. !=or any site under consideration 
in this valley, an inventory of material availability is required. 

EAST SELAH REREGULATING RESERVOIR 

Introduction 

East Selah reregulating reservoir was visited ~nday afternoon, Novsn­
ber 1. The weather was sunny and bright with temperatures near 60° F. The 
East Selah reregulating site is located on the flood plain of the Yakima River 
between the river and Interstate 82, about 4 miles north of Yakima, Washington, 
in sections 31 and 32, T. 14 N., R. 19 E., Willamette meridian. This feature 
is special because it is not a storage reservoir . 

Description 

The concept of a reregul ating facility to improve the operational effec­
tiveness of upstream storage releases was first identified following the 1973 
irrigation season. This was the first season that sigJlificant water shortages 
were felt by proratable irrigation 1t~ater right usersll. During the 1977 
drought, the concept again surfaced and was briefly evaluated in the Bureau of 
Reclanation report "Drought Relief ~1easures: Idaho, Oregon, Washington, 1977." 

The Yakima River Basin ·Associ at ion of Irr ig at ion Districts and other 
local interests felt that the reregul ating concept warranted further consider­
at ion, and the Washington Department of Ecology ( WOOE) was requested to ev al u­
ate the feasibility of such a facility. The WDOE contracted the firm of CH M

2Hill to undertake a feasibility study. CH M Hill completed the study and 
summarized their findings in the report "Y&kima River Reregul ating Storage" in 
May 1978. 

1/ On Januar>y 31_, 1945_, Civil Action No. 21 of the Distr>ict Court of the 
- United States at Yakima_, Washington .. established the amount of z.xzter each 

user or district is entitled to r>eceive and classified the rights into 
pror>atahle and nonproratahle. This action became known as the 1945 
Consent Decree. In shortage years the nonproratahle rights are supplied 
first and the remaining water divided pPoportionately among the pPoratable 
z.xzter !'ights. 
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Ouring the study, CH:?t·l Hill considered several possible sites for a 
r·eregulating reservoir and prepared detailed information on three sites: 
·.~e nas, S2latl, and East Se l ah Grcvel Pits. Based on engineering, economic, and 
env iror.mental feas ibility, the latter appeared to be the most favorable site . 
However, it v1as concluded that further ope rat ion studies should be conducted 
to detel'illine if the " saved v1ater" could actuall y be stored in project reser­
voirs to increase yield. Another aspect of the CH r~ Hill study which 
required further review was the evaluation of irri~ation benefits attributed 
to the use of the saved water. 

The follm<~ing data was extracted from the CH M Hill feasibility study:
2

Feasibility Analysis and Conceptual Desiqn 

Construction of the reregul ating facility at this site involves d ik.ing 
along the free'tlay and improving and/or raising existing levees to store gravity 
diversions. Releases are made by gravity at the downstream end of the site. 

The storage volume is a function of the drop in the river gradient 
across the site (about 20 feet) and the area diked. The storage volumes can 
be maximized by excavating the diked area to the elevation of the river at 

the discharge point. Some of the area is now below the discharge elevation 
and represents storage that would require pumping . This volume is small 
now, but as quarrying continues, the volume. could increase enough to consider 
pumping in the future. 

G.ravel Pit Operation . --The site is subdivided into three cells so that 
the gravel pit operation can continue to mine approximately one-third of the 
area, while the remaining t'v.O-thirds are used for irrigation reregulation. By 
rotating the cells that are used for irrigation, the gravel pit operation will 
have access to all of the pit area except the port ion covered by dikes plus a 
setback from the dikes to insure their stability . 

Ground water.--The gravel pit area is mapped in the Geological Survey 
Water Supply Paper No . 1595 as an area where there is significant ground-water 
discharge into the Yakima River from the east. The ground water flows through 
a broad, very gently sloping deposit of sand and gravel alluvium. Excavations 
in the gravel pits reveal about 10 to 15 feet of easily excavated sands and 
gravels with numerous open-work seams (as shown by seepage patterns along the 
levee into the dewatered pits). Below this are slightlycenented sands and 
gravels tha t stand on near-vertical cut slopes the full depth of exist ing 
excavations (about 30 feet high). The excavated faces of the cenented sands 
and gravels exhibit a very uniform seepage pattern with a much 1ower coeffi ­
cient of permeability than the overlying sands and gravels. Several old bor­
row pits east of the freeway provide an indication of the ground-water levels, 
but they are influenced by the gravel pit dewatering operations. It appears 
the normal ground-water depth east of Interstate-82 is about 5 to 8 feet. 

Seepage . --The gravel pit operations are carried out in the dry, requiring 
pumps to dewater the excavation. No records on area drained, river stage, or 
volume pumped are available to define the pumping conditions, but it is known 
that t"MJ 2,500-gallon-per-minute pumps are required to dewater approximately 
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~ :JQ acres of the pit during s:.mmer river conditions. The area dewatered 
·t aries in elEvation from about 1100 (approximate original ground) to 1055 
.,,here the pur:1ps =relocated. During periods of high river levels, the pumps 
are not adequate to kee p up with the seepage flows. 

River stages during normal spring runoff cause head differentials across 
the existing levees of one-third to one-half the differential that will be 
experienced by the cell dikes under nonnal operating conditions. The head 
differential between cells and surrounding water levels will cause seepage 
through the dikes and the dike foundations. Careful construction of the dikes 
will result in a fairly uniform embankment and uniform seepage through the 
embankment. The foundation seepage, hO\oJever, is not predictable. The volume 
of seepage through the dike found at ions will depend 1argel y on the nt.rnber and 
size of open-work gravel seams. 

Seepage volumes in the range of tens to many hundreds of cubic feet per 
second would not be unusual for this site. Seepage toward the river does not 
present a problem if it does not affect the stability of the dikes and does 
not exceed the capacity of the inlets . Seepage toward the east, however, 
could raise the ground-water table enough to adversely affect septic tank 
operation, homes, and the production of agricultural lands. 

A slurry trench constructed along the freeway into the cemented sands and 
gravels will provide a partial cutoff to the east. A storm drain collector 
pipe between the slurry trench and freeway will also serve as a drain pipe to 
intercept seepage passing beneath the cutoff. 

Dikes.--The dikes have three functions--to contain the stored water, to 
exclude damaging floodflows, and to serve as access and haul roads for the 
gravel pit operation. Materials for dike construction will come out of the 
gravel pit, except for riprap that must be imported. Handling and placement 
of the sand and gravels in the embankment must be rigidly controlled to pro­
tect against materials segregation that could cause highly permeable lenses. 
Placement next to structures will require special care to avoid segregation. 

All dike slopes are 3 horizontal to 1 vertical. The exterior dikes and 
the east-west interior dike have a top width of lS ·feet. The north-south 
interior dike, which is expected to be the main haul road for pit operations, 
is 24 feet wide. All dikes are constructed to elevation 1112 to provide a 
2.5-foot freeboard above the spillway crests at elevation 1109.5. The east 
dike (along the freeway) wi 11 be construe ted to el ev at ion 1109 before the 
slurry trench is constructed. The embankment width at this elevation is 
33 feet, which is about the minimum width required for construction of the 
s1ur r y trench . 

The native materials will provide adequate wa·o~e protection on the inte­
rior slopes, but riprap will be placed along the river exposure to protect 
the exterior dike slope from river fl oodfl ows. 

Structures.--Eight structures are required to regulate flows through 
the cells. A floodproofing structure in the inlet canal would have the gate 
closed in the off irrigation season to permit the cells to be dewatered for 
pit operations; to prevent ice dcrnage to the inlet, transfer, and release 
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structures; :l.nd tJ prevem. uncon t rolled flO\'IS through the cells during floods. 
Sc reens to exciude anadrom ous fisll are required at the inlet and outlets. The 
inlet screens are si zed to 1 imit approach ve loci t ies to 0.5 foo t per second 
to prevent passag2 of fingerlings. TI1e outlets have bar screens to prevent 

· entrance of adult fish . 

Cells .n.. :wd a inlet structures transfer wa ter from the inlet canal to the 
respective cells. A weir entrance prevents excessive drawdown and danaging 
velocities in the inlet canal . Radial gates control flows into the cells. 

Transfer structures connect. each cell to allow any two cells to operate 
as irrigation storage, while the third cell is dewatered for mining the sands 
and gravels. The transfer structures are 10-foot-wide chutes controlled by 
a heavy-duty slide gate. The heavy-duty gate is necessary because normal 
operations c an cause t he same magnitude seating and unseating head. 

Cells A and C have outlet structures fo r discharge to the river. The 
outlet invert elevations are set at the approx.imate r iver bottom elevat ion 
where t hey exit to maximize the storage volume . The discharge structures 
are 10-foot by 10-foot box culverts with heavy-duty s1 ide gates. These slide 
gates can experience unseating heads also during high river stages when the 
cells are dewatered . 

Operation.--Nonnal operation during irrigation season will require a 

fu l ly opened floodproofing structure gate so that the in l et canal can carry 

water_fro~ the div3rsion point to ~ells A_a nd B inlet structures . The canal 

capac 1ty 1 s· 300 ft /s at a hydraul1c grad 1ent of 0. 0001 foot per foot. The 

capacity increases significantly if the inlet gates are opened to increase 

the gradient; however, velocity through the inlet ~ish screens will exceed 

0.5 foot per second with flows greater than 300ft /s. As the cell 
approaches full, a stable condition will result in which inflow equals seepage 
or the c ell fil ls to the spillway elevation. The gate should be modulated to 
allow for seepage flows while maintaining a water surface of about 1109.0, 
1/2 foot below the spillway. Otherwise, spillway flows could enter the cell 
being mined for sand and gravel . 

The transfer and release structures allow passage of 200 ft 3/s with · 
very minimal headless; however, it must be recognized that the 10-by-10 gates 
are half as high as the cells are deep and that the flow area reduces rapidly 
as the cells approach empty. Consequently, larg e flows can be released with 
a fu.ll cell but cannot be maintained as the cells are draWTl doWTl. 

The first several years' operation wi ll require close observation of the 
dikes' perfonnance, particularly during periods of large head differentials 
between cells and betwee n the cells and the river. Open-work gravel seams in 
the dike foundation or excessively porous zones in the dike emb ankment can 
cause damaging seepage pressures. When locat io ns of excessive seepage volLDTies 
or seepage d em age are noted, the offending cell or cells wi 11 have to be emp­
tied and repairs made. The repairs might consist of slurry trench sections or 
fl at tening the dike slopes with filter and riprap courses. We antic i pate at 
least two seaso ns of operation before the majority of the weak zones are found 
and repa i red . 
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The control el anents for the gravel pits are sho\'m in the sketch on the 
fJll owing page. 

Preliminary operation studies by the Bureau of Reel ar~at io n show that East 
Selah reregul ating is 3xpected to reduce operational wastes at Sunnyside by an 
average of :~bout 50ft /s during the irrigation season. The facility would 
be expected to have a rel at ivel y narrow operating range of 3-5 feet a~d fl uc­
tuate up or down at a rate approaching 1/2 foot per day (about 150 ft /s 
inflow or outflow). It would include two structures to control inflows and 
outflows. These would be separated by miles in discharge and feet 
in stream elevation. Possible problems include potentially high rates out of 
the facility, raising of local ground-~vater levels (with resulting problans to 
basements and septic tanks in the area), and interference with the gravel pit 
ope rat ions. 

If the East Selah reregul at ing facility is constructed, anadromous fish 
enhancement potential is good because flows in the lower river would be stabi­
l ized and a significant amount of existing and future storage water conserved. 
There is 1 ittle chance of establishing a reservoir fishery due to the large 
fluctuations that would occur, and the existing \'/arm water fishery would be 
1ost. Waterfowl use the existing ponds almost year rourid. Some fish and/ or 
wildlife mitigation measures will be needed, particularly for lost waterfowl 
breeding habitat. A fish barrier may be needed on the outlet to keep 
anadrccnous fish fran entering the reservoir. 

The reservoir map for the East Selah reregul at ing reservoir was devel­
oped using Geological Survey 7-1/2-minute quadrangle maps, Selah and Pomona, 
Washington. A copy of this reservoir map (33-100-445) is included in the 
supporting data . 

Geology 

Data Reviewed 

Yakima River Reregulating Storage, feasi_bility study by CH M H_ill,
2May 1978. 

Preliminary Findings Report (October 1982), Yakima River Basin Water 
Enhancement Project. 

Field Review of Potential Reservoir Site by the Damsite and 
Structure Review Team, Yakima River Basin ~ater Enhancement 
Project, Washington. 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington. Novanber 1981. 

Site Geology.--The flood plain of the Yakima River contains both deposits 
of alluvil111 and flood materials . The gravels are mostly basalt that has been 
eroded to subangular to a subrounded shape. The alluvium is a well to poorly 
graded gravel with a small percentage of fines. Material size and compaction 
increase slightly to about 15 feet in depth where the gravel size and anount 
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CELL 	 A \ 

t7. 

1. 	 Fish Screen Structur~ Traveling screens with automatic backwash and manual 

gates for ice protection. 

2. 	 Flood-Proofing Structure. Manual gate; open during irrigation season and closed 

during off-irrigation season. 

3. 	 Inlet Structure (2 each). Remotely operated radial gates modulated to control inflow 

to cells A and B. 

4. 	 Transfer Structure (3 each). Remotely operated slide gates modulated to control transfer 

of stored w·ater from cell to Cell. Cell B has to be transfe rred to Cell A or C for 

release to the river. 

5 . 	 Outlet Structures (2 each). Remotely operated slide gates modulated to control release 

rates. 

6. 	 Inlet Canal Water Suriace. Remotely monitored; indicator of river level and water 

available to direct into storage. Changes in water surface as inlet gates are opened 

also indicate inflow volumes. 

7. Cell Water Surface Elcvo:tio ns (3 each). Remotely monitored. 



of compaction are fairly constant. Below 15 feet, the material is slightly
cemented and stands on near- vertical cut slopes. At a depth of 45 feet, 
there is a 2-foot-thick hardpan layer. 

Some problem areas associated with this feature are related to the effect 
of raised water levels by the reregulating reservoir. The extent of seepage 
under Interstate 82 which borders the reservoir on the east is unknown and may 
influence the road embankment stability and raise the local ground water east 
of the highway. Raised ground water could adversely affect dwellings in this 
area. 

The dikes which border the Yakima River and the proposed reservoir show 
the effects of earlier erosion and would require adequate erosion protection 
to remain stable. 

Reservoir seepage may be a potential problem. It is conceivable that 
open work gravels may exist in some areas of the reservoir providing seepage 
paths between the river and the reservoir. 

Design 

Data Reviewed.--The data reviewed by the designers consisted of: 

CH?M, Feasibility Study for the Yakima River Reregulating Storage, 
dated May 1978. 

Draft Geologic Appraisal Study of Potential Damsites, Yakima River 
Basin Water Enhancement Project, Washington (dated November 1981) 

Structural Features.--Three sites were examined by CH MHill in assessing2the feasibility of a reregulating reservoir for the Yakima River. The site at 
the East Selah gravel pits was the only one visited by the Damsite Review Team, 
and so comments will be limited to that site alone. It is understood that 
this feature is further along in the planning process than the other sites 
being considered and is not a part of the elimination process. Comments from 
the Damsite Review Team were requested to evaluate the feasibility level study 
by CH?M Hill and to make an assessment of the need for additional data for 
feas i oility and/or final design. 

Based on a review of the feasibility study, of primary interest is the 
level of design required for the structures. It would appear that the dikes 
have been designed for something approaching the 100-year flood, although 
there is no indication of overflow spillway capacities or the flows for which 
the dikes rna~ be overtopped. There is an indication that the 100-year flood 
of 38,000 ft /s in the r3ach of the Yakima River near the reregulating site 
would result in 1,300 ft /s passing thro~gh the gravel pit area. Since the 
inlet structure has a capacity of 300 ft /s, it would appear that there is 
a considerable potential for overtopping and breaching of the dike sections 
for flood magnitudes less than 100 years recurrence. Also, the indications 
of bedrock accelerations from 0.1 to 0.35 for the MPE (Maximum Probable Earth­
quake) and the MCE (Maximum Credible Earthquake) respectively cause some con­
cern for the stability of the dike structures during strong seismic shaking. 
The feasibility study indicates that both the dikes and dike foundations will 
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be composed of sands and gravels; materials that in a loose state are suscep­
tible to l i quifaction for the level of shaking indicated . An assessment of 
the level of damage or loss of life resulting from catastrophic failure 
indicates little cause for concern. However, repair of str uctural damage 
and loss of the facility are still of some concern. These will have some 
impact on the level of hydrologic and seismic events the structures must be 
designed to withstand . 

Another consideration that causes some concern is the level of seepage 
anticipated through and beneath the dike structures. It would appear that 
CH?.M Hill has established a trial and error approach to the dike designs; wait 
ana see where the dike fails initially, then go back and fix the problem . 
This approach may be suitable as long as the repair is not considered expen­
sive in comparison with the initial construction , and the loss of the facility 
during repairs is of little consequence . Also, of concern with regard to 
seepage is the anticipated rise of ground water in the inhabited areas east 
of Interstate 82 and the stability of the highway itself. Therefore, we 
recOmmend studies to determine inundation of septic tanks and other systems 
on properties east of the highway. Permeabil ity of the embankment and found­
ation and possible means of preventing damage to these properties should be 
investigated. A slurry trench was mentioned as a means of partial cutoff 
along the highway, but no assessment of its impact on the problem was pro­
vided in the CH M Hill report. Seepage stability studies should be under­
taken to determ~ne dike stability and permeability. Lastly, there appears 
to be some potential for erosion of the dike at bends in the river channel. 
Some consideration for armoring these areas may be appropriate. 

Functional requirements for the structure include inlet structures with 
fishscreens which will limit the velocities to approximately .5 ft/s to 
prevent damage to fingerl ings . Certain passage facilities between the cells 
will also be required for storage in certain cells while maintaining mining 
activities in any selected cell . Discharge facilities to the river will also 
be provided for releases from a specific cell. These facilities should con­
tain structures to prevent upstream passage of anadromous fish. The entire 
system must be sized to maintain sufficient storage and water surface levels, 
and provide capability to mine one of the cells continuously, dewater cells 
during off irrigation season and protect anadromou~ fish. 

Additional Data Required 

A prudent first step in obtaining additional data would include surveying 
existing wells and septic systems on property east of Interstate 82 and a 
ground water monitoring program at the reregulating site. The detail and 
amount of design data required for the actual structures involved at the 
reregulating facilities is largely dependent on the magnitude of floods and 
earthquakes to be designed for. Therefore, design requirements should be 
established. There i s no indication that any foundation or borrow investiga­
tions have been conducted. These must precede any realistic seepage and 
stability studies. The amount of concern for structural failure will largely 
dictate the efforts in additional data requirements. Data collection should 
also include: 
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1. At least one drill hole for each water control structure. 

2. Foundation exploration along Interstate 82 as needed to obtain 

information on the road embankment and foundation. 


F 0 R K S 0 A M A N 0 R E S E R V 0 I R 

INTRODUCTION 

Forks dam and reservoir sites were visited Wednesday, November 3 . The 

weather was clear to partly cloudy with temperature 40° F. The OSRT visited 

this site Wednesday, November 3, 1982. Phil Hess, Rick Brathobee, and Dave 

Broitt, employees of Boise Cascade Corporation, accompanied the OSRT to this 

site. 


Description 

Forks damsite is located on the Teanaway River about 1 mile downstream 

from the junction of the North and West Forks of the Teanaway River, with 

both abutments lying on Boise Cascade lands. This site is below the Casland 


· d~s ite that has been identified in earlier studies. Reservoir sizes being 
studied range from 46,000 to 390,000 acre-feet. 

An earthfill darn is anticipated for this site. With a crest elevation 
of 2448 the darn would be about 290 feet high, have a crest length of about 
5,050 feet, and contain about 27 million cubic yards of enbankment material. 
The reservoir capacity would be about 390,000 acre-feet and would inundate 
about 4,200 acres of land (about 100 acres of cultivated or irrigated pasture, 
1,500 acres of river bottomland, brush and tree covered, and the remainder in 
forested or dry grazing land), nearly all of which are in private ownership. 

The darn and reservoir would also inundate the fo1lowing : (1) about 15 

to 20 miles of Forest Service, county, and private roads and several miles 

of trails, (2) at least 2 public campgrounds; (3} Illahee Camp, (4) Bible. 

Rock Camp; (5) about 50 summer homes and cabins; and (6) about 25 permanent 

homes in which the residents are there year round. 


The Forest Service and county roads will be relocated because they serve 
upstream campgrounds and lookout stations. 

Hydrology 

Hydrologic data available indicate a low ratio of inflow to capacity; 
only Bumping Lake enlargement has a lower ratio. Refill after severe droughts, 
requir ing near emptying, may take 2-3 years . The location is good from a 
water supply/use standpoint, although storage in the upper Yakima basin is not 
absolutely required to meet the basin's needs. 

41 




The reservoir drainage area is about 171 square miles, and the average 
annu al runoff is 260,000 acre-feet. Based on reconnaissance level data, the 
infl o1vde~ign flood at the dansite is estimated to have a peak flowof 
76, 700 ft'"' / s and a 5-day volu:ne of 247,000 acre-feet. 

Environmental Considerations 

Forks Reservoir will be wide and shallow. 'Hater for instream flows will 
probably be the warmest of any of the seven features being studied in the 
upper Yakima basin. Primary production will most 1 ikely be very high, similar 
to Tieton, and the fishery will be similar. If preliminary figures hold, to 
which there is doubt, the 1ake would suffer from algal blooms and dissolved 
oxygen problems in the hypolimnion; it would be similar to Lake Lowell, Idaho. 
Forks Reservoir may develop a sedimentation problem. Presently there is not 
enough information available to define the problem. 

The Teanaway River in this reach is a fair trout stream but relies on 
hatchery restocking . There were anadromous fish runs here in the past, but 
diversions on the lower river have virtually eliminated these runs. Some 
native cutthroats and brook trout 1 ive here. 

This Douglas-fir forested area, with cottonwoods in the bottoms, provides 
marginal deer and elk winter range . It receives heavy snowfall and is so high 
in elevation that it is used only during mild winters. Although the area has 
value as big gcrne winter range, this value is decreasing as recreational home 
developnent increases. It is 1 ikely that winter range near the site would 
have to be developed as mitigation for lost habitat. 

The shallow canyon and hilly terrain supports some raptors such as 
goshawks, Coopers hawks, red-tails, and a few eagles. Ruffed, blue, and 
spruce grouse are found .in fair numbers. There is 1 ittl e waterfowl use in 
the area. 

Adverse impacts that would occur with storage include a blockage to move­
ments of populations of native resident fish and the displacement of raptor 
and grouse habitat. A positive effect would be the developnent of a fishery 
in the reservoir. The reservoir would probably be oligotrophic or mesotrophic 
(many questions regarding potential productivity need to be researched). A 
minimum pool of 10-15 percent of total should be provided. 

Land quality waul d probably decline from its present value for timber 
production and farmsteads. Any archeological resources present, probably of 
the minor summer activities types, would be negatively affected by fluctuating 
•,o~ater levels and wave action. 

Advanced 7-1/2-minute Geological Survey quadrangle maps, t~t. Stuart 2SE, 
2SW, 3NE, and 3NW were used in developing the preliminary area-capacity curve 
and Forks Reservoir map. 
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Geology on the Site 

Data Reviewed 

Preliminary Findings Report, Yakima River Basin Enhancement 
Project, October 1982 

Field Review of Potential Reservoir Site by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancement 
Project, Washington 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington, USBR, November 1981 

Site Geology.--The dam and reservoir sites are on the north limb (flank)
of a very gently sloping syncline. The ax is of the syncline plunges very 
gently to the southeast. The site is in the middle and lower part of the 
Roslyn Formation, variously described as arkose, sandstone , and shale. The 
formation is poor ly exposed in the area (along some roadcuts and in several 
places along the south bank of the Teanaway River). Where exposed, the forma­
tion is a white to yellow, massive, arkosic, medium-grained , fairly soft sand­
stone that read i ly breaks down to a sandy soil. The sandstone can easily be . 
broken with a light hammer blow. The formation appears to dip very gently 
downstream. The permeability of the formation is probably low. 

The wide valley floor is covered with fine-and coarse-grained alluvium 
to an estimate depth of 75 feet. Stream terraces also occur along some of 
the valley sides . The depth of overburden on the abutments probably varies 
from 5 to 40 feet deep. 

The adequacy of the bedrock to support the dam and appurtenant works is 
a problem that needs to be resolved. There is a possibility that coal seams 
are present in the . sediments on the right abutment. 

The depth to bedrock across the wide valley floor at the axis of the 
damsite needs to be defined. 

Borrow materials for construction of the dam need to be identified. 
Explorations will be needed to determine types and quantities of impervious,
pervious materials, and riprap. 

Design 

Data Rev iewed 

The data reviewed by the designers was limited to: 

Preliminary Findings Report, October 1982 

Geologic Appraisal Study of Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington (November 1981) 
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Structural Features 

Embankment Dam.--As indicated by the previous section on damsite geology, 
the data available on site geology and borrow availability are extremely 
limited. It would appear that considerable overburden may overlie bedrock in 
portions of the valley section and up to 40 feet in depth on the abutments. 
The height of the dam structure above streambed is approximately 290 feet . 
Therefore, it is very important to know something of the foundation conditions . 
If the assumptions of depth to bedrock and availability of borrow is proven, 
the construction of a rolled earthfill embankment with a cutoff trench to 
bedrock appears to be feasible . 

Of great importance to the embankment design will be the depth and 
composition of overburden materials at the site (both in the valley section 
and the abutments), and the quantity and composition of borrow materials 
ava i lable. A preliminary assessment of the potential for seismic activity in 
the area of the damsite may also be of much importance, depending on the 
findings of the foundation exploration. The competence of bedrock and verifi ­
cation of coal seams within the right abutment may also be determined through 
the foundation exploration. 

Spillway and outlet works.--for an embankment dam for the dam axis 
located at the proposed downstream location the spillway would be best 
located on the left abutment. An uncontrolled agee crest entrance and an 
open-chute spillway with a stilling basin would be required to accommodate 
the large predicted maximum probable flood. The depth to bedrock on the left 
abutment will have to be determined to ascertain that adequate foundation 
exists for the spillway structure. There are indications from preliminary 
inspections that considerable depths of alluvium exist high on the abutment. 
Excavation for the spillway inlet structure will probably require fairly 
deep excavations into the hillside. 

A spillway located on the right abutment would probably require less 
excavation for the inlet structure. However, the deep draw just downstream 
of the dam would not allow an alinement of the chute which would provide 
adequate foundation for the slopes required. If the chute slope followed 
the topographical slopes and discharged into the draw, there could be a 
threat to the safety of the dam by headcutting due . to high velocity flow._ 

The outlet works would be best located as a tunnel through the left 
abutment. Further study would be required to coordinate the outlet works 
basin with the spillway basin. Tunneling problems could be encounte r.ed if 
shale seams exist along the alinement. Blocky sandstone could also be a 
problem, but this can be remedied with adequate support and tunneling 
methods . A drop inlet structure with trashracks and the inlet sill located 
above reservoir sediment level . Tailwater and degradation studies should be 
performed so that the hydraulics of the structures can be determined. In 
addition, fish requirements should be assessed so that designs for fish 
screens and temperature and water quality control can be provided. 

RCC (Roller-Compacted Concrete) or a composite concrete and embankment 
dam at the proposed site would be 290 feet high, the dam would be 5,050 feet 
long with a crest elevation of approximately elevation 2448. It would have 
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a capacity of 260,000 acre-feet. An RCC may be economically feasible 3at this 
site. The preliminary maximum probable flood has a peak of 76,700 ft /s and 
a 5-day volume of 247,000 acre-feet. This flood would require a relatively 
large spillway which would be quite costly if located along either abutment. 
Placing the spillway over the RCC dam would result in a saving in spillway 
cost, but may not balance the increased material and construction costs 
relative to those of an embankment dam . The location of the outlet works 
through the dam may also result in a cost saving . Another consideration 
which affects the economic feasibility of building an RCC dam is the depth 
of alluvium in the channel area. At present there has been no investigation
to determine this depth. Site team geologists, however, have speculated 
that this depth may range from 75 to 100 feet. If this is the case, an RCC 
dam may be less feasible because of the necessity to attain firm formation 
for the foundation of the dam. Additional data will be required to adequately 
assess this problem. Construction materials for an RCC dam may be easier to 
acquire in the reservoir and stream area because of wider ranges of accept­
ability in property and gradation requirements than for an embankment dam. 
Identification of construction material quality, quantity, and type will be 
required to substantiate this assumption. It must be noted that the Bureau 
of Reclamation has not absolutely quantif i ed unit construction costs to be 
applied at an RCC Dam. Further study will be required to arrive at applicable 
parameters to be used for comparative estimates . 

The abutments and foundation at this damsite consist of weak sandstone 
and some shale seams. There will probably be strain related problems 
resulting from variable rock quality and shale seams. Proper abutment and 
foundation treatment will be required to handle these problems. 

Because of the runoff availability and size of the reservoir a longer 
than normal time may be required for reservoir filling. There is a concern 
related to reservoir rim stability and critical areas should be adequately 
treated and/or monitored during reservoir filling. 

Another structural option would be to build a composite dam at this site. 
This would consist of a concrete center section, which would serve as a spill ­
way, and abuting embankment sections on either side. This could limit the 
cost of quantities at the foundation while providing a more compatible 
structural condition at the abutments and allowing . a cost saving by locating 
the spillway over the dam. The same requirements concerning materials and 
further investigations as noted in RCC considerations would apply. 

Additional Data Required 

For Elimination Process 

Surface reconnaissance to identify borrow availability 

Two drill holes in valley section to determine composition of overburden 
and depth to firm formation 

Estimate of depth to firm formation on abutments 
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:Jossib iy a pr e1 imin~ry asses sment of t he po t en t ial for sei s.11ic activ it y 
in the area of the dansite 

Re., i ev1 of a s s urn ed ex i s t in g d at a : 

1. Dr i 1 1 1 og s o f l oc a1 we11 s 

2 . Cor p s o f En g in e e r s g eol og ic wo r k i n the a r e a 

Flood hyd r ology including diversion floods 

Topography l-inch equals 100 feet, 4,000 feet dovmstream, 2,000 feet 
upstream. Also, surface geo 1 ogy at the same scale 

Tail water 

Outlet works- discharge and head requiranents 

Reservoir ope ration requirEffient s and alloc ations 

Access requ i rE!11ent s 

For Appraisal Design (in addition to the preliminary assessment) 

One hole 450 deep in each abutment 

Four holes 200 feet deep in channel* 

One hole on 1eft side--upstrearn of stilling basin 30 feet into rock 

Auger holes and test pits for borrow 

Analysis or ev al uat ion of coal in reservoir 

Ri pr ap source 

Power avail ab il ity 

*Note 	 that permeability testing and possibly some standard penetration 
testing maybe required in these additional drill holes. 

HORSETAIL DAM AND RESERVOIR 

Introduct i on 

Horsetail was visited Thursday afternoon, Novanber 4 . The weather was 
cloud y and cool probably in the high 30's. The DSRT visited this site 
Thursday afternoon, NovE!11ber 4, 1982. 
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Description 

Horsetail damsite (also known as Little Naches damsite) is located on 
the Little Naches River about 1-1/2 miles upstream of the confluence of the 
Bumping River and about 1/2 mile upstream from Horsetail Falls, in the 
Snoqualmie National Forest. Reservoir sizes from 13,000 to 88,000 acre-feet 
are being studied. 

An embankment dam is anticipated at this site. With a crest elevation of 
2864 the dam would be about 234 feet high, have crest length of about 
1,000 feet, and contain about 2.6 million cubic yards of embankment material. 
A dam rising this high above stream level would create a reservoir with a 
capacity of 88,000 acre-feet. The reservoir would extend over 4 miles 
upstream and would inundate about 1,100 acres of land (about 400 acres of 
bottomlands, brush and tree covered, and the remainder in forested and dry 
grazing land). The reservoir would also inundate several miles of Forest 
Service roads and trails and three Forest Service camps. These roads will 
hav·e to be relocated because they serve upstream campgrounds and lookout 
stations. 

Hydrology 

Hydrologic data available indicates an excellent rati~ of inflow to 
capacity (80,000 total acre-feet size) even in the driest years, indicating 
an excellent refill capability. The reservoir would be expected to fill in 
all years or all but 1 or 2 years. If the size of the reservoir were doubled, 
this site would still have a good refill capability--near that of Kachess 
Reservoir in the existing system; slightly less than Tieton enlargement, 
Devils Table, and Cle Elum enlargement; but better than Forks or Bumping Lake 
Lake enlargement. The location within the basin is very good to excellent 
because it can satisfy the critical need of the upper Naches basin . 

The reservoir drainage area is about 145 square miles, and the average 
annual runoff is 177,000 acre-feet. Based on reconnaissance level data, the 
inflow de~ign flood at the damsite is estimated to have a peak flow of 
68,000 ft /s and a 5-day volume of 218,000 acre- feet. 

Environmental Considerations 

Primary production in Horsetail Reservoir will be very similar to Wymer 
Reservoir. A reservoir larger than the 88,000-acre-foot size will have a 
reduced level of fish production per unit of surface area, which will begin 
to approach fisheries such as the present Lake Cle Elum. Water from the 
smaller Horsetail will be warmer than most other alternatives but will be 
cooler as the reservoir capacity is increased. 

Anadromous fish enhancement potent i al is only moderate because of loca­
tion (could not provide flows in the Bumping River) and the lack of carryover 
storage . The reservoir would inundate several miles of anadromous fish spawn­
ing habitat, primarily used by steelhead. Wildlife use is lower than potential 
due to heavy recreation use in the area but is still significant and would 
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probably require developed winter range for mitigation. The resident fishery 
is also a low value, put-and-take fishery, but the use is quite high. Potential 
for a reservoir fishery is moderate. The reservoir would be oligotrophic and 
should have a minimum pool of 15 percent of total storage. 

The preliminary area-capacity curve and reservoir map were developed 
using Geological Survey 7-1/2-minute quadrangle maps, Old Scab Mountain and 
Cliffdell, Washington, and advanced 7-1/2-minute quadrangle maps, Snoqualmie 
4SE and 4SW. 

Geology on the Site 

Data Reviewed 

Preliminary Findings Report, Yakima River Basin Water Enhancement 
Project, Washington, October 1982 

Field Review of Potential Reservoir Site by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancement 
Project, Washington 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington, November 1981 

Site Geology.--The damsite is on the southwest limb of a gently sloping
syncline, as the basalt flows dip very gently northeast. 

The damsite is in a steep-sided, narrow, box-like canyon cut into hackly 
jointed but hard and competent basalt that outcrops on the abutments in 
some places in near-vertical cliffs. 

The fairly flat canyon bottom is about 300 feet wide and floored with 
alluvium up to an estimated 10 feet deep. About 1 mile upstream from the dam, . 
the reservoir widens out to one-half mile and contains alluvial sediments of 
various gradations. 

Potential problems relating to geolpgy may occur in connection with -road 
relocations necessary for the construction of this site. No obvious problems, 
are present in respect to the dam foundation, reservoir rim stability, or 
seepage. 

Design 

Data Reviewed.--The data reviewed by the designers was limited to: 

Preliminary Findings Report (October 1982) 

Geologic Appraisal Study of Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington (November 1981) 
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Structural Featur es 

~mbankment Dam.--.C\s indicated by the previous section on dansite geology, 
the data available on site geology and borrow availability are extremely 
1 imited. TI-JO heights of dan at this site are currently being examined . The 
first v1ould have a height above streambed of approximately 234 feet and a 
crest length of approximately 1,000 feet. The dan would be entirely within 
the co·nfines of the steeped-walled canyon with little surficial material 
overlying the basalt. A higher dan at the same site would rise approximately 
00 feet higher than the first but would require a wing dike section to be 
constructed on the left abutment area. This would approximately triple the 
crest length. The type of structure to be constructed at this site would not 
appear to be 1 imited by the foundation conditions or site topography. There­
fore, the availability of borrow in the area may be a detennining factor, and 
it is essential that some investigations be done prior to appraisal design . 
Since surficial materials will most likely be completely ranoved in foundation 
stripping, the potential for seismic activity is a less important paraneter 
at this site than at sites with 1 iquefiable foundation materials. A concrete­
faced rockfill or zoned rockfill with impervious core are possible anbankment 
dans for this site, depending on borrow availability. 

Concrete Arch Dam.--The canyon walls at this location slope steeply from 
the valley floor to approximately elevation 2800. From this point, on the 
left abutment, the slope flattens to approximately 3:1. On the right abutment, 
the slope decreases to about a 2-1/2 : 1 from elevation 2800 to elevation 3000. 
Above elevation 3000 the slope is gradual. The dan heights are anticipated 
at this site (both suitable for a concrete structure). The lower dan \IIOuld 
be approximately 234 feet high and about 1,000 feet wide with a r.eservoir 
capacity of 88,000 acre-feet. Its foundation and abutments WJuld be contained 
within the 1 imits of the U-shaped portion of the canyon. This, along with the 
hard basalt foundation, contribute to the feasibility of the lower dan alter­
native. The high dan alternative would be approximately 80 feet higher with 
an increase in reservoir capacity of about 80,000 acre-feet. Jlbutment rock 
strength in the upper reaches appears to be adequate and the increased hydrau­
lic loading could be adequately resisted by the foundation and lower reaches 
of the abutments. However, adequate remedial work waul d be required at the 
flatter abutment slopes. Thrust blocks at both abutments can be constructed 
to handle lower head stress transfer. The larger reservoir could be a very 
feasible and important consideration in the overall project plan. Its impact 
on the upstream areas, in addition to those addressed for the low dan, should 
be addressed for further studies. 

For the high dan alternative, an embankment dike would be required in the 
1ow area near the 1eft abutment. 

3The design flood is estimated to have a peak of 68,000 ft /s and a 
5-day volume of 218,000 acre-feet. Locating the spillway over the dan to 
handle the large discharges anticipated from this flood create positive 
economical considerations concerning a concrete .dcm alternative. In addition, 
the strength of the rock and shallow alluvil611 and colluviLrn depth create ideal 
conditions for this type of structure. Further study will be required to 
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determine the stability of the groins and downstream foundation to handle the 
large flood discharges. 

There appears to be fairly large quantities of sand, gravel, and cobbles 
in the area. However, there has not been material survey conducted to ascer­
tain adequate quality and quantity of these materials for concrete aggregate. 

The outlet works can be located through the dam. Its inlet should be 

located above the anticipated reservoir sediment level. 


(RCC) Roller-Compacted Concrete Dam.--The positive aspects previously 
mentioned in assessing the feasibility of a concrete arch dam, such as, com­
petent abutment and foundation rock and economical aspects of locating the 
spillway and outlet works at the dam, apply to an RCC dam. However, an RCC 
dam is a gravity dam involving larger quantities and different types of mate­
rials which could impact adversely on its economic feasibility. Nonetheless, 
and. economical study should be considered when determining final alternatives 
at this site. 

Spillway and Outlet Works for an Embankment Dam.--The design flood pre­
viously mentioned will probably require a large spillway. Both dam height 
alternatives. will present similar conditions, except that a smaller spillway 
may be required for the high alternative because of larger reservoir capac­
ities in the higher reaches. If, however, the spillway was located on the 
right abutment, more excavation into the hillside would be required for the 
high alternative. There appears to be adequate width on either abutment to 
accommodate a free overflow crest, concrete-lined chute and stilling basin. 
However, a spillway on the right abutment may require a longer chute and more 
excavation into the hillside. For the high dam option, it may be feasible to 

. locate the spillway in the dike if adequate depth of foundation is available 
for the spillway inlet. Gated spillways could be economically feasible for 
both dam heights and should be studied. 

The outlet works should be located, as a tunnel, through either abutment. 
It appears that the tunnel could be shorter through the left abutment. The 
inlet should be above sediment level. The outlet works could be utilized for 
div~rsion, evacuation, and downstream service requJrements. 

Additional Data Required 

For Elimination Process: Nqne 

For Appraisal Design 

Topography (1'' = 200') 5-foot contour interval 

Geologic mapping on the topography 

Foundation exploration for a saddle dike on the left abutment will 
be required if this site prevails after screening has been 
completed 
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Exploration \vill consist of t\<~0 drill holes about 50 feet deep 

~eservoir operation 

Bypass requiranents 

Updated PMF (Probable Maximun Flood) 

Tail water 

Diversion floods 

Out1et works o per at ion, head and discharge 

Power av ai1 ability 

Access 

Topography (1 11 =2000') 

Geologic mapping of reservoir area and road relocation 

Materials reconnaissance for location and quantities of earthfill, 
rockf ill , and cone rete aggregate materia1 s 

Note that comparison studies of different embankment heights, as well 
as cost comparisons between different dcm heights, may prove useful 
prior to appraisal design for this site. 

TIETON (RIMROCK) DAM AND RESERVOIR ENLARGEMENT 

In trod uc t ion 

weather 
visited 

Tieton Dam (Rimrock Lake) was visited Friday morning, 
was cloudy and raining with temperatures in the 30
this site Friday morning, Novanber 5, 1982. 

's . 
No

The 
venbe 5. 

DSRT 
r The 

-

Previous Studies 

Tieton Dam is located on the Tieton River, a tributary of the Naches 
River ·, about 40 miles west of Yakima. The Naches River flows southeast to 
join the Yakima River near the city of Yakima. 

This site has been identified in several previous studies. A manorandtlTl 
from the Chief, Planning Technical Services, dated June 20, 1980, regarding 
the enlarganent of Cle Elum and Tieton Dams and the Fonnulation Working CX:Jcu­
ment, Cle Elum and Tieton Powerplants, Yakima Project, Washington, June 1981, 
are the most recent studies identifying the structure. 
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Description 

Tieton Dam is a semihydraulic earthfill structure •t~ith a concrete core 
~~all; structural height is 319 feet and hydraulic height is 198 feet. The dan 
rises a max imun of 205 feet above the bed of the Tieton River to a crest eleva­
tion of 2935 feet and has a crest length of 920 feet and crest width of about 
40 feet. The core ~"all extends about 2 feet above the crest to form a parapet. 
The dan enbankment contains approximately 2,049,000 cubic yards of material. 

The spillway is a concrete-lined open channel in the left abutment ~nd 
consists of a concrete gate structure with six driJll gates, a trapezoidal con­
crete-lined chute, a concrete stilling basin, and an outlet channel leading to 
the Tieton River. The six drum gates are 65-foot by 8-foot devices that oper­
ate independently and can control the reservoir level between elevations 2918 
and 2926 feet. The total effective crest length of the dr~ gates is 390 feet, 
and the maximun flow capacity of the spillway is 39,200 ft /s. 

The outlet works consist of a tunnel through the 1eft abutment, an aux- · 
il iary inlet shaft that joins the main tunnel, trashrack protected structures 
at the inlets, and two 60-inch and one 24-inch needle valves. The tunnel is 
2,186 feet long, consisting of four sections that vary in cross-sectional area 
of about 250 square feet. The upstream inlet is protected by a concrete 
intake tower about 1,683 feet upstream of the dan core wall. The auxiliary 
intake tunnel is approximately 8.5 feet in dianeter, protected by a trashrack 
structure at the inlet, and connects with the main tunnel about 400 feet 
upstream of the dan core wall. 

Agate chamber is located at the dan core wall where flows are split into 
tv.o 72-inch-dianeter pipes each controlled by a 5-foot by 6-foot emergency 
high pressure slide gate. The tv.o 72-inch pipes terminate about 500 feet 
downstream of the core wall in two 60-inch needle valves at the valve house. 
A 30-inch-dianeter Y is connected across the tv.o 72-inch outlet pipes and 
terminates in a 24-inch needle valve. Flows from the needle valves discharge 
into a stilling basin protected with riprap. Maxim~ discharge from the t\\0 
60-inch valves at full pool level is about 2,590 ft /s. Use of the smaller 
needle valve in conjunction with both large valves \'.Quld not appreciably 
increase the max imun discharge capability. 

flny increase in the active storage capacity of the reservoir v.ould 
require complete replacenent of the spillway structure. The outlet \\Orks 
could accommodate a modest water surface rise o·f the magnitude of 5 to 
10 feet, without major modifications, and for the outlet works there are no 
operational or other constraints to raising the dan. 

However, any attempt to incorporate power features into the existing 
outlet works \'.Quld require major modifications of the structure, including 
new gates , pipes, and contr ol structure. In addition , any modificat ion that 
reduces the discharge capability of the existing outlet \'.Quld result in 
comprcmising the reservoir emergency evacuation capabilities. 

Rimrock Lake, the Tieton Dam impoundment, has a surface area of about 
2,525 acres at full pool. Total active storage is 198,000 acre-feet. The 
dead storage is negligible since the intake for the dan outlet is located in 
the fanner bed of the Tieton River. 
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Hydroloay 

:;s sp ills fran Tieton Dam occur in the majority of the years of record, 
the fc:asibil ity of incr-easing the storage of Rimrock Lake to use these spills 
was ex an ined. 

The average runoff from the basin for the period of record was 
370,000 acre-feet. To obtain an active storage of 370,000 acre-feet v.ould 
require raising Tieton Dam 56 feet to a crest elevation of 2991. My further 
increase in height I'Kluld result in what would probably be unacceptable 
encroachment on Clear Creek Dam . With an active storage equal to the average 
annual runoff, i n an average year all the runoff from the basin could be 
regulated to meet dffiland throughout the year . In dry years the reservoir may 
not fill, and in wet years, flood control releases or possibly spills may 
still occur. 

M exonination of flow data and historical storage and releases from 
Tieton Dam showed that under present conditions all of the water supplies 
\..Ould be used to meet existing irrigation needs during the 1929-31 period and 
nearly all during t!le 1940-45 pe riod. Yield of additional storage would come 
from carryover into these periods. 

Assuming that all new water supplies developed from the increased storage 
would be used to supply new land irrigation, the yield I'!Ould be 172,000 acre­
feet (370,000 minus 198,000) divided by 6 years (1940-45 period) or about 
30,000 acre-feet (disregarding losses). The 30,000-acre-foot denand could be 
met during the rest of the study period (1926-76). 

Environmental Considerations 

Rimrock Lake provides a major kokanee fishery in central Washington. 
However, the l ake has no dead storage, and during years of extremely low 
runoff the lake is essentially emptied, seriously degrading the fishery. 
Fish apparently beg in to en igrate from the reserv ior when the drawdown 
reaches about 40,000 acre-feet, and enigrating fish (kokanee) die because 
they cannot survive in a stream environment. In 1979, Rimrock Lake was · 
drawn down to 200 ac re-feet, and an estimated 6 mill ion kokanee that v.ould 
have provided the sport fishery for 1981-83 passed downstream. About 
450,000 koka nee fry were planted in 1980 to provide a sport fishery for 
1982-84. The present runoff forecast indicates another drought and that 
Rimrock Lake may be enptied in 1981, which would be the third time in 
8 years. The Washington Department of Game estimates that am in imum pool of 
30,000 acre-feet in Rimrock Lake is needed to pr eserve and maintain the 
fishery. f-bwever, the potential for changing operations to maintain a 
minimum pool of 30,000 acre-feet appears small under existing devel o~ent. 
Al l storage is presently allocated to irrigation, and this storage becomes 
more val uab 1e to irrigators during water short years when Rimrock Lake waul d 
be drawn down to very 1ow 1 eve 1 s . 

Enl argenent of Rimrock Lake will offer 1ittle change from existing 
conditions. Fish production will increase, but the fish will be somewhat 
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dispersed. ll1e slight decrease in total phosphorus concentration l'lill not 
ir.1prove v isib i1 ity enough to improve angling success. 

Madranous fisll enhancenent potential is minor because of the small 
anount of :lE\"1 storage possible and poor location on the Naches system. 
Impacts on wildlife would be moderate, and mitigation for lost goose brooding 
habitat and wildli fe habitat may be required. 

Geology of the Site 

Data Reviewed 

Safety Evaluation of Existing Dams, Geology Report, Tieton Dam, 
August 1982 

Feasibility Geologic Report, Tieton Dam Powerplant, January 1982. 
SEED, Evaluation Report for Tieton Dam, April 1981 

Site Geology 

Tieton Dam is located on the eastern slope of the Cascade l'lountain Range 
that experienced intense volcanism during the Tertiary Period. In Pleistocef!e 
times , the area was subjected to intense glaciation. After the glaciers 
retreated, the Tieton River cut through much of the glacier deposits . 

The steep, narrow canyon at the dansite has been eroded downward through 
much of the glacial deposits and into the andesite-microdiorite rock complex 
which occurs on the left abutment and part of the right abutment. Much of 
the right abutment of the dan is on the glacial materials . In the excavation 
of the dan in the stream channel, an older sedimentary rock (shale) was 
exposed in the foundation. This sedimentary rock is probably an older 
formation that was intruded by the andesite-microdiorite complex. 

Pr ob 1an s inc 1ud e: 

1. The main problan to ra1s1ng the dan is the integrity of the structure. 
There has already been some concern with the deflect ion of the core wall and 
settlement of the embankment - concerns that would be increased with an 
increased height of dan. 

2. Further explorations may be needed to determine the 1 iquefaction 

potential of the embankment fi 11. 


3. Further study needs to be made of the active slide behind the 
spillway stilling basin. 

4. Borrow materials for embankment requirements have not been 

identified . 


5. The geologic problems related to a relocated highway along the 
reservoir have not been addressed. 
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Design 

Data Reviewed.--The data reviewed by the designers consisted of: 

Cursory review of correspondence and data files for Embankment Dams 
Section, E&R Center 

SEED Data Book 

Evaluation Report for Tieton Dam, April 1981 

Preliminary Findings Report, October 1982 

Structural Features 

. Embankment Dam .--Tieton Dam is an existing earthfill structure, placed by
the semihydraulic fill method. The embankment has a height of 205 feet above 
streambed and a crest length of 920 feet. The water barrier is provided by a 
central reinforced concrete core wall and thin upstream clay puddle core. The 
concrete core wall has a maximum height of about 320 feet. The dam has an 
average upstream slope of 3:1 and downstream slope of 2:1. 

The embankment was placed by dumping material at the outer slopes and 
hydraulically washing the fines to the center against the concrete core 
wall. On the upstream side of the core wall a pool was maintained to settle 
out the fine material, forming the clay puddle core. Downstream of the core 
wall, care was taken to drain off the fine clay particles, producing a 
semi-impervious material. 

The dam has been reviewed with regard to the feasibility of increasing 
the structural height by a maximum of 56 feet. The conclusions of the SEED 
Team (Evaluation Report, 1981) are considered as valid indicators of the 
current condition of the existing structure and are repeated below: 

Based on available information, Tieton Dam and appurtenances are cur­
rently judged satisfactory for safe operation. Clpse monitoring of embank­
ment deflections and seepage conditions and periodic evaluation of monitoring 
data are necessary to ensure that safe conditions prevail and to determine 
the need for future investigations regarding structural integrity. 

Current conditions at the structure considered capable of affecting the 
future safety of the dam are primarily related to embankment and corewall 
deformations and seepage conditions in the foundation and embankment. 

A seismic evaluation for Tieton Dam has never been performed. A seismic 
evaluation to establish an MCE (maximum credible earthquake) and to analyze
embankment stability, deformations, liquefaction potential, and other effects 
of seismic loading is required for a more complete safety evaluation. 

Landslides within the reservoir area and at the damsite do not appear to 
present safety hazards for the structure. 
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Of particular interest in evaluating the feasibility of ra1s1ng the 
existing dam would be information about the embankment phreatic water surface 
under varying reservoir water surface elevations, and information on embank­
ment and foundation materials from the standpoint of both static stability and 
liquifaction potential . A response to the question of dam raising (memorandum 
to Chief, Division of Planning Technical Services, from Chief Design Engineer, 
March 13, 1982) indicates that: Of particular concern are indications of 
significant core wall deflections over time which has undoubtedly caused 
extensive cracking. Therefore, the embankment's water barrier capabilities 
depend on the current condition of the puddled clay core . Significant 
embankment settlement (up to 5 feet) has been recorded over the core . The 
integrity of this core, at least in the upper portions, is questionable. A 
preliminary seismic evaluation would be of great benefit. 

In lieu of the above data , a preliminary assessment of the feasibility 
in raising the existing dam would be that an increase in dam height of 
approximately 3 to 5 feet would be the maximum allowable without considerable 
dis·ruption to appurtenant structures. The increase in embankment height of 
5 feet may be assumed to be accomplished by the addition of embankment mate­
rial to the dam crest with a backslope to the uppermost berm on the down­
stream face. Significant excavation of the crest may be required to ensure 
an imperviou.s core. The maximum of a 56-foot rise in embankment height may 
be assumed to be accomplished by complete removal and replacement of the 
existing structures although little data are currently available with regard 
to borrow locations or availability. These preceding assumptions may be 
useful to the elimination process. 

Spillway and Outlet Works 

The existing spillway consists of six drum gates, a concrete-lined chute , 
and a stilling basin. Raising the reservoir 10 feet would require replacement 
of the gates and rehabilitation of the chute and stilling basin. 

Additional raising of the reservoir, depending upon head and discharge 
requirements, could create a situation where structural capacity could not be 
adequately increased in the limited space available at the left abutment. 

The outlet works could accommodate a rise of water surface of 5 to 
10 feet without modification. However, evacuation capability could be adver­
sely impacted for a 10-foot or higher rise in water surface. The adequacy of 
the outlet works for evacuation is addressed in the subject SEED report. 

Requ i red modification of the spillway and outlet works would be quite 
costly and should be studied in detail in conjunction with any anticipated 
rise in reservoir water surface. 

Additional Data Required 

For Elimination Process.--None- -use the designer's assumptions. 
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For Appraisal Design.--The recommendations of the SEED Team and status 
( as reported in a SEED Exanination report ITISllOrandum dated July 1, 1982) are 
us~fu l as a guiae fot· initial .jata requi 1· ed to further evaluate the safety 
of the existing structure and are 1 isted below. Additional data requirements 
wi ll be outlined pending receipt of these data and results of the elimination 
process. The status of previous SOD rec ommend at ions as of July 1982 are: 

78-SOD2-A - Install instrumentation capable of detennining anbankment 
seepage cond it. ions and phreatic surface. 

Status: 	 In April 1982, four porous-tube piezometers were installed 
to detenn ine embankment seepage conditions and phreatic 
surface near the max iml.fTI sect ion of the dan . Instrumentation 
included one porous-tube piezometer which was installed in 
DH-101 on the crest of the dcrn at station 6+20 about 10 feet 
downstream frcm the core wall and three porous-tube piezo­
meters which were installed in DH-102 on the crest of the dan 
at stat ion 6+30 about 10 feet down stream from the core wall. 

78-5002-B - Revise the current IDF and perform flood routing studies 
using the recommend eel IDF. 

Status: 	 The IDF is being revised by the Hydrology Branch. 

78-5002-C - Perform a seismic ev al ua t ion for Ti eta n Dam. 

Status : 	 Outstanding. 

78-5002-D - Review adequacy of the current schedule for obtaining snbank­
ment and core wall deflections. Consider obtaining deflec­
tions during periods of high reservoir water surfaces rather 
than, or in addition to, measurements after annual reservoir 
drawdown. 

Status : 	 Outstanding. 

78-SOD2-E - Perform timely analyses of deflect ion, settlsnent, and seep­
age data. Based on these analyses, consider additional 
investigations to more adequately determine the water barrier 
capabilities of the core and core wall. 

Status: 	 Outstanding. 

78-5002-F- Establish and monitor permanent surface settlsnent points on 
the embankment adjacent to the upstream side of the core wall. 

Status: 	 Outstanding. 

78-5002-G -Consider installation of permanent instrunentation capable of 
determining deflections at the bottom of the inspection wells. 

Status: 	 Outstanding. 
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~YMER DAM AND RESEqVQIR AND AFTERBAY DAM 

Introduction 

Wymer Afterbay Dam and Wymer Dam and Reservoir sites were v i sited 
Tuesdaymorning and early afternoon, Tuesday, Nov6Tlber 2. The weather was 
sunny and bright with temperatures about 50 toss· F. The DSRT visited this 
site Tuesday, Nov6Tlber 2, 1982, and met with the landowner, Jack Eaton, to 
discuss problems associated with this site. · 

Descript ion 

fln embankment dan is anticipated for this site. With a crest elevation 
of 1873 the dan I'.Ould be about 515 feet high, have a crest length of 4620 feet, 
and contain about 30.7 mill ion cubic yards of embankment material. The 
reservoir capacity would be about 320,000 acre-feet and would inundate about 
2,300 acres of dry grazing lands. 

In order to fil l this reserve ir, excess Yakima River water waul d be 
diverted during the off irrigation season at the Kittitas Reclanation Dis­
trict•s (KRD) diversion point below Keechelus Lake and transported in the 
district• s North Branch Canal to the tennination point west of the Badger 
Pocket Area. From that point, water would be conveyed by gravity through a 
3-1/2-mil e-long tun nel into the North Fork of Squaw Creek where it v.oul d 
flow into the reservoir. 

The KRO canal would be improved and the lower end of the North Branch 
Canal enlarged, Swauk pumping plant constructed on the Yakima River at Thorp , 
and a tunnel constructed at the lower end of the North Branch Canal through 
Manastash Ridge to the Wymer site. About 3 miles of Interstate 82 would be 
relocated. 

Hydrology 

The water supply to this site comes from three sources potentially: ­
(1) Squaw Creek--minor, (2) pumping fran the Yakima River--either near Thorp 
into the KRO canal or near the mouth of Squaw Creek, and (3) diversions from 
the Yakima into the KRD canal. The potential of these sources i s dependent 
on the instream flow levels. In this regard the water supply for Wymer is 
not well defined at this time. However, best estimates thus far indicate a 
fairly good ratio of inflow to capacity for an offstream site. The ratio is 
about the same as the Bumping Lake enlargement (inflow averaging about half 
the capacity). As such, this would be a site for long-term carryover storage. 
In most all years the reservoir I'.Ould only be partly drawn down, although 
when drawn down all the way during a drought it may take 3-5 years to refill. 

The drainage area of Squavo~ Creek is about 98 square miles, and the 
average annual runoff is 248,000 acre-feet. Based on reconnaissance level 
data, the in~low design flood at the dansite is estimated to have a peak flow 
of 50,500 ft /s and a 5-day volume of 161,000 acre-feet. 
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Environmental Considerations 

The construct ion of a reservoir on Squaw Creek \'oQul d have an effect on 
water quality. Average depth of the water in the 320,000-acre-foot reservoir 

·w:Juld be about 150 feet 'l'ilen full. kl annual yield of 100,000+ acre-feet is 
projected for use mainly as fish flows. Under these conditions, the water 
in the reservoir \'oQuld be replaced every 3 years. 

The use of the North Branch Canal to divert water to the offstream stor­
age site would occur during the nonirrigation season (October through April). 
Water at Easton Diversion Dam on the Yakima River is of excellent quality. 
The Bureau of Reclcmation has monitored water quality monthly at Cle Ell.IT1 on 
the Yakima for several years . Cle Elum is the first measur ing station below 
Easton Diversion Dam. The following is a summary of selected parcrneters on 
36 water samples collected over a 4-year period (1974-77). 

~ 

EC 
Xl06 

Low H~an H1oh 

Ortho P 
mg/L 
Low Mean 

Total P 
ma/L

H1gh Low Me an H1gh 

NOJ-N 
mo/L 
Low Mean 

Suspended So 1ids 
mo/L

H1oh Low Mean 

94 40 59 .030 .000 .005 .080 .000 .023 .50 .00 .04 34 6 

Based on data call ected by the Bureau of Rec 1em at ion on the effects of 
storage on water quality in the Yakima basin, 1ittl e change waul d be expected. 

The reservoir would stratify during the summer months with warm surface 
water and cold water in the deep zones. The thermocline would probably develop 
at a deeper depth than other reservoirs in the basin because there would be no 
inflow to the reservoirs during the SllTlmer months. Positive impacts \'oQUld 
occur because of improved flows in the 1-1/2-mile section of Squaw Creek below 
the dcrn, possible lowered SllTlmer discharge temperatures if water is drawn from 
the hypolimnion, and frcxn formation of a reservoir fishery and recreational site. 

The primary wildlife values at this site are for raptors, especially 
prairie falcons. Other raptor species here include Swainson•s hawks, osprey, 
red-tail hawks, and golden eagles. The Bureau of Land Manag81lent is currently 
considering establistment of a raptor preserve in ~he Burbank Valley over the 
next ridge toward Yakima. 

Cllukar, gray partridge, pheasant, California quail, and sage grouse are 
found in the area . The largest kno....n sage grouse strutt ing area is found 
here . The riparian cover present provides insects and winter thermal ·cover. 
The area has a few resident deer, and some deer winter in the valley. A 
small r81lnant pronghorn antelope herd is found here. 

At present, there is no significant fishery in Squaw Creek. Prior to 
the heavy grazing regime, it was reported that the creek supported spawning 
runs of trout. 

Neg at iv e impacts from construe t ing an offstream star age reservoir here 
I'!Ould be a significant decline in upland gcrne birds, loss of strutting ground, 
elimination of the resident deer, probable dist~rbance of the r81lnant antelope 
herd, reduction in Yakima River flows to 150ft /s from the KRo•s diversion 
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point bel ow Keechel us Lake to the mouth of Squaw Creek, and complete dis­
placsnent of _all other wildlife within the reservoir area. ll1e feeder canal 
system frcm the Yakima River could be hazardous to big gcme. The reduction 
in Yakima River flows waul d be detrimental to both resident and anadranous 
fish, river boaters, and probably waterfowl. 

The reservoir would probably develop into a good, highly used small­
mouth bass and planted trout fishery. It would also be a popular location 
for water sports such as swimming, water-skiing, and boating. Realization 
of benefits would require certain restraints on magnitudes of discharge 
rates and fluctuations and reservoir level fluctuations. 

The beauty of the existing canyon ....ould be inundated. Archeological 
sites of unknown significance remaining after salvage 'MJuld be dcmaged by 
fluctuating water levels and wave action. 

The preliminary area-capacity curve and reservoir map were developed 
using Geological Survey 7-1/2-minute quadrangle maps, Wymer and Badger Gap. 

Geology of the Site 

Data Reviewed 

Preliminary Findings Report, Yakima River Basin Water Enhancenent 
Project . (October 1982) 

Field Review of Potential Reservoir Site by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancenent 
Project, Washington 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington, November 1981 

Site Geology.--Relatively flat-lying lava flows of lightly to moderately 
fractured basalt forms the can yon l<~all s of Squaw Creek. The canyon sides 
rise on a slope of about 20°, scattered deposits of slope-wash up to 5 feet 
thick occur on each abutment. The narrow canyon bottom is underlain by 
alluvial deposits estimated to be less than 10 feet deep. 

There is no known fault ing within several miles of the dcm and reservoir 
site. 

Design 

Data Reviewed.--The data reviewed by the designers were 1 imited to: 

Preliminary Findings Report (October 1982) 

Geologic Appraisal Study of Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington (November 1981) 
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Geologic Appraisal Study of Potential Oamsites, Yakima River Basin 
'.~ater Enhancanent Project, Washington (Novanber 1981) 

Preliminary Assessment Report, Squaw Creek Off Channel Storage 
Project- Steve Mitchell- Sta~e of Washington (April 1972) 

Structural Features 

Embankment Dam.--.ll.s is evident from the previous section on dansite 
geology, the data available on site geology and borrow availability are 
extremely 1 imited. The height of the embankment structure required at this 
site is slightly in excess of 500 feet with a crest length of over 4,600 feet. 
Because of the indications of massive basalt overlain by shallow alluvial 
deposits (lO feet at most) over the entire site, there is 1 ittl e concern at 
this time for the competency of the foundation. However, the axis should be 
shifted upstream c.bout 1,000 feet from that previously assumed. The asslJlled 
left abutment appears too narrow to s.upport the embankment and provide a 
sufficiently long seepage path through the abutment. Borrow material for an 
earthfill anbankment appears scarce. Therefore, consideration should be 
given for a concrete-faced rockfill structure at this site. Since basalt Ol.it­
croppings are found within the reservoir area in many locations, the borrow 
source for rockfill is 1 ikely to come from the reservoir rim. Processing of 
the rockfill for the gradations necessary within the embankment will be 
required, and may yield concrete aggregate for the concrete face and hydraul k 
structures. Although 1 ittle data are avail able on seismic potential in the 
area, there would be 1 ittle concern for the performance of a rockfill dan 
under rel at ivel y 1 arge seismic 1oad ing at th i s site. 

An afterbay dan will probably be required downstream of Wymer Dam if 
pumping is required from the Yakima River . The afterbay dan is envisioned to 
have a structural height of about 100 feet. Site foundation conditions appear 
to be much the same as at the Wymer site. Since borrow availability would 
still be in question, some type of rockfill structure may be best suited for 
this site a 1 so . 

.For the purposes of the elimination process, a concrete-faced rockfill 
dan with l. 5:1 upstream and downstream slopes may be assuned for Wymer Dam. 
A similar structure may be assuned for the afterbay. The entire foundation 
may be assuned to be stripped to bedrock at each site . Data gathering for 
the elimination process is not critical for an adequate determination· of 
construe t ion costs. 

Spillway and outlet works for rockfill dam.--Since the flood potential 
is low on this basin and the storage per foot of reservoir is fairly large, 
it is reasonable to store the entire flood and provide an emergency spillway 
for safety of the dan. The emergency spillway could be located through the 
reservoir rim approximately one-half of a mile upstream of the right abutment. 
An excavated channel with a grade sill located at elevation 1830 or 1870, 
depending on the reservoir capacity, would direct excess storage down a draw 
to Scorpion Caul ee Creek and to the Yakima River. The outlet works waul d be 
best located as a tunnel through the right abutment. A conduit through the 
embankment would not be feasible because of high embankment loads on the 
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structures. The outlet works \\Quld be utilized to satisfy downstream require­
:nents, evc.cua te the reservoir in case of emergency, and po ssibly to evacuate 
a flood surcharge pool. A drop inlet structure with its sill located at the 
maximun silt level could be tied into the outlet tunnel located at river level. 
Locating the tunnel at riv~r level v1ould allow its use for diversion upon 
c 1osur e of the d em . 

As was previously mentioned, an afterbay reservoir will be located down­
stream of the main dam. Therefore, the outlet works tunnel must exit into 
the afterbay or be extended through the abutment and exited downstream of the 
afterbay dan. Further studies are required to detennine the most feasible 
outlet work arrangement. Initially, it appears that a tunnel into the after­
bay would have problems in stilling discharges and placing the discharge end 
above sediment in the afterbay. This scheme would be cheaper than the other 
scheme and would utilize a common exit conduit from the afterbay . 

If the tunnel \'lere extended downstream of the afterbay, a stilling basin 
could be located in the area and utilized both for diversion, evacuation, and 
required downstream discharges. Sediment buildup would not be a proble:n in 
this situation. It is aniti3ipated t hat a pO\'I'er-pumping plant capable of 
pumping approximately 500ft /s be located downstream of the dan along the 
bank of the Yakima River . This would require a 1-mile-long penstock to the 
dan. It is planned that discharges for irrigation requirements can be uti ­
. , ized to generate power to offset the cost of pumping water for refilling the 
reservoir. This penstock can be utilized to provide downstream requirements 
and could be designed to evacuate the reservoir if the river outlet works 
were in ope r ab 1e . 

RCC (Roller-Compacted Concrete) or concrete butress.--The strength of 

the basalt abutments and foundation would be ideal for an RCC or concrete 

buttress dam . However, there is not adequate natural materials available 

for either of these types of dans. Concrete aggregate sand and RCC material 

WJul d have to be crushed and processed from basalt in the area. This along 

with no potential saving by locating the spillway over the dan WJuld make 

these dan types relatively expensive . 


Additional Data Required 

For Elimination Process.--None 

For Appraisal Design 

Topography (1 11 = 200') 5-foot contour interval 

Geologic mapping on new topography covering dansite, power-pumping 
plant site, and discharge alinement 

Geologic mapping along the al inement of inlet canal and tunnel 

Structural height requirements for afterb ay 
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Reconnaissance for borrow availability (earthfill and rockfill 
materials and concrete aggregate- including quantity, quality, 
and excavation difficulty) 

Hydrology data- maximum probable flood, diversion floods, tailwater 
studies, sediment studies 

Power and pumping plant operating criteria- pumping requirements 
and power discharges and head requirements 

Outlet works discharge versus head requirements 

Reservoir operation requirements minimum releases during 
construction 

Information on relocation of highway 

Access to the site and structures 

Power availability 

SATUS DAM AND RESERVOIR 

Introduction 

Satus damsite was visited Saturday morning, November 6. The weather was 
clear and warm with temperatures in the 40's. The DSRT visited this site 
Saturday morning, November 6, 1982. 

Previous Studies 

The Bureau of Indian Affairs prepared the Irrigation Feasibility Report 
for the Mabton Project, Yakima Indian Reservation, Washington, dated May 1969, 
revised August 1972. The report proposed to construct a dam on Satus Creek 
about 9 miles south and 4 miles west of Toppenish; Washington. The reservoir 
formed by this dam would have a storage capacity of about 85,000 acre-feet. 
The first investigation of this dam and reservoir site was made in 1914 by 
L. M. Holt, Supervising Engineer for the Irrigation Branch, BIA. Using the 
new criteria ·to estimate the inflow design flood would necessitate enlargement 
of the spillway and outlet works, as designed for this feasibility report. 

Description 

Satus damsite is located on Satus Creek about 9 miles south and 4 miles 
west of Toppenish, Washington, in section 19, T. 9 N., R. 20 E., W.M. This 
multiple-purpose storage will be utilized to serve the needs of irrigation, 
fish and wildlife, and outdoor recreation . Reservoir management would be uti ­
lized to maintain water quality control and reduce damage caused by flooding. 
Reservoir sizes being studied range from 63,000 to 106,000 acre-feet. 
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An earthfill dan is anticipated for this site. With a crest elevation 
of 1072 feet, the height of the d:m above streambed will be about 182 feet 
and ·.voul ·j have a crest 1ength of about 1, 200 feet and \'IOul d contain about 
30 mill ion cubic yards of embankment material. The capacity of the reservoir 
created by this dam wuld be about 106,000 acre-feet and would inundate about 
1,700 acres of Indian and non-Indian lands. 

If this site is developed, about 10 miles of Washington State Highway 97 
·...,ill be relocated to replace the section of highway that crosses the reservoir 
area. About 6 miles of 230-kV transmission 1 ine, owned by Bonneville Power 
Administration, would be constructed to replace the high-voltage line that 
crosses the reservoir area. A cemetery and gaging station would also require 
relocation. The lands within the reservoir are practically free of timber 
and heavy brush growth. There is no merchantable timber within the reservoir 
area, the only trees and heavy brush being located along the bed of the 
creek. The remaining lands are covered with only 1 ight sagebrush. It will 
be necessary to clear trees and brush along the creek and sagebrush within 
the reservoir basin. 

It is proposed to purchase a11 1and s covered by the reservoir and the 
area inundated in the dansite and appurtenant facilities. This will include 
such lands outside the reservoir area to the near legal subdivisions or 
allotment lines. This area includes both Indian and non-Indian lands . 

The most accurate topographic mapping in the area is the Geological 
Survey 7-1/2-minute quadrangle maps . Toppenish SW., Hembre t'lountain, Poisel 
Butte and Poisel Butte NW., Washington, were used in developing the 
preliminary area-capacity curve and the reservoir map. 

Hydrology 

Hydrologic data are available and indicate that the drainage area is 
about 440 square miles, and the average annual runoff is 105,200 acre-feet. 
Based on reconnaissance 1evel ~at a, the inflow design flood is estimated to 
have peak inflow of 148,000 ft /sand a 5-day volume of 475,000 acre-feet. 

Geology of the Site 

Data Reviewed 

Preliminary Findings Report, (October 1982) Yakima River Basin 
Water Enhancement Project 

Field Review of Potential Reservoir Sites, by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancement 
Project, Washington 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington 

Irrigation Feasibility Report, Mabton Project, Yakima Indian 
Reservation, Washington, dated May 1969. 
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Site Geology.--The bedrock is a series of lava flows of the Yakima 
Basalt Subgroup. Several gently dipping east-west trending synclines and 
anticlines are present in the area. At the damsite, Satus Creek follows 
along the center of a syncline. A fault has been located in the north flank 
of the syncline in the area of the left abutment. The damsite is in a 
steep-sided, flat-bottomed canyon with basalt cliffs varying . in height from 
50 feet to more than 100 feet in height. The basalt exposures outcropping 
in many places along the abutments appear hard and fresh, but moderately 
fractured. The basalt is highly fractured locally. The valley section is a 
700-foot-wide flat floor with about 30 feet of alluvium overlying the basalt. 

Adequate amounts of zone 1 material may not be available. The basalts 
in the abutments exhibit highly fractured zones. Abutment seepage will need 
to be examined. 

Implications of a fault occurring in the left abutment requires and 
examination of the fault and determinations of its significance as related 
to ·abutment stability and abutment seepage. 

Examination of the relocations required may reveal geologic-related 
problems not now known. 

Design 

Data Reviewed.--The data reviewed by ~he designers consisted chiefly of: 

Mabton Project- Irrigation Feasibility Report and Appendix (Bureau 
of Indian Affairs dated May 1969) 

Preliminary Findings Report (October 1982) 

Draft Geologic Appraisal Study of Potential Damsites, Yakima River 
Basin Enhancement Project, Washington (November 1981) 

Structural Features 

Embankment Dam.-- A feasibility design and estimate for Satus Dam has 
been performed by the Bureau of Indian Affairs. The darn designed is an 
earthfill structure approximately 170 feet high with a crest length of 
approximately 1085 feet and crest width of 30 feet. Exterior slopes are 3:1 
upstream and 2:1 transitioning to 4:1 on the downstream face. The interior 
zoning consists of wide core of impervious material with shells composed of 
pervious to impervious fill and a rockfill toe . The dam foundation was inves­
tigated through three drill holes in the valley bottom revealing layers of 
fine-grained materials as well as layers of gravel, cobbles, and boulders to 
depths of up to 25 feet. A massive basalt formation underlies the overburden 
in the valley and appears to form both abutments overlain by only a few feet 
of surficial deposits. No cutoff through the overburden materials has been 
provided in the design; only a few feet of stripping at the embankment/founda­
tion contact. Some sort of a concrete cutoff structure is provided at the 
embankment/ foundation contact 50 feet upstream of centerline . According to 
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the cost estimate, some prov1s1on for grouting of the foundation has been 
made, although no discussion was found. 

Although there does not appear to be any question about the feasibility 
of constructing a dam structure at the Satus damsite, some comments about the 
BIA design may be in order. It would appear that a positive cutoff to bed­
rock, through the permeable layers of overburden will be required . Positive 
cutoff may be achieved rather easily at this site with a cutoff trench 
approximately 80 to 90 feet wide and 1-1/2:1 side slopes. Grouting may then 
be performed through the base of the trench. Some provision for foundation 
preparation and slush grouting may also be added to the cost estimate. Some 
exploration of the abutments, along with water testing for permeability may 
establish the level of grouting to be anticipated . The zoning of the embank­
ment is acceptable except that no provision for internal drainage has been 
made. Chimney and blanket drains for a structure this size are not uncommon. 
The availability (or lack thereof) of the drainage materials may have some · 
impact on the cost estimate. In fact, the availability and soil properties 
of the borrow material in general is very sketchy. Additional investigation 
possibly through surface reconnaissance and test pits is warranted to better 
define the borrow areas . 

RCC (RoJler-Compacted Concrete) Dam.--An alternative to the presently 
envisioned embankment dam is an RCC dam. The dam at this site would be about 
185 feet high with a crest length of 1,200 feet at elevation 1072 feet . The 
abutments and found at ion consist of hard and fresh moderate 1y fractured basalt. 
Seepage through the abutments and foundation could be a problem, however, this 
could be remedied by proper grouting and drainage. A fault has been located 
in the area of the left abutment and its effect on stability and seepage will 
have to be determined. 

Depth of alluvium in the channel is approximately 30 feet. Extending the 
dam section to this depth to attain firm formation would be feasible from an 
economic standpoint . 

Based on rec~nnaissa~ce level data, the design flood is estimated to 
have a peak of 148,000 ft /s, and a 5-day volume of 475,000 acre-feet. This 
magnitude flood would require a wide spillway which could be economically 
located on the dam . The outlet works could also be located at the dam. -An 
assessment should be made of impacts downstream due to the high anticipated 
spillway discharges. 

It is probable that materials for the dam would have to be crushed and 
processed. It will be necessary for this type of dam to determine and 
investigate a source for required materials. 

Additional subsurface investigations will have to be performed to assess 
abutment adequacy, especially in the area of the left abutment fault zone. 

Spillway and outlet works for an embankment dam.--A spillway to handle3the aniticipated design flood, with a peak of 148,000 ft /s and a 5-day 
volume of 475,000 acre-feet, would probably be fairly large and expensive . . 
It appears that a spillway with an uncontrolled agee crest, concrete-lined 
open chute, and a type II stilling basin could be located on either abutment 
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to handle the anticipated flood. Excavation quantities would probably be 
higher if the spillway were located on the left abutment. In addition, 
consideration should be given to the location of the fault located near the 
left abutment. Further investigations would be required to determine 
adequate foundation conditions on either abutment. 

Because of fill heights associated with a conduit under the dam, it would 
be preferable to locate the outlet works as a tunnel through one of the abut­
ments. Further study would be required to determine which location would be 
best. In any event, the intake structure should be located above reservoir 
sediment level and a stilling basin would be required. The outlet works would 
be utilized for diversion, evacuation of the reservoir, and downstream service 
requirements. 

Additional Data for Appraisal Design 

1. Surface reconnaissance and test pits for borrow investigation - visual 
classification of materials. 

2. Identification of pervious drain materials. 

3. Assessment of seismic potential at the damsite. 

4. Drill holes on each abutment with water testing for permeabilities, 
and determination of the nature of the fault on the left abutment. (Note 
based on January 9, 1984, meeting at ERC . ) It was agreed that this data is 
desirable but not required for developing cost estimates. 

SIMCOE DAM AND RESERVOIR 

Introduction 

Simcoe damsite was visited Saturday afternoon, November 6. The weather 
was clear to partly cloudy with temperatures in the high 40's. The DSRT 
visited this site Saturday afternoon, November 6, 1982. 

Previous Studies 

The Bureau of Indian Affairs prepared the Irrigation Feasibility Report 
for the Toppenish-Simcoe Project, Yakima Indian Reservation, Washington, 
dated October 1967 with revisions dated March 1973 . The report proposed to 
construct a dam on Simcoe Creek about 4 miles west of White Swan, Washington. 
The reservoir formed by the dam would have a storage capacity of about 
64,600 acre-feet. This reservoir site was studied as early as 1909-10 by 
the Reclamation Service. Using the new criteria to estimate the inflow 
desig~ flood would necessitate enlargement of the spillway and outlet works. 
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Description 

Simcoe damsite is located on Simcoe Creek about 4 miles west of White 
Swan in section 34, T. 11 N., R. 16 E. , W.M . This multiple-purpose storage 
will be utilized to serve needs of irrigation, fish and wildlife, and outdoor 
recreation. Reservoir management will be utilized to maintain water quality 
control and to alleviate minor flow control problems. Reservoir sizes being 
studied range from 65,000 to 95,000 acre-feet. 

· An earthfill dam is anticipated for this site. With a crest elevation 
of 1313 feet, the height of the dam above streambed will be about 163 feet 
and would have a crest length of about 3,900 feet .and would contain about . 
34 million cubic yards of embankment material. In addition to the main dam, 
a dike over 1 mile long will be necessary. The dike will also be an earthfill 
structure with a maximum height of about 61 feet at crest elevation 1313 feet 
and would contain about 1 million cubic feet of embankment material. 

The capacity of the reservoir, created by this dam and dike, would be 
about 95,000 acre-feet and would inundate about 2,200 acres of non-Indian, 
Indian, and Tribal lands. 

If thi> site is developed, about 2 miles of county road will be reloca­
ted to replace the county road which passes through the reservoir area. Two 
cemeteries would have to be relocated, Yesmowit and an old cemetery near 
the south abutment of the dam. The proposed location of the new cemetery, 
to replace the present cemeteries, is in the northeast corner of section 34, 
T. 11 N., R. 16 E., W.M. Within the reservoir area there is permanent type 
pasture and alfalfa. It will be necessary to clear trees and brush from the 
area along the creeks and sagebrush from the area within the reservoir basin. 

It is proposed to purchase all lands covered by the reservoir and the 
area included in the damsite and appurtenant facilities. This will include 
such lands outside the reservoir area to the nearest legal subdivisions or 
allotment lines. This area includes both Indian and non-Indian lands. 

Topographic mapping of the dam and reservoir site was accomplished by 
the Bureau of Indian Affairs, Irrigation Division •. Portland Area Office, _ 
dated June 16, 1964. 

Hydro logy 

Hydrologic data are available and indicate that the drainage area is 
about 82 square miles and the average annual runoff is 60,000 acre-feet. 
Based on reconnaissance level d~ta, the inflow design flood is estimated to 
have a peak inflow of 44,500 ft /s and a 5-day volume of 140,000 acre-feet. 
In the BIA 1 s Irrigation Feasibility Report, a diversion dam would be con­
structed on Toppenish Creek to divert a portion of the flows in Toppenish 
and Agency Creek which would have been conveyed to Simcoe Reservoir by a 
feeder canal between Toppenish Creek and the reservoir. 
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Geology of the Site 

Data Reviewed 

Irrigation Feasibility Report, Toppenish-Simcoe Project, Washington, 
Bureau of Indian Affairs, October 1967 (revisions March 1973) 

Stratigraphy and Structure of the Yakima Indian Reservation, USGS 
Open File Report No. 80-200, 1981 

Site Geology.--The site is on the foothills near the western end of 
Yakima Valley. Exposed in these low hills are nearly flat-lying basaltic 
lava flows of the Yakima Basalt Formation of Tertiary Age. 

The damsite is in the narrows where Simcoe Creek has cut a channel 
through a northeast-trending ridge of basalt. Scattered outcrops of moder­
ate_ly fractured basalt occur on both abutments. The explorations at the dam­
site consist of about 22 diamond drill holes varying from about 40 to 170 feet 
deep. The generalized logs of the holes show mostly "hard basalt" with a few 
sections of 11 decomposed basalt ... The drilling shows that the far left abut­
ment is underlain with silt to a depth of 80 feet. The drilling also shows 
that the 400~foot-wide valley is underlain with alluvium to a depth of about 
10 feet. 

No explorations have been made at the dike site. No outcrops occur along 
the axis of the dike site; alluvial materials up to 25 feet thick may be 
present over the basalt bedrock. 

Much exploration has been done for borrow materials. Augers and test 
pits were used to explore various borrow areas both upstream and downstream 
from the damsite. 

The geologic problem at the site concerns the loessial-type soils in the 
found at ion. 

Design 

Data Reviewed.--The data reviewed by the designers consisted chiefly of: 


Bureau of Indian Affairs Irrigation Feasibility Report for the 

Toppenish-Simcoe Project, and Appendix (dated October 1967) 


Preliminary Findings Report, October 1982 

Draft Geologic Appraisal Study of Potential Damsite, Yakima River 
Basin Water Enhancement Project, Wa shington, (November 1981) 

Structural Features 

Embankment Dam.--A feasibility design and estimate for Simcoe Dam have 
been performed by the Bureau of Ind ian Affairs. The dam is an earthfill 
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structure with a height of 163 feet above streambed, a crest length of 
approximately 3,900 feet. Exte t·ior slopes are 3:1 upstre::m and 2:1 on the 
dm·msr.rean face . i·1aximtJn s.::ct ion embankment zoning consists of a '"'ide 
impervious (zone 1) core with shells upstream and do'Hilstream composed of 
pervious to impervious fill (zone 2). A rockfill section is provided at the 
downstre am toe and a layer of riprap protects the upstream face. This zoning 
transitions to a sect ion with no distinction between zone 1 and 2 on the left 
abutment. Foundation exploration reveals up to 15 feet of overburden material 
overlying a basalt formation in both the valley section and both abutments 
with the exception of the extreme right abutment M'lere loess deposits overlie 
the basalt to a significant dept h. All overburden will be stripped to bedrock 
with the exception of the loess deposit M'lich receives only about a 5-foot 
stripping . A concrete cutoff wall has been provided 10 feet into rock and 
10 feet into the embankment, presumably as a defense against seepage along 
the embankment/foundation contact. Foundation grouting is then performed at 
the concrete cutoff excavation . 

In addition to the main dam, it will be necessary to construct a dike 
approx ililatel y 1 mile in 1 ength . The dike has a max imlJll height of approx i­
mately 52 feet. Exterior slopes and internal zoning are similar to the left 
abutment section of the main embankment. No foundation exploration was 
performed. 

While some laboratory data were available in the data reviewed, no drill 
hole logs were found. The Bureau of Indian Affairs indicates that a fairly 
well-graded material from clay to coarse gravel is readily available in the 
immediate area . Also, coarser material for the semipervious and pervious 
zones, riprap and rockfill is readily obtainable. 

Several comments to the Bureau of Indian Affairs Feasibility Design are 
provided here for future reference. Embankments of the size contemplated for 
Simcoe Oamsite will benefit fran internal drainage features such as chimney 
and blanket drains. This applies also to the dike section. The availability 
and processing required for the drainage material should be investigated. 
The cutoff trench into basalt backfilled with concrete and the concrete cut­
off wall extending into the embankment are not necessary features. Positive 
cutoff to basalt has already been provided by stripping to rel at ivel y fresh 
rock. Some found at ion treatment at the embankment contact in the form of 
slush grouting (in addition to curtain grouting) should be considered. A 
highly imrx>rtant aspect of the existing design is the apparent lack of con­
sideration for treatment of the loess foundation on the left abutment.- Loess 
materials are notorious for collapse upon wetting (as in the case of reservoir 
f irst filling). A settlement of the loess deposits underlying one portion 
of the dam and no settlanent of the dan underlain by basalt could produce 
internal cracking of the embankment loading to dan failure . Therefore, 
caution should be exercised to effectively design for the loess deposits. 
The first option that should be investigated is the possibility of shifting 
the dam axis out of the loess deposits . If this is not possible, prewetting 
of the foundation materials during construction or ranoval and replacffilent 
of these materials may be required. Berms at the dan toes may be required 
also. These conservative measures should be considered during the appraisal 
process. Also, cutoff or key trenches in to the found at ion should have at 
1east 1-1 /2 : 1 s ide s 1 opes . 
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Because little is kn own about the dike foundation, exploration should 
be conduc ted in the foundation along its ax is. Composition and pe rmeability 
of the f·Junda.t io n materials is an important aspect to design. For design 
fe atures s imilar to t hose incorporated into the main dan should be considered 

. for the dike sect ion. 

Spillway and outlet works for embankment dam.--The spillway would b~ 
1 ocated on the right abutment and waul d consist of an uncontrolled agee crest, 
a concrete-lined chute, and a stilling basin. It is possible that a service 

I 
I 

spillway could be located at the right abutment in conjunction with location 
of an auxiliary of emergency structure at the dike along the left side of the 
reservoir. There could, however, be problens with foundation in this area 
due to the depth of overburden. 

Because of t he dan height, it may be preferable to locate the outlet 
works as a tunnel through the right abutment. It would be utilized for 
diversion, evacuation, irrigation, and fish enhancenent and water quality 
concerns. Updated fish enhancenent and water quality requirements should be 
provided. 

It appears that there are adequate materials available for concrete sand 
and aggregate . However, some processing of this material will be required. 

Additional Data for Aopraisal Design 

1. At least three drill holes along the dike axis. 

2. Identification of pervious drain materials. 

3. Obtain a preliminary assessment of seisnic potential in the area of 
the damsite. 

4. Investigation into possibly shifting the left abutment out of the 
loess deposits. 

5. Update of design flood . 

6. Outlet works design data such as fish enhancement and water quality 
requirenents , service head and discharge requirements, tailwater and sediment 
data. 

7. D i v er s i o n fl ood s . 

TAt4PICO DAM AND RESERVOIR 

Introduction 

Tampico was visited late Friday afternoon, November 5. The weather was 
partly cloudy and warm with temperatures in the 40 1 S. The DSRT visited this 
site late Friday afternoon, Nov ember 5, 1982. 
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Previous Studies 

A r-::connaissance study was made by the Bureau of Reclcmation during 1959 
and 1960 but was not made public due to 1 itigation between the Yakima Indians 
and the Ahtanum Irrigation District over the right to divert the waters of 
Ahtanum Creek. A feasibility study completed in February 1972 of the Ahtanun 
Unit, Supplemental Storage Division, Yakima Project, Washington, recognized 
the d iv is ion of water between the north and south sides of Ahtanun Creek 
established by the 1964 court decision. Since that time, new criteria have 
been extablished to estimate the inflow design flood. As a result, the 
spillway and outlet works will need to be resized and/or redesigned . 

Description 

Tampico dcmsite is located on Ahtanum Creek in Yakima County, Washington, 
about 18 miles west of Yakima. The axis is near the east sect ion 1 ine of 
section 15, T. 12 N., R. 16 E., W.M. The site is readily accessible by an 
existing paved county road •Nhich extends from Yakima up the Ahtanun Valley 
and through the reservoir area. The Union Pacific Rai1raod and Burlington 
Northern Rail road both provide freight service to Yakima. U.S. Highway 97 
passes through Yakima. Proposed Interstate Highway 82, from Pendleton, 
Oregon, to Ellensburg, Washington, when completed, will pass through Yakima. 

Tampico Dam 'I.Ould be a rolled earth and rockfill structure with a maxi­
mun height of 185 feet above streambed. The dan crest waul d have a 1ength of 
about 5,100 feet at elevation 2003.· A two-way road on the crest \'IOuld provide 
pub 1ic access to recreation areas on the south side of the reservoir. The · 
upstream face would have a slope of 2-1/2:1 down to elevation 1910, a 20-foot 
wide benn at that elevation, and a 3:1 slope below that elevation . The down­
stream side would have a slope of 2-1/2:1 down to elevation 1900 and 3:1 below 
that point. The upstream slope would be protected by a 3-foot layer of riprap 
above elevation 1910. About 6,800,000 cubic yards of .embankment would be 
required for the dan. A cutoff trench with a maximum bottom width of 
100 feet would be excavated to bedrock. The foundation 'I.Ould be pressure 
grouted. 

The reservoir would be cleared of brush and trees . Light to moderately 
heavy clearing of about 260 acres of trees and brush \'K!Uld be required. The 
rest of the reservoir area is cultivated or grazing land and would require 
only minor clearing. There is no marketable timber in the reservoir area. 

Tampico Dam 'I.Ould provide storage on Ahtanum Creek. Reservoir sizes 
being considered in this study range from 37,000 to 65,000 acre-feet of 
total capacity. The total capacity of the reservoir in the feasibility 
study was 55,000 acre-feet, including 7,600 acre-feet of joint-use capacity, 
37,400 acre-feet active conservation capacity, and 10,000 acre-feet of 
inactive and dead capacity. A preliminary area-capacity curve and reservoir 
map were developed using the Geological Survey 7-1/2-minute quadrangle map, 
Tam pi c o , Wa s h i ngto n • 
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Construction of the dan and reservoir would necessitate relocation of 
about 4. 2 miles of county road, about 3 miles of Benton REA 34 . 5 kV Tieton­
'.•Jhite s-,.,~n trans;nission line, 3.4 miles of Pacific Power and Light Company 
11-k'/ power distribution line, 3.4 miles of Pacific Northwest Bell Telephone 
Company 1 ine,, and the USGS stream gaging station at the Narrows. 

Hydrology 

Hydrologic data are available and indicate that the drainage area is 
121 square miles and the average annual runoff is 65,000 acre-feet. Based 
on reconnaissance level da5a, the inflow design flood is estimated to have 
a peak inflow of 59,600 ft /sand a 5-day volume of 189,000 acre-feet. 

Geology of the Site 

Data Reviewed 

Geologic Feasibility Report, Tampico Oamsite, Yakima Project, 
Washington, October 1967 

Preliminary Findings Report (October 1982) Yakima River Basin Water 
Enhancenent Project 

Field Review of Potential Reservoir Site, by the Damsite and 
Structure Review Team, Yakima River Basin Water Enhancement 
Project, Washington · 

Geologic Appraisal Study, Potential Damsites, Yakima River Basin 
Water Enhancement Project, Washington 

Site Geology.--Ahtanun Valley is a flat-bottomed, steep-\'lalled valley 
eroded into the south side of an east-west trending syncline. The principal 
rock type underlying the area is a thick section of various basalt flows of 
the Tertiary Yakima Basalt Subgroup. Included in the basalt are some inter­
flow materials of fine sediments and agglanerate of the Ellensburg Formation. 

At the dansite, basalt cliffs rise to as high as 75 feet on the right 
valley side and as high as 45 feet on the left side. Most of the rock is 
moderately jointed, dense, and strong. The upper part of the abutments is 
overlain by cenented gravels and fine sediments that are mostly covered with 
slopewash up to 10 feet deep. Alluvit..m in the valley floor is up to 30-feet 
thick and overlies an agglanerate. 

The Geologic Feasibility Report discusses several aspects of this site 
in respect to geology. Comments fran examining the site and the reservoir in 
respect to settlenent, seepage, and stability ind icate that this site would 
satisfactorily accommodate a dan without serious problems . 

73 




Des ian 

Data Revie·r1ed. --The data reviev-1ed by the des igners co nsisted of: 

Feasibility Study, AnthanUll Unit, SupplBllental Storage Division, 
Ya kima Project, \4ashing to n , ccmpleted in Feb r uary 1972, by the 
Bureau of Reclanation 

Preliminary Findings Report (October 1982) 

Draft Geologic Appraisal Study of Potential Damsites, Yakima River 
Basin Water Enhancement Project, Washington (November 1981) 

Structural Features 

Embankment Dam . --A feasibility study completed by the Bureau in 1972 
was reviewed for adequacy . Tampico Dam waul d be a rolled earth and rockf i 11 
structure l't'ith a maximum height of 185 feet above streambed. The dan crest 
\\OUld have a length of approximately 5,100 feet at elevation 2003. A two-way 
road on the crest would provide public access to recreation areas on the south 
side of the reservoir. The upstre~ face waul d have a slope of 2-1/2:1 down 
to elevat ion 1910, a 20-foot-wide benn at that elevation, and a 3:1 slope 
below that elevation. The downstream face would have a slope of 2-1/2:1 
down to elevation 1900 and 3:1 below that point. The upstream slope would 
be protected by a 3-foot layer of riprap above elevation 1910 . .ll.bout 
6,800,000 cubic yards of embankment \\Quld be required for embankment zoning 
(largely consisting of impervious core material, and sand gravel shells 
upstream and downstream). A cutoff trench with a maximum bottom width of 
100 feet would be excavated to bedrock. The foundation would be pressure 
grouted. The report indicates that sufficient borrow materials have been 
located for the embankment requirements. However, the location and quantity 
of borrow materials was cased on a visual exanination only, and should be 
bac ked up by some explorations. 

There is no mention of the seismic potential in the area of the dansite, 
or the effect of seismic activity on the alluvial foundation deposits. 

Since the feasibility design was performed, criteria for estimating the 
inflow design flood have been established. This may have an impact on the 
embankment design if additional flood storage space is necessary. 

Pending the results of flood studies and a preliminary assessment of 
seismic potential in the ar ea of the dansite, the embankment des ig n from the 
1972 study appears to be satisfactory. 

RCC (Roller-Compac t ed Concrete) Dam.--An alternative to the presently 
envisioned embankment dan 'hl:luld be an RCC dan . The dan \\Quld be 185 feet 
high and the crest length would be about 5,100 feet long at elevation 2003. 
The abutments and foundation at this site consists of Yakima basalt. This 
rock type would provide adequate foundation conditions and the 30-foot depth 
of alluvilDll contributes to the economic feasibility of this type of dan. 
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Adequate quality and quantity of materials for this type of dan v.ould 
have to be ascertained. It is possible that crushing and processing of the 
basalt would be required to obtain adequate material . 

An updated design flood v1i 11 be required. This will 1 ikel y be 1arger 
than that used for the feasibility design. As a result, the spillway capac­
ity will probably have to be increased. Placing the spillway over the dan 
to accommodate this increase would contribute to the economic feasibility of 
an RCC dan. 

The outlet works could be located through the dan. Additional 
information \'Jill be required concerning fish enhancenent and water qualtiy 
requirements. 

Spillway and outlet works for an embankment dam.--An updated design 
flood will be required based on a new data and formulation criteria. This 
will probably require a redesign of the spillway. The existing glory hole 
spillway may have to be replaced by a chute-type spillway if it cannot be 
sufficiently enlarged to handle a required increased discharge. 

The function of the outlet \'!Qrks should be reevaluated. The need for 
the· high intake tower, fish screens, and access bridge should be reassessed. 

Additional Data Reauired 

1. Updated design flood. 

2. Operational data related to fish enhancement and water quality 
requi renents 

3. Obtain a preliminary assessment of seismic potential in the area of 
the dan site. 

4. Borrow exploration . 
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