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1. Understanding of the Issue 
 
Gartner Lee Limited (GLL) has been retained by Yukon Government Community Services to conduct a 
desktop study to assess concerns related to the potential risk of the Dawson City well water supply by the 
proposed sewage treatment lagoon.  The study involves the development of a physical transport model to 
assess the potential for contaminants to enter the city production wells in the event of a leak or 
catastrophic failure of the proposed lagoon.  This assessment is based on a conceptual flow model that has 
been created based on available geological, hydrogeological and hydrological information.  An air photo 
terrain analysis was also used to develop this conceptual model. 
 
In summary, this report addresses the following questions: 
 

1. What is the estimated dilution expected (i.e. conservative “worst case” estimate) to occur in the 
contaminant transport pathway in the event the lagoon incurs a leakage rate as defined by Alberta 
Environmental Protection (1996)? 

 
2. What is the estimated dilution expected (i.e. conservative “worst case” estimate) to occur in the 

contaminant transport in the event there is a catastrophic failure of the lagoon?  I.e. 50,000 m3 of 
lagoon effluent enters the Klondike River (closest straight line distance). 
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2. Background Information 
 
The following sections provide background information regarding the site setting.  Figure 1 provides an 
overview of the study area of interest including the location of the proposed lagoon (i.e. potential 
contaminant source), it’s proximity to the Klondike River, and the location of the Dawson City 
production wells (i.e. critical receptors). 
 
 
2.1 Proposed Lagoon 
 
EBA Engineering (2006) has completed a subsurface geotechnical study at the proposed sewage lagoon 
site.  Within the footprint of the proposed sewage lagoon, there were two test pits completed to a 
maximum investigation depth of 4.1 m below ground surface.  Groundwater flow conditions could not be 
determined because of limited groundwater elevation data.  The geological data from the test pits 
consisted of sediment descriptions only.  Grain size analyses were not conducted and therefore empirical 
methods to estimate the hydraulic conductivity could not be made. 
 
In general terms the shallow subsurface soils at TP1 consisted of GRAVEL (fill/tailings) with trace 
amounts of sand and silt, while the soils encountered at TP2 were primarily SILT (fluvial), sandy and fine 
grained (EBA Engineering, 2006).  The difference in soil type between TP1 and TP2 is not surprising 
based on the terrain analysis.  It is clear from Figure 1 that TP1 is located with the dredged placer zone of 
the river valley, while TP2 is closer to the valley wall, and therefore lies within an “undisturbed” area.  It 
has been assumed that the contaminant pathway from the proposed lagoon to the Klondike River via 
groundwater flow will be through GRAVEL, similar to those identified at TP1.  The assumed hydraulic 
conductivity of these GRAVELS is high and for the purposes of this desktop study has been assumed to 
be 1 x 10-2 m/s (Freeze and Cherry, 1979). 
 
Recognizing the lagoon conceptual design has not yet been completed, this report assumes it will store 
approximately 50,000 m3 of sewage effluent and cover an area of approximately 2 hectares or 140 m x 
140 m (Figure 1).  The results of this study may need to be reassessed if significant changes to this 
conceptual design take place. 
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2.2 Hydrogeological Background Review 
 
In 1991, work completed by Stanley Associates (1991) identified a sequence of sand and gravels along 
the bank of the Yukon River that had sufficient potential to warrant the development of a well field 
(Figure 1).  Total storage of groundwater in this alluvial aquifer is limited somewhat because of its 
modest thickness (~20.1m, from drill log of PW1, Stanley 1992) and it’s relatively small areal extent.  
The aquifer is part of an alluvium deposit at the confluence of the Klondike and Yukon rivers (Figure 1).  
The presence of permafrost within this deposit is well documented (Shiltech 1992).  The presence of this 
permafrost further limits the storage capacity of the free flowing groundwater resources available in this 
alluvium deposit. 
 
Within the Klondike River valley, the sands and gravels pose minimal resistance to the passage of water 
along the river valley (i.e. the gravely materials are highly permeable).  The water level in the Klondike 
River is expected to be the same or very similar to the open water levels in the braided channels and or 
the dredge tailings ponds.  Hydrogeological pumping test studies done by Stanley Associates in 1992 on 
the Dawson City production wells (PW1, PW2 and PW3), found that there is very strong correlation 
between the level of the river and piezometric levels in the associated sand and gravel alluvium.  The 
aquifer properties were measured as part of this work, and were estimated to have a transmissivity of 
1900 m2/day (Stanley Associates 1992). 
 
Based on a preliminary review of existing pumping test data (GLL 2004 and Stanley Associates 1992), 
the groundwater levels under a pumping condition appear to stabilize very quickly (i.e. within the first 
few minutes of pump start-up) indicating that the hydraulic well response encounters a recharge boundary 
where virtually all of the wells flow demand is met, and no additional drawdown through time is required.  
This type of drawdown response further indicated that the Dawson City production wells receive 100% of 
it’s “recharge” through the nearby surface water body. 
 
It is not possible to delineate the exact extent of the production well “capture zones” at the nearby surface 
water body.  However, based on the information reviewed and assessed as part of this desktop study, the 
capture zone in the vicinity of the production wells is likely provided through adjacent bank and riverbed 
infiltration (Figure 2).  Based on the air photos provided (Figure 1), and the surface water transport study, 
it appears that Klondike River water, at all times throughout the year, is in direct contact with the river 
bank closest to where the production wells are located.  Based on this observation, it is very likely that 
groundwater captured by the production wells consists primarily of infiltrated Klondike River water. 
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Previous studies also suggest that there is a “significant degree of hydraulic connection between the 
aquifer and the Klondike River.  A study entitled “Klondike Valley Water Quality Assessment” by Klohn 
Leonoff Yukon, 1991, states that the City of Dawson’s water supply presently is of good quality, but that 
significant contamination potential exists within the Klondike Valley, which could impact on the water 
supply.  This same study also concluded that existing legislation does not give the City of Dawson the 
direct ability to protect the water supply watershed, and that the City must therefore become actively 
involved with senior levels of government to ensure proper control and enforcement (Klohn Leonoff 
1991).  “It appears that most contaminants introduced into the river will ultimately affect the aquifer and 
the City of Dawson Water supply” (Klohn Leonoff 1991). 
 
The total combined maximum pumping rate from the City of Dawson well field is approximately 2800 
m3/day (Norm Carlson, pers. comm., 2007).  Since the three pumping wells operate in cycles, with only 
two operating at any given time, the maximum pumping rate for an individual well is approximately 16 
L/sec or 260 US GPM (Norm Carlson, pers. comm., 2007).  Based on short term pumping test data 
collected by GLL (as part of well rehabilitation works in 2004), it is estimated that the operational flow 
rates (i.e. 16 L/sec) produce a steady state drawdown of approximately 1.0 to 1.75 meters (within a given 
pumping well).  Although the transmisivity of the aquifer is very high, the combined drawdown from 
pumping wells close together (i.e. wells PW1 and PW2) is cumulative, and therefore drawdown levels in 
these wells could be as much as 2 to 3.0 meters. 
 
 
2.3 Dawson City Well Field Water Quality Review 
 
The following sections provide an overview of the groundwater and surface water quality within the 
Dawson City Well Field. 
 
2.3.1 Bacteriological Review 
Based on a preliminary review of annual Water License Reports since 1996 (i.e. 1996 to 2000), raw 
groundwater quality collected from the production wells has commonly recorded “hits” of elevated 
turbidity (marginally above 1 NTU) and positive total coliform presence. 
 
According to the 1997 Annual Water License Report, there was no evidence of faecal coliforms present in 
the raw groundwater supply in years 1994 and 1995 (Shiltec 1998).  However, an incident occurred at 
production well PW3 in December 1996, shortly after a break in the sewage forcemain on 5th Avenue.  
This break caused the Turner Street Emergency Overflow (Figure 1) to discharge for approximately 12 to 
18 hrs while the repair took place.  An estimated 4000 m3 of untreated sewage was discharged to the 
river/shoreline just up stream of PW3 (Figure 1).  PW3 remained operational throughout this emergency 
(Norm Carlson, pers. com., 2007).  Shortly after this event, faecal coliforms were detected in PW3 and 
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the well was shut down and remained out of service until the faecal coliform counts returned to zero 
(Shiltec 1998). 
 
A preliminary review of more recent bacteriological data (2004, 2005 and 2006) provided by Yukon 
Health and Social Services, Environmental Health (pers. comm., 2007), indicates that although positive 
fecal coliform “hits” have not occurred, total coliforms “hits” still commonly occur in the raw 
groundwater supply. 
 
During the well rehabilitation work in August 2004 (i.e. well cleaning maintenance) a number of potential 
biofouling issues were identified, which are believed to be related to the well construction method used 
on PW1, PW2 and PW3 (GLL 2004).  The well construction method used on PW1, PW2, and PW3 all 
included a “tail pipe”, such that a pump could be placed beneath the well screens (Shiltec 1992).  Well 
“tail pipes” have been found to create “stagnations zones” within the well flow system and therefore are 
very prone to bacteria growth that potentially can lead to positive total coliform type bacteria detections in 
the well water (Schnieder 2003).  Additionally, in wells where the pump intake is placed into the well 
screen interval, “flow stagnation zones” above or below the pump intake (i.e. zones across the screen 
interval where no groundwater is entering the borehole), are also prone to bacteria accumulations and can 
lead to positive total coliform detections (Schnieder 2003). 
 
Following the well rehabilitation program in 2004, it was reported that raw groundwater quality 
(including the frequency of total coliform “hits”) was improved in the short term (Norm Carlson, pers. 
comm., 2007).  However, as indicated, raw groundwater still today commonly has positive total coliform 
detections. 
 
It should be noted that the chlorinated water supply has never had a total or feacal coliform detection nor 
has there ever been a boil-water order issued (Norm Carlson, pers. comm., 2007). 
 
Limited surface water quality collected from the Klondike River Bridge in 2005 was provided by the 
Yukon Government Department of Environment (Table 1).  Feacal coliforms were consistently detected 
in the surface water, over the sampling period (4 months).  It is quite common in natural surface water 
systems to have both total and fecal coliforms present.  Overall, coliform counts may vary considerably 
throughout the year.  During periods of direct surface run off (i.e. snow melt or heavy rain fall events), 
bacteriological parameters in surface water tend to be higher.  During winter months, when groundwater 
recharge plays a larger flow component of the overall river discharge, coliform counts tend to be lower. 
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Table 1. Klondike River Feacal Coliform Results  

Date Sampled Number of Fecal Coliform Counts per 100mL 
23 Aug 2005 22 
07 Sept 2005 11 
11 Sept 2006 11 
12 Oct 2005 15 
6 Nov 2005 2 

Unpublished Data provided by Yukon Government Department of Environment 
 
Based on the observed fecal coliform counts in the Klondike River during 2005 and the absence of these 
bacteriological parameters measured at the same time in the raw groundwater samples collected from the 
production wells (Yukon Health and Social Services, Environmental Health, pers. comm., 2007), there 
appears to be a level of natural attenuation capacity (i.e. at least 1-Log removal) within the aquifer 
system.  However, during the 1996 forcemain break, when a large mass of raw sewage was discharged 
directly up-gradient of PW3 at the Turner Street Emergency Outfall, total and fecal coliforms were 
detected in PW3.  Based on this observation, it is evident that the capacity of the aquifer to filter/attenuate 
bacteriological pathogens from the surface water is somewhat limited.  It appears that the aquifer is 
capable of removing feacal coliforms under “natural” or “background” surface water conditions, however 
under large loading scenarios; it appears that these bacteriological pathogens can reach the production 
wells and enter the water supply system.  Continued use of the Turner Street Emergency Outfall presents 
a significant risk to the drinking water system during system overflow.  Future system upgrades should 
consider this risk and appropriate changes should be made to ensure the long-term protection of the water 
supply. 
 
2.3.2 Chemical Water Quality Review 
The limited chemical water quality review conducted as part of this study compared a single “snap shot” 
of water quality collected from the Klondike River and a raw groundwater sample collected from the 
productions wells.  Both surface and groundwater samples were collected during the month of September, 
however the samples were collected during different years.  The surface water sampling was conducted 
by the Department of Environment, while the groundwater sampling was conducted by the City of 
Dawson.  The purpose of this comparison was to evaluate, in general terms, the chemical nature of these 
two water sources.  The major cations and anions from both samples were plotted on a piper diagram 
(Figure 3), and found to lie virtually within the same location, indicating that the chemical nature of these 
waters is very similar. 
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2.3.3 Surface and Groundwater Temperature Review 
In the case where an aquifer is recharged by a nearby surface water body, a comparison of seasonal 
surface and groundwater temperature data can, in general terms, provide an indication of travel time. 
 
Figure 4 provides an overview of the seasonal groundwater (production wells) and surface water 
(Klondike River) temperatures.  The raw groundwater temperature data was provided by Norm Carlson 
(pers. comm., 2007), while the Yukon Government, Department of Environment, provided the surface 
water temperatures.  (Surface water temperatures for December 2005, January and February 2006 were 
estimated based on average outdoor temperatures as these three data points were missing). 
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Figure 4. Raw Groundwater and Klondike River Water Temperature Profiles 

 
The apparent relationship of surface water and groundwater temperatures (Figure 4) does not show a 
direct correlation, suggesting that there is not a direct “short circuiting” of water from the river to the 
pumping wells (as would be indicted by a direct temperature correlation).  This observation is supported 
by the fact the aquifer is comprised of alluvial sands and gravel (i.e. flow is not provided through open 
bedrock fractures) and as discussed that there appears to be a level of bacteriological filtration/attenuation 
capacity occurring in the aquifer system. 
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5. Contaminant Transport Pathway 
 
As discussed in section 3, (Conceptual Flow Model), the “Contaminant Transport Pathway” described in 
Figure 5 has been divided into “3 Segments”.  The following sections provide a discussion for each 
“Segment”, and an overview of the applicable contaminant transport assumptions, calculations and 
considerations. 
 
 
5.1 Segment 1: Effluent Discharge to Groundwater Flow System 
 
Given the presence of highly permeable placer tailings directly under and surrounding the footprint of the 
proposed lagoon, it is reasonable that very little mounding of the groundwater table would occur as a 
result of a puncture and subsequent leak in the liner (1.3 m3/day).  Therefore, it is assumed that the offsite 
transport rate of contaminants from under the lagoon, in the direction of the Klondike River, would be the 
result of natural groundwater flow through the system. 
 
As discussed, it is assumed that four punctures would occur in close proximity (i.e. total leakage rate of 
5.2 m3/day or approximately 1 US GPM).  To provide an estimated travel time, the following aquifer 
properties were assumed (Table 2): 
 
 

Table 2. Assumed Aquifer Properties in the Vicinity of the Lagoon 

Parameter Value 
Estimated Hydraulic Conductivity: 
(Freeze and Cherry, 1979) 

1.0 x 10-2 m/sec 

Depth of Active Flow System: 5 m 
Assumed Conservative Aquifer Gradient: 
(Typical of coarse grained aquifers) 

0.001 

Travel Distance: 
(Shortest straight line distance from lagoon to Klondike River) 

158 m 

Aquifer Type: Unconfined 
Porosity of Aquifer: 
(Freeze and Cherry, 1979) 

0.25 

Conservative Estimated Travel Time (1) 40 to 50 days 
Notes: (1) This travel time range is based on the Darcy Equation 
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The Darcy Equation was used to estimate the time a particle of groundwater would take to travel from 
under the lagoon to the edge of the Klondike River.  This calculation indicates a conservative estimated 
travel time on the order of 40 to 50 days. 
 
For the purpose of “conservative/worst case” contaminant transport modeling, it was assumed that no 
mixing or mechanical dispersion would occur within the contaminant flow path through the groundwater 
system.  This, under many groundwater flow conditions is a reasonable assumption, however, given the 
permeable nature of this aquifer system, it is very likely that the groundwater flow direction (i.e. the 
hydraulic gradient) is dynamic as a result of river stage fluctuations and that mechanical mixing (i.e. 
groundwater dispersion defined as a reduction in contaminant mass as result of dilution with surrounding 
“clean groundwater”) is likely to be significant. 
 
The modeling also assumes that attenuation processes such as sorption, filtration, retardation and 
degradation of the effluent will not occur.  Again, this is a very conservative assumption, as fluvial sands 
and gravels will likely provide a level of attenuation that will significantly reduce the overall contaminant 
mass, before it actually reaches the Klondike River. 
 
 
5.2 Segment 2: Surface Water Contaminant Transport and Mixing 
 
5.2.1 Model Description 
A version of CORMIX GI Version 4.3 was run for the three discharge scenarios for low flow and mean 
river flow conditions to predict the concentrations in the Klondike River adjacent to PW-3, approximately 
1,200 m downstream of the modeled discharge location.  CORMIX is hydrodynamic mixing model 
developed by Cornell University for the analysis and design of aqueous discharges into aquatic 
environments (Jirka et al, 1996).  The model assembles and executes a sequence of sub-models to 
simulate the hydrodynamic behaviour of the discharge and calculates the plume trajectory, dilution and 
maximum centerline concentration.  For side channel discharges, the maximum centerline concentration 
typically occurs along the bank downstream of the discharge location. 
 
CORMIX consists of three subsystems: CORMIX1, CORMIX2 and CORMIX3.  CORMIX1 is used for 
positively and negatively buoyant submerged single port discharges.  CORMIX2 is used for submerged 
multiport (>2) discharges and CORMIX3 for surface buoyant discharges.  Both CORMIX1 and 
CORMIX2 require that the discharge (jet) be highly submerged and were deemed not appropriate for the 
three discharge scenarios in the Klondike River.  CORMIX3, although typically used for buoyant surface 
discharges, can be used for non-buoyant side-channel discharges and has been used to model the three 
“failure” scenarios discussed in section 4. 
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Ambient, discharge and effluent input variables for each run are provided in Appendix A and summarized 
below. 
 
Ambient Conditions: 
 
• Stream flow data – Water Survey of Canada gauge data from Klondike River above Bonanza 

Creek (Station 09EA003). 
• Used mean monthly flow data and modeled low flow (March) and average flow conditions. 
• Klondike River cross-sectional data at discharge location - from Tr’ochek Heritage Site 

Hydrological Study and Floodplain Analysis (Janowicz, 2002) for cross-section X3 (Figure 1). 
 
Discharge Conditions: 
 
• Discharge located on right bank looking downstream. 
• Discharges modeled as a non-buoyant, side-channel surfaces discharges (i.e. not submerged) 

using CORMIX3. 
• For leakage via groundwater input, the discharge is modeled as a rectangular side channel 

discharge perpendicular to the ambient current direction.  The width of the discharge was held 
constant at 4.0 m while the depth was set equal to the average depth of the receiving environment 
(1.2 m or 0.5 m).  The discharge rate, as outlined in section 4, is 5.2 m3/day or 0.0006 m3/s. 

• Overland spill from lagoon failure was also modeled as a rectangular side channel discharge.  The 
width of the discharge channel was assumed to be 2 m with a depth of 0.2 m.  Two scenarios 
were modeled: 50,000 m3 over 1 hour (13.9 m3/s) and 50,000 m3 over 1 week (0.083 m3/s). 

• Effluent is assumed to be non-buoyant, essentially the same temperature as the receiving 
environment.  Effluent is also assumed to be conservative, with no degradation in the receiving 
environment. 
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5.2.2 Model Results 
From each of the modeled scenarios, the predicted concentrations (% of effluent) in the Klondike River 
adjacent to PW-3 (1,200 m downstream from the point of effluent discharge) are presented in Table 3.  
Detailed model results are provided in Appendix A.  For each of the modeled scenarios, as would be 
expected, the maximum centerline concentrations occur along the right bank (northern river bank of 
Klondike River) downstream of the effluent discharge point. 
 
 
Table 3. Summary of Predicted Concentrations (% of Effluent) in Klondike River Arriving 

at the Surface Water “Capture Zone” 

Effluent Discharge Scenario Flow Path River Stage 
Predicted Concentration 

@ PW3 as % Effluent (1) 

1a (Catastrophic Berm Failure  

1-hr Discharge) 

Surface Water to 

Groundwater 

Low Flow Condition in 

Klondike River (9.76 m3/sec) 
60 

1a (Catastrophic Berm Failure  

1-hr Discharge) 

Surface Water to 

Groundwater 

Average Flow Condition in 

Klondike River 

(65 m3/sec) 

18 

1b (Catastrophic Berm Failure 

1-week Discharge) 

Surface Water to 

Groundwater 

Low Flow Condition in 

Klondike River (9.76 m3/sec) 
3 

1b (Catastrophic Berm Failure 

1-week Discharge) 

Surface Water to 

Groundwater 

Average Flow Condition in 

Klondike River 

(65 m3/sec) 

0.5 

2 (Chronic Leakage 

into Groundwater) 

Groundwater to 

Surface Water to 

Groundwater 

Low Flow Condition in 

Klondike River (9.76 m3/sec) 
0.002 

2 (Chronic Leakage 

into Groundwater) 

Groundwater to 

Surface Water to 

Groundwater 

Average Flow Condition in 

Klondike River 

(65 m3/sec) 

0.0003 

Notes:  1.  Concentrations based on % Effluent Concentration and represent the maximum plume centerline concentration. 

 
 
A surface water flow travel time has been calculated for Segment 2 (i.e. the surface water travel time from 
the discharge point to the production well capture zone- Figure 5), under low, average, and high river 
flow conditions and are independent of the predicted groundwater contaminant transport times.  Table 4 
presents a summary of the surface water travel time results. 
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Table 4. Summary of Estimated Surface Water Travel Times (Segment 2) 

Flow System Flow Condition Description of Travel Path 
Estimated 
Travel Time 

Surface Water System 
Low Flow Condition 
in Klondike River 
(9.76 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent discharge point 
to the production well capture zone. 

23 min 

Surface Water System 
Average Flow 
Condition in Klondike 
River (65 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent discharge point 
to the production well capture zone. 

13 min 

Surface Water System 
High Flow Condition 
in Klondike River  
(225 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent discharge point 
to the production well capture zone. 

13 min 

 
 
5.3 Segment 3: Production Well Capture 
 
Based on the estimated maximum cumulative drawdown (i.e. 3 m) that could occur during high water 
demand periods (i.e. 2800 m3/day), two analytical solutions (Darcy and Dupuit) were applied to estimate 
the time a particle of water from the recharge boundary (i.e. the rivers edge) would take to travel to the 
production wells.  It should be noted that this calculation is independent of river stage.  Table 5 provides a 
list of the parameters used to calculate this estimate. 
 

Table 5. Parameters Used to Estimate Groundwater Travel Time 

Parameter Value 
Estimated Hydraulic Conductivity: 
(Based on transmisivity of 0.022m2/sec by Stanley Associates, 1992) 

1.5 x 10-3 m/sec 

Effective Aquifer Thickness: 12 m 
Total Pumping Rate in Aquifer (2 wells only): 2800 m3/day 
Estimated Maximum Drawdown in Wells (2): 3 m 
Aquifer Type: Unconfined 
Porosity of Aquifer: 
(Freeze and Cherry, 1979) 

0.3 

Travel Distance: 
(Shortest straight line distance from wells to rivers edge) 

35 m 

Conservative Estimated Travel Time (1) 20 to 25 hrs 
Notes:(1) This range is based on the Darcy Equation and the Dupuit Equation for steady state flow in an unconfined aquifer. 

          (2) Represents the maximum expected difference in water levels between the wells and the river and is therefore independent of river stage. 
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As discussed, it is not possible to delineate the exact extent of the production well “capture zones” along 
the adjacent surface water body (i.e. the Klondike River).  Therefore, it has been assumed that the wells 
will completely capture the maximum plume centerline concentrations as determined by the surface 
water-mixing model.  This is considered a conservative assumption, as the wells would likely capture a 
portion of “clean” water in addition to water from the maximum plume centerline. 
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6. Summary of Conclusions and Recommendations 
 
6.1 Conclusions 
 

1. The City of Dawson production wells are completed in a shallow (<20m) unconfined permeable 
aquifer, which is particularly vulnerable to contamination (either by contaminant surface water 
infiltration from the river or by direct vertical migration of contaminants from ground surface). 

 
2. The data review indicates that the Dawson City productions wells receive 100% of their 

“recharge” through the nearby surface water body (i.e. The Klondike River).  Based on Yukon 
Government’s 2006 Assessment Guideline for Well Water or Groundwater Under the Direct 
Influence of Surface Water (GUDI), the Dawson City production wells would be categorized as 
“potential GUDI”. 

 
3. Based on the observed fecal coliform counts in the Klondike River during 2005 and the absence 

of these bacteriological parameters measured at the same time in the raw groundwater samples 
collected from the production wells (Yukon Health and Social Services, Environmental Health, 
pers. comm., 2007), there appears to be a level of attenuation capacity (i.e. at least 1-Log 
removal) within the aquifer system.  In the event of a catastrophic (large) sewage effluent 
discharge to the well “capture zone”, (i.e. discharge by the Turner Street Emergency Outfall), 
impact to water quality in the wells is expected. 

 
4. Total coliform “hits” in raw groundwater samples collected from the production wells are 

detected on a regular basis (Yukon Health and Social Services, Environmental Health, pers. 
comm., 2007).  It is suspected that these total coliforms are related to elevated levels of biofilm 
growth as the result of “flow stagnation zones” caused by the well “tail pipes” (Schnieder, 2003), 
present on each of the production wells. 
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Summary of Contaminant Travel Times 
Contaminant transport assumptions and details are found within the body of this report.  Conservative 
contaminant travel times have been estimated based on a variety of “conservative/worst case” flow 
conditions.  Table 6 presents a breakdown of the associated “first arrival” travel times for contaminants to 
migrate along the various segments of the contaminant flow path Figure 5. 
 
 

Table 6. Summary of Estimated Travel Times 

Flow System Flow Condition Description of Travel Path 
Estimated 
Travel Time 

SEGMENT 1 
Groundwater  
Flow System 

Natural Groundwater 
Flow system under 
lagoon. 

Estimated time required traveling from 
under the sewage lagoon to the nearest 
edge of the Klondike River. 

40 to 50 days 

SEGMENT 2 
Surface Water System 

Low Flow Condition 
in Klondike River 
(9.76 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent entry point to 
the capture zone of the production well. 

23 min 

SEGMENT 2 
Surface Water System 

Average Flow 
Condition in Klondike 
River (65 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent entry point to 
the capture zone of the production well. 

13 min 

SEGMENT 2 
Surface Water System 

High Flow Condition 
in Klondike River  
(225 m3/sec) 

Estimated time required traveling down the 
Klondike River from effluent entry point to 
the capture zone of the production well. 

13 min 

SEGMENT 3 
Groundwater 
Flow System 

Wells Pumping under 
a typical high demand 
pumping cycle (i.e. 
2800 m3/day).  

Estimated time required traveling from the 
rivers edge to the production well screens. 

20 to 25 hrs 

 
The following provides a summary of the estimated total “first arrival” travel times for the various failure 
scenarios: 
 

Scenario 1- Chronic Leakage of Effluent out of the Lagoon:  It was assumed the lagoon would 
have four holes or punctures.  These leakage rates are equal to an effective total effluent 
discharge of 5.2 m3/day or approximately 1 US gpm, to the groundwater system.  The anticipated 
travel path would be into groundwater flow system under lagoon, discharge into Klondike River, 
flow down river, into the groundwater flow system, and captured by the wells. 

• 

Estimated Travel Time 40 to 50 days. 
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Scenario 2a/2b- Catastrophic Failure of Lagoon: 50,000 m3 of effluent enters the Klondike 
River in 1 hr or 168 hrs (overland flow is instantaneous and direct from the lagoon into the closest 
part of the rivers edge).  The anticipated travel path would be into Klondike River, flow down 
river, into the groundwater flow system, and captured by the wells. 

• 

Estimated Travel Time 20 to 25 hrs. 
 
 
Summary of Contaminant Concentrations 
Conservative contaminant concentrations have been estimated based on a variety of “conservative/worst 
case” flow conditions.  In summary, the following conservative assumptions include: 
 

No mixing or mechanical dispersion would occur within the contaminant flow path through the 
groundwater system. 

• 

• 

• 

• 

The wells will completely capture all surface water from the maximum plume centerline, as 
determined by the surface water-mixing model. 
A “high end” production rate is occurring in the well field.  (i.e. two production wells are on at all 
times, pumping 16L/sec, inducing a total drawdown of 3 m – i.e. the pumping level in the wells is 
3 m lower than the river level). 
Contaminant attenuation processes such, as sorption, filtration, retardation, and degradation in the 
groundwater flow systems will not occur. 

 
Based on these assumptions, Table 7 presents a summary of the contaminant concentrations that would 
arrive in the water supply wells, expressed as a percent of the effluent source concentration.  Given the 
assumptions applied, the surface water flow system provides the only means of contaminant concentration 
reduction.  Actual contaminant concentrations are expected to be significantly less given the assumptions 
applied to this study. 
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Table 7. Summary of Contaminant Concentrations 

Effluent Discharge 
Scenario 

Segment No. (Flow 
Path) 

River Stage 
Predicted Concentration 

@ PW3 as % Effluent (1) 

1a (Catastrophic Berm Failure  

1-hr Discharge) 

SEGMENT 2 and 3 

(Surface Water to 

Groundwater) 

Low Flow Condition in 

Klondike River (9.76 

m3/sec) 

60 

1a (Catastrophic Berm Failure  

1-hr Discharge) 

SEGMENT 2 and 3 

(Surface Water to 

Groundwater) 

Average Flow 

Condition in Klondike 

River 

(65 m3/sec) 

18 

1b (Catastrophic Berm Failure 

1-week Discharge) 

SEGMENT 2 and 3 

(Surface Water to 

Groundwater) 

Low Flow Condition in 

Klondike River (9.76 

m3/sec) 

3 

1b (Catastrophic Berm Failure 

1-week Discharge) 

SEGMENT 2 and 3 

(Surface Water to 

Groundwater) 

Average Flow 

Condition in Klondike 

River 

(65 m3/sec) 

0.5 

2 (Chronic Leakage 

into Groundwater) 

SEGMENT 1, 2 and 3  

(Groundwater to Surface 

Water to Groundwater) 

Low Flow Condition in 

Klondike River (9.76 

m3/sec) 

0.002 

2 (Chronic Leakage 

into Groundwater) 

SEGMENT 1, 2 and 3 

(Groundwater to Surface 

Water to Groundwater) 

Average Flow 

Condition in Klondike 

River 

(65 m3/sec) 

0.0003 

Notes: (1)  Based on maximum plume centerline concentration. 

 
 
6.2 Recommendations 
 

1. In the event of a catastrophic berm failure of the lagoon, an emergency response plan should be 
developed to include production well shut down and start up procedures. 

 
2. Groundwater monitoring should be conducted in monitoring wells placed in close proximity of 

the proposed sewage lagoon.  Sewage indicator parameters should be assessed in the groundwater 
to identify potential leaks in the lagoon liner.  If leaks are detected, the “worst case” arrival time 
of effluent into the capture zone of the production wells, is estimated to be 40 to 50 days, with a 
“worst case” effluent concentration of 0.002 %.  The current sampling frequency of raw 
groundwater for bacteriological parameters (i.e. once every 2 weeks), in combination with routine 
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groundwater sampling around the lagoon (biannually), is expected to be sufficient for the 
purposes of mitigating this type of failure scenario. 

 
3. Continued use of the Turner Street Emergency Outfall presents a significant risk to the drinking 

water system during system overflow.  Future system upgrades should consider this risk and 
appropriate changes should be made to ensure the long-term protection of the water supply. 

 
4. Regardless of the potential implications of the Dawson City Waste Water Project, it is 

recommended that Dawson assess current health risks associated with it’s water source (namely 
it’s vulnerability as a result of being potentially under the direct influence of surface water) and 
evaluate the appropriate management action required.  Further, a comprehensive wellhead 
protection plan is recommended to provide a management tool for protecting both the watershed 
and pertinent lands surrounding the Dawson City production wells.  This comprehensive plan will 
ensure the long-term protection and sustainability of the municipal drinking water supply. 
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(Version_Final_031207.doc/2006/61-167) 26 
 



H y d r o g e o l o g y  a n d  H y d r o l o g i c a l  D e s k t o p  S t u d y  o f  P o t e n t i a l  I m p a c t s  t o  t h e  
D a w s o n  W e l l  F i e l d  b y  t h e  P r o p o s e d  D a w s o n  C i t y  S e w a g e  L a g o o n  

 

7. References 
 
Alberta Environmental Protection, 1996: 

“Action Leakage Guideline, prepared by the Industrial Waste and Wastewater Branch Air and 
Water Approvals Division, Alberta Environmental Protection, May 1996 

 
EBA Engineering, 2006: 

Preliminary Report – Geotechnical Investigation – Potential Wastewater Facility Baseball Field 
and Adjacent Lot Site, Dawson City Yukon. 

 
Enkon Environmental Limited, 2000 
 City of Dawson Annual Water License Report, 1999.  
 
EPA, 2003: 

EPA’s Composite Model for Leachate Migration with Transformation Products (EPACMTP) 
Technical Background Document, US Environmental Protection Agency Office of Solid Waste, 
Washington DC, 20460, 2003. 

 
Freeze and Cherry 1979 

Groundwater. Prentice Hall, Inc. 
 
Gartner Lee Limited 2004: 
 2004 Dawson City Well Rehabilitation Program.  Completed for Aqua Tech Supplies and 

Services, December 2004. 
 
Janowicz, JR., 2002: 

Tr’ochek Heritage Site Hydrological Study and Floodplain Analysis. Prepared fpr Tr’ochek 
Heritage Site Steering Committee. 

 
Jirka, G.H., R.L Doneker, S.W. Hinton, 1996: 

User’s Manual for CORMIX: A Hydrodynamic Mixing Zone Model and Decision Support System 
for Pollutant Discharges into Surface Waters. Prepared for the U. S. Environmental Protection 
Agency by DeFree Hydraulics Laboratory, School of Civil and Environmental Engineering, 
Cornell University, Ithaca, New York. 

(Version_Final_031207.doc/2006/61-167) 27 
 



H y d r o g e o l o g y  a n d  H y d r o l o g i c a l  D e s k t o p  S t u d y  o f  P o t e n t i a l  I m p a c t s  t o  t h e  
D a w s o n  W e l l  F i e l d  b y  t h e  P r o p o s e d  D a w s o n  C i t y  S e w a g e  L a g o o n  

 
Klohn Leonoff Yukon, 1991: 
 “Klondike Valley Water Quality Assessment” July 1991. 
 
Schnieder, John A.,2003: 

Chemical Cleaning, Disinfection and Decontamination of Water Wells, published by Johnson 
Well Screens Inc., St. Paul, MN 55112, 2003. 

 
Shiltec Alaska Limited, 1996: 
 City of Dawson Annual Water License Report 1995 
 
Shiltec Alaska Limited, 1998: 
 City of Dawson Annual Water License Report 1997 
 
Shiltech, 1992: 
 City of Dawson Annual Water License Report 1991 
 
Stanley Associates, 1991: 
 Groundwater Supply Evaluation Dawson City Yukon Territory. 
 
Stanley Associated, 1992: 
 Water Supply Well Installation, Dawson City Yukon Territory 
 
Yukon Government, Department of Environmental Services, 2006: 

Assessment Guideline for Well Water or Groundwater Under the Direct Influence of Surface 
Water (GUDI), 2006. 

 
 

(Version_Final_031207.doc/2006/61-167) 28 
 



 

 

Appendices  
 

  

 



 

  

 

 

Appendix A 

Discharge and Effluent Input Variables 


	Understanding of the Issue
	Background Information
	Proposed Lagoon
	Hydrogeological Background Review
	Dawson City Well Field Water Quality Review
	Bacteriological Review
	Chemical Water Quality Review
	Surface and Groundwater Temperature Review

	Hydrological Background Review

	Conceptual Flow Model
	Lagoon Failure Scenarios
	Contaminant Transport Pathway
	Segment 1: Effluent Discharge to Groundwater Flow System
	Segment 2: Surface Water Contaminant Transport and Mixing
	Model Description
	Model Results

	Segment 3: Production Well Capture

	Summary of Conclusions and Recommendations
	Conclusions
	Recommendations

	References

