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This memorandum estimates the effects of LWR on water levels and flows on Lake 
Winnipeg and downstream to Split Lake using available hydrometric data. Generally, 
the seasonal pattern of water levels on Lake Winnipeg remains the same as it was prior 
to LWR. The average water level is basically unchanged, however peak flood levels 
have been reduced and the lowest water levels have been increased. LWR changes the 
seasonal pattern of Lake Winnipeg outflows in low to medium flow years. This causes 
a seasonal reversal of water levels on lakes downstream from Jenpeg, including Cross 
Lake, Sipiwesk Lake and Split Lake. In high flows years, the seasonal pattern of Lake 
Winnipeg outflows and water levels on the lakes downstream from Jenpeg are similar 
to pre-LWR conditions. 
 
Background 
 
The Lake Winnipeg Regulation (LWR) project was authorized under an Interim Water 
Power Act Licence on November 18, 1970 with modifications authorized in a 
Supplementary Interim Licence on August 8, 1972. Under these licences, Manitoba 
Hydro has regulated the majority of Lake Winnipeg’s outflow since 1976 through 
operation of the Jenpeg Generating Station and Control Structure (Jenpeg). In 
December 2010, Manitoba Hydro requested a Final Water Power Act Licence for this 
project. This assessment was completed to support the licence request. 
 
Methodology 
 
This study uses hydrometric data collected by Water Survey of Canada (WSC) and 
Manitoba Hydro to assess the effect of LWR on the water regime. WSC gauge data is 
accessible online at: 
  

 http://www.wateroffice.ec.gc.ca/index_e.html. 

Data from gauges operated by Manitoba Hydro is accessible online for the current year at: 
 

 http://www.hydro.mb.ca/corporate/water_regimes/hydrological_data.shtml. 
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In some cases, historic hydrometric data can be used to quantify changes to the water 
regime on waterways affected by hydroelectric development. This assessment is based 
on data records which contain sufficient water level and flow data pre- and post-LWR. 
Gauges with longer continuous records are used where available and provide better 
estimates of the effects. The amount of pre-LWR data is limited because other than 
longer term records at a few sites, many gauging stations in northern Manitoba were 
only established a few years before LWR. These earlier records contain data gaps 
because of access and recording equipment issues. In cases where the data is more 
limited, the effects of hydroelectric development on the water regime are described 
where possible but more qualitatively. Also, comparisons of data can sometimes lead 
to incorrect conclusions regarding the effects of hydroelectric development. This is 
because differences in hydrological conditions in the periods of record pre- and post-
development can affect flows and water levels regardless of whether hydroelectric 
development took place. 
 
Data 
 
Daily water level data for Lake Winnipeg is available since 1913. Because of wind and 
other factors, water levels on Lake Winnipeg can vary several feet across the lake. As 
a result, the Ad-Hoc Committee on Lake Winnipeg Datum developed a record of 
wind-eliminated water levels for Lake Winnipeg from 1915 to 1981 using WSC data 
(1982). After 1981, Manitoba Hydro calculates a daily wind-eliminated water level 
using a methodology that is based on the recommendations from the Ad-Hoc 
Committee. The following eight gauges are currently used to calculate the Lake 
Winnipeg Wind Eliminated Water Level as shown in Figure 1: 
 

 05SB006 Lake Winnipeg at Gimli  

 05SA003 Lake Winnipeg at Victoria Beach 

 05SD001 Lake Winnipeg at Pine Dock 

 05SD002 Lake Winnipeg at Matheson Island Landing 

 05RD005 Lake Winnipeg at Berens River 

 05SG001 Lake Winnipeg at Mission Point 

 05RE003 Lake Winnipeg at George Island 

 05RF001 Lake Winnipeg at Montreal Point 
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Figure 1: Water level gauges on Lake Winnipeg 
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The following gauging stations, shown in Figure 2, contain continuous water level or 
flow data both prior to and after LWR (05UB007 & 05UB017 together are considered 
representative of Kiskittogisu Lake): 

 
Water Level 
 

 05UB001 – Nelson River at Norway House (1913-present); 
 05UB005 – Playgreen Lake at Entrance to East Nelson River (1967-present); 
 05UB007 – Kiskittogisu Lake near Norway House (1967-1987); 
 05UB017 – Kiskittogisu Lake at Whiskey Jack Landing (1987-present); 
 05UB013 – Kiskitto Lake near Norway House (1971-present); 
 05UD001 – Cross Lake at Cross Lake (1918-present); 
 06UD006 – Sipiwesk Lake at Forestry Dock (1965-present); and 
 05UF003 – Split Lake at Split Lake (1954-present). 

 
Flow 
 

 05UB008 – Nelson River East Channel below Sea River Falls (1967-present). 
 
Manitoba Hydro also measures water levels in the Jenpeg forebay and measures 
discharge through the Jenpeg powerhouse and spillway. 
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Figure 2: Water Level Gauges from the outlet of Lake Winnipeg to Split Lake 
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Results 
 
Lake Winnipeg Water Level 
 
The available record of Lake Winnipeg water levels indicates that the long-term 
average water level pre-LWR was 713.4 ft (217.4 m), while the monthly average 
ranged between 709.4 ft (216.2 m) and 718.1 ft (218.9 m). The long-term average 
post-LWR level is virtually unchanged at 713.6 ft (217.5 m) (Figure 3) even though 
the post-LWR period has been wetter on average. Recent scientific literature suggests 
that climate induced changes to streamflow have increased average inflows to Lake 
Winnipeg over the past couple of decades, especially from the Red River (McCullough 
et al., 2012; Ehsanzadeh et al., 2011). The available record also shows that LWR has 
reduced the range of water levels observed on Lake Winnipeg by reducing peak flood 
levels and increasing the lowest water levels. Monthly average Lake Winnipeg water 
levels in the post-LWR period (1976-2013) range between 711.4 ft (216.8 m) and 
716.9 ft (218.5 m). However, the lake still follows a typical seasonal pattern of rising 
in the summer and falling through the winter. 
 

 
Figure 3: Observed monthly average Lake Winnipeg wind eliminated water levels 
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Lake Winnipeg Total Discharge 
 
LWR allows for regulation of the majority of Lake Winnipeg’s outflow along the 
Nelson River West Channel though operation of Jenpeg. Prior to LWR, the 
Saskatchewan Nelson Basin Board published a monthly record of total outflow from 
Lake Winnipeg from 1913-1967 (Canada, Alberta, Saskatchewan and Manitoba 1972). 
Using a similar methodology, Manitoba Hydro developed a record of total Lake 
Winnipeg outflow from 1967-1976 using the record of Lake Winnipeg water levels 
(Ad Hoc Committee on Lake Winnipeg Datum 1982) and Canadian Inland Water 
Branch rating curves (Inland Waters Branch 1969). Total outflow post-LWR is 
calculated as the sum of the total Jenpeg outflow and the flow in the East Channel of 
the Nelson River from WSC station 05UB008. The total outflow from Lake Winnipeg 
post-LWR has been higher on average in the winter and more consistent throughout 
the year (Figure 4). Although LWR can affect the seasonal timing of Lake Winnipeg 
outflows, it does not affect the long-term average. Rather, differences in hydrology 
have caused the long-term average outflow post-LWR to be 76,400 cfs (2160 cms) or 
approximately 4.4% higher than the pre-LWR average of 73,200 cfs (2070 cms). 
 

 
Figure 4: Monthly average Lake Winnipeg total outflow 
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Playgreen and Little Playgreen Lakes 
 
Prior to LWR the water level on Lake Winnipeg drove the water level on Playgreen 
Lake. Post-LWR, Lake Winnipeg remains the primary driver of water levels on the 
lake; however, some influence is now also provided by the Jenpeg forebay. Water 
level records for the south basin of Playgreen Lake at WSC station 05UB005 prior to 
LWR are only available for parts of a few summers. For this reason, station 05UB001 
(Nelson River East Channel at Norway House) on Little Playgreen Lake is used as a 
proxy for Playgreen Lake levels as it has been in operation since 1913 and water levels 
at the two locations have a strong correlation (Figure 5).  
 
Prior to LWR, the mean monthly water level on Little Playgreen Lake was 712.1 ft 
(217.0 m) and the water level range on the lake was between 708.8 ft (216.0 m) and 
716.5 ft (218.4 m). Post-LWR, the mean monthly water level is 0.5 ft (0.15 m) higher 
at 712.6 ft (217.2 m) and the water level range on the lake is reduced to between 710.4 
ft (216.5 m) and 715.4 ft (218.1 m). Lake Winnipeg outflows are 4.4% higher post-
LWR so based on the data it is not clear whether the higher mean monthly levels are 
because of LWR or wetter conditions in the post-LWR period (Figure 4). As shown in 
Figure 6, the seasonal water level pattern has remained the same.  
 
Similarly, Figure 7 shows measured post-LWR water levels since 1986 from WSC 
station 05UB005 for the south basin of Playgreen Lake compared to estimated pre-
LWR levels based on station 05UB001 and the relationship shown in Figure 5. 
 

 
Figure 5: Correlation between water levels on Playgreen and Little Playgreen Lakes 
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Figure 6: Monthly average Little Playgreen Lake water levels 
 

 
Figure 7: Monthly average south Playgreen Lake water levels 
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Nelson River East Channel Discharge 
 
Flow in the Nelson River East Channel is unregulated and remains a function of the 
upstream water level in Playgreen Lake. LWR influences flow in the East Channel 
when Jenpeg operations affect the water level on Playgreen Lake. Although WSC has 
reported flows for the Nelson River East Channel at station 05UB008 since 1967, 
WSC currently reports flows based on the water level at Little Playgreen Lake station 
05UB001 (Nelson River East Channel at Norway House). The longer record of water 
levels on Little Playgreen Lake can therefore be used as a proxy for flows along the 
East Channel. As described in the previous section, LWR reduces the range of water 
levels on Little Playgreen Lake and therefore also reduces the range of flows along the 
Nelson River East Channel. However, the seasonal pattern of Little Playgreen Lake 
water levels and East Channel flow has remained the same (Figure 6). The available 
data also indicates that East Channel flows have been slightly higher post-LWR. 
However, because the long-term average Lake Winnipeg outflow is 4.4% higher since 
regulation began in 1976, it is not clear whether higher East Channel flows are caused 
by LWR or wetter conditions in the period of record post-LWR. 
 
Kiskittogisu Lake 
 
Prior to LWR, Kiskittogisu Lake had a single inlet at the north end with water levels in 
the lake primarily influenced by a backwater effect from the Nelson River West 
Channel. The water regime of Kiskittogisu Lake changed to become a flow-through 
system with the addition of Eight-Mile Channel. Post-LWR, the Jenpeg forebay water 
level and flow in the Nelson River West Channel affect water levels on Kiskittogisu 
Lake. The pre-LWR water level record at WSC station 05UB007 includes open water 
data from 1967-1970 and data all year from 1971 to July 1975 when water levels were 
affected by the removal of the final plug in the Ominawin Bypass Channel. In this 
period, in which inflows from Lake Winnipeg were approximately 29% greater than 
the long-term average, mean monthly Kiskittogisu Lake levels averaged 710.7 ft 
(216.6 m) (range: 709.1-712.9 ft or 216.1-217.3 m). Post-LWR, water levels were 
collected on Kiskittogisu Lake at station 05UB007 from 1976 to 1987 until WSC 
relocated the gauge in 1987 to station 05UB017. The mean monthly post-LWR water 
level is 711.1 ft (216.7 m) (range: 706.2-714.2 ft or 215.3-217.7 m). Pre- and post-
LWR monthly averages in Figure 8 suggest that LWR increased the range of water 
levels on Kiskittogisu Lake, creating higher summer water levels and lower winter 
water levels. 
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Figure 8: Monthly average Kiskittogisu Lake water levels 
 
 
Kiskitto Lake 
 
WSC reports water level data for Kiskitto Lake at station 05UB013. The control 
structures operating at Kiskitto Lake maintain water levels within the natural historical 
range reported by the Lake Winnipeg, Churchill and Nelson Rivers Study Board 
(LWCNRSB) of 686.6 ft (209.3 m) and 702.0 ft (214.0 m) as shown in Figure 9 
(LWCNRSB 1975). 
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Figure 9: Kiskitto Lake daily water level duration curve compared to natural range 
from LWCNRSB 1975 report 
 
 
Jenpeg Forebay 
 
LWR increased the average water level in the Jenpeg forebay and increased the range 
of water levels from 7 ft (2.1 m) (681-688 ft) to 12 ft (3.7 m) (702-714 ft). The 
impoundment resulted in about 25 sq mi (65 sq km) of flooding, all of which is 
contained in the Jenpeg forebay which extends from Jenpeg upstream to the outlets of 
Kiskittogisu Lake (Manitoba Hydro 2007). This area experiences wetting and drying 
with varying water levels depending on water supply conditions and Jenpeg 
operations. 
 
Water levels in the Jenpeg forebay range between 702 ft and 714 ft (214.0 m and 217.6 
m) approximately 95% of the time (Figure 10). Operations differ between the open 
water and winter periods with water levels typically much higher during the open 
water period than during the winter. Water levels are above 710 ft (216.4 m) during the 
open water period 70% of the time and are below this during high flow periods to 
increase discharge out of Lake Winnipeg. Water levels are below 706 ft (215.2 m) 
during the winter period 70% of the time with higher forebay levels occurring during 
low flow periods to reduce Lake Winnipeg outflows. These high or low flow periods 
can persist over a period of years. 
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Figure 10: Jenpeg forebay daily water level duration curve 
 
 
During very low flow years, the Jenpeg forebay is generally kept higher all year to 
reduce outflows from Lake Winnipeg. This causes water levels in the channel 
upstream of Jenpeg to be higher despite the low flow conditions. Conversely, during 
high flow years when Lake Winnipeg is near or above 715 ft (217.9 m), the Jenpeg 
forebay is lowered to maximize discharge out of Lake Winnipeg as required by 
licence. As a result, despite the high flows, water levels in the Jenpeg forebay are 
lower. 
 
Cross Lake 
 
Prior to LWR, Cross Lake water levels followed a typical seasonal pattern (Figure 11) 
with generally higher levels in the summer months and lower levels during the winter 
months. The mean monthly water level was 679.7 ft (207.2 m) (range: 674.7-685.0 ft 
or 205.6-208.8 m). 
  
The LWR project altered the Cross Lake water regime by changing the seasonal timing 
of water levels and increasing water level fluctuations. The average monthly water 
level variation increased from 0.6 ft (0.2 m) pre-LWR, to 1.0 ft (0.3 m) post-LWR but 
before installation of the Cross Lake weir (1976 to 1991). Post-LWR, there are higher 
average flows and water levels in winter and lower average flows and water levels 
during summer as compared to pre-LWR conditions (Figure 11). 
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During the post-LWR period but prior to installation of the Cross Lake weir, the 
average Cross Lake water level was 678.6 ft (206.8 m), which is 1.1 ft (0.3 m) lower 
than the pre-LWR record (Figure 11). The long-term average Lake Winnipeg total 
outflow during this period was approximately 61,100 cfs (1,730 cms), 17% lower than 
the long-term pre-LWR average. Mean monthly water levels post-LWR but before 
installation of the Cross Lake weir were approximately 4 ft (1.2 m) lower during the 
mid-summer months (June to August) and over 1 ft (0.3 m) higher in the winter 
months (December to February). The lowest water levels observed during this period 
occurred during the summer and were 673.0 ft (205.1 m), 1.7 ft (0.5 m) lower than the 
lowest levels in the pre-LWR record. However, WSC did not operate station 05UD001 
from September 1933 through June 1950, which coincides with the lowest recorded 
water levels on Lake Winnipeg and would have produced very low water levels on 
Cross Lake. As part of an environmental impact assessment study completed in 1986, 
The Nelson River Group estimated that the lowest mean monthly pre-LWR water level 
would have been 673.2 ft (205.2 m) in April 1941 (Nelson River Group 1986). The 
maximum water level remained the same as the maximum pre-LWR at 685.0 ft (208.8 
m). Lower water levels and the seasonally reversed water level pattern prompted the 
Cross Lake weir discussed below. 
 
Cross Lake Weir Project 
 
The Cross Lake weir was developed to mitigate the effects of LWR by increasing the 
average water level and reducing the range of water levels on Cross Lake. 
Construction of the weir was completed in 1991 and modified the lake’s main outlet 
channels by filling in a portion of the centre channel and excavating a portion of the 
east channel. The mean monthly water level after completion of the weir rose to 681.5 
ft (207.7 m), 1.8 ft (0.5 m) higher than the pre-LWR average. The increase is partially 
attributable to the weir but also partially because since 1992 the average total Lake 
Winnipeg outflow has been 19% higher than the pre-LWR average because of wetter 
conditions. Also, since installation of the weir, the seasonality of water levels has more 
closely resembled natural conditions (Figure 11). A seasonal flow reversal is still 
found to occur in low to average flow years, while in high flow years the seasonal flow 
pattern remains similar to the natural condition (Figure 12). The Cross Lake weir helps 
to mitigate the effects of higher flows by allowing greater discharge at high lake levels 
than was possible under natural conditions (Figure 13). Installation of the weir reduced 
the magnitude of water level variations, including those experienced during the Ice 
Stabilization Program. The average monthly water level variation reduced from 1.0 ft 
(0.3 m) post-LWR prior to installation of the weir to 0.7 ft (0.2 m) with the weir, 
which is close to the pre-LWR average of 0.6 ft (0.2 m). 
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Figure 11: Monthly average Cross Lake water levels 
 

 
Figure 12: Monthly average Cross Lake water levels during high flow years 
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Figure 13: Cross Lake stage discharge relationship pre- and post-weir 
 
 
Pipestone, Walker, and Duck Lakes 
 
Pipestone Lake is located on the East Channel of the Nelson River just upstream from 
Cross Lake. Water levels on Pipestone Lake are generally a function of water levels on 
Cross Lake (Figure 14), while flow in the Nelson River East Channel also has a minor 
influence on lake levels. As a result, LWR impacts Pipestone Lake in a similar manner 
to Cross Lake. 
 
Walker Lake is located approximately 25 mi (40 km) east of Cross Lake and is 
connected to it by the Walker River. Midway along the Walker River between Cross 
Lake and Walker Lake is a set of rapids that have long been known to be reversing. 
The flow direction on Walker River depends on the elevation of Cross Lake relative to 
Walker Lake. When Cross Lake elevation is above 681 ft (207.6 m) it has a direct 
influence on the level of Walker Lake (Manitoba Hydro 1998). When Cross Lake is 
below this level, Walker Lake level is only a function of local inflows. As a result, 
LWR periodically affects Walker Lake because LWR affects the frequency, duration, 
and timing of high water level events on Cross Lake. 
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Figure 14: Monthly average Cross Lake water levels during high flow years 
 
 
Duck Lake is located downstream from Cross Lake along an area where the Nelson 
River splits into two channels, just upstream from Sipiwesk Lake. LWR would affect 
Duck Lake in a similar manner to Cross Lake because there is a relatively small 
amount of storage in the river section between the two lakes. 
 
Sipiwesk Lake 
 
Sipiwesk Lake has been affected by the Kelsey Generating Station since 1960. The 
available data presented in Figure 15 is all collected after Kelsey was in place and is 
divided into years pre- and post-LWR.  Similar to the effects on Cross Lake, LWR has 
reversed the seasonal water level pattern on Sipiwesk Lake in low to average flow 
years. Based on the available data, it would appear that the average water level on 
Sipiwesk Lake was higher prior to LWR. However, these higher water levels were the 
result of flows being approximately 25% higher in the pre-LWR period of record 
(1965-1976) when compared to the post-LWR period of record (1976-2013). Based on 
the available record of data, the Sipiwesk Lake average monthly water level variation 
increased from 0.7 ft (0.2 m) pre-LWR to 1.1 ft (0.3 m) post-LWR. 
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Figure 15: Monthly average Sipiwesk Lake water levels 
 
 
Split Lake 
 
Inflows to Split Lake are affected by operation of both LWR and the Churchill River 
Diversion (CRD). The average Split Lake water level was 547.4 ft (166.8 m) pre-
CRD/LWR. Post-CRD/LWR, the average Split Lake water level is 1.2 ft (0.4 m) 
higher at 548.6 ft (167.2 m). The seasonal pattern was changed post-CRD/LWR as the 
highest water levels typically now occur during the winter, while they used to occur 
during the summer (Figure 16). This comparison is also influenced by Lake Winnipeg 
outflows being about 12% higher in the pre-CRD/LWR period (1954-1976) as 
compared to the post-CRD/LWR period (1976-2012). As mentioned previously, recent 
flows out of Lake Winnipeg have also been high, being about 2% higher since 1992 
than the period from 1954-1976.  
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Figure 16: Monthly average Split Lake water level 
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