
Sierra Club Wyoming Chapter 
 
July 5, 2019

Jason Thomas
Department of Environmental Quality
Water Quality Division
200 West 17th Street
Cheyenne, WY 82002

Re: Comments on Moneta Divide Gas Field Discharge Permit (WY0002062, Aethon Energy)
Submitted via WDEQ public comment portal and email

Dear Mr. Thomas:

On behalf of more than 1,200 members of Sierra Club Wyoming Chapter (SCWC) and more than
3.5 million members and supporters of the Sierra Club nationwide, we submit the following
comments on Aethon Energy's application for renewal of its Moneta Divide Gas Field Discharge
Permit, WY0002062. 

As America's most enduring and influential grassroots environmental organization, the Sierra Club
is dedicated to defending all people's right to live in a healthy world, with clean water, clean air, and
access to functional natural ecosystems. Here in Wyoming, we work to help our members,
Wyoming residents, and visitors to our state enjoy, explore, and protect our remarkable natural
places, and to ensure that our environment remains clean and healthy for people and wildlife.

As stated on the Wyoming Department of Environmental Quality (WDEQ) website, WDEQ is
"charged with protecting, conserving, and enhancing Wyoming's land, air and water for the benefit
of current and future generations". It is the responsibility of the WDEQ to ensure that proposed
industrial activities such as this proposed permit renewal comply with all state and federal laws
including the Clean Water Act, National Pollution Discharge Elimination System, Wyoming
Environmental Quality Act, and all other applicable law. The WDEQ must ensure that the proposed
permit renewal will not adversely affect the health and safety of Wyoming's residents, that it
complies with all relevant water quality standards, that it does not excessively harm other natural
resources including wildlife and wildlife habitat, that it does not harm recreational users, and that it
respects the rights of private property owners, including downstream water users. 

After reviewing the permit renewal application and independent third-party expert evaluations of
the application and the modeling report submitted by the applicant, we have concluded that the
WDEQ must deny the permit renewal because of noncompliance with state and federal laws,
potential negative impacts to human health and safety, negative impacts to water quality,
unacceptable harm to wildlife and wildlife habitat, unacceptable harm to recreational uses, and
general unacceptable environmental degradation.

Aethon Energy has proposed a major expansion of its Moneta Divide field that would
approximately quadruple the wells in the field, going from around 900 existing wells to 4,100 wells.
The field now discharges about 1 million gallons of wastewater per day, and the proposed
expansion would produce an estimated 1.4 million barrels (58 million gallons) of waste water per
day.



1. The Boysen Reservoir Water Quality Model is fatally flawed and cannot be used to evaluate or
approve the permit

Without any independent verification, the WDEQ completely relied on the Boysen Reservoir Water
Quality Model, developed by the project proponent's contractor Environmental Resources
Management (ERM), to erroneously conclude that discharging the proposed level of produced
waste water would not violate water quality standards in Boysen Reservoir or the Class 1 segment
of the Wind River downstream, harm aquatic life or other wildlife, elevate risk to human health or
safety, or harm downstream users. 

Having some concern about the impartiality and quality of a model developed by a consultant for
the project proponent, the SCWC joined with several other organizations to hire an independent
scientific review of the model and its interpretation. The independent review by Hydros Consulting,
a firm with no financial interest in this project, of the model and supporting reservoir modeling files,
concluded that ERM's report, and the underlying model on which it is based, are fundamentally
flawed and cannot be used for regulatory compliance.

Some of the key findings of the review conducted by Hydros Consulting included:
• The model was not developed properly and excluded many important factors.
o Little to no tributary flow data was collected to ground-truth flow assumptions.
o Reservoir evaporation effects were completely ignored.
o Tributary flow estimates were arbitrary and inconsistent.
o Inflow data from the Wind River was improperly manipulated.
o Wind speeds were unrealistically limited.
o Assumptions about water quality in different tributary streams were unsubstantiated.
o Density changes for inflow water into Badwater Bay were completely ignored.
o Water released at Boysen Dam into the Wind River was not correlated to inflow density, and
there was no differentiation between water released through the low-level outlet and the high-level
spillway.
• The model was not properly evaluated or calibrated, and cannot be considered realistic or reliable.
o The model compared water quality measurements in the Wind River to water quality simulated
only in the top two-foot layer of Boysen Reservoir, which completely ignores the facts that the
reservoir stratifies, more dense inflows may sink and flow along the floor of the reservoir to the
dam, and most of the water released flows through the dam's low-level outlet.
o High quality, meaningful data was arbitrarily excluded during the calibration and validation
process, including data collected during periods of low natural flow and highest percent produced
water (for example, in winter months).
• Compliance analysis methodology and conclusions are incorrect.
o Extensive valid and high quality data sets from the US Geological Survey on the Class 1 segment
of the Wind River were excluded from analysis of baseline conditions.
o The analysis improperly used monthly averages to incorrectly reduce impacts to the Class 1
segment of the Wind River.
o The analysis used inflated and incorrect statistical values to reach statistically unsupported
conclusions.
o An antidegradation analysis for Bosyen Reservoir, required by the Clean Water Act and
Wyoming Environmental Quality Act, was not conducted.

Please see the attached Hydros report for further explanation and details of their review of ERM's
model and report. We hereby incorporate the Hydros report in its entirety into our comments.



2. Existing water quality impairment must be corrected

Current discharge of produced wastewater from the Moneta Divide field already has caused
significant and ongoing impairment to both Alkali and Badwater creeks, and increases risk to
Boysen Reservoir and the Wind River below Boysen. Allowing additional discharges will only
worsen existing damage and further increase risk of unacceptable water quality impairment
downstream. To meet its fundamental charge, the WDEQ must not authorize more pollution until
existing problems are corrected.

For decades, WDEQ has authorized the discharge of massive quantities of highly saline and
contaminated produced water into Alkali and Badwater creeks from nearby oil and gas fields. Even
though WDEQ rules explicitly prohibit it from allowing modified effluent limits that would violate
water quality standards, they have continued to exempt discharges from water quality standards
limiting chlorides, sulfates, conductance and total dissolved solids.

Continuing to exempt discharges from water quality standards violates the Clean Water Act and the
Wyoming Environmental Quality Act, and could undermine Wyoming's authority to issue NPDES
permits.

Alkali Creek is a Class 3B stream, meaning it is an intermittent tributary stream including adjacent
wetlands not known to support fish populations or drinking water supplies, but with sufficient
hydrology to normally support and sustain communities of aquatic life including invertebrates,
amphibians, or other flora and fauna. The designated use assigned to this classification is "aquatic
life other than fish", and the WDEQ is responsible for protecting this designated use including
water quality and habitat necessary to sustain populations of organisms other than fish to support
diverse aquatic communities.

According to the BLM, oil field wastewater flowing into tributaries of Alkali Creek and Alkali
Creek itself has caused disturbance of the drainage beds and destruction of drainage vegetation,
leading to accelerated erosion. In Alkali Creek, degradation and scouring have increased
downcutting (downward erosion) in tributary channels, inhibiting livestock movement, grazing and
watering, and increasing sediment loading in Alkali Creek. According to monitoring done by
Aethon as required by its current discharge permit, Alkali Creek above the point of discharge is
well vegetated, stable, and no scour or aggradation has been noted. Downstream from discharge
points, channel changes include scour, degradation, and aggradation of sediment, with documented
bank loss. 

Aquatic life will not be protected by the terms contained in the draft permit, violating Wyoming
water quality standards. A report prepared by well known and highly respected aquatic biologists
Dr. Harold Bergman, Professor Emeritus, University of Wyoming, and Dr. Joseph Meyer, former
UW faculty member and Chief Scientist, Applied Limnology Professionals, in Golden, Colorado,
describes numerous critical deficiencies and omissions in the draft permit, and based on aquatic
toxicity modeling, concludes that components of Aethon's produced water as proposed in the draft
permit would be acutely lethal to aquatic species. Please see the attached Bergman-Meyer report for
full details, which we hereby incorporate in its entirety into our comments.

Continuing to allow discharges that do not protect designated uses, and that do not maintain water
quality necessary to sustain them, violates the Clean Water Act, the Wyoming Environmental
Quality Act, and the WDEQ's rules. 



Badwater Creek is a Class 2AB stream, a Tier II, high quality surface water. This designation,
according to the Clean Water Act, the Environmental Protection Agency, and WDEQ Water Quality
Division Rules and Regulations, requires that water quality in Tier II, high quality surface waters
must be maintained to standards that protect existing uses fully. Existing uses include propagation
of fish, shellfish, and wildlife and recreation in and on the water. 

Unfortunately, the DEQ has failed to meet these standards, in violation of the Clean Water Act, the
Wyoming Environmental Protection Act, and its own rules and regulations. The quality of Badwater
Creek water is lower than the applicable standards, existing uses of Badwater Creek have not been
maintained and protected, and WDEQ's claim in the draft permit that additional discharges will not
result in significant degradation of Badwater Creek are laughable. Please see the attached
Bergman-Meyer report for supporting details.

Boysen Reservoir is also a Class 2AB body of water, with the same requirements for water quality
maintenance as described for Badwater Creek. As previously noted, the WDEQ based all its
assumptions and conclusions on the fatally flawed ERM model and report, which cannot be used as
the basis of decisions. Please see the attached Hydros report for a full description of the many
problems with the ERM model, especially related to inflows into Boysen Reservoir. Notably. ERM
failed to conduct an antidegradation analysis for Boysen Reservoir, as is clearly required by the
Clean Air Act, the Wyoming Environmental Quality Act, and WDEQ's rules and regulations.

The Wind River below Boysen Dam is a Class I, Tier 3 river, into which no additional water quality
degradation by point source discharges other than from dams are allowed. The water quality and
biological integrity that existed at the time of designation must be maintained and protected. Again,
we direct your attention to the attached Hydros report for a full description of the many problems
with the ERM model, especially those related to issues that render any conclusion about the flow of
water through the reservoir from Badwater Bay to the dam and into the Wind River as totally
meaningless. An uncalibrated, unverified model that cherry picks data, misuses basic statistical
parameters, fails to accurately assess water density, water temperature, wind speed, and other
highly influential factors that dictate how water vertically segregates and flows through a reservoir,
ignores the effect of evaporation, and fails to differentiate between low- and high-level releases to
the river simply cannot be used to support any conclusions about this project. To base a conclusion
that this project would not harm water quality of the Wind River on such an incomplete and
inaccurate model and report clearly would be illegal on any number of fronts.

4. Wildlife and Human Impacts

The proposed "mixing zone" in Boysen Reservoir, where highly contaminated water would be
discharged into the reservoir, is fundamentally inappropriate and unacceptable. Boysen is heavily
used during summer months for swimming, boating, and other water sports, and in winter for ice
fishing and other winter recreational activities. Badwater Bay, where Badwater Creek flows into the
reservoir, is a nursery area for sauger, designated by the Wyoming Game and Fish Department as a
sensitive species. WDEQ has not analyzed potential toxicity of Aethon's produced wastewater to
this species or other valued sport fishes in Boysen, or to aquatic life in general in Alkali or
Badwater creeks. WDEQ has not meaningfully analyzed potential impacts to human health and
safety, either in Boysen Reservoir or in the Wind River downstream.

People who use the Wind River further downstream are deeply concerned about this project, and
rightly so. Municipalities such as Thermopolis use the water for a number of municipal purposes.



Farmers draw from the river for irrigation and livestock use. Elevated salinity, toxic metal
contamination, and other harmful substances concern these folks, and their concerns must be taken
seriously. Their health and livelihoods are at stake.

The water level in Boysen Reservoir fluctuates seasonally and annually, so polluted water will
extend further out into the reservoir during low water periods, and the dilution capacity of the
reservoir will decrease during low water periods. Badwater Creek regularly experiences periods of
low and sometimes no flow, during dry periods. Conversely, these desert drainages also
occasionally experience gully washers when the rains come, which sometimes occur only once
every several years. WDEQ has done no analysis of what happens when contaminants in
wastewater are deposited and concentrated in streambed soils during dry periods, and then flush out
in great surges during storm events. What damage will these pulses of extremely concentrated TDS,
chloride, sulfate, and oil field chemicals do to aquatic life in the reservoir and the river, and to the
people who recreate on and live along these waterways? 

WDEQ's policy on mixing zones clearly states that a proposed mixing zone may be denied due to
concerns about designated and existing uses. Such zones also may be denied in biologically
important areas such as fish spawning or nursery areas. Clearly, the WDEQ has the authority to
deny this permit, and should do so. 

5. Conclusion

Draft permit WY0002062, Aethon Energy violates the Clean Water Act, the Wyoming
Environmental Quality Act, and the WDEQ's rules and regulations. Produced wastewater from this
facility already has damaged streams, threatens wildlife and wildlife habitat, and puts recreational
users and downstream communities at risk. Increasing discharges of contaminated wastewater will
only make a bad situation worse. The DEQ should deny the permit, and take immediate steps to
correct current damage. Aethon should go back to the drawing board and consider other, less
environmental damaging alternatives.

This watershed simply should not be used as a toxic wastewater treatment facility. We don't need to
sacrifice this popular reservoir, its inflowing tributaries, or the Wind River below the reservoir, to
this type of industrial development. We should enforce existing laws to stop current levels of
unlawful pollution from being discharged into these waters, and Aethon should be required to treat
all produced wastewater to all applicable water quality standards at the point of discharge, or to
dispose of contaminated water by some other legal means. 

Sincerely, 

Connie Wilbert
Director
Sierra Club Wyoming Chapter
P.O. Box 1736
Laramie, WY 82073
(307)460-8046
connie.wilbert@sierraclub.org



CC: Governor Mark Gordon
Beth Callaway, Policy Advisor
Todd Parfitt, WDEQ Director
Kevin Frederick, WQD Administrator
Darcy O'Connor, EPA Region 8, 
Assistant Regional Administrator
Office of Water Protection

Enclosures: 

Bergman/Meyer Memorandum
Hydros Report
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Memorandum 
June 27, 2019 

 

To: Dan Heilig, Wyoming Outdoor Council, Lander, WY 

 

From: Harold Bergman, PhD, Professor Emeritus, University of Wyoming, Laramie, WY; and 

Joseph Meyer, PhD, Chief Scientist, Applied Limnology Professionals LLC, Golden, CO  

Regarding: Analysis of, and comments on, proposed WDEQ Wastewater Discharge Permit for 

Aethon Energy Operating, LLC – WY0002062 Renewal 

 

 We have reviewed a series of documents including WDEQ-WQD’s proposed WYPDES 

discharge permit WY0002062 renewal for Aethon Energy Operating, LLC; Aethon’s application 

for this permit renewal dated August 8, 2016; portions of Environmental Resources 

Management’s (ERM’s) Water Quality Compliance Analysis report to Aethon Energy dated 

April 23, 2018; and ERM’s Modeling Study Addendum (undated).  We also have reviewed and 

used a number of peer-reviewed publications on the chemistry of produced waters from oil and 

gas operations and the toxicity of these waters to aquatic biota, and we have cited these 

references, as appropriate, in the text below. 

 

 In the text that follows, we present our analyses, conclusions and positions related to 

water chemistry and aquatic toxicity of Aethon’s produced water and WDEQ’s proposed 

issuance of a discharge permit renewal for Aethon’s discharge.  We then present a number of 

major concerns and recommendations related to this proposed permit renewal.   

 

Water Chemistry 

 

Untreated Produced Water Discharge. The WDEQ’s proposed discharge permit for Aethon 

Energy’s proposed Moneta Divide oil and gas field would allow discharge of a maximum of 

8.274 MGD1 (million gallons per day) of oil and gas field produced water, with 2.436 MGD 

untreated and approximately 5.838 MGD treated by reverse osmosis.  Without an accompanying 

discharge of treated water, 2.856 MGD of untreated water would be allowed.  The only measured 

water quality data presented in the Aethon permit application or the WDEQ proposed discharge 

permit are in Table 2 of Aethon’s application, for a water sample collected on 3/2/2017 from 

Outfall 006 (see Aethon’s Table 2 untreated water chemistry).  Thus, this water sample is a raw 

produced water sample (treated only with a skim pond at Outfall 006) from the “Central Facility 

separators.” This set of water quality analyses is offered by Aethon in their application as 

“representative of the quality of water being proposed for discharge” (question 14 on page 5 of 

the Aethon application). 

 

There are several major inadequacies in Aethon’s Table 2 “representative” water quality analysis 

results. In particular, there are no measurements or possibly misleading values for the following 

important water quality parameters:  

                                                           
1 For comparison, the treated wastewater discharge for representative Wyoming cities are as follows: Riverton = 
1.9 MGD for ~11,000 people, Laramie = 4.5 MGD for ~32,000 people, and Casper = 10 MGD for ~58,000 people. 
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 Alkalinity and Bicarbonate ion concentration – Alkalinity and bicarbonate ion (HCO3
-) 

measurements were not included in Aethon’s Table 2 chemistry results.  However, 

alkalinity (expressed as mg calcium carbonate/L) along with the reported pH of 7.31 

(Table 2 from application) allows calculation of concentrations of bicarbonate, carbonate 

and hydroxide, that all contribute to total alkalinity.  The bicarbonate ion (HCO3
 -) 

concentration is particularly important to know because bicarbonate is an important 

determinant for understanding and predicting toxicity to aquatic biota (see Aquatic 

Toxicity section, below).  Because the Aethon Table 2 chemistry suffered from a very 

large charge imbalance (many fewer total negative charges than total positive charges per 

liter), and because the total charge of a water sample must be neutral, we were able to 

calculate the following estimate for the alkalinity and bicarbonate concentrations 

(assuming all of the deficiency of negative charges was due to alkalinity/bicarbonate): 

Alkalinity ~ 2,732 mg/L as CaCO3; bicarbonate ~ 3,333 mg/L.  These are quite high 

values not typical of most surface waters, but they are not uncommon for co-produced 

waters from deep oil and gas fields. 

 Potassium (K+) – No analyses of K+ were included in Aethon’s Table 2 chemistry results. 

However, based on a number of aquatic toxicity studies, K+ can contribute more to 

aquatic toxicity than other constituents of typical saline produced waters when at similar 

concentrations (Mount et al., 1997). Thus, the K+ concentration would be an important 

determinant for understanding and predicting toxicity of the produced waters to aquatic 

biota (see Aquatic Toxicity section, below). If K+ was present in the Table 2 production 

water (which is highly likely) and its concentration had been reported, the estimated 

alkalinity and bicarbonate concentrations presented in the previous bullet would be even 

higher. 

 Chloride (Cl-) – The water chemistry for Aethon’s “representative” discharge presented 

in Table 2 of Aethon’s application shows a one-time analysis for chloride of 1840 mg/L. 

Yet the level allowed in WDEQ’s proposed permit for an end-of-pipe chloride 

concentration is 2419 mg/L (based on an “historic effluent concentration” according to 

information in a footnote in WDEQ’s proposed permit, though no supporting information 

is presented). And WDEQ-WQD’s special end-of-pipe limit for chloride concentrations 

in oil and gas produced water discharges is 2000 mg/L (Chapter 2, Appendix H). But 

Appendix H also specifies that “[i]n no case shall any produced water discharge contain 

toxic materials in concentrations or combinations which are toxic to human, animal or 

aquatic life” (Appendix H(b)(i)). To assess the possibility of toxic effects on aquatic life, 

we need to consult Wyoming’s water quality criteria for protection of aquatic life in 

receiving waters listed in WDEQ-WQD’s Chapter 1 (Appendix B). Wyoming’s aquatic 

life criteria for chloride are 860 mg Cl-/L as an acute criterion (to protect for survival) and 

230 mg Cl-/L as a chronic criterion (to protect for reproduction and growth). These 

criteria are in agreement with EPA’s recommended acute and chronic criteria listed in 

EPA’s ambient water quality criteria document for chloride 

https://www.epa.gov/wqc/aquatic-life-ambient-water-quality-criteria-chloride-1988.  

Thus, to avoid adverse effects on fish and aquatic invertebrates, WDEQ’s permitted end-

of-pipe chloride discharge concentration of 2419 mg/L in the proposed permit would 

need to be diluted almost 3-fold to avoid in-stream acute effects (e.g., mortality of fish 

and aquatic invertebrates) and diluted more than 10-fold to avoid in-stream chronic 

effects (e.g., reproduction and growth of fish and aquatic invertebrates). Yet, no 

information is provided for dilution flow or water quality in Alkali or Badwater Creeks in 

https://www.epa.gov/wqc/aquatic-life-ambient-water-quality-criteria-chloride-1988
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either Aethon’s permit application or in WDEQ’s proposed permit. (Also see comment 

on Alkali and Badwater Creeks, below.)        

 Sulfide – Hydrogen Sulfide (H2S) – The WDEQ’s water quality standard for H2S is 2 

g/L. However, the reported measurement in Table 2 of Aethon’s application is listed as 

<40 g/L (presumably the detection limit for the analytical method used by Aethon), 

which does not provide assurance that the H2S concentration meets the water quality 

standard. [Note that the Required Detection Limit shown in Table 2 for H2S is 0.1 mg/L 

(100g/L), which is far too high for Aethon and WDEQ to determine whether the 

discharge meets the 2 g/L standard; thus we assume that the 0.1 mg/L detection limit for 

H2S shown in Aethon’s Table 2 is an error]. 

 Benzene and BTEX – No analytical results are presented for Benzene or BTEX 

(Benzene, Toluene, Ethylbenzene, Xylene).  This is a serious shortcoming, because many 

oil and gas produced waters can contain quite high concentrations of these very toxic 

compounds. 

 Chemicals associated with treatment of oil and gas wells – These well treatment 

chemicals often associated with completion or maintenance of oil and gas wells (such as 

hydraulic fracturing or “fracking” chemicals) can be highly toxic, and may be present in 

“flow back” water or produced waters from unconventional well completions.  Reported 

effects from these kinds of chemicals can include endocrine disruption with potential 

adverse human health or environmental effects (Kassotis et al., 2018), yet no information 

is presented in either Aethon’s application or WDEQ’s draft permit on presence or 

potential presence of these chemicals in existing or future discharges from the Aethon 

facilities. 

 pH – The pH value reported by Aethon in Table 2 is 7.31, which is within the acceptable 

range of pH 6.5 to 9.0 at the outfall. However, we used the reported pH value and other 

chemistry from Table 2 along with our estimate of the alkalinity concentration in the 

discharge water from Outfall 006 to determine that, using the Windermere Humic 

Aqueous Model (WHAM) geochemical-speciation software (Lofts, 2012), the partial 

pressure of carbon dioxide (pCO2) is highly over-saturated at the elevation of the Aethon 

facility (note that over-saturated CO2 would be expected from a deep-water well). With 

Table 2 chemistry, including a calculated alkalinity of 2,732 mg CaCO3/L (see above) 

and assuming a temperature of 25 oC, the dissolved concentration of CO2 in Aethon’s 

discharge would be approximately 193.6 mg/L, while the concentration of CO2 in water 

in equilibrium with the atmosphere at Aethon’s elevation and 25 oC would be 0.52 mg/L. 

Thus, 193.6/0.52 yields approximately 372-fold over-saturation of CO2 at the outfall, 

given the water chemistry listed in Table 2.   

 This means that CO2 will de-gas from the discharge water as it flows downstream 

in Alkali Creek and Badwater Creek. As CO2 de-gasses from the stream water, the CO2 

concentration will approach equilibrium with the atmosphere, the H+ concentration in the 

water will decrease as a consequence, and thus the pH of the water will increase. The 

table below demonstrates that the WHAM-predicted pH of the full-strength produced 

water listed in Table 2 would reach as high as approximately 9.6 if the produced water 

fully equilibrated with the atmosphere and was not diluted by air-equilibrated water (i.e., 

the pH values listed in the “Full strength” column of the table, below, are approximately 

9.6). That pH would violate the current Wyoming water quality standard (i.e., the pH 
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would exceed the upper limit of pH 9) and would cause toxicity concerns for most fish 

species and other aquatic biota. Even if diluted to only 1/10th of full-strength water (i.e., 1 

part produced water diluted by 9 parts air-equilibrated water), the WHAM-predicted pH 

in equilibrium with the atmosphere would still be at or near 9 (i.e., pH 8.8-9.0 in the 

“1/10 Full strength” column, below). Thus, although a 10-fold dilution of the produced 

water might decrease its salinity to an acceptable concentration for aquatic life in 

Badwater Creek and/or after subsequent dilution on entry into Badwater Bay on Boysen 

Reservoir, pH should be recognized as a potentially more important driver for water 

quality in Badwater Creek and Badwater Bay than is salinity (which is what ERM’s 

acceptable-discharge calculations were based on). 

 

Summary of WHAM calculations with Table 2 water chemistry for full-
strength untreated produced water and produced water diluted with 
distilled water to 1/2, 1/5, and 1/10 of full strength 

 
 

  Equilibrium pH    

Temp. 
(C)   

Full 
strength 

1/2 Full 
strength 

1/5 Full 
strength 

1/10 Full 
strength   

pCO2 that 
produces 
pH 7.31 

(atm CO2) 

CO2           
super-

saturation 
ratio 

0  9.59 9.38 9.05 8.79  0.104 306 

10  9.57 9.37 9.06 8.80  0.109 321 

20  9.58 9.39 9.09 8.84  0.122 359 

30  9.61 9.43 9.15 8.91  0.148 435 

40  9.66 9.50 9.24 9.00  0.193 568 

 

 These results demonstrate that (1) the alkalinity of the produced waters released 

from Aethon’s operations should not be ignored in a discharge permit, given the type of 

water chemistry listed in Table 2 in Aethon’s permit application; and (2) the pH of this 

type of produced water at its point of release might be considerably lower than the pH at 

distances downstream in the receiving drainage, even with (and sometimes especially 

without) mixing of the produced water with other, air-equilibrated water. Because we are 

unaware of any measurements of pH and alkalinity in Alkali Creek, Badwater Creek and 

Badwater Bay that would indicate the extent of pH increase downstream from current 

discharge points for produced water from the Moneta Divide, we strongly recommend 

that, at a minimum, the temperature, pH, alkalinity and flow of Alkali Creek and 

Badwater Creek should be monitored at least monthly immediately upstream and 

downstream of Aethon’s current discharges and also in Badwater Bay. That monitoring 

should begin at least one year before a final permit is signed, so preliminary knowledge 

of annual variations of temperature, pH, and alkalinity in Alkali Creek, Badwater Creek 

and Badwater Bay can be used to better establish acceptable dilution factors for untreated 

produced water discharged by Aethon. A plume of elevated pH entering Badwater Creek 

and Badwater Bay could easily degrade the quality of those waterbodies as a nursery for 

young fish. 

 In addition to the recommended field monitoring, Aethon should also be required 

to incorporate these pH and alkalinity concerns into ERM’s model that was used to 

calculate acceptable discharge and dilution rates (which were based on salinity concerns 
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in Aethon’s permit application, not on pH and alkalinity concerns). And as an extension, 

all inputs of produced water to Badwater Creek from both the Aethon and the Burlington 

operations should be combined in those calculations, to produce a cumulative-effects 

analysis. 

 

Treated produced water using reverse osmosis. The proposed WDEQ permit specifies that of the 

maximum of 8.274 MGD ultimately allowed under this proposed permit, 5.838 MGD must be 

treated with reverse osmosis (RO-treated). Yet, we could find no water chemistry analysis results 

for discharge from the existing Neptune Water Treatment Facility that uses reverse osmosis; only 

a process flow diagram is presented in Appendix C of the application, and no water chemistry 

results are presented in the application or the proposed permit for the water discharged from this 

Neptune Facility at Outfall 001. Though no water chemistry measurements were presented for 

outflow from the Neptune Facility RO-treated water in Aethon’s application or WDEQ’s 

proposed permit, ERM’s consulting report to Aethon presents operator-guaranteed treated 

Neptune effluent concentrations for several key parameters, as follows (ERM report, page 155): 

 TDS = 350 mg/L (ppm) 

 Chloride = 150 mg/L 

 Sulfate = 40 mg/L 

 Oil & Grease = 10 mg/L 

Additionally, Aethon’s measured post-treatment pH averaged from 3 years of daily 

measurements was 7.47 (ERM report, page 155).  

 This lack of actual water chemistry is important, because dilution of produced water with 

RO-treated water will result in higher salinity and alkalinity and a different pH than if the 

produced water would be diluted with distilled water. This means that the pH estimates in the 

table above (which assumed dilution of produced water with distilled water) likely differ from 

pH estimates that would be based on dilution with RO-treated water. But without reliable 

chemistry of Aethon’s RO-treated water, the extent of the likely underestimates of the 

equilibrium pH in Badwater Creek is unknown. 

 

Alkali Creek and Badwater Creek.  No water chemistry or flow information is presented for 

Alkali Creek or Badwater Creek above and below the Aethon produced water discharges, and no 

thorough analysis of potential effects of Aethon’s discharge on aquatic biota can be completed 

without this information.  Moreover, monthly water chemistry and flow data for Alkali and 

Badwater Creeks would be needed for at least a 1-year monitoring period to account for 

variations in chemistry and flow, due to differences in dilution flows and water quality especially 

during low-flow periods of an annual hydrologic cycle.   

 

Aquatic Toxicity 

 

Highly saline co-produced waters from oil and gas operations typically have very poor 

water quality with very high concentrations of total dissolved solids (TDS) and other 

constituents. Adverse effects of discharging these saline production waters on aquatic biota have 

been reported from as early as 1924 (Wiebe, Burr and Faubion, 1924; Clemens and Jones, 1954).   

 

In a study conducted by researchers at the University of Wyoming (UW) from 1988-1990 

(Boelter et al., 1992), toxicity tests with larval Fathead Minnows (Pimephales promelas) and a 



6 
 

water flea (Ceriodaphnia dubia) were conducted on water samples collected from Salt Creek and 

the Powder River below the Salt Creek oil field near Kaycee, Wyoming. Boelter et al. (1992) 

reported significantly decreased survival and reproduction in 7-day toxicity tests with C. dubia 

and significantly decreased growth in 7-day tests with Fathead Minnow larvae, as compared with 

reference water samples collected upstream from produced water discharges from the Salt Creek 

oil field.  These significant toxic effects were measured in ambient water samples collected as far 

as 124 km downstream from produced water discharges in the Salt Creek oil field, particularly 

during low-flow periods in Salt Creek and the Powder River.  It is important to note that 

analyzed concentrations of alkalinity, sodium, chloride and bicarbonate in Salt Creek and the 

Powder River producing significant reductions in survival, reproduction and growth of aquatic 

test organisms in the Boelter et al. (1992) study were approximately one-half to as little as one-

tenth the concentrations of these same parameters reported (sodium and chloride concentrations 

reported in Table 2 in the Aethon application) or calculated for Aethon’s untreated produced 

water at Outfall 6 (calculated alkalinity and bicarbonate concentrations as presented in the Water 

Chemistry section, above).  

 

In part as a response to EPA’s new effluent biomonitoring requirements implemented in 

the 1980’s as Whole Effluent Toxicity (WET) tests, the Gas Research Institute (GRI) funded a 

series of studies to develop models that could be used to predict the toxicity of produced waters 

of varying quality from oil and gas operations.  These studies were initiated at the University of 

Wyoming and then continued by former UW graduate students in a series of collaborations that 

included UW, ENSR Corporation, USEPA, and others (Gulley et al., 1992; Mount et al., 1992; 

Mount et al., 1997; and Tietge et al., 1997).  In this series of studies, almost 3000 toxicity tests 

were conducted to measure survival of Fathead Minnows and two species of water fleas (C. 

dubia and Daphnia magna) exposed to different ionic mixtures that spanned the range of water 

chemistries typical of produced waters from oil and gas operations.  Results from these toxicity 

tests were incorporated into multivariate logistic regression models that predict the acute (i.e., 

short-term) survival of the three test species (48-hour survival for the water fleas, 96-hour 

survival for the Fathead Minnow) based on the major-ion concentrations typical of oil and gas 

produced waters.  The best-fit models for survival of all three species are presented in Table 4 of 

the paper by Mount et al. (1997), entitled Statistical Models to Predict the Toxicity of Major Ions 

to Ceriodaphnia dubia, Daphnia magna and Pimephales promelas (Fathead Minnows). The 

utility of these models for reliably predicting acute lethality of oil and gas produced waters as 

well as other saline waters is amply illustrated or cited by Mount et al. (1992), Mount et al. 

(1997) and Tietge et al. (1997) using comparisons of actual measured toxicity from published 

studies and predicted toxicity using these models.   

 

In addition to the ability to predict the acute lethality of various major-ion mixtures in 

produced waters to these three species, the researchers were also able to rank the relative toxicity 

of various ion constituents in typical produced waters (Mount et al., 1997), as follows:            

 

 K+ > HCO3
- ~ Mg2+ > Cl- > SO4

2+  

 

These researchers also noted that Na+ and Ca2+ were not significant variables in any of the 

models.  
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It is important to note that, in spite of this knowledge about relative contributions of 

various major ions in produced waters to aquatic toxicity, Aethon’s reported produced water 

chemistry (Table 2 in Aethon’s application) does not include analyses for K+ or HCO3
-; nor does 

it include analysis results for alkalinity, which would allow calculation of the HCO3
- 

concentration. We presume that this is possibly because WDEQ does not have a water quality 

standard and monitoring requirements for potassium, bicarbonate or alkalinity. We strongly 

recommend that any permit that WDEQ issues for the Aethon facility, or for any other discharge 

of untreated or treated well-field produced water, should include a monitoring requirement and 

water quality standards for potassium, bicarbonate and alkalinity.  

 

 Based on the utility and proven reliability of the Mount et al. (1997) multivariate logistic-

regression models for accurately predicting toxicity of saline produced waters, we ran these 

models using input chemistry from Table 2 in Aethon’s permit application, which Aethon claims 

to be “representative of the quality of water being proposed for discharge” (Aethon permit 

application).  We then supplemented the water chemistry data in Table 2 with our 

approximations of alkalinity and bicarbonate concentration necessary to achieve charge balance 

in the Table 2 chemistry (see the Water Chemistry section, above).  Results of these model runs 

are shown in the table below.  Note that these model runs with the undiluted, full-strength 

Aethon produced water predict zero percent (0%) survival for 48-hour lethality tests with C. 

dubia and Daphnia magna and zero percent (0%) survival for 96-hour lethality tests with 

Fathead Minnows.  We also ran these models assuming dilution of the Aethon produced water in 

a series of up to a 10-fold dilution with distilled water.  As shown in the table below, it was 

necessary to dilute Aethon produced water 10-fold with distilled water to achieve close to 100% 

survival for the three test species.        

 

Model-predicted acute toxicity of Aethon produced water at full strength and after dilution 

with distilled water, based on model calculations using final regression equations presented 

in Table 4 in Mount et al. (1997).  
  

Sample of Aethon produced 

water represented in  

Table 2 of application 

(Full Strength or Diluted) 

Predicted Survival 

C. dubia 
D. 

magna 
FHM 

48-hour 48-hour 96-hour 

survival 

(%) 

survival 

(%) 

survival 

(%) 

Table 2 chemistry 0.0 0.0 0.0 

Table 2 diluted 2x w/ dH2O 0.0 2.7 2.2 

Table 2 diluted 3x w/ dH2O 2.4 34.8 27.6 

Table 2 diluted 4x w dH2O 33.6 70.3 61.1 

Table 2 diluted 5x w/ dH2O 75.6 85.2 78.6 

Table 2 diluted 10x w/ dH2O 99.1 97.2 95.3 

C. dubia = Ceriodaphnia dubia 

D. magna = Daphnia magna 

FHM = Fathead Minnow 

dH2O = Distilled water 

 

Note that longer-term effects on reproduction of Ceriodaphnia and growth of Fathead 

Minnows would occur at even greater dilutions of Aethon produced water than shown in the 
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above table for short-term lethality. Thus, adverse effects on aquatic invertebrate communities in 

Alkali Creek and adverse effects on fish and aquatic invertebrates in Badwater Creek would be 

expected if untreated produced waters are not adequately diluted with good-quality water.   

 

In fact, given the normal low flow in Alkali Creek (Class 3B with protected uses 

including aquatic life other than fish), defined in the draft permit (Statement of Basis, page 9) as 

“a low-flow stream, generally flowing only in response to storm events, snowmelt, or man-made 

discharges,” and given our evaluation of likely pH increases in excess of pH 9 due to CO2 de-

gassing and given the predicted lethality of undiluted or modestly diluted historical produced 

water discharges, we are highly confident that a chemical and biological survey of Alkali Creek 

below Aethon’s discharge would show existing (and likely future) violations of Wyoming water 

quality standards as well as lack of support of designated uses for aquatic life.  Moreover, 

because Badwater Creek (Class 2AB with protected uses including a cold-water fishery) is also a 

“relatively low-flow, perennial stream” (Draft Permit, Statement of Basis, page 9), and given our 

assessment of (1) likely elevated pH exceeding 9 due to CO2 de-gassing and (2) predicted 

lethality (as well as adverse effects on reproduction and growth of aquatic biota) with insufficient 

dilution of produced water discharges, we are highly confident that a chemical and biological 

survey of Badwater Creek would show existing (and likely future) violations of Wyoming water 

quality standards and lack of support for designated uses for aquatic communities and fish for a 

considerable distance downstream from the confluence with Alkali Creek.       

 

Major Concerns and Recommendations 

 

 The draft permit renewal for WY0002060 should not be approved – The permit renewal 

application and the draft permit, together, are severely inadequate and missing crucial 

information that would allow for evaluation of potential violations of end-of-pipe 

discharge limits, in-stream water quality standards, and effects on aquatic biota as a 

consequence of the discharges allowed under the proposed permit. 

 Monitoring data necessary for evaluation of the proposed permit renewal – At a 

minimum, the temperature, pH, TDS, chloride, alkalinity, and flow of Alkali Creek and 

Badwater Creek should be monitored at least monthly immediately upstream and 

downstream of Aethon’s current discharge in Alkali and Badwater Creeks and also in 

Badwater Bay. That monitoring should begin at least one year before a final permit is 

signed by WDEQ, so knowledge of annual variations of flow, temperature, pH, TDS, 

chloride and alkalinity in Alkali Creek, Badwater Creek and Badwater Bay can be used to 

better establish acceptable dilution factors for untreated produced water discharged by 

Aethon.  

 Predicted elevation of pH above the pH 9 Wyoming water quality standard – The 

chemistry of untreated produced water discharged by Aethon will worsen as it flows 

down Badwater Creek (i.e., the pH of the water will increase and might exceed the in-

stream Wyoming water quality standard for pH if not diluted adequately), thus posing a 

hazard for aquatic life in Alkali Creek, Badwater Creek and Badwater Bay. If pH 

becomes elevated in Badwater Creek and approaches or exceeds the Wyoming water 

quality standard’s upper pH level of 9, Aethon’s hydrologic analysis should be repeated 

to take into account the potential for adverse water chemistry changes downstream in 

Badwater Creek as the untreated produced water equilibrates with the atmosphere.  
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Averting such water chemistry changes might necessitate even greater dilution of the 

untreated produced water than the currently-planned-for salinity constraint in the Wind 

River downstream of Boysen Reservoir necessitates. 

 Predicted toxicity of Aethon’s untreated produced water – Based on a published model of 

the toxicity of saline oil and gas industry produced water to freshwater fish and 

invertebrates, Aethon’s untreated produced water would have to be diluted at least 10-

fold to avoid decreasing short-term survival of aquatic organisms; and it is likely that 

even more dilution would be needed to avoid longer-term, sublethal impairment (e.g., 

decreased growth and/or reproduction). Thus, averting such adverse effects in Alkali 

Creek, Badwater Creek and possibly in Badwater Bay might necessitate even greater 

dilution of the untreated production water than the currently-planned-for salinity 

constraint necessitates (which is based on projected salinity changes in the Wind River 

downstream of Boysen Reservoir). 

 Contributions of potassium to the toxicity of Aethon’s produced water discharge – The 

lack of an analysis for potassium in the water chemistry reported by Aethon means we 

have no way of knowing if the reportedly most-toxic major ion in the water (K+) will be 

present at a high enough concentration to impair survival, growth, or reproduction of fish 

and other aquatic organisms. 

 Inadequate hydrogen sulfide analyses in the permit application – The analytical method 

used for sulfides in the water chemistry reported by Aethon was not sensitive enough to 

determine whether the Wyoming water quality standard for sulfide will be exceeded and 

thus impair survival, growth, or reproduction of fish and other aquatic organisms.  

 Cumulative effects of all discharges – Any analysis of the potential effects of Aethon’s 

discharge of produced water should include the cumulative effects of all discharges into 

the Badwater Creek drainage (i.e., Aethon, Burlington, and any other discharges, current 

and future).  And when evaluating the potential effects in the Wind River downstream of 

Boysen Reservoir, the cumulative effects of all discharges (current and future) in the 

entire Boysen Reservoir drainage should be considered. 

 Toxicity testing requirements in the permit – To test whether Aethon’s produced water 

discharges might adversely affect fish and/or other aquatic organisms in Alkali Creek, 

Badwater Creek and Badwater Bay, stricter toxicity testing requirements will be needed 

in a final discharge permit.  Whole Effluent Toxicity (WET) tests should be required 

quarterly (rather than annually), include each outfall rather than a flow-weighted 

composite sample, include acute 48-hour lethality tests with Daphnia magna and acute 

96-hour lethality tests with Fathead Minnows, and include chronic toxicity tests for 7-day 

larval Fathead Minnow growth and 7-day Ceriodaphnia magna reproduction (this 

Ceriodaphnia chronic test is now not included in the draft permit but would be important 

in evaluating potential effects of the discharge in Alkali Creek and Badwater Creek). 

Additionally, WDEQ should require Aethon to conduct a preliminary toxicity study 

before the discharge permit is finalized, to ensure the required dilution of untreated 

produced water is sufficient to avoid long-term toxicity downstream.  To evaluate the 

possible effects of pH shifts to greater than pH 9 due to CO2 de-gassing, these tests 

should include testing of both “fresh” untreated produced water and “aged” untreated 

produced water, with the length of the “aging” determined by the longest projected transit 

time for water between its discharge into Alkali Creek and its entry into Badwater Bay. 
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Lehigh University, Chemical Engineering B.S., 1973 
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2012-Present Affiliated Faculty Member, Department of Chemistry and Geochemistry, Colorado School of 
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FINAL TECHNICAL MEMORANDUM 

 

TO:  Dan Heilig, Wyoming Outdoor Council and 

Jill Morrison, Powder River Basin Resource Council 

 FROM: Jean Marie Boyer, PhD, PE, Hydros Consulting Inc. 

 SUBJECT: Review of ERM Water-Quality Modeling Study of Boysen Reservoir 

 DATE: July 1, 2018 

 

BACKGROUND 

Per your request, I have reviewed the report entitled “Water Quality Compliance Analysis for the Long 
Range Development Plan at Moneta Divide, Wyoming.  A Hydrologic, Hydrodynamic and Water Quality 
Study of the Boysen Reservoir Watershed” written by Environmental Resources Management (ERM), 
dated April 23, 2018 (Report).  My review focused on the development of the Boysen Reservoir Water-
Quality Model developed using GEMSS and the analysis of results.  I did not focus on the SWAT 
modeling, which was conducted to develop daily flows for use in the reservoir model. 

My staff and I also briefly reviewed reservoir modeling files, sent to us by ERM.  These files provided 
more detail than what was described in the Report.  Given the lack of model documentation and time / 
resource constraints, model files have not been thoroughly reviewed.  However, the review resulted in 
the identification of several severe and alarming issues, and there may be more. 

My comments are summarized in this memorandum and organized under two broad categories: 

• The Reservoir Model Cannot be Used for Decision Making; and 

• The Compliance Analysis Methods and Findings are Incorrect. 

Many of the comments are supported with detailed examples and they are not in order of most 
important to least important.  An overall summary can be found at the end of this document, where the 
most important concerns are highlighted. 
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MAJOR POINT:  RESERVOIR MODEL CANNOT BE USED FOR DECISION MAKING 

It is very clear that the model developed by ERM cannot be used for decision making.  Several comments 
are made below and they are divided into two categories of reasoning. 

1. The Model Was Not Developed Properly; and 
2. Model Performance Was Not Appropriately Evaluated. 

Reason 1:  Model Was Not Developed Properly 

Numerical reservoir water-quality models require numerous types of detailed inputs.  This is especially 
true if one uses a 3-dimensional (3-D) representation of the reservoir, as was chosen by ERM.  Issues 
associated with data inputs, assumptions made, and “adjustments” used in model development are 
highlighted below and grouped by type of assumption. 

Water Balance Assumptions 

A complete and representative water balance for a reservoir is important when modeling its water 
quality.  Boysen Reservoir outflow records are good and the best inflow records are for Wind River 
above the reservoir and Five-Mile Creek.  Distributing the inflows correctly is a critical aspect of 
modeling water quality in Boysen Reservoir, given the wide range of inflow water quality characteristics 
in the watersheds of this very large reservoir.  A tributary with a low flow and poor concentrations can 
add a significant load to the reservoir, relative to other sources. 

1. Little Data, Yet No Flow Data Collection 

Aethon spent 5+ years collecting data to support the analyses needed for project approval, yet chose to 
focus water-quality data collection at a location with a significant amount of data (below Boysen 
Reservoir)1.  Aethon did not collect any flow data to ground-truth the distribution of flows among the 9 
simulated tributaries.  Therefore, many of the tributaries represented by SWAT-generated flows were 
uncalibrated and highly uncertain.  This could have been avoided. 

2. Reservoir Evaporation was Ignored in the Water Balance 

Evaporation is an important component of the water balance, especially for Boysen Reservoir.  Given its 
surface area and location, evaporation is significant (on the order of 50,000 AF/year2).  Correctly 
accounting for evaporation is important when modeling reservoir water quality in that the process of 
evaporation tends to increase in-reservoir concentrations (constituents are not removed with the water 
that is evaporated).  If a modeler lumps this into other outflows, the model will unrealistically remove 
constituents with the outflow.  The model as delivered to Hydros by ERM is set up to not include 
evaporation, as indicated by the model setting in Figure 1. 

                                                           
1 Aethon did take tributary water quality samples on one day in April 2017 
2 Based on reservoir surface area and NOAA (1982) 
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Figure 1.  Screen Capture from Model Setup Interface Sent to Hydros 

3. Flow Adjustments Made to Badwater Creek 

Because the flows simulated by the SWAT model for Badwater Creek (above the produced water 
discharges) were so poor, they were decreased and re-distributed (described in Appendix D of the 
Report).  This redistribution was based on comparisons made to historic data and a basin-wide water 
resources planning model.  The differences with respect to the planning model were added to four other 
tributaries (Birdseye, Cottonwood, Tough, and Unnamed Creeks) – apparently selected since “they have 
the greatest uncertainty compared to larger creeks that were previously well-calibrated with reliable 
flow.” 

• Note that there are two other tributaries with no flow data - Poison Creek and Muddy Creek.  
ERM chose not to re-distribute flow to these tributaries, yet they also have the same level of 
uncertainty. 

• The four tributaries chosen for flow increases as a result of this adjustment have the best water 
quality (using ERM assumed concentrations. 

Also, ERM notes “the amount of flow redistributed and load increases were considered small.” 

• If the redistributed loads were “considered small”, they would not have had the effect 
mentioned in Appendix D of the Report.  ERM notes “These changes highly benefitted the 
overall water quality calibration of Wind River Below Boysen Reservoir.” 

In addition, simulated flows from other ungaged tributaries, were not compared to the planning model 
and adjusted in the same manner.  Thus, tributary flows were treated inconsistently. 

4. “Adjustments” Made to Reservoir Inflows from Wind River 

The model was set up to “auto-calibrate” the water balance to user-provided surface water elevations 
(SWEs).  Thus, model inflows were adjusted so that the observed SWEs were simulated.  When flow 
adjustments were needed to complete the water balance, flows were from the Wind River above the 
reservoir were adjusted.  This is the site with the most certainty for inflows (along with Five Mile Creek), 
yet ERM made adjustments at this location. 

Meteorology Assumptions 

Meteorological model inputs are important for correctly simulating reservoir hydrodynamics and mixing.  
Of the several meteorological inputs to the model, wind plays a particularly key role and needs to be 
characterized correctly. 
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5. Wind Speeds Were Significantly and Unrealistically Capped 

The Wind River basin experiences high wind conditions, as displayed in Figure 2 where wind speed is 
reported in knots.  The model as delivered to Hydros by ERM is set up to “cap” wind speeds to a 
maximum of 5 m/s (9.7 knots) during the simulation, as indicated by the model setting in Figure 1 above. 

Artificially reducing the wind speed serves to reduce mixing and increase stratification (something the 
model has troubles simulating).  It appears that the modeler used this cap to make up for other 
important model development problems.  This significant adjustment was not described anywhere in 
the Report and the reader is led to believe that the values shown in Figure 2 were used. 

 
Figure 2.  Wind Speed Figure from the ERM Report.  Red line added at 5 m/s (9.7 knots) 

Inflow Water-Quality Assumptions 

It is clear that the water quality of the various inflow sources varies considerably.  Thus, it is important 
to base inflow water-quality assumptions on the best available data.  Sometimes, additional data 
collection is necessary to develop a useable model.  This should have occurred for this effort.  Some of 
the assumptions made to make up for the lack of data are described below. 

6. Surrogate for Badwater Creek and Lack of Data Collection 

Water-quality characteristics of water flowing into the reservoir from Badwater Creek are obviously 
critical for this effort.  It is surprising to know that Aethon spent 5+ years collecting data to support the 
analyses needed for project approval, yet only collected tributary inflow water-quality data on one day 
in April of 2017.  These often-single data points are the basis for many of the inflow WQ assumptions.  
And yet, in the case of Badwater Creek, ERM used the one sample from Tough Creek, as a surrogate for 
conditions upstream of produced water discharges.  There is no reason to believe that the water quality 
in Tough Creek is similar to that of Badwater Creek and no reason is provided as to why sampling did not 
occur at such a critical location.  Again, this could have been avoided.  Inflow water quality at numerous 
locations over time needs to be measured to be able to consider the impacts of the project.  Current 
available data are insufficient. 
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7. Questionable Use of Method for Quantifying Inflow Concentrations 

For some constituents, ERM used the WRTDS (Weighted Regressions on Time, Discharge, and Season) 
method to describe inflow concentrations for Wind River above the reservoir, 5-Mile Creek, and Muddy 
Creek (see Appendix F of the Report).  The results from using this methodology are questionable and 
unrealistic in some cases.  ERM subjectively capped what was determined to be excessively high 
concentrations.  In addition, odd results sometimes occurred due to extreme values in a single or few 
data points and certain trends were created that are not described or justified.  Examples are shown in 
Figures 3 and 4.  Note that Wind River provides the majority of the inflow into the reservoir (over 70% 
according to Appendix C of the Report) and its water quality is an important driver of in-reservoir 
dynamics. 

 
Figure 3.  Assumed Iron Concentrations at the Wind River Above Boysen Reservoir (from Report) 

 

 
Figure 4.  Assumed Copper Concentrations at the Wind River Above Boysen Reservoir (from Report) 

 

Significant Trend 
Assumed over 
Time with No 
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High 
Concentrations 

Assumed for Most 
of the Period 

Because of One 
Data Point 
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8. Assumption of Permit Concentrations 

In several instances, ERM assumed that the water quality of the produced water was at permit limits for 
the calibration and validation period.  This could be far from actual conditions during the 22-year period.  
The purpose of calibration and validation is to recreate what actually happened.  Using permit limits for 
calibration needs justification. 

9. Dividing up Badwater Creek into Four Sources 

It is very odd that ERM chose to separate the flows into Badwater Bay into four distinct sources 
(Badwater Creek above Alkali Creek, Burlington, Aethon, and Neptune) and have them all entering the 
same location of the model grid.  It is even more confusing to know that some level of treatment at 
Neptune has been occurring historically but treatment details and flow amounts over time are not 
described in the Report.  Nor can this information be inferred from the model input files.  In addition, 
samples exist for Badwater Creek ~ 5 miles above the reservoir (where the sources are already mixed 
and is more representative of what is actually flowing into the reservoir) and these samples are not 
considered by ERM.  For calibration, it is important to capture the blended source of water entering the 
reservoir at this location.  It is unclear why ERM developed the model in this manner, when it could have 
been considered in a more straight-forward way. 

Inflow Placement into the Reservoir 

Tributaries can enter a particular reservoir differently depending on the density of the inflowing water 
(Figure 5).  The higher the salinity, the higher the density of the inflowing water.  Since produced water 
has very high salinity, it is important to capture inflow placement dynamics correctly for this effort, 
given: 

• the increase in density of the inflow water at Badwater Creek Bay with the proposed project; 

• the potential for the diving of inflows as an underflow; and  

• the low-level outlet works at the dam. 

Thus, there is the potential for impacts to the releases downstream that exceed average impacts in the 
reservoir.  Most commonly-used hydrodynamic reservoir water-quality models simulate these types of 
dynamics. 
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Figure 5.  Generic Reservoir Graphic Showing Density Currents and Possible Inflow Patterns 

10. Mischaracterization of Inflow Placement 

Although ERM describes the importance of water density and transport processes, the model was not 
set up to distribute inflows vertically based on the density of the inflow and the density profile of the 
water in the reservoir.  Instead, tributary inflows enter each 2-foot layer of the model grid uniformly3.  
Thus, changes to the density of the inflows (through salinity and temperature changes) from the project 
do not correspondingly change the vertical distribution of the inflows in the model.  This is a serious flaw 
to the model as flows into Badwater Bay will tend to enter the reservoir lower in the reservoir with the 
project.  This may affect water released at the dam through the low-level outlet differently than it has 
historically.  Also, inflow placement assumptions made by ERM are not described in the Report (as they 
should have) and were only determined based on review of model files. 

Representation of Reservoir Releases 

Releases from Boysen Reservoir to the Wind River occur at two different locations.  Flow through the 
low-level outletworks (at 4,657 feet; USDOI, 1981) provides water to the penstocks for power 
production.  This is the dominant means of withdrawal due to the potential to generate power.  Spilling 
of water near the top of the reservoir can occur if the SWE is above 4,700 feet. 

Water leaving through the outletworks (OLW) can have very different characteristics from water leaving 
via the spillway, due to vertical variations in water quality characteristics, especially during the stratified 
period (Figure 6).  Thus, outlet operations have a direct impact on water quality in the Wind River below 
Boysen Reservoir (Class I).  Most 2-dimensional (2D) and 3-dimensional (3D) reservoir models (including 

                                                           
3 The control file specifies that for each inflow, the vertical limits are the bottom of the reservoir at the location of the inflow and 

the water surface. There are no options in the user interface for setting up the control file to select or determine if the placement 
of the inflows within these boundaries is uniform or density-based.  However, based on review of the snapshot output files (e.g., 
the file received for the calibration run output named “Final Calibration_Restart.snp”), it was clear that the flows output by the 
model in the “Discharge Boundary Condition” section of the snapshot file that correspond to the inflows are uniformly 
distributed in the vertical direction. 
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GEMSS) have the capability to compute a withdrawal zone from which only certain layers contribute to 
the outflow, based on each structure, each outlet flowrate, and in-reservoir water density.  This 
methodology has been developed to replicate how water is physically discharged from a reservoir.  The 
model can then take that information and output the resulting water quality in the downstream river. 

 
Figure 6:  Temperature Profile Showing Stratification and Elevations of Releases (OLW = Outletworks) 

11. Mischaracterization of Reservoir Release 

Although the GEMSS model software includes the ability to characterize different structures and 
compute withdrawal zones, the modelers chose to release water uniformly in the vertical direction 
within each column - from the top layer of the reservoir to the bottom layer4.  Thus, there is no 
differentiation between the outletworks and the spillway and outlet operations that control 
downstream water quality are completely ignored.  Again, this is a serious flaw.  Also, the assumptions 
made are not described in the Report and were only determined based on review of model files. 

Reason 2:  Model Performance Was Not Appropriately Evaluated – Erroneous 
Conclusions Reached 

After the model was completed, ERM compared the results to certain targets to show that the model 
was calibrated, validated, and adequate for use to prediction of future conditions with the project.  
There are several instances where misleading information is provided.  The reservoir model cannot be 

                                                           
4 For the outflow, the control file specifies that the vertical limits are the bottom of the reservoir at the location of the outflow 

and the water surface.  There is an option to choose either density placement or area-based placement of the outflow within 
these vertical boundaries.  The area-based option was chosen in the control file, as provided. Review of the snapshot output also 
reveals that the area-based option is equivalent to the vertical uniform distribution of flow for each column of cells where the 
outflow takes place.  Because the outflow takes place in two columns of cells located at the dam of the reservoir, and one 
column is deeper than the other one, the net vertical distribution of flow is not completely uniform.  It is uniform from the water 
surface to the bottom of the shallowest column and between the bottom of the shallowest column and the bottom of the 
deepest column.  However, overall, there is more flow coming from the upper layers than from the bottom layers, when in 
reality, more water is likely to flow out from deeper sections due to the low-level outlet location. 
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considered to be calibrated or adequate for simulating water quality in-reservoir or downstream in the 
Wind River. 

Evaluation and Reporting of Wind River Simulation Results 

The focus of the work conducted by ERM is to ensure protection of the downstream Class I segment of 
the Wind River.  Analyses were conducted to determine produced water flows that would meet 
antidegradation requirement at that location.  Thus, a very critical part of the analysis involves the 
quantification of model results for release water quality. 

12. Evaluation and Reporting of Wind River Results are Wrong and Misleading 

Through review of the model files, our team determined that the graphs displaying calibration and 
validation results for the Wind River below the reservoir are misleading and severely flawed.  An 
example graph for temperature is shown in Figure 7.  The top of the graph is labeled as “Outflow” and 
the caption says “Wind River Below Boysen Reservoir.”  The data (green markers) are reportedly 
Aethon’s temperature measurements in the Wind River below the dam.  The reader is led to believe 
that the blue line represents the temperature of the water released from the reservoir (via the low-level 
outlet and/or the spillway) and delivered to the river. 

 
Figure 7:  Temperature Calibration Figure for Outflow (from Report) 

According to the model files, the blue line actually represents the simulated temperature at the top 
model layer (~top 2 feet) of the most downstream location (at the dam).  This is wrong and misleading 
and it is unclear why this was done.  Note that ERM added “at Surface Level” at the end of the caption 
(Figure 7) and perhaps thinking this makes it not misleading, even though there is a low-level outlet used 
for power production? 

This is a very serious problem since the water quality at the top two feet of the reservoir is being 
represented as Wind River water quality and there are observed (but not simulated) vertical variations 
in the reservoir.  In reality, the water quality at the top of the reservoir is often different from the 
bottom of the reservoir5 (see Figure 6).  Since water is removed predominantly through the low-level 

                                                           
5 See Figure 6 as an example for temperature.  Many other constituents (e.g. iron, manganese, arsenic) often show 
significant differences in top versus bottom concentrations in a reservoir, especially during stratification. 
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outlet, Wind River water quality would generally reflect the water flowing through that outlet or a 
combination of lower level releases and spills6. 

An example of temperature variations in a stratified reservoir is provided in Figure 8.  The location of the 
outlet is an important factor in determining the water quality of the river downstream.  ERM mistakenly 
compared the simulated reservoir surface temperature (top 2 feet) to the samples in the Wind River. 

 
Figure 8.  Temperature Differences in a Stratified Reservoir 

If the modeler had differentiated between the outlets and simulated withdrawal zones, the release 
water quality output file would have reflected these dynamics.  This was not done by ERM and incorrect 
and very misleading comparisons were made. 

Choice of Observed Dataset Used for Comparisons 

During calibration/validation, comparisons are made between observations and simulation results.  
Thus, the observed dataset used is important when evaluating model performance. 

13. ERM Removed Numerous Observed Data Points from Analysis without Justification 

There are several cases where measured data were removed from the analysis without justification.  A 
few examples are highlighted below: 

Removal of In-Reservoir Data 

Table 5-2 of the Report includes a list of all available data for calibration and validation in Boysen 
Reservoir (Figure 9).  A footnote at the bottom indicates that more than 300 data points were excluded 
after “thorough QA/QC.”  There is no discussion to justify the exclusion of all data associated with 15 
constituents in the reservoir.  The only data that were kept and considered were profile data 
(conductivity, pH, and temperature). 

                                                           
6 Unless an outage or maintenance resulted in flow restrictions through the low-level outlet. 
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As a result, for the reservoir, there is absolutely no calibration or any ground-truthing of numerous 
constituents, including TDS, chloride, sulfate, and numerous metals. 

 
Figure 9:  ERM Table Indicating that Over 300 Data Points were Excluded 

Removal of Winter Data 

Although water-quality impacts in the spring through fall period are very important, the winter period is 
critical.  Due to low tributary flows in the winter, any produced water added will result in the highest % 
effluent in Badwater Creek (and highest changes in salinity, etc.), as it enters the reservoir.  ERM chose 
to exclude winter data, with no valid justification.  ERM states: 

“temperature data overlapping with model predicted periods of non-zero ice 
thickness were excluded from the calibration and validation comparisons to 
field data.  This is because grab sample measurements recorded during 
predicted periods of ice cover are highly uncertain.  The uncertainty arises 
because these samples could have been taken from localized areas that may 
not have ice or may have been collected from below the ice cover.  These field 
measurements did not contain such information and were deemed unsuitable 
for comparison to model results.” 
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The reasons given for exclusion do not make sense and this is unconventional.  In fact, several studies 
focus on accurate modeling under ice-cover conditions and/or simulated conditions over a number of 
years and include data collected during ice cover (e.g., Brodzeller and McGinley, 2016; LimnoTech, 2016; 
Hydros Consulting, 2017).  It is suspect that ERM chose to remove data from a critical period for this 
project. 

The percent of produced water in the inflow from Badwater Creek into the reservoir (using flows from 
ERM input files) is displayed in Figure 10.  Results from the calibration model run are shown along with 
the three compliance analysis cases considered by ERM.  Large increases are seen in July and August and 
maximum levels are reached in December and January.  The highest percentages occur in the winter 
months and reach values of over 90% produced water under Case 03 (the case considered in the 
Statement of Basis).  These periods are when “maximum concentrations entering Boysen Bay and the 
reservoir” occur, as noted by ERM.  We acknowledge that a portion of the water is to be treated, but 
also note that concentrations of several constituents are not reduced via treatment (examples include 
arsenic, chromium, nickel, magnesium, manganese, copper, sulfide, and mercury – Table 6-4 in the 
Report). 

Winter conditions are critical for this analysis and ERM’s exclusion of winter data is unwarranted and 
wrong. 

 
Figure 10:  Proportion of Produced Water in the Inflow from Badwater Creek into the Reservoir 

Reservoir Model Calibration Targets 

Calibration targets are used to evaluate model performance and to determine if the model can be used 
for desired purposes.  This is an important aspect of model development. 
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14. ERM Used Overly-Lenient Calibration Targets 

In Section 5.4 of the Report, ERM describes the calibration targets used to evaluate the reservoir water-
quality model. 

“EPA-based metrics for evaluating watershed model performance (Donigian 2000) were 
used to evaluate the GEMSS model performance for important water quality parameters 
to the study.” 

Although they are evaluating a reservoir model, ERM chose to use targets that were developed for 
watershed modeling, specifically HSPF.  It is easier to more accurately simulate reservoir dynamics than 
watershed dynamics, due to the smaller spatial scale and greater homogeneity of the physical 
environment represented.  Thus, calibration targets used for reservoir modeling are more stringent and 
should have been used for this effort.  For example, developers of the well-used CE-QUAL-W2 model 
(from which GEMSS is reportedly based on) note that temperature simulations (important for simulating 
flow patterns accurately) should have an average mean absolute error within 1 °C.  This means that the 
simulated model value is, on average, within 1 °C of the measured temperature.  This target is met by 
numerous model applications of CE-QUAL-W2 (Cole and Wells, 2016 lists 70 applications in Table 4). 

Given that the Boysen Reservoir is developed in 3 dimensions (versus a using 2-dimension assumption 
for CE-QUAL-W2 applications), one could expect the targets for Boysen Reservoir could be more 
stringent than the ones used in W2.  Note that the commonly-used temperature target for reservoirs is 
not met by the Boysen Reservoir application (at least at the dam).  This indicates that the model is not 
performing well enough to be called calibrated or adequate for making predictions. 

In addition, ERM represents “% differences” in a manner that is highly unusual, dividing the mean of the 
RMSE by the average model prediction.  It is unclear why this metric was created and used for this 
effort.  In addition, ERM does not present the % differences computed.  Only the final categories are 
presented (fair, poor, etc.) for a particular constituent.  Thus, the actual % differences computed are not 
disclosed anywhere in the text, which results in lack of transparency. 

Display of Results 

Modeling results need to be complete and transparent.  This is not the case for the Report reviewed. 

15. Information Was Concealed by Limiting Bottom Elevations Displayed on Profile Graphs 

In-reservoir observed and simulated results are shown in the Report in Appendices J and K for 
temperature, TDS, and pH with depth.  All of the graphs provide data and results for elevations above 
4,680 feet.  This elevation is not at the bottom of the reservoir (at least near the dam) and cutting off 
the elevations in the figures leads the reader to assume that the reservoir is typically well-mixed 
summer and does not stratify or have much vertical variation.  In addition, the model results show 
something similar.  An example is shown in ERM’s Figure K 39 (Figure 11) for July 30, 2002 near the dam, 
where the reservoir appears to be well-mixed with good model predictions (and hot from top to 
bottom). 

However, the full profile of observed data indicates stratified conditions (Figure 12).  In addition, Figure 
12 shows that ERM failed to display about 90% of the observed profile.  The bottom of ERM’s model grid 
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at the calibration location is also indicated, showing that the model grid is not deep enough near the 
dam.  Nor is it deep enough to reach the lower-level outlet.  This also highlights significant issues with 
the development of the model grid (which isn’t deep enough to reach the lower-level outlet). 

 
Figure 11.  ERM’s Figure Showing Observed and Simulated Temperature Profiles 

 
Figure 12.  Full Profile at the Calibration Site Closest to the Dam 

16. Information Was Omitted by Failing to Include All Profile Dates 

In-reservoir observed and simulated results are shown in the Report in Appendices J and K for 
temperature, TDS, and pH.  Several profiles were omitted, including temperature profiles near the dam 
for 2014-2016.  It is not clear why this is the case. 

4,680 ft (bottom of Fig K 39 of Report) 

4,662 ft (bottom of ERM’s model grid) 

4,657 ft (bottom of low-level outlet) 



Boysen Reservoir Water-Quality Model Comments  July 1, 2019 
  Page 15 of 27 

Hydros Consulting Inc.  1628 Walnut Street, Boulder, CO 80302 

Actual Model Performance 

17. Simulation Results are Poor 

Capturing observed flow patterns and hydrodynamics with the model is important.  This is necessary to 
be able to use the model to predict conditions with increased flows at higher concentrations at 
Badwater Creek.  Fortunately, a few temperature and specific conductivity profiles are available.  Both 
of these constituents are good indicators of flow and thermal patterns and hydrodynamics. 

Even though a number of adjustments were made during model development and calibration, the 
model results are very poor.  Temperature profiles near the dam (Figure 13) show that the model is not 
capturing observed stratification in the summer and shows very little variation top to bottom.  Reservoir 
temperature calibration is an initial and very important step in modeling.  Recall that water in Boysen 
Reservoir is released to the Wind River via a low-level outlet (elevation 4,657 ft) and an upper spillway, 
at times.  This makes it even more critical to be able to capture the vertical variations.  As described 
earlier, using commonly-accepted calibration targets, the ERM model is not adequate for use.  Also note 
that the bottom of the model grid at this calibration location is so high that water in the bottom 35 feet 
of the reservoir is ignored.  Thus, water quality in this region (near the lower level OLW) is not even 
simulated. 

Instances where modeled outflow temperatures to the Wind River correspond closely with observed 
temperatures downstream are strong indications of poor reservoir model performance.  This is because 
the observed temperatures were compared to the temperatures at the top 2 feet of the reservoir near 
the dam, as described previously.  The observed downstream temperatures should be the result of 
outflows that depend on release location (low level outlet, spillway), amount released at that location, 
and vertical density distribution.  Thus, even when the reported model results seem to be acceptable, 
they are not generated as a result of a physically realistic simulation.  This renders modeled predictions 
at the Wind River Class I segment unreliable. 

Specific conductivity profiles are shown in Figure 14.  Again, the vertical variations are not captured and 
sometimes the magnitudes are overestimated by 100’s of uS/cm.  Note that most of these are in mid-
summer, when the % produced water increases (see Figure 10). 
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Figure 13.  Example Temperature Profiles Displaying All Observations and Model Results from Top to 
Bottom of the Reservoir.  Data from Lacustrine Pelagic: Dam Site 
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Figure 14.  Example Specific Conductivity Profiles Displaying All Observations and Model Results from 
Top to Bottom.  Data from Lacustrine Pelagic: Dam Site 
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MAJOR POINT:  “COMPLIANCE ANALYSIS” METHODS AND FINDINGS ARE INCORRECT 

Even if the reservoir model was developed adequately, the methodology used by ERM to evaluate 
compliance is severely flawed and is biased.  Comments below are considered in 3 areas: 

1. Data Used to Define Baseline Conditions in Class 1 Section; 
2. How ERM Shows Compliance; and 
3. Boysen Reservoir Antidegradation. 

Data Used to Define Baseline Conditions in Class 1 Section 

Baseline conditions in the Wind River are very important because these conditions are the basis for 
protection. 

18. ERM Failed to Use USGS Data for Defining Baseline in Class I Segment 

Only Encana/Aethon-collected data were considered when defining baseline conditions for the Class I 
segment of the Wind River.  Yet, there are hundreds of approved water-quality measurements from the 
USGS below the reservoir for the period ERM defined as baseline (December 2010 – March 2016).  
Approved USGS data are considered to be of very high quality.  In some instances, there are more data 
from the USGS in this period (Encana/Aethon did not report data for 8 months of the baseline period; 
Figure 15).  In addition, there is much more variability in much of the data collected by Encana/Aethon 
than the USGS (see Figure 15 as an example).  This variability would serve to increase a standard 
deviation. 

In addition, the Encana / Aethon baseline data provided to Hydros Consulting did not appear to be raw 
data.  The forms of the constituents were not noted (dissolved or total).  The dates were often the 1st of 
the month and appear to be reported as a monthly value.  The values could be averages or single points, 
and this is not clear.  Aethon switched labs (going from “Lab 1” to “Lab 2”) in November 2013.  This 
resulted in an increase in detection limit for 12 of 14 metals, most of which were already below 
detection limits. 

Baseline conditions should be defined using USGS data which is of higher quality and more complete, in 
most cases. 
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Figure 15:  Chloride Observations in the Wind River below Boysen Reservoir (2010-2016) 

How ERM Shows Compliance in Class I Segment 

19. Used Monthly Averages, Obscuring Results 

ERM chose to complete the compliance analysis on an average monthly basis.  So, all Januarys are 
averaged together, Februarys are averaged together etc.  This method lumps the data, reduces 
observed variability, and also serves to hide important differences that occur year-to-year, especially 
since time-series of the results are not displayed.  This point is illustrated for chloride in Figure 16. 

 
Figure 16:  Chloride Measurements, Wind River Below Boysen Reservoir, Aethon Data.  Individual 
Measurements (Left); Lumped Average Monthly Values (Right); Illustration of Reduction in Variability. 
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ERM did display chloride results in an attempt to justify the model “spin-up” period and to only focus on 
model results from December 2010 – March 2016 (Figure 17).  Note that the project results in lower 
chloride concentrations in the “outflow” (top 2 feet of the reservoir) in 2010-2011. 

 
Figure 17.  Model Output for “Outflow” (Top 2 ft of the Reservoir); Model Calibration and Case 01 

The results are clearly not due to “spin-up” if one considers the flow inputs into the model (Figure 18). 

 
Figure 18.  Aethon Produced Water Flowrate Assumptions 

Because the projection flows (68,000 bpd; Case 01) are lower than what actually occurred in 2010 and 
2011, the model shows an improvement (lower concentrations) with the project.  Starting in 2013, when 
the projection flows are much higher than the actual, the model shows some significant increases in 
concentrations (Figure 17). 

This is an additional illustration as to why the method of lumping into monthly averages is 
inappropriate.  In this case, the conclusion reached depends on the period analyzed.  If one only 
considered the period 2010 – 2012, the results would show an improvement with the project.  If, on the 
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other hand, one only considered the period 2013-2016, the results would show a greater impact than 
reported in the Report. 

The analysis should be presented on a daily basis so that periods of larger impact are transparent.  For 
example, from Figure O 1 (Figure 19), the reader could assume that April concentrations may only 
increase by up to 2.7 mg/L chloride, while the time-series data (Figure 17) show increases of up to 4.6 
mg/L at times. 

 
Figure 19.  ERM Figure Showing Impact of the Project for Case 01 

20. Used Inflated Standard Deviation 

As described above, ERM chose to conduct the analysis on a monthly basis.  If this is done to quantify 
the baseline and if the analysis is to be based on a standard deviation, the estimate of the baseline + 1 
standard deviation (SD) must be performed using the SD of the lumped monthly data.  ERM chose to use 
the SD of the original data points.  This is incorrect and results in allowing a greater load to the reservoir. 

For the example above (Figure 16), the SD for the un-lumped data (left) is 2.7 mg/L, while the SD for the 
lumped data (right) is 1.2 mg/L.  This makes a considerable difference in the antidegradation analysis, 
since the larger SD allows for larger decreases in water quality (Figure 20). 
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Figure 20.  Impacts of Different Standard Deviations 

21. Favorable Assumptions Made for Category III Constituents 

ERM created an analysis category to include constituents that are present in Aethon’s discharge above 
required detection limits, yet are often below detection limits (more than 50% of the time) in the Wind 
River below the reservoir.  This was called Category III and includes total chromium, dissolved copper, 
dissolved nickel, dissolved aluminum, and dissolved mercury.  ERM chose to evaluate these constituents 
for compliance by: 

• Taking the model results simulated at the top 2 feet of the reservoir near the dam. (which is not 
representative of the outflow) 

• Lumping the results together on a monthly basis and averaging (thus removing observed 
variability and eliminating the need to display a time series of results and changes each year) 

• Comparing the results to the detection limit. 

ERM noted that the detection limits varied over time (since they changed labs in 2013, most often 
resulting in an increased detection limit for some reason), so the decision was made to use the 
maximum detection limit.  Issues associated with this decision include: 

• It makes it easier to show compliance; and 

• It is inconsistent with use of ½ the DL in the rest of the analyses. 

As an example, more detail is provided here for dissolved nickel.  For the Aethon sampled Wind River 
data (which was exclusively used to determine baseline versus using USGS data), the detection limit was 
0.5 ug/L from December 2010 through June 2013.  Then a different lab was used for November 2013 – 
March 20167 and reported a 5 ug/L detection limit.  It is not clear why the detection limit would 

                                                           
7 No data were collected for the 4-month period between July 2013 – October 2013. 

Threshold Used by ERM 

Threshold Based on 1 SD 
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increase, in light of the fact that of the 27 samples collected before the lab change, 13 were below the 
detection limit8. 

Using the approach developed by ERM, the results are displayed as Figure O 28 in Appendix O (see 
Figure 21).  Using the threshold of 5 ug/L (based on the 2nd lab’s detection limit), it appears that the 
project will not result in degradation in the Class I section.  However, if the lab change had not occurred 
(or if the minimum DL was chosen), then the conclusion would be that degradation would occur. 

 
Figure 21.  ERM Results for the Compliance Analysis for Dissolved Nickel (Red Line and Two Text Boxes 
Added) 

Overall, this method and its implementation are flawed. 

22. Created Alternative Threshold for Aluminum 

Extending the discussion for Comment 22 for an in-depth look at how dissolved aluminum was 
evaluated (another Category III constituent), it appears that an alternative tactic was used.  For this 
constituent, the 1st lab’s detection limit was 4 ug/L and the 2nd lab’s detection limit was actually lowered 
to 3 ug/L.  The observed data are shown in Figure 22, along with USGS data for comparison (which were 
not considered to quantify baseline conditions). 

                                                           
8 Although it is interesting that the 50% threshold for Category III constituents was being approached. 

Threshold Using 2nd 
Lab’s Detection Limit 

Threshold Using 1st 
Lab’s Detection Limit 
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Figure 22.  Dissolved Aluminum Data for Wind River below Boysen Reservoir 

After lumping the model results and applying the adjustment factor (described above), the monthly 
model results are in the range of ~22-33 ug/L (Figure 23).  This would show a problem if one compares 
these values to the 3-4 ug/L detection limits.  ERM chose to set an alternative threshold of 50 ug/L and 
using that threshold, the project would not result in degradation.   

The source of the 50 ug/L threshold appears to be the required detection limit for dissolved aluminum 
at the end of the pipe (WDEQ, 2019a).  This 50 ug/L detection limit does not apply to the Class I segment 
of the Wind River (since it is not effluent) and use of this value by ERM for compliance is wrong. 

 
Figure 23.  ERM Results for the Compliance Analysis for Dissolved Aluminum (Red Line and Two Text 
Boxes Added) 

 

Threshold Using 1st 
or 2nd Lab’s Detection 

Limit 

Threshold Used 
by ERM 
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Boysen Reservoir Antidegradation 

23. ERM Did Not Conduct an Antidegradation Analysis for Boysen Reservoir 

For Boysen Reservoir, which is classified as a High Quality Water (Class 2AB), “a lowering of water 
quality may be allowed if it is determined that the amount of degradation is insignificant” (WDEQ, 
2013).  The determination of significance of the degradation is to be determined using either of the 
following tests: 

• The increased loading is less than 10% of the existing total load for critical constituents; or  

• The increased loading will consume, after mixing, less than 20% of the assimilative capacity for 
critical constituents. 

The only time loading to the reservoir is described in the Report is in Chapter 8, which focuses 
exclusively on chloride.  ERM assumes that Aethon can discharge 23.8 tons/day of chloride to the 
reservoir, based on a flow of 68,000 bpd (Case 01 – no treatment) and a concentration of 2,000 mg/L 
end-of-pipe limit.  ERM states “This resulting load is the total allowable chloride load that can be 
discharged by Aethon’s operations while complying with the Antidegradation criteria.”  This is not based 
on Boysen Reservoir antidegradation, but on the Wind River below.  ERM did not consider the 10% load 
increase criterion for Boysen Reservoir. 

The only time project impacts to the water in Boysen Reservoir were considered in the Report is in 
Chapter 7, the Mixing Zone Study.  ERM describes a mixing zone and claims that “Chronic water quality 
criteria outside the mixing zone within the reservoir is (sic) met in all three flow conditions.”  Thus, ERM 
considered it to be acceptable to consume all of the assimilative capacity in the reservoir for this project.  
ERM did not consider the 20% limit for assimilative capacity. 

Thus, ERM failed to conduct an antidegradation analysis for Boysen Reservoir. 

SUMMARY 

ERM developed a mechanistic hydrodynamic water-quality model of Boysen Reservoir to support 
permitting and to determine conditions for Aethon’s project that would “protect downstream surface 
water quality in Badwater Creek, Boysen Reservoir and the downstream Class 1 segment of the Wind 
River Below Boysen Reservoir, as well as require Aethon to uphold Wyoming’s antidegradation policies.” 

There are very serious issues related to the development, evaluation, and use of the Boysen Reservoir 
Model.  Our review of the reservoir model documentation and reservoir model files revealed critical 
concerns.  Highlights include: 

The Model was not Developed Properly and Does not Account for Factors Important for this Project 

o Density changes anticipated in the future for water flowing into Badwater Bay, 
(important for flow patterns) were completely ignored. 

o Releases to the Wind River (low-level outlet vs. spills) were not differentiated. 
o Releases to the Wind River were not density based. 
o Wind speeds were severely and unrealistically reduced without discussion. 
o Reservoir evaporation was not considered. 
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o Several water balance and water quality input assumptions and adjustments were made 
without justification. 

Model Performance was Not Evaluated Appropriately and is Misleadingly Communicated 

o ERM misleadingly claims that the reservoir model is calibrated and adequately simulates 
Wind River (Class I segment) water quality.  This is done by comparing water-quality 
measurements in the river to water quality simulated in the top two feet of the 
reservoir.  This is disturbing, wrong, and was done even though the reservoir stratifies 
and has a low-level outlet. 

o There are numerous instances of excluding meaningful data during the 
calibration/validation process (including all non-profile reservoir data and all data during 
periods of highest percent produced water). 

o Information was misleadingly concealed from the reader by only displaying the top 
portion of profile results and observations. 

o The model is not calibrated and the results are poor. 

“Compliance Analysis” Methods and Findings are Flawed and Incorrect 

o Baseline conditions for the Class I segment excluded valid USGS data. 
o Methods used to show compliance for the Class I segment: 

▪ Used monthly averages, leading to the conclusion of reduced impacts 
▪ Used inflated and incorrect values for standard deviation 
▪ Relied on favorable assumptions for Category III constituents 

o An antidegradation analysis for Boysen Reservoir was not conducted. 

Based on how the model was developed and the results, the reservoir model cannot be used for 
projections or decision making.  In addition, even if the model adequately simulated water quality, the 
methods used to determine compliance are inadequate, sometimes wrong, and several assumptions 
were made to show favorable results. 

According to the WDEQ (2019b), “Model was designed to ensure compliance with WQS applicable to 
Boysen and to maintain existing quality in the Wind River below Boysen.”  Unfortunately, this is not a 
true statement. 
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July 5, 2019 
 
Jason Thomas 
Department of Environmental Quality 
Water Quality Division 
200 West 17th Street 
Cheyenne, WY 82002 
 
Re: Comments on Moneta Divide Gas Field Discharge Permit (WY0002062, Aethon Energy) 
Submitted via WDEQ public comment portal and email 
  
Dear Mr. Thomas: 
 
On behalf of more than 1,200 members of Sierra Club Wyoming Chapter (SCWC) and more 
than 3.5 million members and supporters of the Sierra Club nationwide, we submit the following 
comments on Aethon Energy's application for renewal of its Moneta Divide Gas Field Discharge 
Permit, WY0002062.   
 
As America's most enduring and influential grassroots environmental organization, the Sierra 
Club is dedicated to defending all people's right to live in a healthy world, with clean water, 
clean air, and access to functional natural ecosystems.  Here in Wyoming, we work to help our 
members, Wyoming residents, and visitors to our state enjoy, explore, and protect our 
remarkable natural places, and to ensure that our environment remains clean and healthy for 
people and wildlife. 
 
As stated on the Wyoming Department of Environmental Quality (WDEQ) website, WDEQ is 
"charged with protecting, conserving, and enhancing Wyoming's land, air and water for the 
benefit of current and future generations".  It is the responsibility of the WDEQ to ensure that 
proposed industrial activities such as this proposed permit renewal comply with all state and 
federal laws including the Clean Water Act, National Pollution Discharge Elimination System, 
Wyoming Environmental Quality Act, and all other applicable law.  The WDEQ must ensure 
that the proposed permit renewal will not adversely affect the health and safety of Wyoming’s 
residents, that it complies with all relevant water quality standards, that it does not excessively 
harm other natural resources including wildlife and wildlife habitat, that it does not harm 
recreational users, and that it respects the rights of private property owners, including 
downstream water users.  
 
After reviewing the permit renewal application and independent third-party expert evaluations of 
the application and the modeling report submitted by the applicant, we have concluded that the 
WDEQ must deny the permit renewal because of noncompliance with state and federal laws, 
potential negative impacts to human health and safety, negative impacts to water quality, 
unacceptable harm to wildlife and wildlife habitat, unacceptable harm to recreational uses, and 
general unacceptable environmental degradation. 
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Aethon Energy has proposed a major expansion of its Moneta Divide field that would 
approximately quadruple the wells in the field, going from around 900 existing wells to 4,100 
wells.  The field now discharges about 1 million gallons of wastewater per day, and the proposed 
expansion would produce an estimated 1.4 million barrels (58 million gallons) of waste water 
per day. 
 
1.  The Boysen Reservoir Water Quality Model is fatally flawed and cannot be used to 
evaluate or approve the permit 
 
Without any independent verification, the WDEQ completely relied on the Boysen Reservoir 
Water Quality Model, developed by the project proponent's contractor Environmental Resources 
Management (ERM), to erroneously conclude that discharging the proposed level of produced 
waste water would not violate water quality standards in Boysen Reservoir or the Class 1 
segment of the Wind River downstream, harm aquatic life or other wildlife, elevate risk to 
human health or safety, or harm downstream users.  
 
Having some concern about the impartiality and quality of a model developed by a consultant for 
the project proponent, the SCWC joined with several other organizations to hire an independent 
scientific review of the model and its interpretation.  The independent review by Hydros 
Consulting, a firm with no financial interest in this project, of the model and supporting reservoir 
modeling files, concluded that ERM's report, and the underlying model on which it is based, are 
fundamentally flawed and cannot be used for regulatory compliance. 
 
Some of the key findings of the review conducted by Hydros Consulting included: 
• The model was not developed properly and excluded many important factors. 

o Little to no tributary flow data was collected to ground-truth flow assumptions. 
o Reservoir evaporation effects were completely ignored. 
o Tributary flow estimates were arbitrary and inconsistent. 
o Inflow data from the Wind River was improperly manipulated. 
o Wind speeds were unrealistically limited. 
o Assumptions about water quality in different tributary streams were 

unsubstantiated. 
o Density changes for inflow water into Badwater Bay were completely ignored. 
o Water released at Boysen Dam into the Wind River was not correlated to inflow 

density, and there was no differentiation between water released through the low-
level outlet and the high-level spillway. 

• The model was not properly evaluated or calibrated, and cannot be considered realistic or 
reliable. 

o The model compared water quality measurements in the Wind River to water 
quality simulated only in the top two-foot layer of Boysen Reservoir, which 
completely ignores the facts that the reservoir stratifies, more dense inflows may 
sink and flow along the floor of the reservoir to the dam, and most of the water 
released flows through the dam's low-level outlet. 

o High quality, meaningful data was arbitrarily excluded during the calibration and 
validation process, including data collected during periods of low natural flow and 
highest percent produced water (for example, in winter months). 

• Compliance analysis methodology and conclusions are incorrect. 
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o Extensive valid and high quality data sets from the US Geological Survey on the 
Class 1 segment of the Wind River were excluded from analysis of baseline 
conditions. 

o The analysis improperly used monthly averages to incorrectly reduce impacts to 
the Class 1 segment of the Wind River. 

o The analysis used inflated and incorrect statistical values to reach statistically 
unsupported conclusions. 

o An antidegradation analysis for Bosyen Reservoir, required by the Clean Water 
Act and Wyoming Environmental Quality Act, was not conducted. 

 
Please see the attached Hydros report for further explanation and details of their review of 
ERM's model and report.  We hereby incorporate the Hydros report in its entirety into our 
comments. 
 
2.  Existing water quality impairment must be corrected 
 
Current discharge of produced wastewater from the Moneta Divide field already has caused 
significant and ongoing impairment to both Alkali and Badwater creeks, and increases risk to 
Boysen Reservoir and the Wind River below Boysen.  Allowing additional discharges will only 
worsen existing damage and further increase risk of unacceptable water quality impairment 
downstream. To meet its fundamental charge, the WDEQ must not authorize more pollution until 
existing problems are corrected. 
 
For decades, WDEQ has authorized the discharge of massive quantities of highly saline and 
contaminated produced water into Alkali and Badwater creeks from nearby oil and gas fields.  
Even though WDEQ rules explicitly prohibit it from allowing modified effluent limits that would 
violate water quality standards, they have continued to exempt discharges from water quality 
standards limiting chlorides, sulfates, conductance and total dissolved solids. 
 
Continuing to exempt discharges from water quality standards violates the Clean Water Act and 
the Wyoming Environmental Quality Act, and could undermine Wyoming's authority to issue 
NPDES permits. 
 
Alkali Creek is a Class 3B stream, meaning it is an intermittent tributary stream including 
adjacent wetlands not known to support fish populations or drinking water supplies, but with 
sufficient hydrology to normally support and sustain communities of aquatic life including 
invertebrates, amphibians, or other flora and fauna.  The designated use assigned to this 
classification is "aquatic life other than fish", and the WDEQ is responsible for protecting this 
designated use including water quality and habitat necessary to sustain populations of organisms 
other than fish to support diverse aquatic communities. 
 
According to the BLM, oil field wastewater flowing into tributaries of Alkali Creek and 
Alkali Creek itself has caused disturbance of the drainage beds and destruction of 
drainage vegetation, leading to accelerated erosion. In Alkali Creek, degradation and 
scouring have increased downcutting (downward erosion) in tributary channels, 
inhibiting livestock movement, grazing and watering, and increasing sediment loading in 
Alkali Creek.  According to monitoring done by Aethon as required by its current 
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discharge permit, Alkali Creek above the point of discharge is well vegetated, stable, and 
no scour or aggradation has been noted. Downstream from discharge points, channel 
changes include scour, degradation, and aggradation of sediment, with documented bank 
loss.  
 
Aquatic life will not be protected by the terms contained in the draft permit, violating Wyoming 
water quality standards. A report prepared by well known and highly respected aquatic biologists 
Dr. Harold Bergman, Professor Emeritus, University of Wyoming, and Dr. Joseph Meyer, former 
UW faculty member and Chief Scientist, Applied Limnology Professionals, in Golden, 
Colorado, describes numerous critical deficiencies and omissions in the draft permit, and based 
on aquatic toxicity modeling, concludes that components of Aethon's produced water as 
proposed in the draft permit would be acutely lethal to aquatic species. Please see the attached 
Bergman-Meyer report for full details, which we hereby incorporate in its entirety into our 
comments. 
 
Continuing to allow discharges that do not protect designated uses, and that do not maintain 
water quality necessary to sustain them, violates the Clean Water Act, the Wyoming 
Environmental Quality Act, and the WDEQ's rules.  
 
Badwater Creek is a Class 2AB stream, a Tier II, high quality surface water.  This designation, 
according to the Clean Water Act, the Environmental Protection Agency, and WDEQ Water 
Quality Division Rules and Regulations, requires that water quality in Tier II, high quality 
surface waters must be maintained to standards that protect existing uses fully.  Existing uses 
include propagation of fish, shellfish, and wildlife and recreation in and on the water.   
 
Unfortunately, the DEQ has failed to meet these standards, in violation of the Clean Water Act, 
the Wyoming Environmental Protection Act, and its own rules and regulations.  The quality of 
Badwater Creek water is lower than the applicable standards, existing uses of Badwater Creek 
have not been maintained and protected, and WDEQ's claim in the draft permit that additional 
discharges will not result in significant degradation of Badwater Creek are laughable.  Please see 
the attached Bergman-Meyer report for supporting details. 
 
Boysen Reservoir is also a Class 2AB body of water, with the same requirements for water 
quality maintenance as described for Badwater Creek.  As previously noted, the WDEQ based all 
its assumptions and conclusions on the fatally flawed ERM model and report, which cannot be 
used as the basis of decisions.  Please see the attached Hydros report for a full description of the 
many problems with the ERM model, especially related to inflows into Boysen Reservoir.  
Notably. ERM failed to conduct an antidegradation analysis for Boysen Reservoir, as is clearly 
required by the Clean Air Act, the Wyoming Environmental Quality Act, and WDEQ's rules and 
regulations. 
 
 
The Wind River below Boysen Dam is a Class I, Tier 3 river, into which no additional water 
quality degradation by point source discharges other than from dams are allowed.  The water 
quality and biological integrity that existed at the time of designation must be maintained and 
protected.  Again, we direct your attention to the attached Hydros report for a full description of 
the many problems with the ERM model, especially those related to issues that render any 
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conclusion about the flow of water through the reservoir from Badwater Bay to the dam and into 
the Wind River as totally meaningless.  An uncalibrated, unverified model that cherry picks data, 
misuses basic statistical parameters, fails to accurately assess water density, water temperature, 
wind speed, and other highly influential factors that dictate how water vertically segregates and 
flows through a reservoir, ignores the effect of evaporation, and fails to differentiate between 
low- and high-level releases to the river simply cannot be used to support any conclusions about 
this project.  To base a conclusion that this project would not harm water quality of the Wind 
River on such an incomplete and inaccurate model and report clearly would be illegal on any 
number of fronts. 
 
4.  Wildlife and Human Impacts 
 
The proposed "mixing zone" in Boysen Reservoir, where highly contaminated water would be 
discharged into the reservoir, is fundamentally inappropriate and unacceptable.  Boysen is 
heavily used during summer months for swimming, boating, and other water sports, and in 
winter for ice fishing and other winter recreational activities.  Badwater Bay, where Badwater 
Creek flows into the reservoir, is a nursery area for sauger, designated by the Wyoming Game 
and Fish Department as a sensitive species.  WDEQ has not analyzed potential toxicity of 
Aethon’s produced wastewater to this species or other valued sport fishes in Boysen, or to 
aquatic life in general in Alkali or Badwater creeks. WDEQ has not meaningfully analyzed 
potential impacts to human health and safety, either in Boysen Reservoir or in the Wind River 
downstream. 
 
People who use the Wind River further downstream are deeply concerned about this project, and 
rightly so.  Municipalities such as Thermopolis use the water for a number of municipal 
purposes.  Farmers draw from the river for irrigation and livestock use.  Elevated salinity, toxic 
metal contamination, and other harmful substances concern these folks, and their concerns must 
be taken seriously.  Their health and livelihoods are at stake. 
  
The water level in Boysen Reservoir fluctuates seasonally and annually, so polluted water will 
extend further out into the reservoir during low water periods, and the dilution capacity of the 
reservoir will decrease during low water periods.  Badwater Creek regularly experiences periods 
of low and sometimes no flow, during dry periods.  Conversely, these desert drainages also 
occasionally experience gully washers when the rains come, which sometimes occur only once 
every several years.  WDEQ has done no analysis of what happens when contaminants in 
wastewater are deposited and concentrated in streambed soils during dry periods, and then flush 
out in great surges during storm events.  What damage will these pulses of extremely 
concentrated TDS, chloride, sulfate, and oil field chemicals do to aquatic life in the reservoir and 
the river, and to the people who recreate on and live along these waterways?  
 
WDEQ’s policy on mixing zones clearly states that a proposed mixing zone may be denied due 
to concerns about designated and existing uses.  Such zones also may be denied in biologically 
important areas such as fish spawning or nursery areas.  Clearly, the WDEQ has the authority to 
deny this permit, and should do so.  
 
 
 



 
 

 
 

6 

5.  Conclusion 
 
Draft permit WY0002062, Aethon Energy violates the Clean Water Act, the Wyoming 
Environmental Quality Act, and the WDEQ's rules and regulations. Produced wastewater from 
this facility already has damaged streams, threatens wildlife and wildlife habitat, and puts 
recreational users and downstream communities at risk.  Increasing discharges of contaminated 
wastewater will only make a bad situation worse.  The DEQ should deny the permit, and take 
immediate steps to correct current damage.  Aethon should go back to the drawing board and 
consider other, less environmental damaging alternatives. 
 
This watershed simply should not be used as a toxic wastewater treatment facility.  We don't 
need to sacrifice this popular reservoir, its inflowing tributaries, or the Wind River below the 
reservoir, to this type of industrial development.  We should enforce existing laws to stop current 
levels of unlawful pollution from being discharged into these waters, and Aethon should be 
required to treat all produced wastewater to all applicable water quality standards at the point of 
discharge, or to dispose of contaminated water by some other legal means.     
 
 
Sincerely,
 

 
 
Connie Wilbert 
Director 
Sierra Club Wyoming Chapter 
P.O. Box 1736 
Laramie, WY 82073 
(307)460-8046 
connie.wilbert@sierraclub.org 
 
 
CC:  Governor Mark Gordon 
 Beth Callaway, Policy Advisor 
 Todd Parfitt, WDEQ Director 
 Kevin Frederick, WQD Administrator 
 Darcy O’Connor, EPA Region 8,  
      Assistant Regional Administrator 
      Office of Water Protection 
 
 
Enclosures:  
 
Bergman/Meyer Memorandum 
Hydros Report 
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