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1.0 Introduction 

The alternate water supply system (AWSS) was installed in 1998 by Indian Health Services. The 
U. S. Department of Energy (DOE) provided $800,000 in funding, which included 25 percent of 
the cost of a new 1,000,000-gallon storage tank. As a component of the institutional controls (IC) 
for the Riverton, Wyoming, Processing Site, the AWSS is intended to supply drinking water to 
residents within the IC boundary in lieu of drinking groundwater that could be potentially 
impacted by the contaminated shallow aquifer. The AWSS is an addition to an existing system 
operated by the Northern Arapaho Utility Organization (NAUO) and consists of 8.5 miles of 
transmission pipeline running from the 1,000,000-gallon tank. Figure 1 shows the layout of the 
AWSS and the associated monitoring locations.  
 
 

2.0 Background 

Elevated concentrations of radionuclides were identified in the AWSS in 2002 (Babits 2003), 
and these results were confirmed by DOE in 2004 (DOE 2005). In response to these findings, 
DOE funded an independent analysis of the AWSS to determine, in part, the source of the 
elevated radionuclides and to make recommendations of how to reduce the radionuclide 
concentrations to acceptable levels. Conclusions of the independent analysis (ASCG 2005) 
included: 

• The source of radionuclides in the system is from the source well, which has naturally 
occurring concentrations below Federal drinking water standards.  

• Radionuclides in the system are being concentrated by sediment accumulation in stagnant 
portions of the system and/or biofilm capture.  

• A flushing program should be implemented as a first step to reduce the radionuclide 
concentrations. 

 
In response to the conclusions of the independent analysis, DOE instituted a 2-year flushing and 
monitoring program to determine if periodic, unidirectional flushing of the system would reduce 
radionuclide concentrations to acceptable levels. The flushing and monitoring program was 
conducted according to the Alternate Water Supply System Flushing Work Plan Riverton, 
Wyoming, Processing Site (DOE 2006). This work plan provided a specific procedure for 
conducting a unidirectional flush of the system as recommended by ASCG Inc. and the U.S. 
Environmental Protection Agency (EPA) (ASCG 2005).  
 
 

3.0 Purpose and Scope 

The purpose of this report is to provide the results of the 2-year flushing and monitoring program 
for the AWSS as a method to reduce radionuclide concentrations within the system. This report 
also provides results of soil testing conducted adjacent to a portion of the AWSS water line to 
assess potential impacts from the nearby sulfuric acid plant. The flushing and monitoring 
program was a collaborative effort between the DOE, the Wind River Environmental Quality 
Commission (WREQC), and NAUO.  
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4.0 Monitoring Results 

4.1 Soil Testing 
 
Soil sampling was conducted adjacent to portions of the water line downgradient of the sulfuric 
acid plant to determine if historic acid leaks at the sulfuric acid plant have impacted the soils 
adjacent to the line. Measurements of pH were attempted at 0, 2, and 4 feet (ft) below ground 
surface at three locations (0831, 0832, and 0833 [Figure 1]). A pH of less than 6.0 standard units 
was used as a criterion to determine if soils were impacted. As shown in Table 1, measurements 
ranged from 8.0 to 9.2, which indicate no impact to the soils adjacent to the water line from 
historic sulfuric acid spills at the plant. 
 

Table 1. Ph Measurements in Soils Adjacent to the AWSS 

Location Depth (ft) pH (standard units) Comments 
0 8.2 None 
2 8.6 None 0831 

3.5 8.6 Auger refusal @ 3 ft, shovel to 3.5 ft 
0 8.2 None 

0832 
2 8.4 Auger refusal @ 9 inches, shovel to 2 ft 
0 8.0 None 
2 9.2 None 0833 
4 8.7 None 

 
 
4.2 Hydrant Flow Monitoring 
 
Monitoring of flow during each hydrant flush was required to ensure the calculated water volume 
of each section of pipe was removed. Hydrant locations are shown in Figure 1. Flow meters were 
installed at each hydrant during flushing to measure the volume of water flushed from the pipe. 
Water volume removed during each flush is shown in Table 2. Volume measurements also were 
used to calculate the velocity of the water moving through the pipe. Velocity data was used to 
determine if water movement within the pipeline was sufficient to remove sediment and debris, 
and to scour biofilm from the inside of the pipe. According to the independent analysis 
(ASCG 2005), flushing velocities of 2 to 3 feet per second (ft/s) are needed to remove sediment 
and loosely attached particles, while flushing velocities of greater than 5 ft/s are required to scour 
and remove build-up of biofilm and material adhering to the wall of the pipe. Average velocities 
measured during the flushing program (Table 2) ranged from 3.06 to 6.48 ft/s with an average 
velocity of 4.83 ft/s, which should remove sediment and loosely attached particles and, in 
sections of the pipeline, remove adhered material and biofilm. 
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Figure 1. Alternate Water Supply System and Associated Monitoring Locations 
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Table 2. Flushing Volumes, Flow Rates, and Velocities 

Hydrant 
Location 

Calculated 
Section 
Volume 

(gal) 

Section Volume Flushed 
(gal) 

Average 
Flow 
Rate 

(gpm) 

Average 
Velocity 
(ft/sec) 

  May 2006 Jun. 2006 Mar. 2007 Jun. 2007 Nov. 2007   
0818 20,738 20,800 20,840 21,910 20,940 21,100 571 6.48 

  08191 43,209 44,100 43,200 45,881 43,700 – 479 3.06 
0820 3,139 3,200 3,150 5,787 3,910 3,300 487 5.53 
0821 13,973 14,000 13,970 14,843 15,590 58,400 547 6.21 
0829 20,252 19,400 20,260 22,707 24,117 24,160 670 4.28 
0830 39,554 38,600 39,700 38,545 40,560 41,300 689 4.40 

  08342 918 – 1,740 2,128 1,000 1,500 341 3.88 
Total 

System 141,783 141,100 142,860 151,801 149,817 149,760 541 4.83 
1Hydrant 0819 was not flushed in November 2007 because of construction activities in the area. Volume of 0819 and 0821 were 
flushed out of hydrant 0821. 
2Hydrant 0834 was not identified until the June 2006 flushing event. 
Abbreviations: gal = gallons; gpm = gallons per minute. 
 
 
4.3 Analytical Results 
 
4.3.1 Hydrants 

Hydrant locations monitored during the flushing program are shown in Figure 1. This includes 
four locations inside the IC boundary (0819, 0820, 0821, and 0834), and three locations outside 
the IC boundary (0818, 0829, and 0830). In addition, monitoring was conducted at one hydrant 
located in an older portion of the water system located at the Beaver Creek subdivision (0835). 
Samples collected from hydrant locations (Figure 1) were analyzed for radium-226, radium-228, 
and uranium throughout the 2-year flushing program. Gross alpha and gross beta analyses were 
added after the start of the program at the request of WREQC in response to the high 
concentrations of these analytes prior to the start of the flushing program. In addition, field 
measurements of pH, specific conductance, temperature, turbidity, dissolved oxygen, oxidation-
reduction potential, and residual chlorine were made at each location. DOE analytical results 
from hydrant locations are presented in Appendix A.  
 
Samples collected from some hydrant locations prior to the start of the flushing program had 
elevated concentrations of radionuclides including gross alpha, gross beta, radium-226, and 
radium-228. EPA Safe Drinking Water Act standards for combined radium-226+228 
(5 picocuries per liter [pCi/L]) and gross alpha (15 pCi/L) were exceeded at several locations. 
Since the start of the flushing program in May 2006, concentrations have been reduced to 
acceptable levels (with one exception), as shown in Table 3 and Figures 2, 3, and 4. Table 3 
compares statistics of pre-flushing program results with statistics of flushing program results, 
while Figures 2, 3, and 4 compare preflushing program sample concentrations with 
concentrations of samples collected after flushing (end-of-flush sample – see section 4.3). One 
sample collected during the flushing program from hydrant 0820 had a gross alpha concentration 
(16.9 pCi/L) from a 5-minute sample that exceeded the standard (15 pCi/L); however, this 
concentration was from the March 2007 flushing event, which was 9 months since the previous 
flush. Flushing frequency is discussed in detail in Section 4.3.  
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Table 3. Summary of AWSS Hydrant Concentrations 

Hydrant 
Location Analyte Pre-Flushing Program 

Concentrations1 
Flushing Program 
Concentrations2 

  Range3 Mean3 ND/N4 Range Mean ND/N 
Ra-226+228 3.89 – 27.7 15.8 0/2 1.18 – 1.99 1.50 8/20 
Gross Alpha 16.4 – 48.2 32.3 0/2 1.33 – 5.91 2.65 0/7 
Gross Beta 24.3 – 49.4 36.8 0/2 1.91 – 7.39 3.22 0/7 

 
0818 

Uranium 0.00009 – 
0.0003 0.0002 2/2 0.000059 – 

0.00021 0.00010 9/10 

Ra-226+228 3.97 3.97 0/1 0.636 – 3.78 1.60 9/16 
Gross Alpha 18.6 18.6 0/1 1.32 – 12 3.83 0/5 
Gross Beta 24.1 24.1 0/1 2.01 – 15 4.81 1/5 

 
0819 

Uranium 0.00011 0.00011 1/1 0.00006 – 
0.00021 0.00011 6/8 

Ra-226+228 15.9 15.9 0/1 1.11 – 3.49 1.59 9/18 
Gross Alpha 70.7 70.7 0/1 1.24 – 16.9 4.30 0/6 
Gross Beta 53.5 53.5 0/1 1.82 – 17.8 5.02 2/6 

 
0820 

Uranium 0.00012 0.00012 1/1 0.00006 – 
0.00021 0.00010 8/9 

Ra-226+228 3.37 – 17.9 10.6 0/2 0.833 – 1.79 1.27 10/20 
Gross Alpha 11.4 – 57.1 34.2 0/2 1.05 – 4.61 2.37 2/7 
Gross Beta 18.4 – 63.1 40.8 0/2 2.29 – 5.77 3.40 0/7 

 
0821 

Uranium 0.00009 – 
0.0003 0.0002 2/2 0.000064 – 

0.00021 0.00010 7/10 

Ra-226+228    1.19 – 1.58 1.31 11/16 
Gross Alpha    1.05 – 6.32 2.23 2/6 
Gross Beta    1.83 – 7.65 3.31 2/6 

 
0829 

Uranium    0.000066 – 
0.00011 0.00019 6/8 

Ra-226+228    0.936 – 2.31 1.61 7/16 
Gross Alpha    1.12 – 2.48 1.66 1/6 
Gross Beta    2.06 – 2.89 2.34 2/6 

 
0830 

Uranium    0.00007 – 
0.00012 0.00009 6/7 

Ra-226+228    0.709 – 1.64 1.17 6/8 
Gross Alpha    1.38 – 1.99 1.64 0/3 
Gross Beta    1.88 – 2.62 2.25 1/3 

 
0834 

Uranium    0.00006 – 
0.00009 0.000079 ¾ 

1Includes data from WREQC 2002 (Babits 2003) and DOE 2004 sampling events. Concentrations are in pCi/L for radium-
226+228, gross alpha, and gross beta, and in mg/L for uranium. 
2Includes DOE data from 2006 and 2007 and includes 5-minute and end of flush results. 
3For values below detection, the detection limit was used in the mean calculation and in the range, if applicable. 
4ND/N = Number of values below detection limits/number of values. 
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Figure 2. AWSS Gross Alpha Concentrations 
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Figure 3. AWSS Gross Beta Concentrations 
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Figure 4. AWSS Radium Concentrations 
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Uranium concentrations in samples collected from hydrant locations have been low prior to and 
during the flushing program and typically two to three orders of magnitude below the EPA 
drinking water standard of 0.03 milligrams per liter (mg/L) (Table 3). 
 
One hydrant in the Beaver Creek subdivision (0835) was sampled without flushing. Results from 
this location showed concentrations of gross alpha, radium-226 + 228, and uranium were below 
their respective EPA drinking water standard, and gross beta concentrations were less than 
9 pCi/L. The maximum radium-226+228 concentration from this location was 3.2 pCi/L. 
 
4.3.2 Domestic Taps 

Samples collected from domestic tap locations (Figure 1) were analyzed for radium-226, 
radium-228, and uranium throughout the 2-year flushing program. Gross alpha and gross beta 
analyses were added after the start of the program at the request of WREQC. In addition, field 
measurements of pH, specific conductance, temperature, turbidity, dissolved oxygen, oxidation-
reduction potential, and residual chlorine were made at each location. DOE analytical results 
from domestic tap locations are presented in Appendix B. 
 
As shown in Table 4, constituent concentrations in samples collected from domestic taps prior to 
the flushing program were low and comparable to concentrations measured during the flushing 
program. Flushing activities did not affect water quality at the domestic taps; no standards were 
exceeded at any domestic tap location indicating no adverse impacts to the potable water in the 
AWSS. 
 

Table 4. Summary of AWSS Domestic Tap Concentrations 

Tap 
Location Analyte Pre-Flushing Program 

Concentrations1 
Flushing Program 

Concentrations 
  Range2 Mean2 ND/N3 Range Mean ND/N 

Ra-226+228 1.12 1.12 1/1 0.666 – 1.52 1.28 6/8 
Gross Alpha 1.72 – 2.2 1.96 0/2 1.48 – 1.98 1.73 0/3 
Gross Beta 1.98 1.98 1/1 1.74 – 2.97 2.22 1/3 

 
 

0813 

Uranium 0.00097 – 
0.0003 0.0002 2/2 0.00008–

0.00009 0.00009 4/4 

Ra-226+228 1.05 1.05 1/1 0.689 – 1.46 1.14 6/8 
Gross Alpha 1.26 – 2.6 1.93 0/1 1.32 – 2.11 1.79 0/3 
Gross Beta 2.39 2.39 1/1 1.93. – 2.16 2.07 2/3 

 
 

0814 

Uranium 0.00018 – 
0.0003 0.0002 1/2 0.000076 – 

0.00012 0.0001 ¾ 

Ra-226+228 1.49 1.49 1/1 0.406 – 1.39 1.12 6/8 
Gross Alpha 0.991 0.991 1/1 1.27 – 2.3 1.81 0/3 
Gross Beta 2.95 2.95 0/1 1.81 – 2.33 2.0 1/3 

 
 

0815 

Uranium 0.00012 0.00012 1/1 0.000066–
0.000096 0.00009 4/4 

Ra-226+228 1.38 1.38 1/1 1.13 – 2.30 1.50 4/8 
Gross Alpha 1.31 1.31 1/1 1.44 – 2.32 1.85 0/3 
Gross Beta 3.73 3.73 0/1 1.76 – 2.85 2.21 0/3 

 
 

0816 

Uranium 0.00011 0.00011 1/1 0.000063 – 
0.0001 0.00008 4/4 

1Includes data from WREQC (Babits 2003) and DOE. Concentrations are in pCi/L for radium-226+228, gross alpha, and gross 
beta, and in mg/L for uranium. 
2For values below detection, the detection limit was used in the mean calculation and in the range, if applicable. 
3ND/N = Number of values below detection limits/number of values. 
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4.4 Flushing Frequency Analysis 
 
Flushing and monitoring of hydrants was conducted on a variable frequency to determine the 
optimal time between flushing events. Flushing and monitoring events were initially planned to 
occur in June and November; however, maintenance problems resulted in delaying the 
November 2006 flushing and monitoring event until March 2007. This resulted in flushing and 
monitoring events conducted in June 2006 and March, June, and November 2007. Monitoring 
only events (no flushing) were conducted between flushing events in August 2006 and 
August 2007 to determine if more frequent flushing was needed.  
 
Two samples were collected at each hydrant during flushing. The first sample was collected 
5 minutes into the flush to measure the potential highest concentrations after the flushing process 
has had time to dislodge and mobilize contaminants. The second sample was collected at the end 
of the flush to determine the effectiveness of the flushing. In addition, 5-minute samples only (no 
flushing and end-of-flush sample) were collected in August as an intermediate check between 
flushing events. Results are presented in Table 5.  
 

Table 5. Comparison of Results for Start of Flush and End of Flush 

Hydrant 
Location Analyte Concentrations1 

 

 

June 
2006 

End of 
Flush 

August 
2006 
5 min 

March 
2007 
5 min 

March 
2007 

End of 
Flush 

June 
2007 
5 min 

June 
2007 

End of 
Flush 

August 
2007 
5 min 

November 
2007 
5 min 

Ra-226+228 ND1 ND 1.50 1.37 ND ND 1.99 ND 
Gross alpha – – 5.91 2.79 2.32 1.8 2.2 2.22 

 
0818 

Gross beta – – 7.39 2.75 3.49 2.22 2.76 2.04 
Ra-226+228 2.19 ND 3.78 ND ND ND ND – 
Gross alpha – – 12 1.47 2.59 1.79 1.32 – 

 
0819 

Gross beta – – 15 ND 2.59 2.03 2.46 – 
Ra-226+228 ND ND 3.49 ND ND ND ND ND 
Gross alpha – – 16.9 1.99 2.02 2.02 2.02 1.65 

 
0820 

Gross beta – – 17.8 ND 2.24 - 3.97 ND 
Ra-226+228 ND ND ND ND ND 1.30 ND ND 
Gross alpha – – 4.61 1.82 1.76 2.49 ND 3.55 

 
0821 

Gross beta – – 5.77 2.83 2.92 2.59 2.95 4.46 
Ra-226+228 ND – ND ND ND ND – 1.22 
Gross alpha – – 6.32 ND 1.47 1.49 – 1.98 

 
0829 

Gross beta – – 7.65 2.41 2.45 ND – ND 
Ra-226+228 ND – ND ND ND ND – ND 
Gross alpha – – 2.28 1.24 2.48 2.48 – 1.47 

 
0830 

Gross beta – – 2.26 ND 2.89 2.19 – 2.54 
1Concentrations are in pCi/L; ND – not detected for gross alpha or gross beta, and when one or more values were not detected for 
Ra-226 + Ra-228. 
 
Note: Uranium was not elevated prior to the flushing program, so it was not included in the frequency analysis. Because of the short 
flushing time (1.5 minutes) at location 0834, only one sample was collected and, therefore, was not included in the frequency 
analysis. 
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To determine if radionuclides had concentrated between flushing events, end-of-flush sample 
results were compared to the 5-minute sample results from the subsequent flushing event to 
determine if radionuclides were concentrating between flushes. To determine the optimal 
flushing frequency, three time periods were assessed: (1) 2 to 3 months, (2) 5 months, and 
(3) 9 months.  
 
In the 2- to 3-month time periods (June 2006 end of flush to August 2006, March 2007 end of 
flush to June 2007 5-minute, June 2007 end of flush to August 2007), concentrations of 
radionuclides increased slightly in some cases, but concentrations were low and below standards, 
indicating no significant concentration of radionuclides during this period. In the 5-month period 
(June 2007 end of flush to November 2007 5-minute), concentrations of radionuclides were 
generally comparable with some slight increases and some slight decreases in concentrations; all 
concentrations were below applicable standards, indicating no significant concentration of 
radionuclides during the 5-month period. 
 
Results from the 9-month period (June 2006 end of flush to March 2007 5-minute), however, 
indicate an increase and concentration of radionuclides. As shown in Table 5, radium-226+228 
concentrations from locations 0818 and 0820 went from below detection in the June 2006 end-
of-flush sample to above detection in the March 2007 5-minute sample; elevated and significant 
(above the gross alpha standard) concentrations of gross alpha and gross beta were measured in 
the March 2007 5-minute sample. In addition, concentrations of radium-226+228, gross alpha, 
and gross beta decreased significantly between the March 2007 5-minute sample and the 
March 2007 end-of-flush sample. 
 
 

5.0 Conclusions 

Results from this 2-year study prove that a unidirectional flushing program is effective in 
controlling radionuclide buildup in the alternate water supply system. Measurements of pH in 
soils adjacent to a portion AWSS water line indicate no impact to soils from historic acid spills at 
the nearby sulfuric acid plant. Average flushing velocities measured during the flushing program 
are capable of removing sediment and loosely attached particles accumulated in the system and, 
in sections of the pipeline, remove adhered material and biofilm. Comparison of radionuclide 
concentrations in samples collected from hydrant locations prior to the flushing program with 
sample concentrations during the flushing program indicate a reduction of radionuclide 
concentrations to acceptable levels and below applicable standards. Radionuclide concentrations 
in samples collected from domestic taps have been low and below standards prior to or during 
flushing activities. Analysis of flushing frequency indicates that concentrations of radionuclides 
increase with a 9-month interval between flushing events, but no significant difference is 
discernable between 2-month, 3-month, and 5-month flushing intervals; therefore, unidirectional 
flushing on a 6-month interval is optimal to maintain radionuclide concentrations in the system at 
acceptable levels. Details of a unidirectional flushing program based on the recent flushing 
program and the results of this report can be used to enhance NAUO’s current operation and 
maintenance procedures.    
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