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Abstract:  Flood hazard identification forms the foundation of any strategy to manage the risk associated with floods by defining the area of concern. Alberta has been producing flood hazard mapping studies since the early 1970’s.  The flood hazard studies were initially provided to communities as information to support development planning.  After signing the Flood Damage Reduction Program (FDRP) agreement with the federal government in 1989, the process was formalized through designation by the various levels of government.    Since the termination of the FDRP agreement in 1999, designation has proceeded under the provincial Water Act and flood hazard identification has continued as a provincial program.

Many communities across Alberta have completed flood hazard identification studies.  This information is available in a variety of ways including a GIS based website.  Every year additional flood hazard studies are completed for vulnerable communities across Alberta.  After each major flood event, data is collected specifically to support future studies and updates to existing studies.

Flood hazard identification mapping is a useful tool for reducing flood damages but it has its limitations and does not address all potential flooding issues.  Selection of a design flood can be complicated, especially when flows are regulated by a dam or series of dams upstream or if ice jams are a potential concern.  
This paper presents the history of flood hazard identification in Alberta, challenges in defining the flood risk area, policies related to dykes, accuracy issues, local acceptance, the responsibilities of the various levels of government and methods of conveying flood information,.  Despite its limitations, flood hazard identification has resulted in increased public safety and reduced flood damages in Alberta.
Key Words: flood hazard, flood risk
1. Introduction

Flooding is a problem in Alberta.  Over the past 15 years, there was major flooding in High River, Pincher Creek, Lethbridge and Medicine Hat and area (1995), Fort McMurray and Peace River were flooded by ice jams (1997), and High River, Okotoks, Calgary, Sundre, Rocky Mountain House, Red Deer and Drumheller and area suffered severe flooding (2005).  Flooding represents one of the largest expenses for Disaster Financial Assistance.  For example, the 2005 flood resulted in over $165 million in Disaster Financial Assistance payments and four deaths.

To assist Albertans in reducing flood losses, Alberta Environment supervises the production of flood hazard mapping studies for flood prone areas.  Flood hazard mapping studies are undertaken to define the flood hazard for the design flood for a community. This information can then be used by local governments when making development and planning decisions.

In this article, flooding is defined as overland flow from a water body such as a river or lake caused by excessive flow or an ice jam.  Flooding caused by drainage problems, storm water, structural failures or water table problems is not addressed.

2. history

Alberta has produced flood hazard mapping studies since the 1970’s.  In 1989 Alberta signed “An Agreement Respecting Flood Damage Reduction and Flood Risk Mapping in Alberta” (FDRP) with the federal government to cost share flood hazard identification studies among other efforts to increase public safety and awareness to reduce flood damages.  A list of 66 communities requiring flood hazard identification studies was drawn up as part of that agreement.  The agreement was terminated in 1999 without completing flood hazard identification studies for all the communities on the list.  Since then, Alberta Environment has continued to produce flood hazard identification studies for the remaining communities on the list.  As of March 31, 2008, 46 studies have been completed.  

Since the FDRP agreement has been terminated for several years, Alberta Environment decided to review the flood hazard program to produce new guidelines.  It was also an opportunity to compile policies and review the standard operating procedures that had been used.

3. defining the flood hazard area
The simplest way of avoiding flood damages is to not have flood vulnerable development in flood prone areas.  The first step in this process is to identify the area of concern.  The flood hazard area is the area of land that will be flooded during the design flood event.  Once this area is defined, the flood hazard area is typically divided into two zones, the floodway and the flood fringe.  In some circumstances, where there is not enough information to delineate two zones, one zone mapping will be created where, for development purposes, the entire flood hazard area is treated as floodway.  Figure 1 shows the flood hazard area for a typical community with the floodway and flood fringe zones defined.

The floodway is defined as the area within which the entire design flood can be conveyed while meeting certain water elevation rise, water velocity and water depth criteria.  The floodway typically includes areas where the water is 1 metre deep or greater, the local velocities are 1 m/s or faster or if the river were encroached, the water level rise would be 0.3 m or more.  

The flood fringe is that part of the flood hazard area that has relatively shallow water (less than 1 metre deep) with lower velocities (less than 1 m/s) under encroached conditions.  Technically it is that part of the flood hazard area that is not included in the floodway.  The final flood elevations on the flood hazard maps assume that the entire flood fringe has been filled in and all the flow is conveyed by the floodway (Figure 1).  This is a forward looking assumption that considers the possibility that development will eventually fill in the entire flood fringe, as permitted in the guidelines.
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                                    Figure 1:  Aerial view of a typical 2-zone flood hazard area divided into the floodway and flood fringe (based on CAFDRP, 1989).

4. Data Collected to Support Flood Hazard Maps

Various data are collected to calibrate and check the hydraulic models used to delineate the flood hazard area.  These data document historic flood events that are used to calibrate the hydraulic model.  Being able to verify a hydraulic model increases our confidence in the final results.  
4.1 High-water Mark Information

High-water marks refer to evidence denoting the maximum water elevations at a specific location for a particular river flow of interest.  Alberta Environment surveys high-water marks after significant flood events along reaches of interest.  Local governments, residents, railways and Alberta Infrastructure and Transportation are also potential sources of high-water mark data.  High-water marks are used to calibrate the hydraulic model.

4.2 Aerial Photography

Aerial flood photographs may be ordered by the province whenever a significant flood event occurs.  They provide an historical record of past floods and can be used to calibrate the hydraulic model.  Currently Alberta Environment arranges for aerial flood photography and Alberta Sustainable Resource Development is the custodian of aerial photos.  
4.3 Rating Curves

If there are gauging stations in the reach being studied, the rating curves can also be used in model calibration.  The gauging stations record water levels that are converted to discharges using the rating curves.  Rating curves show the relationship between the water surface elevation and the discharge, based on measurements taken at the gauge (Figure 2).  By comparing historic rating curves, the relative stability of a reach can be evaluated.  


[image: image2.wmf]0

1

2

3

4

5

6

0

200

400

600

800

1000

1200

1400

Flow in the Red Deer River at Red Deer, m

3

/s

Gauge Height., m

Curve 24

Curve 25

Curve 26

Curve 27

2005 Measurements

 Figure 2:  Historic rating curves for the Red Deer River at Red Deer for the period January 1, 1998 to 2007.  Note the natural variation between the rating curves.

4.4 Historic Information

Historic newspaper articles, photos and personal recollections can provide useful information on historic floods.  Usually they are used to confirm how large an historic flood was.  Sometimes individuals can remember how high the water rose during an historic flood at certain locations and this information can be used to help calibrate the flood model.

5. design flood

The flood event used to delineate the flood hazard map is called the design flood.  The design flood is a flood that may occur in any year, due to open water or ice jam flooding, with a certain probability of occurrence or exceedence. The chosen flood allows for the estimation of the risk of a certain location being flooded.  There are larger, less frequent floods and smaller, more frequent floods.  The design flood is chosen to balance the risk of flooding with the desire for development. Alberta’s Flood Hazard Identification Program uses the 1:100 year return period open water flood (the flood that has a one per cent chance of being equalled or exceeded in any one year) or the 1:100 year return period ice jam water elevation, if an ice jam is used as the design event, as the standard benchmark for flood management policies.  A flood with a 100 year return period is also referred to as the 1:100 year flood and as being a 1:100 frequency event.  Once a discharge or elevation is chosen, it is then referred to as the design discharge or design elevation for the flood hazard identification study.  Other provinces have used other floods as the design flood.  A summary of the standards used across Canada under the FDRP is summarized in Table 1.  Table 1 shows that while there was some variation in the design flood and floodway definitions, the standards were fairly consistent across Canada.
As discussed in the previous paragraph, for most buildings in Alberta, the minimum flood hazard is the 1:100 year return period flood.  However, for public facilities that perform a function of significant importance to the health, safety and welfare of a community, a lower level of risk may be appropriate.  For public facilities that are considered to be “Lifelines,” facilities that perform a function of significant importance to the health, safety and welfare of a community, a lower level of risk is warranted.  Lifeline Structures, such as administration buildings, essential roads etc. are recommended to have at least a 1:500 year return period (0.2 per cent probability of annual occurrence) level of flood protection. Vital Lifeline Structures, such as hospitals, are recommended to have a 1:1000 return period year (0.1 per cent probability of annual occurrence) level of flood protection.  Following these standards will increase the likelihood that, during a serious flood event, vital infrastructure will still be able to operate (Alberta Infrastructure, 2001).  

Table1:  Definitions of regulatory floods and floodways for various Canadian jurisdictions during the Flood Damage Reduction Program.

	Province/Territory
	Regulatory Flood Return Period
	Definition of Floodway

	
	
	

	B.C.
	1:200
	the natural channel plus a minimum 30 m setback.



	Alberta
	1:100
	Hydraulic1

	Saskatchewan
	1:500
	Hydraulic1

	Manitoba
	1:100
	Hydraulic1

	Ontario
	1:1002
	1:100

	Quebec
	1:100
	1:20

	New Brunswick.
	1:1003
	1:20

	Nova Scotia
	1:1003
	1:20

	P.E.I.
	1:1003
	1:20

	Newfoundland and Labrador
	1:1003
	1:20

	N.W.T
	1:100
	Hydraulic1

	Nunavut
	1:100
	Hydraulic1

	
	
	


Notes:

1. The hydraulic criteria uses 1 m depth, 1m/s velocity or 0.3 m water level rise

2. Ontario uses the Hurricane Hazel rainfall, the Timmins storm and the 1:100 elsewhere

3. The Atlantic provinces may also use a historic event provided the water levels are higher than the 1:100 flood

 In Alberta the design flood magnitude is usually based on natural flows.  Dams in the province are typically operated for flow augmentation or hydroelectric power generation purposes.  These objectives are not consistent with flood control as the reservoirs would usually be managed to meet their primary objectives and to ensure the safety of the structures.  During a flood event, the provincially operated dams will be operated to dampen the flood peaks if possible, but unless they have dedicated flood storage, it is not possible to predict what effect they will have on flood flows for planning purposes.  

6. dykes
Dykes are barriers constructed to prevent surface water from rivers or lakes from flooding surrounding lands.  Often dykes are earth berms but they can also be constructed of concrete and other materials. In Alberta’s program, any dyking present is generally assumed to be ineffective and the flooded area behind the dyke would be considered floodway or flood fringe.  This is a conservative assumption but it reflects the potential flood hazard if the dykes were to fail.  Alberta Environment’s policy has been that dykes are constructed to protect existing development and not to create development opportunities on vacant flood prone land.  Consequently it is recommended that any new development constructed behind a dyke should also be floodproofed.  It should be noted that although dykes may prevent surface waters from causing flood damages, the water table will still rise in response to river or lake levels.  This rise in the water table may result in basements and other underground structures being flooded.  

7. DEsignation

Designation is the formal acknowledgement of the flood hazard area by the local and provincial governments.  It also marks the official commencement of any policies related to flood management within the flood hazard area by the provincial government.  Under the Water Act, proclaimed on January 1, 1999, the Minister of the Environment may designate a flood hazard area and specify acceptable land uses within the flood hazard area.  Section 96 of the Water Act describes this power to designate a flood hazard area, subject to the regulations.  Once an area is designated as a flood hazard area the local government is expected to take the flood hazard into account when approving development, zoning or writing bylaws. 
Under the Flood Damage Reduction Program (1989 to 1999), designations were made with both the federal and provincial ministers for the Environment authorizing the designation.  These designations had the same purpose as the present provincial ones and they are recognized by the present program.

7.1 Implications of Designation of a Flood Hazard Area

Designation is a formal term used by the provincial government that accomplishes two purposes:

1. It documents the acceptance by all levels of government of the areal extent of the flood hazard area; and

2. It signals the initiation of specific actions and policies by the provincial and municipal governments.

After a flood hazard area is designated the provincial government:

· will ensure that provincial departments and agencies will not construct any developments in the designated flood hazard area that are vulnerable to flood damage;

· will ensure that provincial departments and agencies do not cost share any developments in the designated flood hazard area that are vulnerable to flood damage;

· will encourage the local authorities to impose land use restrictions that prohibit development vulnerable to flood damage within a designated flood hazard area or, where appropriate, make such development subject to floodproofing requirements; and

· may restrict disaster recovery compensation programs such that no funding is available for costs or losses incurred as the result of a flood within any designated flood hazard area if the development was initiated after the date of designation, unless such a development was adequately floodproofed.

The municipality, as the responsible agency for regulating development within its area of jurisdiction, is charged with ensuring that new development conforms to the zoning and development guidelines.  Conformity to the development guidelines will minimize future flood damages and thus future disaster recovery compensation payments and increase public safety.  As of 2008, the Minister of Environment has not used his authority to determine land use within a local government’s jurisdiction, as it is assumed that the local governments will make responsible decisions.  
8. Frequently asked questions

When flood hazard studies are produced, there are sometimes questions or objections to them.  Three issues that have commonly arisen in the past are the impact of the maps on land values, the accuracy of the flood hazard mapping and elevations and the definition of a 1:100 year flood event.

8.1 Property Values
One concern that sometimes arises is that the flood hazard map may cause devaluation of the lands that are identified as flood prone as potential buyers may see them as less desirable.  Affected landowners sometimes feel that they should be compensated for this perceived drop in value.  However, the flood hazard maps simply identify an existing risk, that is present whether it is recognized or not.  

8.2 Accuracy

There are two issues in terms of accuracy, the accuracy of the calculated water elevations and the accuracy of the location of the flood lines on the maps.

Generally the calculated water elevations associated with flood hazard mapping are considered to be accurate within 0.5 m or less.  When floodproofing a structure it is recommended that a freeboard is added to the elevation to provide an additional element of security.  The freeboard accounts for uncertainties introduced as part of the hydraulic modelling, changes in the river channel (see Figure 2) and land settlement.  The recommended free board is 0.5 metres.

The floodlines on the flood hazard maps have a planning level of accuracy.  The lines are drawn where the calculated water surface intersects the ground surface represented on the map.  Given that the maps to delineate flood lines generally have an accuracy of plus or minus half a contour interval, 90% of the time, trying to locate the flood line to the nearest millimetre is not appropriate.  A ground survey will give a much better approximation of the flood line on a property. It is also important to note that beyond the flood line, the water table may rise in response to flood levels in a river or lake.  Consideration should be given to restricting development below the design flood elevation to avoid water table problems associated with the river or lake level.

8.3 1:100 year Flood
The design flood for Alberta is the 1:100 year return period flood.  The 1:100 year flood refers to a flood that has a one percent chance of being equaled or exceeded in any one year.  It does not mean that it only occurs once every one 100 years or that once it occurs, an area is safe from it occurring for 100 years.  Each year has the same probability of a 1:100 year flood (1%).  Similarly, a 1:500 year return period flood is the flood that has a 0.2 percent chance of being equaled or exceeded in any one year.
9. education

If the public understands their risk from flooding, then they will be able to take appropriate individual action in response to flood warnings.  These actions, coordinated with those of their neighbours and the rest of the community, will reduce flood damages and reduce the risk of loss of life.

The availability of flood hazard information increases the awareness of flood issues in a community.  Open houses on designation days and at other times offer opportunities for the public to learn about flood hazards in their communities.  By keeping individuals fully informed on these issues, the various levels of government can expect a better response from members of the public in the event of a flood.  Alberta Environment will continue to provide support to local governments after designation on flooding issues.

Flood hazard maps and other information are available on the Alberta Environment website at http://www3.gov.ab.ca/env/water/flood/index.html.  Visitors can either zoom in on an area of interest to see what information is available, or chose a community from the drop down menu.  At a scale of 1:20,000 or larger, the design flood elevations are visible; and at a scale of 1:10,000 or larger, the lot lines are visible.  Figure 3 shows a sample screen at a scale of 1:10,000 showing both the design flood elevations and the lot lines.   There is also an e-mail contact for further questions.
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Figure 3:  Sample screen shot from the Flood Risk Map Information website.
10. Conclusions

The Flood Hazard Identification Program was designed to assist Alberta municipalities to plan for appropriate development in their jurisdictions.  Alberta Environment supervises the production of the maps and sets standards.  The Flood Hazard Identification Program acts to:

· identify flood prone areas and minimize the risks and costs associated with flooding; 

· provide guidelines for the use/non-use of flood prone lands; and
· increase public awareness of the flood hazard in their communities.

When the flood hazard maps are used appropriately in a community, the effect will be increased personal safety and reduced property damages. This will result in safer communities.
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				Measurements										Rating Curve
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				2/8/02 8:24		1.208		0.02						1.97		0.9

				3/11/02 14:50		1.11		0.69						2.2		0.91

				4/15/02 5:10		1.922		10.5						2.44		0.92

				5/13/02 7:15		1.07		5.36						2.67		0.93

				6/17/02 8:05		0.967		2.88						2.81		0.935

				7/15/02 9:10		0.896		0.909						3.65		0.965

				8/19/02 8:50		0.851		0.514						6.47		1.065

				9/30/02 8:45		0.879		1.13						7.75		1.1

				11/4/02 9:00		0.965		0.791						10.8		1.182

				11/26/02 9:30		1.013		0.823						11.6		1.2

				1/6/03 10:00		1.225		0.119						16		1.3

				2/4/03 14:45		1.246		0.015						20.9		1.4

				3/3/03 9:30		1.118		0.03						26.5		1.5

				3/20/03 9:10		2.042		17.353						32.8		1.6

				4/1/03 8:44		1.656		13.2						39.5		1.7

				4/7/03 12:20		1.345		3.88						47		1.8

				4/28/03 9:10		1.39		18.8						48.2		1.819

				6/16/03 9:35		0.979		3.04						55.1		1.9

				7/28/03 9:05		0.87		0.836						63.5		2

				9/15/03 8:55		0.876		0.73						72		2.1

				11/7/03 11:15		0.952		0.688						81.5		2.2

				12/11/03 11:00		1.089		0.231						91		2.3

				1/7/04 15:10		1.264		0.032						100.5		2.4

				2/4/04 15:50		1.12		0.03						110		2.5

				3/1/04 9:00		1.274		0.027						119.5		2.6

				3/23/04 10:35		1.58		2.49						128		2.686

				4/5/04 8:35		1.505		6.84						129.2		2.7

				4/19/04 8:50		0.951		2.49						139		2.8

				5/17/04 8:15		1.025		3.96						139.001		2.801

				7/8/04 12:05		1.288		9.51						175		3.092

				8/16/04 8:15		1.104		3.58						200		3.291

				10/4/04 8:45		1.004		2.27						225		3.48

				11/1/04 9:35		1.046		1.13						250		3.66

				12/8/04 14:05		1.052		0.382						275		3.832

				1/6/05 15:30		1.128		0.396						300		3.997

				2/3/05 8:40		1.207		0.359						325		4.156

				2/23/05 9:19		1.532		0.817						350		4.31

				3/10/05 14:43		2.883		25.436						375		4.46

				3/15/05 15:09		1.278		11.287						400		4.604

				4/6/05 7:58		1.235		10.8						500		5.148

				5/2/05 13:18		0.97		2.952						600		5.643

				6/9/05 9:15		2.128		81.29						700		6.102

				6/19/05 11:30		2.615		132						1000		7.322

				7/12/05 12:48		1.18		9.154

				8/25/05 11:45		1.547		29.427

				9/13/05 6:38		2.365		99.6

				10/27/05 10:45		1.1		7.87

				12/8/05 14:30		1.07		2.32

				1/5/06 12:40		1.19		1.76

				1/26/06 9:10		1.193		1.44

				2/23/06 11:33		1.258		0.952

				3/30/06 10:16		1.869		12.89

				4/11/06 10:04		1.306		15.248

				4/26/06 14:41		0.973		4.987
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Rating Curve

measurements

Q, m3/s

Gauge Ht, m

Little Red Deer River nr. Mouth
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Red Deer at Red Deer

		

				Table 24						Table 25						Table 26						Table 27								Measurements

				Jan. 1 1998 to Dec. 31 2000						Jan. 1 2001 to Dec. 31, 2002						Jan. 1 2003 to Dec. 31, 2004						Jan. 1 2005 to present

				H		Q				H		Q				H		Q				H		Q						Reading Date		Corr Mgh		Discharge		Plot

				0.9		0				1		8				1		8.2				1		8.2						7/14/05 7:51		1.515		44.768		No

				1.13		11.5				1.11		12.4				1.1		11.5				1.1		11.5						4/28/06 9:53		1.636		67.7		No

				1.4		27.7				1.12		12.85				1.2		15.9				1.2		15.9						1/6/05 14:28		1.652		15.13		No

				1.52		36.6				1.19		16				1.25		18.6				1.25		18.6						2/7/05 15:45		1.688		14.376		No

				1.61		45.2				1.2		16.5				1.3		21.6				1.3		21.6						2/1/06 14:21		1.691		17.6		No

				1.71		56.6				1.26		19.5				1.35		25.4				1.35		25.4						2/21/06 12:40		1.706		15.7		No

				1.84		74.3				1.27		20.05				1.375		27.5				1.375		27.5						1/5/06 14:25		1.726		16		No

				1.92		86.3				1.3		21.7				1.4		29.7				1.4		29.7						2/23/05 13:56		1.76		15.582		No

				2.04		106.1				1.4		27.7				1.45		34.6				1.45		34.6						4/7/05 10:49		2.171		129.2		No

				2.2		135				1.47		32.6				1.5		40				1.5		40						6/10/05 12:10		2.865		292.185		No

				2.3		155				1.52		36.6				1.55		46				1.55		46						9/13/05 11:48		3.23		398.98		No

				2.4		176				1.56		40.2				1.6		52.4				1.6		52.4						6/19/05 14:44		5.328		1315.4		No

				2.5		201				1.61		45.2				1.65		59.25				1.65		59.25

				2.6		230				1.67		51.8				1.7		66.5				1.7		66.5

				2.7		261				1.71		56.6				1.75		73.5				1.75		73.5

				2.8		293				1.76		63.1				1.8		80.75				1.8		80.75

				2.9		325				1.84		74.3				1.85		88				1.85		88

				3		357				1.92		86.3				1.9		95.25				1.9		95.25

				3.1		391				1.98		95.9				1.95		103				1.95		103

				3.2		426				2.04		106.1				2		111				2		111

				3.3		462				2.19		133.1				2.05		119				2.05		119

				3.4		500				2.2		135				2.1		127				2.1		127

				3.5		539				2.3		155				2.15		135				2.15		135

				3.6		578				2.35		165				2.2		143				2.2		143

				3.7		618				2.4		176				2.25		152.5				2.25		152.5

				3.8		658				2.45		188				2.3		162.5				2.3		162.5

				3.9		700				2.5		201				2.4		182.5				2.4		182.5

				4		744				2.55		215				2.5		202.5				2.5		202.5

				4.1		789				2.6		230				2.55		215				2.555		215

				4.2		834				2.65		245				2.6		230				2.62		230

				4.3		879				2.7		261				2.65		245				2.7		250

				4.4		924				2.75		277				2.7		261				2.78		270

				4.5		985				2.8		293				2.75		277				2.862		292.19

				5		1275				2.85		309				2.8		293				3.15		370

				5.5		1575				2.9		325				2.85		309				3.25		400

				6		1900				2.95		341				2.9		325				3.375		440

				6.5		2260				3		357				2.95		341				3.5		480

				7		2750				3.05		374				3		357				3.7		550

				7.5		3090				3.1		391				3.05		374				4.05		680

				8		3530				3.2		426				3.1		391				4.375		810

				8.5		4000				3.3		462				3.2		426				4.75		970

				9		4540				3.4		500				3.3		462				5.25		1190

				9.5		5080				3.5		539				3.4		500				5.625		1360

				10		5700				3.6		578				3.5		539				5.9		1490

										3.7		618				3.6		578				6.275		1670

										3.8		658				3.7		618				6.444		1800

										3.9		700				3.8		658				6.614		1900

										4		744				3.9		700				6.781		2000

										4.1		789				4		744				6.944		2100

										4.2		834				4.1		789				7.103		2200

										4.3		879				4.2		834				7.258		2300

										4.43		1000				4.3		879				7.41		2400

										4.587		1100				4.4		924				7.56		2500

										4.736		1200				4.548		1000				7.706		2600

										4.877		1300				4.743		1100				7.85		2700

										5.012		1400				4.93		1200				7.991		2800

										5.14		1500				5.11		1300				8.13		2900

										5.264		1600				5.283		1400				8.267		3000

										5.383		1700				5.45		1500				8.401		3100

										5.497		1800				5.612		1600				8.534		3200

										5.608		1900				5.77		1700				8.664		3300

										5.715		2000				5.922		1800				8.792		3400

																6.071		1900				8.919		3500

																6.216		2000				9.044		3600

																6.357		2100				9.167		3700

																6.496		2200				9.289		3800

																6.631		2300				9.409		3900

																6.763		2400				9.527		4000

																6.893		2500

																8		3500





Red Deer at Red Deer
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Curve 24

Curve 25

Curve 26

Curve 27

2005 Measurements
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Medicine River nr. Eckville

		

				Table 13								Measurements

				Jan. 1, 1999 to present

				H		Q						Reading Date		Corr Mgh		Discharge		Plot

				0		0						9/20/01 9:35		1.165		0.337		No

				1.15		0						8/27/02 14:00		1.184		0.208		No

				1.23		0.898						7/16/02 9:30		1.186		0.324		No

				1.25		1.1						5/4/04 10:12		1.195		0.603		No

				1.34		2.13						9/30/02 10:05		1.197		0.285		No

				1.4		2.9						10/31/01 16:25		1.206		0.649		No

				1.47		3.87						7/31/03 7:15		1.211		0.248		No

				1.56		5.21						11/2/00 9:00		1.258		0.668		No

				1.63		6.32						11/28/01 9:10		1.27		0.481		No

				1.69		7.31						5/8/01 7:00		1.273		1.23		No

				1.78		8.86						6/13/01 7:50		1.274		1.44		No

				1.85		10.1						8/24/00 14:30		1.288		1.54		No

				3.6		44.7						6/10/03 16:10		1.295		1.28		No

				3.7		47						10/28/03 12:00		1.297		0.522		No

				3.8		49.3						6/1/04 10:56		1.303		1.172		No

				3.9		51.6						12/4/02 8:20		1.31		0.35		No

				4		54						7/14/05 12:20		1.324		1.629		No

				4.1		56.4						10/29/99 13:00		1.325		1.74		Yes

				4.2		58.8						10/30/02 12:35		1.334		0.886		No

				4.3		61.3						12/1/04 8:05		1.338		0.541		No

				4.4		63.9						8/12/99 8:30		1.35		2.41		Yes

				4.5		66.5						6/5/02 14:51		1.359		2.25		No

				4.6		69.7						12/19/01 9:10		1.376		0.353		No

				4.7		73.1						12/3/03 9:13		1.379		0.28		No

				4.8		76.6						11/29/00 9:05		1.379		0.642		No

				4.9		80.2						12/13/99 10:35		1.38		0.523		Yes

				5		84						5/2/06 14:34		1.383		2.837		No

				5.1		87.9						8/31/04 10:49		1.402		1.043		No

				5.2		91.9						5/4/05 9:30		1.406		3.417		No

				5.3		96						12/7/05 9:00		1.408		0.545		No

				5.4		100.3						7/25/01 8:10		1.419		2.99		No

				5.5		105						1/6/05 8:38		1.472		0.418		No

				5.6		110						10/25/05 11:31		1.484		3.33		No

				5.7		115						1/4/00 10:00		1.486		0.437		Yes

				5.8		121						8/23/05 12:43		1.49		2.863		No

				5.9		127						1/9/02 9:20		1.505		0.209		No

				6		134						10/26/04 12:13		1.528		2.706		No

				6.1		141						1/9/03 8:55		1.535		0.127		No

				6.2		148						7/6/04 13:24		1.548		3.629		No

				6.3		156						1/4/01 9:10		1.552		0.386		No

				6.4		164						5/10/00 8:00		1.553		5.57		Yes

				6.5		173						9/21/04 11:09		1.566		2.688		No

				6.6		183						1/5/06 9:00		1.572		0.52		No

				6.7		193						4/19/01 15:00		1.58		4.52		No

				6.8		204						2/6/02 9:05		1.59		0.198		No

				6.9		216						1/31/05 14:40		1.614		0.365		No

				7		228						1/31/01 8:46		1.625		0.264		No

				7.1		241						2/21/05 13:39		1.633		0.55		No

				7.2		254						2/27/02 12:50		1.634		0.274		No

				7.3		268						2/1/06 8:21		1.672		0.533		No

				7.4		282						2/5/03 9:30		1.672		0.129		No

				7.5		296						3/27/02 9:25		1.673		0.29		No

				7.501		296.001						1/8/04 9:26		1.693		0.125		No

				7.516		300						2/28/00 10:40		1.709		0.407		Yes

				7.81		350						2/21/06 8:00		1.712		0.321		No

				8.069		400						2/5/04 8:29		1.733		0.48		No

				8.302		450						2/24/03 15:20		1.736		0.217		No

				8.513		500						3/1/01 8:15		1.739		0.224		No

				8.706		550						3/1/04 14:48		1.747		0.212		No

				8.886		600						8/5/04 14:20		1.831		5.35		No

				9.053		650						3/28/06 13:18		1.875		0.609		No

				9.21		700						4/11/00 13:00		2.04		4.99		Yes

				9.358		750						4/6/04 9:22		2.074		3.402		No

				9.498		800						4/11/06 7:28		2.119		14.788		No

												3/26/03 14:30		2.166		2.145		No

												4/16/02 8:30		2.199		1.86		No

												3/22/01 12:40		2.437		2.63		No

												5/2/02 10:00		2.494		22.9		No

												4/29/03 11:52		2.81		29.423		No

												4/4/00 9:50		2.902		13.1		Yes

												9/12/05 13:28		4.038		56.9		No

												4/8/05 8:20		4.419		67.49		No

												4/2/03 10:50		4.627		36.376		No

												4/11/03 7:30		5.305		94.242		No

												4/5/05 15:07		5.454		68.6		No

												7/13/00 14:40		5.538		110		Yes
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Q, m3/s

Gauge Ht., m

Medicine River nr. Eckville

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




