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1.0 BACKGROUND 
 

B.H. Martin Consultants was retained by Baffinland Iron Mines Inc. to design the sewage 
works for their Exploration camp at Mary River Mine site in Nunavut.  

The proposed site is located approximately 160km south of Pond Inlet, in the north-eastern 
section of Baffin Island.  Approximate distances from the project site to other communities 
in the region are 270 km to Arctic Bay, and 415 km to Clyde River. 

Presently the site consists of an 80-person camp of predominantly WeatherhavenTM tents, 
two steel Quonset huts as maintenance facilities, and numerous small wooden outbuildings, 
situated approximately 200 meters from the shore of Camp Lake. 

The Owner intends to perform their exploration work during the months of June to 
September, 2007 and continue with a Bulk Sampling Program following September. A 
Rotating Biological Contactor (RBC System) Sewage Treatment is planned to be 
constructed for the camp for sewage treatment for the duration of the bulk sampling 
program. In the meantime, temporary measures are needed for sewage treatment while 
waiting for the RBC system to be constructed and while exploration is being performed on 
site.  

2.0 SUMMARY 
During the exploration period, to the end of September, the maximum number of personnel 
at the site is expected to be 100 persons. Maximum sewage generation is assumed to be 227 
liters per capita per day (227 lpcd) with an average loading of 460 BOD5 and 490 TSS.  The 
Owner has previously purchased a wastewater treatment system (Norweco – Singulair 
Model 960 Treatment System from Tanks-A-Lot) capable of handling sewage of 460 
BOD5/490 TSS for 25 people generating 227 liters of sewage per day.  No non-domestic 
waste or stormwater will be directed to the treatment system.  The capacity of the system to 
handle influent characteristics of 460 BOD5/490 TSS (typical of camp influent quality) will 
be upgraded to 50 people by the additional of further aeration capacity incorporated into the 
system. 

The wastewater treatment package, Tanks-A-Lot system, is capable of reducing BOD5 and 
TSS levels to at least 30/30 respectively. UV disinfection is provided after clarification, 
prior to discharge of effluent from the treatment system.  The system effluent will then be 
pumped through a 2-inch Forcemain to a Polishing/Waste Stabilization Pond (PWSP). The 
excess flows above the flow capacity of the system will be handled by overflow pumps and 
directed to the PWSP which will have the capacity to hold the entire volume of sewage 
produced during the design timeframe.  

It is felt that the flow rates, sewage strength and population, used for design are at the upper 
limits of what will actually be experienced. However, given the remoteness of the camp, it 
would be difficult to increase the capacity of the equipment should actual figures be found 
to be much higher than those used for design. The addition of the PWSP, which will be 
used for further treatment of the wastewater effluent, will act as a contingency if actual 
flows and strengths are found to be higher than assumed. 
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Effluent in the PWSP will be tested during the following summer and, depending on the 
test results; the effluent will be either discharged to Sheardown Lake in late summer of 
2008 or retained for discharge at a later date depending on the quality of the effluent. 

The total maximum daily sewage flow generated at the site is estimated at 22,700 L/day 
based on 227 litres per capita per day for 100 people. The PWSP will have the capacity of 
this 120 days of maximum Daily Flow plus 3 weeks of similar Daily Flow from the new 
RBC system that is planned for the Bulk Sampling program (It usually takes 3 weeks for 
any RBC system to reach its optimal working condition) plus an additional 2 weeks storage 
to allow for unforeseen start-up delays, etc. This results in a total of 155 days storage. The 
total sewage flow for this period and thus the size of the PWSP is 3,521 cubic meters. Pond 
dimensions and details are shown on drawings C108 to C110 in Appendix “B”. The pond 
will be constructed by performing cut and fill operations with the existing dozer on site. 

The PWSP will allow the owner to store the effluent for sufficient time to decrease the 
BOD5 and TSS levels of the retained water to acceptable levels prior to discharge into the 
environment. According to the “Guidelines for the Discharge of Treated Municipal 
Wastewater the Northwest Territories, 1992”, the BOD5/TSS/E.Coli levels required for 
discharge are 30/35/1000 for a residency time of more than 5 years and 40/60/10000 for a 
residency time of less than 5 years. The actual limits used will depend on the results of the 
current watershed analysis being performed on Sheardown Lake by Baffinland Mines, but 
in any case, shall not exceed these levels. 

It is currently planned to retain the sewage in the PWSP for at least 12 months. Upon 
confirmation of acceptable BOD5, TSS and E.Coli levels, the PWSP shall be discharged in 
the spring/summer of 2008 via a 75mm forcemain into Sheardown Lake.  

This report considers the proposed design to collect and treat the sewage at the Mary River 
Camp during the summer of 2007 (from June to October 2007) for the exploration program 
only. 

3.0 DESIGN CRITERIA  
The daily sewage flows and strengths were estimated based on the values found in Table 
10.3, 10.4 and 13.1 of the 1996 “Cold Regions Utilities Monograph, Third Edition”, a 
publication highly respected and used in Canada and USA for the design of infrastructure in 
the arctic regions. Copies of these Tables are included in Appendix “A”. 

The characteristics of sewage in remote/cold regions, depend on the type of work being 
performed, work schedules, facilities provided and the type and capacity of the water 
supply.  These factors directly affect the flow rates and the amount of dilution seen in the 
wastewater. 

The construction/mining camp at Mary River is expected to be a ‘moderately diluted 
wastewater’ as defined in Table 10.4 in Appendix “A”.  The average BOD5/TSS levels for 
this type of wastewater can be expected to be 460mg/l BOD5 and 490mg/l TSS. We will use 
these figure as our influent design criteria. 

According to the “Guidelines for the Discharge of Treated Municipal Wastewater the 
Northwest Territories, 1992”, the BOD5/TSS/E.Coli levels required for discharge are 
30/35/1000 for a residency time of more than 5 years and 40/60/10000 for a residency time 
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of less than 5 years. No limit is given for Phosphorus removal. The actual limits used will 
depend on the results of the current watershed analysis being performed but shall not 
exceed these levels. 

Average flow rates for similar camps have been recorded in the range of 132 to 220 lpcd. 
We have assumed an average flow rate of 227 lpcd for design. 

This treatment system is a “temporary” system that the owner will use while performing 
exploration work. Prior to the next phase of work (Bulk Sampling Program), a RBC System 
will be constructed and put into use at the end of September.  The design timeframe is 
therefore from the beginning of June to the end of September plus the time required to start-
up the RBC System that will replace the treatment system discussed in this report. This 
gives 120 days to the end of September plus 21 days for RBC start-up (total of 141 days). 
To this we will add an additional 10% (14 days) to allow for unforeseeable events for a 
total of 155 days of sewage generation that will require treatment from this system. 

During the design period, to the end of September, the maximum number of personnel at 
the site is expected to be 100 persons.  

A summary of the typical and design sewage flows and strengths are set out in Table 1 
below as derived from the 1996 “Cold Regions Utilities Monograph, Third Edition”.    

Table 1: Typical design and sewage flows in cold regions 

Facility Type 
Water/Sewage 

Quantity 
(lpcd)  

 
BOD5/TSS 

(Avg. – 
mg/l) 

 

No. of 
Persons 
(Capita) 

Total Daily 
Flow 
(l/d) 

Total Flow 
155 days 

(m^3) 

Drilling Camp 83 to 227 
 

460/490 
 

- -  

Average Work 
Camp 

 
170 

 

 
460/490 

 
   

Average 
Construction 

Camp 
220 

 
 - -  

Design Criteria 
for Mary River 

Camp 
227 

 
460/490 100 22,700 3,521 

 

Sewage generation is expected to be 227 liters per capita per day (227 lpcd) with a loading 
of 460 BOD5 and 490 TSS. If the entire two week contingency storage is used, the total 
sewage generated (volume sent to pond) will be 3,521 cubic meters.  

4.0 PRIMARY SEWAGE TREATMENT 
The primary sewage treatment shall be done by an existing Tanks-A-Lot system that the 
owner will transport from another site. Details of the Tanks-A-Lot system, Wet 
Well/Pumping Stations, forcemain and PWSP are attached in Appendix “B”. This system 
includes 2 Norweco Singulair Model 960 treatment units with 1,500 U.S. Gallons per day 
capacity each (5700lpd X 2 = 11400 liters per day). In order to increase the flow handling 
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of the system, the existing grit tank will be fitted with a blower package to convert it to an 
aerated flow equalization tank, doubling the aerated retention time of the system.  

This wastewater treatment system utilizes patented, extended aeration, activated sludge and 
filtration process to achieve treatment. In the activated sludge process, micro-organisms 
remove soluble contaminants from the wastewater, utilizing them as a source of energy for 
growth and production of new micro-organisms. The organisms tend to be flocculant and 
form clumps, or floc, that physically entraps particulate organic matter. The organic matter 
is attacked by extracellular enzymes that solubilise the solids to make them available to the 
micro-organisms as a food source. The conversion of the organic matter from soluble to 
biological solids allows for removal of the organic matter by settling of the solids in the 
treatment process. 

The long aeration period allows for the organisms in the system to consume themselves, 
reducing the total amount of solids produced by the treatment process. The aeration 
chamber provides a retention time of at least 24 hours. 

The system achieves treatment by a flow-equalized, flow-through process, starting with a 
pre-treatment chamber, followed by an aeration chamber provided with an infused air 
system operating on a timed run cycle. Settling is accomplished in a clarification chamber 
following the aeration chamber. A Bio-kinetic® system located in the clarification chamber 
provides flow equalization, final filtration/settling and UV Disinfection prior to effluent 
discharge. 

The modified Tanks-A-Lot system is capable of handling daily sewage flows for 50 people 
based on the influent criteria of 460 BOD5 and 490 TSS.  The effluent characteristics of the 
system are expected to be 30 BOD5/30 TSS.  A Wet Well (#1) will be added to the front of 
the treatment process to collect the sewage from the camp and redirect it to the Tanks-A-
Lot System. This wet well will be sized (operating volume) to hold approximately 1/4 of 
the Average Daily Flow (ADF) as well as providing a connection point for bypass pumps. 
Wet Well #2 will collect the effluent from the Treatment System for pumping to the PWSP.  

During normal operation, Wet Well #1 will provide some flow equalization for the 
Treatment System, the system will treat the sewage, and effluent will be collected by Wet 
Well #2 and be pumped to the PWSP. If sustained flows beyond the flow capability of the 
Tanks-A-Lot system increase the level of the Wet Well to the ‘bypass’ level, a float will turn 
on the bypass pump, diverting sewage to Wet Well #2 where it will mix with the treatment 
process effluent and be pumped utilizing grinder pumps via the forcemain to the PWSP. 
Given the flow equalization realized by the operation of Wet Well #1 at the front end of the 
process train, we expect these bypass situations to be reduced. Given the difference in 
capacity of the Treatment system to the influent expected, bypassing of maximum influent 
to the PWSP will occur. The PWSP will need to be sized to hold the entire amount of 
sewage generated in order to provide further reduction of BOD5/TSS levels in the PWSP. 
This system is presented in the Process Schematic in Appendix ‘B’. Pump flow rates are 
shown on the Process schematic.  
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5.0 POLISHING /WASTE STABILIZATION POND (PWSP) 
DESIGN 
The PWSP cell is designed so that it can maintain the sewage flows of 120 days (June to 
September, 2007) plus an additional 3 weeks (for RBC start-up) of sewage flows plus an 
additional 2 weeks flow as a contingency. Generally it requires a 3-week period for any 
RBC units to accumulate enough floc to operate at its optimum conditions. During that 3 
week start up period, the effluent from the RBC System will be diverted to the PWSP. 

This 155 day period could produce 3,521 cubic meters of sewage. The pond is sized to be 
large enough to hold the entire amount of sewage. 

 

PWSP dimensions:  

If a width b1 = 30.0 m is selected, then the length l1 = 63.4 m  

This is obtained by the following formula for the volume of a bermed lagoon.  

All the berms will have a top width of 3.0 m. The exterior berm slopes will be 4:1 and the 
interior berm slopes will be 3:1. 
 
V= ⌠1.5 (b1+6y)(l1+6y)dy 
 ⌡0 

 
V= ⌠1.5 (b1 l1 + 6 b1y + 6 l1y + 36y2) dy 
 ⌡0 

 
V= │(b1 l1 y + 6 b1y + 6 l1y + 36y3) │1.5 
 │              2           2           3      │0 

 
V= b1 l1 (1.5) + 3 b1(1.5)2 + 3 l1(1.5) 2 + 12(1.5)3  
 
V= 1.5b1 l1  + 6.75 b1 + 6.75 l1 + 40.5)  
  
l1 = (V-6.75 b1-40.5) 
 (1.5 b1+6.75) 
 

 

The PWSP cell will have a total lined height of 2.4 m.  This includes the bottom 0.3 m that 
will always be retained after discharge, the 1.5 m operating depth and the 0.6 m freeboard 
allowance.   
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Review of soil samples taken near the proposed PWSP site as well as elsewhere in the 
general area indicate that the available material is very low in silt content and therefore is 
not suitable for lining the pond. As such, a 2.0mm (80 mil) HDPE liner will be used to 
prevent the sewage from percolating into the ground. The native soil will be used as the 
subgrade under the liner.  It will be important to ensure that no native or foreign objects that 
could perforate the liner are present.  If, during construction, it is found that there is a 
danger that native materials could damage the membrane, the material under the liner shall 
be made up of screened sand of approximately 0.15m in thickness. However, our review of 
material on site indicates that this may not be necessary. 

The pond will be located at the east end of the site.  The desirable separation distance from 
the pond to the camp is 450 meters.  The site chosen for the pond is approximately 480 
meters from the existing camp and approximately 1400 meters from the discharge location 
at Sheardown Lake.   

The pond site will be fenced and access will be controlled by a locked gate.  Warning signs 
will be provided along the fence to indicate the nature of the facility, to prohibit trespassing 
and to provide emergency contact information. 

The PWSP will be filled by the forcemain from Wet Well #2 at the Treatment unit.  The 
inlet piping will be installed over the berm and terminate 0.3 m above the cell bottom with 
a supported, upturned elbow.     

The effluent drainage system will be comprised of a 3-inch diameter valved pipe (0.3 
meters above the pond bottom) extending from 3 meters inside the pond to the outer toe of 
the berm. The outer termination will be complete with a cam-lock connection for hose 
attachments.  A “T”-connection will be constructed with the 3-inch forcemain leading to 
Sheardown Lake (part of the RBC System construction).  A cam-lock connection will be 
constructed at this connection for future hose attachment. When/if the PWSP is to be 
discharged to Sheardown Lake, a portable pump and hose will be connected at the berm 
connection with a hose to the T-connection.  Details of the effluent discharge and the PWSP 
are attached in Appendix “B”. 

6.0 PHOSPHOROUS REMOVAL 
Prior to the PWSP being discharged to Sheardown Lake, phosphorus removal will be 
performed by batch dosage of alum prior to discharge to the lake.  Assuming that raw 
sewage contains 7 mg/L of phosphorus and that 15 mg of alum is required to treat 1 mg of 
phosphorus, 105 mg of alum will be required to treat every litre of sewage.  Therefore it is 
estimated that 370 kg of alum will be required to treat the pond containing 3,521 m3 of 
sewage.  

7.0 SLUDGE REMOVAL 
The Tanks-A-Lot system requires approximately 3 weeks for the cultivation of floc for the 
system to operate properly.  Some solids are expected to be bypassed to the PWSP in this 
period.  The effluent, even during the first three weeks, does not have much solids and as 
such we do not expect sludge to be a problem in the PWSP. We have allowed for 300mm in 
the bottom of the PWSP. As a result, we expect that this volume shall allow for all of the 
possible sludge even with further use in the future years. 
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8.0 SAMPLING AND MONITORING 
To ensure that the required guideline for effluent discharge is met and to forecast how 
much, if any, further treatment will be required, effluent samples will be taken from the 
pond (on both ends) on a monthly basis (when unfrozen). These samples will confirm and 
provide a record of sewage treatment performance by determining BOD5, TSS, E.Coli and 
Phosphorus levels. From this information, the owner will be able to plan the pond effluent 
discharge and foresee if any further treatment may be required prior to discharge. These 
records would be kept by the operating authority for periodic examination by the Nunavut 
Water Board. 

The contents of the PWSP will be tested in the following year.  If testing shows further 
treatment is required, the timing for release of effluent from the PWSP will be extended.  
This process can be repeated until the contents of the pond are found to be within 
acceptable parameters for discharge into Sheardown Lake.  

9.0 SHEARDOWN LAKE CAPACITY 
The assimilative capacity of the receiving water body, Sheardown Lake, shall be 
determined.  The allowable BOD5 loading rates during discharge into the Sheardown Lake 
shall be calculated and the minimum discharge period needed to meet the limiting 
conditions would be determined. This shall be done as part of the RBC installation for the 
Bulk Sampling work. 

 9.1  POLISHING POND DISCHARGE 
The discharge rate from the pond is governed by the size of the discharge pipe and the head 
in the pond.  Because the flow into Sheardown Lake would have to be controlled, it was 
decided to ensure that discharge flow is controlled. The maximum rate of discharge into the 
lake is currently expected to be 1.2 lps or 0.0012 cubic meters per second (20 GPM). Based 
on an average flow of 1.2 lps, it would take 34 days to empty the pond. The actual pumping 
rate will be determined prior to discharge occurring as part of the RBC installation work. 
 
 
 

                        

 

 

9.2 EFFLUENT EFFECT ON SHEARDOWN LAKE 
Baffinland Mines Inc. have contracted Knight Piésold Ltd. to perform watershed analysis 
(background BOD, inflow and outflow to/from lake, bathymetric survey along shore at 
discharge location, etc) for Sheardown Lake.  Their report is expected to be completed in 
the next few months.  Prior to discharge, we will measure BOD5/TSS and Phosphorus 
levels in the PWSP. The results of the watershed analysis will then be used to calculate the 

 
Filling Period: June 1st to September 30th, 2007 
 
Estimated Retention 
Period: 

June 1st  to August/September, 2008 or 
longer 

 
Estimated Discharge 
Period: 

 
August 1st  to September 4th , 2008 

 
Empty Period: 

 
Available for future storage  
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resulting effect of the effluent during discharge as well as to determine the optimum timing 
of the discharge so that no adverse affect to the Lake and its environment will take place. 

The data collected at that time will also allow us to determine whether or not further 
treatment is required. Should the effect of the effluent discharge on Sheardown Lake and its 
environment be determined to be unacceptable at that time, the timing for release of 
effluent from the PWSP will be extended.   

Prior to discharge, low flow conditions to the lake will be determined using the discharge 
statistics and the watershed analysis. At the point of discharge the resultant BOD5 level in 
the lake after the discharge will be calculated using the following formula: 

 

 

LO =     QW LW + QR LR 
                         

       QW + QR 

- effluent flow from the PWSP (QW) 

- the effluent BOD5 (LW) 

- the receiving body flow rate (QR) 

- the receiving body BOD level (LR) 

The pond will be emptied during the higher flow periods in the month of August.  

Severe dissolved oxygen depletion is unlikely to occur with a BOD5 of less than 2 mg/L 
therefore a BOD5 level of less than 2 mg/L in the lake after mixing will be targeted 
assuming that a background BO D5 of 1 mg/L  exists at Sheardown Lake. 

10.0 CONCLUSION 
The overall site has been designed to limit the impact of this development on the immediate 
environment. The proposed PWSP shall provide additional mitigation measures in case of 
treatment system overload and/or failure. The PWSP will later serve as a retaining pond for 
the annual cleanup of the RBC treatment system that will be constructed in the fall of 2007.
   

Proper system maintenance will be an important and on-going factor to ensure that the 
system will operate in a non-polluting manner. An Operation and Maintenance Manual for 
the Tanks-A-Lot system is included in Appendix “C”. 

It is felt that the flow rates, sewage strength and population used for design are at the upper 
limits of what will actually be experienced. Given the remoteness of the camp, it would be 
difficult to increase the capacity of the equipment should actual figures be found to be 
much higher than those used for design. The additional storage available in the PWSP will 
act as contingency storage if actual flows and strengths are found to be higher than 
assumed. Being sized for total containment of the flows over the operation period, the 
PWSP can easily be used for further treatment of the wastewater effluent.  
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