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HOW DO WE HANDLE MINE SITE STORMWATER RUNOFF?

 ZERO DISCHARGE MINE

 PLANT INTAKE / RECLAIM

 EVAPORATION

 LIMITED DISCHARGE MINE

 INJECTION 

 WATER TREATMENT AND DISCHARGE TO SURFACE WATER

 FREE DISCHARGE MINE

 DISCHARGE TO SURFACE WATER 

(RUNOFF IS INERT, NOT AN ENVIRONMENTAL HAZARD)



REGULATIONS & GUIDELINES

 REQUIRES CONTROL OF RUNOFF FROM AN EVENT

– 100-YEAR, 24-HOUR STORM

– 300mm, 24-HOUR STORM

• HISTORICAL DESIGN STORM FOR POTASH MINES IN SASKATCHEWAN

– 1000-YEAR, 24-HOUR STORM

– PROBABLE MAXIMUM FLOOD (PMF)

– COMBINATION OF 1000-YEAR & PMF (2/3 BETWEEN 1000-YEAR AND PMF) 

• CDA DAM SAFETY GUIDELINES, HIGH DAM CLASSIFICATION



REGULATIONS & GUIDELINES

 LOWL:     LOW OPERATING WATER LEVEL

 NOWL:    NORMAL OPERATING WATER LEVEL

 EDF: ENVIRONMENTAL DESIGN FLOOD

“THE EDF IS THE MOST SEVER FLOOD TO BE 

MANAGED WITHOUT RELEASE OF UNTREATED 

WATER TO THE ENVIRONMENT”

 IDF: INFLOW DESIGN FLOOD

“THE IDF IS THE MOST SEVERE INFLOW FOR 

WHICH A DAM AND ITS ASSOCIATED 

FACILITIES ARE TO BE DESIGNED”

 FREEBOARD 

ACCOUNTS FOR WAVE ACTION & RUNUP 

GENERATED DURING A HIGH WIND         

EVENT

EXCERPT FROM CDA TECHNICAL BULLETIN

“MINING DAMS:  APPLICATION OF 2007 DAM SAFETY GUIDELINES TO MINING DAMS”



WHAT ABOUT OTHER METEOROLOGICAL CONSIDERATIONS?

 EQUIVALENT MULTI-DAY DURATION STORM EVENTS (SASKATOON)

1: ENVIRONMENT CANADA, SHORT DURATION INTENSITY-DURATION-FREQUENCY DATA , SASKATOON, SK (SASKATOON DIEFENBAKER INT’L AIRPORT)

2: ENVIRONMENT CANADA & R.F. HOPKINSON, POINT PROBABLE MAXIMUM PRECIPITATION FOR THE PRAIRIE PROVINCES (1999), SASKATOON, SK

3: BARR ENGINEERING ESTIMATE BASED ON DAILY PRECIPITATION DATA  BETWEEN 1926 – 2011 USING EXTREME VALUE TYPE 1 DISTRIBUTION

 BEST PRACTICE: EVALUATION OF MULTI-DAY EVENTS 

NECESSARY FOR COMPLETE ASSESSMENT AT                        

ZERO DISCHARGE AND LIMITED DISCHARGE MINES

STORM EVENT 1
RAINFALL DEPTH 

(mm) STORM EVENT 2
RAINFALL DEPTH 

(mm)

50 YEAR, 24 HR 801 10 YEAR, 4 DAY 85

100 YEAR, 24 HR 941 - 952 5 YEAR, 10 DAY 93

1000 YEAR, 24 HR 1213 25 YEAR, 10 DAY 132

300mm, 24 HR 300 25 YEAR, 60 DAY 295
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50 YEAR -24 HR 100 YEAR-24 HR

1000 YEAR-24 HR 300mm - 24 HR

1,000 YR-24 HOUR (121mm)

100 YR-24 HOUR (89mm)

50 YR-24 HOUR (82mm)

300mm-24 HOUR (300mm)

WHAT ABOUT OTHER METEOROLOGICAL CONSIDERATIONS?



WHAT ABOUT OTHER METEOROLOGICAL CONSIDERATIONS?

 REGULATORY GUIDELINES ADDRESS 

STORMWATER RUNOFF

 WHAT ABOUT DROUGHT CONDITIONS?

 NOT REGULATED BY A GOVERNING AGENCY

 CRITICAL FROM AN OPERATIONS PERSPECTIVE 

 POND SIZING

 STAGE STORAGE

 INTAKE PUMP INVERT ELEVATION

WHAT IF THIS WAS A MINE WATER STORAGE AREA?



WHAT ABOUT OTHER METEOROLOGICAL CONSIDERATIONS?

CONSIDERATIONS

 REGULATIONS & GUIDELINES

 LONG DURATION STORMS

 DRY / DROUGHT CONDITIONS

 FACILITY OPERATION CHANGES



WATER BALANCE MODELING

 PURPOSE

– SUPPLEMENT EVENT BASED MODELS

– EVALUATE PERFORMANCE DURING A VARIETY OF SEASONAL WEATHER PATTERNS

– ADDRESS FACILITY OPERATION CHANGES

– HELP MINE STAFF MAKE INFORMED OPERATING DECISIONS 

 MODEL TYPES

– SPREADSHEETS 

• EASY TO USE

• READILY AVAILABLE

• KNOWLEDGE TRANSFER BETWEEN CLIENT AND CONSULTANT

– GOLDSIM MODEL

• RISK ANALYSIS / MONTECARLO SIMULATION 



WATER BALANCE MODELING
(MODEL NEEDS)

 DELINEATED WATERSHED

 POND STAGE STORAGE INFORMATION 

 SITE COVER TYPES

 TAILINGS PROPERTIES AND CHARACTERISTICS (i.e. VOID RATIO)

 SYSTEM INPUTS AND OUTPUTS 

 CLIMATE DATA (PRECIPITATION, EVAPORATION)

 INJECTION / DISCHARGE DATA

 PLANT RECLAIM & DISCHARGE DATA

 GROUNDWATER INFORMATION (INCLUDING LOCATIONS OF SLURRY WALLS, 

TRENCHES)



WATER BALANCE MODELING – SYSTEM INPUTS & OUTPUTS



WATER BALANCE MODELING – SYSTEM INPUTS & OUTPUTS (EXAMPLE)



 WHERE DOES THE 

WATER GO?

 HOW BIG ARE THE                                                              

CONTRIBUTING 

WATERSHEDS?

 WHAT ARE THE   

COVER TYPES?

WATER BALANCE MODELING – PRECIPITATION / RUNOFF



WATER BALANCE MODELING –STORAGE

 TAILINGS STORAGE

 POND STORAGE 

 A STAGE STORAGE CURVE RELATES VOLUME TO ELEVATION 

 CURVES ARE UNIQUE TO EACH POND & VARY WITH AREA, DEPTH 

 y = POND ELEVATION

 x = POND VOLUME
y = -1.34E-11x2 + 1.98E-05x + 5.26E+02

525

526

527

528

529

530

531

532

533

534

535

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000

E
L
E
V

A
T

IO
N

 (
m

)

VOLUME (m3)



 INPUTS (WATER ADDITIONS)

– PRECIPITATION 

• 74 YEARS OF DAILY PRECIPITATION                                                                                  

(SOURCE INFO FROM ENVIRONMENT 

CANADA)

– PLANT DISCHARGE

• FACILITY RECORDS

• MEASURE FLOWS AT PIPE OUTLETS

• CALIBRATION USING KNOWN

INPUTS AND OUTPUTS

WATER BALANCE MODELING – INPUTS AND OUTPUTS



WATER BALANCE MODELING – INPUTS AND OUTPUTS

 SYSTEM OUTPUTS (LOSSES)

 EVAPORATION

 DAILY DATA OBTAINED TO ESTIMATE POND LOSSES                                           

(SOURCE INFO FROM ENVIRONMENT CANADA)

 OVER 20mm DAILY EVAPORATION POSSIBLE IN SUMMER MONTHS

 BRINE INJECTION

 HISTORICAL INJECTION RATES REFERENCED IN MODEL



WATER BALANCE MODELING
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DAILY WATER BALANCE MODELING – MODEL OUTPUT

TOP OF DAM

INFLOW DESIGN FLOOD (IDF)  &  ENVIRONMENTAL  DESIGN FLOOD (EDF)

NORMAL OPERATING WATER LEVEL (NOWL)

LOW OPERATING WATER LEVEL (LOWL)
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MISSING PRECIPITATION DATA

LARGEST ONE DAY EVENT

JUNE 5, 1932

102mm PRECIPITATION

WETTEST YEAR

MAY 1954 – MAY 1955

776mm PRECIPITATION

(AVG. PRECIPITATION ~370mm)

WETTEST MONTH  - 227mm PRECIPITATION

AUGUST 2002 

WETTEST 3 MONTHS - 419mm PRECIPITATION

JUNE 9, 2002 – SEPTEMBER 7, 2002



 MINE STAFF CAN USE MODEL TO ASSIST WITH DAILY OPERATIONS

WATER BALANCE MODELING – PRACTICAL APPLICATION



MINE WATER MANAGEMENT – TAKE HOME POINTS

 REGULATORY GUIDELINES REQUIRE CONSIDERATION OF A SINGLE PRECIPITATION 

EVENT; HOWEVER, SINGLE EVENTS DO NOT ALWAYS TELL THE FULL STORY.

 AT LIMITED DISCHARGE FACILITIES, MORE FREQUENT, EXTENDED-DURATION 

PRECIPITATION EVENTS CAN RESULT IN LARGER RUNOFF VOLUMES THAN SINGLE 

DAY PRECIPITATION EVENTS.

 CONSIDERATION OF DROUGHT AND / OR DRY SEASONS IS NEEDED TO ENSURE 

MINING PROCESSES ARE NOT INTERRUPTED.



MINE WATER MANAGEMENT – TAKE HOME POINTS

 DAILY WATER BALANCE MODELING IS A GREAT TOOL FOR SUPPLEMENTING EVENT 

BASED MODELS BY EVALUATING LONG-TERM CLIMATE PATTERNS. 

 CALIBRATION OF HISTORIC POND DATA CAN HELP AVOID CREATING OVERLY 

COMPLEX MODELS THAT CONSIDERS ALL OF THE PLANT PROCESS FLOWS.



MINE WATER MANAGEMENT – QUESTIONS?


