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I. INTRODUCTION 

SUMMARY REPORT 

PHASE II 
GOOSEBERRY LEVEL III PROJECT 

The Gooseberry Level III Project, authorized by the 1984 Session of the 
Wyoming Legislature, was analyzed in several stages. The original schedule 
called for conducting the study in two phases. The first phase was to 
evaluate the geotechnical conditions at the site and determine the feasibility 
of constructi on, si nce the Level I I study had contai ned no provi si on for 
geotechnical evaluation. 

The second phase was contingent upon the findings of the first phase and was 
to develop desi gns and speci fi cati ons for the dam constructi on, if found 
feasible. In actuality, denial of access to the site and opposition to the 
project resulted in a year's delay and a curtailment of the time-frame 
allotted to geotechnical exploration. 

The first phase was subsequently divided into two parts, with the first 
covering the hydrology and economics, and the second the initial geotechnical 
i nvesti gati on. The resul ts of these efforts were descri bed in reports dated 
February 1985 and January 1986. Based upon those studies, the project was 
approved for Phase II activities. 

PURPOSE OF REPORT 
This report has been prepared to describe the activities undertaken during the 
Phase I I effort and the resul ts of the analyses made. It documents the 
findings of the 1986 field exploration and the preliminary design effort. 
Based upon the design selected, cost estimates were developed and provided the 
Wyoming Water Development Commission for review. 

SUMMARY OF RESULTS 
The geotechnical exploration conducted during Phase I had been limited because 
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of the time of access dictated by a court order and the amount of allocated 
funding. The Phase II program revealed additional amounts of unsuitable 
foundati on mater; al under the damsi te and si gni fi cant amounts of coll uvi um 
covering the rock at the emergency spillway location. 

Additional exploratory holes were drilled in the foundation area of the 
damsite. Several test pits and trenches were excavated in the foundation and 
at the 1 ocati on of the emergency spi llway in an attempt to better defi ne the 
overburden deposits and location of the bedrock. Test pits were al so dug 
throughout the potential borrow areas to determine their extent and the 
characteristics of the material. laboratory analyses were conducted on 
several samples taken from the borrow areas, as well as the rock core from the 
bore holes. 

The geotechnical investigation indicated two areas of concern relative to the 
dam construction. One was the low density and strength of silt and sandy silt 
1 enses in the foundati on area. Another was the stabi 1 i ty of and potenti al 
seepage through the abutments. Modification of the feasibil ity design was 
undertaken in order to develop a design which would provide for the safety and 
integrity of the structure. 

A design flood analysis was made to estimate the spillway capacity required. 
Four flood 1 evel s were routed through the reservoi r and a 22-mi 1 e downstream 
reach of Gooseberry Creek. Reservoir volume was varied along with spillway 
capacity. A dam breach condition was also simulated for each of the four 
scenarios. The results, although not reviewed and approved by the Wyoming 
State Engineer, indicate the required spillway design capacity must pass a 
flood having a magnitude of one-fourth the probable maximum flood. 

The cost estimates, previously developed for this site, were updated using the 
information developed during the Phase II analysis. Items associated with the 
dam construction were also estimated, and a preliminary total cost was 
provided the WWDC. This total exceeded the quantity estimated during the 
Phase I analysis by a significant amount. Because of the potential for 
increased costs and the marginal feasibility of the project, the WWDC elected 
to termi nate further desi gn efforts on the project. The estimated project 
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constructi on costs and des; gn parameters are di scussed in follow; ng secti ons 

of this report. 
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II. RESULTS OF 1986 FIELD INVESTIGATIONS 

The 1986 fi el d expl orati on program was an extensi on of that conducted the 

previous year. The major objectives were to better define the foundation 

characteristics at the damsite and to locate materials suitable for 

construction of the dam. Associated with the location of these materials was 

an extensi ve 1 aboratory testing program to determi ne the characteri stics of 

the various materials. 

The Upper Gooseberry si te is located at the head of a canyon formed at the 

contact between Cody Shale and the overlying Mesa Verde sandstone. Both 

formations are of Cretaceous age. The canyon is formed where the creek passes 

from the easily erodible shale formation upstream, characterized by wide 

meanders, to the more resi stant sandstone uni ts where 1 atera 1 movement is 

restricted. Where the shale weathers and erodes in a uniform pattern 

producing a relatively gentle topography, the sandstone erodes in blocks that 

are loosened by stress rel i ef toward the vall ey and form steep cl i ffs. Thi s 

is especially true on the left side of the valley, which is a southern 

exposure characterized by about 80% rock outcrops. The right side or northern 

exposure is characterized by a near vertical cliff of outcropping sandstone at 

the base of the abutment above whi ch weatheri ng is deeper, as evi denced by 

gentl er slopes and greater vegetati ve cover. The contact between the Cody 

Shal e and Mesa Verde sandstone is transi ti onal over hundreds of feet, wi th 

sandstone and shale/claystone interbedded. The number of sandstone interbeds 

increases upward through the section, as the occurrence of claystone 

decreases. The sandstone layers form resistant ridges within outcrops of this 

uni t. 

DAM FOUNDATION 

Type of Exploration 

A surficial geologic map was prepared of the area encompassing the dam 

foundati on and spi 1 1 way . The map is on Drawi ng 84-595-2 and is i ncl uded in 

Append i x G to thi s report. The map shows the contac ts between the pri nc i pa 1 

geologic units identified at the site and the attitude (strike and dip) of 
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those units. The map also indicates the attitude of the principal sets of 
joints in the rock mass. 

A joint survey, consisting of a statistical analysis of the rock joints 
measured in the field, was compiled. The results of that survey are expressed 
as a contour densi ty plot on a stereographi c projecti on of the pol es of the 
principal joints on Drawing 84-595-2. 

Subsurface i nvesti gati on in 1986 consi sted of 18 addi ti anal bore hal es, 10 
test pits, three trenches in the vicinity of the emergency spillway, and 4550 
linear feet of seismic refraction lines. The locations of these explorations 
are shown on Figure 1. Logs and photographs of the bore holes, test pits, and 
trenches are included in Appendix G. The total footage of drill core, 
including the holes drilled in 1985, was 1550 feet. 

The bore holes were generally advanced through the soil overburden by means of 
a 6-i nch di ameter hollow stem auger or cased in conjuncti on wi th a tri cone 
rotary bi t. Standard penetrati on tests were performed, and di sturbed soi 1 
samples were obtained at five-foot intervals. 
obtained with Shelby tubes and ring samplers. 

Undisturbed samples were 
Constant head permeabi 1 i ty 

tests were carried out periodically in the soil portion of the boreholes. 
Bedrock was cored with an NQ diameter diamond bit, attached to a wire line 
equipped double barrel sampler. Upon completion of the bore holes the 
bedrock was water pressure tested utilizing a double packer at l3-foot 
intervals. All bore holes were logged and the rock core classified 
geomechanical1y using the rock quality designation (RQD) method. 

Test pits and trenches were excavated with a backhoe in order to allow visual 
exami nati on of the subsurface strata and to obtai n sampl es for 1 aboratory 
testing. 

Sei smi c refracti on surveys were accompl i shed usi ng a 12-channe1 sei smograph. 
Shock waves were initiated by small explosive charges. 
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Results 
Surficial geologic mapping focused on accurately locating the contacts between 
the principal bedrock units exposed in the abutments. The strike of the Mesa 
Verde Formati on at the si te is N100W and the di pis about seven degrees 
northeast. The pri nc i pa 1 bedrock uni ts are consi stent over the project area 
as shown on the map and geologic section. The oldest unit mapped is the Cody 
Shale/Mesa Verde transition unit (Kmi), and consists of thinly bedded 
claystone/shale and sandstone. Exposures are poor at the axis but good 
outcrops are vi si b 1 e just upstream of the dam. The base of the Mesa Verde 
Formation is clearly defined by a massive buff sandstone member (Kmb) about 40 
feet thick which forms steep outcrops at the base of each abutment. The rock 
is generally sound to slightly weathered at the surface, with outcrops showing 
si gns of cal ci urn carbonate case hardeni ng. Joi nts are wi dely spaced and 
consist mainly of closed bedding plane joints, and open joints of tectonic 
origin with attitudes of N15°W, 70o-80oSW and N36°E, 65°-70oNW, and open 
stress relief joints parallel to the weathering surface. 

The massi ve buff sandstone is overl ai n by a sequence of thi nly bedded shal e 
and sandstone (Kmc) about 20 feet thi ck, contai ni ng one or more coal seams 
near the base ranging to l2-inches in thickness. The unit is weaker and more 
hi ghly weathered than the sandstone uni ts above and below it. Due to the 
importance of thi s re 1 ati ve ly weaker rock uni t to the stabi 1 i ty and seepage 
characteristics of the foundation, its upper and lower contacts were mapped in 
great detail, aided by several surveyed reference points. The lower contact 
of thi s uni t, wi th the underlyi ng buff sandstone, occurs at about el evati on 
6320 on the left abutment just above the crest of the dam. Good exposures of 
the shaley zone, containing coal, are visible near the creek on the right 
abutment downstream of the dam. Movi ng upstream toward the dam axi s, the 
contact becomes buried by colluvial and alluvial terrace deposits. Structural 
contours of the upper and lower contacts were developed based on the surficial 
mappi ng and bore hol e data in order to project thi s important uni t into the 
proposed dam foundation. 

The youngest uni t of the Mesa Verde formati on mapped was the resi stant whi te 
massive sandstone (Kmw) unit that forms good outcrops on both abutments. The 
white sandstone unit is about 80 feet thick. It showed the same physical 
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characteristics as the tan unit described previously with regard to weathering 
and jointing. 

The 1986 subsurface investigation detected the same soil and bedrock units as 
identified during the 1985 investigation, but provided more detailed 
information as to the lateral extent and thickness of the alluvial and 
colluvial deposits in the valley floor, as well as the quality of the bedrock 
underlying the alluvium and on the abutments. 

A few of the bore holes in the 1985 investigation had detected the occurrence 
of a low density alluvial silt and silty sand underlying surficial sand and 
gravel deposi ts and over1yi ng a denser 1 ayer of si 1 ty gra vel wi th sand in 
contact with the bedrock. Test pits TP-43 through TP-47, auger holes AH-25 
and AH-34 through AH-39, and drill holes DH-26 and DH-27, all installed during 
1986, were located in the floodplain. Seismic refraction lines were run along 
the proposed dam center1 i ne. The i nvesti gati on revealed an upper 1 ayer of 
recent stream alluvium composed of loosely consolidated, alternating lenses of 
brown silty sand, sand, and poorly sorted sandy gravel varying in thickness 
from zero to 16 feet. Underlying the surficial deposits in nearly every bore 
hole and test pit was from one to 32 feet of loosely consolidated gray, silty 
sand and clayey sand wi th low SPT blow counts, rangi ng from 2 to 16. The 
under1yi nga 11 uvi um in contact wi th bedrock in each of the bore ho 1 es was 
dense silty gravel with sand. Bedrock underlying the floodplain was claystone 
wi th sandstone interbeds of the transi ti on uni t between the 01 der Cody Shal e 
and younger Mesa Verde formation. The claystone was dark gray-to-brown, 
thinly bedded and moderately joi nted. Permeabil ity ranged from 2xlO-3 to 
8x10-4 cm/sec. 

Bore holes DH-23 and DH-24A were angle drilled into the left abutment 
bedrock. Borehole DH-24A, at the base of the abutment, penetrated 23 feet of 
sandy cl ay col1 uvi um before contacti ng 1 i ght brown to gray, sound, thi n1y 
interbedded sandstone and claystone of the lower Mesa Verde transition 
sequence. Core recovery was excellent, and RQD was good to 42 feet and 
excellent below that point to the bottom of the hole at 52.0 feet. The packer 
test in the upper ten feet of bedrock resulted in a coefficient of 
permeability of 9.0xlO-4 cm/sec. Bore hole DH-23 was angle drilled on the 
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proposed dam axi s at approximately the crest el evati on into an outcrop of 

massive, sound, tan sandstone. 

the final depth of 105 feet. 

Near 100 percent core recovery was logged to 

Jointing was very widely spaced and RQD 

approached 100 percent. Penneabilities calculated from water pressure tests 

ranged from 1. Oxl 0-3 cm/sec near the surface to 1 ess than 1. Oxl 0-6 cm/sec 

with depth. 

One bore hole, DH-30, and two test pits, TP-48 and TP-49, were located on the 

ri ght abutment terrace deposi t between the verti ca 1 c1 iff at the base of the 

abutment and the spillway. They showed a maximum depth of 18 feet of silty 

sand and sandy cl ay co11 uvi urn over1yi ng up to ei ght feet of poorly-graded, 

well-rounded sand and gravel of alluvial origin. The bedrock in hole DH-30 

was massive buff (tan to light brown) sandstone with occasional claystone 

interbeds. The rock was slightly weathered and moderately fractured as 

evi denced by the core recovery that ranged from 11 to 93 percent and RQD from 

o to 64 percent. Packer test permeabi1ities were uniformly 5.0x10 -4 

cm/sec. No si gn of the interbedded sandstone/sha1 e and coal sequence was 

detected. 

Geologic Section 

A geologic section along the centerline of the proposed dam, based on geologic 

mappi ng, sei smi c refracti on, and bore hol e and test pi t data is shown on 

Figure 2. At the dam axis the alluvial flood plain is 450 feet wide. The 

Quaternary alluvium overlies bedrock to a depth of 52 feet and is composed of 

silt, silty sand, and gravel. The recent alluvial flood plain is overlain on 

the left abutment by a Quaternary alluvial/colluvial fan approximately 20 feet 

thick. This deposit is comprised of silt, silty sand and angular blocks of 

sandstone debri s deri ved from the adj acent sandstone c1 i ffs and the narrO\~ 

draws that feed at ri ght angl es into Gooseberry Creek just upstream and 

downstream of the axis. 

A Quaternary alluvial and colluvial terrace occurs at approximately elevation 

6360 on the right abutment just above the steep bedrock outcrops. The deposit 

consists of about 13 feet of colluvial silty sand, overlying approximately 6 

feet of alluvial sand and gravel. The gravel is characterized by sound, well 

rounded cobbles of metamorphic and igneous origin, up to 12 inches in diameter. 
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Bedrock stratigraphy at the axis starts in the foundation below the alluvium 

in the transition zone between the Cody Shale and Mesa Verde sandstone (Kmi). 

The rock mass is a complex interbedded sequence of sandstone and claystone or 

shale. The upper limit of this transition zone is marked by a massive buff 

sandstone (Kmb) unit at approximately elevation 6370 on the left abutment and 

6310 on the right. The dam foundation below the contact, including the valley 

floor underlying the alluvium, is in the transition zone. The buff sandstone 

uni tis about 40 feet thi ck fonni ng the steep cl i ffs at the base of each 

abutment. The resistant sandstone unit is overlain by a 20-foot thick 

sequence of sha1 e, thi n1y bedded sandstone and si nuous vei ns of coal to one 

foot thick (Kmc). At the dam axis the coal seams are located near the base of 

the uni t. Because of the weak rocks that compri se thi s uni t, weatheri ng is 

more intense and ha s produced gentl er slopes. On the ri ght abutment, at the 

axi s, the coal /sha1 e sequence is comp1 ete1y buri ed. The weak nature of thi s 

uni t and subsequent erosi on by anci ent Gooseberry Creek may have caused the 

bench in the bedrock of the ri ght abutment that is covered by the all uvi al / 

colluvial terrace deposits. The youngest stratigraphic unit at the damsite 

that enters into the geotechni cal analysi s of the foundati on is the massi ve 

\'Ihi te sandstone (Kmw) that outcrops on both abutments. It has a thi ckness of 

approximately 80 feet. 

SPILLWAY LOCATION 

Subsurface Investigation 

Boreho1 es DH-31 and DH-32 were dri 11 ed along the centerl i ne of the proposed 

unlined side channel emergency spillway alignment on the right abutment. 

Neither bore hole, however, detected sound bedrock at a high enough elevation 

(6406 at the control section invert) to support the original design. If the 

same alignment were to be maintained, the spillway design would have to be 

changed to include a large volume of backfill concrete, a reinforced concrete 

sl ab and structural concrete chute wall s. Because of the economi c impact of 

such a change in design, the focus of the investigation was moved further up 

the abutment where outcrops of white massive sandstone were mapped. One bore 

hole, DH-33, was drilled to a depth of 68.7 feet, approximately equivalent to 

the invert elevation of the spillway channel. The rock core was massive, 
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fine-grained, tan and gray sandstone, weak to moderately cemented with widely 

spaced joints, but weak and friable, especially when wet. 

Three trenches were excavated perpendi cu1 ar to the ali gnment of the spi 11 way 

in order to verify the top of sound rock over the entire area of the spillway 

approach channel and chute, and to vi sua11y assess the qual i ty of the rock. 

Logs of the trenches are i nc1 uded in Appendi x G. Mappi ng of the trenches 

genera lly showed from one to three feet of col1 uvi a1 debri s composed of thi n 

slabs of white sandstone in a matrix of dark silty sand. The top few feet of 

the sandstone bedrock were weathered to a whi te sand, below whi ch the rock 

mass was more resistant with a high density of stress relief joints parallel 

to the valley decreasing in frequency with depth. Sound, 1 ightly jointed 

sandstone, impenetrab1 e to the backhoe, was generally reached at a depth of 

about eight feet in all the trenches. At the downhill end of the trench near 

the ori gi na1 spillway al i gnment the top of sound rock dropped off abruptly to 

a depth in excess of 14 feet, which was the limit of the backhoe. 

Geotechnical Analysis 

Based on the geologic mapping and the bore hole and trenching information, it 

appears feasible to excavate a side channel spillway double cut in rock on 

either abutment. The right abutment cut would be about 400 feet long with a 

maximum depth of about 50 feet. The left abutment channel would be about 200 

feet long but wi th a maximum depth of about 80 feet. The total vol ume of 

excavati on appears to be roughly equal. Excavati on slopes woul d be 

approximately 1 H to 1 V in the overburden col1 uvi urn and weathered rock and 

vertical 3D-foot high cuts with 1D-foot benches in sound rock. 

The invert and si de wall s of the ri ght abutment channel wou1 d intercept the 

coal seam and shale zone discussed in the section on geologic mapping, and may 

require some treatment with dental concrete, shotcrete, and rock bolts. The 

invert of the left side would be in sound massive sandstone. 

The 1986 revised cost estimate was based on quantities taken off a layout on 

the ri ght abutment. The ul timate deci si on on spi 11 way 1 ocati on, however, 

would hinge on the utilization of the material derived from the excavation. 

The right abutment excavation would produce colluvium and weathered, fractured 
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sandstone in the upper ten feet. Below that, the cut woul d be in massi ve, 

sound gray (white) and tan (buff) sandstone overlying about a lO-foot zone of 

shale and coal near the channel invert. Core from borehole DH-33 showed the 

rock to be massive but poorly cemented and friable. Its use as riprap, 

therefore, is somewhat in question. The bulk of the excavation for the left 

abutment woul d be in the shal ey /coal seam zone above el evation 6425. The 

lower part of the excavation, however, would be in the tan (buff) sandstone 

that drill hole DH-23 showed to be the soundest on the project and the best 

local source for riprap. 

MATERIALS EXPLORATION 

Purpose 

The purpose of the materi al s expl orati on program was to locate and defi ne 

potential borrow areas, and to obtain samples for laboratory testing. Soil s 

suitable for impervious core, shell, filter, and drain zones of the dam were 

sought in the vicinity of the reservoir area. 

Following a review of the 1985 geotechnical investigation results and local 

geology, a prel imi nary expl orati on pl an was developed. The maj ori ty of the 

program was to be implemented using backhoe excavated test pits, augmented by 

truck-mounted auger drill holes where necessary. Materials were to be logged 

and photographed in the field, with disturbed samples taken for laboratory 

testing. 

Pri or to i ni ti ati ng the expl orati on program, surfi ci al geology was exami ned 

with regard to the probable locations of potential construction materials. 

Generally, it was anticipated that soils suitable for impervious core could be 

found in areas of weathered i n-pl ace Cody Shal e, or coll uvi urn of i ntermi xed 

Cody Shal e and Mesa Verde Sandstone. All uvi al deposi ts were to be 

investigated for potential shell, filter, and drain material s. A sufficient 

number of test pi ts woul d be excavated in order to obtai n representati ve 

coverage of the areas in questi on and defi ne the approximate boundari es of 

those areas. 
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Core Materials Exploration 

Dur; ng the week of July 28, 1986, two rubber-ti red backhoes were brought on

site for the MKE-supervised investigation program. The search for soils 

sui tabl e for the core of the dam began on the north si de of the proposed 

reservoir, il1ll1ediately below exposed outcrops of the Cody Shale fonnation. 

Test pits in this area revealed colluvium comprised of silty sands with gravel 

and cl ay 1 enses,· to a depth of approximately 12 feet, under whi ch were 

alluvial gravels. The colluvial soils were highly stratified and 

heterogeneous, wi th low percentages of c1 ay and si 1 t. The deposi ts 

represented soil s derived from the Cody Shale and Mesa Verde Sandstone c1 iffs 

above the area. These soil s were consi dered unsuitab1 e for use as core 

material. A visual inspection of the surficial deposits along the north side 

of the reservoir was undertaken, with emphasis on locating residual or 

transported materials, primarily of Cody Shale origin. No significant 

deposi ts of thi s type were located, except at the base of the cl i ffs in the 

Cody Shale fonnation itself. The material was in a relatively thin unit and 

practically inaccessible, so the focus of the investigation switched to the 

south side of the reservoir area. 

One area near the west boundary of Secti on 36 reveal ed hi ghly-weathered Cody 

Shale outcropping on sloping terrain near the tree line. The exploration 

program on the south si de of the reservoi r focused on thi s general area. 

Eleven test pits were excavated, logged, sampled, and photographed. The basic 

soil type encountered is classified as a lean clay of low plasticity (el), 

using the Unified Soil Classification System (USCS). This material was 

consi dered a potenti al source for the dam core. Generally, the soi 1 s were 

either residual or slightly transported shales. Physical characteristics, 

such as particle size distribution, plasticity, and in-situ moisture content 

were fai rly uni fonn. However, it was apparent the deposi twas 1 imi ted to a 

small area as several test pi ts reveal ed di ssimi 1 ar materi al s (si 1 ty and 

cl ayey sands) or apparent boundari es between the geol ogi c fonnati ons fonni ng 

the shales and sandstones. It was decided more exploration would be necessary 

to detenni ne the approximate 1 imi ts of the proposed borrow area. Sampl es 

gathered were delivered to Northern Engineering and Testing, Inc. (NET) in 

Billings, Montana for laboratory testing. 
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Ni ne addi ti onal test pi ts were excavated in or near the proposed core borrow 
area. Additional samples were obtained and sufficient information gained for 
a reasonable estimate of available materials quantities. 

The surface area of the proposed borrow was detenni ned to be approximately 
21.5 acres. The majority of the test pits were a minimum of 12 feet deep, the 
effecti ve reach of the backhoes, and di d not reach the full depth of the 
deposit. A conservative depth estimate of 10 feet of available material would 
produce a total core borrow area volume of 348,000 yd3• 

Test pi t 1 ocati ons and approximate borrow area 1 imi ts are shown on Fi gure 3. 
Test Pit logs and laboratory test results are included in Appendix G. 

Alluvial Materials Exploration 
The 1985 field investigation included five test pits and seven auger holes in 
the floodplain alluvium, upstream of the damsite. The results of the 
investigation showed the materials were variable, with considerable silty sand 
overburden. The 1986 exploration program was designed to provide more 
i nfonnati on on the all uvi al deposi ts wi th regard to potenti a1 constructi on 
material uses and available quantities. 

A total of 13 test pits were excavated in the alluvium from approximately 500 
to 6,000 feet upstream of the proposed dam axis. The locations were selected 
to provide full coverage of the area in conjunction with the 1985 
investigation. The test pits were logged, sampled, and photographed by MKE 

personnel. Occasional in-situ moisture density readings were taken. 

The alluvial materials consisted of a mixture of geologically young 
sedimentary rocks from the local fonnations, and older metamorphic and igneous 
rocks from formati ons well upstream of the site. The sedimentary rocks were 
genera lly angul ar and sUb-angul ar wi th a hi gh percentage of weak and fri able 
particles. The metamorphic and igneous rocks were generally sub-rounded, 
strong, and durable. 

Test p; ts 10cated near the stream in recent meanders contai ned 1 i ttl e or no 
si 1 ty sand overburden. The meander; ng effects of the ri ver were evi dent by 
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the gradational stratifications in the test pits. The materials were 

generally classified as clean to silty, poorly-graded gravels (GP-GM). 

Test pi ts located on the low terraces away from the stream contai ned two to 

six feet of silty sands overlying the alluvial gravels. These soils were 

consi dered detrimental to the all uvi a1 borrow as a source of shell zone 

materials, because the presence of the silty sands would decrease both 

strength and permeability of the shell zone. However, the quantity of 

overburden made stripping and wasting impractical, so the decision was made to 

consider the borrow area as a whole. As a result, full-face composite samples 

were obtai ned from all test pi ts to refl ect the vari ati ons in materi al s that 

could be expected when the entire alluvial borrow area was excavated. The 

composite samples were generally classified as poorly-graded silty sand with 

gravel (SM-GM). 

Generally, the alluvial materials would be suitable for the dam shell zones. 

The durabi 1 i ty and strength of the materi al s make them doubtful for use as 

concrete aggregates, and questionable for use as drain and filter zones in the 

dam. 

Ground water was encountered in all the alluvial borrow area test pits. 

Average depth to the water table was approximately eight feet. Using a depth 

of eight feet to calculate the readily accessible alluvial materials, the 

total available volume was 990,000 yd3• 

These test pit locations are also shown on Figure 3. 

LABORATORY ANALYSIS 

Purpose 

Soil and rock core samples, obtained during the field exploration program, 

were sent to NET for 1 aboratory te st i ng. The purpose of the 1 aboratory 

analyses was to cl assi fy the vari ous si te materi al s usi ng physi cal property 

tests, and detenni ne the range of engi neeri ng properti es for shear strength, 

permeability, compressibility, and compaction characteristics of the 

predominant construction and dam foundation materials. 
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NET and MKE jointly developed a laboratory testing program that would 

accomplish this goal. However, the full schedule of laboratory testing was 

not completed due to tennination of the project. Complete details of the 

1 aboratory testi ng program are contai ned in NET's Report of Geotechni cal 

Investigation, included in Appendix G. The intent of the discussion which 

follows is to highlight specific test results and material properties as they 

relate to the dam and foundation design. 

The laboratory program focused on testing samples from four specific locations 

at and near the proposed damsite. These four were: 

1. The impervious core material borrow located on the south side 

of the proposed reservoir, approximately three quarters of a 

mile upstream of the proposed dam axis. 

2. The all uvi a1 materi a1 borrow area located in the proposed 

reservoir. 

3. The all uvi a1 and co11 uvi a1 soi 1 s located wi thi n the 

"footprint" of the proposed dam. 

4. The various rock units in the foundation beneath the proposed 

dam. 

Results 

Physi cal property testi ng of the potenti a1 impervi ous core borrow materi a1 

c1 assi fi ed the soi 1 as a 1 ean cl ay (CL). The materi a1 s samp1 ed exhi bi ted 

plasticity indices ranging from 6 to 15 percent, with an average of 10. The 

samples typically contained approximately 20 percent sand and 80 percent 

fines, of which about 35 to 40 percent were clay-sized particles. A remolded 

penneabi 1 i ty test on the potenti al core materi a1 resu1 ted ina penneabi 1 i ty 

va 1 ue of 1.6 x 10-6 cm/sec. A consol i dated-undra i ned tri axi a 1 compression 

shear test perfonned on the sampl e whi ch exhi bi ted the hi ghest p1 asti ci ty 

index produced an effective angle of internal friction (g) of 320
, with no 

effecti ve cohesi on (c ' ). Based on 1 aboratory test resu1 ts for a 1 imi ted 
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number of sampl es, it appears the 1 ean cl ay materi al woul d provi de a strong 
and impervious embankment dam core zone. 

The deposits in the proposed reservoir alluvial borrow area were found to be 
vari ab 1 e, both in depth and areal extent. Gradati on analyses performed on 
samples of the deposits near the existing creek channel revealed the material 
to be a clean-to-silty, poorly- graded gravel (GP-GM). Away from the creek to 
the north, test pi ts excavated in old ri ver terraces encountered si 1 ty sand 
(SM) layers, up to 6.2 feet thick, overlying the clean-to-silty, poorly-graded 
gravel. Occasional lenses of finer-grained sandy silt (ML) were encountered. 
Laboratory tests cl assi fi ed composi te (mixed-face) sampl es from these test 
pi ts as poorly-graded si 1 ty sand wi th gravel (St1-GML Shear strength and 
permeability tests were planned for these materials, but subsequently 
cancelled. Using past experience on the behavior of these typical alluvial 
soils with similar particle size distributions, the material was judged to 
possess a hi gh effecti ve ang1 e of i nterna 1 fri cti on, sui tab 1 e for use as 
supporting shell zones in the proposed dam. 

The overburden soils beneath the IIfootprint" of the proposed embankment 
consist of extremely variable, poorly-consolidated alluvial and colluvial 
depOSits. Alluvial soils encountered ranged from fat clays (CH) to clean, 
poorly-graded gravels (GP). Samples of colluvial material from the abutments 
and higher elevations of the floodplain were classified as silty sand with 
gravel (SM). A consolidated-undrained triaxial compression shear test 
conducted on the colluvium, indicated shear strength parameters of 0' = 
330

, wi th c I = 500 psf. Even though the sampl e contai ned approximately 20 
percent gravel and 40 percent sand, it had about 40 percent silt fines which 
appear to have governed the shear strength. The only other laboratory 
analyses compl eted for 
selected samples of 
poorly-graded gravel. 
tests suggest that 

the foundation soi 1 s were physi ca 1 property tests on 
lean to fat clay, sandy silt, silty sand, anrl 
Results of gradation analyses and Atterberg limits 

the shear strength and permeability of foundation 
overburden materials could span a wide range. 

Unconfined compression tests were performed on rock core samples representing 
the three major geologic units in the proposed dam foundation. These are the 

- 19 -



sandstone, interbedded sandstone and shale, and claystone shale. Compressive 
strengths of the sandstone ranged from 1282 to 6736 psi, with an average value 
of 2578 psi. The interbedded sandstone and shale rock core yielded 
compressive strength values ranging from 1258 to 2817 psi, with an average of 
1786 psi. The claystone shale strengths were the most variable, exhibiting a 
range of 1120 to 9432 psi and an average of 4981 psi. The above rock core 
compressive strengths, even though on the lower bound of the range of typical 
strengths for these types of rock, would be adequate to support the proposed 
embankment dam. 
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III. PRELIMINARY DESIGN 

DAM FOUNDATION 

Criteria 

Embankment dam foundation design involves determining suitable methods of 

treatment for the foundati on and abutments to insure stabi 1 i ty of the dam, 

el imi nate or reduce the potenti al for defonnati ons in the embankment, reduce 

and/or control seepage through the foundation and abutments, and impl ement 

measures to safeguard against internal erosion of embankment material into the 

dam foundation. Foundation treatment methods could include partial-to

complete excavation of overburden soils, excavation of weathered bedrock, 

shapi ng of rock cl i ffs and overhangs on abutments, deep curtai n grouti ng of 

foundation rock, shallow blanket grouting within the vicinity of the 

impervious core and foundation contact, pl aCing dental concrete in 

i rregul ari ti es on the rock surface, and sl ush grouti ng exposed cracks in the 

foundati on bedrock. The foundati on condi ti ons at the proposed damsi te woul d 

require implementing each of these treatment techniques to a certain degree. 

Results 

The variability of the alluvial and colluvial overburden soil deposits in the 

floodplain introduces numerous uncertainties about the proposed dam 

foundation. Of major concern are the low-density silt and sandy silt lenses 

encountered in the alluvial deposits during the geotechnical investigations 

perfonned thi s year. In-si tu dens; ty and moi sture content detenni nat ions 

suggest the material would be susceptible to collapse when loaded with the 

embankment, and subsequently inundated during reservoir impoundment. The low 

standard penetrati on test (SPT) olow counts for thi s materi.a 1 encountered in 

the boreholes also support this hypothesis. 

Another mater; a1 of concern in the overburden soi 1 sis the 1 ean-to-fat cl ay 

lenses which were occasionally encountered. The particle size distribution 

and Atterberg limits indicate this material would exhibit low shear strength. 

The numerous meanders of Gooseberry Creek and the deposi ti onal nature of the 

fl oodpl ai n deposi ts precl ude i denti fi cati on and mappi ng of these low densi ty 

and weak lenses by any practical exploration techniques. 
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NET states that the foundati on soi 1 s above the gravel wi 11 requi re 
densification in order to support the proposed embankment and minimize 
settl ement. The effecti veness of dynami c compact; on techn; ques to densi fy 
soils, especially partially-saturated soils at depth, is questionable. 
Because of the many uncertainties associated with the overburden deposits and 
the questionable effectiveness of dynamic compaction, densification techniques 
were not considered in the preliminary foundation design. Work being 
performed at Jackson Lake Dam in Wyoming will help to provide valuable data on 
this potentially viable foundation treatment alternative. 

The pre 1 imi nary foundati on desi gn call s for excavati ng the foundati on soi 1 s 
beneath the proposed embankment, down to the silty gravel (GM) layer overlying 
the bedrock. Beneath the impervious core zone, the excavation would continue 
through the gravels into sound bedrock, thus providing a barrier against 
under-seepage. A typical foundation excavation section is shown in Figure 4. 

This foundation excavation scheme assumes that the silty gravel layer 
over1yi ng the bedrock woul d remai n in p1 ace, except beneath the core zone. 
Because of the depth, only bore holes were used to explore these gravels. A 
typical description of this deposit reads as follows: 

Silty gravel with sand; medium dense to very dense; 
small to large gravel with fine to coarse sand; low to 
non-plastic fines; saturated; occasional clayey lenses. 

SPT blow counts in the gravel s were very hi gh, typi cally in excess of 40. 
Even though this value is indicative of dense to very dense materials, SPT 
values for gravelly soils a-re not particularly reliable. If during 
construction the gravel deposit was found to be relatively loose and the 
cl ayey 1 enses appeared to be conti nuous, excavati on of thi s materi a 1 beneath 
the entire proposed embankment may be required. 

Bore holes which penetrated the bedrock revealed a surficial zone of weathered 
and hi ghly fractured rock that was typi cally about 5 feet in depth. In some 
locations, particularly on the right abutment, the depth of this zone 

- 22 -



6420 --
6400 --
6380 --

..J 
en 
::I 
Ilol 6360 --
~ 
III 
-c -----6340 ... 
Ilol 
LI.I 

'" ! 6320 

~ ... 
-C 

6300 > 
~ 
1&1 

8280 

6260 

--

--

--

-' 
II) 

::I 

6440 --

6420 --

6400 

~ 6380 

III 
-C 
... 6360 -
LI.I 
LI.I 

'" 
! 6340 

~ 
fi 
::. 6320 --
~ 
LI.I 

6300 --

6280 --

-------.~-~----~~-

_____________ - ____________ .~oo::::---O-R-'-G-'N-A-L-G-R-O-U-N-D-S-U-R-F-A-C-E~~ __ 

ALLUVIUM 

---'::~---;~.;;--~---------------t- ---------
TOE DRAIN NOT SHOWN 

SCALE 1" • 30' 

PHASE II - CONCEPTUAL DESIGN 

-- 6440 

-- 6420 

-- 6400 

-- 6380 

-- 6360 

C ORIGINAL GROUND SURFACE 

----------- --------- ----
--- -- 6340 

6320 /,$. 

---------------------------------------: ALLUVIUM 

- -- --------------______ -- 6300 
GRAVELS ---.-..---------------- "'""""i=-==-:=--- ---- - - -- ------ -- - ----- -- --I .. 3d .1 -- 6280 

BEDROCK 

SCALE: 1" • 30' 

PHASE I - FEASIBILITY DESIGN 

~ ~~~UDSEN ENGINEERS, INC. 

IIlO LI!lCQI. SI. D •••• r,CoiOlOOO S020' 'O',8'H!200 
UPPER GOOSEBERRY DAM 

r--r __ -+ __________________________ -+ __ t--+ ____ -t~SIGNED ___ ~~~ __ ~~~ ____ ~-RE~C~O~M~M~E~N~O=EO~ ____ ~ CROSS SECTIONS 
RE'/ISIONS BY CHI< APPD DATE APPROVED 

.-~---~-~--~--------------- ----------- --------------.--

(})
@
(~-

@

@

@-
0-

EMBANKMENT EXPLANATION 

l.an clay d.rlved Irom w •• th •• d Cody Shal. 

Sandi ~nd grlvel. Irom IlIuvlum IIOffOW 1,.1 

Fln.-graln.d IlIuvlum and colluvium Irom r.qulr.d 
.xcawatlon In dam 'oundatlon and IlIuvlum borrow Ir.a 

Proc .... d ,and tIIter from alluvium bOffOW ar •• or oft 
tIt •• ourc. 

Proe .... d grav.' drllln from aHuvlum borrow .r .. or ott .'tt loure. 

Sand Ind grlv'"Y-lind from alluvium borrow ar •• 

Slnd,ton. rock 'ragm.nll from IpillWIY .. clntlon MJ 
d.m 'oundallon I"aplng 

GOOSEBERRY LEVEL III PROJECT 
WYOMING WATER DEVELOPMENT 

COMMISSION 

-- 6420 

-- 6400 

-- 6380 

-- 6360 

-- 6340 

-- 6320 

-- 6300 

-- 6280 

-- 6260 

UI<E NO. 

SHEET OF REV. 

FIGURE 4 



approached 10 to 15 feet. Thi s materi a1 woul d be excavated below the core 
zone down to a rock surface which is treatable using dental concrete and slush 
grout. 

Tabl~ 1 presents approximate required foundation excavation quantities for the 
various design floods considered. The numbers reflect the assumption that the 
silty gravels overlying the bedrock would remain in place. 

=============================================================================== 

TABLE 1 
REQUIRED FOUNDATION EXCAVATION QUANTITIES 

=============================================================================== 

INFLOW DESIGN FLOOD 
10,000 yr 
PMF/4 
PMF/2 
P~·1F 

FOUNDATION EXCAVATION (yd3) 

540,000 
550,000 
565,000 
572,000 

=============================================================================== 

The sandstone c1 iff exposed on the proposed lower ri ght abutment near the 
creek would require careful shaping to minimize the potential for differential 
settlement of the embankment. 

Water pressure tests performed in the exploratory bore holes indicated the 
bedrock compri si ng the abutments is typi cally more pervi ous than that in the 
valley floor. Using these test results in conjunction with rock quality 
designations (RQD) and core recovery, a preliminary grouting program was 
developed for the proposed foundation. Curtain grouting, approximately 30 
feet deep in the valley floor and 50 to 90 feet deep in the abutments, would 
be performed to mi nimi ze seepage 1 asses from the reservoi r. Shallow b1 anket 
grout holes, approximately 10 feet deep, would be required in localized areas 
of the foundation to "tighten" joints in near- surface rock. 
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EMBANKMENT ZONING AND MATERIALS UTILIZATION 

Procedure 

The prel iminary embankment zoning shown in Figure 4 was developed based 

largely on results of the 1986 field exploration program. Many components of 

the preliminary design were established using judgment and assumed soil 

parameters that were to be verified by the laboratory testing program. 

Refi nement of the prel imi nary desi gn was to proceed usi ng the 1 aboratory 

resul ts and detailed analyses. However, upon notice of project tenni nation, 

1 aboratory tests whi ch were pl anned but not in progress were subsequently 

cancelled. Unfortunately, tests perfonned in the latter phase of a soils 

program are typi cally the most important for analysi sand desi gn. Ini ti a1 

tests usually focus on detenni ni ng physi cal properti es of the soi 1 s on whi ch 

selection of the more detailed shear strength, penneability, and consolidation 

tests are based. 

The prel imi nary desi gn of the proposed Upper Gooseberry Dam contai ns seven 

different material zones as follows: 

1 • Core 

2. Shell s 

3. Filter 

4. Drain 

5. Transition 

6. Bul k Fi 11 

7. Slope Protection 

Each zone serves a specific purpose within the embankment. This purpose, 

along wi th the potent; a 1 materi a 1 source for each zone, wi 11 be di scussed in 

the following paragraphs. 

Table 2 presents the total proposed embankment volumes for the inflow design 

floods considered. 
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=============================================================================== 
TABLE 2 

TOTAL VOLUME AND CREST ELEVATION OF PROPOSED EMBANKMENT DAM 
=============================================================================== 

INFLOW DESIGN FLOOD CREST ELEVATION (ft) TOTAL VOLUME (yd3) 
10,000 yr. 6416 991 ,50O 
PMF/4 6419 1,050,000 
PMF/2 6423 1,125,000 
PMF 6425 1,165,000 

=============================================================================== 
For the remainder of this section of the report, approximate volumes presented 
for each zone are associated with the PMF/4 design. 

Core 
The primary functi on of the core zone is to retard the flow of water through 
the embankment; therefore, the essential property for the material comprising 
this zone is that of low permeability. Strength is of a secondary nature only. 

The prel iminary design indicates that approximately 146,000 yd3 of material 
woul d be requi red to construct the core. Based on cal cul ati ons presented 
previously for the total available volume of core material, it appears 
sufficient quantities of satisfactory material exist for this zone. 

As shown in Figure 4, the core has been designed as an upstream sloping zone. 
There are two principal reasons for this configuration: 

1. The maximum height of fine-grained material subject to 
consol i dati on is reduced wi th thi s confi gurati on as 
compared to a centrally located core. Thi s shou1 d resul t 
in less embankment settlement. 

2. Shi fti ng the core upstream provi des space for p1 acement of 
a bul k fi 11 zone in the downstream shell wi thout affecti ng 
the outer slope. As will be discussed later, this bulk 
fill zone allows for more efficient use of construction 
materials at the site. 
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Conservative design practice dictates that the minimum effective width of the 
core should not be less than 30 to 50 percent of the normal reservoir head at 
any poi nt. 

Shells 
The upstream and downstream shells support the core zone and provide stability 
to the embankment. Therefore, the essential material property is that of 
strength. If possible, it is desirable for the upstream shell to be 
constructed using pervious material so that pore water can drain during 
reservoir drawdown. Permeability is of secondary nature for the downstream 
shell. 

The outer slopes of the dam are governed primari ly by the shear strength of 
the shell zones, but also by strengths of internal zones and foundation 
material through which potential failure surfaces could develop. The 
preliminary design slopes were set at 3H to lV upstream and 2.5H to lV 
downstream usi ng judgment and knowl edge of past behavi or of simi 1 ar 
materials. Using these outer slopes, the volume of shell material required in 
the proposed embankment was computed to be approximately 660,000 yd3• 

The a·ll uvi al deposi ts located in the proposed reservoi r borrow area woul d be 
utilized for the shell material. As discussed previously, the deposit is 
primarily a clean to silty, poorly-graded gravel near the existing creek 
channel. Away from the channel on the terraces, the cleaner gravel s are 
overlain by a silty sand, with occasional lenses of sandy silt. The clean, 
poorly-graded gravels would be a superior material for the shell zones of an 
embankment dam. If the shells were composed entirely of this type of 
material, it is possible that the slopes could be steepened slightly. 
However, it is unlikely that the shells would be composed entirely of this 
desirable material because of the variability of the alluvial borrow, the high 
water table, and the fairly limited quantity of this material in the borrow. 

Detailed slope stability analyses were to be performed using laboratory shear 
strength tests results to optimize the proposed embankment slopes. 
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Bulk Fill 

In order to effi ci ently uti 1; ze the vari ous materi al s that may be avai 1 abl e 
for construction at the proposed damsite, zones of different materials can be 
defined within the overall limits of the shells. For the preliminary design, 
a zone of heavily compacted silts, silty sands, and sandy silts was 
incorporated into the downstream shell beneath the upstream sl opi ng core. 
Because of the abundance of these materials in the required foundation 
excavation and overlying the desirable alluvial gravels in the proposed 
reservoir borrow, optimizing the size of this bulk fill zone would be 
beneficial in terms of embankment cost. 

The preliminary configuration of this zone is shown in Figure 4. The material 
quantity associated with this configuration is approximately 126,000 yd3• 
As thi s zone increases in si ze, the shear strengths of the vari ous materi al s 
comprising the bulk fill would begin to govern the downstream slope. Since 
the bulk fill would contain finer-grained materials, its shear strength would 
be less than that of the predominantly gravel shells. Thus, as the volume of 
the bul k fi 11 zone increases, it woul d be necessa ry to fl atten the downstream 
slope. Further detailed stability and cost studies would be required to 
achieve the most cost effective balance between bulk fill and downstream shell 
quantities. 

Filter 

The purpose of the filter zone in the preliminary design is to protect against 
internal erosion of the core material into the downstream shell and/or 
foundati on under the acti on of seepage. The fi 1 ter mater; al must meet ri gi d 
gradation and durability requirements. 

The filter zone would be placed immediately downstream of the core zone 
beginning at the normal reservoir water surface elevation and extending to the 
foundation bedrock surface. All exposed bedrock in the cut-off trench 
downstream of the core zone would be blanketed with filter material to prevent 
migration of foundation materials into the drain and/or downstream shell zones. 
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The width of the filter zone was set at 8 feet. This was established 
considering a practical width that could be placed using conventional 
construction equipment. The quantity of filter material associated with the 
preliminary embankment design is approximately 34~000 yd3• 

At this stage~ it was assumed that filter material would be processed from the 
all uvi a1 deposi ts in the proposed reservoi r borrow area. The presence of 
friable sandstone particles within the borrow raised questions regarding the 
quality of this possible filter material source. Aggregate durability tests 
to determine the suitability of this material were planned~ but not completed. 

Drain 
The purpose of the drain zone in the preliminary design is to transmit the 
seepage that passes through the core and foundation out of the embankment in a 
controlled manner~ and prevent the phreatic surface from entering the 
downstream shell. The drain material must meet rigid gradation and durability 
requirements. 

The drain zone would be placed inmediate1y downstream of the filter zone, 
beginning 10 feet below the normal reservoir water surface elevation and 
continuing down to the filter material overlying the bedrock foundation 
surface. For a distance of approximately 200 feet across the maximum section 
of the valley, a 4-foot thick horizontal drainage blanket would be placed 
beneath the downstream shell to collect seepage and transmit it to the 
downstream toe of the embankment. At the toe, drain tubing would be installed 
to provide for controlled discharge and measurement of the seepage. 

The horizontal drainage blanket would be placed on top of a 2-foot thick zone 
of filter material~ which would be placed on the excavated foundation 
surface. Thi s woul d prevent mi grati on of materi al s from the dam foundati on 
into the gravel drain. Similarly~ a 2-foot thick filter blanket would be 
installed between the bulk fill zone and drainage blanket to prevent 
contamination of the drain by finer materials from the bulk fill zone. 

The width of the chimney portion of the drain zone was set at 8 feet. This 
was establ i shed agai n consi deri ng a practi cal wi dth for usi ng conventi onal 
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construction equipment. The horizontal drainage blanket within the maximum 
secti on of the vall ey was si zed to conduct the anti ci pated embankment and 
foundation seepage. 

Based on the prel iminary design, approximately 33,000 yd3 of drain material 
would be required. At this stage, it was assumed that drain material would be 
processed from the alluvial borrow deposits. However, the friable sandstone 
fragments wi thi n the borrow rai sed questi ons concerni ng durabi 1 i ty of the 
drai n materi al • Breakdown of gravel -si zed sandstone fragments, wi th time, 
coul d reduce the hydraul i c capaci ty of the drai n. Aggregate durabi 1 i ty tests 
to determine the suitability of the alluvial borrow deposits for use as drain 
material were planned, but not completed. 

Transition 
The upstream transition zone fulfills a dual purpose. First, the zone acts as 
a filter media between the upstream shell and core zones for drainage from the 
core during reservoir drawdown. Second, in the event that cracks develop in 
the core, material would be transported into these cracks from the transition 
thereby reducing the amount of seepage that would otherwise occur. 

The downstream transi ti on zone acts as a buffer between the drai n zone and 
finer-grained materials in the bulk fill zone to prevent contamination of the 
drai n. 

The wi dth of both transi ti on zones was set at 8 feet agai n based on a 
practical width for conventional construction equipment. The material 
quantities required for the upstream and downstream transition zones are 
approximately 31,000 and 22,000 yd3, respectively. 

While the gradation requirements of the transition need not be as stringent as 
that of the filter zone, the transition material, like the filter material, 
must not have the capabi 1 i ty to support open cracks that coul d develop as a 
result of deformations or displacements in the embankment or foundation. For 
the preliminary design, it was assumed that this zone would be obtained 
through minimal processing of the alluvial materials in the proposed reservoir 
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borrow area. Another potenti al source was reveal ed by test pi t B-4 located 
north of the proposed reservoir borrow. The material encountered in this test 
pit was a poorly-graded fine to medium sand, containing 30 percent silt fines 
(SM). Further investigation of this area would be required to detennine if 
this is a viable source. 

Slope Protection 
This zone provides erosion protection to the upstream shell zone against wave 
action in the reservoir. The zone is typically made up of cobble and boulder 
size (6 to 24 inch) material, known as riprap, capable of withstanding forces 
exerted by waves without displacement. The specific size distribution of the 
ri prap is a functi on of the wave acti on that a desi gn wi nd and reservo; r 
combination is capable of producing. The material comprising this zone should 
be reasonably sound and durable. 

A single layer of riprap, 2-feet thick measured nonnal to the slope, was 
incorporated into the preliminary embankment design. The riprap would extend 
from the dam crest down to an elevation 5 feet below the reservoir dead pool 
elevation. Using this configuration, approximately 12,000 yd3 of good 
quality riprap would be required. 

Because the sandstone at the si te appears to be of poor qual i ty for use as 
riprap, it may be necessary to provide a thicker slope protection zone and 
accept deteri orati on of the rock fragments wi th time. Rock excavati on from 
the foundati on cutoff, abutment shapi ng, and spi 11 way excavati on coul d be 
uti 1 i zed in an upstream rock fragment zone. Thi s woul d also reduce costs 
sl i ghtly, si nce thi s materi al must be excavated regardl ess of whether it is 
used or wasted. Thus, the quantity of gravel shell material could be reduced. 

The downstream face of the embankment waul d be mulched and seeded to provi de 
grass cover erosion protection. 

EMERGENCY SPILLWAY - DAM BREACH ANALYSIS 

Procedure 
The size of the emergency spillway was approximated for four levels of design 
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floods. The floods were routed through the reservoi r under two condi ti ons-
one with the design flood, and another with a dam breach. The spillway width 
was establ i shed by usi ng a constant uni t di scharge and roundi ng the wi dth to 
the nearest five feet. The maximum reservoir level was determined during the 
routi ng and at 1 east one foot of freeboard was added to establ ish the dam 
crest. The intention was to optimize the spillway width and surcharge 
combination by comparing costs. However, the dam design effort was terminated 
before this activity was completed. 

Computati on of vari ous desi gn flood 1 eve 1 s was descri bed in the Phase I 
report. These floods were routed through the reservoi r to determi ne flood 
stages at selected locations below the reservoir. Cross-sections, at several 
critical locations below the dam, were surveyed for use in the flood routing. 
The location of these sections, shown on Figure 5, were at ranch headquarters, 
bridges, and farmsteads. 

Desi gn flood sel ecti on cri teri a is a dynami c process whi ch is constantly 
changing. New meteorological approaches and dam safety hazards are two areas 
produci ng changes. No cri teri a have been establ i shed for Wyomi ng and each 
site is analyzed independently. Thus, the reason for evaluating four design 
flood 1 evel s. 

The four desi gn floods were routed through the reservoi r wi th the resul ts 
shown on Figure 6. This indicates the flood stage at various selected points 
below the reservoir. Routing of the floods without a reservoir was also 
accomplished to establish a baseline under existing conditions. 

Dam safety guidelines require a breach analysis to be made of the dam. 
Unfortunately, there is alack of agreement on the dam breach method to be 
used, and on data from actual dam breach failures. There is support for using 
a dam breach flood peak which just exceeds the design flood. This is the 
minimum flood which will cause the dam to fail due to overtopping and 
breachi ng. However, there is al so support for usi ng the PMF as the breach 
flood, although the probability of occurrence is much less. 
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Severa 1 factors ; nfl uence the breach computati on, the most cri ti cal of whi ch 

are the time it takes the breach to occur and the shape of the breach 

opening. A model has been developed which incorporates physical factors into 

a breach computation. These factors incl ude material properties of the dam 

such as median grain size, unit weight, friction angle, dam height, top width, 

dam slopes, reservoir capacity, and outlet capacity. The model computes the 

rate of breach formation, geometry of the breach opening, and resulting 

outflow hydrograph. 

Results 

The resul ts of the breach model were plotted on the profi 1 e of those cri ti cal 

cross-sections below the dam. This provided an indication of the significance 

of the dam breach at the vari ous flood 1 evel s. Al though some cross-secti ons 

were surveyed, other val ues were interpol ated, and the accuracy rel ati ve to 

flood stage and property locations is only approximate. Because of the 

assumptions used in the design flood computation and the breach development, 

the resul ts 1 ikely represent a uhi gh si de" case. The resul ts for the three 

critical cross sections are shown in Figures 7, 8, and 9. 

Interest in eva 1 uati ng incremental damages for di fferent 1 eve 1 floods was 

expressed by the Wyoming State Engineer. An initial approach was made at 

analyzing this condition. The results are shown in Table 3 and indicate the 

desi gn flood 1 evel is between the 10,000 year frequency and the 1/4 PMF. A 

compl ete di scussi on of the flood routi ng and dam breach analysi s appears ; n 

Append; x H. 

OUTLET WORKS AND PRINCIPAL SPILLWAY 

No changes were made in the out' et works and pr; nCipal spi 1 1 way s; ze and 

location from that shown in the Phase I report. The outlet works was sized to 

di scharge the maximum monthly requ; rement at mi n;mum reservoi r water surface 

el evati on 6337. The outlet capacity increases to 215 cfs at top of i nact; ve 

pool elevation 6365. 

The principal spillway will consist of an overflow weir discharging into a wet 

well structure which utilizes the same conduit as the outlet works. Three 

feet of surcharge storage above the spi 11 way wei r, to the invert of the 
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emergency spillway, will contain the 100-year flood volume. The overflow weir 
wi 11 di scharge 100 cfs at three feet of head and automati cally pass the 
100-year flood volume. 
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========================================================================================== 

TABLE 3 
DESIGN FLOOD ROUTING RESULTS 
GOOSEBERRY LEVEL III PROJECT 

========================================================================================== 

FLOOD LEVEL 
OR 

CONDITION 

10,000 yr. 
10,000 yr. (Res) 
10,000 yr. (Breach) 

1/4 PMF 
1/4 PMF (Res) 
1/4 PMF (Breach) 

1/2 PMF 
1/2 PMF (Res) 
1/2 PMF (Breach) 

PMF 
PMF (Res) 

RESIDENT/IAL 
DAMAGEL!. 
Section 

A 2 4 

None None None 
None None None 
None 21 61 

None None Slight 
None None None 
6" 41 

None None 
None None 
1811 51 

None 12" 
None None 

8 1 

3 1 

18" 
10 1 

7 1 

6 1 

LOSS OF LIFE 
POTENTIALil. 
Section 

A 2 4 

L 

L 

L 

L 

L 

M 

M 

L 

I~ 

M 

M 

L 

L 

M 

L 

L 

M 

L 

L 

M 

M 

M 

L 

L 

M 

L 

L 

H 

L 

L 

H 

H 

M 

RESERVOIR
3 COST_I 

7,750,000 

8,350,000 

9,330,000 

11,480,000 

INCREMENTAL 
COST 

600,000 

980,000 

2,150,000 

========================================================================================== 

(Agri cu1 tural damages were assumed to be constant. Thi s woul d not always be true wi th 
regard to fences, haystacks, etc., but data were not available.) 

L! Approximate depth of water in resi dence. No attempt was made to assi gn monetary 
values because of a lack of knowledge regarding residence size, age, value, etc. 

/2 Potential shown as L - Low, M - Moderate, H - High. Low generally indicates depths 
below 4 ft., except in cases where the flow depths and velocities in the adjacent 
floodplain were judged to present hazards, e.g., sections A and 2. High indicates 
depths over 6 ft. 

/3 Costs based on the unit costs derived with adjustments for outlet works and spillway. 
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IV. COST ESTIMATES 

The preliminary construction cost estimate was derived from a 37-bid item list 
representi ng quanti ti es cal cul ated for maj or work i terns necessary to construct 
the proposed project. Uni t costs were assi gned to each bi d i tern based on 
recent bids for heavy construction work in the western United States and MKE's 
experience with work in the Rocky Mountain region. Table 4 is a list of the 
bid items, quantities, unit costs, and total cost per item. The total 
preliminary construction cost estimate is shown at the bottom of the table. 
Tabl e 5 is ali st of simi 1 ar heavy constructi on projects for whi ch cost 
abstracts were obtained and used in estimating the construction cost of the 
proposed project. Unit costs for many bid items can span a wide range. The 
unit costs presented in Table 4 were selected using judgment considering the 
quantities, project location, complexity of construction, and economic 
conditions of the region. 

The bid item list reflects the quantities of the PMF/4 project design. 
Quantities associated with the embankment zones, founrlation excavation, 
spillway excavation, and outlet works length change for the various inflow 
design floods considered. At this stage, the other items in the bid list were 
assumed to remain fa i rl y constant in re 1 ati on to the maj or quantity i terns 
mentioned above. 

Figure 10 presents the total construction cost for each major component of the 
project, and demonstrates how these costs vary wi th the i nfl ow desi gn flood 
size. The embankment construction cost in this figure reflects not only each 
zone cost, but also the costs required for foundation excavation and all other 
miscellaneous bid items not included in the spillway and outlet works. As can 
be seen from the fi gure, the total embankment and outl et works constructi on 
costs do not vary greatly with the design flood levels. However, the spillway 
cost rises exponentially with increasing inflow design floods. The magnitude 
of each i nfl ow design flood versus the total project constructi on cost is 
shown on Figure 11. 
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========================================================================================= 

TABLE 4 
PRELIMINARY CONSTRUCTION COST ESTIMATE FOR PMF/4 PROJECT DESIGN 

GOOSEBERRY LEVEL III PROJECT 
========================================================================================= 

ITEM DESCRIPTION QUANTITY UNIT COST/UNIT COST 

1 Mobilization and Demobilization 1 LS x 500,000 = 500,000 
2 Diversion and Care of Stream 1 LS x 50,000 = 50,000 
3 Foundation Dewatering 1 LS x 200,000 = 200,000 
4 Clearing and Grubbing 100 ACRE x 800.00 = 80,000 
5 Stripping Dam Site and Borrows 100,000 CY x 1.00 = 100,000 
6 Access Roads 1 LS x 52,000 = 52,000 
7 Guard Rails 500 LF x 12.00 = 6,000 
8 Instrumentation 1 LS x 40,000 = 40,000 
9 Seeding 25,000 SY x 0.1 ° = 2,500 

10 Dam Foundation Excavation; Common 550,000 CY x 2.00 = 1,100,000 
11 Dam Foundation Excavation; Rock 6,000 CY x 10.00 = 60,000 
12 Zone 1 Core; Excavate and Place 146,000 CY x 4.00 = 584,000 
13 Zone 2 Shell; Excavate and Place 660,000 CY x 3.00 = 1,980,000 
14 Zone 3 Bulk Fill; Placement 126,000 CY x 0.50 = 63,000 
15 Zone 4 Filter; Excavate, Process 34,000 CY x 10.00 = 340,000 

and P1 ace 
16 Zone 5 Drain; Excavate, Process 33,000 CY x 10.00 = 330,000 

and P1 ace 
17 Zone 6 Transition; Excavate and 53,000 CY x 3.00 = 159,000 

Pl ace 
18 Zone 7 Slope Protection; Excavate 12,000 CY x 13.00 = 156,000 

and Place 
19 Excavation for Dental Concrete 150 CY x 50.00 = 7,500 
20 Dental Concrete 150 CY x 70.00 = 10,500 
21 Slush Grouting 10,000 CF x 5.00 = 50,000 
22 Foundation Cleanup 7,000 SY x 5.00 = 35,000 

23 12-Inch HOPE Perforated Drain Pipe 200 LF x 20.00 = 4,000 
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========================================================================================= 

TABLE 4 (Page 2) 
PRELIMINARY CONSTRUCTION COST ESTIMATE FOR PMF/4 PROJECT DESIGN 

GOOSEBERRY LEVEL III PROJECT 
========================================================================================= 

ITEM 

24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 

36 
37 

DESCRIPTION 

Mobilization and Demobilization for 
Pressure Grouting 

Furnish and Place Metal Pipe 
Drill Set-Ups 
Drilling Grout Holes 
Coring NX-Size Check Holes 
Casing Grout Holes 
Hook-Ups to Grout Holes 
Pressure Grouting Foundation 
Furnish and Handle Cement for 

Pressure Grouting 
Water Tests in Grout Holes 
Spillway Excavation; Common 
Spillway Excavation; Rock 

(In excess of 15,000 used for 
riprap) 

Careful Blasting; Spillway 
Outlet Works Structure 

QUANTITY 

1 

3,500 
330 

18,000 
1,800 
1,800 
1,100 
9,000 
9,500 

1 ,100 
13,000 
28,000 

2,350 
1 

UNIT 

lS x 

lBS x 
EA x 

IF x 

IF x 
IF x 

EA x 

BAGS x 
BAGS x 

EA x 
CY x 
CY x 

SY x 
lS x 

COST/UNIT 

30,000 = 

1.00 = 
25.00 = 
12.00 = 
20.00 = 
10.00 = 

25.00 = 
10.00 = 

5.00 = 

20.00 = 
2.00 = 

10.00 = 

COST 

30,000 

3,500 
8,250 

216,000 
36,000 
18,000 
27,500 
90,000 
47,500 

22,000 
26,000 

280,000 

20.00 = 47,000 
825,000 = 825,000 

SUBTOTAL 7,586,250 
+ 10% CONTINGENCY 758,625 

TOTAL 8,344,875 
========================================================================================= 
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=============================================================================== 
TABLE 5 

LIST OF COST ABSTRACTS 

=============================================================================== 

PROJECT STATE YEAR 

Strontia Springs Dam Colorado 1979 

Spinney Mountain Dam Colorado 1980 

Windy Gap Project Colorado 1981 

Willow Creek Dam Oregon 1981 

Sultan Dam Washington 1982 

Ridgway Dam Colorado 1982 

Winchester Reservoir Kentucky 1983 

Upper Stillwater Dam Utah 1983 

Middle Fork Dam Colorado 1984 

Galesville Dam Oregon 1984 

San Justo Dam California 1984 

Brantley Dam New Mexico 1984 

Colorado Department of Highways Colorado 1985 

Pactola Dam Modification South Dakota 1985 

Jackson Lake Dam Modification Wyoming 1986 

Spring Creek Dam Rehabilitation Colorado 1986 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
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A contingency of 10 percent of the preliminary construction cost estimate was 
i nc1 uded in the total cost. Thi s conti ngency represents un1 i sted bi d ; terns 
and unknown factors that might impact construction. 
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v. COMPARISON WITH FEASIBILITY ESTIMATE 

Resul ts of the geotechni cal i nvesti gati ons descri bed earl i er in thi s report 
necessi tated modi fi cati ons to the feasi bi 1 i ty desi gn of the proposed Upper 
Gooseberry Dam. A major design change was the foundation preparation for the 
dam. Extensive low density silt layers of varying thickness scattered 
throughout the foundation would require removal prior to placing the 
embankment. The total vol ume of overburden excavati on necessary to remove 
this material is 550,000 yd3• The similar volume estimated for the 
feasibility design was 115,000 cu yds. 

The geometry of the dam core was changed primarily because of a limited amount 
of impervious material. This decreased the amount of core material required, 
but increased the size of the shells. This did not have a significant impact 
on the cost because the uni t cost of the core was sl i ghtly hi gher than the 
unit cost of the shell. Refinements in the filter and drain provisions of the 
latest design increased the cost slightly. 

An item whi ch increased the cost si gni fi cantly was the need for foundati on 
grouti n9. Geotechni ca 1 ana 1ysi s duri ng the Phase I dri 11 i ng i ndi cated the 
penneability of the bedrock was fairly low. Only a minor amount of grouting 
on the abutments and obvious discontinuities along the foundation was 
recommended. However, the presence of several stress relief joints was 
observed during Phase II exploration, indicating the need for a more extensive 
grouti ng program. A si te vi si twas a1 so made to Lower Sunshi ne Dam and 
Reservoir, where extensive seepage around or under the dam was observed. This 
site is similar geologically to the Upper Gooseberry site and the seepage 
amount dictates a need to try and sal vage as much water as possib1 e at the 
Gooseberry si tee 

Another item whi ch increased the project cost was the emergency spi 11 way. 
Earl i er estimates and geol ogi c assumpti ons duri ng Phase I expl orati on p1 aced 
the spillway invert in bedrock, just upslope from the right end of the dam 
crest. Additional geotechnical exploration indicated a much greater colluvium 
cover over the bedrock at this location. The result was the necessity to move 
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the spi llway farther upslope so the channel cou1 d be founded in the bedrock. 
This would require additional excavation of rock and overburden. 

A comparison of several parameters for the two design level dams is shown in 
Table 6. The feasibility estimate was for a dam having a design flood of 1/2 
PMF, and thus the values are slightly larger than a 1/4 PMF design would have 
been. The increase in embankment volume shown for the latest design is mainly 
the result of the additional excavation for the foundation. 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
TABLE 6 

COMPARISON OF PARAMETERS 
GOOSEBERRY LEVEL III PROJECT 

=============================================================================== 

DESIGN LEVEL 

Feasibility 

Preliminary Final 

FOUNDATION 
EXC. (yd3) 

115,000 

550,000 

TOTAL EMBANKMENT 
VOLUME (yd3) 

860,000 

1,050,000 

COST ESTIMATE 
($ x 106) 

5.0 

8.3 

--------------------------------------------------------------------------------------------------------------------------------------------------------------

The cost increase is primari ly the resu1 t of the three maj or items menti oned 
previously. These are: 

1. The additional excavation and subsequent placement of embankment 
necessitated by the presence of extensive silt lenses in the dam 
foundation. 

2. Grouting to minimize seepage losses through the abutments and 
foundation. 

3. Relocation of the emergency spillway further upslope to intersect the 
bedrock in the right abutment. 
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VI. CONCLUSIONS 

Foundation conditions at the damsite are not as conducive to construction as 
originally estimated. Extensive layers of low density silt necessitated 
design changes which substantially increased construction cost estimates. 

Sufficient material is available within the vicinity of the proposed site to 
construct the dam, with the possible exception of good quality sands and 
gravels for filters and drains. 

The desi gn flood whi ch does not aggravate the natural condi ti ons, or when 
routed provides some improvement during flooding, is the flood having a 
magnitude of 1/4 PMF. Some damage during a possible dam breach is likely, but 
this is the case under all design flood scenarios, except the PMF. However, 
the PMF woul d create damage duri ng routi ng and have a hi gh potenti a 1 for 
causing loss of life. 

The estimated cost of constructi on of a dam at the Upper Gooseberry si te is 
nearly $2000 per acre foot of storage. Consi derabl e carryover storage is 
required and the annual yield is about one-third the storage volume, resulting 
in an annual cost per acre-foot of yi el d of over $240. Thi sis beyond the 
present capability of agriculture to repay. 

Topographically, the Upper Gooseberry Dam site is at least equal to any other 
si te analyzed duri ng the study. One si te just upstream from the upper si te, 
sometimes referred to as the Bureau si te, has a crest 1 ength about 200 feet 
shorter than Upper Gooseberry. However, this site is above Red Creek and has 
a drainage area 5 percent less than the upper site. 

The most obvious overall conclusion reached during 
investigation is the need for an additional water supply. 

the Gooseberry 
Some means of 

bringing water into the basin should be identified and evaluated. 
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