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Executive Summary 
  
PROJECT TITLE:  Church Camp Water Tank Analysis 
PROJECT ID:  CEEn-2017CPST-012  
PROJECT SPONSOR: The Church of Jesus Christ of Latter-Day Saints 
TEAM NAME:  Genesis Engineering 
 

Two water tanks that supply water to the Ben Lomond and Shawnee Campgrounds near 
Liberty, UT were inspected in order to determine the best course of action in improving them. 
After two site inspections, non-destructive materials testing, and consultation of experts, 
recommendations were decided upon for the improvement of the tanks. The recommended 
improvements are: 
 

1. Replace the T-switch valve near the raw water tank with two seperate intake lines.  
2. Coat the top and inside of each tank with Xypex. 
3. Perform further advanced testing within the next 10 years. 

a. Cover-meter test 
b. Resistivity test 
c. Half-cell electrical potential test (optional) 
d. Ultrasonic test (optional) 
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Introduction 

Two concrete water tanks are currently in use at Ben Lomond and Shawnee Campground,              
just North of Liberty, Utah. These tanks are owned and operated by The Church of Jesus Christ                 
of Latter-Day Saints. One tank is a raw water tank, where water from two spring sources and one                  
domestic source is stored. The other tank stores the water after treatment to be used throughout                
the campground. Currently, the raw water tank can only accommodate having one source open at               
a time to fill the tank. The client desired to be more efficient in usage and to have multiple                   
sources open at a time. Our task was to determine what changes are needed to accommodate                
these requests. 

Also, due to the tanks having been in operation for an extended period, an evaluation of                
the tanks was performed to determine what needs to be done. Specifically, the evaluation              
determined whether the tanks need to be replaced, refurbished, or are acceptable for the              
immediate future. Said evaluation was done to ensure that water needs for the campground are               
met, while at the same time helping the client avoid any unnecessary expenditures. A cost               
analysis was generated to help the client determine the best course of action. 
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Schedule 

Important Dates: 
 
9/14/17 - Project Assigned 
10/21/17 - Site Visit #1 
11/02/17 - Project Proposal Submitted 
1/11/18 - Meeting with graduate student advisor 
1/11/18 - 2/26/18 - Various coordination meetings 
2/26/18 - 50% report submitted 
3/10/18 - Site Visit #2 
4/10/18 - Presentation to Sponsor 
4/12/18 - Presentation at BYU 
4/12/18 - Poster Presentation in Clyde Building at BYU 
4/17/18 - Final Report Submitted 
  

Assumptions & Limitations 
 

Limitations included inability to access advanced testing equipment. Advanced testing equipment           
for concrete water tanks is very expensive and requires a qualified professional to operate. For these                
reasons, testing on the structure of the concrete tanks was limited. Another impactful limitation was that                
concrete tanks did not have engineering plans that could be found. Not having engineering plans made it                 
difficult to estimate the structural strength of the concrete tanks, as well as the details of their connections. 
  

Design, Analysis & Results 
  

Observations  
 

In October 2017, a preliminary site visit was performed to observe the general condition 
of the two water tanks. This visit helped to better reveal the scope of the project. From the site 
visit we could easily see that the tanks were rather old. The top of the south tank exhibited 
spalling and exposed rebar. There were, additionally, signs of past leakage through cracks on the 
sides of both tanks. Included below are pictures of the north tank, and south tank respectively.  
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North Tank - Treated Water 

 

 
South Tank - Raw Water 
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The tanks are built partially into a hillside. Signs of past leakage are visible on both tanks. 
It also appears that the tanks were built at different times, or in different manners. This is evident 
from small differences in lids, tank tops, color, and general condition. The north tank appears to 
be newer than the south tank.  
 
Possible Solutions 

 
To address the issue of the deteriorating tanks, several options were explored. The main 

solutions are tank replacement or tank refurbishment. The majority of work was spent 
researching the details of either replacing the tanks, or doing some repairs and preventative 
maintenance. Other potential solutions are also to be mentioned later on.  
 
Option 1 - Tank Replacement 

The first option we have for improving the water tank system is to replace the existing 
tanks with new 25,000 gallon fiberglass tanks (FRP). The main benefits of this approach are that 
it is the most effective way to increase the longevity and reliability of the water system. The 
existing concrete tanks appeared to be intact, but the risk of a failure of some kind increases with 
time.  

During our site visit a few months ago, we observed several signs of wear that could 
result in tank failure at some point. The first thing that we observed was significant spalling on 
the South tank. The top of the tank had significant amounts of concrete worn off, exposing the 
aggregate on top (see picture below).  
 

 
Spalling on top of the South Tank 

 
Another related sign of wear was that of exposed rebar on the South Tank (see picture below).  
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Exposed Rebar on top of the South Tank 

 
It is unknown if these defects will directly lead to the failure of the tank, but it is cause for 
concern.  

The principal disadvantage to the tank replacement approach is the high costs of 
replacement compared to refurbishment. The estimated total cost to replace both tanks is shown 
in the table below. Estimates were made using fiberglass tank prices from supplier websites, and 
represent only the prices of the tanks.  
 

Table 1: Replacement Cost Estimations 

 
 

Requesting quotes from local companies will be required to be able to estimate additional 
shipping and installation costs.  

 
Option 2 - Tank Refurbishment 

The second option for the water system improvement plan is to refurbish the existing 
tanks. This option is appealing because it would involve a much lower initial cost, as opposed to 
the tank replacement option. The main challenge to this option is determining if the concrete 
tanks will remain usable for a number of years to come with minimal repairs or maintenance.  

The site visit was helpful in determining the general condition of the tanks. After further 
research though, it has been decided that an additional site visit will be useful in producing a 
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more accurate determination of the strength and usability of the tanks, especially if access can be 
obtained to observe the inside of the tank. This is obviously challenging under the current 
weather conditions, because of several snow storms in the last few weeks. It is hoped that within 
the next few weeks the weather conditions will permit us to travel to the site and further evaluate 
the tanks. On our last site visit, we were not able to see the inside of the tanks because the keys 
to the locks could not be found. We especially feel that seeing the inside of the tanks would help 
us determine their structural integrity since we do not have structural drawings.  

As stated earlier, the refurbishment option will be significantly cheaper than replacing the 
tanks. It has yet to be determined everything that would need to be done to fully refurbish the 
tanks, but from initial cost estimates it is obvious that those would cost much less than brand new 
tanks. This is especially true, because the client has requested that if replacement is the 
recommended option, that the new tanks be at least the same size as the existing tanks.  

Refurbishment of the tanks will likely involve installing a lining on the inside of the tanks 
to reduce water leakage through cracks. There are several products available that are used to coat 
the inside of concrete tanks to prevent leaking. From our research, and by comparing different 
options, Xypex appears to be the most promising. Xypex would be especially effective for 
several reasons. For one, it is relatively cheap when compared to other products available. It is 
also simple to apply, and does not require a professional for application. It does, however, 
require NSF approval because of contact with potable water. Another reason it is an appealing 
option, is that after application it is considered permanent, and requires no maintenance. Included 
below are some tables detailing the dimensions of the existing tanks, and the estimated cost to 
apply Xypex to the inside of both tanks.  

Table 2: Xypex Cost Estimations 

 
 
As can be seen, simply applying a lining would be much cheaper. But making a decision 

based on cost will not necessarily give the best results. Lining the inside of the tank is completely 
dependant upon whether or not the tanks are structurally sound. If they are not, then it will be 
necessary to replace the tanks.  
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Hydraulic Analysis 
 

Regarding the issue of the competing spring flows, a hydraulic modeling program was 
used to model a possible solution. As it stands, a T-check valve wherein both spring flows move 
through to enter the raw water tank is in use. However, due to the higher pressure of one of the 
spring sources, it causes the T-check valve to remain closed the majority of the time on the other 
spring flow. Therefore instead of having both flows being utilized to fill the raw water tank only 
one spring is contributing. In order to have both flows enter simultaneously into the tank it’s 
proposed that the two water lines be separated and fed directly into the raw water tank. This 
situation was modeled using EPANet. The results below are the results given from the program 
after entering in the appropriate parameters. The results generated insinuate that running two 
seperate lines into the tank is a viable option. 
 

Figure 1: Representation of possible flow solution 
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Table 3: Node IDs and corresponding results for hydraulic analysis 
Node ID Demand GPM Head (ft) Pressure (psi) 

Junc 4 0.00 5580.27 4.45 

Junc 5 0.00 5580.20 4.42 

Resvr 1 -109.56 5610.00 0.00 

Resvr 2 -92.17 5600.00 0.00 

Tank  201.73 5580.00 4.72 

 
 

Table 4: Link IDs and corresponding results for hydraulic analysis 
Link ID Flow (GPM) Velocity (fps) Unit Headloss 

(ft/Kft) 
Friction Factor 

Pipe 1 109.56 4.97 27.03 0.018 

Pipe 2 109.56 4.97 27.05 0.018 

Pipe 3 92.17 4.18 19.80 0.018 

Pipe 4 92.17 4.18 19.82 0.018 

 
Concrete Testing 
 

During one of the site visits the team was able to perform a concrete sounding test on 
both tanks. The concrete sounding test involved the use of hammers that were lightly tapped 
across the entire outer surface of the tanks. This test was done to determine if any delamination 
was present within the tanks, which would be indicated by a hollow sound when tapped with the 
hammers. Delamination is when cracks form underneath the surface of the concrete, and are 
often not visible from the outside. When these cracks intersect the reinforcing steel within the 
concrete, the structural integrity of the concrete can be severely decreased.  

Through the testing of both tanks, no signs of delamination could be found, leading to the 
conclusion that the tanks are likely sound. It is also recommended that further testing be 
performed to better solidify that conclusion. Further testing, including types of tests, will be 
discussed in another section.  
 

Final Recommendations  
 

Our final recommendation is to refurbish the tanks. There is a lack of evidence that would 
justify spending the time, money, and labor to completely replace the tanks. There is no evidence 
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of significant leaking, the tanks appear to be structurally sound, and are still performing their 
designed purpose with no issues. Since the integrity of the tanks is not called into question there 
is little reason to consider replacement of the tanks. 

Also, as previously pointed out, the cost of Xypex when compared to the cost of 
replacement is small (See Figure 1 Below). Xypex has the possibility of extending the lifetime of 
the tanks for several more years, perhaps even beyond that. According to the Xypex website, if 
installed properly it is considered permanent and requires no maintenance. With that in mind it 
would appear the best course of action.  

 

 
Figure 2: Price Comparison of Replacement Options 

 
To further specify the recommended course of action, Xypex concentrate should be used 

to coat the insides of both tanks, and the outer tops of both tanks, to prevent further wear from 
precipitation. In areas where cracks larger that 0.4 mm are found, the cracks will have to be 
chipped out to a depth of 1.5 inches and width of 1 inch, then cleaned and wetted, to apply a 
brush coat of Xypex concentrate. After drying the rest of the crack must be filled with Dry Pac, 
which is another product sold by the same company. After all the Xypex has been applied, it 
must be allowed to cure for 3 days, and set for 12 days before filling again with water. More 
detailed instructions on the use of Xypex can be found on the product data sheets available on 
their website. It is estimated that 11 of the 60 lb buckets of Xypex Concentrate will be needed to 
complete the task.  
 

In addition to coating the tanks with Xypex, it is recommend to replace the T-check valve 
(that connects the two springs to the raw water tank) be replaced with two independant inlet 
pipes. This will eliminate the problem of one valve being forced closed by the spring with 
greater flow.  
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Further Testing 
 

As previously mentioned, it is recommended that further testing be performed on the 
tanks. While some testing was performed, it was limited in its scope and precision. More 
advanced testing materials could better help to determine the structural integrity of the tanks, and 
could potentially indicate the need for replacement. Specifically, 2 tests are suggested, with 
another 2 tests also given mention.  

The most highly recommended test for these tanks is a Cover-Meter test. This test is used 
to determine the location of reinforcing steel within concrete, and depending on the equipment, 
can also determine the size of the reinforcement. This test would be especially helpful with these 
tanks, because no structural drawings or plans are currently available for them. Knowing the size 
and location of reinforcing steel would significantly improve any estimate of how strong the 
tanks actually are.  

Another highly recommended test is a Resistivity test. This test uses electrical currents to 
determine if the reinforcing steel in the concrete is corroding. If it is that would be alarming, and 
indicate that the steel may not be providing the strength it was intended to. 

Another similar test is the Half-Cell Electrical Potential test. This test is similar to the 
Resistivity test, as it measures the risk of corrosion in the reinforcing steel. This would be 
another helpful test to determine the structural integrity of the tanks.  

Lastly, an ultrasonic test would also be useful with these tanks. An ultrasonic test uses 
acoustic waves to measure the elastic properties of the concrete, and detect any anomalies within 
the concrete, such as voids, sub-surface cracks, delamination, etc.  

Many of these tests are available at BYU, but require specific training, and 
accompaniment of Faculty. With greater notice, another Capstone Project could be performed, 
where these tests could be used with advanced notice.  
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Conclusion 
 

Many things were learned through the accomplishment of this capstone project. It was             
learned that weather can be an obstacle. Difficulties were experienced on the second site visit               
because of persistent winter weather. Timing is critical in accomplishing a project on time.  

Diverse teams can be a help or a hindrance. Each member of the team brought different                
ideas, methods, and experience to our project. Initially the team member differences initially             
caused the decision process to slow down. Once a plan was decided on, however, it was a                 
smooth process to carry it out. A team with very similar opinions might not have been able to see                   
or work through several nuances and flaws in our initial plan.  
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