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MODELING STUDY ADDENDUM

ERM has prepared this memorandum to propose an addition to the
Boysen Reservoir Modeling Study.1 Based on recent analyses, ERM and
Aethon propose 1) that applying an additional safety factor to the limits
proposed in this memo is not necessary due to the existing conservative
modeling assumptions, and 2) requiring monthly load limits without
end-of-pipe concentration limits for TDS and chloride.
The following maximum effluent loads are protective of downstream
water quality in Wind River Below Boysen Reservoir and are proposed
as permit limits:
Chloride (tons/month)
715

Total Dissolved Solids (tons/month)
6571

Based on the load analysis described in detail in Appendix A, within
the range of concentrations simulated, equivalent loads of chloride and
TDS will be protective of downstream water quality leaving Boysen
Reservoir, regardless of discharge concentration. Therefore, load-based
limits alone without a concentration limitation are sufficiently
protective of the Wind River Below Boysen Reservoir water quality.
ERM and Aethon propose load limits of 715 tons/month for chloride
and 6571 tons/month for TDS. These load limits include built-in safety
factors (Appendix B) to protect the water quality downstream of
Boysen Reservoir. In addition, because the GEMSS model shows that
downstream impacts are the same at the same effluent load (but
different concentrations) from Aethon’s outfalls, ERM and Aethon
propose implementing only a load (and not concentration) limit in the
Moneta Divide WYPDES permit for TDS and chloride, the major
constituents of interest.
The appendices of this memo describe, in further detail, the analyses
performed to determine these proposed limits. Appendix A presents an
alternative approach to permitting Aethon’s effluent which includes a
combination of load-based and concentration-based limits. Appendix B
discusses the seven key safety factors built into the modeling analysis.
Appendix C explains long-term considerations of importance.

1 ERM, “Water Quality Compliance Analysis for the Long Range Development Plan

at Moneta Divide, Wyoming,” April 23, 2018.

ENVIRONMENTAL RESOURCES MANAGEMENT

AETHON BOYSEN

2

APPENDIX A: LOAD-BASED PERMIT LIMITS
To consider the chloride and TDS safety factors in terms of their additional
allowable flow and loads without these selected safety factors, the GEMSS
model of the Boysen Reservoir was simulated for different pairs of
concentration and flow, but holding load constant, to determine the feasibility
of only a load-limit to these parameters.
Two effluent concentrations, 2000 mg/L and 2300 mg/L of chloride, resulting
in equal loads (715 tons/months) of chloride were modeled and analyzed for
their resulting downstream concentrations. These concentrations represent the
oil and gas industry standard and a typical value observed in Aethon’s
produce water over several years of operation, respectively. Resulting
downstream monthly average concentrations compared to the Wind River
Below Boysen Reservoir baseline chloride curve and baseline chloride plus
one standard deviation are presented in Figure 1Error! Reference source not
found..

Figure 1
Two concentration combinations of net 715 tons chloride/month
discharged from Aethon that show equivalent downstream impacts; higher
chloride concentrations are paired with lower discharge flows
A similar analysis was done for two effluent concentrations, 5000 mg/L and
6800 mg/L of TDS, resulting in equal loads (1787 tons/months) of TDS. These
concentrations represent the oil and gas industry standard and a typical value
observed in Aethon’s produce water over several years of operation,
respectively. The resulting downstream monthly average concentrations
compared to the Wind River Below Boysen Reservoir baseline TDS curve and
baseline TDS plus one standard deviation are presented in Figure 2Error!
Reference source not found..
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Figure 2
Two concentration combinations of net 1787 tons TDS/month
discharged from Aethon that show equivalent downstream impacts; higher
TDS concentrations are paired with lower discharge flows
Based on this analysis, within the range of concentrations simulated,
equivalent loads of chloride and TDS will produce the same downstream
concentrations leaving Boysen Reservoir. In addition, the mixing zone
quantified for chronic water quality standards in the Boysen Reservoir
Modeling study remains unchanged, as shown in Figure 3Error! Reference
source not found..
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Figure 3 Mixing zone determined in the Boysen Reservoir Modeling Study
based on Radium 226 chronic criteria
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APPENDIX B: FACTOR OF SAFETY QUANTIFICATION

Appendix B of this memo discusses the level of conservativeness built
within the GEMSS modeling analysis that provides the basis for
Aethon’s proposed discharge limits. Overall, the modeling analysis
conducted was highly conservative and included several factors of
safety within the various steps and assumptions of the modeling
approach. These safety factors are described in this memo, and several
have been quantified to provide a numerical estimate for the
conservative nature of the analysis. However, all values presented in
this memo should be considered approximate, and are based on the
assumptions described.
The assumptions considered:
1. All of Aethon’s discharge reaches Boysen Reservoir
2. Limited variability present in the downstream baseline
3. Limited Neptune Treatment Plant efficiency
4. Untreated concentration levels meet the downstream criteria
5. No fate processes
6. April governs flow limits for all months
7. Chloride is the limiting parameter
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ASSUMPTION #1: ALL OF AETHON’S DISCHARGE REACHES BOYSEN RESERVOIR

A key modeling assumption relates to the placement of Aethon’s
discharge in the spatial model grid for Boysen Reservoir. Model inputs
for Aethon’s discharges, Burlington’s discharges, and background flow
through Badwater Creek and its tributaries were all applied at the same
grid cell, within the region where Badwater Creek joins Boysen
Reservoir.

Figure 4 Highlighted grid cell showing the model location assumed for all
Badwater Creek, Aethon, and Burlington flows

In reality, there are approximately 30 miles separating Aethon’s outfalls
from the Boysen Reservoir. The background flow is estimated using
SWAT (Soil and Water Assessment Tool) which includes processes such
as evaporation and infiltration occurring within the 30 miles of
Badwater Creek. However, the Aethon discharge was directly applied
to Boysen Reservoir excluding these processes (infiltration and
evaporation). Feedback received during the stakeholder meeting in
Casper, WY (April 18, 2018) indicates that much of these flows through
Badwater Creek from west of the Highway 20 bridge often do not reach
Boysen Reservoir. There also exists additional photo evidence of this
through publicly available sources (example shown in Figure 5).
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Figure 5 Photo from September 2015, approximately two miles upstream
Badwater Creek, looking west (Source: Google Maps)

The assumptions made about the placement of Aethon’s contribution to
Boysen Reservoir were conservative by assuming no significant loss of
water occurs through the 30 mile stretch of Badwater Creek. Evidence
gathered thus far clearly indicates that this is not the case. In fact, under
certain conditions, Badwater Creek goes completely dry prior to
entering Badwater Bay. A quantification of this loss would require a
more detailed modeling and field analysis for the entire Badwater
Creek watershed downstream of Aethon’s outfalls. However, based on
the information, the assumption results in very high level of
conservativeness within the study.
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ASSUMPTION #2: LIMITED VARIABILITY OF THE DOWNSTREAM BASELINE

The baseline data collected, and ultimately used as a basis for
downstream compliance, are naturally highly variable. The criteria for
protecting downstream water quality in Wind River Below Boysen
Reservoir is defined as maintaining water quality within one standard
deviation of the monthly average baseline, determined from the data
collected during December 2010 through March 2016 at the base of the
Boysen Dam in Wind River Below. In actuality, there are several
instances when the actual baseline measurement itself exceeds this
criterion during the observed baseline period.

Figure 6 Wind River Below Boysen Reservoir Chloride Concentrations at
Baseline +/- 1SD, and during Individual Years 2012-2015
Figure 6 shows the baseline curve for chloride, determined from the

monthly average of all baseline period data collected. Surrounding that
baseline curve is a band representing the range of values within plus or
minus one standard deviation for the overall dataset, the criteria for
downstream compliance. Measurements from the baseline dataset for
2012, 2013, 2014, and 2015 are plotted for comparison; at least one data
point recorded in each of these four years violates the downstream
antidegradation criteria for Wind River Below Boysen Reservoir, and at
times, these values can be well above or below the range between +/- 1
SD. By selecting a criterion that is more limiting than the observed
natural variability of the baseline to determine Aethon’s future
compliance provides an upfront limitation to Aethon’s allowable
discharge that is protective of the downstream water quality in Wind
River Below. The conservativeness of this assumption is difficult to
quantify, but is described qualitatively to provide insight on additional
conservativeness beyond the quantified conservativeness which
follows.
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ASSUMPTION #3: LIMITED NEPTUNE TREATMENT PLANT EFFICIENCY

Aethon’s treatment capabilities were included in the modeling using
treatment efficiencies lower than observed. For instance, an operatorguaranteed treatment level of 150 mg/L chloride was assumed in the
modeling, while a two-year data record shows average chloride
treatment levels at 95 mg/L. Similarly, the operator-guaranteed
treatment level of 350 mg/L total dissolved solids (TDS) was assumed
in the modeling but in actuality, treated concentrations tend to be
around 250 mg/L TDS.
For each of these differences in treatment level relative to those
assumed in the modeling, there is a difference between the load that
would be present under any given operating conditions and that which
the modeling determined as allowable; this load difference varies with
the amount of treatment. The allowable load, as proposed, and the load
resulting from treatment conditions that are better than assumed
corresponds to a higher allowable flow value than was determined
from the GEMSS modeling analysis. For Case 01, this flow is unchanged
because treatment flow was not included. At a better chloride treatment
efficiency for chloride (down to 95 mg/L) Case 02 results in 1073 bpd
higher flow, and Case 03 results in 3823 bpd higher flow. These flow
increases for the three treatment cases are presented in Figure 7,
assuming 2000 mg/L chloride concentrations.

Figure 7 Aethon Discharge Flow Resulting from Removing Assumption 3:
Neptune Treatment Efficiencies

Considering the three modeling cases (Case 01, Case 02, and Case 03),
there is a chloride load difference of 0, 11.3, and 40.2 tons/month, and
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TDS load difference of 0, 20.5, and 73 tons/month for Cases 01, 02, and
03, respectively. These load differences are compared to the allowable
loads with this conservative assumption in place in Figure 8 and Figure 9
for chloride and TDS, respectively. The “with assumption” category
represents the load resulting from the lower, treated concentration,
with the “additional allowable” representing the load beyond actual
that could be added, and still remain within the model-determined load
limits (the sum of the entire column).

Figure 8
Chloride Loads Resulting from Removing Assumption 3: Neptune
Treatment Efficiencies
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Figure 9
TDS Loads Resulting from Removing Assumption 3: Neptune
Treatment Efficiencies

The safety factor for each of these cases can be quantified by comparing
the allowable load with assumption to that determined by the model.
The safety factor for each of the three cases for chloride and TDS are
summarized in Table 1 and Table 2, respectively.
Table 1

Case
01
02
03

Table 2

Case
01
02
03

Chloride Loads and Safety Factors Resulting from Removing
Assumption 3: Neptune Treatment Efficiencies
Load, With Assumption
(tons/month)
715
703
679

Load, Additional Allowable
(tons/month)
0
11
40

Safety Factor
1.00
1.02
1.06

TDS Loads and Safety Factors Resulting from Removing
Assumption 3: Neptune Treatment Efficiencies
Load, With Assumption
(tons/month)
1787
1760
1707

Load, Additional Allowable
(tons/month)
0
20
73
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ASSUMPTION #4: UNTREATED CONCENTRATION LEVELS MEET THE DOWNSTREAM
CRITERIA

While chloride is the most limiting parameter for determining the
compliance with Antidegradation criteria downstream of the dam, TDS
has been more limiting to Aethon in terms of meeting the end-of-pipe
water quality standards (oil and gas industry-specified limit of 5000
ppm TDS). Aethon must treat a portion of their produce water to
achieve a blended TDS level at or below 5000 mg/L. In doing so, other
parameters (including chloride) are treated to reduced concentrations.
By reducing concentrations of chloride in Aethon’s effluent, this
reduces the chloride load as compared to what was determined from
the modeling study to be allowable. Therefore, Aethon could discharge
higher flows governed by these blended chloride concentrations.
The untreated TDS concentration levels above 5000 ppm (other
conditions held constant) determine the level of flow Aethon is required
to treat to meet 5000 ppm limit. Higher the level of treatment flow,
lower the level of chloride below 2000 mg/L. Considering Aethon’s
typical effluent concentrations, a maximum TDS concentration of 7,291
ppm in Aethon’s effluent requires 22,123 bpd of treated flow in order to
achieve a blended TDS concentration of 5000 mg/L while meeting the
load requirements protective of the downstream water quality. At a
treatment level of 150 mg/L (a modeling assumption discussed earlier)
chloride and typical untreated chloride values (around 2,100 mg/L
chloride, as provided by Aethon) at each outfall, the net chloride load is
only 546 tons/month. Under the previous assumption of 2000 mg/L of
chloride (meeting the oil and gas industry-specified limit), and
satisfying the Antidegradation criteria, the study determined that the
allowable chloride load can be 715 tons per month. The excess load (715
- 546) then results in the opportunity to discharge additional load of 169
tons/month; this corresponds to 16,084 bpd flow above 68,000 bpd with
chloride levels at or below 2000 mg/L. The equivalent resulting safety
factor on a chloride load basis is 1.3 or 130%.
The additional allowable flow, considering Case 01 as an example, is
84,084 bpd, as shown in Figure 10.
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Figure 10 Case 01 Flows Allowable from Aethon Resulting from Removing
Assumption 4: Untreated Concentration Levels Meet the End-of-Pipe Criteria

The additional allowable chloride loads with the removal of this
assumption applied to a realistic example are compared to those that
would result from keeping this assumption under these realistic
operating conditions. The result is a 1.3 times safety factor applied as a
constant throughout the year. This is visually presented in Figure 11.

Figure 11 Case 01 Chloride Loads Allowable from Aethon Resulting from
Removing Assumption 4: Untreated Concentration Levels Meet the End-ofPipe Criteria

This is one representative example, but with increased TDS levels, the
resulting chloride load factor of safety can be even greater.
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ASSUMPTION #5: NO FATE PROCESSES
It was assumed throughout the GEMSS modeling process that all parameters

included can be considered “conservative” in terms of their mass
transformation. Many of the study parameters of interest were metal
ions which tend to behave conservatively in nature, meaning that mass
entering in the form of these ions will exit the system in the same metal
ion form. This is particularly true for chloride, as it is used as a tracer in
some environmental engineering practices.1 Similar behavior is
expected of TDS. The conservative assumption with respect to chloride
and TDS is likely an appropriate one, so no additional factor of safety
results for these two parameters, which are the focus of this document.
Other study parameters (oil and grease, for instance) would likely
decay over time to a certain extent, as a result of microbial activity.
Thus, the conservative fate assumption is protective of such parameters.

1Chemistry

for Environmental Engineering and Science, pages 587-588, Clair SawyerPerry, McCarty-Gene Parkin, McGraw-Hill, 2007
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ASSUMPTION #6: APRIL GOVERNS FLOW LIMITS FOR ALL MONTHS

In determining an allowable flow and concentration limit for Aethon’s
discharge based on the Wind River Below Antidegradation criteria
(maintenance of water quality within one standard deviation of the
monthly average baseline), the month with the most stringent natural
water quality determines Aethon’s allowable effluent for the entire
year. Doing so provides an increased safety factor to flows in all other
months.

Figure 12 Wind River Below Boysen Reservoir Chloride Concentrations at
Various Aethon Operational Discharge Scenarios: 65K bpd, 68K bpd, and 70K
bpd

Figure 12 shows various flow cases for Aethon’s discharge iterated to
determine the maximum allowable flow that meets the compliance
criteria. Chloride was found to be the flow-limiting parameter at the
industry-specific concentration limits, and April is the month with the
most stringent limitation on Aethon’s allowable effluent limit; applying
this limit for the entire year is exceptionally protective of water quality
downstream during other months of the year, thus adding another
layer of protection.
To quantify the level of protection given from this assumption, flow
and load values were calculated that maximize the allowable flow
within the baseline plus one standard deviation.
The total allowable flows compared to those allowed under the
assumption that April limits all other months are summarized in Table 3
and visually in Figure 13 on a monthly basis.
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Table 3

Allowable Aethon Discharge Flows Resulting from Removing
Assumption 6: April Governs Flow Limits for the Entire Year

Month
January
February
March
April
May
June
July
August
September
October
November
December

Flow
(K bpd)
68
68
68
68
68
68
68
68
68
68
68
68

Total Allowable Flow
(K bpd)
75
75.5
73
68
72
75
80
83
79
78
77
78

Figure 13 Allowable Aethon Discharge Flows Resulting from Removing
Assumption 6: April Governs Flow Limits for the Entire Year

For chloride, the total allowable load compared to the previously
allowed load, considering April as the limiting month for all months,
and a quantitative, safety factor from this assumption are summarized
in Table 4, and graphically in Figure 14.
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Table 4

Month
January
February
March
April
May
June
July
August
September
October
November
December

Chloride Safety Factors Resulting from Removing Assumption 6:
April Governs Flow Limits for the Entire Year
Load, With Assumption
(tons/month)
715
715
715
715
715
715
715
715
715
715
715
715

Load, Additional Allowable
(tons/month)
73
78
52
0
42
73
126
157
115
105
94
105

Safety Factor
1.10
1.12
1.07
1.00
1.06
1.10
1.18
1.22
1.16
1.15
1.13
1.14

Figure 14 Chloride Allowable Loads Resulting from Removing Assumption
5: April Governs Flow Limits for the Entire Year

Because chloride is the most limiting parameter in meeting downstream
Antidegradation requirements, TDS total allowable loads are
determined by chloride’s most limiting month to protecting the
downstream conditions. A load summary for TDS is presented in Table
5 and is visually presented in Figure 15.
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Table 5

Month
January
February
March
April
May
June
July
August
September
October
November
December

TDS Safety Factors Resulting from Removing Assumption 6: April
Governs Flow Limits for the Entire Year
Load, With Assumption
(tons/month)
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787

Load, Additional Allowable
(tons/month)
185
198
132
0
106
185
316
395
290
263
237
263

Safety Factor
1.10
1.11
1.07
1.00
1.06
1.10
1.18
1.22
1.16
1.15
1.13
1.15

Figure 15 TDS Loads Resulting from Removing Assumption 6: April
Governs Flow Limits for the Entire Year
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ASSUMPTION #7: CHLORIDE IS THE LIMITING PARAMETER
A major assumption that was determined from the modeling process was that
chloride is the most limiting parameter to Aethon’s allowable flows based on
downstream Antidegradation requirements and concentration levels that are
protective of Badwater Creek. However, in configuring Aethon’s permit on a
load (rather than net flow) basis for chloride and TDS, there is opportunity to
revisit this derived assumption and quantify a more appropriate allowable
load for TDS that is protective of downstream water quality.
Because chloride is the most limiting parameter to flow, limiting all other
parameters to the chloride-determined load results in much more conservative
loads that are protective of downstream water quality for these constituents.
Removing this conservative assumption for the parameters other than
chloride results in a higher allowable load that still meets downstream criteria.
This resulting load has been calculated for TDS.
The total allowable TDS load can be at least 5,984 tons/month (compared to
1787 tons/month), if April is assumed to limit all other months. Otherwise,
additionally removing assumption #5, the additional allowable load varies by
month, as presented in Table 6 with the resulting safety factors quantified, and
graphically presented in Figure 16.
Table 6

Month
January
February
March
April
May
June
July
August
September
October
November
December

TDS Safety Factors Resulting from Assumption 7: Chloride is the
Limiting Parameter to Flow
Load, With Assumption
(tons/month)
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787

Load, Additional Allowable
(tons/month)
7719
7539
6542
5984
6481
7302
8929
9589
8667
8306
7977
8596
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Figure 16 TDS load allowable from Resulting from Assumption 7: Chloride
is the Limiting Parameter
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APPENDIX C: LONG-TERM CONSIDERATIONS
The WYPDES permit underway for Aethon’s Moneta Divide site is a five-year
permit and has considered the downstream impacts to various receptors; most
important is Wind River Below Boysen Reservoir for its Wyoming class 1
water status. As a proactive step in understanding the effects of Aethon’s
discharges on Wind River Below Boysen Reservoir, a long-term analysis was
conducted. This analysis took the full 6-year baseline period covering January
2011 through December 2016 and repeated the period twice more with the
same time-varying inputs. Therefore, an 18-year model run from January 2011
through December 2028 allowed for comparison of the same conditions
extended over an extended time period.
This 18-year simulation was performed for all water quality parameters
relevant to the Boysen Reservoir modeling study, with and without Aethon’s
contributions. Doing so allows for an analysis of concentration build-up in the
reservoir system over time, and allows for determining whether Aethon’s
operations drive any long-term changes.
Sample results for chloride are presented in Figure 17 and Figure 18, including
and omitting Aethon’s contributions, respectively. Because the same six years
were applied repeatedly as input conditions, these results are presented on a
monthly average basis for each of these six year increments. The “second 6
years” and “third 6 years” overlap nearly perfectly in each of these figures.

Figure 17 Long-term analysis results for TDS at Wind River Below Boysen
Reservoir with Aethon’s effluent included compared to the baseline and
baseline plus one standard deviation
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Figure 18 Long-term analysis results for TDS at Wind River Below Boysen
Reservoir with Aethon’s effluent excluded (background contributions only)
compared to the baseline and baseline plus one standard deviation
Both simulations, with and without Aethon’s operations included in the
Boysen Reservoir model, show an increase in downstream concentrations
between the first six year and second six years. In particular, in May, this
increase is most noticeable, but is noticeable for both simulations, with and
without Aethon’s contributions. This means that a long-term increase in
concentration can occur regardless of Aethon’s contributions to the Boysen
Reservoir.
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