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Executive Summary
The Herbert Source Water Protection Plan Committee was formed to ensure that residents of the town and water users will have a safe and abundant supply of drinking water now and into the long term future. The committee identified the risks to both of the surface water and ground water that make up the town’s water supply. After the risks were identified, the committee then scored the likelihood of the event happening and the consequences of the event after it happened. These scores were then combined to determine the rankings for each of the potential risks identified. Once the potential risks of contamination to the water supply were ranked, management actions to eliminate or mitigate the risks were identified.
One of the risks that were identified was the use of surface water to ensure that the water consumption needs of Herbert were met. The management actions that were identified to eliminate or mitigate this risk was the development of a water use plan to determine the blend of surface and ground water and water quality sampling to determine the quality of the surface water going into the water treatment plant.
The plan that was developed is a preliminary plan designed to be a starting point for Herbert to set the blend of surface and ground water sources. Using a water sampling protocol to determine quality of the surface water used and the effects of the reservoirs and canals in the system that gets water to the treatment plant and information on water usage, this plan can be fully developed in consultation with water quality and water treatment experts considering water treatment and usage legislation and regulations.
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1. Introduction
This preliminary water use plan is a result of the work of the Herbert Source Water Protection Planning Committee. Community Source Water Protection is one approach to prevent contamination of a community’s source water, including both surface and ground water sources. Source Water Protection (SWP) is a core component of Watershed Planning led by Water Security Agency (WSA). In 2016 WSA contracted Swift Current Creek Watershed Stewards (SCCWS) to perform rapid risk assessments on source water for communities in the Swift Current Creek Watershed and Southwestern Saskatchewan. The rapid risk assessment of the Town of Herbert’s source water showed that their supply was at risk of contamination. After reviewing the results of this assessment the Town of Herbert decided to undertake SWP with the assistance of SCCWS to protect and improve both ground and surface water sources it uses to supply drinking water to its residents. 
Source Water Protection is the first step in the multi-barrier approach (MBA), which the Canadian Council of Ministers of Environment (CCME) defines as a “integrated system of procedures, processes and tools that collectively  prevent or reduce the contamination of drinking water from source to tap in order to reduce risks to public health” (2002). The other barriers in the MBA include effective treatment, maintenance of the water distribution system, monitoring and emergency response planning. As the first step in the MBA, SWP is an essential component of any strategy to prevent or reduce contamination risks to a water system.
2. Town of Herbert and its Water Supply
The Town of Herbert is located in the Rural Municipality of Morse in southwestern Saskatchewan. It is on the #1 Highway about 50 kilometres east of Swift Current and 200 kilometres west of Regina. According to the Saskatchewan Municipal Directory Herbert’s population in 2017 was 856 people.
Herbert uses both surface water and ground water for its drinking water supply. The water supply was surface only until 2011, when water quality issues moved the town to drill water wells and upgrade the Water Treatment Plant (WTP) to treat this ground water. However, the wells do not supply enough good quality water during times of peak usage. In order to supply enough good quality water during peak use periods, the ground water is supplemented with surface water. However, high levels of organic matter in the surface water cause the filters of the Reverse Osmosis (RO) units in the WTP to become plugged, reducing the efficiency of the plant and increasing costs to replace the filters. 
The ground water that Herbert uses is pumped into the WTP from a dug-out north of the town. For this report this will be referred to as the Herbert Dug-out. Herbert owns the land immediately adjacent to the dug-out. This dug-out is 466.2 dam3 in size. The catchment area of this dug-out is approximately 580 acres. This dug-out is filled as required by a six kilometer long pipeline from an Agriculture and Agri-Food Canada controlled reservoir west of Herbert. For this report this will be referred to as the Herbert Reservoir. This reservoir is 2,700 dam3 in size. Herbert Reservoir also supplies water to irrigation adjacent to it. There is 1,667 acres that are irrigated, with the potential to use 1,350 dam3 worth of water each year. There is some local run-off into the reservoir with a catchment area of approximately 640 acres.  Most of the water in this reservoir comes from Highfield Dam southwest of Herbert via the Herbert Main Canal. This is a 26 kilometre canal that runs through cropland, pasture and tame forage and also supplies water for the Rush Lake Irrigation District. The canal is used in late May-early June and late July-early August depending on irrigation needs and water levels within the Herbert Reservoir.
Highfield Dam is supplied by Rush Lake Creek and some local run-off. If there is not enough water in Highfield Dam to supply Herbert’s drinking water needs and irrigation requirements, water levels in Highfield Dam can be augmented by water from the Swift Current Creek Watershed via the Swift Current Main Canal. This canal is 30 kilometres long, running from Swift Current to Highfield Dam and also supplies water to the Waldeck Irrigation District and some individual irrigation projects. Due to the increased rainfall in the last number of years, water levels in Highfield Dam have been sufficient to meet these needs. This has meant that no water has been moved from the Swift Current Creek to Highfield Dam since the spring of 2010.
The system that supplies surface water to Herbert is complex and covers a large area. In order to determine the impact that the waterbodies and canals have on water quality, a water quality testing regimen needs to be developed to work in conjunction with this preliminary water use plan. This regimen will not only determine the water quality of each waterbody and the impact of the quality of water going into the Water Treatment Plant, it will also identify when water quality is at its peak and at its lowest for each part of the system.  This will allow the WTP operators to make decision on water use based not only on water needs but also on the quality of water going into the WTP.
Agriculture is the main land use along the entire system supplying surface water to Herbert. Upstream of Highfield Dam there is native forage immediately adjacent to Rush Lake Creek, with crop land next to the native forage. Around Highfield Dam there is a mix of cropland, native forage and seeded forage. The Herbert Main Canal has mostly native forage next to the canal, along with some seeded forage and a small amount of cropland. Herbert Reservoir is surrounded by cropland, native pasture and center pivot irrigation. The largest land use in the drainage area for the Herbert Dug-out is cropland.
The Herbert Dug-out experiences some algal growth in summer, despite aeration in the dug-out. This algal growth contributes to the increased organic matter in the surface water which in turn causes issues with the RO filters in the WTP. The algal growth is treated with copper sulphate as required. Herbert has started to experiment with hydrogen peroxide treatment of the Herbert Dug-out. The results of this trial have yet to be determined and the tests will continue into the spring. 
SCCWS did complete some sampling and testing of the water at some of the waterbodies that hold surface water used by the Town of Herbert. Testing was to be completed to assess water quality as well as the potential for organic matter growth however miscommunication with the laboratory meant that samples collected in the fall of 2017 were only tested for chlorophyll and water quality parameters that are part of the well water quality monitoring panel. The early onset of winter meant that no further sampling was possible in 2017.
This sampling was completed to help determine the area to be studied in the SWP plan. Samples were taken at Highfield Dam, Herbert Reservoir, Herbert Dug-out and Rush Lake Creek upstream of the inlet into Highfield Dam. The results of the sampling showed that the water in the Herbert Dug-out was generally high quality. The only parameter that did not meet the Saskatchewan Drinking Water Guidelines was Sulfate at 511.5 mg/L as the guideline is 500 mg/L.
Water quality tends to improve as it moves from Highfield Dam to the Herbert Reservoir. This is likely due to reduced water levels in the waterbodies from less run-off and recharge during a dry and hot summer. 
The wells that supply the groundwater are all deep wells being 200 to 400 feet deep. In the 225 metre radius around these wells is mostly municipal development including the town rink and elementary and high school.
The Town of Herbert does not regularly test the raw groundwater that it uses in the WTP. The water was tested in 2009 and 2010 before the wells were placed into service. The water quality of these wells is generally good quality with some excursions from the Saskatchewan Drinking Water Quality Standards and Objectives. The water from the well next to the water treatment plant has levels of the following that are higher than the objectives; total alkalinity, aluminum, iron, manganese, zinc and pH. The water from wells #2, #3 and #4 have levels of iron, sodium and total alkalinity that are higher than what are listed in the Saskatchewan Drinking Water Guidelines. In comparison to the surface water from the dug-out, the well water has higher levels of total alkalinity, bicarbonate, chloride, fluoride and sodium and lower levels of sulfate, total hardness, nitrogen, calcium, magnesium and potassium. Overall there is not much difference in the quality of the two sources of water; however the differences in the constituents of the water can cause issues with the WTP in terms of finding the most efficient method of water treatment. 
During the Source Water Protection Planning process, the blending of surface water and ground water to meet demands was noted as one of the risks to Herbert providing a safe and abundant supply of water to its residents. This plan is part of the management actions identified by the committee to eliminate or mitigate the risks involved in the blending of the two water sources. The plan that is developed in this document is a preliminary plan to assist the Water Treatment Plant to determine how much of each water source to use at different times during the year. This plan is being developed to be flexible enough so that when more information is gained about water quality and water usage the plan can be modified.  
3. Methodology 
This water use plan is based on the following parameters in order of importance as determined by the Source Water Protection Planning Committee during the planning process.
1. Daily pumping capacity of the wells 
2. Storage capacity at the WTP
3. Daily water usage 
4. Capacity of WTP
5. Water quality especially of the surface water source
During the preparation of the water use plan, SCCWS reviewed the 2017 daily water usage provided by the Town of Herbert to determine the time frame that groundwater could be used as the sole source. Once this time frame was determined, surface water is added to the mix to meet the demands of the town at a given time.
From correspondence with the WTP operator the pumping capacity of the wells is 40-45 gallons per minute which is 150 to 170 liters per minute. The daily pumping capacity of the wells is 280,000 liters per day (See Appendix B for calculations). From the January to May the daily water use is near this amount or slightly above. The amount of ground water available is not enough to solely meet demands, so some surface water needs to be added in. January 1 to May 1 the water blend should be 85% ground water and 15% surface water. The storage capacity of the Water Treatment Plant is 1,133,000 liters which at peak consumption is less than three full days of storage. With this amount of storage the Town of Herbert cannot comfortably use only groundwater and rely on stored water.
The daily usage chart supplied by Herbert shows that water usage starts to increase during the long weekend in May as residents start to plant gardens and water lawns. For the month of May until the long weekend the water use ratio should be 75% groundwater and 25% surface water to allow for the town to prepare for the increased use over the long weekend. After the long weekend to June 10th the ratios should be 60% ground water 40% surface water. 
At the end of May and beginning of June the Herbert Reservoir is filled with water from Highfield Dam during the irrigation period at Rush Lake Irrigation Project. In most years this is completed by June 5th. Therefore the Herbert Dug-out should be filled from the Herbert Reservoir around June 10 to ensure that the water pumped to the Dug-out is good quality. The replenishment of the water into the Herbert Reservoir from Highfield Dam should improve the quality of the water opposed to the water that has been in the Reservoir all fall and winter. The catchment area of the Herbert Reservoir is too small to rely on run-off to improve water quality in the spring. From June 10th to August 10th the ratio of water used should be 55% groundwater and 45% surface water. The dug-out should again be filled from the reservoir around August 10th after the second time water is ran into the Herbert Reservoir from Highfield Dam.
The ratio of water use from August 10th to September 10th should be 60% groundwater and 40% surface water. September 10th to October 31st use a ratio of 80% groundwater and 20% surface water. From November 1st to December 31st the mix should be 85% groundwater and 20% surface water.

4. Table 1: Planned Water Use Ratios for the Town of Herbert
	Start Date
	End Date
	Percent Groundwater
	Percent Surface Water

	January 1
	April 30
	85%
	15%

	May 1
	Approximately May 18 (Start of Long weekend)
	75%
	25%

	May 19 
	June 9
	60%
	40%

	June 10
	August 9
	55%
	45%

	August 10
	September 9
	60%
	40%

	September 10
	October 31
	80%
	20%

	November 1
	December 31
	85%
	15%



5. Results and Analysis

For this preliminary plan the percentage of use of each water source at a given time is based on how much water is needed during that time period. The percentage of the surface water used was selected to ensure that there is enough water to match the average daily water use during that time of the year. The treatment process used by the WTP is designed for groundwater. The intake and use of surface water may create issues with the WTP. It is imperative that the surface water used be kept to a minimum with enough coming in to ensure that supply needs are met. This ensures that the Water Treatment Plant will treat enough water to supply the daily needs while maintaining efficient water treatment. This will also ensure that there is sufficient water for 2 or 3 days if the WTP is inoperable. 

If possible water should be only pumped into the dug-out from the Herbert Reservoir twice a year after water has finished running into the Herbert Reservoir from Highfield Dam. This should improve water quality in the Herbert Reservoir by replacing possibly stagnant water with a supply of fresher water. This will improve the water quality in the Herbert Dug-out by pumping in higher quality water. Implementation of a water testing regimen will help to determine if water quality will be improved, and by what factor it is improved, by pumping in water after the Herbert Reservoir has been refreshed. Testing will also pinpoint the time when water quality is the highest in the Herbert Reservoir to be pumped to the dug-out. Water in the reservoir needs to be tested before it is pumped to the dug-out.

The Herbert Reservoir becomes home to many geese and ducks during their fall migration. This may cause some water quality issues in the fall so all water pumping from the Herbert Reservoir to the Herbert Dug-out should be completed before this occurs and not again until more water is run into the reservoir. Again water testing before and after the arrival of the birds will help to determine their impact on water quality.

A water sampling and testing regimen is being developed to help to determine the water quality in the system that supplies surface water to the Town of Herbert and how it changes along the length of the system. These changes to water quality may change the percentage of each water source used and when they are used. It is important that the water use plan incorporates the water sampling results as they may show that the quality of the surface water is such that more can be used during times of peak use. This would also help to offset any possible increases in water consumption and population.

6. Conclusions

Groundwater alone is insufficient to supply the water needs of the Town of Herbert even during the winter months when consumption is lower, so surface water needs to be added to the system. The amount added increases during the summer months when consumption increases. Unfortunately the summer months is when the organic matter levels are the highest in the surface water coming from the Herbert Dug-out and this interferes with the efficient operation of the WTP’s RO system.

This water use plan is a preliminary plan based on information provided by the Town of Herbert and recommendations from the Herbert Source Water Protection Planning Committee. This plan is intended to be a starting point for the WTP operators to find a blend of surface and ground water in the WTP that ensures that water demands are met while the plant is operating efficiently. Further development of this water use plan needs to be mindful of legislation and regulations around municipal water treatment plants. To ensure that all regulatory requirements are met, the operators of the Herbert WTP need to involve experts in water management, water treatment and water quality when developing a long-term water use plan.

Water conservation education and incentives should be implemented to help alleviate issues with the need for more surface water to be added to the system in summer. This will also reduce pressure on the WTP to treat enough water to meet daily needs and will improve its efficiency.

The Town of Herbert should continue to investigate methods to pre-treat surface water in the Herbert Dug-out to improve the efficiency of the Water Treatment Plant when using surface water.  

The Town of Herbert should investigate the costs of more treated water storage and the effect on water quality on water that has been stored for a longer period of time.






































Appendix A: 2017 Daily Water Usage Town of Herbert as prepared by the operators of the Herbert WTP
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Appendix B: Calculation of Daily Pumping Capacity of Wells Used by Town of Herbert

Pumping Capacity of Well per Town of Herbert = 40 to 45 gallons per minute

40 gallons per minute X 60 minutes per hour = 2,400 gallons per hour X 24 hours per day = 57,600 gallons per day

57,600 gallons per day X 4.5461 liters/gallon = 261,855 liters/day

45 gallons per minute X 60 minutes per hour = 2,700 gallons per hour X 24 hours per day = 64,800 gallons per day

64,800 gallons per day X 4.5461 liters/gallon = 294,588 liters/day

Average pumping capacity = 280,000 liters/day
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2017 Daily Water Usage Town of Herbert

Reported in Liters per Day

January Feb March April May June July August Sept Oct Nov Dec

1 267,800 272,882 278,200 271,582 310,700 448263 505,812 442,472 472,602 268,982| 283,046 236,600
2 269,100 285,055 275,480 263,663 279,500] 425,455 455,941 373,572 461,731 306,800| 223,584] 226,200
3 312,592 299,702 323,700 352,300 334,100| 536,424 407,610] 351,590 291,551 261,300 284,700 235,773
4 308,692 257,384 237,310 308,100 331,382| 533,000 597,646 415292 283,280 375,463 260,463] 260,473
5 270,400 263,900 244,400 297,700 350,055| 428,763 589,018 459,255 392,600 352,656| 240,500 265,673
6 281,392 257,163 335,046 298,528 300,773| 649,648 392,837 504,873 348,400 303,373| 292,500 241,800
7 261,537 278,200 270,400 296,400 303,490 574,363 404,538| 598473 325,000 256,692| 249,600 263,900
8 293,092 273,592 261,300 300,825 307,155| 431,838 604,500 448,146 318,500 262,600| 258,700 281,158
9 318,973 289,782 305,263 260,711 326,303| 358,800 577,555 413,283 358,800 322,282| 279,500 260,355
10 291,082 281,982 317,200 299,000 350,059 475,093 473,201 363,051 383,500 279,382| 293,800 234,000
11 291,200 288,365 274,773 287,300 348,758 376,883 479,583 364,112 354,900 310,700| 248,300 272,290
19 319,801 270,163 280,090 327,600 313,300 379,482 496,128 480,171 442,000 262,600| 250,900 281,158
13 331,971 323,346 306,800 312,000 294,273 397,210 403,946 374,990 349,700 247,772| 309,400 262,600
14 292,500 296,992 300,066 605,800 268,273 393,786 424,746 340,718 380,194 291,416| 338,000 255,273
15 312,356 283,384 286,828 258,700 357,975 335,755 529,575| 402,882 309,873 228,446| 322,400 297,700
16 330,200 272,875 278,556 302,900 313,182 302,073 574,955 401,582 276,663 312,120 271,701 243,443
17 282,101 322,616 302,661 276,900 329,018 346,982 593,628 399,220 366,363 258,228| 271,582 161,200
18 320,038 242,861 321,779 286,000 338,829 464,455 569,282| 353,483 358,800 224,665| 230,100 268,390
19 307,746 262,480 259,173 289,900 378,063 407,965 621,520 411,390 386,100 271,818| 223,600 232,700
20 356,675 339,775 314,128 320,746 328,548 516,337 405,837| 424,510 239,200 249,600] 275,600] 243,100
21 312,000 289,663 322,755 244,990 351,355 437,392 546,933| 354663 266,500 209,182 243,100 236,600
27 331,500 299,000 308,220 321,571 421,438 567,982 612,404] 520,710 318,141 257,400| 260,475 267,918
23 387,282 306,800 313,063 292,500 425,100 444,956 556,282| 507,710 282,100 288,363 262,010 252,200
24 327,600 301,361 303,492 295,100 403,000 486,673 410,328 348163 306,446 254,800| 292,500 280,090
25 317,673 250,182 270,400 265,200 302,900| 565,380 644,800 399,692 379,363 258,700| 271,453 208,000
26 278,200 272,766 296,990 286,000 323,465 475,210 530,400] 482,063 392,955 238,610| 152,573 209,300
27 328,192 304,671 344,975 299,000 361,400| 561,482 422,500| 522,363 349,700 280,446 299,473 258,700
28 265,082 316,490 322,873 291,200 404,122 440,463 444,600 407,256 336,700 233,292| 240,500 278,200
29 312,000 0 336,937 291,200 449,565 413,743 552,500] 491,400 316,729 226,200| 257,163 339,890
30 325,000 0 317,673 0 497,428 388,206 596,700 467,763 293,563| 305,500( 271,700 227,500
31 258,463 0 338,356 o] 482,655 0 426,520 358,801 0| 227,382 o] 211,900
9462237.2| 8003431.8 9248887.7 8803416.7 10886162.3| 13564061| 15851824.3| 13183650| 10341958| 8426769| 7958924| 7794085

2017 Total Usage = 123525405.9 Liters or 123,525 m’

27171730.91 Imp. Gallons
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