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EXECUTIVE SUMMARY 

INTRODUCTION 

The Lander Rehabilitation project consists of a Level II Feasibility Study of 
Worthen Meadows Reservoir located near Lander, Wyoming as shown in Figure 1. 

Worthen Meadows Reservoir is an earthfilled embankment dam constructed in 1958 
and is owned by the City of Lander. The embankment was constructed in two 
segments, and has an overall length of 1,020 feet and a maximum height of 46 
feet. The reservoir is designed to impound over 1,500 acre-feet of mountain 
snow melt runoff water in Roaring Fork Creek for use as a supplemental source 
of municipal water supply for Lander. Roaring Fork Creek is tributary to the 
Middle Fork of the Popo Agie River which flows through Lander. The reservoir 

and stream channels are shown in Figure 2. 

The dam embankment and spillway were subjected to a significant flood event in 
1963. A portion of the downstream toe received some erosion damage during this 
flood. Undocumented construction efforts have been conducted to mitigate the 
damage caused by the 1963 flood. File documents indicate that cracking along 
the crest of the main dam and a new area of seepage were noted shortly after 
the magnitude 5.3 South Pass City earthquake of November 1984. Present 
documentation is inadequate to fully evaluate the correlation of the reported 
distress due to the earthquake, or to assess the potential hazard to the site 
from future earthquakes. 

The Corps of Engineers and the Wyoming State Engineer's Office have conducted 

previous inspections of the dam embankment. The findings confirm the symptoms 
of an underflow problem and rate the dam as a "potential hazard". 

Due to these events and previous investigations, the City of Lander 
commissioned a study by Gregarus Consulting Engineers, Inc. in 1986. The 
Gregarus study indicated that the dam has insufficient spillway capacity and 
suggested the dam embankment may be unsafe. 
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Based on the findings of the Gregarus 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 contemplated a complete hydrologic analysis and damage 
evaluation as well as a thorough geotechnical analysis of the dam and 
development of a detailed rehabilitation plan, if required. Due to funding 
limitations, the WWDC divided the Level II study into two phases. This Phase 
I study evaluates the impact of major floods on the reservoir and estimates 

damage downstream in Lander. The Phase II study, if authorized, will include 

a comprehensive geotechnical evaluation of the existing dam and provide Level 

II designs for spillway and dam improvements as required. 

The Water Development Co~nission retained ARIX Corporation to provide 

professional engineering services for these Level II studies. ARIX entered 
into a contract with the Water Development Commission on June 17, 1987 and was 
authorized to proceed with the Phase I study of this project. The results of 
thi s study are presented in thi s Executi ve Summary and ina full report u'nder 

separate cover. 

STUDY PURPOSE AND SCOPE 

The Phase 1 Study includes detailed hydrologic and hydraulic analyses of 

major floods on the Worthen Meadows Reservoir Drainage Basin; analyses 

resultant damage to developed areas downstream in Sinks Canyon and the City of 
Lander, and provides estimated costs to implement necessary reservior 

improvements. The purpose of this Phase 1 Study is to compare the cost of flood 
damage in Lander (with the dam in its present condition and with improvements 
made to the dam) to the cost of the improvements. These analyses should 

provide the basis for determining a design flood for Worthen Meadows Reservoir 

and also provide a basis for further evaluation of potential improvements to 

this facility. The services provided in this Phase 1 Study include the 

following: 

Analyze existing spillway capacity. Cross section surveys were made 
of the existing spillway and computer modeling was conducted to determine 
the capacity of the existing spillway. A stage-discharge curve has been 

prepared for the existing spillway. 
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pevel~2._~_e~_i_g_n __ ~y_~r_~Q.t:..~pl1_s_. The Probable Maximum Percipitation (PMP) 
is developed for the drainage basin above Worthen Meadows Reservoir. Using 

the PMP data the resultant Probable Maximum Flood (PMF) flows are routed 

from the drainage basin into Worthen Meadows Reservoir. 

Exi~ti~9~am~ailure An~~~~. Based upon physical data of the dam at 
Worthen Meadows Reservoir and using computer modeling, a dam failure 
analysis has been conducted for all required flood flows included in this 

study. 

Downstream Routing to Lander. Cross sectional surveys were conducted 

for Roaring Fork Creek and Middle Fork of the Popo Agie River from Worthen 

Meadows Reservoir downstream to the City of Lander. Additional cross 

sectional surveys were conducted in the vicinity of the Frye Lake diversion 
from Roaring Fork Creek (downstream from Worthen Meadows Reservoir). Using 
the cross sectional survey data, computer modeling of the various flood 
flows at Worthen Meadows Reservoir was done to route the flows in the 

existing channel downstream to Lander. 

I nc r_e..!l1en tal Damage Anall_~~' Based upon val ves of developed property 

in Sinks Canyon and the City of Lander, damage valves are computed for the 

flood events. The incremental damage is the difference in damage valves 

(for the flood events) between the existing dam and an improved dam. 

FINDINGS 

Wyoming uses the Army Corp of Engineers' system for hazard classification of 
dams. The classification is based on the height of the dam, the storage 
impounded, and down stream hazard potential. Based on physical data for the 
dam and down stream development, the Worthen Meadows Reservior would be sized 

as intermediate and would be classified as high hazard (loss of life - more 
than a few). This hazard classification suggests that the facility be 
designed to accomodate the PMF flood event. 

The hydrologic analyses performed included routing three different flood 
events from the Worthen Meadows Resevior drainage basin through the reservior 
and downstream to developed areas in Lander. Results of the hydrologic 
analyses are presented in Table 1. 
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TABLE 1 

SUMMARY OF 
HYDROLOGIC FLOOD ROUTING 

WORTHEN MEADOWS RESERVOIR 
LANDER, WYOMING 

Peak Inflow at Reservoir (cfs) 

Total Volume of Inflow Hydrograph 
(Ac. Ft.) 

Time of Dam Failure or Peak 
Outflcw (hrs. from start of 
rainfall) 

Pea~< Outflow from Reservoi r (cfs) 

Peak Discharge at Lander (cfs) 

Time of Peak Discharge (hrs. from 
start of rainfall) 

Travel Time of Hyd"'ograph Peak 
(hrs.) 

T,,'ave 1 Ve 1 oc i ty of Hydrogt~aph Peak 
(mi 1 es pel' hour) 
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PMF 1/2 PMF 1/4 PMF 
EXIST. EXIST. EXIST. 
DAM PM F DAM DAM 
(with (adequate (adequate (adequate 
breach) spillway spillway/ spillway/ 

17,160 

26,543 

32.8 

32,404 

26,132 

34.7 

1.8 

7.5 

no dam) no dam) 

17,160 8,529 

26,543 13,983 

48.0 48.2 

17,140 8,484 

17,104 8,434 

49.5 50.3 

1.5 2.0 

9.1 6.8 

4,234 

4,177 

48.5 

4,050 

3,980 

51.3 

2.8 

4.9 



These various flood events were maped through the developed areas of Sinks 

Canyon and the city of Lander. Based upon levels of inundation for the 

various flood events, estimates of property damage were made. Incremental 
damage was determined by comparing damage from various floods for the existing 
reservior with damage from an improved reservior passing the various floods. A 
comparison is provided of the incremental damages and the estimated cost for 
dam improvements for each flood event in Table 2. 

FLOOD EVENT 

FULL PMF 

1/2 PMF 

1/4 PMF 

SUMMARY 

TABLE 2 

INCREMENTAL DAMAGE SUMMARY 

FLOOD DAMAGE 
EXISTING DAM IMPROVED DAM 

$7,420,000 $4,210,000 

$7,420,000 $2,440,000 

$7,420,000 $1,030,000 

INCREMENTAL 
DAMAGE 

$3.210,000 

$4,980,000 

$6,390,000 

COST FOR 
IMPROVEMENTS 

$2,020,000 

$1,430,000 

$ 460,000 

As a result of this study the following conclusions and recommendations are 
made: 

a) The Worthen Meadows Dam is a high hazard structure as determined by the 

U.S. Army Corps of Engineers dam classification method. The recommended 
design storm is the Probable Maximum Flood (PMF). Since the fast travel 
time and large depths of the flood make loss of life very probable in the 
event of dam failure, it is highly recommended that the Probable Maximum 
Flood be used as the design storm for any improvements to this facility. 
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b) The full PMF, 0.5 PMF and 0.25 PMF would all cause failure of the existing 

Worthen Meadows Dam. The resulting dam break hydrograph for all three floods 

would have a peak flow of about 32,400 cfs (at the dam) and would reach 
Lander in 1.B hours traveling at a speed of 7.5 miles per hour. The peak 
flow from the dam break would be reduced to 26,300 cfs by the time it 
reached Lander. 

c) The peak flow for the full PMF entering at Worthen Meadows Reservoir is 
17,160 cfs. If an adequate spillway for the dam is provided this peak flow 

would travel downstream to Lander unchanged due to the large volume of the 

flood in relation to the small volume of storage in the reservoir and 

channel. Similarly, the peak flow for the 0.50 PMF (B,529 cfs) and the 

peak flow for the 0.25 PMF (4,177 cfs) would reach Lander unchanged. If the 

dam was removed the resulting flood flows at Lander would not differ 
from those listed above. 

d) The average difference in flood depths in Lander between the dam break and 
the PMF is about 2 feet. The average difference in flood depths between 

the dam break and the 0.50 PMF is about 4 feet. The average difference in 

flood depths between the dam break and the 0.25 PMF is about 7 feet. 

e) The report examines flood damage to developed property in Lander for the 
full, 0.5 and 0.25 PMF for both the existing facility and an improved 
facility. The existing dam will fail in all cases causing identical 
damage downstream. An improved dam will cause different levels of damage 
based on differing flood levels and the estimated cost of improvements to 
the dam increase as the flood magnitude increases. 

Based on the findings contained herein and current practice regarding dam 

design and rehabilitation, we recommend that the Worthen Meadows Reservoir 
facility be upgraded to accommodate a full PMF flood event on the reservoir 
drainage basin. Since the State Engineer's office has authority for dams in 
Wyoming we further recommend that this report be reviewed by the State 
Engineer and his opinion obtained regarding the findings contained herein. 
Equally important are the reviews by both the WWDC and the City of Lander. 

-8-



Provided that concurrence can be reached regarding the appropriate flood event 
that Worthen Meadows Reservoir should accommodate we recommend that the Level 
II study proceed to Phase II - Geotechnical Investigation and Feasibility 
Level Design. Completion of Phase II will provide a detailed stability 

analysis of the present earthen embankment and an accurate design and 

construction program (including costs) as required. 
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