
 M  ITIGATING  S  UBMERGED  H  YDRAULIC  J  UMPS  AT 

 L  OW  -H  EAD  D  AMS 

 Project ID:  CEEn_CPST_0  11 

 by 

 Dam Solutions 
 Jason Poff 

 Patrick McDivitt 
 Andrew Meyer 
 Emily Dicataldo 

 A Capstone Project Final Report 

 Submitted to 

 Dr. Rollin Hotchkiss 
 Brigham Young University 

 Department of Civil and Construction Engineering 
 Brigham Young University 

 4/11/22 

 Page  1  of  22 



 Executive Summary 

 PROJECT TITLE:  M  ITIGATING  S  UBMERGED  H  YDRAULIC  J  UMPS  AT  L  OW  -H  EAD  D  AMS 

 PROJECT ID:  CEEn_CPST_011 
 PROJECT SPONSOR:  Brigham Young University 
 TEAM NAME:  Dam Solutions 

 Dam Solutions will investigate the occurrence of a submerged hydraulic jump in 
 Taylorsville in the laboratory flume in CB 171. We will design a scale model for the 
 low-head dam located at W 4430 S and S 500 W in Taylorsville as well as the proposed 
 plans to mitigate the impacts of a submerged hydraulic jump. We plan on designing our 
 model of the low head dam by surveying the dam, the stream bed immediately 
 downstream from the dam, and the stream bed ~100 ft downstream of the dam. We will 
 accomplish this by having a student hold a surveying rod in the river long enough to get 
 readings at each location. This student will be equipped with a wetsuit and helmet and 
 will also be tied off with two ropes. Two people on each side of the river will hold on to 
 these ropes. We plan on hiring a machine shop to create a scaled 3D model of the 
 surface of the stream bed made of foam. Once the model is created we will install and 
 test it in the flume for a wide range of discharges and tailwater depths. 

 The end deliverable will be this report, an analysis and summary of our findings 
 from the Taylorsville City dam. It will include what we found while testing our model of 
 the current Jordan River Streambed as well as the proposed Taylorsville City retrofit 
 solution. In addition, it will include our surveying efforts as well as the modeling 
 process. 
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 Introduction 

 This  project  is  an  attempt  to  solve  the  dangers  surrounding  low-head  dams. 
 Low-head  dams  are  short  structures,  typically  less  than  15  feet  tall,  extending  from  bank 
 to bank across a river. These dams are built to divert water for irrigation or purposes. 

 Under high flow conditions, a phenomenon known as a 
 submerged hydraulic jump can occur. Fast-moving water falls over 
 the crest of the dam and meets deep slow-moving water (high 
 tail-water). The fast-moving water rises and is pushed back to the 
 face of the dam, creating a recirculating current. These currents are 
 extremely difficult to escape, causing those caught in them to be 
 trapped and drown. Our task was to create a scaled streambed of the 
 low-head dam in the Jordan river by W 4430 S and S 500 W in 
 Taylorsville, Utah, a known location of a submerged hydraulic jump. 
 In addition, we were tasked with modeling Taylorsville city’s proposed 
 plan to reconstruct the existing streambed and eliminate the 
 hydraulic jump. 
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 Schedule 
 January  2022  -  Once  Dam  Solutions  has  received  approval  from  BYU  risk  management, 
 the  team  will  travel  to  the  project  site  and  survey  the  low-head  dam  crossing  on  the 
 Jordan River in Taylorsville. 

 February  2021  -  Use  data  collected  while  surveying  to  create  a  3-D  model  of  the 
 streambed  and  give  data  to  the  manufacturing  lab  to  create  a  model  for  BYU’s 
 laboratory flume. 

 February  2022  -  With  guidance  from  the  team’s  faculty  advisor  and  relevant  research, 
 discuss  the  retrofit  option  idea  applicable  to  low-head  dam  by  W  4430  S  and  S  500  W  in 
 Taylorsville, Utah. 

 February  1  st  ,  2022  -  Review  the  potential  retrofit  option  plans  as  provided  by  Salt  Lake 
 County 

 March  2022  -  Test  the  designed  model  in  the  laboratory  flume  and  determine  its  ability  to 
 prevent  the  formation  of  a  hydraulic  jump.  In  addition  test  the  model  of  the  current 
 Taylorsville city dam 

 April  2022  -  Team  members  will  present  a  report  to  the  client  including  design  drawings, 
 experimental  results,  cost  estimates  of  the  prototype,  as  well  as  impacts  this 
 adjustment might have on society. 
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 Assumptions & Limitations 

 Our  first  objective  was  to  prepare  for  and  survey  the  streambed  below  the 
 low-head  dam.  For  safety  reasons,  we  were  only  planning  to  be  in  the  water  for  at  most 
 an  hour.  It  was  winter,  and  the  temperature  was  cold.  We  could  not  take  as  many  points 
 as  might  be  optimal  for  a  highly  detailed  model.  We  took  about  140  points  over  our  100’ 
 by  120’  survey  area.  We  must  assume  our  model  was  detailed  enough,  and  we  did  prove 
 that a submerged hydraulic jump did occur. 

 We were limited by the products and processes available to us for modeling. We 
 used insulation foam, but we had to glue three pieces together to get the necessary 
 thickness. The foam had imperfections and some water flowed through the model. The 
 router itself was not able to reach all the way down in one area, so we had to manually 
 sand it down to match the correct depth. We also had some pieces come off during the 
 cutting we had to glue on after. 

 For testing we assumed high flow conditions because this is when a submerged 
 hydraulic jump is most likely. Due to malfunctioning equipment, we were not able to 
 monitor the flow in the flume as closely as we would have liked. This limited us to 
 analyze how the models would perform in a window of limited flow rates. Due to the 
 fact that the proposed retrofit plan for the Taylorsville dam is already approved we were 
 not too concerned with this limitation. We assumed that the flow over the dam face 
 should be 1100 cfs to cause a submerged hydraulic jump, this would scale to  0.157cfs 
 in the flume. In addition, we assumed the test subject was a small child equipt with a 
 life preserver. For this we used an inch long foam piece. 
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 Design, Analysis & Results 

 We  planned  seriously  for  safety.  We  were  prepared  with 
 a  dry  suit,  a  harness  with  two  ropes  on  each  side, 
 low-head  dam  escape  training,  picking  a  time  with  low 
 flow,  BYU  risk  management  approval,  and  plentiful 
 supervision. 

 We  coordinated  with  Salt  Lake  County  and  Murray 
 city  office  officials  to  have  access  to  the  dam  and 
 their nearby parking lot. 
 Student research assistants working for Dr. 
 Hotchkiss were able to come and view the process. 
 Many photos and videos were taken to document 
 the dam before it was removed in the following 
 months. 
 Dr. Mitchell and his associate Todd Osbourn trained 
 us  on  how  to  use  the  GPS  Rover  to  take  accurate  survey  points  which  we  could  use  to 
 create a 3D model of the streambed and dam using ArcGIS and Civil 3D. 
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 We input the survey points into 
 ArcGIS Pro, and added some more 
 points to show the rising bank on 
 both sides of the river. We also 
 added points showing the 
 concrete diversion structure and 
 height of the dam itself. After 
 confirming the accuracy of these 
 points with overhead imagery, we 
 opened these points in AutoCAD 
 Civil 3D. Using online tutorials, we 
 were able to create a mesh 3D net 
 of the streambed using a TIN 
 interpolation model. 

 We downloaded this 
 model as a STL file 
 and took it to the 
 prototyping lab. 
 Unfortunately, there 
 were several problems 
 with the file. The mesh 
 surface previously 
 interpolated had 
 several areas of self 
 intersecting geometry. 
 We met with several 
 different lab 
 assistants in the BYU 
 Mechanical 
 Engineering Prototyping Lab and tried using Blender and SolidWorks to fix these 
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 surface errors. 
 After several 
 meetings and 
 unsuccessful 
 attempts to mend 
 the 3D surface, 
 the lab assistants 
 recommended 
 making an 
 appointment with 
 the MakerSpace in 
 the HBLL. The 
 MakerSpace 
 works extensively 
 with STL files meant for 3D printing. They were able to successfully fix these surface 
 errors with their software program and convert our mesh surface into a solid, thickened 
 surface. We took this new file back to the Prototyping Lab and they were able to run it 
 through their toolpathing program for the CNC Router. 

 We had the choice of cut 
 times of 2 hours, 4 hours, and 
 6 hours. As the cut time 
 increased, so did the relative 
 smoothness and the 
 resolution of the model. After 
 discussing our schedules, our 
 team decided on a cut time of 
 4 hours and created a 
 schedule where we would 
 take shifts watching it since 
 one of us was required to be 
 there for the full duration. 
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 We decided to use insulation foam for our final model. The foam came in 2” thick 
 pieces, so we stacked three pieces on top of each other and glued them together using 
 a high strength epoxy. 
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 After the model was cut out by the 
 CNC Router, we used a hot wire cutter 
 to trim off the excess foam on each 
 side. We placed heavy weights on top 
 of the sides of the model due to the 
 material’s buoyant nature. 

 Once the foam was cut and the 
 weights were placed on the sides of 
 the model of the flume, we were ready 
 to begin testing. We turned on the 
 flume and slowly increased the flow 

 until we successfully created a submerged hydraulic jump. To ensure we had 
 successfully created a submerged hydraulic jump, we placed an earplug upstream and 
 watched it get caught at the base of the low head dam. Once we were able to prove our 
 model created a submerged hydraulic jump, we were ready to test Salt Lake County’s 
 retrofit design. 

 To model and test Salt Lake 
 County’s retrofit design, we 
 created a streambed out of 
 gravel, and used 1.5” 
 aggregate to model the rock 
 vanes. The aggregate was 
 kept in place using 
 two-by-fours. The depths of 
 the scour pools and other 
 parts of the model were all 
 created to scale. Using the 
 same flow rate we used for 
 the model of existing 
 conditions, we were able to 
 ensure that there was no submerged hydraulic jump. To do this, we placed an earplug 
 upstream and watched it safely flow downstream. According to our model, we can 
 safely conclude that Salt Lake County’s approved design will remove the submerged 
 hydraulic jump at the observed low head dam. 
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 Related Issues 

 Our project shows that local low-head dams can be dangerous under high flow 
 conditions. We surveyed the dam in the winter with low flow, and there was no 
 submerged hydraulic jump. Two people died at this dam in the summer months, and we 
 proved a submerged hydraulic jump does exist under those conditions with our model in 
 the flume. Our results can be used to show the reality and variability of these dangers. 
 Even dams that are safe 99% of the time can be very dangerous (rainstorms, floods, 
 etc.). These dams need to be modified or removed for public health and safety, as well 
 as fish passage. Low-head dams are found all across the country, especially in the East 
 with old colonial mill dams and in the arid West for irrigation diversions. Action needs to 
 be taken on a national scale. 

 The inaction by states because of fear of lawsuits shows us the flaws in our legal 
 system. The purpose of the legal system is to protect the people and provide justice, 
 and here it is preventing that. At the dam we surveyed it took deaths, a lawsuit, and a 
 settlement to get the money required for the retrofit of the dam. Our results prove these 
 dams are dangerous and can be retrofitted. The next task we must solve is how to get 
 the required money and action from the government to solve this public safety crisis. 

 A potential way to get moving on this issue is to partner with stream connectivity 
 advocates. Fish passage and the environmental movement is gaining steam and they 
 also want to remove low-head dams, although for different reasons. More money can be 
 found in this area than public safety at the moment. 
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 Lessons Learned 

 We experienced many challenges in surveying the dam, and came up with solutions: 
 -Temperature:  Average  winter  water  temperatures  in  the  Salt  Lake  area  ranges  from 
 37.8°F  to  38.8°F.  At  these  temperatures,  15  to  30  minutes  of  exposure  can  cause 
 exhaustion  and/or  unconsciousness  and  can  be  fatal  after  30  to  90  minutes  of 
 exposure.  A  drysuit  with  fleece  layers,  neoprene  booties,  a  winter  hat,  ̀gloves  are 
 recommended. (source). 
 -Where  to  place  the  people/anchors  and  how  to  get  the  rope  across:  We  could  float  the 
 line  down  the  river,  but  then  the  rope  would  be  cold  and  wet,  and  whoever  is  in  the  water 
 would  have  to  tie  themselves  off.  The  rope  would  need  to  be  very  long  and  should  be 
 tied with a figure 8 knot that can be clipped in with a carabiner to the harness. 
 -Getting  around  trees  -  where  will  people/anchors  stand:  One  group  will  stand  in  the 
 Murray  City  office  parking  lot,  the  other  will  stand  on  the  structure  overlooking  the  dam 
 on the other side. The safety ropes can be held here and anchored to other structures. 
 -Where  to  take  points:  The  boil  point  seemed  about  2  feet  from  the  dam,  so  it  would 
 probably  be  best  to  take  measurements  starting  3  feet  away  from  the  dam  at  least,  and 
 then  in  10  feet  intervals  starting  with  the  west  side  across  the  dam  and  10  feet  intervals 
 back about 60 feet (about 11 measurements 6 times, parallel to the dam.) 
 -The  scour  hole  is  much  deeper  than  anticipated:  Bring  extension  pieces  to  make  the 
 rover  longer,  or  measure  the  deep  section  using  grade  rod  from  Fluids  lab  and  subtract 
 distance from a known elevation point 
 -There  is  a  submerged  hydraulic  jump  when  we  arrive:  Leave  and  come  back  when  no 
 submerged  hydraulic  jump  is  present  or  tie  off  and  enter  the  submerged  hydraulic  jump 
 very carefully. 

 There were several challenges creating the 3D model and getting it to successfully run 
 through the toolpathing program. None of us have much experience using Civil 3D, so 
 creating the initial mesh surface was a challenge. We didn’t realize that the mesh 
 surface would have self intersecting geometry. The lab assistants working at the 
 Prototyping Lab usually work with simple objects and had no experience with 
 topographical surfaces. They were not able to fix the surface errors after several hours 
 of trying. Luckily, the MakerSpace had the right type of computer software that easily 
 mended the geometry, converted the surface from mesh to solid, and extruded it. While 
 cutting, the CNC Router drill bit would snag on surfaces of the model that weren’t glued 
 together. We had to preserve those pieces and glue them on afterwards. The foam 
 shavings produced while cutting the model out were extremely messy and covered the 
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 CNC Router as well as the floor and walls of the lab. It took two hours to vacuum up the 
 pieces;  the shavings filled up two large trash bins. While creating the Salt Lake County 
 model, we realized some of the aggregate may flow downstream in the flume. To avoid 
 this, we placed wire mesh to catch these aggregates. 

 Conclusions 

 By  recreating  the  streambed  located  in  the  Jordan  river  by  W  4430  S  and  S  500  W 
 we  concluded  that  under  high  flow  conditions  this  dam  creates  a  submerged  hydraulic 
 jump.  This  hydraulic  jump  simulated  in  the  lab  produced  strong  currents  that  can  be 
 fatal.  After  modeling  the  city’s  new  proposed  streambed  in  the  flume,  we  can  conclude 
 that  there  will  be  no  danger  of  a  hydraulic  jump  on  this  part  of  the  Jordan  River.  The 
 new  sloped  streambed  and  rock  veins  will  allow  the  water  to  flow  downstream  without 
 high tail-waters forming. 

 Recommendations 
 Our recommendations for the following project are as follows: 

 -Make  a  list  and  set  of  generalized  retrofit  plans  for  low-head  dams  with  cost  estimates, 
 pros and cons, and other information. Make this publicly available. 

 -Publish  new  research  actively  online  at  dams.byu.edu  and  other  places  to  increase 
 awareness and following. 

 -Make  a  new  YouTube  video  updating  the  public  on  our  recent  low-head  dam  work  and 
 direct them toward things they can do to help or donate. 
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 Appendix A 

 Figure 15. Points taken using the Rover for the streambed 
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