
1063Wolkersdorfer, Ch.; Sartz, L.; Weber, A.; Burgess, J.; Tremblay, G. (Editors)

In� uence of Probability Distribution Function Sampling 
Frequency on Stochastic Water Quality Model Predictions

Michael Herrell*1, Kristina Skeries2, Jerry Vandenberg2, John Faithful2, April Hayward3, 
Lukas Novy3

1SRK Consulting (Canada) Ltd., Vancouver, British Columbia, Canada
2Golder Associates Ltd., Vancouver, British Columbia, Canada

3Dominion Diamond Ekati Corporation, Calgary, Alberta, Canada
*Corresponding author: Michael K. Herrell, SRK Consulting (Canada) Inc., Senior Consultant (Geochemis-

try), Suite 2200 1066 West Hastings St., Vancouver, BC, Canada V6E3X2. Phone: +1 604-681-4196. 
mherrell@srk.com

ABSTRACT
Stochastic water quality models provide a mechanism to estimate uncertainty in water 
quality model inputs. � is approach requires � tting an input dataset to a statistical dis-
tribution, which is entered into the model as a Probability Distribution Function (PDF). 
� e input PDFs are randomly sampled at user-de� ned intervals using the Monte Carlo 
method to generate a model input time series for the duration of the model run. 
A stochastic water quality model was developed to support the Environmental Assess-
ment and Water Licence Permit applications for the Jay Project, a new open pit develop-
ment at the Ekati diamond mine, located in the Northwest Territories, Canada. Model 
input PDFs were developed using existing seepage monitoring data from a surrogate 
waste rock storage area at the mine selected to represent the drainage water quality for 
the Jay Waste Rock Storage Area (WRSA). � e total drainage from the Jay WRSA is 
estimated to be small in comparison to other mine site � ows (e.g., Jay Pit groundwater 
in� ow); however, as part of the model sensitivity analysis, it was identi� ed that the com-
bined site discharge water quality results (including Jay WRSA drainage) were sensitive 
to the sampling frequency selected for the Jay WRSA input PDFs for some constituents. 
� is paper presents a case study to highlight how stochastic model results can be sensi-
tive to PDF sampling frequency and the implications to mine permit applications. An 
approach for selecting PDF sampling frequencies is also presented. 
Additional Key Words: mine water quality prediction

Introduction
Dominion Diamond ULC (Dominion Dia-
mond) is currently constructing the Jay 
Project at the Ekati Mine in the NWT, Can-
ada (Figure 1). A stochastic site-wide water 
quality model was developed to predict the 
concentration of chemical constituents in 
discharge to Lac du Sauvage. Predicted con-
centrations were used as the basis for evaluat-
ing impacts to surface water quality as part 
of the Developer’s Assessment Report (DAR) 
(Dominion Diamond 2014) and to evaluate 
if proposed e�  uent quality criteria (EQC) 
developed for discharge to the receiving en-
vironment in the Water Licence application 
(Golder 2016a) would be achievable. 

Probability distribution functions (PDF), de-
veloped based on seepage monitoring data 
from the Misery WRSA, were used as an 
analogue for the proposed Jay WRSA seep-
age and runo�  water quality. During the 
DAR (Dominion Diamond 2014), model in-
put PDFs were sampled once per realization; 
however, when the DAR model was updated 
and used to evaluate if proposed EQC would 
be achievable as part of the Water Licence 
submission (Golder 2016b), it was identi� ed 
that predicted upper percentile concentra-
tions in Misery Pit discharge were sensitive to 
the PDF sampling frequency of the Jay WRSA 
for select parameters, even though the total 
drainage from the Jay WRSA represented a 
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small component of the total in� ow to Mis-
ery Pit. To account for uncertainty in model 
inputs, a conservative assumption that is of-
ten applied is to select a percentile above 50 to 
bias the results away from underprediction. 
� e risk with this approach is that it can indi-
cate a need for costly mitigation, sometimes 
due to the conservatively selected percentile 
of input. � erefore, an additional examina-
tion of the PDF sampling frequency was war-
ranted to determine if the predicted discharge 
concentrations were reasonable or were an 
artefact of the PDF sampling frequency. 

� is paper presents predicted Misery 
Pit discharge water quality for nitrate under 
three PDF sampling frequencies (once per 
realization, annually and monthly) over 200 
realizations to illustrate how stochastic mod-
elling results can be sensitive to PDF sam-
pling frequencies for a � xed number of model 
realizations. Guidance on selecting sampling 
frequencies is also presented. 

Project description
� e Ekati mine is located approximately 
300 kilometres (km) northeast of Yellowknife, 
NWT, Canada (Figure 1). � e Jay kimberlite 
pipe will be mined using open pit methods. 

Access to the Jay Pit requires partial dewater-
ing of a small area of Lac du Sauvage, which 
will be separated from the main body of the 
lake through construction of a dyke (Figure 2). 

Mining in Jay Pit will produce saline 
groundwater and contact catchment run-
o�  that will need to be managed during op-
erations. During mining of Jay Pit, saline 
groundwater and catchment runo�  draining 
to Jay Pit will be pumped to the bottom of 
Misery Pit and subsequently discharged to 
Lac du Sauvage once the storage capacity of 
Misery Pit is exceeded. Water pumped from 
Jay Pit will mix with Jay Waste Rock Storage 
Area (WRSA) runo� , Misery Pit wall rock 
and catchment runo� .

Waste rock produced from mining of Jay 
Pit will be stored in the Jay WRSA (Figure 2). 
Approximately, 67% of the Jay WRSA seepage 
and runo�  will drain to Misery Pit (Golder 
2016b), where it will mix with water pumped 
from Jay Pit, Misery Pit wall rock and catch-
ment runo� . 

Methods
A stochastic site-wide water quality model 
was developed in GoldSim v.11 (GoldSim 
2010). In GoldSim, each � ow that could in� u-

Figure 1 Location of the Jay Project
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ence water quality was itemized and assigned 
a source term chemical pro� le based on geo-
chemical test work of mine waste materials, 
mine site facility monitoring data, baseline 
surface and groundwater monitoring results 
or outputs from supporting models (e.g., hy-
drogeological model outputs). 

PDFs were developed using seepage water 
quality monitoring results from the Misery 
WRSA and, based on the compositional simi-
larity (Dominion Diamond 2014), were used 
to represent the quality of seepage and runo�  
from the Jay WRSA. PDFs were developed 
using the approach described in Vandenberg 
et. al. (2015). � e model input PDFs were 
randomly sampled using the Monte Carlo 
approach for 200 model realizations at three 
di� erent frequencies: once per realization, 
annually and monthly. � e randomly gener-
ated input concentrations were used to repre-
sent the drainage quality from the Jay WRSA 
in the model. 

Only model results for nitrate are present-
ed in this paper. � is constituent was selected 
since during the Jay Project Water Licence 
application process, it was identi� ed that 
predicted nitrate concentrations were sensi-
tive to PDF sampling frequency. � e reader 
is referred to the following documents for a 
detailed description of the model setup, in-

puts and subsequent updates: Appendix 8E 
of Dominion Diamond (2014) and Golder 
(2015; 2016b).

Results
Predicted nitrate concentrations, accounting 
for all sources that can in� uence Misery Pit 
discharge water quality, are presented in Fig-
ure 3. Only predicted concentrations in the 
surface layer (from which discharge occurs) 
are presented in Figure 3. � erefore, concen-
trations are zero prior to water being stored in 
this layer in October 2026. 

Predicted average nitrate concentrations 
show virtually no variability for the scenarios 
modelled, indicating the average model re-
sults are not sensitive to the Jay WRSA PDF 
sampling frequency. � is occurs because the 
magnitude change in peak and trough ni-
trate concentrations in the stochastic time-
series generated for Jay WRSA for annual 
and monthly sampling frequencies is small, 
and all sampled concentrations are similar to 
the average concentrations produced when 
the Jay WRSA PDF is sampled once per re-
alization. In addition, Jay WRSA represents 
a small component of the overall � ow to the 
Misery Pit on an annual basis. � erefore, the 
variation in average WRSA concentrations is 
not large enough to increase loadings to an 

Figure 2 Proposed Jay Project Infrastructure
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extent that in� uences Misery Pit discharge 
water quality. 

� e predicted 95th percentile nitrate con-
centrations decrease with increased sampling 
frequency. � is trend occurs  for the following 
reasons: 
• When a single value is selected for an en-

tire simulation, that value will be a driver 
of the long-term chemistry of the water-
body. With higher frequency sampling, 
all scenarios, even those at higher percen-
tiles, will include a mixture of high and 
low values. Over time, these values will 
regress toward the mean, as illustrated by 
lower 95th percentiles for higher frequen-
cy sampling scenarios in Figure 3.

• Lower 95th percentile concentrations will 
be selected and used when Jay WRSA and 
wall rock runo�  accounts for higher pro-
portion of the in� ow to the Jay Pit earlier 
in operations (e.g., prior to Misery Pit be-
ing � ooded). 

• Peak concentrations are not always cou-
pled to peak � ows (i.e., freshet) in the 
model loadings calculations for higher 
frequency sampling scenarios, resulting 
in lower cumulative loadings over the 
model duration (Figure 4).

Discussion 
As part of the Water Licence application, the 
95th percentile Misery Pit discharge nitrate 
concentrations were predicted to be greater 
than proposed EQC at di� erent times dur-
ing operations but the mean concentrations 
were predicted to be consistently lower than 
the proposed EQC. A detailed review of the 
model inputs revealed that elevated 95th per-
centile concentrations were occurring be-
cause there was a large degree of variability 
in the nitrate input data that was used to de-
velop the Jay WRSA PDF.

Upon further examination of the da-
taset used to de� ne the nitrate PDF, it was 
identi� ed that the maximum concentration 
(326  mg-N/L) was much greater than the 
mean concentration (34  mg-N/L) and the 
lognormal nature of the distribution � tted 
to the data resulted in high concentrations, 
that have lower probabilities of occurrence, 
being carried forward into the model predic-
tions. Concentrations rapidly decrease from 

the maximum value with the 95th percentile 
concentration (185  mg-N/L) being approxi-
mately half of the maximum. � erefore, it 
is considered highly unlikely that drainage 
from the Jay WRSA would contain nitrate 
concentrations at the 95th percentile value for 
the duration of operations. 

� e maximum concentration was not 
screened out as an outlier using the statisti-
cal methods described above and therefore, it 
cannot be excluded from the dataset. How-
ever, only sampling the distribution once per 
realization assumes all drainage from the 
Jay WRSA will be equal to or higher than 
the 95th percentile concentrations in some 
model realizations, which is unlikely to oc-
cur in reality. To account for the upper per-
centile concentrations (e.g., maximum, 95th 

percentile, etc.), that are based on empirical 
data, the sampling frequency of the PDF was 
increased. � is approach carries forward the 
upper percentile concentrations but for a 
shorter duration. � is is considered to be a 
reasonable replication of what would occur in 
reality for a parameter such as nitrate, which 
is observed to be highly variable at mining 
operations.

Conclusion
� e Jay Project water quality model indicates 
that the predicted Misery Pit discharge water 
quality is sensitive to the PDF sampling fre-
quency for some constituents. If too long a 
frequency is selected, the model can produce 
overly conservative, and potentially unreal-
istic, predictions. � is requires the modeller 
to develop an intimate understanding of the 
input data for each PDF and use professional 
judgement to determine if the loadings that 
are being produced are realistic, or an artefact 
of an anomalously high concentration being 
sustained as a result of an unreasonable PDF 
sampling frequency. 

� e appropriate PDF sampling frequency 
is partially dependent on the purpose of the 
water quality model. For example, sampling 
once per realization was determined to be ap-
propriate for the DAR, where overly conser-
vative model predictions did not change the 
outcomes of the study. From this perspective, 
the PDF sampling frequency was considered 
� t for purpose. As part of the Water Licence 
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application, it was identi� ed that model pre-
dictions based on sampling the PDF once per 
realization were overly conservative and ad-
justment of the sampling frequency was war-
ranted. 

Ideally it would be preferable to have 
su�  cient data to develop PDF that are sea-
sonal or linked directly to � ow to better 
align predictions to di� erent precipitation 
events. However, such datasets rarely exist 
at the planning stages of projects and it be-

comes incumbent on the modeller to select 
the most appropriate approach, balancing 
conservatism with realism. In such cases, the 
degree of autocorellation observed in datas-
ets from similar facilities at other sites may 
be a guide to setting the appropriate sampling 
frequency. Similarly, the residence time of 
the waterbody being modelled is an impor-
tant consideration, with the waterbodies with 
shorter residence time being more sensitive 
to selection of sampling frequency.
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Figure 3 Modelled Nitrate Concentrations in Jay WRSA Drainage

Figure 4 Cumulative Jay WRSA Runo�  Nitrate Loadings
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