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EPA Region 8 Evaluation of Wyoming DEQ’s March 2020 Hydrogeologic Evaluation of the 
Periodic Spring, Afton, Wyoming 

June 2, 2022 

Purpose: 
The purpose of this document is to provide the Town of Afton and Wyoming Department of 
Environmental Quality (WDEQ) with the details of EPA’s review of WDEQ’s March 2020 “Hydrogeologic 
Evaluation of the Periodic Spring in Afton, Wyoming.”  It specifically identifies areas where EPA disagrees 
with the WDEQ report and provides explanations of those issues.  

Background: 
WDEQ developed this report as part of the follow-up to a meeting amongst Town of Afton, WDEQ, 
Wyoming Association of Rural Water Systems (WARWS) and EPA held in Cheyenne in December 2018. 
Afton communicated during this meeting that a data set containing water temperature and pressure 
readings at the Periodic Spring collection box spanning a 4-month critical period had been previously 
collected. The results of a study of the Periodic Spring conducted in 1989 and 1990 were also discussed 
during the December 2018 meeting. As the result of a compromise with EPA at the December 2018 
meeting, WDEQ committed to reviewing the written report from this study (Blanchard, Drever, and 
Huntoon, 1990 (or Blanchard et al 1990)) and other available data and information on the Periodic 
Spring in conjunction with the Town of Afton’s 2018 temperature and pressure data set and create a 
written report to help EPA further evaluate the potential for surface water influence at the Periodic 
Spring. 

In an October 2018 letter, EPA requested that Afton submit a proposal to EPA for collecting daily or 
continuous turbidity samples of the Periodic Spring water supply, to obtain more information about the 
water quality of the Periodic Spring over time. During the meeting, Afton was not amendable to EPA’s 
request to collect turbidity samples. In an effort of compromise, EPA agreed to WDEQ’s offer to review 
any available information on the Periodic Spring and write a report in lieu of Afton collecting the 
requested turbidity samples. According to DEQ’s report, “the intent of the report is to provide an 
independent technical review and evaluation of available information and data to assist in assessing 
whether the historic classification of the Town’s Periodic Spring by the United States Environmental 
Protection Agency (EPA) under the Safe Drinking Water Act (SDWA) as a groundwater source remains 
appropriate.” 

The parties at the December 2018 meeting also agreed that EPA would collect Microscopic Particulate 
Analysis (MPA) samples (USEPA, 1992) at the Periodic Spring during the next sampling period in 2019. As 
stated in EPA’s October 2018 letter, the purpose of the MPA is “to determine if surface water organisms 
are present in the water supply, indicating an influence of surface water of the water supply.” 

On April 27, 2020, EPA provided to WDEQ its initial analysis of the March 2020 WDEQ report, including 
areas of disagreement, and discussed those issues with WDEQ in a meeting on April 30, 2020. EPA also 
provided a written summary of its review to both WDEQ and Afton in January 2021 in response to a list 
of concerns that Afton sent to EPA in November 2020. Afton requested a detailed written evaluation of 
EPA’s concerns with the WDEQ report during an April 2022 meeting including Afton, WDEQ, WARWS 
and EPA, and this document responds to that request. Several EPA HQ staff members assisted EPA 
Region 8 with review of the WDEQ report and development of this evaluation document and other 
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summary documents. However, a separate written evaluation of the Periodic Spring from EPA HQ has 
never been developed (this has been a point of confusion in past meetings). 
 
General areas of agreement: 
EPA notes several areas of agreement with the WDEQ report, including: 

• The report’s description of the geology of the area and possible location of the predominant 
recharge areas for the Periodic Spring several miles to the east (some recharge to the North and 
South or near the spring is also possible) (p. 3-5). 

• The finding that it is more likely that the higher discharges from the Periodic Spring starting in 
the springtime are related to seasonal recharge events from the Madison Limestone Formation 
outcrops to the east versus local recharge near the Spring (p. 5). 

• The sample dates and Consensus Method matrix scores of past Microscopic Particulate Analysis 
(MPA) samples (p. 8). 

• That human activities as sources of Cryptosporidium hominis species appear to be very limited in 
the recharge areas (p. 10). 

 
EPA’s areas of disagreement: 
The following areas of disagreement with the WDEQ report are explained in further detail in the 
“Specific Topics of Disagreement” section, below: 

• WDEQ did not evaluate all available data for its report. 
• WDEQ suggests no additional evaluations are needed to confirm the Ground Water Under the 

Direct Influence of Surface Water (GWUDI) status of the Periodic Spring. 
• WDEQ used transmissivity and aquifer thickness values from pumping tests conducted on 

Madison limestone wells in Rapid City, SD to calculate the time of travel for water moving from 
the recharge area to Periodic Spring. 

• WDEQ suggests the improvements to the spring collection box would remove surface water 
influence to the Spring. 

• WDEQ used the NOAA Afton recording station for precipitation and snowpack data when 
assessing potential correlations between these variables and changes in Periodic Spring pressure 
and water temperature. This station is located between 3,000 ft and 4,000 feet lower in 
elevation than the suspected recharge area of the spring. 

• WDEQ identifies a correlation between water temperature and pressure during late April in the 
2018 data provided by Afton, but no correlation between water temperature and pressure in 
the other months with data (May, June, July, and August). 

• WDEQ used the daily relative percent differences (RPD) to evaluate the significance of water 
temperature changes at Periodic Spring. 

• WDEQ suggests that there is no correlation between snowmelt and Periodic Spring water 
temperature and discharge. 

• WDEQ considers the moderate risk MPA result from September 2019 to be an outlier anomaly 
that is negated by prior low risk results. 

• WDEQ suggests that Cryptosporidium, E. coli and Giardia are not an issue for the Periodic Spring 
because there is limited human activity or large-scale livestock grazing in the recharge area. 

• WDEQ suggests that EPA’s only remaining concerns with Periodic Spring are associated with the 
spring box construction and seasonal turbidity events. 

• WDEQ suggests that turbidity events are an aesthetic issue only. 
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Specific topics of disagreement: 

Topic #1: WDEQ did not evaluate all available data. 
 

WDEQ Report Language: 
 
Page 1: “DEQ’s goal was to compile data from any available source and to analyze the information, 
since no comprehensive assessment of the data had been previously undertaken.” 
 
Page 9: “Based on the review of all existing data that has been compiled and reviewed in this report, 
WDEQ believes additional data collection would not materially change the GWUDI assessment for 
the Periodic Spring.” 
 
Why EPA disagrees: 
 
EPA disagrees that all existing/available data was analyzed in the WDEQ report because the results 
and conclusions of the Blanchard et al, 1990 study of the Periodic Spring are not discussed or 
considered.  This study demonstrates a correlation between Periodic Spring water temperature, 
discharge, and major ion concentration in the results of monitoring conducted in 1989 and 1990. 
This study is listed in the references section at the end of the WDEQ report but is not referred to 
anywhere in the text of the report. Several of the figures from this 1990 study were included after 
the body of the WDEQ report. The Blanchard et al, 1990 study is important because it is the most 
robust site-specific study to be performed on the Periodic Spring with data relevant to assessing the 
approximate time of travel from the recharge area to the spring and associated surface water 
influence risk. It measured data such as spring discharge, temperature, major ions, alkalinity, pH, 
and stable isotopes at frequent intervals – varying from 1 day to 3.5 weeks - in spring through 
summer in both 1989 and 1990.  
 
The Blanchard et al, 1990 study was discussed during the December 2018 meeting amongst WDEQ, 
EPA, and Afton. EPA committed to providing a copy of this report to WDEQ following the meeting 
and sent a copy of this report to WDEQ by email on December 12, 2018. It is unclear why WDEQ did 
not include the data from this report in their evaluation or respond to its conclusions, which appear 
to be contradictory to some of the conclusions of the WDEQ report. 
 
Some of the Blanchard et al, 1990 report conclusions are: 

 
• Abstract: “Water chemistry and temperature fluctuations in the discharge of Periodic Spring 

indicate the existence of a karstic conduit system in the Madison Limestone that is not apparent 
from field observations in the Salt River Range. Contamination in the recharge area of Periodic 
Spring would pose both immediate and long-term problems for the Afton, Wyoming water 
supply.” 

• Page 56: “Flow-through of spring snowmelt causes seasonal variation in the chemistry and 
temperatures of Periodic Spring. In contrast, pulse-through of storage water produces a 
constancy of chemistry and temperature in the discharge of Beaver Dam and Upper Rise 
springs.” 

• Page 56: “Water chemistry and temperature fluctuations in the discharge of Periodic Spring 
indicates the existence of a karstic conduit system in the Madison Limestone that is not 
apparent from field observations in the Salt River Range.” 
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• Page 57: “Periodic Spring discharge represents both rapid flow and year-round flow because the 
flow system in the Madison Limestone is combined diffuse and conduit system (Shuster and 
White, 1971, 72) similar to that described by Dreiss (1989a, 89b) in the Missouri karst.” 

• Page 57: “Contamination in the recharge area of Periodic Spring would pose both immediate 
and long term problems. Flow through would bring contamination to Periodic Spring in a matter 
of weeks, while aquifer storage could prevent the system from flushing clean for years.” 

 
The WDEQ report also does not respond to the following statement from the Huntoon and Coogan, 
1987 document, “Large discharges are accompanied by turbidity. The sediment is comprised of very 
fine sand and smaller particles that lightly cloud the water when present. Occasionally the water 
becomes slightly muddy as occurred during a peak flow period in late June 1986 (Eddins, various). 
The discharge of sediment is an unwelcome occurrence because much of the untreated, unfiltered 
water is piped directly from the spring into the Afton water system.” 

 
Topic #2: WDEQ suggests no additional evaluations are needed to confirm the GWUDI status of the 
Periodic Spring. 
 

WDEQ Report Language: 
 
Page 1: “As explained below, based on the DEQ’s comprehensive review and analysis of the 
compiled information, DEQ has concluded that there is no compelling data (emphasis added) to 
justify the imposition of additional monitoring requirements or the additional assessment of the 
Period [sic] Spring as a potential GWUDI.” 
 
Page 9: “Based on the review of all existing data that has been compiled and reviewed in this report, 
WDEQ believes additional data collection would not materially change the GWUDI assessment for 
the Periodic Spring. With that preface, additional data that might be useful for providing additional 
or more complete information to assist with the development of a HA to determine GWUDI is 
discussed below.” 
 
Page 10: “While the types of information identified above would provide useful data, especially in a 
scientific sense, in regards to the purpose of a GWUDI HA assessment, additional data is not 
warranted” 
 
Why EPA disagrees: 
 
As discussed in Topic #1 above, the WDEQ report does not address the Blanchard et al 1990 study, 
which provides additional data that is relevant to the Periodic Spring as a potential GWUDI source. 
For example, the Blanchard et al 1990 study concludes that the fastest path for groundwater travel 
time to the spring may be relatively rapid based on changes in water temperature, water quality, 
and spring discharge that correlate with one another. EPA also disagrees with WDEQ’s analysis of 
the 2018 temperature data (see Topics 5, 6, 7, and 8 below) and with WDEQ’s interpretation of the 
significance of the September 2019 moderate risk MPA result (and subsequent August 2021 high risk 
MPA sample result) (see Topic 9 below). All pertinent data should be used to make a GWUDI 
decision (EPA, 1991), and new studies can be conducted to provide additional relevant information 
(SDWA 1412(b)(7)(C)(ii)). 
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EPA has no concerns with the list of additional data collection activities that WDEQ suggests on 
pages 9-10 (defining the recharge area of the Periodic Spring, defining the time of travel from the 
recharge area to the spring, collecting water quality parameter data over a longer period of time, 
collecting climatological data from the recharge area and near the spring, and collecting raw water 
total coliform samples). EPA agrees that this list of suggested additional data and information would 
be beneficial to further characterize the water that discharges from the Periodic Spring and provides 
an important water supply source for the Town of Afton. However, the additional MPA results and 
analyses shown in this document (including some information that became available after the 
WDEQ report was written) provide sufficient information about the presence of surface water 
organisms in the water supply and support EPA’s concerns for surface water influence of the 
Periodic Spring. 

 
Topic #3: WDEQ used transmissivity and aquifer thickness values from pumping tests conducted on 
Madison limestone wells in Rapid City, SD to calculate the time of travel for water moving from the 
recharge area to Periodic Spring. 
 

WDEQ Report Language: 
  

Page 6: “Transmissivity values for the Madison Limestone in the Afton area were not found based on 
a cursory search, but transmissivity values are available from pumping tests conducted on two water 
supply wells completed within the Madison Limestone in the vicinity of Rapid City, USGS, 1993) The 
data from the east flank of the Black Hills can be considered a decent proxy for the Afton, WY 
area…” and “This would give a time of travel from the outcrop area (assumed recharge area) to the 
Spring of roughly 200 to 1650 days. Using the Rapid City (South Dakota) Madison thicknesses 
resulted in a time-of-travel of 75 to 373 days.” 
 
Why EPA disagrees: 
 
EPA disagrees that that the average travel time of water moving from the Periodic Spring’s recharge 
area to the mouth of the Spring should be calculated using transmissivity values from the Madison 
Fm. in Rapid City, South Dakota. Rather, site-specific monitoring results from the Periodic Spring 
that inform travel times and recognize fast groundwater travel pathways would be more accurate 
and appropriate. Such site-specific monitoring results from the Blanchard et al, 1990 study indicate a 
faster path time of travel that may be much more rapid than the average value calculated using 
estimated transmissivity values from South Dakota’s Madison Fm. that were included in the WDEQ 
Report.  
 
Transmissivity calculates the water flow (flux) through a unit width of the aquifer under a unit 
hydraulic gradient (L2 /T).  It has limited utility in calculating the fastest flow path travel times 
through an aquifer. Blanchard et al 1990 determined that flow-through conditions exist at the 
Periodic Spring that would bring contamination from the recharge area to the Periodic Spring in a 
matter of weeks. The Afton 2018 temperature and pressure data from the Periodic Spring also 
indicate a relatively short travel time is possible (see discussion in Topic #9 below). 
 
There are additional studies of the Madison Fm. in Wyoming and reports beyond the Blanchard et 
al, 1990 study that indicate the potential for rapid flow of source water from a recharge area to a 
spring. For example, rapid flow through the Madison Fm. has been observed elsewhere in Wyoming 
at Sinks Canyon State Park. Dye tests have determined that water flows through the Madison Fm. at 
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this site at a rate of 0.25 miles in several hours: 
https://www.sinkscanyonstatepark.org/nature/sinks-and-rise/sinks.html. 
 
Additionally, Sando et al, 1988 identified a widespread development of cavernous karst in the 
uppermost part of the Madison Fm. Wherever there is cavernous karst present in the Madison Fm., 
a pathway exists for rapid and direct water flow. A cavernous karst formation similar to Sinks 
Canyon State Park may be present in the recharge area of the Periodic Spring in the uppermost part 
of the Madison Fm. The collapsed cavern that once housed the Periodic Spring, and the cavern and 
conduit in the Periodic Anticline that form the current theory of how the Periodic Spring works are 
supporting evidence of the existence of karst geology in the area of the Periodic Spring.   
 
The Wyoming State Water Plan identifies ground water resources in the Snake/Salt River Basin 
including the following description: 
“Paleozoic-age rocks consist primarily of thick limestone and sandstone formations. These include 
the Madison Limestone which is famous for producing high capacity groundwater wells at many 
Wyoming locations. As with all the other bedrock aquifers, however, the productivity of these strata 
can be quite site-specific, depending upon the local enhancement of permeability through fracturing 
and variations in composition. Limestone, for example, is virtually impermeable in its native state of 
deposition. Given the faulting and folding of bedrock in the Snake/Salt River basin, however, and the 
ability of circulating groundwater to expand permeability through solution, limestone units provide 
very high groundwater production rates under locally favorable conditions.”  
https://waterplan.state.wy.us/plan/snake/2003/techmemos/gndet-text.html#hy 
 

Topic #4: WDEQ suggests the improvements to the spring collection box would remove surface water 
influence to the Spring 
 

WDEQ Report Language: 
 
Page 7: “The WDEQ WQD has issued a Chapter 3 Permit-to-Construct (Permit #18-030, Appendix B) 
for Afton to address the deficiencies noted in the EPA letter. Once issues related to the hinged door 
and the screen are corrected, the Spring would likely not be considered for additional GWUDI 
assessment based on the EPA sanitary survey comment.” 
 
Page 10: “If noted deficiencies are adequately addressed, a GWUDI assessment would not be 
warranted nor supported by EPA’s own GWUDI score for the Periodic Spring.” 
 
Why EPA disagrees: 
 
The September 2019 MPAs were originally required in an October 2018 EPA letter to Afton, 
following a meeting held with Afton and its consultant, WDEQ, WARWS and EPA in July 2018 in 
which the parties discussed the design of the Periodic Spring and ways to address EPA’s concerns 
with the spring’s water quality. It was decided at the July 2018 meeting that it was not physically 
feasible for Afton to correct a significant deficiency identified in EPA’s 2014 sanitary survey that 
required Afton to install protection of the spring’s collection chamber equivalent to #24 mesh 
screen. This level of protection was requested in the 2014 sanitary survey to “prevent entry of small 
insects, animals and other contaminants during all stages of spring operation,” and is a common 
corrective action that EPA requires of Wyoming water systems to protect their water supplies. 
Instead, after obtaining a permit from WDEQ, Afton installed a #4 mesh screen (with screen 

https://www.sinkscanyonstatepark.org/nature/sinks-and-rise/sinks.html
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openings approximately 0.25 inches X 0.25 inches, much larger than #24 mesh) behind improved 
hinged doors in front of the collection box. EPA agreed to this substitute corrective action. 
 
Following the July 2018 meeting with Afton, EPA had several discussions with a WDEQ district 
engineer in July and August 2018, and EPA and DEQ agreed that the collection of MPA samples could 
be beneficial to obtain additional information about the water quality supplied by the Periodic 
Spring. A requirement to collect MPAs was therefore included in EPA’s October 2018 letter to Afton. 
 
EPA discussed the October 2018 letter requirements with WDEQ and Afton during a December 2018 
meeting. In this meeting, it was decided that the flap modifications would proceed as scheduled 
(anticipated construction start date of Fall 2019). It was also discussed and decided that a MPA 
would be scheduled for the year 2019 as this sampling was a relatively easy way to acquire more 
information about the water quality from the Periodic Spring. The September 2019 MPA sample 
indicated moderate risk of surface water influence. 
 
The hinged door modifications were completed to prevent large living organisms from entering the 
spring collection box, and not to address a possible surface water influence at the mouth of the 
spring. The 2014 sanitary survey and photos from subsequent site visits showed that when the 
spring was flowing and when it was not flowing, these doors angled open, creating a large air gap 
where animals, birds and large organisms could directly enter the water supply intake pipe area.  
 
Below are EPA communications to Afton about this significant deficiency from several different 
documents, which also show the evolution of EPA’s understanding of the Periodic Spring’s 
construction and the agreements reached amongst the parties at the December 2018 meeting, 
including collection of a MPA in 2019. 
 

EPA 2014 Sanitary Survey (original survey report, mailed March 13, 2017): 
 

The collection chamber for the Periodic Springs has “hinged doors” that allow excess water to 
discharge during periods when water is being flushed through the spring. When the spring flow 
stops, these doors are designed to swing shut. As seen in the photo, when the spring is flowing, 
these doors leave a large open gap that may allow insects and animals to enter the collection 
chamber. In addition, the doors appear to be staggered in a manner that could leave relatively 
large gaps when they are in the closed position. In order to prevent contamination of the water 
in the collection chamber, action must be taken to prevent entry of small insects, animals and 
other contaminants (i.e. the level of protection provided by a #24-mesh screen) during all stages 
of spring operation. If this level of protection cannot be provided, then this water source may be 
evaluated for influence of surface water and may be subject to treatment regulations under the 
Surface Water Treatment Rules, including providing filtration. 

 
EPA recommends that the Afton Board of Public Utilities secure the services of a reputable 
hydrogeologic/engineering firm to assist in evaluating the spring collection chamber and 
developing options to be discussed with the EPA Region 8 and Wyoming DEQ to protect the 
spring water from contamination. The EPA requests to convene a discussion with Afton prior to 
conducting any investigative or remedial actions. 
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EPA October 3, 2018 Letter: Design Concerns for Periodic Spring 
 
 The EPA has the following concerns with the plans submitted to the DEQ by the Town of Afton: 

• The primary concern is the potential for microbial pathogens to enter the spring 
collection system and the water supply, which does not have full surface water 
treatment for removal and inactivation of pathogens. 

• The protective flaps proposed for the Periodic Spring source may not adequately protect 
the water supply if they are misaligned and/or if they do not seal properly over time. 

• The integrity of the 14” transmission line from the spring source to the collection box is 
unknown and it may be possible to introduce contaminants into the line when water 
from the Periodic Spring is not flowing. 

 
Solutions discussed: 

• Use a heavy duty, continuous hinge and front flap that are more robust than the original 
design. 

• Install a center post to hold the flaps in the correct position. 
• Install a #4 mesh screen behind the flaps bolted onto a separate frame. 
• Change out the #4 mesh screens on a routine basis. 
• Collect turbidity data at a point before chlorination and report it to the EPA on a regular 

basis. 
 
Next steps: 

• The Town of Afton must submit a new design to the WY DEQ for review. Please work 
directly with Mark Baron, the WY DEQ district engineer. 

• The Town of Afton must submit a proposal to the EPA for monitoring turbidity of the 
water flowing through the 14” transmission line at a point prior to chlorination and for 
reporting these results to the EPA. This plan must include a monitoring frequency of at 
least once per day (or continuous monitoring), reporting the highest daily turbidity 
results to the EPA on a monthly basis and notifying the EPA within 24 hours if any result 
exceeds 1 NTU. Please submit this plan within 60 days of receipt of this letter. 

• The EPA will conduct microscopic particulate analysis (MPA) testing of the Periodic 
Spring during normal flow conditions in order to determine if surface water organisms 
are present in the water supply, indicating an influence of surface water of the water 
supply. The EPA’s contractor will conduct the MPA sampling, but the Town will be 
responsible for the cost of laboratory sample analysis. Should the MPA tests show that 
the Periodic Spring is at high risk of surface water influence, Afton would be required to 
install filtration and meet the full Surface Water Treatment Rule regulations. 

 
EPA Revised 2014 Sanitary Survey (revised report, mailed February 5, 2019): 

 
“The collection chamber for the Periodic Springs has “hinged doors” that allow excess water to 
discharge during periods when water is being flushed through the spring. When the spring flow 
stops, these doors are designed to swing shut. As seen in the photo, when the spring is flowing, 
these doors leave a large open gap that may allow insects and animals to enter the collection 
chamber. In addition, the doors appear to be staggered in a manner that could leave relatively 
large gaps when they are in the closed position. In order to prevent contamination of the water 
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in the collection chamber, action must be taken to prevent entry of small insects, animals and 
other contaminants during all stages of spring operation.” 
 
[Note – the previous paragraph was revised from the original March 13, 2017 sanitary survey 
report, after EPA received information clarifying the construction of the Periodic Spring during 
the July 2018 meeting between EPA, WDEQ and Afton. EPA no longer tied the improvements of 
the hinged doors to a concern for surface water influence. The following two paragraphs from 
the revised 2014 sanitary survey also document the decisions made at the December 2018 
meeting, including collection of MPA samples by EPA in 2019.] 
 
“The Town of Afton submitted design documents for a new hinged structure to Wyoming DEQ 
for approval in December 2018. Within 30 days of receipt of this Revised 2014 Survey Report, 
please submit to EPA a schedule for completion of corrective actions for Significant Deficiency 
#5. The schedule should include a completion date and any applicable major interim milestone 
actions and dates. 
 
Additionally, during the December 10, 2018 meeting, Wyoming DEQ committed to the task of 
DEQ staff compiling and reviewing existing reports, scientific evaluations and monitoring data 
regarding the Periodic Spring to better understand the hydrogeology of the spring. The results of 
that review will be provided to the EPA and the Town of Afton. Along with Microscopic 
Particulate Analysis to be conducted by EPA in 2019, DEQ’s review may provide additional 
information to evaluate whether the Spring has possible influence by surface water. The target 
date for completing this evaluation is prior to the sanitary survey to be conducted by EPA in 
2021.” 

 
EPA’s 2018 meetings with Afton and WDEQ improved EPA’s understanding of the Periodic Spring’s 
construction. EPA was no longer concerned that the water exiting the spring collects and pools near 
the water supply intake, as it appears to drain downhill and away from the spring. This likely 
prevents it from becoming a direct source of surface water into the water supply collection pipe. If 
standing water near the exit of the hinged doors did exist, the addition of #4 mesh screen and 
improved hinged doors would not prevent such a surface water influence into the water supply 
since it does not impede the flow of air or water into the spring box.  

 
Topic #5: WDEQ used the NOAA Afton recording station for precipitation and snowpack data when 
assessing potential correlations between these variables and changes in Periodic Spring pressure and 
water temperature. This station is located between 3,000 ft and 4,000 feet lower in elevation than the 
suspected recharge area of the spring. 
 

WDEQ Report Language: 
 
Page 7: “Air temperature data, precipitation, and snowpack data were obtained from the National 
Oceanic and Atmospheric Administration (NOAA) from the Afton recording station for the period of 
record.” 
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Why EPA disagrees: 
 
The Afton NOAA recording station is located in the Town of Afton at an elevation of 6,248 ft-amsl. 
The Periodic Spring is located at 7,165 ft-amsl, and the Madison outcrops along the Divide anticline 
identified as the probable primary recharge area of the spring are at an elevation of 9,000 to 10,500 
ft-amsl (Huntoon and Coogan, 1987). Given the roughly 3,000 ft to 4,000 ft elevation difference 
between the Afton NOAA recording station and the elevation of the probable recharge area, data 
from this station is likely not a good indicator of conditions in the recharge area or the area near the 
Periodic Spring. A lack of correlation between climatological conditions at the location and elevation 
of the Afton NOAA recording station and the Periodic Spring discharge and water temperature is not 
surprising. Monitoring stations located geographically as close as possible to the probable primary 
recharge area and at or near the same elevation represent the best source of climatological data to 
evaluate possible correlations between precipitation and snow melt with the Periodic Spring 
temperature and discharge  
 
EPA utilized data from the SNOTEL sites (SNOpack TELemetry) closest to the probable Periodic 
Spring recharge area to assess the correlation of spring water temperature and pressure 
measurements to the onset of snow melt in 2018. (See EPA’s analysis in figures 3, 4 and 5 below). 
The United States Department of Agriculture, Natural Resources Conservation Service, National 
Water and Climate Center provides public access to historic data from a number of SNOTEL sites, 
three of which are near the probable recharge area at lower elevations (ranging from 7,670 ft-amsl 
to 8,500 ft-amsl) and represent conditions to the North, South, and East of the recharge area. There 
is also a fourth SNOTEL site located further to the South that is at approximately the same elevation 
as the probable recharge area (9,425 ft-amsl). 

 
While the SNOTEL sites used by EPA are not located directly in the probable Periodic Spring recharge 
area, they appear to be more representative of snowpack conditions in the recharge area than the 
NOAA site located in the Town of Afton and the best source of this type of information currently 
available. Figures 1 and 2 below show the location of the Afton NOAA recording station used by 
WDEQ and the SNOTEL sites used by EPA relative to the location of Periodic Spring and the probable 
recharge area.  
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Figure 1: Locations of Willow Creek SNOTEL (Elevation = 8,080 ft-amsl), Triple Peak SNOTEL 
(Elevation = 8,500 ft-amsl) and Cottonwood Creek SNOTEL (Elevation = 7,670 ft-amsl) and the NOAA 
Afton Recording station (Elevation = 6,248 ft-amsl) relative to Periodic Spring (Elevation = 7,165 ft-
amsl) and the probable primary Periodic Spring recharge area (Elevation ~ 9,000 ft-amsl to 10,500 ft-
amsl) 
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Figure 2: Locations of Indian Creek SNOTEL (Elevation = 9,425 ft-amsl) compared to NOAA Afton 
Recording station (Elevation = 6,248 ft-amsl), Periodic Spring (Elevation = 7,165 ft-amsl) and the 
probable primary Periodic Spring recharge area (Elevation ~ 9,000 ft-amsl to 10,500 ft-amsl) 
 

 
 
 
 
Topic #6: WDEQ identifies a correlation between water temperature and pressure during late April in 
the 2018 data provided by Afton, but no correlation between water temperature and pressure in the 
other months with data (May, June, July, and August). 
 

WDEQ Report Language: 
 
Page 8: “The WDEQ reviewed the raw water temperature and pressure data, it appears there is a 
close positive correlation between discharge and water temperature in April (Figure 5). Once the 
water temperature began dropping in early May, there is no longer a strong correlation between 
water temperature and pressure readings. The discharge oscillation began getting stronger in early 
August but had not yet stabilized by the end of August, water temperatures began showing 
oscillation around mid-August but did not stabilize before the end of the recording period.” 
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Why EPA disagrees: 
 
EPA disagrees that the pressure and temperature correlation observed in April is meaningful and 
instead observes a meaningful correlation between pressure and temperature later in the season 
(from roughly May 16 to August 12). 
 
EPA’s understanding is that the pressure readings were derived from a sensor mounted inside the 
Periodic Spring’s collection chamber. When the spring is flowing, the pressure sensor is submerged 
and is an indication of the depth of the water in the collection box. Under these continuous flow 
conditions, the measured pressure has a direct correlation to the amount of water produced by the 
spring. During intermittent flow conditions, the spring has stagnant/non-flowing periods where the 
pressure sensor either becomes unsubmerged (i.e., is at atmospheric pressure), or reflects the 
depth of stagnant water inside the collection chamber. During these intermittent flow conditions, 
the pressure readings indicate when the spring is producing water or is stagnant but does not 
provide a good indication of spring discharge.  
 
The temperature sensor was co-located with the pressure sensor. Therefore, the close correlation 
that the WDEQ Report observed between pressure and water temperature in April appears to be a 
result of the temperature and pressure sensors periodically being exposed to (or almost exposed to) 
the atmosphere during stagnant conditions (i.e., in low pressure conditions, the sensor appears to 
have been measuring either air temperature or water temperature significantly affected by air 
temperature during these time periods). The temperature of the water during flowing conditions in 
the month of April appears to be relatively static (see Figure 3 below, the top of the temperature 
trend line represents the temperature during flowing conditions, and is a smooth curve; the 
temperature dips occur during non-flowing / stagnant conditions when the air temperature impacts 
the reading; these low values are not representative of the water temperature discharged from the 
Formation).   

 
Figure 3: Periodic Spring Temperature and Pressure (EPA-generated graph using the 2018 Afton 
temperature and pressure data provided with the WDEQ March 2020 report) 
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Note: Atmospheric pressure at the site is approximately 11.27 psi or 22.95 inches of Hg. 
 
During the period when the spring transitions fully to continuous flow conditions (roughly May 16 to 
August 12), the temperature and pressure readings appear to have a close correlation (temperature 
drops as flow (indicated by pressure) increases). This is true of all the 30 minute readings as well as 
the daily average readings during this time period (see Figures 4 and 5 below). It is unclear how 
WDEQ determined that there was not a strong correlation between water temperature and 
pressure readings during this period. This correlation indicates that high spring discharges during the 
late spring and summer may be composed of colder recent snow melt with a relatively rapid 
transport time from the recharge area to the spring. 
 
 
Figure 4: Periodic Spring Temperature vs Pressure during continuous flow conditions (May 16 to 
August 12), including all 30 minute readings from the Afton 2018 data (EPA-generated graph using 
the 2018 Afton temperature and pressure data provided with the WDEQ March 2020 report) 
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Figure 5: Periodic Spring Temperature vs Pressure during continuous flow conditions (May 16 to 
August 12), daily average of all 30 minute temperature and pressure readings from the Afton 2018 
data (EPA-generated graph using the 2018 Afton temperature and pressure data provided with the 
WDEQ March 2020 report) 
 

 
 

 
Topic #7: WDEQ uses the daily relative percent differences (RPD) to evaluate the significance of water 
temperature changes at Periodic Spring. 
 

WDEQ Report Language: 
 

Page 8: “WDEQ also reviewed trends in the minimum, maximum and average daily water 
temperature over the recording period and compared data to both precipitation data from Afton as 
well as changes in snowpack depth (NOAA 2018). This review was done to see if there was a 
correlation between precipitation or snowmelt and temperature changes in the Spring and if there 
was a “significant and rapid shift” in available water parameters, such as temperature. Water 
temperature relative percent differences (RPD) for the daily average and daily maximum, as well as 
a 5-day-rolling average of the daily average, were calculated.  The largest RPD was approximately 
3%.  In general, calculated RPDs were below 1% for the recording period. In addition, the WDEQ 
reviewed the RPD between the daily minimum and maximum water temperatures and the RPD for 
the raw half-hour water temperature readings. The daily min-max water temperature RPD did not 
exceed 4%. The RPD between half-hour temperature readings did not exceed 3%. RPD results are 
available in Appendix D.” 
 
Page 8: “Changes in water temperature did not appear to have any correlation with the timing of 
precipitation or snowmelt, or air temperatures (Figures 10 through 15). This could be related to the 
very small relative changes in water temperatures. In addition, based on the available data for the 
period of record, there does not appear to be any “significant and rapid” shifts in water temperature 
due to the fact that looking at water temperature data, the greatest RPD was only 4% (Appendix D).” 
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Why EPA disagrees: 
 
As discussed in Topic #5 above, EPA disagrees that the NOAA Afton recording station is the most 
appropriate data source to utilize for evaluation of precipitation and snowpack depth. 
WDEQ does not provide a reference point for the daily RPD that would be considered “significant 
and relatively rapid”, or how/why that value was selected. 
 
The March 1991 EPA Guidance Manual for Compliance with the Filtration and Disinfection 
Requirements for Public Water Systems Using Surface Water Sources is the only guidance identified 
by EPA that provides a reference for interpreting “significant and relatively rapid shifts” in 
temperature: “temperature changes (in ˚F) of greater than 15 to 20% over the course of a year 
appear to be a characteristic of some sources influenced by surface water.” (page 2-11) 
 
While the data source for this threshold appears to be a study of several wells in a hydrogeologic 
setting that is very different than Afton, it is the only threshold available to use as an outside 
reference point and is not definitive for all sources influenced by surface water. 
• The 2018 temperature data had a maximum value (under flowing conditions, there was more 

variation in the sensor readings during off-cycles, but this was eliminated from the data set) of 
43.83 ˚F and a minimum value of 38.41 ˚F. This represents an overall change of 5.42 ˚F or 14.1% 
change (in ˚F).  

• The 1989 temperature data from Blanchard et al, 1990 indicated a maximum temperature of 6.0  
˚C (42.8 ˚F) and a minimum temperature of 4.2 ˚C (39.56 ˚F) for an overall change of 3.24 ˚F or 
8.2% change (in ˚F). 

• The 1990 temperature data from Blanchard et al, 1990 indicated a maximum temperature of 6.1 
˚C (42.98 ˚F) and a minimum temperature of 3.3 ˚C (37.94 ˚F) for an overall change of 5.04 ˚F or 
13.3% change (in ˚F). 

• The percent overall change over the course of a year could be greater since the 1989, 1990 and 
2018 data only captured a 4 to 5 month period of the year. The periods evaluated during the 
above years are likely the timeframes that exhibit the greatest amount of change, but the 
temperature variation after September and before April have not been evaluated to verify this. 

 
The above seasonal changes in temperature are below the 15% to 20% threshold, but the 
correlation of water temperature changes to snow melt and increases in spring discharge (measured 
indirectly by the pressure sensor) are concerning because they indicate that high spring discharges 
during the late spring and summer may be composed of recent snow melt with a relatively rapid 
transport time from the recharge area to the spring. 
 
While EPA considers temperature data as part of the available data when making GWUDI 
determinations, typically temperature alone is not considered adequate information to make a final 
GWUDI determination. The high correlation observed between the spring discharge rate and 
temperature, as well as the apparent correlation to peak snow melt indicate the need for additional 
evaluation of surface water influence. 
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Topic #8: WDEQ suggests that there is no correlation between snowmelt and Periodic Spring water 
temperature and discharge. 
 

WDEQ Report Language: 
 
Page 8: “Changes in water temperature did not appear to have any correlation with the timing of 
precipitation or snowmelt, or air temperatures (Figures 10 through 15). This could be related to the 
very small relative changes in water temperatures. In addition, based on the available data for the 
period of record, there does not appear to be any “significant and rapid” shifts in water temperature 
due to the fact that looking at water temperature data, the greatest RPD was only 4% (Appendix D).” 
 
Why EPA disagrees: 
 
See Topic #5 above for discussion on the source of the precipitation, snowmelt, and air temperature 
data. Using the SNOTEL sites referenced in Topic #5 above, EPA notes that there appears to be a 
correlation between changes in water temperature and the timing of snowmelt (see Figure 6 
below). Changes in the spring water temperature appear to occur about 2 weeks after the peak 
snowpack at all 4 of the reference sites during 2018. Note that the snow depth data from the NOAA 
Afton recording site used by WDEQ follows a significantly different trend than the other sites and is 
referenced in absolute inches instead of snow water equivalent (likely due to it being located at a 
much lower elevation). 
 
Figure 6: SNOTEL sites snow water equivalent (SWE) and NOAA Afton recording station snow depth 
versus Periodic Spring water temperature (EPA-generated graph using the data from SNOTEL sites 
and the NOAA Afton recording station as well as 2018 Afton temperature data provided with the 
WDEQ March 2020 report) 
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The Periodic Spring temperature from 1990 (from Blanchard et al, 1990) also shows a correlation 
with the snow melt during that year and indicates the possibility of rapid flow through the formation 
(see Figure 7 below). In 1990, the snow melt at the Indian Creek site (the highest in elevation at 
9,425 ft, but farthest from the suspected recharge area of the spring) occurred later than the other 
3 sites and appears to have a very close correlation to the change in Periodic Spring water 
temperature, with only very small delays (see Figure 7 below). 
 
Figure 7: SNOTEL sites snow water equivalent (SWE) vs Periodic Spring temperature in 1990 (EPA-
generated graph using the 1990 data from SNOTEL sites and Periodic Spring temperature results 
from Blanchard et al, 1990) 
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direct and rapid flow that there appears to be a useful correlation between temperature and 
groundwater travel time. In alluvial sand aquifers flow is more diffuse, which makes temperature 
measurements more difficult to interpret. Typically groundwater and temperature flow models are 
used to evaluate temperature changes in alluvial sand aquifers, which are very different than the 
geology of the Periodic Spring and its recharge area. 
 

 
Topic #9: WDEQ considers the moderate risk MPA result from September 2019 to be an outlier 
anomaly that is negated by prior low risk results. 
 

WDEQ Report Language: 
 
Page 9: “To summarize, a total of five MPA tests were performed between 2003 and the date of this 
report, with four coming back at zero and one outlying result of 10.  Based on the EPA MPA criteria 
cited above, the MPA sample results point to the Periodic Spring as being a groundwater source.” 
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Page 10: “The single MPA test from 2019 with a score of 10 does not trigger a GWUDI determination 
under EPA’s criteria, and raises the possibility of a possible sample collection or QA/QC anomaly in 
light of the four MPA results that came back with 0-low risk, including three collected prior to it and 
one following it.”  
 
Why EPA disagrees: 
 
One or more low risk MPA results do not negate a subsequent MPA result that shows a medium or 
high risk. Each MPA measures the water quality conditions at the time the sample was collected, 
and there are no “outliers.” The Safe Drinking Water Act’s requirements for monthly routine total 
coliform bacteriological sampling confirm this variability, as it is not expected that results will 
necessarily be the same from month to month.  It is also expected that the presence of indicator 
organisms that demonstrate the presence of surface water may be intermittent. Therefore, 
pursuant to EPA policy, EPA conducts an independent evaluation of each groundwater source to 
determine whether there is a need for a MPA in conjunction with each sanitary survey. Each MPA 
result is then assessed to determine: if the source will remain ground water, if the source requires 
further evaluation with an additional MPA, or if the source is GWUDI. EPA does not deem the 2019 
moderate MPA result as an “outlying result” but as indeterminate that triggers the collection of 
another MPA to further evaluate the source. Consistent with EPA’s policy, that subsequent MPA was 
collected in 2021 and the result was high risk, suggesting that the source is GWUDI.  

 
The presence of surface water organisms with chlorophyll such as green algae and diatoms in the 
moderate risk MPA sample from 2019 (and now also the high risk sample from 2021) in spring water 
with a recharge area in steep mountainous terrain suggests that the organisms grow in possibly 
ponded surface water somewhere in the recharge area (either intermittent or permanent), and 
relatively rapid groundwater flow transports these organisms to discharge at the Periodic Spring. 
The presence of these surface organisms from the moderate and high risk MPA samples cannot be 
discounted.  
 
Furthermore, the previous low risk samples are not proof that there is no influence of surface water.  
For a MPA to show the presence of surface water, it must also have indicator organisms at great 
enough abundance to be seen.  Algae and diatoms are common sources of moderate and high risk 
MPA results, yet these organisms are often dormant below 40 F.  They need warmer water 
temperatures to bloom and gain the abundance to become visible to the lab analyst.  If the surface 
water is direct snow melt, there may be few if any indicator organisms present in the cold water. 
However, their absence does not rule out the presence of pathogens in fecal material on the snow 
and in the soil through which the water is infiltrated.   
 
If concerns for field or laboratory quality assurance (QA) exist, then low risk results are equally 
subject to concerns with QA that may impact the result as are moderate or high risk results. EPA has 
seen no information to suggest that field or lab QA issues exist with any of the EPA-collected MPA 
samples at the Periodic Spring. EPA requests that Afton or DEQ provide any information that shows 
the existence of such QA concerns. 
 
According to the information cited above, the water discharging at the Periodic Spring includes 
significant components of flow that are both fast and direct during the spring/summertime 
continuous flow from the spring (e.g., flow through fractures and conduits/caves) and slow and 
diffuse during intermittent flow starting later in the year (e.g., flow through the rock matrix). Since 
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the completion of the WDEQ report, a high risk MPA result was obtained at the Periodic Spring in 
August 2021.  EPA hypothesizes that the moderate and high risk MPAs are associated with standing 
water in the recharge area (allowing for the growth of green diatoms and algae), which is affected 
by both rain and snow melt. These surface water organisms may be carried quickly through 
fractures, solution-enhanced limestone fractures and conduits from the recharge area to discharge 
at the Periodic Spring in a short amount of time. 
 
EPA has observed significant variability in MPA results at other sites that were determined to be 
GWUDI. Low risk MPA results do not negate moderate and high risk MPA results that may occur 
before or after these samples. 

 
Topic #10: WDEQ suggests that Cryptosporidium, E. coli and Giardia are not an issue for the Periodic 
Spring because there is limited human activity or large-scale livestock grazing in the recharge area. 
 

WDEQ Report Language: 
 
Page 10: “A GWUDI assessment is conducted to protect the public from potential health concerns 
related to disease causing pathogens such as E. Coli, Legionella, Giardia lamblia, and 
Cryptosporidium. Based on the land uses in the area of the assumed recharge to the Madison 
Limestone, there are no significant potential sources such as septic systems, wastewater treatment 
plants, large-scale livestock grazing, or industrial activities.” 
 
Why EPA disagrees: 
 
EPA agrees with WDEQ’s finding that there is little human activity near the Periodic Spring or in the 
recharge area. However, there are other sources of Cryptosporidium and Giardia that are infectious 
to humans. Snow melt can carry with it viable Cryptosporidium and Giardia deposited in wildlife 
fecal pats during the winter months. Cryptosporidium and Giardia are parasitic protozoa that are 
resistant to chlorination. 
 
Wildlife sources of Cryptosporidium and Giardia that are infectious to humans are common in the 
environment, including mountainous areas similar to the area around the Periodic Spring. 
• One recently published study indicated that 155 species of mammals were reported as non-

human hosts of Cryptosporidium parvum, a genotype that is infectious to humans.  Identified 
hosts include white tail deer and mule deer, cottontail rabbits, red foxes, coyotes, striped 
skunks, and chipmunks.  

• Cryptosporidium cuniculus, a rabbit hosted species, was the cause of a water-borne disease 
outbreak in a community in England (Puleston et al, 2014). 

• The City of Portland, Oregon recently lost its filtration avoidance designation under the Surface 
Water Treatment Rule.  Portland is now required to install filtration of its formerly unfiltered 
water supply due to numerous detections of Cryptosporidium species in the water. There were 
no significant human activities or cattle grazing occurring in the protected watershed. 
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Topic #11: WDEQ suggests that EPA’s only remaining concerns with Periodic Spring are associated 
with the spring box construction and seasonal turbidity events. 
 

WDEQ Report Language: 
 
Page 10: “Any issues the EPA has had with the Periodic Spring appear to result from some 
deficiencies with the Spring outlet construction, and with irregular seasonal turbidity issues.” 
 
Why EPA disagrees: 
 
See discussion Topic #2 above. EPA has the following concerns with the Periodic Spring: 
• Moderate risk MPA from September 2019 and high risk MPA from August 2021. The presence of 

green algae and diatoms in spring water with a recharge area in steep mountainous terrain 
suggests surficial ponding somewhere in the recharge area, with relatively rapid groundwater 
flow carrying diatoms and algae to the Periodic Spring. 

• Water temperature that correlates to spring discharge (or pressure used as a proxy) and snow 
melt from 1989, 1990, and 2018. 

• Changes in major ion concentrations that correlate to changes in water temperature and 
discharge from 1989 and 1990 (from Blanchard et al, 1990). 

• Historic reports of intermittent high turbidity at the spring (reported to be >100 NTU during one 
event). 

• The conclusions of the Blanchard et al, 1990 report indicating that contamination from the 
recharge area would be transported to Periodic Spring within a matter of weeks (see above). 

• Huntoon and Coogan, 1987 document with the following statement: 
o “Large discharges are accompanied by turbidity. The sediment is comprised of very fine 

sand and smaller particles that lightly cloud the water when present. Occasionally the 
water becomes slightly muddy as occurred during a peak flow period in late June 1986 
(Eddins, various). The discharge of sediment is an unwelcome occurrence because much 
of the untreated, unfiltered water is piped directly from the spring into the Afton water 
system.” 

 
Topic #12: WDEQ suggests that turbidity events are an aesthetic issue only. 
 

WDEQ Report Language: 
 
Page 10: “Seasonal turbidity issues do not pose a health risk with respect to pathogens, viruses 
and/or bacteria (i.e. cryptosporidium, giardia, E. Coli), but are more of an aesthetic issue related to 
crystalline sediment entrained from the spring cavern during high flow events.” 
 
Page 10: “As the Town of Afton is able to maintain a chlorine residual in the distribution system, 
even during high turbidity events, the Town may want to consider operational changes during these 
times, such as switching to another water source temporarily or installing a settling tank, to address 
aesthetic issues resulting from sediment.” 
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Why EPA disagrees: 
 
Turbidity interferes with chlorine disinfection by shielding pathogens from chlorine and is therefore 
not solely an aesthetic issue. (Berman et al, 1988 and LeChevallier et al, 1988) 
 
Rapid and direct groundwater and GWUDI groundwater carrying large amounts of sediment and 
causing high turbidity events also potentially carries pathogenic protozoa (e.g., Cryptosporidium and 
Giardia) mixed in with the sediment. Rapidly flowing water from the recharge area traveling through 
fractures and conduits can carry Cryptosporidium and other organisms along with the sediment into 
the Periodic Spring discharge and into the Afton water supply.  
 
Some karst springs show a correlation between turbidity and total coliform / E. coli detections (e.g., 
Vucinic et al, 2022 in lowland springs).  
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