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INTRODUCTION 

The Worthen Meadows Reservoir is located on the east slope of the Wind River Range 
about 15 miles southwest of Lander in Fremont County, Wyoming, as shown in Figures 1 
and 2. The reservoir is owned by the City of Lander and is used as a supplemental municipal 
water source. The reservoir dam was constructed in 1958 and is a zoned earthfill embank
ment consisting of two main sections. The total length of the main embankments is about 
917 feet. In addition, there is a spur dike extending about 200 feet from the southeast end 
of the dam. The maximum height of the dam is 43 feet above the streambed. The dam im
pounds Roaring Fork Creek and the total reservoir storage is 1500 acre-feet with the water 
surface at the crest of the service spillway. 

Historically, Worthen Meadows Dam has been stressed on two known occasions. The 
dam embankment and spillway were subjected to a significant flood event in 1963. A por
tion of the downstream toe received some erosion damage during this flood. Undocumented 
construction efforts were conducted to mitigate the damage caused by the 1963 flood. The 
other event was the magnitude 5 South Pass City earthquake of November 1984 which may 
have caused cracking along the crest of the main dam. 

The location of the reservoir upstream of the City of Lander creates a significant hazard 
to the city in the event of dam failure. In order to evaluate the hazard, the City of Lander 
commissioned a study by Greguras Consulting Engineers, Inc., in 1986. The Greguras study 
indicated that the dam has insufficient spillway capacity and suggested that the dam embank
ment may be unsafe. 

Based on the findings of the Greguras study, the City of Lander made application to the 
Wyoming Water Development Commission (WWDC) in the fall of 1986 for a Level II 
Feasibility Study of the Worthen Meadows Reservoir. The original application con
templated a complete hydrologic analysis and damage evaluation as well as a thorough 
geotechnical analysis of the dam and development of a detailed rehabilitation plan. Due to 
funding limitations, the WWDC divided the Level II study into two phases. The Phase I 
study was completed in November, 1987, and evaluated the impact of major floods on the 
reservoir and estimat~d the damage downstream in Lander. This Phase II study includes a 
comprehensive geotechnical evaluation of the existing dam and provides Level II prelimi
nary designs for spillway and dam improvements as required. 

The Water Development Commission retained ARIX Corporation to provide profes
sional engineering services for these Level II studies. ARIX, in conjunction with ESA Con
sultants and Inberg-Miller Engineers, entered into a contract with the Water Development 
Commission on June 17, 1987, and was authorized to proceed with the Phase II study of this 
project in May, 1988. 
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STUDY PURPOSE AND SCOPE 

The purpose of this Phase II study is to develop a preliminary design and cost estimate 
for rehabilitation of the Worthen Meadows Dam and Reservoir. The study consists of a 
comprehensive geotechnical evaluation of the dam and related structures; a rehabilitation 
plan to address deficiencies in the spillways, dam embankment, dam foundation, seepage 
and outlet works; and a preliminary design of the improvements. The study will provide the 
basis for funding and final design of the rehabilitation improvements. The services provided 
in the study include the following: 

Detailed evaluation of the surface geology. The Worthen Meadows Dam and Reservoir 
site was mapped to locate and describe surface features such as lake bed deposits, glacial 
outwash deposits, glacial moraine deposits and alluvial deposits. 

Analysis of seismicity and faulting. The Wyoming Foreland seismotechtonic province was 
studied to identify the location and magnitude of suspected active faults, and the pattern of 
historic earthquakes in the region. A design earthquake for the maximum credible event 
(MCE) was developed for both a random occurrence and semi-random occurrence of fu
ture earthquakes. 

Subsurface field exploration and laboratory testing. Field exploration was performed at 
Worth ern Meadows Dam by the combined efforts of ESA Consultants and Inberg-Miller 
Engineers. This exploration included drilling 18 soil borings, installation of six piezometers 
excavation of 20 test pits, in place density testing and collection of laboratory samples. Ad
ditional data from a previous study by Greguras Consulting Engineers was reviewed and 
used as appropriate. The laboratory testing program was designed by ESA to provide soil 
index properties and strength data for use in the various analyses. The embankment and 
foundation soils were evaluated primarily for strength characteristics, potential liquefaction, 
and permeability. All tests were performed by Inberg-Miller Engineers. 

Geotechnical Analysis. The geotechnical analysis included: Evaluation of seepage 
through the embankment and foundation using reservoir level data, piezometer data, flume 
data and finite element modeling of the dam embankment; static stability analysis including 
rapid drawdown conditions; liquefaction analysis of foundation soils during the design 
earthquakes; and post-cyclic stability analysis of the embankments and their foundations 
under conditions modeling the time immediately following the earthquakes. 

Evaluation of existing dam and appurtenances. The existing condition of the dam em
bankments, service spillway, and outlet pipe was evaluated as to design, physical condition, 
and geotechnical stability. The effects of the South Pass City earthquake were evaluated. 
A visual inspection was made of the entire length of the outlet pipe. 

Rehabilitation Plan. Five rehabilitation alternatives were evaluated to determine the 
most cost-effective combination of spillway width, spillway location, dam height and em
bankment configuration. 
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Preliminary Design. A preliminary design and cost estimate was developed for improve
ments to the spillways, embankments, and outlet works. The improvements were 
designed to enable the dam to be stable under static and earthquake conditions and to 
pass the PMF safely. The preliminary plan is shown in Figure 3. 

FINDINGS 

• The only significant adverse geologic condition at the Worthen Meadows Dam and 
Reservoir site involves relatively low density glacial outwashllakebed deposits in the 
main dam and dike foundations. This condition is discussed below in terms of seis
mic stability. The site is not subject to landsliding of the reservoir rim or surface 
fault rupture. 

• Seepage in the foundation of the main dam and dike, although locally significant, 
does not pose an immediate hazard to the safety of the structures under the driving 
head of the current normal reservoir pool. Seepage analyses indicate that the lower 
portion of the downstream shell of the main dam is saturated. However, this condi
tion does not significantly impact slope stability. No evidence of internal erosion 
(piping) of the embankments or their foundations was observed or suggested by the 
analyses. 

• The main dam and secondary dike and their foundations are stable against sig
nificant slope failures under static (non-earthquake) loadings. Analyses indicate 
that factors of safety against sliding are well in excess of recognized criteria. Minor, 
surficial erosion and sloughing occur on the downstream face of the main dam and 
on a spoil fill below the southeast end of the main dam. However, these conditions 
do not impact the safety of the dam at present. 

• The embankments and their foundations have been analyzed for stability when sub
jected to ground shaking from two design earthquakes. These design events repre
sent potential future loadings from a magnitude 5.5 earthquake at either 5 km (3 
mi) or 9 km (6 mi) from the site. These two distances were analyzed to accom
modate unavoidable uncertainties in the probabilistic analyses of historic seismicity 
which led to selection of the design earthquakes. The conclusion of the analyses is 
that the existing embankments and their foundations will perform adequately under 
the more distant design event, but not under the closer event. Given the sensitivity 
of the results to this relatively minor difference in assumed location for only a 
moderate earthquake, remedial measures (summarized below) are recommended 
to accommodate potential future earthquake loadings. 

• Riprap on the upstream slopes of the dam near the crest is locally deficient or ab
sent. 

• The 36-inch outlet pipe is in good condition. The pipe barrel shows no signs of 
cracking or deterioration. The pipe joints are tight and well aligned. There is no ap-

-5-



parent groundwater seepage entering the pipe. There is about 0.4 cfs of seepage 
which enters through the upstream gate. The pipe shows no sign of damage from 
the 1984 earthquake. 

• The riprap on the service spillway is not adequate to prevent erosion damage from 
major floods including the PMF. 

• The existing emergency spillway and service spillway do not have the capacity to 
handle major floods induding the PMF. 

RECOMMENDATIONS 

• Construction of a downstream berm over the toe of the main dam is recommended 
to mitigate the potential for slope failure during the design earthquake. 

• Significant enlargement of the existing dike section is recommended to provide a 
wide crest and substantial freeboard. These measures are intended to accom
modate significant potential distortion of the dike during the design earthquake 
without release of reservoir storage. 

• In conjunction with the above structural measures, positive control of existing foun
dation seepage, and potential embankment seepage is recommended. These 
measures can be incorporated into the design of the dam berm and dike enlarge
ment at relatively minor cost. 

• The upstream riprap of the main dam and dike should be repaired and extended to 
provide protection from wave erosion during storm events up to the 100-yr flood. 

• The existing monitoring of the piezometers and Parshall flume by the City of 
Lander should be continued. The historical frequency of readings is adequate. In 
addition, the existing surface survey markers on the crest and downstream slope of 
the main dam should be re-surveyed twice each year, once in the spring after snow
melt and once during the late fall when access is still available. The need for sup
plemental instrumentation andlor a revised monitoring schedule should be 
evaluated during final design of remedial measures. 

• The primary dam, secondary dike and spur dike embankments should be raised to 
elevation 8830 to provide the spillway capacity required to pass the PMF. 

• A 180 foot wide emergency spillway should be constructed at the site of the existing 
borrow area on the north side of the reservoir. The crest elevation should be 8823 
so that the spillway will only be used for floods greater than the 100-year flood. The 
required excavation volume is 47,900 C.Y. The capacity of the spillway is 8200 cfs 
with the reservoir water surface elevation at 8829.5. 

• The existing emergency spillway at the southeast corner of the dam should be 
widened to a width of 100 feet. The crest elevation should be 8823. The required 
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excavation volume is 1700 C.Y. The capacity of the spillway is 5200 cfs with the 
reservoir water surface at 8829.5. A cutoff wall should be provided to stop erosion 
from cutting upstream toward the reservoir. A washout berm should be provided at 
the entrance to the spillway with crest elevation of 8826 to limit flows in the spillway 
to major floods. This will protect the downstream Forest Service access road. 

• The existing service spillway should be protected from erosion in the steep portion 
of the spillway with grouted riprap and concrete cutoff walls. A spur dike should be 
constructed at the entrance to provide a smooth flow transition from the reservoir 
to the spillway. 

• The 36-inch outlet pipe should be extended and a new outlet structure should be 
constructed to accommodate the remedial embankment at the downstream toe of 
the dam. The existing flow measurement weir near the outlet of the 36-inch pipe 
should be replaced. 

• The dam embankments should be protected from erosion with riprap on the 
upstream face, at the downstream toe near Roaring Fork Creek and along the north 
side of the southeast spillway. 

The total cost of the recommended improvements is $1,251,000 which includes construc
tion, 15% construction contingency, permitting, design engineering, and construction 
management. A detailed breakdown of the cost is listed in the attached table. 

A cost estimate was developed for breaching the dam for comparison with the cost of 
the rehabilitation work. The cost for breaching the dam including capital costs and lost water 
value is $2,606,000. 
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LANDER REHABILITATION PROJECT 
PRELIMINARY PLAN COST ESTIMATE 

Item No. Description 

1. Mobilization 

2. Clear and Grub Timber 

3. Clear and Grub Grass and Brush 

4. North Emergency Spillway Excavation 
incl. Haul to Embankment Site 

5. South Emergency Spillway Excavation 
incl. Haul to Embankment Site 

6. Primary Dam Embankment, Secondary 
Dike Embankment, Spur Dike Embank
ment Including Placement and 
Compaction 

7. Service Spillway Grouted Riprap 

8. Riprap Embankment Protection 

9. Filter Material 

10. Service Spillway Concrete Cutoff Walls 

11. Southeast Emergency Spillway Concrete 
Cutoff Wall 

12. Outlet Structure 

13. 36-inch R.C. Outlet Pipe 

14. Gravel Access Road 

15. Seeding 

Unit Quantity Unit Price 

L.S. 

Ac. 

Ac. 

C.y. 

C.y. 

C.y. 

C.y. 

C.y. 

C.y. 

C.y. 

C.y. 

C.Y. 

L.F. 

S.Y. 

Ac. 

$ $ 

1 4,000.00 

7 1,500.00 

47,900 4.50 

1,700 10.00 

42,000 4.50 

1,900 70.00 

1,500 40.00 

5,600 16.00 

51 300.00 

37 300.00 

50 500.00 

16 140.00 

3200 3.50 

12 1,000.00 

Total Price 

75,000 

4,000 

10,500 

215,550 

17,000 

189,000 

133,000 

60,000 

89,600 

15,300 

11,100 

25,000 

2,240 

11,200 

12,000 

Subtotal Construction Cost ............................ $ 870,490 

Construction Contingency (15%) ........................ 130,510 

Total Construction Cost .............................. $ 1,001,000 

PermIttIng ..................................... . 

D . E' . eSIgn ngineering ............................... . 

50,000 

100,000 

Construction Management (10% of Construction Cost) ........... 100,000 

TOTAL COST ESTIMATE ... . . . . . . . . . . . . . . . . . . . . . . . . . $ 1,251,000 
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