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I. INTRODUCTION 
 
Purpose 
 
The State of Wyoming, Department of State Parks and Cultural Sites submitted an 
application to the Wyoming Water Development Commission (WWDC) to fund a Level I 
study to complete an analysis of the hot water system at Hot Springs State Park.  
Lidstone and Associates, Inc. (LA) in association with BRS inc (BRS) was selected by 
the WWDC to perform a Level I study for the Hot Springs State Park, Big Spring Project.  
The purpose of this study is to: 
 
 Determine if there has been a decline in flow from the Big Spring; 
 
 Assess the existing operation of the hot water transmission and distribution system; 
 
 Evaluate the condition of the various components of the water system; 
 
 Evaluate the existing user agreements as documented in the leases with the State of 

Wyoming;  
 
 Develop alternatives to improve flow over the terraces; and, 
 
 Develop a Master Water Supply Plan to improve the existing conditions. 
 
Project Location 
 
Hot Springs State Park (HSSP) is located in Hot Springs County, on the east side of the 
Big Horn River, northeast of Thermopolis.  HSSP, managed by the Wyoming Division of 
State Parks and Historic Sites, is home to the “the world’s largest mineral hot spring” 
and is the most visited of all Wyoming State Parks.  The source of the hot spring is the 
Big Spring, which is located at the northeast end of the park.  The site was conveyed to 
the United States in 1896 by treaty with the Shoshone and Arapaho tribes and ceded by 
the United States to the State of Wyoming the following year.  In 1897, several 
newspapers ran articles that expressed sentiment that a free bath house should be built 
and operated by the State (Milek, 1975).  In 1899, with the passage of House Bill 58 
(reference 1899 Session Laws, Chapter 39, Section 3), the state legislature, following 
popular opinion, set aside part of the spring water for free public use. 
 
In fulfillment of the 1899 legislation, the state has established a bath house to which 
admission is free.  Today, aside from the State Bath House, five commercial 
concessionaires (users) operate within the HSSP boundaries under long-term leases 
with the State of Wyoming.  These users provide a variety of recreational and physical 
rehabilitation opportunities to the public using water from the Big Spring.  A swinging 
bridge, which spans the Big Horn River, provides a spectacular view of the terraces 
over which water from the Big Spring cascades down to the river below.  Aside from the 
water-based activities, several other attractions draw visitors to the HSSP and Hot 
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Springs County, including a dinosaur museum, buffalo herd, and historic coal mining at 
Gebo. 
 
HSSP is deeply rooted into Hot Springs County’s economic and social fabric.  Many 
other facilities are located within the HSSP boundaries including the hospital, Wyoming 
Pioneer Home, National Guard Armory and a residential, educational, and training 
center for children with learning disabilities. 
 
Previous Studies 
 
Several studies concerning the Big Spring and the origin of its waters have been 
completed through time.  One of the most notable studies was performed by N.H. 
Darton.  His paper, The Hot Springs at Thermopolis Wyoming, was published in 1906.  
In 1982, Wyoming Geological Survey completed a report of the entire hydrothermal 
system in the area.  Concurrently, the HSSP staff completed a report to the Board of 
Charities and Reform regarding aspects of the park system and recommended that a 
more in-depth investigation of the system be undertaken.  The driving force behind 
recommending a more extensive study may be associated with the completion of the 
Sacajawea Well in 1971, which purportedly drew water from the same subterranean 
geothermal pool as the springs in HSSP.  Simons Li and Associates (SLA) was hired in 
1983 as a result of this recommendation to the Board and performed an extensive study 
of the entire system.  After completing the study, SLA made several recommendations 
to assist in the long term monitoring of the system and developed several alternatives to 
improve water transmission and distribution within the system.  In 1986, a Masters 
Thesis by Todd Jarvis (Univ. of Wyoming, 1986) attempted to document the ground 
water flow patterns in the area of Thermopolis and explain the variations in Big Spring 
flows.  These latter two studies provided background information and were used to 
supplement LA’s Level I investigation of the Big Spring and HSSP.  
 
II. INVENTORY OF THE EXISTING SYSTEM 
 
Gaging of the System 
 
Residents of Thermopolis and many long time visitors to HSSP have suggested that 
there has been a decline in the flow from the Big Spring over the past 30 or so years.  
After researching the limited available data, it appears that this assertion is based on 
observation rather than scientific evidence.  Ocular evidence comes from 
remembrances of when water was flowing under the entire length of the “boardwalk” 
which crisscrosses the terraces and long icicles hung from the terraces during the 
winter.  Today, the conditions described by previous park visitors are not evident.  To 
address the perceived decline in flow and develop a reasonable understanding 
concerning the quantity of water utilized by each user, LA developed a gaging program 
to understand the hot water system supply and demand.  
 
To gage the Big Spring, LA diverted all of the spring flow into the North Canal (Figure 1) 
where the discharge could be measured using standard open channel flow gaging 
techniques.  Gaging using this method was facilitated by the existence of a control  
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section that was constructed in the North Canal as a result of the SLA monitoring and 
site construction program.  Shut-off valves on each of the two supply lines were 
available to divert flow from the Big Spring into one line in which flow would be metered.  
This effort was complicated by the malfunction of the two valves on the Star Plunge 
supply line.  This problem was overcome by LA, in conjunction with HSSP staff, by 
covering the inlet to the Star Plunge supply line with material that was being used by 
HSSP staff to line terrace ponds. 
 
The extensive effort required to shut off flow to the Star Plunge supply line gave LA the 
opportunity to collect only one flow measurement.  In an effort to minimize disruption of 
service to the concessionaires, spring flow was gaged at 8:30 pm on August 19, 2002.  
Flow was measured in the North Channel control section by dividing the 4-foot 11-inch 
cross-section into nine sub-sections.  The depth of each sub-section was measured to 
provide a cross-sectional area.  Velocity in the center of each sub-section was 
measured using a Pygmy Meter (see Photo 1).  A spring discharge of 2328 gpm was 
calculated by summing the nine velocities times cross-sectional area measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quantifying user demand is difficult given the nature of the distribution system.  User 
water supply pipes are unmetered and often inaccessible.  Those that are accessible 
often do not have a sufficient length of straight pipe exposed to allow gaging by remote 
techniques, such as Doppler or magnetic meters.  Given these limitations, LA made the 
assumption that gaging flow at each user outfall would reasonably approximate the 
maintenance inflows to each facility.  Flows at each user outfalls were gaged with a 
graduated bucket and a stopwatch (Photo 2 illustrates bucket gaging of the Plaza Hotel 
outfall). 

 

Photo 1 - Big Spring Gaging 
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The outfall from the Tepee Fountain adjacent to the Big Horn River was not conducive 
to the bucket gaging method.  LA noted that wastewater from the Fountain passed 
under a sidewalk via a channel constructed of six inch PVC pipe and was relatively free 
of debris.  Flow depth within this conduit was not sufficient to use a current meter to 
measure velocity.  Discharge was estimated by floating an object over a distance of five 
feet for several trials to determine velocity and measuring the width and depth of flow to 
determine a cross sectional area. 
 
System Mapping 
 
One of the required tasks of this project was to develop a map of the existing system.  
LA contacted the Wyoming Department of Environmental Quality, Water Quality 
Division (WyDEQ/WQD) records staff and Jeff Hermansky, WyDEQ/WQD District 
Engineer in Lander to determine if there were any records available for the system.  
Because the HSSP hot water system does not involve drinking water, there is no 
requirement that plans for the system be submitted to and approved by the 
WyDEQ/WQD.  No water system plans were available from the WyDEQ/WQD. 
 
During a search of records at the Wyoming State Engineer’s Office (WSEO), several 
plan sets of the system were discovered in their archives.  The last set of plans on file 
with the WSEO was dated 1964.  These plans show the existence of many facilities that 
no longer exist, such as the Washakie Plunge.   Several updates have been made to 
the system since that time, such as a supply line to the Gottsche Center has been 
turned off.  Photocopies of this plan set have been placed in the Project Notebook to 
provide HSSP staff with information concerning the location of old lines, which could 
become a problem in the future. 
 
During the original scoping meeting, Todd Stevenson, HSSP Superintendent gave a 
tour of the overall system.  Without a map of the existing system, the LA project team 
commenced a survey mapping effort using a survey quality GPS unit.  A survey control 
point had already been established on the east side of the Big Horn River, north of the 
Big Spring.  There are certain limitations to surveying with a GPS unit within HSSP.  
These include: (1) limited satellite visibility in some areas due to trees, buildings and the 
ridge to the east and (2) satellite coverage is sparse during the early afternoon and 

Photo 2 - Bucket gaging at the Plaza Hotel 
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evening hours.  The project team worked within these constraints and completed a 
survey of the system using GPS technology. 
 
Various waterline components (line and valve locations) including inflow and outflow 
features were surveyed with a Trimble GPS Unit on July 17, 2002.  In addition, the area 
of each cooling and terrace pond was surveyed to assist in calculations of evaporative 
loss.  Because the scoping meeting tour did not include the southern end of the system, 
this portion was surveyed at a later date with the assistance of Al Nelson, HSSP 
Assistant Superintendent.  Figure 1 presents a map of the existing system using a 
digital orthophoto as a background. 
 
Interviews 
 
LA and BRS conducted interviews with the HSSP staff and various users to understand 
the distribution system operation and user practices. Operation of the entire 
transmission and distribution system is mainly the responsibility of the HSSP staff.  
Once water is within the lease boundary of the individual user, maintenance of the 
system is the responsibility of the individual user.  The only real exception to this 
situation is control over the mixing of hot and cold water for the Star Plunge which is 
performed outside their lease boundary, up-gradient of the Star Plunge cooling ponds.  
Water temperature for the Star Plunge is regulated by controlling the amount of flow 
being diverted into the cooling ponds rather than “metering” the quantity of water 
withdrawn from the cooling pond.  Water from the cooling ponds in sent to a mixing 
chamber (where hot and cold waters are combined).  
 
Overall maintenance of the distribution system primarily consists of flushing the 
distribution system for the main hot water line serving the Tepee Spa, State Bath 
House, etc. approximately once every few months.  No maintenance appears to occur 
regarding the transmission lines for the Star Plunge, except in areas where the water 
flows through open channels, which require periodic cleaning.  Also the channel cover 
material requires periodic replacement.  Valves along the entire transmission and 
distribution system appear to remain in their present positions for substantial periods of 
time because no valve exercise schedule exists.  This has contributed to the failure of 
the valves on the Star Plunge transmission lines.  Aside from flushing the system, the 
two other major areas of maintenance involve: (1) removal of travertine (calcium 
carbonate, CaCO3) buildup from the wasteway that carries water from the Star Plunge 
and State Bath House outfalls to the Big Horn River and (2) terrace irrigation using sand 
bags to move flow to different areas of the terrace. 
 
As described above, each user is responsible for the system within their lease 
boundary.  Below are brief descriptions of the user facilities and their associated 
maintenance practices. 
 

Plaza Hotel: The Plaza Hotel is supplied with hot water, which is only used in its outdoor 
soaking pool.  The pool is octagonal in shape with each side being 4-feet in length and is 
approximately 4-feet in depth.  Water is fed to the octagonal soaking pool from a small 
pool that is approximately 4-feet by 6 feet and 1.5 deep.  Cooling water for the system is 
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obtained from the City of Thermopolis.  The pools are drained and cleaned on a daily 
basis. 
 
Holiday Inn:  The Holiday Inn has one outdoor soaking pool, two Jacuzzis (one indoor 
and one outdoor), four mineral baths, and a hot tub that utilize hot water from the Big 
Spring.  No cooling water is supplied to the Holiday Inn.  Water from the outdoor pool 
and Jacuzzi is drained and the pools cleaned twice per week on average.  Holiday Inn 
staff estimated that the water in the Jacuzzis is exchanged three times per day through 
maintenance flows.  This estimate would suggest an average inflow rate of one gpm to 
the Jacuzzis. 
 
Star Plunge:  The Star Plunge has two large swimming pools (one inside and one 
outside), two soaking pools (one inside and one outside), and three Jacuzzis.  Hot water 
is also used to heat a vapor cave.  Cool water for the facility is supplied from two cooling 
ponds located to the northwest of the facility.  Once a week each pool is drained and 
cleaned with the cleaning of the indoor facilities occurring on one night and outdoor 
facilities on another.  Star Plunge personnel estimate that it takes between eight and ten  
hours to refill the pools once completely drained. 
 
Tepee Spa:  The Tepee Spa has two large pools (one inside and one outside), one baby 
pool inside, and two outside soaking pools.  Hot water is also used to continuously 
supply a sauna.  Cool water is supplied to the facility through a single cooling pond 
located to the east of the facility, near the southern limits of the terrace.  Water is also 
cooled through a heat exchanger.  During the summer months, Tepee operations have 
had problems securing an adequate supply of cooling water.  Cleaning operations during 
the summer months occur twice a week for outside facilities and once a week for indoor 
facilities. 
 
State Bath House:  The State Bath House maintains two pools (one inside and one 
outside) that are completely drained and cleaned on alternating evenings.  Water for 
cooling the outdoor pool is supplied from a single cooling pond located to the east of the 
outdoor pool and from the City of Thermopolis for the indoor pool.  The cooling pond is 
drained once a week and cleaned.  Every night the hot water supply to the outdoor pool 
is shutoff to preclude facility use after hours.  This practice creates a slight increase in 
demand early in the morning until the pool is brought up to the optimum temperature of 
104 degrees Fahrenheit during the summer months.  

   
III. WATER QUANTITY AND WATER USE 
 
Description of the Transmission and Distribution System 
 
Big Spring flows are conveyed to the State Bath House, concessionaires and the 
terraces through two pipelines and an open channel (North Canal, Figure 1).  The entire 
transmission and distribution system is gravity based.  Of the two pipelines, one 12 inch 
pipe is used to supply the Star Plunge only.  There is a small four inch line that comes 
off the Star Plunge main line, approximately 30 feet from the inlet that goes directly to 
the Star Plunge steam room.  Flow in the Star Plunge main line is restricted as the line 
passes under Big Springs Road where the pipe is reduced to eight inches in diameter.  
After crossing the road, the pipe is returned to 12 inches in diameter.  At a location 
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along the north bank of the north cooling pond the line is split with one line (cold) 
leading to the cooling ponds and the second (hot) passing around the east edge of the 
cooling ponds.  Water from the hot water line is then combined with water from the 
cooling pond in an open channel that ultimately flows into the Star Plunge.  The quantity 
of water traveling each flow path is controlled by a set of valves located upstream of the 
cooling ponds (Photo 3). 
 
The second supply line conveys hot water to the State Bath House, the remaining 
concessionaires, and the fountains.  This line is a closed loop system and any 
adjustment in degree of valve opening by an individual user is felt through the entire 
system.  For example, during the summer months, there is less hot water demand 
because of high air temperatures, thus, directing more water through the North Canal 
and over the terraces.  Conversely, during the winter months when more hot water is 
required to maintain pool temperatures, less water moves toward the terraces.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The North Canal conveys water to the terraces and is also used to supply cooling water 
to the State Bath House and the Tepee Spa.  At the time of this study, the majority of 
the water supplied to the State Bath House and Tepee Spa cooling ponds passed over 
a limited area of the terraces.  Approximately 100 gpm was delivered to the State Bath 
House and Tepee Spa cooling ponds by way of a small channel located on the east 
edge of the terrace.  In the future, the HSSP staff would like to be able to abandon this 
small channel and have all water supplying these two cooling ponds pass directly over 
the terraces.   
 
All users operate a flow-through type system without the use of any water treatment or 
purification.  Water is passed through each facility at a sufficient rate to maintain a 
desired temperature and meet health standards for flow-through pools.  Wastewater 
from each user is then ultimately discharged to the Big Horn River.  Figure 2 provides a 
schematic diagram of the system’s major components. 
 

 

 

Photo 3 - Star Plunge flow control valves
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Figure 2. 
Schematic of Existing User Demands 
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System Gaging Results 
 
 Big Spring 
 

LA gaged the water system supply, Big Spring in the least invasive manner 
possible to each of the users.  LA completed a single measurement of Big Spring 
flow.  At 8:30 pm on August 19, 2002, after diverting all spring flow into the North 
Canal, LA measured a flow of 2328 gpm.  
 
System Users 
 
There has been some reduction in demand in comparison to the study completed 
by SLA in 1983.  The following system users in 1983 were not active during the 
time of this Level I investigation.  

 
 Gottshe Center* 
 Pioneer Home 
 Bathroom adjacent to the Tepee Fountain 
 Fountain south of the State Bath House 
 
*Note the Gottshe Center is not currently drawing water from the system, 
but does have plans to reconnect to the distribution system in the future. 

 
Table 1 compares summer 2002 demands calculated based on LA’s gaging 
efforts with SLA’s 1983 estimated daily summer demand. 
 
A comparison between LA’s and SLA’s gaging of the system indicates the 
following: 
 
 Holiday Inn demand has potentially declined slightly with time.  

 
 Plaza Hotel demand has increased slightly.  This slight increase can be 

attributed to the changes associated with the renovation that has occurred 
between the two surveys and the associated differences in pool size and 
operation. 

 
 SLA reported the demand of the Tepee Spa during the summer and winter 

months as 150 gpm and 235 gpm, respectively.  Given the range reported by 
SLA, LA’s 2002 average of 204 gpm coincides with the 1983 estimates. 

 
 LA’s gaging of the State Bath House did not include the hot water demand by 

the inside pool because, given the location of the drain, it was impossible to 
gage.  Based on flows observed during gaging, it is estimated that the indoor 
pool adds a demand of approximately 5 gpm to each of the measurements 
shown in Table 1.  Thus, total demand by the State Bath averages 
approximately 60 gpm which mirrors SLA’s demand estimate. 
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Table 1 – User Demand 
 

 July 16, 2002 
(Measured) 

July 17, 2002 
(Measured) 

August 19, 2002 
(Measured) 

SLA, 1983 
(Est. Summer)

Holiday Inn 15 8 6 13 
Plaza Hotel1 24 26 10 19 
Tepee Spa 187 235 191 150 
State Bath House2 47 95 49 62 
Star Plunge3 267 300 282 315 
Tepee Fountain4 26 NT 31 49 
Bleeder Line 5 5 5 5 NA 

 
Notes 
All discharges above are in gallons per minute (gpm) 
 
No attempt was made by LA to account for the water required during times when the pools are 
drained for cleaning.  LA’s measurements strictly reflect maintenance flows. 
 
Hot and cool water are supplied to the Star Plunge, Tepee Spa, and Star Plunge; All other users 
are furnished only hot water. 
 
1 LA was not able to directly gage the water used by the Plaza.  LA estimated the Plaza Hotels’ 
hot demand by bucket gaging the outfall.  It was learned that the Plaza utilized City water for 
cooling.  LA estimated the temperature of the City water at 65 degrees Fahrenheit and the 
temperature of the hot water (127 degrees Fahrenheit) was known based on temperature 
measurements taken at the State Bath House outdoor pool mixing chamber.  To establish a hot 
water demand, a water balance based on temperature was developed.   
 
2 LA was only able to perform bucket gaging of the outdoor pool’s outfall, demand calculations 
include an additional 5 gpm to cover discharges observed from the indoor pool drain. 
 
3 LA was not able to gage the amount of flow in the four inch hot water line serving the “steam 
cave”.  Demand calculations include an additional 25 gpm to cover this demand. 
 
4 LA added 10 gpm to the measured discharge from the Tepee Fountain to cover the measured 
discharge of 1.5 gpm from the hospital fountain and the discharge from the fountain adjacent to 
the HSSP office. 
 
5 There is a one inch PVC bleeder line that carries water from a pressure relief valve on the State 
Bath House – Tepee Spa transmission line that discharges water into the north Star Plunge 
cooling pond.  Because this line was partially under water it was impossible to measure flow.  A 
minimum of 5 gpm was added to the total system demand to account for this loss. 
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 LA’s estimate of the average Star Plunge demand is 283 gpm, which is 

slightly less than the demand of 315 gpm documented by SLA, 1983. 
 

 It appears that the demand at the Tepee Fountain has decreased between 
1983 and today.  Some of this decline can be attributed to the fact that water 
is no longer pumped under the floor of the adjacent bathroom.  In all 
likelihood, this diversion of flow would have been fairly significant during 
SLA’s gaging. 

 
In summary, LA’s gaging of the system estimated a user demand of 614 gpm, 
SLA’s summer user demand estimates is 638 gpm.  This suggests that there has 
been relatively little change in overall user demand on the system between 1983 
and 2002. 

 
System Losses 
 
 Evaporation 
 

During the 2002 field investigation, LA and BRS measured the surface area of 
the terrace ponds, the Star Plunge, Tepee Spa, and State Bath House cooling 
ponds, and the area of each outdoor pool.  Annual evaporative loss from the 
entire system was estimated at 41 inches per year, based on lake evaporation 
rates described in Lewis, 1978.  Monthly evaporative losses for the system were 
estimated based on an evaluation of data from nearby US Bureau of 
Reclamation pan evaporation sites and from Martner, 1986.  Evaporative losses 
for the entire system ranged from a low of approximately 1 gpm in January to a 
high of approximately 16 gpm in July.  The average evaporative loss from the 
entire system was estimated to be approximately 7.0 gpm.  Table 2 provides a 
compilation of monthly evaporative losses for individual pools and groups of 
cooling ponds in the system.   

 
 Seepage 
 

SLA, 1983 estimated a seepage loss of 375 gallons per minute from the entire 
system with most of the lost being attributed to the pond area located in the 
middle of the terraces.  Subsequent to this investigation, HSSP staff had lined all 
of the ponds located on the terraces with 45 mil roofing material.  This liner 
appears to have significantly decreased terrace seepage losses.  LA’s 
observations of seeps along the toe of the terrace were estimated to be flowing 
at a rate of between 75 gpm to 100 gpm in comparison to SLA, 1983’s 
observations of 400 gpm.  Overall, terrace seepage rates prior to the lining may 
have increased with time.  Further discussion on this subject is provided in the 
Water Quality and Assessment of Big Spring Flow Decline sections of this report.  



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Distribution in Percent 2.5 1.5 5 7.5 11 15 19 17 10 6 3 2.5
Evaporative Loss in feet 0.085 0.051 0.171 0.256 0.376 0.513 0.649 0.581 0.342 0.205 0.103 0.085
Location
Star Plunge Cooling Ponds 0.780 0.518 1.561 2.419 3.434 4.838 5.931 5.307 3.226 1.873 0.968 0.780
Star Plunge Outdoor Pool 0.081 0.054 0.162 0.252 0.357 0.503 0.617 0.552 0.335 0.195 0.101 0.081
Terrace Ponds 0.117 0.771 2.322 3.600 5.109 7.199 8.825 7.896 4.800 2.787 1.440 1.161
State Bath House Pool 0.011 0.007 0.021 0.033 0.047 0.066 0.081 0.072 0.044 0.025 0.013 0.011
Tepee Spa Outdoor Pools 0.043 0.029 0.086 0.134 0.190 0.267 0.327 0.293 0.178 0.103 0.053 0.043
Holiday Inn and Plaza Hotel 0.005 0.003 0.009 0.014 0.020 0.029 0.035 0.031 0.019 0.011 0.006 0.005
Total Evaporative Loss 1.04 1.38 4.16 6.45 9.16 12.90 15.82 14.15 8.60 4.99 2.58 2.08

*  Surface area of Holiday Inn and Plaza Hotel equals 0.0074 acres

Average Annual Evaporative Loss equals 41 inches, Lewis, 1978

Notes:

*  Surface area of Star Plunge outdoor pool equals 0.13 acres
*  Surface area of Terrace ponds equals 1.86 acres
*  Surface area of State Bath House outdoor pool equals 0.017
*  Surface area of Tepee Spa outdoor pools equals 0.069 acres

Table 2 - Evaporative Loss - Hot Springs State Park Master Plan, Level I

Estimated Evaporative Loss in Gallons per Minute (gpm)

Month

*  Terrace ponds include the State Bath House and Tepee Spa Cooling Ponds
*  Surface Area of Star Plunge Cooling Ponds equals 1.25 acres
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SLA distinctly identified two other locations with measurable flow losses; (1) the 
North Canal and (2) the Star Plunge cooling ponds.  During LA’s July field 
investigation, the North Canal was found to be lined with a black poly material.  
Based on this finding, it is presumed that lining of the canal occurred after the 
SLA, 1983 investigation and that any losses measured by SLA along the North 
Canal have been significantly reduced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Star Plunge cooling ponds (Photo 5) were found to be lined with a very light, 
probably six to eight mil polyethylene, material some years ago.  LA’s July 
investigation indicated that the condition of the liner had deteriorated to the point 
where only small pieces of the liner material were visible all along the shoreline 
of the ponds.  To estimate the seepage loss in the ponds, LA performed an 
indirect measurement of cooling pond inflow and gaged the pond outflow to the 
mixing chamber with the Pygmy current meter. 

 

 

Photo 4 - Piping at the toe of terraces  

 

Photo 5 - Star Plunge cooling ponds 
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On September 20, 2002 LA calculated a cooling pond inflow rate of 190 gpm and 
measured 100 gpm passing through the pond outflow, resulting in a difference of 
90 gpm.  The calculated difference does not take into account inflows from the 1-
inch bleeder line located along the western edge of the north cooling pond or 
outflow through evaporative loss.  Evaporative loss for the month of September, 
from the two (2) cooling ponds, is estimated at 3.2 gpm.  For purposes of this 
analysis it was assumed that the minor inflow from the bleeder line and 
evaporative loss cancelled each other out.  Therefore, the seepage loss from the 
Star Plunge cooling ponds is estimated at 90 gpm.  This seepage rate is slightly 
higher than SLA’s 1983 findings, which indicated a loss of 75 gpm.   

 
IV. WATER QUALITY 
 
General 
 
Water quality is a large concern to HSSP for several reasons. Two primary reasons for 
concern are: (1) the potential health risks associated with bathing in untreated waters 
and (2) modifications to the existing system operation may result in chemical reactions 
which change the quality of the water and may have an adverse impact on users and 
their patrons.     
 
In 1984, HSSP moved the two transmission lines from their existing location at the 
spring to a point 250 feet below the Big Spring.  The purpose of this move was to 
facilitate continuous gaging of the Big Spring.  Following this action, several State Bath 
House patrons complained about the precipitation of a white amorphous substance that 
was identified through laboratory testing as elemental sulfur.  To understand why the 
precipitation of sulfur occurred, SLA conducted a limited geochemical study utilizing 
water quality data from the Big Spring.  It was postulated that with the relocation of the 
transmission lines, additional degassing of the dissolved gases changed the water’s 
chemical equilibrium and resulted in the premature precipitation of sulfur.  In response 
to the complaints, the original location of the transmission lines was restored.  To 
minimize the potential for similar problems, LA in association with Summit GeoScience 
(SGS), conducted a geochemical study of the existing system and developed a 
predictive model to evaluate design solutions prior to implementation. 
 
Geochemistry 
 
To understand the changes in Big Spring mineral water chemistry, SGS collected water 
samples from seven (7) locations across the HSSP water distribution system on July 17, 
2002.  Field measurements at each location included temperature, pH, dissolved 
oxygen (DO), and oxidation-reduction potential (Eh).  All samples collected were 
preserved and sent to Energy Laboratories in Casper for analysis.  SCS also collected a 
sample of white precipitate from the State Bath House outdoor pool and used x-ray 
diffraction equipment at Colorado State University for analysis. Two more water 
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samples were collected at a later date from the Star Plunge outflow and the Big Horn 
River to assist with the evaluation of management alternatives. 
 
Sample results indicate that the Big Spring waters can be classified as a calcium-sulfate 
type water because for each water sample, the sum of the cations and anions is 
approximately 50% calcium and 50% sulfate.  Big Springs water is under-saturated with 
calcium and as the water is exposed to the atmosphere degassing of carbon dioxide 
occurs.  With the degassing, the water becomes over-saturated with calcium and other 
constituents resulting in the precipitation of calcium carbonate (travertine).  The 
increase in pH from 6.16 at the Big Spring to greater than 7.0 in the cooling water and 
the terraces is also consistent with carbon dioxide outgassing as water travels through 
the distribution system.  Mineralogical analysis of the precipitate collected from the 
State Bath House outdoor pool indicates that the precipitate is primarily composed of 
calcium carbonate.  These results are consistent with the geochemical modeling results 
and verify that waters become over-saturated with and precipitate calcium carbonate 
during the equilibration with the atmosphere. 
 
Historical Trends 
 
Historical water quality data for the Big Spring are available and compiled in Jarvis, 
1986.  Trends in Big Spring chemistry indicate that calculated total dissolved solids 
(TDS) concentrations have decreased by approximately 430 mg/l since 1958 (reference 
Figure 3.  Approximately 46% of the decrease in TDS is attributed to reductions in 
calcium and bicarbonate concentrations.  Figure 4 provides a graphical exhibit of the 
changes in constituent concentrations with time.  Decreasing trends in TDS resulting 
from lower calcium and bicarbonate concentrations indicate that travertine deposition on 
the terraces may not be as extensive today as it was in the past.  The decline in 
deposition may have an impact on terrace seepage rates. 
 
 

Figure 3:  Historical Trend in Big Spring Total Dissolved Solids
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Geochemical Impacts of Changes to the System 
 
Regardless of any proposed change to the system, equilibration with the atmosphere 
will occur rapidly in the open pools after piped hot mineral water and cooling water are 
combined.  Therefore, varying ratios of source (hot) to cooling water or changing 
diversion points and retention times of ponded cooling water should not significantly 
affect the end-use water quality.  Although this statement disagrees with the SLA 
findings, it is strongly supported by the more extensive geochemical study.  The pool 
water quality will remain very similar to that currently observed, as long as all of the 
source and cooling waters are derived from the Big Spring. 
 
During the summer months, there have been some problems concerning a shortage of 
cooling water, specifically for the Tepee Spa.  One possible solution to increase the 
quantity of cooling water available is to utilize water from the Big Horn River.  Mixing 
calculations were carried out to assess the impact on end use water quality.  Because 
of the relatively low TDS of the Big Horn River water, there will be a corresponding 
decrease in TDS in the blended water.  However, the relative proportion of major ions 
will not change significantly.  Based on the above geochemical evaluation, there is the 
potential to utilize Big Horn River water to increase the amount of cooling water without 
significantly changing the user water composition.  The use of Big Horn River water to 
augment terrace flows is not recommended because of the potential to further decrease 
travertine formation and potential changes in terrace bacterial and algal composition. 
 
A complete report from SGS is included in Appendix A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  Historical Trends in Big Springs Water Quality
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Organic Microbiology 
 
In 1993, Chris Wells of the Wyoming Department of Agriculture (WyDOA) performed a 
study of the water chemistry of the Big Spring and to assess the presence of potential 
pathogenic microorganisms in the State Bath House’s flow-through pools.  The WyDOA 
has established fecal coliform and pseudomonas standards for flow-through type pools.  
Written standards include a minimum of <1 CFU/ml, ideal of <1 CFU/ml, and a 
maximum of 10 CFU/ml for both parameters. 

 
Water chemistry plays an important role when considering any type of modifications to 
the existing demands by the individual users.  One of the primary goals of this study is 
to provide alternatives that have the potential to increase the flow over the terraces.  To 
address this goal, a simple solution may be to decrease the amount of “maintenance” 
water (water which is used on a daily basis to maintain pool temperatures) supplied to 
users and divert it to the terraces.  This solution assumes that an analysis of the user’s 
system indicates that a desired temperature can be maintained with a lower 
maintenance flow rate.  Because bacterial growth does not behave in a linear manner, 
any reduction in flow through rate may result in an increase in bacteria levels.  
 
LA, through Tetra Tech of Breckenridge, Colorado contacted two hot mineral bath 
operations in the Glenwood Springs area to determine what they were doing to address 
health issues associated with mineral baths.  The approach taken at the various 
facilities is directly related to bather load.  In the smaller facilities, water is cooled for 
bathing and soaking purposes by cascading the water from pool to pool with 
temperatures declining through the system.  Though a different approach, this is 
somewhat akin to the approach used at HSSP.  Larger facilities, such as the Glenwood 
Hot Springs and Pool, have too high a bather load to operate using flow-through pools.  
Instead, these facilities provide water blending for temperature control and water 
treatment with disinfection for water quality control.  This facility blends hot spring water 
with Colorado River water for the pools, and recycles the water through treatment by 
sand filtration and ozone disinfection.  Hypochlorite solution is added before the filters to 
control microorganism growth.  Please see Appendix B for Tetra Tech’s Memorandum. 
 
In summary, any changes in user flow rates or water sources must be done with 
extreme caution and the HSSP or their consultant should perform a detailed 
evaluation of this alternative before undertaking the identified modifications.  
Additionally, before proceeding forward with any type of treatment process based 
on the practices at the Glenwood Hot Springs and Pool, a more extensive 
geochemical analysis should be performed to determine if there will be any major 
changes in chemistry resulting in problems with precipitation. 
 
V. ASSESSMENT OF BIG SPRING FLOW DECLINE 
 
The Big Spring has an adjudicated water right of 7.1 cfs or approximately 3,200 gpm 
with a priority date of February 17, 1899 according to Wyoming State Engineer’s Office 
records.  The actual date of the adjudication was 1966.  LA researched records in the 
WSEO office to determine how the measurement was performed when the spring was 
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adjudicated.  Records for the original measurement were never located.  Between 
December 1985 and December 1989, the WSEO measured Big Spring flow on a near 
continuous basis.  The data appear to have been collected using a series of three 
Stevens Recorders that measured the water surface elevation in the North Canal, South 
Canal (originally was used to supply the majority of the Star Plunge’s hot water and has 
since been replaced by a pipeline), and the “12 inch user pipe”.  In addition to water 
surface elevation and flow data, LA also obtained the rating curves utilized to convert 
water surface elevation to flow.  After review of the data, LA found numerous 
inconsistencies in the measurement data and decided not to include the data in the 
analysis of historical spring flow.  The inconsistencies were as follows: 
 
 For identical stage heights there were different flow rates within a single year and 

between years.  For example, in 1987 a stage height of 0.8 ft was equal to 4.22 cfs 
or 1895 gpm and in 1988 it was equal to 3.34 cfs or 1500 cfs.  A change in rating of 
this magnitude within a control section is unlikely; 

 
 SLA investigated the system under the same configuration gaged by the WSEO.  

The SLA, 1983 report indicated all users, with the exception of the Star Plunge, 
placed an average daily demand on the system of 0.77 cfs (346 gpm).  The 1987, 
the WSEO gaging of the 12 inch User Pipe indicated an average daiily demand of 
1.3 cfs (584 gpm).  In 1989, the WSEO reported an average daily demand of 0.29 
cfs (130 gpm) for the 12 inch User Pipe. The swing in demand from approximately 
580 gpm to 130 gpm is not likely; and 

 
 The use of stage measurements in a pipe that is under pressure is a questionable 

technique for measuring flow. 
 
To insure that the record is not lost, data collected by the WSEO from 1985 through 
1989 are available in the Project Notebook along with the rating curves for each 
recorder. 
  
Jarvis, 1986 provides a compilation of other known measurements and a graph 
illustrating these is shown in Figure 5.  Excluding the data point which represents the 
adjudicated flow of 3,200 gpm and the data collected by the WSEO from December 
1985 through 1989, LA calculated a mean flow of 2,415 gpm with a standard deviation 
of 250 gpm based on all other available data. 
 
When LA diverted all of the Big Spring flow into the North Canal, the water surface 
elevation through the control section rose approximately one inch. SLA, 1983 suggested 
that for every inch of rise in water surface elevation (which increases the amount of 
pressure exerted on the spring), there was a corresponding decrease in flow of 100 
gpm.  Using this information, it may be inferred that the 2,328 gpm flow measured by LA 
is actually 2,428 gpm and essentially equal to the calculated mean flow.   
 
Several other factors, such as barometric pressure, also have a significant impact on 
spring flow.  During a one week period in March of 1983, SLA had the opportunity to 
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gage the Big Spring under various barometric pressure conditions and at different times 
in the day.  Flows measured by SLA ranged from a high of 2,575 gpm to a low of 2,307 
gpm.  Based on the available historic data and variations observed by SLA, LA’s 2002 
measurement suggest that there has not been a decline in flow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
The gaging data collected during this study when compared with the defensible historic 
record do not support the assertions that Big Springs flows have declined with time.  
Visual observations of a decrease in flow over the terraces can be explained by the 
changes in water quality that have occurred.  Decreased concentrations of various 
elements and compounds indicate that there is less material available for travertine 
formation on the terraces.  These changes in concentration could also reduce bacterial 
and algal growth on the terrace.  Bacteria and algae are key elements in sealing the 
terraces and ultimately reducing seepage.  The end result of these changes is most 
likely an increase in the permeability of the terraces leading to increased seepage loss.  
The results of Big Spring gaging indicate virtually no change in spring flow in 
comparison to historical measurements.  Increased seepage loss through the terraces 
provides a reasonable explanation to the perceived decline in Big Spring flow.  During 
the past year, HSSP staff has taken steps to reduce seepage from the terrace pond 
areas by installing liners in these ponds.   
 
Because LA was only able to collect one spring flow measurement, it is suggested that 
long term monitoring of the spring be developed to better assess long term changes in 
Big Spring flows. 

Figure 5 Historical Big Spring Flow
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VI. USER DEMAND 
 
Many visitors to the HSSP are Wyoming residents for whom repeated trips to the park’s 
facilities are customary.  On a seasonal basis, total visitation is higher in the summer, 
due to an increased proportion of out-of-state visitors.  Development within the Park 
provides a consistent user base throughout the year.  The Holiday Inn, for instance, 
hosts meetings and conferences year round.  A high percentage of HSSP visitors are 
Thermopolis residents, for in many ways the park functions as the town’s city park.  The 
largest employers in town, such as medical facilities, schools, and the Holiday Inn are 
located with in park boundaries. 
 
Visitor numbers seem to have been relatively steady over the past decade.  Data on 
HSSP visitation is displayed in Table 3 below.  Figure 6 portrays visitation data from all 
Federal and State Parks, National Recreation Areas, and State Historic sites within 
Wyoming.  Review of the figure indicates that HSSP usually hosts the most visitors of 
any state park or historic site.  For the year 2000, the estimated number of HSSP 
visitors was by far the highest of any state park or historic site. 
 
TABLE 3 – HSSP Visitation 
 
1988-1992 
Average 

1997 1998 1999 2000 1997-2000 
Average 

852,718 692,720 790,697 700,971 986,706 792,774 

 

Figure 6 – Volume of Visitors at National and State Parks and Historic Sites  
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VII. INSTITUTIONAL ISSUES 
 
The State of Wyoming has entered into long-term contracts with each of the five 
concessionaires within the HSSP boundaries.  In each instance, the Lessee is required 
to pay a fee to HSSP for use of the grounds and other amenities within the park, 
including the use of waters from the Big Spring.  For the Holiday Inn and the Plaza 
Hotel, a flat rate fee is established and is dependent on the facility’s gross income.  The 
terms of the agreement include a “not to exceed” clause which stipulates the maximum 
rent to be paid to HSSP in any given year.   Rental agreements with the Star Plunge 
and the Tepee Spa are based on a percentage of annual gross receipts.   With regard 
to the use of Big Spring waters, the lease agreements are extremely vague and do not 
specify maximum water volumes that can be utilized.  Below are excerpts from the 
various leases. 
 

The Tepee Spa lease will expire in 2006 and the HSSP has the option as to 
whether to renew the lease for another 20 years.   The Lessee “have the right 
and privilege of using the … premises for all necessary and proper purposes 
associated with the operation and maintenance of a swimming pool or pools and 
health and recreation complex, including a small food service establishment, and 
including the necessary use of waters from the natural hot mineral waters in 
Hot Springs State Park, all subject to the rules and regulations heretofore or 
hereafter adopted by the State of Wyoming through any of its authorized boards, 
agencies, or commissions, and in accordance with all laws of the State of 
Wyoming.” 

 
The Star Plunge lease will expire in 2008.  The lease requires that within 60 
days after the termination of the lease, the lessee will remove all buildings and 
other improvements and surrender the premises to the HSSP.  It may be 
reasonably assumed that this provision of the lease will only be invoked if the 
lessor and lessee do not come to terms on a new lease prior to the expiration 
date.  The lessee “has the right and privilege of using said described premises 
for all necessary purposes connected with the operation and maintenance of a 
plunge bath house, including snack bar, souvenir counter, and allied facilities, 
and including the necessary use of the waters from the natural spring or 
springs in said Park, subject to and in conformity with the rules and regulations 
heretofore and hereafter adopted by the State of Wyoming through its authorized 
Board or the State Board of Health…..lessees do hereby agree that they will at 
their own cost, …keep clean the first 185 feet of the drainage ditch running from 
the Star Plunge to the back of the State Bath House.” 

 
The Holiday Inn lease expires in 2011 and the lessee shall have the sole and 
exclusive right and option to renew the lease for an additional term of forty (40) 
years on the same identical terms of this lease with the exception of rental terms.  
The lessee “will conduct and manage its business and properties constructed on 
the leased premises in a proper, business-like and orderly manner, consistent 
with all reasonable rules and regulations of the Hot Springs State Park, 
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including the necessary and proper use of the waters from the natural 
spring or springs in said park.” 

 
The Plaza Hotel lease expires in 2028 and the lessee is granted an option to 
renew the lease at the “market rate” for an additional 20 year term.  The lessor 
shall allow the lessee “to use mineral water from the existing single two inch tap 
into the main mineral water line on West Pioneer Street, at no cost.  Lessor’s 
obligation is expressly limited to allowing access to the quantity of water 
available from the existing two inch water line.  It is further expressly 
understood and agreed that Lessor’s agreement to allow Lessee’s use of said 
mineral water is limited to quantity and quality of water available from the 
natural spring which is its source.  It is expressly agreed that Lessor assumes 
no responsibility for the quality of said mineral water, including chemical 
composition or clarity of the mineral water, nor the quantity of water available or 
temperature of the mineral water.  Maintenance of the two inch line from the tap 
on West Pioneer Street to the Lessee’s building shall be the sole responsibility of 
the Lessee.” 

 
Please see the Project Notebook to review each user lease in its entirety. 
 
User Agreement 
 
As part of this project, LA was requested to review the existing agreements between the 
State and concessionaires.  Based on the results of this review, LA was requested to 
develop components of a Users Agreement that addresses the distribution of water in 
the system.  To accomplish this, there must be a thorough understanding of the natural 
system as well as the needs of the terraces and the concessionaires.  At the present no 
single such agreement exists that specifies the quantity of water to be allocated to each 
entity. 
 
The excerpts from the previous section exhibit the extremely vague language 
concerning the use of waters from the spring with the exception of the Plaza Hotel.  In 
the case of the Plaza Hotel, the lease agreement was drafted at a much later day in 
comparison to the other three and affords a greater degree of protection to the State 
regarding the use, quantity and quality of Big Spring waters.  Under the other three 
agreements the terms “necessary” and “proper” are used when describing use of the 
spring waters and includes a stipulation that the user follow all applicable rules and 
regulations.  In order to establish a user agreement, the terms described above must be 
clarified. 
 
A user agreement should define the priority of water use.  When House Bill 58 was 
signed into law in 1899, the Bill declared that “It shall be the duty of the Board of 
Charities and Reform to retain one-fourth of the water in the main or principal stream of 
said land... with sufficient quantity of said land adjacent thereto, upon which suitable 
bath houses may be constructed which shall be open and free to the use of the public.”  
The intent of the bill, as passed in 1899, suggests that the State Bath House be entitled 
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to the quantity and quality of water required to maintain a safe and healthy operation.  
The terraces are an integral part of HSSP and should be preserved.  Establishing the 
quantity and quality of water required to do such is difficult, especially given the 
documented changes in water chemistry that have occurred to date.  
 
The Shoshone and Arapaho tribes established the area within and adjacent to HSSP as 
being sacred for its healing powers and, thus, was free to all.  LA suggests that a Users 
Agreement function similar to western water law, which can be summarized by the 
following phrase, “first in time is first in right”.  Based on these premises, the following 
recommendations are put forth for the development of a Users Agreement: 

 
 Water for the maintenance of the terraces and fountains is ranked as priority one.  

The terraces and fountains are the natural phenomena, which attracted the first 
visitors to the site. 

 
 HSSP staff must decide to what extent the terraces will be maintained, 

essentially answering the question “what level of effort and resources will be 
expended to restore the terraces to conditions when water essentially covered 
the entire terrace area”. 

 
 The State Bath House shall have sufficient quantity and quality of water to honor 

the stipulations outlined in the treaty and has a priority rank of two. 
 
 LA’s geochemical study serves as good starting point in understanding the 

system.  Once the WyDOA microbiological study results are in, it is suggested 
that the HSSP undergo a more detailed analysis to determine the necessary and 
proper flows required for each user to maintain their existing facility.  Necessary 
and proper is defined as the amount of water required to maintain acceptable 
temperature levels in the pools, baths, and tubs commonly associated with spas 
and insure that the water quality of each pool, bath, and tub meets standards 
established by WyDOA.  It is understood that during times when the facilities are 
drained, that there maybe higher inflow rates required in order to meet 
operational schedules.  This short term demand is not justification for increasing 
maintenance flow quantities 

 
 Users should establish a staggered cleaning schedule so as not to place undue 

demands on the system. 
 
VIII. SYSTEM UPGRADES AND RECOMMENDATIONS 
 
User Agreement Implementation 
 
Water usage stipulated in each of the User leases is vague and could lead to problems 
in the future, especially if conditions change with Big Spring water quantity and quality. 
To insure the long-term viability of HSSP as it is today and continued success for all 
users, it is recommended that the User Agreement described above be implemented. 
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System Upgrades 
 
 Valve Replacement 
 

Under the current situation, if problems develop with the Star Plunge 
transmission line it would be extremely difficult to shut off the water to facilitate 
repairs.  It is suggested that the valves on the 12 inch and the four inch lines be 
replaced.  The existing Butterfly type valves are very sensitive to calcium 
carbonate build up, especially if they are not exercised on a fairly regular basis.  
LA suggests replacing these two valves with a “pinch” type valve.  This valve 
type, though expensive, is the best available for operating under the extreme 
conditions present and is designed to work under corrosive, abrasive conditions.  
Prices range from $750.00 (four inch) to $1,850.00 (twelve inch) per valve 
dependent on size (reference Table 4).  It is anticipated that with quarterly 
exercising of the valves, valve life should extend from 10 to 12 years. 
 
Big Spring Gaging 

 
Results of the Big Spring gaging effort indicate that there is no definitive evidence 
to suggest that Big Spring flows have declined with time.  Because of 
complications associated with gaging the spring LA was only able to obtain one 
measurement of spring flow.  LA suggests that the HSSP undertake a long term 
monitoring of spring flows to further validate these findings.  Gaging could be 
done using the existing system or by changing the points of diversion to allow for 
a single gaging location.  Our geochemical analysis of the system suggested that 
there would be no impact from moving the existing distribution points.  However, 
because of potential public perception problems, changing the points of diversion 
is not recommended and it is suggested that the gaging be accomplished under 
the existing configuration. 
 
LA recommends installing meters on the two main transmission lines from the 
spring and the four inch line that feeds the Star Plunge steam room.  Of the 
different meters researched, the magnetic type is preferred because: (1) it will 
withstand the documented Big Spring temperatures, (2) it functions satisfactorily 
in waters with high TDS, and (3) it is external and not subject to the effects of 
corrosion by mineral waters.  Costs for the various types of meters are presented 
in Table 4.  To document flows through the North Canal, LA recommends, at a 
minimum, installing a staff gage at a cost of approximately $25.00 in the existing, 
preferably refurbished, control section.  The staff gage is then correlated with a 
stage discharge curve developed using a current meter, such that a flow value 
can be calculated based on water surface elevation.   
 



Size Length Width Max Working Weight 2002 Cost
(in) (in) (in) Pressure (psi) (lbs) (dollars)
2 5.25 - 8 9.25 150 17 $400.00
4 8 - 16 14.5 100 70 $500.00
6 10.5 -24 21.4 100 150 $760.00
8 16 - 32 24.25 100 265 $1,180.00
10 20 - 40 27.75 75 295 $1,560.00
12 24 - 48 32 75 370 $1,850.00

Meter Sizes Operating Max Working Max Working 2002 Price Range
Type Available (in) Range Pressure (psi) Temp. (F) (dollars) Installation Guidelines

Turbine 1.5 - 12 180 - 4400 gpm 175 120 $590.00 - $2,575.00 Minimum of 5 diameters of straight  
pipe u/s and 2 diameters d/s

Propeller 2 - 96 1 - 15 fps 300 160 $1,300.00 - $2,400.00 5 - 10 diameters u/s and 1 diameter d/s 

Ultrasonic 0.5 - 200 0.2 - 82 fps 70 200 $3,000.00 - $6,000.00 5 - 10 diameters u/s and 1 diameter d/s 

Magnetic 2 - 48 0.2 - 49 fps 150 170 $2,650.00 - $4,350.00 5 - 10 diameters u/s and 2 diameter d/s 

Table 4 - System Upgrade Costs - Hot Springs State Park Master Plan, Level I

Valves:

Forestry Suppliers will sell staff gages approximately 1.5 feet in length for between $20.00 and $25.00 
Staff Gage:

Meters:

The valves described above are the DHO series "pinch valves" from Onyx Valve Company of Cinnaminson, NJ
Manufacturer valve application: Ideal for controlling abrasive, viscous, and corrosive fluids, such as
waste water, chemicals, mine slurries, cement, pulp stock, powder and pellets.
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Distribution Point Metering 
 
At the present time there is no metering of user demand.  To better understand 
the demand of each of the users, it is suggested that some form of measurement 
be installed on the supply lines to each of the various users.  For the Plaza Hotel, 
Holiday Inn, Tepee Spa hot water lines, and State Bath House hot water lines, 
LA recommends installation of the same type of magnetic meter recommended 
for the transmission lines at the Spring.   To monitor Star Plunge inflows, after 
mixing, it is suggested that the flume on the east side of Big Springs Road be 
refurbished and a staff gage installed.  The rated section would be correlated to a 
stage discharge curve.   
 
If the Park chooses to replace the two existing problem valves, meter the two 
transmission lines and all five distribution points, the total materials cost in 2002 
dollars is estimated at $27,000.00. 

 
Operation Recommendations 
 
All valves in the transmission and distribution system should be exercised on a regular 
basis.  Four times a year, each valve within the system should be completely opened 
and closed to insure complete functionality.  To maintain reasonable capital 
expenditures on the system and avoid costly future problems, a replacement schedule 
of valve and other applicable appurtenances should be developed.  A reasonable 
schedule based on LA’s previous work with small water systems and municipalities, is 
replacement every 10 to 12 years.  User fees should address these ongoing O&M 
costs.  HSSP should maintain their current schedule of flushing operations (once per 
quarter) for the transmission and distribution system that serves the State Bath House, 
Tepee Spa, etc.  Because the Star Plunge line is completely flow-through, flushing is 
not as crucial, but if the current flow regulation system remains in place, it would be 
wise to completely open the hot water valve and cold water valve upstream of the 
cooling ponds once a year. 

 
IX. SYSTEM ALTERNATIVES AND EVALUATION 
 
One of the major goals of the HSSP is to increase the amount of flow going over the 
terraces.  Over the last year, the HSSP has taken steps in that direction by lining each 
of the terrace ponds in an attempt to reduce seepage loses.  LA’s investigation of the 
toe of the terraces adjacent to the Big Horn River indicates that the HSSP staff’s efforts 
have reduced losses when LA’s observations are compared to those of SLA, 1983.   
 
Talking with HSSP staff, one of their goals is to eliminate the existing canal system that 
carries water to the State Bath House and Tepee Spa cooling ponds and allow the 
water to cascade naturally over the terrace to the cooling ponds.  LA measured the flow 
through this canal at approximately 100 gpm.  Discussions with the HSSP staff indicate 
that flows over the terraces have increased significantly after completion of their terrace 
pond lining program.  However, it is unknown whether flows have increased sufficiently 
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to allow complete abandonment of the east canal.  Problems may still occur during the 
winter months with supplying the Tepee Spa with cooling water due to the relatively 
shallow, slow moving flows, which have the potential to freeze before entering the 
cooling pond. 
   
To address HSSP’s concerns regarding improving the supply of cooling water and 
terrace welfare, LA has developed several alternatives that could be utilized to increase 
terrace flow and at the same time minimize impacts to the aesthetics of the park.  Figure 
7 illustrates changes to the proposed system for Options 1 through 3. 
 
Option 1 – Line Star Plunge Cooling Ponds 
 
This option involves lining the Star Plunge cooling ponds with the same heavy 45 mil 
roofing material used to line the terrace ponds.  Directing pond inflows to the east and 
moving the overflow pipe between the two ponds to the west would improve cooling 
effectiveness.  System cooling becomes more effective due to increased flow path 
length.  LA has estimated that by eliminating the existing seepage loss, approximately 
90 gpm of additional cooling water becomes available for use by the State Bath House 
and Tepee Spa. 
 
Data collected during July and August of 2002 indicate an average inflow rate for the 
Tepee Spa and State Bath House of 200 gpm and 60 gpm, respectively. Temperature 
measurements at the State Bath House indicate a pool inflow temperature of 108 to 110 
degrees Fahrenheit and 104 degrees Fahrenheit after the inflow becomes mixed with 
pool water.  Given the above established inflow rates and the July 17, 2002 temperature 
measurement of the Star Plunge cooling pond (83 degrees Fahrenheit), a flow rate of 
approximately 100 gpm would be required to provide an inflow temperature of 110 
degrees Fahrenheit.  This is essentially equal to the gain realized by lining the ponds.  
The remaining demand should be easily met from terrace overflow. 
 
Figure 7 illustrates the general location of a pipeline that would be constructed from the 
west side of the south cooling pond to the existing canal diversion which divides flow 
between the State Bath House and Tepee Spa cooling ponds.  The entire system could 
be operated under gravity.   
 
The advantages of this option are: 
 
 An additional 90 gpm of “mineral rich” water can be supplied to the terraces; 
 The addition of mineral rich water will increase the amount of travertine formation 

on the terraces; 
 The system will operate entirely off gravity, resulting in minimal operations and 

maintenance costs;  
 Problems associated with freezing of the Tepee Spa cooling water should be 

minimal; and, 
 Water chemistry should be similar to that observed at the Star Plunge. 

 



OPTION 1: LINE EXISTING COOLING PONDS THEN DIVERT EXCESS WATER GAINED TO STATE BATH HOUSE AND TEPEE SPA COOLING PONDS. 

OPTION 2: DIVERT STAR PLUNGE OUTFLOW VIA PIPE TO OPEN CHANNEL ABOVE TERRACES. 

OPTION 3: TAP INTO EXISTING IRRIGATION SYSTEM. PIPE WATER (RIVER WATER) INTO STAR PLUNGE COOLING PONDS AND USE OPTION 1 TO DISTRIBUTE COO ~.lNG WATER. 
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The disadvantages to this option are: 
 
 There may be a perception that flow will be lost to the Star Plunge.  This can be 

overcome by demonstrating that only the flows formerly lost to seepage 
(estimated at 90 gpm) will be directed toward the State Bath House and Tepee 
Spa cooling ponds; and, 

 Some minor modifications may be required to regulate the Star Plunge’s water 
system. 

 
Option 2 – Pumping “Wastewater” from the Star Plunge to the Terraces 
 
This option involves constructing a sump within the wastewater pipe of the Star Plunge.  
Wastewater generated from the maintenance flows would be pumped at a rate of 
approximately 250 gpm to a location near where the North Canal opens on to the 
terraces.  By setting the pump in a sump, it is not crucial to the operation of the system.  
In other words if the pump fails, the system can still be operated in the same manner it 
is today.  This option calls for the installation of approximately 1400 feet of 6-inch PVC 
pipe and a pump capable of a lift of approximately 30 feet.  With the exception of the 
point of outfall, the entire system will be constructed below ground, thus, hidden from 
the public.  This wastewater must be isolated from reuse by the State Bath House or 
Teepee Spa. 
 
The advantages of this option are: 
 
 It will increase terrace flows by an average of 18%, assuming an average 

existing terrace flow rate of 1400 gpm; 
 Some additional travertine formation will occur, although the water is not as 

“mineral rich” as water from the spring; and, 
 There will be a minimal change in terrace water temperature (estimated at 

approximately 5.5 degrees Fahrenheit), so there should be no change in the 
bacteria and algae species composition. 

 
The disadvantages of this option are: 
 
 Annual operation and maintenance costs associated with pumping water;  
 The expected life of the pump before requiring replacement or significant repair 

may be relatively short; and, 
 The pipe outfall must be located carefully to insure that Star Plunge wastewater 

does not become commingled with water that eventually cascades into the State 
Bath House and Tepee Spa cooling ponds.   

 
Option 3 – Utilization of Big Horn River Water 
 
HSSP has a water right for 1.5 cfs on the Big Horn River with a Priority Date of April 15, 
1971.  Water diverted from the Big Horn River is currently being used for irrigation 
throughout the park.  This option consists of constructing a new line along Big Spring 
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Road, sending approximately 250 gpm of Big Horn River water to a treatment (filtration) 
unit and thence to the northern Star Plunge cooling pond.  The new line would tie into 
one of the existing irrigation water mains near the State Bath House.   Cool water for the 
Star Plunge, State Bath House and Tepee Spa would be supplied all or in part by Big 
Horn River water.  Distribution of cool water to all three users would be accomplished by 
constructing the system outlined in Option 1.  Utilizing this option, 250 gpm of Big 
Spring mineral water would be turned into the North Canal to augment flows over the 
terraces.  To insure there were no changes in the composition or appearance of the 
terraces, no river water would be allowed to discharge on to the terraces (i.e. 
implementation of Option No. 2 and No. 3 is mutually exclusive).  
 
The advantages of this option are: 
 
 Increased amount of mineral water is available for the terraces; 
 The potential for reduction in precipitate in user pools; and, 
 Minimal operations and maintenance requirements because the entire system is 

gravity fed from the northern Star Plunge cooling pond to the users.  
 
The disadvantages of this option are: 
 
 HSSP’s water right is one of the most junior on the Big Horn River drainage 

which could result in problems meeting demand during drought years; 
 Cost of securing and maintaining a water filtration system;  
 Cost of training and certification of a minimum of two treatment plant operators; 
 Potential complaints from patrons that bathing water is not pure mineral water; 

and, 
 Reduced water available for irrigation. 

 
Option 4 – Heat Exchanger Installation 
 
Several options exist for utilizing a heat exchanger(s) to assist with cooling Big Spring 
waters to a temperature suitable for bathing and swimming.  When considering the use 
of a heat exchanger, there must be an understanding of various chemical processes 
active in the HSSP system.  For example, if the heat exchanger is used in place of the 
existing methods of generating cool water, mineral water could remain unexposed to the 
atmosphere until just before reaching the pools.  Because the water is not exposed to 
daylight until it reaches the pools bacteria development may become limited which will 
assist the pools in meeting the WyDOA standards.  In contrast, there could be a 
significant increase in calcium carbonate precipitation in the user pools because the 
water will not have had the opportunity to equilibrate with the atmosphere it is 
discharged to the pools. 
 
There are two general places where a heat exchanger can be used to assist with 
cooling Big Spring waters: (1) within the main transmission lines near the Spring and (2) 
at the individual user facilities.  Any water savings that could be applied to the terraces 
comes from the reduction in the quantity of cool water formerly required to operate the 
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system.  If the heat exchanger is located near the Big Spring, water for the entire user 
system could be cooled to a desired and agreed upon temperature before sending it to 
the users.  Alternately if there is a large degree of user resistance because of the use of 
hot water directly in saunas, hot water could be brought into the various facilities and a 
local heat exchanger utilized to bring the water to the desired bathing temperature.  
 
The advantages of this option are: 
 
 It will increase the amount of water going to the terraces through a savings in 

cooling water requirements; 
 Demand on the system will be constant and the flow to the terrace will fluctuate 

only with changes in Big Spring discharge; and, 
 It isolates cooling water from coming in contact with the atmosphere and may 

reduce bacteria and coliform issues. 
 
The disadvantages of this option are: 
 
 Cooling water at the source could be problematic for those users which have 

saunas; and, 
 Increase overall cost of user operations. 

 
The estimated 2002 construction costs for each option previously described are 
tabulated in Section X. 

 
X. SYSTEM OPERATION RECOMMENDATIONS - OPTION COST ANALYSIS 
 
Review of the Wells, 1993 report suggests that, under the existing water management 
plan, WyDOA standards for flow-through pools are being met.  Further information 
regarding this subject will be available after George Larsen of the WyDOA in 
Thermopolis completes his investigation.  Before final selection of an alternative, LA 
recommends a complete review of the WyDOA findings, further refinement of 
engineering alternatives and costs, coupled with geochemical modeling.  Once this is 
accomplished, final plans and specifications should be prepared for the selected 
alternative 
 
Given the information currently available in conjunction with HSSP’s goals of increasing 
the quantity of water directed to the terraces it is suggested that Option 1 be 
implemented.  This option will increase the quantity of cooling water available, increase 
terrace flows, and there will be minimal, if any change to water chemistry at the State 
Bath House and Tepee Spa.  This option was selected because it resulted in: (1) 
recovery of water that is currently being completely lost from the system; (2) a known 
water chemistry for the end user; (3) no obstacles with public perception; and, (4) no 
increased operational and maintenance costs. 
 
The tables below provide conceptual construction cost estimates for each option 
described in the previous section.  The engineering and construction costs associated 
with the recommended improvements under each alternative were identified and 
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construction costs were assigned to each component.  All construction costs are based 
on preliminary design information and 2002 costs.   
 
Option 1 – Line Star Plunge Cooling Ponds  
 

Item Quantity Unit 
Unit 
Price 

Cost 

EPDM liner installed 6,050 yd2 $12.00 $72,600.00
6-inch PVC Pipe (installed) 300 ft $22.00 $6,600.00
Relocate overflow pipe 1 ls $500.00 $500.00
Subtotal (1) $79,700.00
Engineering 10% of Subtotal (1) $7,970.00
Subtotal (2) $87,670.00
Contingency Fee of 15% $13,150.00
Total Construction Cost $100,820.00
Surveying and Clearances $5,000.00
Engineering Analysis and Design $15,000.00
Total Estimated Cost $120,820.00
 
 
Option 2 – Pumping “Wastewater” from the Star Plunge to the Terraces  
 

Item Quantity Unit Unit Price Cost 
Three-phase 250 gpm, 5HP Centrifugal Pump * 1 ls $1,400.00 $1,400.00
Sump Construction, Plumbing and Wiring 1 ls $12,000.00 $12,000.00
Miss. Plumbing and construction to insure flow     
     does not interfere with cooling water 1 ls $12,000.00 $12,000.00
Six-inch PVC Pipe (installed) 1000 ft $22.00 $22,000.00
Subtotal (1) $47,400.00
Engineering 10% of Subtotal (1) $4740.00
Subtotal (2) $52,140.00
Contingency Fee of 15% $7,820.00
Total Construction Cost $59,960.00
Surveying and Clearances $10,000.00
Engineering Analysis and Design $20,000.00
Total Estimated Cost $89,960.00
 
*  Pump replacement should be anticipated every three to five years. 
** The operational cost of the pump over an anticipated life of 4 years is $13,000.00.     This cost is based 
on $0.10 per kilowatt-hour.   
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Option 3 – Utilization of Big Horn River Water  
 

Item Quantity Unit Unit Price Cost 
Six-inch PVC Pipe (installed, Option 1) 300 ft $22.00 $6,600.00
Appurtenances (1 valve and tee installed) 1 ls $6,000.00 $6,000.00
Six-inch PVC Pipe (installed under asphalt) 900 ft $25.00 $22,500.00
Treatment Plant capable of 250 gpm 1 ls $65,000 $65,000.00
Building 600 ft2 $45.00 $27,000.00
Subtotal (1) $127,100.00
Engineering 10% of Subtotal (1) $12,710.00
Subtotal (2) $139,810.00
Contingency Fee of 15% $20,970.00
Total Construction Cost $160,780.00
Surveying and Clearances $8,000.00
Engineering Analysis and Design $35,000.00
Total Estimated Cost $203,780.00
 
*  This cost does include the required training to operate the plant and filter replacement. 
 
Option 4 – Heat Exchanger Installation  
 

Item Quantity Unit Unit Price Cost 
Concrete Foundation 20 yd3 $250.00 $5,000.00
Concrete Floor (20’ by 30’) 20 yd3 $250.00 $6,000.00
Heat Exchanger Equipment 2 ea $30,000.00 $60,000.00
Recirculation Pumps 2 ea $6,000.00 $12,000.00
Gas Release Units 2 ea $4,000.00 $8,000.00
Flow Monitoring 2 ea $3,000.00 $6,000.00
Screens 4 ea $2,500.00 $10,000.00
Automatic Sampler 1 ea $2,000.00 $2,000.00
Building 600 ft2 $45.00 $27,000.00
HVAC 1 ea $5,000.00 $5,000.00
Miscellaneous Pipes and Valves 1 ls $17,000.00 $17,000.00
Miscellaneous Metal 1 ls $7,000.00 $7,000.00
Electrical and Instrumentation 1 ls $10,000.00 $10,000.00
Equipment Installation 1 ls $25,000.00 $25,000.00
Subtotal  (1) $200,000.00
Engineering 10% of Subtotal (1) $20,000.00
Subtotal  (2) $220,000.00
Contingency Fee of 15% $33,000.00
Total Construction Cost $253,000.00
Engineering Analysis and Design $50,000.00
Total Estimated Cost $303,000.00
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SUMMIT GEOSCIENCE 
Environmental Consulting Services 

TECHNICAL MEMORANDUM 

TO: Chris Lidstone and Brian Wood 

FROM: David Levy 

Project No. 01-006 

SUBJECT: Water Quality Sampling Results: Hot Springs State Park, Thennopolis, WY 

Introduction 

At the request of Lidstone and Associates, Inc., a geochemical characterization of the Thennopolis Hot 
Springs State Park supply and distrIbution system was conducted to support a detailed evaluation of 
the park's water system components. The objective of the water quality characterization is to provide 
geochemical information that can be used to evaluate the potential effects of system modifications on 
the end-use water quality. 

Sample Collection and Analysis 

Water samples were collected on July 17, 2002 from seven locations within the Hot Spritigs Park 
water distrIbution system. The sampling locations included: (1) Big Springs, (2) Terrace Inflow 
(sampled at the concrete foot bridge between Big Springs and the Terraces), (3) Terraces, (4) Star 
Plunge Cooling Water, (5) Star Plunge Inflow, (6) State Bathhouse Cooling Water, and (7) State 
Bathhouse Outflow. Total (unfiltered) and dissolved (filtered to 0.45 Jlm) samples as required for 
various chemical analyses were collected directly from each source using a peristaltic pump. Field 
measurements included electrical conductivity (EC), pH, temperature, dissolved oxygen, and 
oxidation-reduction potential (Eh). All samples were preserved accordingly and shipped to Energy 
Laboratories (Casper, WY) for analysis of major cations and anions, total dissolved solids (IDS), total 
suspended solids (TSS), sulfide, phosphorous, nitrate-N, nitrite-N, iron, aluminum, manganese, and 
silica Two additional samples were collected from the Star Plunge Outflow and the Bighorn River on 
September 13,2002 to Augment the July 17,2002 data set. 

A sample of white precipitate was also collected from the outdoor pool at the State Bathhouse for 
mineralogical analysis. The precipitate was taken from the tops of the submerged benches using a 
peristaltic pump and stored in a polyethylene bottle with zero head space. Mineralogical detennination 
was conducted using X-ray diffraction analysis (XRD) at the Colorado School of Mines (Golden, CO). 
Mineral phases were identified by comparing measured distances between diffraction planes to those of 
mineral reference standards (International Centre for Diffraction Data (lCDD), 1993). 

Lidstone and Associates, Inc. 
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Geochemical Modeling 

The geochemical speciation model PHREEQC (parkhurst and Appelo, 1999) was used to perfonn 
mixing simulations and to calculate the distribution of solution species using an aqueous ion-association 
model. The results of speciation calculations provide mineral saturation indices which indicate the 
saturation state for various minerals relative to water. The saturation index (SI) is defined as: 

SI = log (IAP/Ksp) [1] 

where lAP is the ion activity product in solution and Ksp is the theoretical solubility constant at the field 
temperature. Therefore, a positive SI indicates that the solution is oversaturated with respect to a 
given solid phase, while a negative SI indicates undersaturation. A condition of oversaturation 
indicates that precipitation of the respective mineral phases is possible. At SI = 0, the solution and the 
solid phase(s) being considered are in equilibrium. 

Geochemical Characteristics of the Waters 

The major ion compositions of the Hot Springs State Park waters are shown on the trilinear diagram in 
Figure 1. These samples can be classified as Ca-S04-type waters because their sum of cations and 
anions is comprised of approximately 50% calcium and 50% sulfate, respectively. Figure 1 shows that 
distinct changes in major ion composition occur as water from Big Springs moves through the park 
distnbution system. Both calcium and bicarbonate concentrations tend to decrease with increasing 
distance from the source. The Terrace Inflow, nearest to the source, retains the major ion chemistry of 
Big Springs. However, decreases in bicarbonate become more notable in the Star Plunge cooling 
water and Terrace samples. The State Bathhouse cooling water, which travels further from the source 
in open ditches and ponds compared to the Star Plunge cooling water and Terrace waters, contained, 
the lowest concentration of bicarbonate (Figure 1, Table 1). 

These observations are consistent with degassing of carbon dioxide from the source water under earth
surface conditions, promoting precipitation of calcite (calcium carbonate or travertine). The results of 
field and laboratory measurements (Table 1) demonstrate that the water in the distnbution system 
becomes increasingly oxidized as it travels further from the source and continues to equilibrate with the 
atmosphere. Wrth increasing distance from the source, oxygen concentrations increase while sulfide 
concentrations decrease accordingly. Oxidation of sulfide to sulfate also causes sulfate concentrations 
to increase slightly (Figure 1, Table 1). System Eh measurements were typically less than -100 mV in 
source and inflow waters, but increased to approximately 200-350 mV in the cooling and Terrace 
waters. The increase in pH from 6.16 at the source to greater than 7.0 in the cooling waters and at the 
Terraces is also consistent with carbon dioxide outgassing as water travels through the distnbution 
system. The water temperature was 59.2 C at the source, and the temperature of the Star Plunge 
cooling water (28.5 C) was significantly cooler than the Terraces (36.2 C) and the State Bathhouse 
cooling water (39.7). 

Lidstone and Associates, Inc. 
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Table 1: Results of Water Quality Sampling, Hot Springs State Park, Wyoming. July 17,2002. 1 

Laboratory Parameters Big Springs 

Alkalinity (as CaC03) 521 

Aluminum <0.1 

Calcium 287 

Chloride 280 

Fluoride 3.78 

Iron <0.03 

Magnesium 60.4 

Manganese 0.0172 

N itrate+N itrite-N <0.1 

Phosphorus <0.01 

Potassium 37.1 

Silica (as Si02) 29.4 

Sodium 198 

Total Dissolved Solids 1940 

Total Suspended Solids 3.8 

Sulfate 694 

Sulfide 5.76 

Conductivity (mS/cm) 2.61 

Dissolved Oxygen 0.29 

Eh (mV) < -100 

pH 6.16 

Temperature (C) 52.9 

1 Results in mgIL unless otherwise noted. 
2 nm = not measured. 

Lidstone and Associates, Inc. 

Terrace 

Inflow Terraces 

521 434 

<0.1 <0.1 

290 280 

287 290 

3.82 3.76 

<0.03 <0.03 

60.6 60.3 

0.0169 0.014 

<0.1 <0.1 

<0.01 <0.01 

37.2 37.6 

29.2 29.4 

198 197 

1930 1930 

<1 <1 

721 723 

3.72 <1 

2.63 2.69 

0.36 5.4 

< -100 252 

6.15 7.54 

52.7 36.2 

Star Plunge Star Plunge Star Plunge 

Cooling Water Inflow Outflow 

478 509 408 

<0.1 <0.1 nm 2 

286 291 292 

295 283 255 

3.91 3.89 3.9 

<0.03 <0.03 nm 

62.7 62.2 66 

0.0137 0.0153 nm 

<0.1 <0.1 nm 

<0.01 <0.01 <0.01 

39.1 39 38.5 

30.8 30.4 33 

206 204 208 

1970 1960 1950 

1.87 <1 nm 

745 715 593 

<1 2.32 nm 

2.72 2.71 nm 

4.74 3.0 nm 

219 < -100 nm 

7.18 6.53 nm 

28.5 38.7 nm 

3 

State Bathhouse State Bathhouse 

Cooling Water Outflow 

375 485 

<0.1 <0.1 

259 272 

295 289 

3.68 3.82 

<0.03 <0.03 

57.6 59.3 

0.0114 0.013 

<0.1 <0.1 

<0.01 <0.01 

36.4 37.3 

28.1 28.9 

189 194 

1890 1930 

<1 2.67 

731 720 

<1 <1 

2.66 2.68 

nm nm 

341 158 

7.67 6.88 

39.7 39.8 
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Geochemical Modeling Results 

Selected model output from the aqueous speciation model PHREEQC are provided in Table 2. 
Calculated carbon dioxide partial pressures [PCOlg)] show that dissolved carbon dioxide is highest in 
Big Springs and rapidly outgasses as water moves through the distnbution system The relationship 
between pH and PC02(g) is shown on Figure 2, where outgassing of CO2(g) in cooling and terrace 
waters causes the pH to rise such that the waters become oversaturated with respect to calcite. Initially 
undersaturated conditions exist in Big Springs where negative SI values were calculated for calcite 
(Table 2). However, decreasing PC02(g) values give rise to positive SI values for calcite in terrace 
waters, cooling waters, and source/cooling water mixtures. The positive SI values for calcite represent 
oversaturated conditions with respect to calcite, and indicate that calcite precipitation is 
thermodynamically favorable. Gypsum, a common precipitate in some natural waters, is not expected 
precipitate from the waters based on the negative SI values calculated for gypsum (Table 2). Positive 
SI values were also calculated for fluorite (CaF2) indicating that fluorite precipitation is also possible. 

Table 2: Carbon Dioxide Partial Pressures and Mineral Saturation Indices (SI) for Selected 
Hot Springs State Park Samples. 

Location PC02(g) Calcite SI GypsumSI Fluorite SI 

Big Springs 0.34 - 0.12 - 0.64 +0.07 

Terrace Inflow 0.26 - 0.13 - 0.62 +0.08 

Terraces 0.01 +0.94 - 0.58 +0.25 

Star Plunge Cooling Water 0.02 +0.53 - 0.55 +0.3~ 

Star Plunge Inflow 0.12 +0.06 - 0.59 +0.26 

State Bathhouse Cooling Water 0.007 + 1.02 - 0.61 + 0.16 

State Bathhouse Outflow 0.05 +0.37 - 0.61 + 0.21 

Results of Mineralogical Analysis 

The XRD pattern obtained from analysis of the State Bathhouse precipitate contains peaks that 
correspond to characteristic d-spacings for quartz (a-Si02) and calcite (CaC03) (lCDD, 1993) (Figure 
3). Quartz is detrital in origin and is introduced into the water system through wind and surface runoff. 
The precipitate is primarily composed of calcite, which precipitates directly from the terrace and 
cooling waters as they move through the water distnbution system The mineralogical results are 
consistent with the geochemical modeling results indicating that waters become oversaturated with and 
precipitate calcite during equilibration with the atmosphere in surface channels and cooling ponds. 
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Historical Trends in Big Springs Chemistry 

Historical trends in Big Springs water quality were evaluated using data summarized by Jarvis 
(1986) in conjunction with the results of the July 17, 2002 analyses. The trends in Big Springs 
chemistry indicate that calculated TDS concentrations have decreased by approximately 430 mg/L 
since 1958 (Figure 4). Approximately 46% of the decrease in TDS is attributed to reductions in 
calcium plus bicarbonate concentrations, while 38% results from reductions in sodium plus 
sulfate. Magnesium has decreased in proportion to calcium, and proportions of sulfate have 
increased relative to bicarbonate (Figure 5). Decreasing trends in TDS resulting from lower 
calcium and bicarbonate concentrations indicates that travertine deposition at the Terraces may 
not be as extensive today as it was in the past. 

Considerations Regarding End-Use Water Quality 

In summary, Big Springs emerges as a Ca-S04-type water, depleted in oxygen and rich in dissolved 
carbon dioxide and hydrogen sulfide gases. As the water travels through open channels and cooling 
ponds within the Hot Springs State Park distnbution system, equilibration with the atmosphere results 
in outgassing from solution. Dissolved oxygen entering the system oxidizes sulfide to su1fate and the 
waters become increasingly oxidized with distance from the source. As carbon dioxide outgasses, the 
resulting increase in pH causes calcite to precipitate. Oxidation of sulfide to sulfate, and calcite 
preGipitation within the distnbution system, only slightly modifies the major ion composition of the 
water. The geochemical processes identified are consistent with our fundamental knowledge of 
travertine formation that occurs on the adjacent terrace formations. 

Regardless of any proposed change to the system, equilibration with the atmosphere will occur rapidly 
in the open pools after the source and cooling waters are combined. Therefore, varying ratios of 
source to cooling water, or changing diversion points and retention times of ponded cooling water, will 
not significantly affect the end-use water quality. Consequently, the water quality will remain very 
similar to that currently observed, as long as all of the source and cooling waters are derived from Big 
Spring. 

One possible alternative to increase the flow of spring water to the Terraces is to divert water from the 
Bighorn River to increase the supply of cooling water. Therefore, mixing calculations were carried out 
to determine the effects of mixing Big Spring Water with Bighorn River water on end-use water 
quality. Using the Bighorn River water quality at Hot Springs State Park (Table 3), mixtures ranging 
in river water composition from 5 to 40% were simulated. Modeling results indicate that IDS would 
decrease by approximately 290 mg/L for a 20% river water mixture, and by 680 mg/L for a 40% river 
water mixture, due to the relatively low IDS of the Bighorn River. However, as the proportions of 
river water are increased, the relative proportions of the major ions will not change significantly. Only 
a small shift toward Bighorn River composition can be identified on Figure 6, and therefore diversion 
of Bighorn River water is a potential option to increase volumes of cooling water without significantly 
changing the end-user water composition. 
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Table 3: Bighorn River Water Quality Results (September 13, 2002). Total (Unfiltered) 
Concentrations Reported as mg/L. 

Parameter Concentration 

Alkalinity (as CaC03) 174 

pH 8.2 

Calcium 69.9 

Chloride 11.4 

Fluoride 0.5 

Magnesium 25.5 

Phosphorus 0.042 

Potassium 3.4 

Silica (as Si02) 8.13 

Sodium 68.6 

Sulfate 208 

Total Dissolved Solids 539 
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Figure 1: Hot Springs Park Major Ion Chemistry 
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Figure 2: Calculated PCOl Values as a Function of pH for the 
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Figure 3: XRD Pattern for State Bathhouse Precipitate 
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Figure 4: Historical Trends in Big Springs Water Quality 
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Figure 5: Historical Trends in Major Ion Chemistry 
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Figure 6: Model Mixing Results for Big Springs 
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Hot Spring State Park, Wyoming 
Analysis of Conditions, Processes, and Options 
Forrest A. Vaughan, P.E. 

Conditions 

The hot mineral waters from the Big Spring are divided into two uses: 

1. Historical, natural flow from the spring along the bluff and down the mineral 
deposits of the terraces to the river. 

2. Man-made diversion of flow to private- and state-owned pools and bath facilities. 

With continued growth in the west, the limited water resources have been stretched ever 
thinner, and overuse of many water sources has been the result. The impact of this trend 
on the Big Spring appears to be a reduction in total volume of flow from the spring over 
time, leading to concerns over the competing uses of nature and man. The natural result 
of the hot mineral spring's flow is the unique and beautiful mineral deposits along the 
River. An adequate flow to the terraces is required to maintain this resource and continue 
building the terraces for future generations to enjoy. 

The hot spring waters are believed by many to have therapeutic properties, and they are 
also a source of bathing enjoyment to many others. Those who use the spring for mineral 
baths hope to keep the natural mineral content of the water consistent in the private and 
public facilities dedicated to its use. Increased use by humans for bathing creates greater 
potential for bacterial contamination of the water, and for detrimental health effects. 

The State of Wyoming is obligated to manage this unique resource for the greatest benefit 
of its citizens and visitors. Simply stated, the State's objectives in managing the Big 
Spring are to: 

• Maintain the natural mineral water content for use by both nature and man to 
greatest extent possible 

• Maximize flow from the big hot spring to the terraces 

• Address microbiological health concerns in baths and pools without disinfection 

Processes 

The hot mineral water from the Big Spring is classified as Ca-S04-type ( calcium-sulfate) 
waters, having little oxygen and high concentrations of carbon dioxide and hydrogen 
sulfide gases. Both carbon dioxide (C02) and hydrogen sulfide (H2S) act to decrease the 
pH (increase acidity) of the water. The high temperature and increased acidity serve to 
hold greater concentrations of minerals in solution. This character is the result of water 
heating in mineral formations underground, in the absence of oxygen. 
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The conditions of open-air atmosphere upon discharge from the spring initiate a change 
in the character of the spring water. Exposure to air immediately begins the process of 
change, through a variety of related mechanisms that are summarized in the table below. 

Mechanisms 
Exposure (in open ponds) 
Evolution of CO2 & H2S 
Evaporation 
Precipitation 

Results 
Airborne, water-born, and animal-contact bio-contamination 
Higher pH, lower saturation limits, and precipitation of salts 
Cooling, volume reduction, and precipitation of salts 
Calcite and quartz precipitates and deposits 

Data collected in this and previous studies indicate that little off-gassing and cooling 
occurs in the narrow channels in which the spring water flows to the terraces and bath 
pools. The majority of cooling and evolution of CO2 and H2S occurs in the shallow 
ponds at the top of the terraces, the cooling ponds of the Star Plunge and those at the 
bathing pools, and the pools themselves. 

This process of pooling, evaporation, and cooling is natural and desirable for the water 
covering the terraces. The terraces rely on this process to continue the mineral deposition 
that began many years ago. The operation of bathing pools is slightly different due to 
human contact and immersion. The open exposure of water in the cooling ponds 
provides a significant potential for bacterial contamination. The cooler water in the 
ponds also provides a better environment for these bacteria. The cooler water from the 
ponds is then blended back with the hotter water directly from the spring, to achieve the 
optimum temperature in the pools. 

A recent bacterial survey by the Wyoming Department of Agriculture Analytical Services 
found that the potentially pathogenic microorganisms (mainly fecal coliform bacteria) in 
the waters were within the guidelines for flow-through swimming pools. The results 
tended to show higher numbers of coliform microorganisms with higher bather loading. 
The survey also found large numbers of heterotrophic bacteria in the cooling pond, which 
contributed to proportionately high numbers in the bathing pools. The cooler the 
temperature in the cooling pond, the more heterotrophs were found in the samples. The 
survey indicates that bacteriological conditions are generally acceptable for bathing, 
though at times of high bather loads conditions may be marginal. Therefore, a marginal 
improvement in water quality control will likely serve to maintain adequate bacterial 
conditions. 

Still, some individuals will drink the mineral water to benefit from "essential trace 
elements," so better water source quality control is desirable. It is advisable to provide a 
separate source of mineral water for drinking, without this water passing through long 
detention-time cooling ponds. 
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Options 

Other hot springs enterprises surveyed for this study provided cooling and water quality 
control in one of two ways. 

1. Smaller facilities use a series of pools to cool the water, with the temperature 
cascading with the water from pool to pool. This flow-through approach is 
similar to the natural conditions at hot springs prior to commercial development. 

2. Large facilities, such as the Glenwood Hot Springs and Pool, have too high of a 
bather load to operate as flow-through pools. Instead, these facilities provide 
water blending for temperature control, and water treatment with disinfection for 
water quality control. The Glenwood facility blends hot spring water with 
Colorado River water as makeup for the pools, and recycles pool water through 
treatment by sand filtration and ozone disinfection. Hypochlorite solution is 
added before the filters to control microorganism growth. 

There were no facilities among the few surveyed that used the same side-stream cooling 
method employed at the Thermopolis hot spring. The microbiological content in the 
bathing pools is dependent to a great extent on bather load, and this was shown in the 
bacterial survey. However, the number and classification of bacteria are also affected by 
the use of side-stream cooling ponds. This is due to greater exposure to naturally
occurring bacteria, the lower temperature reached in these ponds, and the longer retention 
time that allows incubation of bacteria. This bacteria culture is then fed to the bathing 
pools with the cooling water. 

Based on the analysis of conditions and processes at the Hot Springs State Park, a number 
of potential improvement measures were identified. These are presented in the following 
table. 

Potential Measures 
1. Recycle (Improves 

terrace flow 
volume only) 

2. Blend well or river 
water with hot 
spring water 

3. Central, controlled 
cooling pools (2) 

4. Closed-system 
cooling (heat 
exchangers) 

Benefits 
Pool discharge returned to 
terraces, increased flow 
over terraces 
Inexpensive cooling, 
reduce mineral precipitates, 
supplement flow 
Reduced contamination, 
and low operating cost 
Avoid evolution of CO2, 

exposure to contamination, 
and evaporative losses 

Drawbacks 
Practical limitations of access to 
pool discharges, pump and pipeline 
installation and operating costs 
Dilution of mineral content for 
baths, potential additional source of 
contamination if not filtered 
Use of limited land area, cost of 
installation and maintenance 
One system controlled by State vice 
individual vendor responsibility, 
high installation and operating costs 

None of these options alone will address all of the objectives identified at the beginning 
of this analysis. For example, Option 1 is the most direct and effective way to increase 
flow to the terraces, but does nothing to address the other objectives. The other options 
address water quality to varying degrees, but provide some to no water conservation or 

Page 3 of4 



flow supplementation. Still, Option 1 is not exclusive, and can be combined with any of 
the other measures that do address microbiological content and bathing water quality. 

Combining Option 1 with each of the other options provides opportunities to address the 
objectives with a different priority or focus. The minimum water augmentation for these 
combinations is the water recycled by Option 1 alone, and two options provide further 
flow supplement. In all cases, the option pair will provide the marginal improvement in 
bacteriological control needed to marginally improve bath water quality. The following 
table presents the appropriate combination of measures for several different priorities. 

Priority O~tion Pair Pros Cons 
Highest flow Options 1 & 2 Reduces spring water Changes mineral content 

to terraces consumed for baths, and of the water to the baths 
recycles used water to the 
terraces 

Lowest total Options 1 & 3 Simplest operation, most Least conservation of hot 
cost like natural hot springs spring water, due to 

evaporative cooling 
Best water Options 1 & 4 Supplies hot mineral water Evolution of gases occurs 

quality directly to baths at correct at pools, and is the most 
temperature, and reduces expensive and complex to 
evaporative consumption build and operate 
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