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SAINT MARY CANAL SYSTEM HYDROPOWER FEASIBILITY STUDY

INTRODUCTION

The Blackfeet Tribe requested HKM Engineering Inc. evaluate the hydropower potential
associated with delivering water through the five drops on the Saint Mary Canal System. The
Blackfeet Tribe and the Montana DNRC entered into a Memorandum of Agreement on June 7,
2006 to conduct a study to determine the feasibility of incorporating hydropower generation
facilities within the existing St. Mary Canal System on the Blackfeet Reservation as part of the
rehabilitation of those facilities.

The existing irrigation water diversion and conveyance facilities were originally designed for a
canal capacity of 850 cubic feet per second (cfs). Due to several years of deterioration and
degradation of the irrigation facility infrastructure, the existing canal capacity has decreased to
650 cfs to 725 cfs, depending on canal location. The “safe” operating capacity below the St.
Mary River siphon is about 650 cfs because of the slides and sloughing of the earthen canal
embankment. The maximum “safe” diversion rate is about 725 cfs when the seepage from the
diversion dam to the St. Mary River siphon is accounted for. The highest measured flow rate at
the St. Mary River siphon has been 678 cfs during the last ten years. Figure 1 depicts the basic
components of the St. Mary Diversion Facilities and illustrates the general location of the five
drop structures where the potential hydroelectric facilities would be located.

The Thomas, Dean & Hoskins, Inc. (TD&H) August 2006 Report, “St. Mary Diversion Facilities
Feasibility and Preliminary Engineering Report for Facility and Rehabilitation” outlines three
alternatives for the five drop structures for the Saint Mary Canal. The three drop structure
alternatives are: Replacement In-Kind with concrete chute and terminal drop structures;
Replacement with Modified Configuration with either concrete chute and USBR Type 111 stilling
basins or concrete pipe drop and impact-type energy dissipater; and Replacement with
Hydropower-Ready Configuration. The preliminary design and estimated costs for each of the
three drop structure alternatives analyzed by TD&H are presented in the August 2006 Report.

The 1921 International Joint Commission Order and current Procedures Manual identifies the
baseline parameters upon which water can be diverted from the St. Mary River under current
river allocation rules between the United States and Canada. Projected divertable flows to the
project were developed by Montana Department of Natural Resources and Conservation
(DNRC) for this study using 700 cfs and 850 cfs canal capacities.

Appraisal level capital costs for the turbines, steel pipelines (penstocks), and related
hydroelectric equipment are estimated for specific development alternatives. Construction costs,
including the transformers, and switching gear were determined and evaluated against the net
annual power revenue from generation. The Total Incremental Costs for the St. Mary Canal
Hydropower Alternatives at canal capacities of 700 cfs and 850 cfs were calculated by
subtracting the Total Irrigation System Installed Cost (without hydropower) from the Total
Hydropower System Installed Cost.
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Two of the hydropower alternatives analyzed have one hydropower facility with a total of three
turbines at each site. One hydropower alternative evaluated has three hydropower facilities with
three turbines at each site for a total of nine turbines. The three turbine configuration was
utilized at each hydropower facility in order to maximize generation given the flow variability of
the Saint Mary Canal. The following sections of this report identify three alternatives which
exhibit varying degrees of hydropower development potential. Costs and conclusions/
recommendations are presented at the end of this report. Contact was made with the Bureau of
Reclamation Power Division, Great Plains Region, and some private small hydropower project
developers to obtain general guidelines for project feasibility. See Appendix D, General
Hydropower and Hydrology Information, for details.

SAINT MARY CANAL SYSTEM — TD&H ALTERNATIVE

This hydropower alternative evaluates the potential of hydroelectric generation associated with
the TD&H alternative proposed in their August 2006 report, “St. Mary Diversion Facilities
Feasibility and Preliminary Engineering Report for Facility and Rehabilitation”. This alternative
consists of relocating 9,500 feet of the St. Mary Canal and bypassing Drop Structures 1 through
4. A single drop structure with three penstocks from the end of the realigned canal to the
downstream end of the existing Drop No. 4 is proposed to maximize head for hydropower
generation. The inlet of the single drop structure with three penstocks would be designed to be
“Hydropower Ready” or bifurcate for future hydropower development.

Figures 2 and 3, developed by Turner, Collie, and Braden for TD&H, present the basic
components of the TD&H Hydropower Alternative for the St. Mary Canal System. The
elevation difference between the point of diversion and the three Turbines at Drop 4 is about 160
feet.

Water supply estimates used for power generation calculations were developed using the
following criteria:

1. Study Period: Water Years 1980 — 2004
2. Natural Flow St. Mary River at International Boundary — Natural Flows developed by

Montana DNRC.

3. Canadian Share of St. Mary River — Canadian Share of St. Mary River developed by
Montana DNRC.

4. U.S. Share of St. Mary River — U.S. Share of St. Mary River developed by Montana
DNRC.

5. Net Storage Gain (Release) from Sherburne Reservoir — Based on historical end-of-
month storage minus previous month end-of-month storage; historical end-of-month
contents for Lake Sherburne from USGS Water Resources Data books.

6. St. Mary River Flow Available for U.S. Diversions (1921 IJC Order) — Equal to U.S
Share of St. Mary River minus Net Storage Gain or Release for Lake Sherburne.

7. Historical Diversions to St. Mary Canal — USGS gage records for gage 05018500, St.
Mary canal at St. Mary Crossing, near Babb, Montana. Compiled by HKM.
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8. Divertable Flow at 700 cfs St. Mary Canal Capacity — Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,388 Acre-Feet per Day, whichever is less.

9. Divertable Flow at 850 cfs St. Mary Canal Capacity - Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,686 Acre-Feet per Day, whichever is less.

10. Seepage loss to Drop 1 from Saint Mary River Siphon is 2 percent of gaged flow
based on Bureau of Reclamation records.

11. Irrigation season is April 1 to October 31 as per 1921 1JC Order.

Power Generation  Table 1 in Appendix A summarizes the results of this hydropower
alternative. This tabulation documents the water delivered to the turbines for each month during
water years 1980-2004 study period, based on the criteria noted above. The turbine flows in CFS
were calculated from the power water supplied (acre-feet). The head in feet for the turbine was
determined, the overall turbine/generator/hydraulic efficiency utilized was 70 percent, and the
power constant of 0.085 was utilized to obtain generation in kW. After the generation was
determined, the operating time was calculated at 95 percent per month operational time in hours,
and the kW generation multiplied by the operating hours resulted in total turbine generation in
kWh for each month of the study. During the non-irrigation season, the operating hours for the
turbines was set to zero.

Results The following summaries reflect the results of the water supply and power generation
assessments completed for the TD&H hydropower alternative.

Saint Mary Canal at 700 cfs Canal Capacity Option- TD&H Alternative

Turbine Specifications — TD&H Alternative — 700 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs)  Monthly Flow (cfs) Monthly Flow (cfs)
Drop 4 160 0 275 686

Turbine Capacity — TD&H Alternative — 700 cfs Canal Capacity

Turbine Max Monthly kW Min Monthly kW Avg Monthly kW
Drop 4 6,529 0 2,621

Turbine Generation- TD&H Alternative — 700 cfs Canal Capacity

Turbine Max Monthly kWh Min Monthly kWh Avg Monthly kWh
Drop 4 4,616,055 0 1,630,869
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Saint Mary Canal at 850 cfs Canal Capacity Option — TD&H Alternative

Turbine Specifications — TD&H Alternative — 850 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs) Monthly Flow (cfs) Monthly Flow (cfs)
Drop 4 160 0 284 833

Turbine Capacity — TD&H Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kW Min Monthly kW Avg Monthly kW
Drop 4 7,928 0 2,705

Turbine Generation- TD&H Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kWh Min Monthly kWh Avg Monthly kWh
Drop 4 5,605,210 0 1,684,831

Conclusions — TD&H Alternative

The two major contributing factors to the feasibility of hydropower generation are the head and
flow. For the 700 cfs canal capacity option, at 160 feet of head and an average flow of 275 cfs,
the average monthly generation is 1,630,869 kWh for a total average annual generation of about
19,570 MWh. The capacity of the turbines ranges from 0 kW to 6,529 kW due to the high
variability of the power water available, ranging from 0 cfs to 686 cfs (canal capacity). Sizing
of the turbines will be dependent on the monthly flow variability, flow duration curve, and the
economic viability of the capital cost of construction for the capacity in kW versus generation in
kwh. Maximum flow design would result in three turbines sized at a total capacity of 6,529 kW.
Maximum flow design is utilized in this hydropower evaluation because the turbine/generator
system is located on a canal system and must accommodate the maximum flow without any
bypass flow.

For the 850 cfs canal capacity option, at 160 feet of head and an average flow of 284 cfs, the
average monthly generation is 1,684,831 kWh for a total average annual generation of about
20,218 MWh. This is only 648 MWh more than the 700 cfs canal capacity option. The capacity
of the turbines ranges from 0 kW to 7,928 kW due to the high variability of the power water
available, ranging from 0 cfs to 833 cfs (canal capacity). Sizing of the turbines will be
dependent on the monthly flow variability, flow duration curve, and the economic viability of the
capital cost of construction for the capacity in kW versus generation in kWh. Maximum flow
design would result in turbines sized at a total capacity of 7,928 kW, which is 1,399 kW more
than the 700 cfs canal capacity option.
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SAINT MARY CANAL SYSTEM — HKM ALTERNATIVE

The HKM Alternative has three penstocks and turbines for Drop 1 to Drop 3 with 89.95 feet of
head, three penstocks and turbines for Drop 4 with 66.14 feet of head, and three penstocks and
turbines for Drop 5 with 56.60 feet of head. No parallel Drop/Chute structures are to be
constructed for bypass flows during load rejection. Full irrigation water supply will be delivered
through the forebays, penstocks, and afterbays with automatic valves and wicket gates when the
Turbines are not generating.

Load rejection must be considered when selecting the type of turbines for the hydropower
system. Pelton turbines are an impulse type turbine with a fixed nozzle and moving buckets.
For a Pelton turbine, a hinged deflector plate is utilized between the jet flow from the nozzle and
the bucket to divert flow to the draft tube when load rejection occurs. Francis turbines are a
reaction type turbine that combines radial flow and axial flow concepts. For a Francis turbine,
the flow of water to the turbine runner must be shut off for load rejection. For river/reservoir
hydropower systems, flow to the Francis turbine is shut down when load rejection occurs and the
reservoir and surge tanks store the water flow until the unit is back on-line or a bypass valve is
opened at the turbine. For pipeline/canal hydropower systems, flow to the Francis turbine has to
be shut down when load rejection occurs and a bypass at the pipeline/canal intake structure with
a parallel pipeline/canal system can be utilized to continue to deliver water as proposed for the
preceding TD&H Alternative. Another alternative to the parallel pipeline/canal system for load
rejection at a Francis turbine is to install a bypass valve at the turbine that is opened by a
synchronous gravity-activated counter-weight system, as proposed for this hydropower
alternative.

Figure 4 presents the basic components of the HKM Hydropower Alternative for the St. Mary
Canal System.

Water supply estimates used for power generation calculations were developed using the
following criteria:

1. Study Period: Water Years 1980 — 2004
2. Natural Flow St. Mary River at International Boundary — Natural Flows developed by

Montana DNRC.

3. Canadian Share of St. Mary River — Canadian Share of St. Mary River developed by
Montana DNRC.

4. U.S. Share of St. Mary River — U.S. Share of St. Mary River developed by Montana
DNRC.

5. Net Storage Gain (Release) from Sherburne Reservoir — Based on historical end-of-
month storage minus previous month end-of-month storage; historical end-of-month
contents for Lake Sherburne from USGS Water Resources Data books.

6. St. Mary River Flow Available for U.S. Diversions (1921 1JC Order) — Equal to U.S
Share of St. Mary River minus Net Storage Gain or Release for Lake Sherburne.

7. Historical Diversions to St. Mary Canal — USGS gage records for gage 05018500, St.
Mary canal at St. Mary Crossing, near Babb, Montana. Compiled by HKM.

-8-
E:\Final Hydropower Report\StMaryHydropower2007.doc
6/15/2007 @ 10:39:01 AM







8. Divertable Flow at 700 cfs St. Mary Canal Capacity — Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,388 Acre-Feet per Day, whichever is less.

9. Divertable Flow at 850 cfs St. Mary Canal Capacity - Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,686 Acre-Feet per Day, whichever is less.

10. Seepage loss to Drop 1 from Saint Mary River Siphon is 2 percent of gaged flow
based on Bureau of Reclamation records.

11. Irrigation season is April 1 to October 31 as per 1921 1JC Order.

Power Generation Table 2 in Appendix B summarizes the results of this hydropower
alternative. This tabulation documents the water delivered to the three hydropower sites with
nine turbines for each month during water years 1980-2004 study period, based on the criteria
noted above. The turbine flows in CFS were calculated from the power water supplied (acre-
feet). The head in feet for each turbine was determined, the overall turbine/generator/hydraulic
efficiency utilized was 70 percent, and the power constant of 0.085 was utilized to obtain
generation in kW. After the generation was determined, the operating time was calculated at 95
percent per month operational time in hours, and the KW generation multiplied by the operating
hours resulted in total turbine generation in kWh for each month of the study. During the non-
irrigation season, the operating hours for the turbines was set to zero.

Saint Mary Canal at 700 cfs Canal Capacity Option — HKM Alternative

Turbine Specifications — HKM Alternative — 700 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs) Monthly Flow (cfs) Monthly Flow (cfs)

Drops 1-3 90 0 275 686
Drop 4 66 0 275 686
Drop 5 57 0 275 686

Turbine Capacity — HKM Alternative — 700 cfs Canal Capacity

Turbine Max Monthly kW Min Monthly kW Avg Monthly kW
Drops 1-3 3673 0 1474
Drop 4 2693 0 1081
Drop 5 2326 0 934
-10 -

E:\Final Hydropower Report\StMaryHydropower2007.doc
6/15/2007 @ 10:39:01 AM




Monthly Turbine Generation - HKM Alternative — 700 cfs Canal Capacity

Turbine Max Monthly KwWh Min Monthly kWh Avg Monthly kWh
Drops 1-3 2,596,531 0 917,364

Drop 4 1,904,123 0 672,734

Drop 5 1,644,470 0 580,997

Saint Mary Canal at 850 cfs Canal Capacity Option- HKM Alternative

Turbine Specifications — HKM Alternative — 850 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs)  Monthly Flow (cfs) Monthly Flow (cfs)

Drops 1-3 90 0 284 833
Drop 4 66 0 284 833
Drop 5 57 0 284 833

Turbine Capacity — HKM Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kW Min Monthly kW Avg Monthly kW
Drops 1-3 4460 0 1518

Drop 4 3270 0 1113

Drop 5 2824 0 962

Monthly Turbine Generation — HKM Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kWh Min Monthly kWh Avg Monthly kWh
Drops 1-3 3,152,931 0 947,717
Drop 4 2,312,149 0 694,993
Drop 5 1,996,856 0 600,221
- 11 -
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Conclusions — HKM Alternative

The two major contributing factors to the feasibility of hydropower generation are the head and
flow. For Drops 1-3 turbines and the 700 cfs canal capacity option, at 90 feet ( 27.4 m) of head
and an average flow of 275 cfs and maximum design flow of 686 cfs, the average monthly
generation is 917,364 kWh for a total average annual generation of about 11,008 MWh. For
Drop 4 turbines and the 700 cfs canal capacity option, at 66 feet (20.1 m) of head and an average
flow of 275 cfs, the average monthly generation is 672,734 kWh for a total average annual
generation of about 8,073 MWh. For Drop 5 turbines and the 700 cfs canal capacity option, at
57 feet (17.4 m) of head and an average flow of 275 cfs, the average monthly generation is
580,997 kWh for a total average annual generation of about 6,972 MWh. The three hydropower
sites with nine turbines have a combined average annual generation of about 26,053 MWh

The combined capacity of each hydropower site ranges from 0 kW to 3,673 kW due to the high
variability of the power water available, ranging from 0 cfs to 686 cfs (canal capacity). Sizing
of the turbines will be dependent on the monthly flow variability, flow duration curve, and the
economic viability of the capital cost of construction for the capacity in kW versus generation in
kwh. Maximum flow design would result in a combined capacity of 8,692 kW for the nine
turbines at the three hydropower sites.

For Drops 1-3 turbines and the 850 cfs canal capacity option, at 90 feet (27.4 m) of head and an
average flow of 284 cfs, the average monthly generation is 947,717 kWh for a total average
annual generation of about 11,373 MWh. For Drop 4 turbines and the 850 cfs canal capacity
option, at 66 feet of head and an average flow of 284 cfs, the average monthly generation is
694,993 kWh for a total average annual generation of about 8,340 MWh. For Drop 5 turbines
and the 850 cfs canal capacity option, at 57 feet of head and an average flow of 284 cfs, the
average monthly generation is 600,221 kWh for a total average annual generation of about 7,203
MWh. The three hydropower sites with nine turbines have a combined average annual
generation of about 26,916 MWh and this is only 863 MWh or 3.3% more than the 700 cfs canal
capacity option.

The combined capacity of each hydropower site ranges from 0 kW to 4,460 kW due to the high
variability of the power water available, ranging from 0 cfs to 833 cfs (canal capacity). Sizing
of the turbines will be dependent on the monthly flow variability, flow duration curve, and the
economic viability of the capital cost of construction for the capacity in KW versus generation in
kwh. Maximum flow design would result in a combined capacity of 10,554 kW for the nine
turbines at the three hydropower sites. This is 1,862 kW more capacity than the 700 cfs canal
capacity option.

For the 700 cfs canal capacity option, the HKM Hydropower Alternative with the three
hydropower sites and nine turbines generate a combined average annual generation of about
26,053 MWh compared to the average annual generation of about 19,570 MWh for the TD&H
Hydropower Alternative. The HKM Hydropower Alternative generates 6,483 MWh more than
the TD&H Hydropower Alternative on an annual basis for the 700 cfs canal capacity option, an
increase of 33 percent. For the 850 cfs canal capacity option, the HKM Hydropower Alternative
with the three hydropower sites and nine turbines generates a combined average annual
generation of about 26,916 MWh compared to the average annual generation of about 20,218
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MWh for the TD&H Hydropower Alternative. The HKM Hydropower Alternative generates
6,698 MWh more than the TD&H Hydropower Alternative on an annual basis for the 850 cfs
canal capacity option, an increase of 33 percent. The HKM Hydropower Alternative would
require additional capital cost for the three hydropower sites over the TD&H Hydropower
Alternative with one hydropower site. The feasibility of the increased generation by 33 percent
will be dependent on the capital recovery factor for this increased capital cost which will be
addressed in the cost section of this report.

SAINT MARY CANAL SYSTEM — DROP 5 ALTERNATIVE

This alternative consists of relocating a portion of the St. Mary Canal and bypassing Drop
Structures 1 through 5. A single drop structure with three penstocks from the end of the
realigned canal to three turbines at the downstream end of the existing Drop No. 5 is proposed to
maximize head for hydropower generation. The single drop structure with three penstocks
would be designed to bifurcate at each of the three turbine/generators by opening a synchronous
gravity-activated counter-weight system during load rejection, as proposed in the preceding
HKM Hydropower Alternative.

Figure 5, developed by HKM shows the basic components of this Hydropower Alternative for
the St. Mary Canal System. The elevation difference between the point of diversion and the
three Turbines at Drop 5 is about 213 feet.

Water supply estimates used for power generation calculations were developed using the
following criteria:

1. Study Period: Water Years 1980 — 2004
2. Natural Flow St. Mary River at International Boundary — Natural Flows developed by

Montana DNRC.

3. Canadian Share of St. Mary River — Canadian Share of St. Mary River developed by
Montana DNRC.

4. U.S. Share of St. Mary River — U.S. Share of St. Mary River developed by Montana
DNRC.

5. Net Storage Gain (Release) from Sherburne Reservoir — Based on historical end-of-
month storage minus previous month end-of-month storage; historical end-of-month
contents for Lake Sherburne from USGS Water Resources Data books.

6. St. Mary River Flow Available for U.S. Diversions (1921 1JC Order) — Equal to U.S
Share of St. Mary River minus Net Storage Gain or Release for Lake Sherburne.

7. Historical Diversions to St. Mary Canal — USGS gage records for gage 05018500, St.
Mary canal at St. Mary Crossing, near Babb, Montana. Compiled by HKM.

8. Divertable Flow at 700 cfs St. Mary Canal Capacity — Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,388 Acre-Feet per Day, whichever is less.

9. Divertable Flow at 850 cfs St. Mary Canal Capacity - Equal to St. Mary Flow
Available for U.S. Diversions based on Montana DNRC modeled flows for the 1JC
Report or 1,686 Acre-Feet per Day, whichever is less.
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10. Seepage loss to Drop 1 from Saint Mary River Siphon is 2 percent of gaged flow
based on Bureau of Reclamation records.
11. Irrigation season is April 1 to October 31 as per 1921 1JC Order.

Power Generation Table 3 in Appendix C summarizes the results of this hydropower
alternative. This tabulation documents the water delivered to the three turbines for each month
during water years 1980-2004 study period, based on the criteria noted above. The

turbine flows in CFS were calculated from the power water supplied (acre-feet). The head in
feet for the turbines was determined, the overall turbine/generator/hydraulic efficiency utilized
was 70 percent, and the power constant of 0.085 was utilized to obtain generation in kW. After
the generation was determined, the operating time was calculated at 95 percent per month
operational time in hours, and the kW generation multiplied by the operating hours resulted in
total turbine generation in kWh for each month of the study. During the non-irrigation season,
the operating hours for the turbines was set to zero.

Results The following summary documents the results of the water supply and power
generation studies done for the Drop 5 Hydropower Alternative.

Saint Mary Canal at 700 cfs Canal Capacity Option- Drop 5 Alternative

Turbine Specifications — Drop 5 Alternative — 700 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs) Monthly Flow (cfs) Monthly Flow (cfs)
Drop 5 213 0 275 686

Turbine Capacity — Drop 5 Alternative — 700 cfs Canal Capacity

Turbine Max Monthly Kw Min Monthly kW Avg Monthly kW
Drop 5 8,692 0 3,489

Turbine Generation- Drop 5 Alternative — 700 cfs Canal Capacity

Turbine Max Monthly kWh Min Monthly kWh Avg Monthly kWh
Drop 5 6,145,123 0 2,171,095

Saint Mary Canal at 850 cfs Canal Capacity Option — Drop 5 Alternative

Turbine Specifications — Drop 5 Alternative — 850 cfs Canal Capacity

Minimum Average Maximum
Turbine Head (ft) Monthly Flow (cfs) Monthly Flow (cfs) Monthly Flow (cfs)
Drop 5 213 0 284 833
- 15 -
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Turbine Capacity — Drop 5 Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kW Min Monthly kW Avg Monthly kW
Drop 5 10,554 0 3,594

Turbine Generation- Drop 5 Alternative — 850 cfs Canal Capacity

Turbine Max Monthly kWh Min Monthly kWh Avg Monthly kWh
Drop 5 7,461,936 0 2,242 931

Conclusions — Drop 5 Alternative

The two major contributing factors to the feasibility of hydropower generation are the head and
flow. For the 700 cfs canal capacity option, at 213 feet of head and an average flow of 275 cfs,
the average monthly generation is 2,171,095 kWh for a total average annual generation of about
26,053 MWh. The capacity of the turbines ranges from 0 kW to 8,692 kW due to the high
variability of the power water available, ranging from 0 cfs to 686 cfs (canal capacity). Sizing
of the turbines will be dependent on the monthly flow variability, flow duration curve, and the
economic viability of the capital cost of construction for the capacity in kW versus generation in
kwh. Maximum flow design would result in the single hydropower site with three turbines
having a combined capacity at 8,692 kW.

For the 850 cfs canal capacity option, at 213 feet of head and an average flow of 284 cfs, the
average monthly generation is 2,242,931 kWh for a total average annual generation of about
26,916 MWh. This is only 862 MWh or 3.3% more than the 700 cfs canal capacity option. The
capacity of the turbines ranges from 0 kW to 10,554 kW due to the high variability of the power
water available, ranging from 0 cfs to 833 cfs (canal capacity). Sizing of the turbines will be
dependent on the monthly flow variability, flow duration curve, and the economic viability of the
capital cost of construction for the capacity in kW versus generation in kWh. Maximum flow
design would result in the three turbines having a combined capacity of 10,554 kW, which is
1,862 kW more than the 700 cfs canal capacity option.

For the 700 cfs canal capacity option, the Drop 5 Hydropower Alternative with the three turbines
generates an average annual generation of about 26,053 MWh compared to the average annual
generation of about 19,570 MWh for the TD&H Hydropower Alternative. The Drop 5
Hydropower Alternative generates 6,483 MWh more than the TD&H Hydropower Alternative
on an annual basis for the 700 cfs canal capacity option, an increase of 33 percent. The Drop 5
Hydropower Alternative with three turbines at a single hydropower site generates the same MWh
as the HKM Hydropower Alternative with nine turbines at three hydropower sites on an annual
basis for the 700 cfs canal capacity option, as both alternatives have the same head and flow. For
the 850 cfs canal capacity option, the Drop 5 Hydropower Alternative with the single turbine
generates a combined average annual generation of about 26,916 MWh compared to the average
annual generation of about 20,218 MWh for the TD&H Hydropower Alternative. The Drop 5
Hydropower Alternative generates 6,698 MWh more than the TD&H Hydropower Alternative
on an annual basis for the 850 cfs canal capacity option, an increase of 33 percent. The Drop 5
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Hydropower Alternative with three turbines at a single hydropower site generates the same MWh
as the HKM Hydropower Alternative with nine turbines at three hydropower sites on an annual
basis for the 850 cfs canal capacity option, as both alternatives have the same head and flow.
The Drop 5 Hydropower Alternative would require additional capital cost for the additional
length of the three penstocks and re-aligned canal over the TD&H Hydropower Alternative. The
feasibility of the increased generation by 33 percent will be dependent on the capital recovery
factor for this increased capital cost which will be addressed in the cost section of this report.

HYDROELECTRIC TURBINE SELECTION

The type of turbine selected for the turbine sites for the Saint Mary Canal Hydropower Project is
dependent on flow and net effective head (See Appendix D for General Hydropower and
Hydrology Information). For an irrigation canal/pipeline system, the hydropower unit is sized
based on the flow duration curve or maximum flow that can be utilized when no parallel pipeline
systems are constructed and the maximum irrigation demand is delivered through the penstock
for the hydropower unit. The type of turbine is also selected based on turbine efficiency for the
minimum flow.

In general, for high head and low flows (head greater then 200 feet and flow less then 100 cfs), a
twin nozzle Pelton turbine, rated at an efficiency at 92% (turbine only) for a flow range of 10%-
100% of the maximum design flow for each nozzle, should be utilized. Pelton turbines for small
hydropower units have been designed and installed for a head as low as 70 feet with a flow of 4.5
cfs according to Brett Bauer of Canyon Hydro Inc., Deming, Washington. However, for flows
greater than 100 cfs, the head requirements for Pelton turbines are very high at 500 feet and
above. For low head (head less then 200 feet) and high flows (flows greater than 100 cfs), the
Francis turbine rated at an efficiency of 89% (turbine only) should be utilized for a flow range of
40%-100% of the maximum design flow. For example, if the maximum design flow is 100 cfs,
then a Pelton turbine will only work if the minimum flow is 10 cfs or greater, and a Francis
turbine will work if the minimum flow 1is 40 cfs or greater. The overall
turbine/generator/hydraulic efficiency utilized was 70 percent.

For the three Saint Mary Canal Hydropower Alternatives, the hydropower system will be
designed with multiple turbine/generator units to utilize the maximum canal capacity for
irrigation flows. In general, the range of the canal flows during the irrigation season meet the
Francis turbine flow range of 40%-100% of the maximum design flow if multiple units are
installed. Three Francis turbine/generator units will be utilized for each hydropower alternative
to maximize the operating time of the hydropower units for the canal flow range. For the 700 cfs
canal capacity option (686 cfs net maximum flow at Drop 1), the penstock size requirement for
the three Francis turbines is three 4.5-foot diameter steel penstocks with a maximum pipe
velocity of 14.5 feet per second. Each penstock would have a flow capacity of about 230 cfs.
For the 850 cfs canal capacity option (833 cfs net maximum flow at Drop 1), the penstock size
requirement is three 5-foot diameter steel penstocks with a maximum pipe velocity of 14.3 feet
per second. Each penstock would have a flow capacity of about 280 cfs. The maximum pipe
velocities are less than the hydropower equipment maximum operating velocity of 15 feet per
second.
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For the three Saint Mary Canal Hydropower Alternatives, the Drop 5 Hydropower Alternative is
the only alternative that has a head greater than 200 feet for a Pelton turbine at 213 feet (64.9 m)
of head. However, the maximum design flow range of 228.7 cfs (6.5 m*/s) to 277.7 cfs (7.9
m3/s) does meet the design requirements for a Pelton turbine. The Drop 5 Hydropower
Alternative would require a Francis or Kaplan turbine. See Figure 6, Turbine Selection Chart
developed by the European Small Hydropower Association, “Layman’s Guidebook on How to
Develop a Small Hydro Site”, 1998. This turbine selection chart was utilized to determine the
turbine type for all three Saint Mary Canal Hydropower Alternatives.

The TD&H Hydropower Alternative with 160 feet (48.8 m) of head and maximum design flow
range for each of the three turbines of 228.7 cfs (6.5 m%s) to 277.7 cfs (7.9 m®/s) would
require three Francis or Kaplan type turbines as shown by Figure 6.

The Drop 1-3 turbine for the HKM Hydropower Alternative with a head of 90 feet (27.4 m) and
maximum design flow range for each of the three turbines of 228.7 cfs (6.5 m*/s) to 277.7 cfs
(7.9 m¥s) would require three Francis or Kaplan type turbines as shown by Figure 6. The Drop
4 and Drop 5 turbines for the HKM Hydropower Alternative have a head of 66 feet (20.1 m) and
57 feet (17.4 m), respectively, and maximum design flow range for each of the three turbines
of 228.7 cfs (6.5 m*/s) to 277.7 cfs (7.9 m%/s) which would require three Francis or Kaplan type
turbines as shown by Figure 6.

The minimum flow of 0 cfs for all turbines is during the winter months when the canal is not
operating. Therefore, the minimum flow is not a significant factor in turbine selection because
during the operating irrigation season the minimum flow is usually above 200 cfs.

For the Drop 5 and HKM Hydropower Alternatives, the drop structures would be designed with
penstocks that bifurcate at each turbine/generator by opening a synchronous gravity-activated
counter-weight system, as proposed in the HKM Hydropower Alternative. The synchronous
gravity-activated counter-weight system would deflect the entire water flow to the afterbay of the
powerplant upon full load rejection. A canal overflow siphon could be installed in the canal at
the penstock intake as another option for flow regulation during a load rejection at the
hydropower sites. For the TD&H Hydropower Alternative, the inlet of the drop structure for
Drops 1-4 would be designed to be “Hydropower Ready” or bifurcate for future hydropower
development. The TD&H Hydropower Alternative requires a parallel drop structure system and
penstock system and each system would be sized for the entire St. Mary Canal capacity.

A schematic of the recently installed hydropower turbine/generator system for Tiber Reservoir is
shown in Figure 7 and a general cross-section diagram and parts list for a vertical Kaplan turbine
is shown in Figure 8. The hydropower turbine/generators for all three hydropower system
alternatives would be similar to the hydropower turbine/generator represented in Figures 7 and 8.
The hydropower system configurations for all three Saint Mary Canal alternatives are depicted in
the previous Figures 2 through 5.
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FIGURE 7: TIBER RESERVOIR/DAM HYDROPOWER TURBINE/GENERATOR SCHEMATIC
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COSTS OF TURBINES AND RELATED HYDROELECTRIC EQUIPMENT

An appraisal level economic viability study was completed on all three hydropower alternatives.
Construction costs, including the transformers, transmission lines, and switching gear were
determined and evaluated against the net annual power revenue from generation. Total Installed
Cost with Penstock, Total Annual Cost, Total Annual Gross Revenue, Total Annual Net Loss or
Revenue, and Total Unit Cost were determined for the Hydropower System at 700 cfs and 850
cfs canal capacities. The Total Incremental Costs for the St. Mary Canal Hydropower
Alternatives at canal capacities of 700 cfs and 850 cfs were calculated by subtracting the Total
Irrigation-Only System Installed Cost from the Total Hydropower System Installed Cost.

The definitions below are categories utilized in the project cost summary:

e Major Field Item Costs — includes project costs for major components of the project such
as power house and other civil works, turbine/generator with controls, penstocks, canal
re-alignment and improvements as needed, parallel hydropower ready configuration as
needed, transformer, sub-station, and transmission line/switchyard costs.

e Unlisted Items — Unlisted items are minor items that were not inventoried in the
preparation of the project cost estimates for the major field items. Unlisted items were
computed at 10 percent of the major field cost.

e Contingencies — Contingencies, in the context of the determination of pre-construction
costs, were intended to represent an addition to quantities and/or unit prices of major field
items. This cost was identified to be 20 percent of the subtotal of the Major Field Item
cost plus the Unlisted Item Costs.

e Engineering — Engineering, in the context of the determination of pre-construction costs,
were intended to include preparation of plans and specifications by a design engineer,
electrical/mechanical and other investigations in support of design, administration and
field inspection of construction to ensure conformance with plans and specifications, and
administration of the engineering and construction contracts. This cost was identified to
be 20 percent of the subtotal of the Major Field Item cost plus Contingencies Cost and the
Unlisted Item Costs.

e Total Installed Cost — the sum of installed costs including field costs, unlisted items,
contingencies, and engineering costs intended to represent the full amount of the budget
for construction of all project facilities.

e Capital Recovery Factor — Equal to the sinking fund factor plus the interest rate. When
multiplied by the present debt, the factor is used to determine the uniform end-of-year
payment necessary to repay the debt in n years with interest rate i.

e Annual Cost of Capital — Equal to the Total Installed Cost multiplied by the Capital
Recovery Factor. The uniform end-of-year payments necessary to repay the debt or Total
Installed Cost in n years with interest rate i.
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e Total Annual Cost — Equal to the Annual O&M Cost plus the Annual Cost of Capital.

Appendix E contains additional data for the General Hydropower Cost Estimates and Economic
Feasibility for the Saint Mary Canal System. The following summaries in Table 1 and 2 reflect
the results of the Hydropower Cost Estimates and Economic Feasibility for the Saint Mary Canal
System Hydropower Alternatives.

As shown by Table 1, none of the three proposed Hydropower Alternatives are economically
viable. Unit costs range from $3,314 per KW to $4,664 per KW for the St. Mary Canal
Hydropower Alternatives and unit costs must range from $1,000 per KW to a maximum of
$1,500 per KW to be economically feasible. Current power rates of $0.055 per KWHr would
have to increase to a range above $0.122 per KWHTr to $0.171 per KWHr for the St. Mary Canal
Hydropower Alternatives to be economically feasible. At a power rate range of $0.122 per
KWHTr to $0.171 per KWHr for the St. Mary Canal Hydropower Alternatives, the annual costs
equal the annual gross revenue for the total annual generation produced.

The installed hydropower unit cost of $1,500 per KW utilized for the installed cost of the
hydropower units included engineering, contingencies, unlisted items, power house and other
civil works, turbine/generator with controls, penstocks, canal re-alignment and improvements as
needed, parallel hydropower ready configuration as needed, transformer, sub-station, and
transmission line/switchyard costs. The higher range hydropower unit cost of $1,500 per KW
was utilized for this study because this value is an industry standard for hydropower systems
developed in existing canal systems due to the additional costs for developing hydropower on a
canal system. Hydropower systems developed for reservoirs utilize the lower range hydropower
unit cost of $1,000 per KW since the forebay, intake, and afterbay are already constructed and
penstocks of significant length are not required. Glacier Electric, the electrical cooperative for
the St. Mary Canal area, provided estimated costs for the transformers, sub-stations, and
transmission lines. The transmission line that the proposed St. Mary Canal Hydropower
Alternatives would tie into is the 34.5 KV Port of Del-Bonita Crossing line about 13 miles from
the drop structures. A single-pole 34.5 KV transmission line would cost approximately $75,000
per mile for a total cost of $975,000 for the 13 miles. The sub-stations are estimated to cost
$42,000 each and depending on the hydropower alternative selected, the total cost ranges from
$42,000 to $126,000. The transformers are estimated to cost $65,000 each and depending on the
hydropower alternative selected, the total cost ranges from $65,000 to $195,000. Total
transformer, transmission line, and sub-station estimated cost for the St. Mary Canal
Hydropower Alternatives ranges from $1,082,000 to $1,296,000. However, as previously stated,
this cost was included in the $1,500 per KW utilized to determine the installed cost of the
hydropower units. A tie-in to the Canadian power grid could also be an alternative that could be
evaluated if additional hydropower studies are conducted for the Saint Mary Canal.
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The primary cost factor for the St. Mary Canal Hydropower Alternatives is the steel pipeline for
penstocks ranging in price from $359.00 per foot installed for the 54-inch diameter pipe to
$397.00 per foot installed for the 60-inch diameter steel pipe. These steel pipeline costs were
provided by Liberty Companies in Great Falls, Montana. Liberty Companies has been involved
with supplying steel penstocks for over 60 hydropower projects. The recommended pipe
configuration is with bell and spigot ends to allow for penstock deflection and reduced labor
costs for welding the pipe ends together.

Table 2 summarizes the Field Costs, Annual Costs, and Installed Costs of the three Saint Mary
Canal Hydropower Alternatives at the 700 cfs and 850 cfs canal flows. The O&M rate utilized
was 1.5% and the service life of the equipment utilized was 40 years, which are industry
standards for hydropower facilities. Hydropower Field Costs ranged from $18,692,250 for the
HKM Hydropower Alternative at a canal capacity of 700 cfs to $25,568,400 for the Drop-5
Hydropower Alternative at a canal capacity of 850 cfs. The Total Installed Costs were then
calculated by adding the Field Costs to: 1.) Unlisted Items at 10% of Field Costs 2.)
Contingencies at 20% of Field Costs plus Unlisted Items and 3.) Engineering at 20% of Field
Costs plus Unlisted Items plus Contingencies. The Total Installed Costs ranged from
$29,608,524 for the HKM Hydropower Alternative at a canal capacity of 700 cfs to $40,500,346
for the Drop-5 Hydropower Alternative at a canal capacity of 850 cfs.

The Annual O&M Costs ranged from $444,128 for the HKM Hydropower Alternative at a canal
capacity of 700 cfs to $607,505 for the Drop-5 Hydropower Alternative at a canal capacity of
850 cfs. The Annual Cost of Capital ranged from $2,220,910 for the HKM Hydropower
Alternative at a canal capacity of 700 cfs to $3,037,896 for the Drop-5 Hydropower Alternative
at a canal capacity of 850 cfs. The Total Annual Cost (Capital plus O&M) ranged from
$2,665,038 for the HKM Hydropower Alternative at a canal capacity of 700 cfs to $3,645,401
for the Drop-5 Hydropower Alternative at a canal capacity of 850 cfs.

As shown by Table 1, the Total Incremental Cost for the St. Mary Canal Hydropower
Alternatives ranges from $22,511,524 for the HKM Hydropower Alternative at a canal capacity
of 700 cfs to $31,865,146 for the Drop-5 Hydropower Alternative at a canal capacity of 850 cfs
when compared to the irrigation only system. The Annual Net Loss for Hydropower ranged
from $1,232,123 for the HKM Hydropower Alternative at a canal capacity of 700 cfs to
$2,165,021 for the Drop-5 Hydropower Alternative at a canal capacity of 850 cfs. Since Annual
Net Losses occur for all hydropower alternatives, the feasibility of each hydropower alternative
from a cost and rate of return basis does not appear to be favorable.

FERC REQUIREMENTS, LICENSING, AND PERMITS

The Federal Energy Regulatory Commission (FERC) requirements are outlined in the
“Hydroelectric Licensing under the Federal Power Act, Final Rule and Tribal Policy Statement”,
Issued July 23, 2003. Other FERC literature that should be referenced for information regarding
the FERC Licensing process is the “Handbook for Hydroelectric Project Licensing and 5 MW
Exemptions from Licensing”, issued April, 2004 and the “Understanding the Study Criteria,
Integrated Licensing Process”, issued April 6, 2005.
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The Blackfeet Tribe will utilize the information contained in this study to determine the extent of
further action, if any, for FERC Licensing of the Saint Mary Canal Drop Structure Hydropower
Alternatives. For example, the Blackfeet Tribe could pursue an Application for Preliminary
Permit for the Saint Mary Canal Drop Structure Hydroelectric Project to FERC, similar to the
November 2001 Sherburne Dam Hydroelectric Project Application for Preliminary Permit to
FERC by the Blackfeet Tribe.

Appendix F contains a few of the relevant FERC Licensing Information that would apply to the
Saint Mary Canal Hydroelectric Project should the Blackfeet Tribe choose to apply for a
Preliminary Permit. Three hydroelectric licensing processes, a schematic of the Integrated
Licensing Process Final Rule, and the exemption from licensing are presented in Appendix F. If
the proposed Saint Mary Canal Hydroelectric Project is determined to be exempt from FERC
Licensing, then the administrative cost of the proposed project is greatly reduced, especially the
environmental analysis component of the project.

A Preliminary FERC Permit secures priority of application for license and provides the
prospective developer with time to evaluate the proposed hydroelectric project. A Preliminary
Permit also allows time to complete studies required to support a development application, but
the Preliminary Permit is not a prerequisite to filing a license application. A Preliminary FERC
Permit would allow the Blackfeet Tribe to secure the proposed Saint Mary Canal Drop Structure
Hydroelectric Project for 3 years and prevents other entities from filing for permits at this site.
The estimated cost to complete the Preliminary FERC Permit process is $250,000 to $300,000.
A Preliminary Permit does not preclude another entity from filing a license application directly
to FERC for the Saint Mary Canal Drop Structure Hydroelectric Project.

The Application for a Preliminary Permit must contain an Initial Statement, a Verification
Statement, and Four Numbered Exhibits. The Initial Statement must include applicant
information, project data, requested term of the permit, affected political jurisdictions, and a
verification of the facts presented. The Verification Statement contains the signature of Notary
Public or other authorized official verifying the information contained in the application is true.
Exhibit 1 describes the project with four items: (1) a characterization of the project structures,
reservoir, and transmission facilities; (2) estimates of energy and capacity; (3) identification of
affected United States lands; and (4) other information demonstrating how the proposed
development of the water resource would be in the public interest. Exhibit 2 describes project
studies, either completed or planned, for assessing project feasibility, determining environmental
impacts, and preparing the application. Exhibit 3 is a statement of costs and financing that must
provide an estimate of the costs of doing the project studies described in Exhibit 2, the source of
funding for these studies, and a description of the anticipated market for the power to be
generated by the proposed project. Exhibit 4 includes maps that clearly show the location of the
project, the location and relationship of the principal project features, a proposed boundary for
the project, and any areas with special protected status under the National Wild and Scenic River
System or Wilderness Act. The developer must file the Application for Preliminary Permit in
order to secure the Permit for a maximum of 3 years. If the permittee fails to file an acceptable
License Application during the 3-year term of the permit, then the permittee’s priority of
application for a license is lost, but the permittee can still file a License Application.
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FERC’s policy statement, issued July 23, 2003, commits to promoting a government-to-
government relationship with federally-recognized tribes potentially affected by a licensing
proceeding. A meeting shall be held no later than 30 days following the filing of the Notice of
Intent between FERC staff and each Indian tribe likely to be affected by a licensing action, if the
Indian tribe agrees to such a meeting. The purpose of the meeting is to assure tribal issues and
interests are known and considered by FERC in its licensing decision and to facilitate the Indian
tribe’s participation in the Integrated Licensing Process.

STUDY CONCLUSIONS AND RECOMMENDATIONS

The St. Mary Canal Hydropower System would not generate sufficient power revenue to recover
the costs required to design and install hydropower units for any of the proposed hydropower
alternatives in place of the irrigation only system for the five drop structures. All of the turbines
have sufficient flow, although seasonal, but the head is not sufficient to generate electricity at a
rate that will allow for a reasonable capital recovery. The total incremental cost for the St. Mary
Canal Hydropower Alternatives ranges from $22,511,524 to $31,865,146 when compared to the
irrigation only system costs for the five drop structures. Potential hydropower alternatives that
utilize the existing canal alignment, five turbine sites, and five sets of penstocks at all five drop
structures could be further investigated for financial feasibility.

The HKM Hydropower Alternative is the least cost hydropower alternative for the 700 cfs canal
capacity option at a Total Installed Cost for Hydropower System with Penstock at $29,608,524.
The TD&H Hydropower Alternative is the least cost hydropower alternative for the 850 cfs canal
capacity option at a Total Field Cost for Hydropower System with Penstock at $33,404,342.
However, the re-aligned canal for the TD&H Alternative has many easement and canal stability
issues that need to be addressed before this could be further considered as a viable hydropower
alternative. The Drop-5 Hydropower Alternative also utilizes a re-aligned canal and has the
same easement and canal stability issues. Bureau of Reclamation, Great Plains Region,
engineers have identified geotechnical stability concerns with the proposed canal re-alignment as
shown in Figure 2. At a minimum, the canal would have to be lined for the entire re-aligned
length and these costs have not been factored into the TD&H August 2006 report, “St. Mary
Diversion Facilities Feasibility and Preliminary Engineering Report for Facility and
Rehabilitation”. Therefore, the incremental hydropower cost versus irrigation system only cost
for the TD&H and Drop-5 Hydropower Alternatives would increase substantially due to the
canal lining costs. Lining the re-aligned canal may not prevent the canal stability problems
associated with this proposed canal alignment because the existing slide areas are caused by
unknown groundwater sources upgradient of the existing canal. Lining a re-aligned canal would
not prevent geotechnical instability from these unknown groundwater sources. The re-aligned
canal would still experience stability problems due to the slides. If re-alignment of the St. Mary
Canal is not feasible due to geotechnical engineering or easement issues, the TD&H and Drop-5
Hydropower Alternatives should be dropped as viable hydropower alternatives.

The Drop-5 Hydropower Alternative has the highest Total Field Cost for Hydropower System
with Penstock at $21,988,800 for the 700 cfs canal capacity option and $25,568,400 for the 850
cfs canal capacity option. The high field cost of the Drop-5 Hydropower Alternative is due to
the length and cost of the penstock, as well as the cost of the re-aligned canal.
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For the HKM Hydropower Alternative, from Drop 1 to Drop 3, the St. Mary Canal is replaced
with three 54-inch or 60-inch diameter buried steel penstocks for a total length of 5,250 feet.
This is an additional 4,450 feet of penstock greater then the TD&H Hydropower Alternative
penstock length of 800 feet. However, the HKM Hydropower Alternative does not have any
easement issues or canal stability issues that are major issues for the TD&H Hydropower and
Drop-5 Hydropower Alternatives. According to the Bureau of Reclamation, the O&M of the St.
Mary Canal for this reach of the canal would also be greatly reduced because the slide areas that
have sloughed into the canal over the years would no longer present a problem.

Hydropower Total Installed Unit Costs are at $3,314 per KW for the HKM Hydropower
Alternative at 850 cfs canal capacity and $4,664 per KW for the TD&H Hydropower Alternative
at 850 cfs canal capacity. Unit cost must range from $1,000 per KW to a maximum of $1,500
per KW to be economically feasible. In addition, all three alternatives have Total Annual Net
Losses ranging from $1,232,123 to $$2,165,021. Since the unit costs and annual net loss of the
HKM Hydropower Alternative are the lowest for the three Hydropower Alternatives analyzed
and the HKM Hydropower Alternative has significant O&M benefits, then the HKM
Hydropower Alternative could be further studied for potential of reducing the unit cost per KW
to an acceptable value. Possible reductions in unit costs and annual net losses could be realized
by increasing the United States share of the Saint Mary River diversions. Increasing the Saint
Mary Canal flows could result in increased annual generation, decreased hydropower unit costs,
and possibly in annual net revenue being realized. Another possible reduction in hydropower
unit costs is by utilizing continuous formed concrete pipe in place of the steel penstocks.

In order to reduce the unit cost for hydropower generation, conjunctive wind generation potential
should be evaluated for the St. Mary Canal area. Wind turbines could be installed near the drop
structures and within the canal easement. The wind turbines may be able to utilize the same
transformer, sub-station, and transmission line as the hydropower units. By co-generating with
hydro and wind, the duration of generation can be increased to twelve months instead of 6
months for only hydropower. Co-generation of hydro and wind may make the hydropower cost
effective to install.

A reservoir site from Drop 1 to Drop 4 has been explored by the Bureau of Reclamation Great
Plains Region. The reservoir would be utilized for re-regulation of canal flows, increased
allocation of the United States share of the Saint Mary River, and a forebay to a powerplant. The
dam would be about 125 feet high and the reservoir storage capacity would be approximately
15,000 acre-feet at elevation 4,380 feet. The dam would be located near St. Mary Canal Drop 4.
Significant recreational benefits would also be realized from the development of a reservoir
along the Saint Mary Canal.
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APPENDIX A
TD&H HYDROPOWER ALTERNATIVE




TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1980 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1980 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1980 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1980 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1980 Mar 6,902 11,817 11,817 236 236 11,580 188 11,580 195 160 70% 0.085 1,793 1,853 0 0 0
1980 Apr 24,908 15,424 15,924 308 318 15,115 254 15,606 262 160 70% 0.085 2,418 2,497 200 483,643 499,341
1980 May 31,738 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1980 Jun 39,461 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1980 Jul 41,841 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1980 Aug 40,643 38,393 13,812 768 276 37,626 612 13,536 220 160 70% 0.085 5,825 2,096 707 4,118,560 1,481,661
1980 Sep 13,977 13,435 13,435 269 269 13,166 221 13,166 221 160 70% 0.085 2,106 2,106 684 1,440,773 1,440,773
1980 Oct 0 6,351 6,582 127 132 6,224 101 6,451 105 160 70% 0.085 964 999 707 681,258 706,105
1981 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1981 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1981 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1981 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1981 Mar 25,256 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
1981 Apr 20,876 17,368 14,314 347 286 17,021 286 14,027 236 160 70% 0.085 2,723 2,244 200 544,614 448,837
1981 May 34,088 43,031 49,707 861 994 42,170 686 48,713 792 160 70% 0.085 6,529 7,542 707 4,616,055 5,332,215
1981 Jun 39,023 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1981 Jul 41,337 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1981 Aug 38,372 43,031 37,154 861 743 42,170 686 36,411 592 160 70% 0.085 6,529 5,637 707 4,616,055 3,985,614
1981 Sep 32,886 16,712 5,033 334 101 16,378 275 4,933 83 160 70% 0.085 2,620 789 684 1,792,248 539,770
1981 Oct 0 3,552 3,727 71 75 3,481 57 3,652 59 160 70% 0.085 539 565 707 381,007 399,771
1982 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1982 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1982 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1982 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1982 Mar 0 8,799 8,692 176 174 8,623 140 8,518 143 160 70% 0.085 1,335 1,363 0 0 0
1982 Apr 0 4,380 4,380 88 88 4,292 72 4,292 72 160 70% 0.085 687 687 200 137,344 137,344
1982 May 31,747 27,489 31,253 550 625 26,939 438 30,628 498 160 70% 0.085 4,171 4,742 707 2,948,808 3,352,586
1982 Jun 31,622 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1982 Jul 36,042 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1982 Aug 0 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1982 Sep 0 37,803 16,364 756 327 37,047 623 16,037 270 160 70% 0.085 5,927 2,566 684 4,054,106 1,754,941
1982 Oct 0 5,283 5,673 106 113 5,177 84 5,560 90 160 70% 0.085 802 861 707 566,687 608,588
1983 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1983 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1983 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1983 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1983 Mar 16,400 8,721 8,427 174 169 8,547 139 8,258 139 160 70% 0.085 1,323 1,321 0 0 0
1983 Apr 23,451 5,776 5,776 116 116 5,660 95 5,660 95 160 70% 0.085 906 906 200 181,116 181,116
1983 May 18,539 23,787 25,644 476 513 23,311 379 25,131 409 160 70% 0.085 3,609 3,891 707 2,551,643 2,750,880
1983 Jun 37,989 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1983 Jul 42,498 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1983 Aug 39,558 33,651 14,607 673 292 32,978 536 14,315 233 160 70% 0.085 5,106 2,216 707 3,609,833 1,566,923
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1983 Sep 90 5,368 5,368 107 107 5,260 88 5,260 88 160 70% 0.085 842 842 684 575,626 575,626
1983 Oct 0 2,715 2,847 54 57 2,660 43 2,790 45 160 70% 0.085 412 432 707 291,207 305,442
1984 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1984 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1984 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1984 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1984 Mar 19,908 14,632 14,563 293 291 14,339 233 14,272 240 160 70% 0.085 2,220 2,283 0 0 0
1984 Apr 12,664 7,135 7,135 143 143 6,992 118 6,992 118 160 70% 0.085 1,119 1,119 200 223,724 223,724
1984 May 21,723 25,383 28,569 508 571 24,875 405 27,998 455 160 70% 0.085 3,851 4,335 707 2,722,893 3,064,667
1984 Jun 39,913 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1984 Jul 41,881 43,031 48,246 861 965 42,170 686 47,281 769 160 70% 0.085 6,529 7,320 707 4,616,055 5,175,499
1984 Aug 27,976 27,898 10,574 558 211 27,340 445 10,362 169 160 70% 0.085 4,233 1,604 707 2,992,721 1,134,257
1984 Sep 0 7,045 7,045 141 141 6,904 116 6,904 116 160 70% 0.085 1,104 1,104 684 755,474 755,474
1984 Oct 0 6,161 6,402 123 128 6,038 98 6,274 102 160 70% 0.085 935 971 707 660,899 686,787
1985 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1985 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1985 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1985 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1985 Mar 3,615 4,242 4,001 85 80 4,157 68 3,921 66 160 70% 0.085 644 627 0 0 0
1985 Apr 33,739 8,617 9,322 172 186 8,444 142 9,136 154 160 70% 0.085 1,351 1,462 200 270,194 292,313
1985 May 40,399 40,754 45,240 815 905 39,939 650 44,335 721 160 70% 0.085 6,184 6,864 707 4,371,759 4,853,011
1985 Jun 41,133 40,255 50,567 805 1011 39,450 663 49,555 833 160 70% 0.085 6,311 7,928 684 4,317,024 5,422,862
1985 Jul 32,914 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1985 Aug 39,566 29,540 10,004 591 200 28,949 471 9,804 159 160 70% 0.085 4,482 1,518 707 3,168,812 1,073,159
1985 Sep 24,295 20,066 19,860 401 397 19,665 330 19,463 327 160 70% 0.085 3,146 3,114 684 2,151,965 2,129,854
1985 Oct 0 11,812 14,436 236 289 11,576 188 14,147 230 160 70% 0.085 1,792 2,190 707 1,267,120 1,548,543
1986 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1986 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1986 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1986 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1986 Mar 0 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
1986 Apr 14,740 30,246 25,783 605 516 29,641 498 25,267 425 160 70% 0.085 4,742 4,042 200 948,423 808,489
1986 May 17,560 30,848 33,339 617 667 30,231 492 32,672 531 160 70% 0.085 4,681 5,058 707 3,309,160 3,576,341
1986 Jun 26,240 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1986 Jul 38,370 43,031 48,647 861 973 42,170 686 47,674 775 160 70% 0.085 6,529 7,381 707 4,616,055 5,218,468
1986 Aug 35,540 18,980 7,305 380 146 18,601 303 7,158 116 160 70% 0.085 2,880 1,108 707 2,036,072 783,580
1986 Sep 3,230 7,784 7,784 156 156 7,628 128 7,628 128 160 70% 0.085 1,220 1,220 684 834,764 834,764
1986 Oct 0 8,867 9,264 177 185 8,690 141 9,078 148 160 70% 0.085 1,345 1,406 707 951,197 993,741
1987 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1987 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1987 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1987 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1987 Mar 21,420 13,708 13,340 274 267 13,434 218 13,073 220 160 70% 0.085 2,080 2,092 0 0 0
1987 Apr 12,720 14,081 14,378 282 288 13,799 232 14,090 237 160 70% 0.085 2,208 2,254 200 441,529 450,856
1987 May 30,230 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1987 Jun 37,060 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1987 Jul 31,060 43,031 36,471 861 729 42,170 686 35,742 581 160 70% 0.085 6,529 5,534 707 4,616,055 3,912,362
1987 Aug 35,640 33,278 21,449 666 429 32,613 530 21,020 342 160 70% 0.085 5,049 3,254 707 3,569,841 2,300,917
1987 Sep 9,390 6,969 6,969 139 139 6,830 115 6,830 115 160 70% 0.085 1,093 1,093 684 747,420 747,420
1987 Oct 0 2,645 2,749 53 55 2,592 42 2,694 44 160 70% 0.085 401 417 707 283,740 294,903
1988 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1988 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1988 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1988 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1988 Mar 15,040 3,950 3,949 79 79 3,871 63 3,870 65 160 70% 0.085 599 619 0 0 0
1988 Apr 35,750 16,179 16,179 324 324 15,856 266 15,856 266 160 70% 0.085 2,537 2,537 200 507,343 507,343
1988 May 39,500 36,384 42,333 728 847 35,656 580 41,486 675 160 70% 0.085 5,520 6,423 707 3,902,992 4,541,157
1988 Jun 41,180 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1988 Jul 37,520 33,988 19,115 680 382 33,308 542 18,733 305 160 70% 0.085 5,157 2,900 707 3,645,938 2,050,527
1988 Aug 8,160 5,645 5,645 113 113 5,532 90 5,532 90 160 70% 0.085 857 857 707 605,586 605,586
1988 Sep 0 3,016 3,016 60 60 2,956 50 2,956 50 160 70% 0.085 473 473 684 323,470 323,470
1988 Oct 0 9,878 10,457 198 209 9,681 157 10,248 167 160 70% 0.085 1,499 1,587 707 1,059,690 1,121,740
1989 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1989 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1989 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1989 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1989 Mar 13,140 11,807 11,229 236 225 11,571 188 11,004 185 160 70% 0.085 1,791 1,761 0 0 0
1989 Apr 32,060 16,149 16,452 323 329 15,826 266 16,123 271 160 70% 0.085 2,532 2,580 200 506,395 515,902
1989 May 41,860 39,485 44,933 790 899 38,696 629 44,034 716 160 70% 0.085 5,991 6,818 707 4,235,692 4,820,061
1989 Jun 42,750 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1989 Jul 42,460 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1989 Aug 39,080 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1989 Sep 37,040 41,643 18,932 833 379 40,810 686 18,554 312 160 70% 0.085 6,529 2,968 684 4,465,886 2,030,333
1989 Oct 29,060 10,428 8,169 209 163 10,219 166 8,005 130 160 70% 0.085 1,582 1,239 707 1,118,606 876,286
1990 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1990 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1990 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1990 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1990 Mar 0 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
1990 Apr 13,790 33,436 31,595 669 632 32,768 551 30,963 520 160 70% 0.085 5,242 4,954 200 1,048,480 990,737
1990 May 37,780 40,804 41,714 816 834 39,988 650 40,880 665 160 70% 0.085 6,191 6,329 707 4,377,127 4,474,773
1990 Jun 30,130 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1990 Jul 40,280 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1990 Aug 37,270 43,031 47,147 861 943 42,170 686 46,204 751 160 70% 0.085 6,529 7,154 707 4,616,055 5,057,554
1990 Sep 35,780 27,876 5,659 558 113 27,318 459 5,546 93 160 70% 0.085 4,371 887 684 2,989,483 606,858
1990 Oct 11,840 13,756 14,453 275 289 13,481 219 14,164 230 160 70% 0.085 2,087 2,193 707 1,475,607 1,550,463
1991 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1991 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1991 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1991 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1991 Mar 2,830 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
1991 Apr 36,280 17,055 13,482 341 270 16,714 281 13,212 222 160 70% 0.085 2,674 2,114 200 534,802 422,757
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1991 May 36,780 34,334 39,688 687 794 33,647 547 38,894 633 160 70% 0.085 5,209 6,022 707 3,683,100 4,257,448
1991 Jun 35,030 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1991 Jul 37,900 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1991 Aug 37,910 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1991 Sep 31,430 41,643 32,071 833 641 40,810 686 31,430 528 160 70% 0.085 6,529 5,028 684 4,465,886 3,439,372
1991 Oct 264 6,000 3,574 120 71 5,880 96 3,503 57 160 70% 0.085 910 542 707 643,588 383,443
1992 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1992 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1992 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1992 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1992 Mar 20,110 7,296 7,298 146 146 7,150 116 7,152 120 160 70% 0.085 1,107 1,144 0 0 0
1992 Apr 14,650 8,391 8,391 168 168 8,223 138 8,223 138 160 70% 0.085 1,316 1,316 200 263,128 263,128
1992 May 31,200 40,921 41,032 818 821 40,103 652 40,211 654 160 70% 0.085 6,209 6,226 707 4,389,710 4,401,577
1992 Jun 16,940 39,163 38,854 783 777 38,380 645 38,077 640 160 70% 0.085 6,140 6,092 684 4,199,977 4,166,778
1992 Jul 30,150 19,669 19,868 393 397 19,275 313 19,470 317 160 70% 0.085 2,984 3,015 707 2,109,914 2,131,255
1992 Aug 24,570 7,468 7,468 149 149 7,319 119 7,319 119 160 70% 0.085 1,133 1,133 707 801,150 801,150
1992 Sep 0 7,110 7,110 142 142 6,968 117 6,968 117 160 70% 0.085 1,115 1,115 684 762,514 762,514
1992 Oct 0 8,902 9,252 178 185 8,724 142 9,067 147 160 70% 0.085 1,351 1,404 707 954,989 992,519
1993 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1993 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1993 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1993 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1993 Mar 1,150 8,430 8,281 169 166 8,262 134 8,115 136 160 70% 0.085 1,279 1,298 0 0 0
1993 Apr 19,570 6,723 6,723 134 134 6,588 111 6,588 111 160 70% 0.085 1,054 1,054 200 210,800 210,800
1993 May 37,140 31,225 36,052 625 721 30,601 498 35,331 575 160 70% 0.085 4,738 5,470 707 3,349,620 3,867,378
1993 Jun 38,830 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1993 Jul 31,280 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1993 Aug 31,670 43,031 22,871 861 457 42,170 686 22,414 365 160 70% 0.085 6,529 3,470 707 4,616,055 2,453,467
1993 Sep 28,190 17,105 14,293 342 286 16,763 282 14,008 235 160 70% 0.085 2,682 2,241 684 1,834,345 1,532,860
1993 Oct 239 7,327 7,582 147 152 7,180 117 7,431 121 160 70% 0.085 1,112 1,150 707 785,945 813,373
1994 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1994 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1994 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1994 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1994 Mar 0 11,097 11,052 222 221 10,875 177 10,831 182 160 70% 0.085 1,684 1,733 0 0 0
1994 Apr 2,550 19,022 19,345 380 387 18,641 313 18,958 319 160 70% 0.085 2,982 3,033 200 596,468 606,609
1994 May 32,580 39,363 45,580 787 912 38,576 627 44,668 726 160 70% 0.085 5,973 6,916 707 4,222,559 4,889,486
1994 Jun 37,220 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1994 Jul 36,200 43,031 34,494 861 690 42,170 686 33,805 550 160 70% 0.085 6,529 5,234 707 4,616,055 3,700,311
1994 Aug 35,540 13,621 6,694 272 134 13,349 217 6,560 107 160 70% 0.085 2,067 1,016 707 1,461,182 718,061
1994 Sep 18,620 3,440 3,440 69 69 3,371 57 3,371 57 160 70% 0.085 539 539 684 368,862 368,862
1994 Oct 0 3,369 3,667 67 73 3,302 54 3,593 58 160 70% 0.085 511 556 707 361,412 393,321
1995 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1995 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1995 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1995 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1995 Mar 1,970 17,624 17,458 352 349 17,272 281 17,109 288 160 70% 0.085 2,674 2,737 0 0 0
1995 Apr 11,920 4,959 4,959 99 99 4,860 82 4,860 82 160 70% 0.085 778 778 200 155,511 155,511
1995 May 37,170 37,297 43,879 746 878 36,551 594 43,001 699 160 70% 0.085 5,659 6,658 707 4,000,904 4,706,991
1995 Jun 9,260 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1995 Jul 12,330 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1995 Aug 12,890 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1995 Sep 0 41,643 31,098 833 622 40,810 686 30,476 512 160 70% 0.085 6,529 4,876 684 4,465,886 3,334,971
1995 Oct 0 21,144 18,305 423 366 20,721 337 17,939 292 160 70% 0.085 3,208 2,777 707 2,268,176 1,963,608
1996 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1996 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1996 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1996 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1996 Mar 0 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
1996 Apr 0 41,643 41,192 833 824 40,810 686 40,368 678 160 70% 0.085 6,529 6,458 200 1,305,815 1,291,671
1996 May 10,950 33,933 34,825 679 697 33,255 541 34,129 555 160 70% 0.085 5,149 5,284 707 3,640,105 3,735,777
1996 Jun 28,570 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1996 Jul 36,200 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1996 Aug 37,170 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1996 Sep 34,610 40,455 26,475 809 529 39,646 666 25,945 436 160 70% 0.085 6,343 4,151 684 4,338,488 2,839,226
1996 Oct 1,580 5,336 5,560 107 111 5,229 85 5,449 89 160 70% 0.085 810 844 707 572,358 596,465
1997 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1997 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1997 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1997 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1997 Mar 0 17,029 16,929 341 339 16,689 271 16,590 279 160 70% 0.085 2,584 2,654 0 0 0
1997 Apr 0 11,811 11,729 236 235 11,575 195 11,494 193 160 70% 0.085 1,852 1,839 200 370,365 367,779
1997 May 26,840 39,305 45,294 786 906 38,519 626 44,388 722 160 70% 0.085 5,964 6,872 707 4,216,389 4,858,819
1997 Jun 34,630 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1997 Jul 36,930 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1997 Aug 35,810 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1997 Sep 34,600 41,643 33,612 833 672 40,810 686 32,940 554 160 70% 0.085 6,529 5,270 684 4,465,886 3,604,650
1997 Oct 3,700 14,901 9,525 298 190 14,603 237 9,334 152 160 70% 0.085 2,261 1,445 707 1,598,492 1,021,743
1998 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1998 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1998 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1998 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1998 Mar 6,730 6,247 5,857 125 117 6,122 100 5,739 96 160 70% 0.085 948 918 0 0 0
1998 Apr 27,540 9,802 10,182 196 204 9,606 161 9,979 168 160 70% 0.085 1,537 1,596 200 307,352 319,293
1998 May 37,290 43,031 51,775 861 1036 42,170 686 50,740 825 160 70% 0.085 6,529 7,856 707 4,616,055 5,554,085
1998 Jun 36,220 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1998 Jul 37,420 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1998 Aug 36,430 43,031 32,307 861 646 42,170 686 31,661 515 160 70% 0.085 6,529 4,902 707 4,616,055 3,465,678
1998 Sep 28,870 19,121 4,081 382 82 18,739 315 4,000 67 160 70% 0.085 2,998 640 684 2,050,614 437,698
1998 Oct 3,700 3,071 3,206 61 64 3,010 49 3,142 51 160 70% 0.085 466 487 707 329,441 343,958
1999 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1999 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
1999 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1999 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
1999 Mar 0 9,372 9,349 187 187 9,184 149 9,162 154 160 70% 0.085 1,422 1,466 0 0 0
1999 Apr 14,440 7,921 7,416 158 148 7,763 130 7,268 122 160 70% 0.085 1,242 1,163 200 248,391 232,560
1999 May 30,720 24,869 27,456 497 549 24,371 396 26,907 438 160 70% 0.085 3,773 4,166 707 2,667,726 2,945,241
1999 Jun 36,090 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
1999 Jul 37,350 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1999 Aug 36,060 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
1999 Sep 24,930 41,643 21,271 833 425 40,810 686 20,846 350 160 70% 0.085 6,529 3,335 684 4,465,886 2,281,149
1999 Oct 0 14,063 10,367 281 207 13,782 224 10,160 165 160 70% 0.085 2,134 1,573 707 1,508,600 1,112,098
2000 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2000 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2000 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2000 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2000 Mar 5,580 19,433 22,309 389 446 19,045 310 21,863 367 160 70% 0.085 2,949 3,498 0 0 0
2000 Apr 24,040 19,562 16,140 391 323 19,170 322 15,818 266 160 70% 0.085 3,067 2,531 200 613,402 506,121
2000 May 36,730 34,211 37,780 684 756 33,526 545 37,024 602 160 70% 0.085 5,191 5,732 707 3,669,863 4,052,747
2000 Jun 35,730 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
2000 Jul 32,040 43,031 44,162 861 883 42,170 686 43,279 704 160 70% 0.085 6,529 6,701 707 4,616,055 4,737,371
2000 Aug 31,760 21,782 8,159 436 163 21,347 347 7,995 130 160 70% 0.085 3,305 1,238 707 2,336,648 875,186
2000 Sep 12,820 5,958 5,958 119 119 5,839 98 5,839 98 160 70% 0.085 934 934 684 638,938 638,938
2000 Oct 0 5,275 5,497 106 110 5,170 84 5,387 88 160 70% 0.085 800 834 707 565,898 589,658
2001 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2001 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2001 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2001 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2001 Mar 0 1,551 1,587 31 32 1,520 25 1,556 26 160 70% 0.085 235 249 0 0 0
2001 Apr 7,730 3,988 3,362 80 67 3,909 66 3,295 55 160 70% 0.085 625 527 200 125,065 105,435
2001 May 39,900 31,548 36,685 631 734 30,917 503 35,951 585 160 70% 0.085 4,787 5,566 707 3,384,261 3,935,290
2001 Jun 37,060 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
2001 Jul 35,950 38,945 24,681 779 494 38,166 621 24,187 393 160 70% 0.085 5,909 3,745 707 4,177,693 2,647,564
2001 Aug 10,490 5,744 5,744 115 115 5,629 92 5,629 92 160 70% 0.085 872 872 707 616,151 616,151
2001 Sep 0 2,777 2,777 56 56 2,722 46 2,722 46 160 70% 0.085 435 435 684 297,860 297,860
2001 Oct 0 1,659 1,815 33 36 1,626 26 1,778 29 160 70% 0.085 252 275 707 178,006 194,658
2002 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2002 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2002 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2002 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2002 Mar 266 12,479 12,324 250 246 12,230 199 12,078 203 160 70% 0.085 1,893 1,932 0 0 0
2002 Apr 24,210 7,307 7,307 146 146 7,161 120 7,161 120 160 70% 0.085 1,146 1,146 200 229,137 229,137
2002 May 31,040 24,418 27,690 488 554 23,930 389 27,136 441 160 70% 0.085 3,705 4,201 707 2,619,368 2,970,359
2002 Jun 15,170 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
2002 Jul 3,540 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
2002 Aug 36,630 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
2002 Sep 35,740 40,038 30,802 801 616 39,237 659 30,186 507 160 70% 0.085 6,277 4,829 684 4,293,778 3,303,319
2002 Oct 5,930 4,552 4,768 91 95 4,461 73 4,673 76 160 70% 0.085 691 723 707 488,275 511,500
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TABLE 1 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY
TURBINE POWER GENERATION - TD&H ALTERNATIVE - REALIGNED CANAL WITH THREE 72-INCH PENSTOCKS TO DROP 4

Power Water Supplied and Generation

Seepage
Divertable | Divertable| Seepage | Loss to Turbine Turbine Turbine Turbine
Historical | Flow at Flow at Lossto | Drop 1 Water Water Water Water Turbine Turbine Turbine Turbine
Diversions| 700 cfs 850 cfs | Drop 1 for for Supplied at | Supplied at] Supplied at |Supplied at Turbine | Generation | Generation| Turbine | Generation | Generation
to St. Mary] Canal Canal 700cfs 850cfs 700 cfs 700 cfs 850 cfs 850 cfs | Turbine | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity| Capacity | Capacity |Capacity (ac{ Capacity Head | Efficiency | Formula | Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) ft) (cfs) (ft) (%) Constant (kW) (kW) (hours) (kwh) (kwWh)
2003 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2003 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2003 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2003 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2003 Mar 0 10,740 10,699 215 214 10,525 171 10,485 176 160 70% 0.085 1,630 1,677 0 0 0
2003 Apr 20,580 16,936 16,673 339 333 16,597 279 16,339 275 160 70% 0.085 2,655 2,614 200 531,060 522,806
2003 May 28,370 26,785 28,347 536 567 26,249 427 27,780 452 160 70% 0.085 4,064 4,301 707 2,873,283 3,040,863
2003 Jun 37,390 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
2003 Jul 38,480 43,031 52,252 861 1045 42,170 686 51,207 833 160 70% 0.085 6,529 7,928 707 4,616,055 5,605,210
2003 Aug 34,240 22,643 8,201 453 164 22,190 361 8,037 131 160 70% 0.085 3,436 1,244 707 2,429,002 879,786
2003 Sep 8,920 3,812 3,812 76 76 3,736 63 3,736 63 160 70% 0.085 598 598 684 408,781 408,781
2003 Oct 0 2,743 2,914 55 58 2,688 44 2,856 46 160 70% 0.085 416 442 707 294,240 312,575
2004 Nov 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2004 Dec 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2004 Jan 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2004 Feb 0 0 0 0 0 0 0 0 0 160 70% 0.085 0 0 0 0 0
2004 Mar 369 9,124 8,953 182 179 8,941 145 8,774 147 160 70% 0.085 1,384 1,404 0 0 0
2004 Apr 27,280 12,176 12,176 244 244 11,932 201 11,932 201 160 70% 0.085 1,909 1,909 200 381,808 381,808
2004 May 34,090 40,810 42,668 816 853 39,993 650 41,815 680 160 70% 0.085 6,192 6,474 707 4,377,742 4,577,093
2004 Jun 36,130 41,643 50,567 833 1011 40,810 686 49,555 833 160 70% 0.085 6,529 7,928 684 4,465,886 5,422,862
2004 Jul 28,130 43,031 50,431 861 1009 42,170 686 49,422 804 160 70% 0.085 6,529 7,652 707 4,616,055 5,409,872
2004 Aug 35,580 33,576 15,855 672 317 32,904 535 15,538 253 160 70% 0.085 5,094 2,406 707 3,601,747 1,700,836
2004 Sep 19,870 15,388 14,927 308 299 15,081 253 14,628 246 160 70% 0.085 2,413 2,340 684 1,650,289 1,600,800
2004 Oct 0 6,817 7,213 136 144 6,680 109 7,069 115 160 70% 0.085 1,034 1,094 707 731,225 773,769
Avg 14611 17062 17576 341 352 16721 275 17224 284 2621 2705 1630869 1684831
Max 42,750 43,031 52,252 861 1,045 42,170 686 51,207 833 6,529 7,928 4,616,055 5,605,210
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
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APPENDIX B
HKM HYDROPOWER ALTERNATIVE




TABLE 2 - SAINT MARY CANAL SYSTEM POWER FEASIBILITY STUDY

TURBINE POWER GENERATION - HKM ALTERNATIVE - REALIGNED CANAL WITH ONE PENSTOCK FOR DROPS 1-3, ONE PENSTOCK FOR DROP 4, AND ONE PENSTOCK FOR DROP 5

Power Water Supplied and Generation

Seepage
Divertable | Divertable | Seepage | Lossto | Turbine | Turbine Turbine Turbine Drops 1-3 | Drops 1-3 Drops 1-3 | Drops 1-3 Drop 4 Drop 4 Drop 4 Drop 4 Drop 5 Drop 5 Drop 5 Drop 5
Historical Flow at Flow at Lossto | Drop1 Water Water Water Water | Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine Turbine
Diversions | 700 cfs 850 cfs | Drop 1 for for Supplied | Supplied |Supplied at| Supplied | Head for Turbine | Generation | Generation | Turbine | Generation | Generation | Turbine Turbine | Generation | Generation | Turbine | Generation | Generation| Turbine Turbine | Generation | Generation | Turbine |Generation | Generation
to St. Mary | Canal Canal 700cfs 850cfs |at 700 cfs |at 700 cfs| 850 cfs |at850cfs| Drops | Turbine| Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs | Head for | Turbine Power | for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs | Head for | Turbine Power for 700 cfs | for 850 cfs | Operating | for 700 cfs | for 850 cfs
Water Canal Capacity | Capacity | Capacity | Capacity | Capacity | Capacity | Capacity | Capacity 1-3 Efficienc| Formula Capacity Capacity Time Capacity Capacity Drop 4 | Efficiency| Formula | Capacity Capacity Time Capacity Capacity Drop 5 |Efficiency| Formula Capacity Capacity Time Capacity Capacity
Year | Month (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (cfs) (ac-ft) (cfs) (ft) y (%) | Constant (kW) (kW) (hours) (kWh) (kWh) (ft) (%) Constant (kw) (kw) (hours) (kWh) (kWh) (ft) (%) Constant (kw) (kw) (hours) (kWh) (kWh)
1980 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1980 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1980 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1980 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1980 Mar 6,902 11,817 11,817 236 236 11,580 188 11,580 188 90 70% 0.085 1,009 1,009 0 0 0 66 70% 0.085 740 740 0 0 0 57 70% 0.085 639 639 0 0 0
1980 Apr 24,908 15,424 15,924 308 318 15,115 254 15,606 262 90 70% 0.085 1,360 1,404 200 272,049 280,879 66 70% 0.085 998 1,030 200 199,503 205,978 57 70% 0.085 861 889 200 172,298 177,890
1980 May 31,738 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 | 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1980 Jun 39,461 41,643 50,567 833 1011 40,810 686 49,555 833 90 70% 0.085 3,673 4,460 684 2,512,061 3,050,360 66 70% 0.085 2,693 3,270 684 1,842,178 | 2,236,931 57 70% 0.085 2,326 2,824 684 1,590,972 1,931,895
1980 Jul 41,841 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 | 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1980 Aug 40,643 38,393 13,812 768 276 37,626 612 13,536 220 90 70% 0.085 3,277 1,179 707 2,316,690 833,434 66 70% 0.085 2,403 864 707 1,698,906 611,185 57 70% 0.085 2,075 747 707 1,467,237 527,842
1980 Sep 13,977 13,435 13,435 269 269 13,166 221 13,166 221 90 70% 0.085 1,185 1,185 684 810,435 810,435 66 70% 0.085 869 869 684 594,319 594,319 57 70% 0.085 750 750 684 513,275 513,275
1980 Oct 0 6,351 6,582 127 132 6,224 101 6,451 105 90 70% 0.085 542 562 707 383,208 397,184 66 70% 0.085 397 412 707 281,019 291,268 57 70% 0.085 343 356 707 242,698 251,550
1981 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1981 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1981 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1981 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1981 Mar 25,256 19,433 22,309 389 446 19,045 310 21,863 356 90 70% 0.085 1,659 1,904 0 0 0 66 70% 0.085 1,216 1,396 0 0 0 57 70% 0.085 1,050 1,206 0 0 0
1981 Apr 20,876 17,368 14,314 347 286 17,021 286 14,027 236 90 70% 0.085 1,532 1,262 200 306,345 252,471 66 70% 0.085 1,123 926 200 224,653 185,145 57 70% 0.085 970 799 200 194,019 159,898
1981 May 34,088 43,031 49,707 861 994 42,170 686 48,713 792 90 70% 0.085 3,673 4,242 707 2,596,531 2,999,371 66 70% 0.085 2,693 3,111 707 1,904,123 2,199,539 57 70% 0.085 2,326 2,687 707 1,644,470 1,899,602
1981 Jun 39,023 41,643 50,567 833 1011 40,810 686 49,555 833 90 70% 0.085 3,673 4,460 684 2,512,061 3,050,360 66 70% 0.085 2,693 3,270 684 1,842,178 2,236,931 57 70% 0.085 2,326 2,824 684 1,590,972 1,931,895
1981 Jul 41,337 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1981 Aug 38,372 43,031 37,154 861 743 42,170 686 36,411 592 90 70% 0.085 3,673 3,171 707 2,596,531 2,241,908 66 70% 0.085 2,693 2,325 707 1,904,123 1,644,066 57 70% 0.085 2,326 2,008 707 1,644,470 1,419,875
1981 Sep 32,886 16,712 5,033 334 101 16,378 275 4,933 83 90 70% 0.085 1,474 444 684 1,008,139 303,621 66 70% 0.085 1,081 326 684 739,302 222,655 57 70% 0.085 933 281 684 638,488 192,293
1981 Oct 0 3,552 3,727 71 75 3,481 57 3,652 59 90 70% 0.085 303 318 707 214,316 224,871 66 70% 0.085 222 233 707 157,165 164,906 57 70% 0.085 192 201 707 135,734 142,419
1982 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1982 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1982 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1982 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1982 Mar 0 8,799 8,692 176 174 8,623 140 8,518 139 90 70% 0.085 751 742 0 0 0 66 70% 0.085 551 544 0 0 0 57 70% 0.085 476 470 0 0 0
1982 Apr 0 4,380 4,380 88 88 4,292 72 4,292 72 90 70% 0.085 386 386 200 77,256 77,256 66 70% 0.085 283 283 200 56,654 56,654 57 70% 0.085 245 245 200 48,929 48,929
1982 May 31,747 27,489 31,253 550 625 26,939 438 30,628 498 90 70% 0.085 2,346 2,667 707 1,658,704 1,885,829 66 70% 0.085 1,720 1,956 707 1,216,383 | 1,382,942 57 70% 0.085 1,486 1,689 707 1,050,513 1,194,359
1982 Jun 31,622 41,643 50,567 833 1011 40,810 686 49,555 833 90 70% 0.085 3,673 4,460 684 2,512,061 3,050,360 66 70% 0.085 2,693 3,270 684 1,842,178 | 2,236,931 57 70% 0.085 2,326 2,824 684 1,590,972 1,931,895
1982 Jul 36,042 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 | 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1982 Aug 0 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 | 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1982 Sep 0 37,803 16,364 756 327 37,047 623 16,037 270 90 70% 0.085 3,334 1,443 684 2,280,434 987,154 66 70% 0.085 2,445 1,058 684 1,672,319 723,913 57 70% 0.085 2,112 914 684 1,444,275 625,198
1982 Oct 0 5,283 5,673 106 113 5,177 84 5,560 90 90 70% 0.085 451 484 707 318,762 342,331 66 70% 0.085 331 355 707 233,758 251,042 57 70% 0.085 286 307 707 201,882 216,809
1983 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1983 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1983 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1983 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1983 Mar 16,400 8,721 8,427 174 169 8,547 139 8,258 134 90 70% 0.085 744 719 0 0 0 66 70% 0.085 546 527 0 0 0 57 70% 0.085 471 456 0 0 0
1983 Apr 23,451 5,776 5,776 116 116 5,660 95 5,660 95 90 70% 0.085 509 509 200 101,878 101,878 66 70% 0.085 374 374 200 74,710 74,710 57 70% 0.085 323 323 200 64,523 64,523
1983 May 18,539 23,787 25,644 476 513 23,311 379 25,131 409 90 70% 0.085 2,030 2,189 707 1,435,299 1,547,370 66 70% 0.085 1,489 1,605 707 1,052,553 1,134,738 57 70% 0.085 1,286 1,386 707 909,023 980,001
1983 Jun 37,989 41,643 50,567 833 1011 40,810 686 49,555 833 90 70% 0.085 3,673 4,460 684 2,512,061 3,050,360 66 70% 0.085 2,693 3,270 684 1,842,178 2,236,931 57 70% 0.085 2,326 2,824 684 1,590,972 1,931,895
1983 Jul 42,498 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1983 Aug 39,558 33,651 14,607 673 292 32,978 536 14,315 233 90 70% 0.085 2,872 1,247 707 2,030,531 881,394 66 70% 0.085 2,106 914 707 1,489,056 646,356 57 70% 0.085 1,819 790 707 1,286,003 558,216
1983 Sep 90 5,368 5,368 107 107 5,260 88 5,260 88 90 70% 0.085 473 473 684 323,790 323,790 66 70% 0.085 347 347 684 237,446 237,446 57 70% 0.085 300 300 684 205,067 205,067
1983 Oct 0 2,715 2,847 54 57 2,660 43 2,790 45 90 70% 0.085 232 243 707 163,804 171,811 66 70% 0.085 170 178 707 120,123 125,995 57 70% 0.085 147 154 707 103,743 108,814
1984 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1984 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1984 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1984 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1984 Mar 19,908 14,632 14,563 293 291 14,339 233 14,272 232 90 70% 0.085 1,249 1,243 0 0 0 66 70% 0.085 916 912 0 0 0 57 70% 0.085 791 787 0 0 0
1984 Apr 12,664 7,135 7,135 143 143 6,992 118 6,992 118 90 70% 0.085 629 629 200 125,845 125,845 66 70% 0.085 461 461 200 92,286 92,286 57 70% 0.085 399 399 200 79,702 79,702
1984 May 21,723 25,383 28,569 508 571 24,875 405 27,998 455 90 70% 0.085 2,166 2,438 707 1,531,627 1,723,875 66 70% 0.085 1,589 1,788 707 1,123,193 | 1,264,175 57 70% 0.085 1,372 1,544 707 970,031 1,091,788
1984 Jun 39,913 41,643 50,567 833 1011 40,810 686 49,555 833 90 70% 0.085 3,673 4,460 684 2,512,061 3,050,360 66 70% 0.085 2,693 3,270 684 1,842,178 | 2,236,931 57 70% 0.085 2,326 2,824 684 1,590,972 1,931,895
1984 Jul 41,881 43,031 48,246 861 965 42,170 686 47,281 769 90 70% 0.085 3,673 4,118 707 2,596,531 2,911,218 66 70% 0.085 2,693 3,020 707 1,904,123 | 2,134,893 57 70% 0.085 2,326 2,608 707 1,644,470 1,843,771
1984 Aug 27,976 27,898 10,574 558 211 27,340 445 10,362 169 90 70% 0.085 2,381 902 707 1,683,405 638,020 66 70% 0.085 1,746 662 707 1,234,497 467,881 57 70% 0.085 1,508 572 707 1,066,157 404,079
1984 Sep 0 7,045 7,045 141 141 6,904 116 6,904 116 90 70% 0.085 621 621 684 424,954 424,954 66 70% 0.085 456 456 684 311,633 311,633 57 70% 0.085 393 393 684 269,138 269,138
1984 Oct 0 6,161 6,402 123 128 6,038 98 6,274 102 90 70% 0.085 526 546 707 371,756 386,318 66 70% 0.085 386 401 707 272,621 283,300 57 70% 0.085 333 346 707 235,445 244,668
1985 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1985 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1985 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1985 Feb 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1985 Mar 3,615 4,242 4,001 85 80 4,157 68 3,921 64 90 70% 0.085 362 341 0 0 0 66 70% 0.085 265 250 0 0 0 57 70% 0.085 229 216 0 0 0
1985 Apr 33,739 8,617 9,322 172 186 8,444 142 9,136 154 90 70% 0.085 760 822 200 151,984 164,426 66 70% 0.085 557 603 200 111,455 120,579 57 70% 0.085 481 521 200 96,257 104,136
1985 May 40,399 40,754 45,240 815 905 39,939 650 44,335 721 90 70% 0.085 3,478 3,861 707 2,459,114 2,729,819 66 70% 0.085 2,551 2,831 707 1,803,351 2,001,867 57 70% 0.085 2,203 2,445 707 1,557,439 1,728,885
1985 Jun 41,133 40,255 50,567 805 1011 39,450 663 49,555 833 90 70% 0.085 3,550 4,460 684 2,428,326 3,050,360 66 70% 0.085 2,603 3,270 684 1,780,772 2,236,931 57 70% 0.085 2,248 2,824 684 1,537,940 1,931,895
1985 Jul 32,914 43,031 52,252 861 1045 42,170 686 51,207 833 90 70% 0.085 3,673 4,460 707 2,596,531 3,152,931 66 70% 0.085 2,693 3,270 707 1,904,123 2,312,149 57 70% 0.085 2,326 2,824 707 1,644,470 1,996,856
1985 Aug 39,566 29,540 10,004 591 200 28,949 471 9,804 159 90 70% 0.085 2,521 854 707 1,782,457 603,652 66 70% 0.085 1,849 626 707 1,307,135 442,678 57 70% 0.085 1,597 541 707 1,128,889 382,313
1985 Sep 24,295 20,066 19,860 401 397 19,665 330 19,463 327 90 70% 0.085 1,770 1,752 684 1,210,480 1,198,043 66 70% 0.085 1,298 1,284 684 887,685 878,565 57 70% 0.085 1,121 1,109 684 766,637 758,761
1985 Oct 0 11,812 14,436 236 289 11,576 188 14,147 230 90 70% 0.085 1,008 1,232 707 712,755 871,055 66 70% 0.085 739 903 707 522,687 638,774 57 70% 0.085 638 780 707 451,411 551,668
1986 Nov 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1986 Dec 0 0 0 0 0 0 0 0 0 90 70% 0.085 0 0 0 0 0 66 70% 0.085 0 0 0 0 0 57 70% 0.085 0 0 0 0 0
1986 Jan 0 0 0 0 0 0 0 0 0 90 70% 0.0