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PEMBILIER DAM REVIEW COMMITTEE

FEBRUARY 1974

The Under Secretary of State
Department of External Affairs
Ottawa, Ontario, Canada

Attention: U.S.A. Division

Dear Sir:

Following the meeting of officials of the Governments
of Canada .and the United States on February 9, 1973, in Wash-
ington, D.C., the Pembilier Dam Review Committee was formed
in Canada for the following purposes:

a) to study and discuss with Regional officials
of the U.S. Corps of Engineers, the 1972 Corps
report entitled '"Review Survey of Flood Control
"and Related Purposes, Pembina River, North Da-
kota", and

b) to assess the flood control benefits that would
accrue to Canada as a result of the construction
of the Pembilier Dam.

The Pembilier Dam Review Committee has completed its
assignment and presents its findings herewith. During the
course of its studies, continuous liaison was maintained
with the U.S. Corps of Engineers.

In addition to determining the flood control benefits
which would accrue to Canada through the development of the
Pembilier Dam project, an.evaluation was carried out to ap-_
portion project costs. The Review Committee estimates that,
in terms of 1971 prices, annual flood control benefits in the
amount of $147,200 would accrue to Canada. This represents
10.17% of total project benefits and has a present worth of
$1,961,300. On the basis of benefits received (10.17%), the
prorated present worth of project costs is estimated to be
$1,938,600 (1971 prices) resulting in a benefit-cost ratio of
1.011. Certain intangibles such as the benefits of resolving
the International Boundary dispute have not been quantified
in the report but should be considered in any overall dec151on
regarding Canadlan part1c1pat10n in the progect
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SUMMARY

In 1972 the United States asked Canada to consider
sharing the cost of the proposed Pembilier Dam on the Pem-
bina River in North Dakota in proportion to Canada's share

of the benefits accruing from the project as suggested in

"d 1972 report by the U.S. Corps of Engineers entitled '"Review

Sﬁmmary of Flood Control and Related Purposes, Pembina River,
North Dakoté". Flood control benefits in Canada were estim-
ated at $249,SOO annually and the suggested cost allocation
to Canada $237,400 annually, both values estimated over thg
100 year life of the project. Candada and fhe Province of
Manitoba agreed to consider the request and ear1y in 1973
appointed a Pembilier Dam Review Committee, comprised of
officials represenfing the twq-goverﬁments, to review thg
1972 Corps of Engineers Repoft.

The Review Committee wag acfive from March to Decem—
ber 1973, and throughout the review périod méintained liaison_
with the St. Paul District, Corps of Enginéers. The review
was concentrated mainly on fhe estimate of benefits.accruing
to Canada and the proposals for cost allocation.

The Review Committee questioned the data, assumptions
and procedureé used by the Corps of Engineers to estimate
Canadian benefits and gdncludedlthat the estimate was un-
realisticl The Revicw Committee'prepared a revised estimate
of Canadian benefits basedvon current data aqd revised assump-

tions and procedures. The Revicw Committee estimates that
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CHAPTER 1
INTRODUCTION
The Pembina River rises.in south-western Manitoba and
flows in a south easterly direction into the Uhited States to
its confluence with the Red River nedr Pembina, North Dakota,
as shown in Figure 1. There is a long history of flood damage
associated with the spring snowmelt in the Pembina River Basin.
Damaging‘fldods have occurred mainly on the broad, flat plain
cast of Walhalla, North Dakota, where_overbank flows from the
Pembina River escape.south into the Tongue River Basin in North
Dakota and north into the Plum and Aux Marais River Basins in
Canada. In recent years major floods have occurred in 1966,
1969, 1970 and 1971. Although the Pembina flood peaks do not
usually coincide with flood peaks on the Red Rivér; they do |
contribute to the magnitude and duration of floods on the Red.
Thus there are two areas in Manitoba affected by floods on fhe
Pembina River: the Gyetna—Altoné area, affected by overland

——— ——————

flows from the Pembina, and the Red River area; affecfed by
% :
overbank flows from the Red River. The limits of the area:

flooded by the 1950 floods on the Pembina and the Red Rivers are
indicated in Figure 1.

In a 1972 report entitled '"Review Survey qf Flood Control
and Related Pufposes,iPembina River, North Dékdfa", the United
States Corps of Engineers proposed thelconstruction of the Pem-
bilier Dam,oﬁ the Pembinu River sbuthﬁést of Waihalia, North

Dakota. - This dam would provide for flood storage on the Pembina



The Committee met on severél occasions to review and
revise the estimates of Canadian benefits and to discﬁss
the revised estimate and the cost allocation proposals with
the Corps of Engineers. At the request of the Committee the

Corps provided rcvised cost allocation proposals based on

" the revised estimate of Canadian benefits. This report sum-

marizes the work of the Review Committee.



CHAPTER 2

CANADIAN BENEFITS

2.1 Review of U.S. Corps of Engineers Estimates

The basic source of data used by the U.S. Corps of
Engineers to estimate Canadian benefits for their 1972 re-
port was a 1964 report to the International Joint Commission
by the International Pembina River Engineering Board eﬁtitled
"Joint Investigation for.Developmenf of the Water Resources
of the Pembina River Basin, Manitoba and North Dakota'. Thé
Canadian flood damage data_in the 1964 report was, in turn;
based on the 1958 report of the Manitoba Royal Commission on-
Flood Cost Benefit. .Damage estimates in the 1964 report re-
flected the impact of protective measures taken between
1958 and 1964, but damages were éxpreéséd in terms of 1957
prices. Manitéba provided the Corps with dischargeéflobded
area relationships for the Gretné-Altbﬁa reach of the Pembina
River and the Emerson—St. Norbert réach of the Red River that
reflectéd.thé-impact of protective measures taken up tolfhe
time of the most recent Corps study. Based on this'information
the Corﬁs estimated frequency-damage relationships for each
reach both with and without the proposed Pembilier Dam. The
discharge-damage curves and frequency damage curves for eéch
reach.are.shown in.Plates C-15 to C-iSIin Appendix C 6f the
1972 Corps report. The estimated average annhél.flodd damages,
in 1957 prices, as derived from these curves; were $35,800
for tﬁe Gretna-Altona reach and $493,800 for the Red River

Reach.
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For purposes of estimating benefits and costs, the Corps

assumed that the Pembilier Dam would be constructed by 1980

and that the life of the project would be 100 years (ie: 1980-

2080). It was also assumed that there would be real growth in

both Canada and the United States during the 100 year life of

- the project which would result in an increase in the potential

flood damage, and thus in the benéfits from the projecf.

The final estimates of benefits and costs used by the
Corps Wefe for the period 1980-2080, expressed in 1971 prices.
Working with the basic estimate of 1964 damage médified by
protective measures taken up to 1971, a number of adjustments
were necessary to produce the final estimatesIOf benefits.
These were as follows:

1. 1971 Average Annual Damage Estimate (1957 Prices)

The'basic estimate of damages was adjusted to account
-for real growth during the period 1957 to 1971. Growth
of 14% was assumed for all categories of:damages for the
14-year period. Thus the basic damage eétimates were
increased by a factor of 1.14.

2. 1971 Average Annual Damage Estimate (1971 Prices)

The basic estimate as adjusted in Step 1 was further
adjusted to reflect 1971 prices. Three indices drawn
from Statistics Canada data were weighted equally to

reflect price changes from 1957. These were as follows:

Farm Proddcts: 1971 = 265.4 -
1957 = 213.6 = 1.242
Residential Building 1971 =  144.3 - 1.596
Materials 1957 = 90.4 o
Non~-Residential 1971 = 133.4 - 1.472
Building Materials 1957 90.6 oo
: 4,310 = 1.437
5
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the 1980 average annual damage estimate (Step 3) and

the annual equivalent of the 1980-2080 average annual

damages (Step 6).

The dollar values and factors used by the Corps in

preparing the estimate in the 1971 report are pre- .

sented in Table 1.

After reviewing the U.S. Corps Report and the procedures
that were followed to estimate the economic benefits to Canada,
the Committee concluded that the estimates of Canadian benefits
were likely to be unrealistic. The main reasons fbr,reaching
this conclusion were related to the over eetinate of the impact
of the proposed Pembilier Dam on fleod frequency due to includ-
ing the affects of the Kindred and Twin Valley Dams, and to the
iprocedures'employed to estinate the Canadian benefits as out-
lined in Table 1 and the preceding discussion.v The procedures
questioned weTe aé follows:

1) conversion from 1957 to'197idprices to estimate cost

ef dnmages.

a) price indices for only three $ecters of the
economy were used, each was given equal weight
to derive one index tnat was applied to the
total damage estimate to determine the 1971 cost.

2) Growth |
a) a common rate of growth was assumed for all
| categories of flood damage.

b) the assumption that flood damage in all categories

would increase by 22% due to growth in the period

1971 to 1980.
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¢) the assumption that flood damages in all
categories would increase by 105%, due to
growth during the period from 1980 to 2030;

d) the use éf the United States discount rate
of 5 3/8% to calqulate.the_equivalent'average
annual damages during the period 1980 to 2080.

2.2 Review Cémmittee‘Estimate of Canadian Benefits
2.2.1 General |

Since the U.S. Cérps oijngineerS'vestimate'of
Canadian benefitslwas consideréd unrealistic the Review Com-
mittee undertook to provide its own esfimate; .The Committee
followed the U.S. Corps' approach to estimating damages but
_reVised the procedure; to provide a more accurate refléction
of conditions in Canéda. . Damages were disaggfegated by cate-
gory as in the 1958.R6ya1 Commission Reporf to adjust to 1972
prices and levels of dcvelopment. The Committee used what
it felt were more appropriate price indices for each category,
more recalistic asSumpfions about growth and a discount rate
of 7.5%, which is a redasonable reflection of anadian-Federal
and Provincial borrowing rates at this time.

The Commiftee questioned the rationale for in-
cluding projected fﬁture damages in the estimafe of benefits.
However, in the absence of other measures to fggulate growth
in'relatfdn to potential flood damage, growfh is likely to -take
place and no ulternatﬂves for adjusfment to the flood hazard
arc being considcfcdiin this study. Thus the Commit;ee decided

that to.be consistent with the United States approach increased
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2.2.3 EStimates'of Potential Flood Damage

2.2.3.1 Approach and Assumptions

' The Committee prepared estimates of the poten-
tial flood damage from selected floods in both the Red River
area and the Gretna-Altona area. The approach used to estimate

the potential damage was consistent with the approach used by

l

the U.S. Corps of Engineers. In order to use this approach and

to providé an.estimafe Qf damages without conducting a detailed
study it wa§ necessary to maké‘afnumber of aﬁsumptions. .The,
basic.assumptionsvused by therReview Committee were as followé:
1) vthat the ﬁethod:of estimating flood damages used
by the Maﬁitoba Royal.Cémmiséion on Flood Cost-
Benéfit 1958, is applicable to fhi§ review.

(2) ~that due ?o similar socio-economic characteristics
in the Red River area and thé Gretna-Altona area,
flood dém;ge data is transferable frém one area to

“the other on a per capita‘dr a per acre basis.

(3) that except for damage to farm cTops, the existing
levees and farm pads in theé Red River flood area
will preveht 80% of all agricﬁltural damages from
floods of"h magnitude upbfo and inclusive of
phe 1950 flood. . |

Using fhe estimates of flood damages repprted
by the Royal Commissio% on Flood Cost Benefit; 1958, as a base, -

the Review Committée'p&epared damage estimates reflecting 1972

priées and levels of dgvelopment'forrthree historical floods in

the Red River area (1852, 1947 § 1950) and two historial floods



3. For category D in the Gretna-Altona area a consulting
firm was employed‘to provide an estimate of damages.
These estimatgs were developed on the basis of detailed
studies of the 1969 aﬁd 1970 floods in the Aux Marais
River Basin and on the basis of thé_Royai-Commission
Report.

4. For category D in the Red River area damages were es-
timated by transferring unit values, on a per acre

basis, from the Gretna-Altona estimates.

More detail on the derivation of specific

estimates is provided in the footnotes to Tables 2 and 4.

A study on agricultural damages in the Gretna-Altona area was
prepared for the Review Committee by Stow Associates, Carman,
Manitoba.

2:2.3.2 Red River Area

Estimates of potential flood damages from
selected floods in the Red River area are detailed in Table-
2. These cstimates reflect 1972 prices and levels of develop-
ment assuming the channel conditions and flood control works
in existence in 1958.

Since 1958, ring dykes have.been_COnstructed
to protect urban centres in the Red River area. These ring

dykes provide protection from floods up to and inciuding a

- flood of the magnitude of the 1950 flood. Many farm proper-

ties have been provided protection in the form of pads and
levees. The farm pads and leveésvprovide no protection against
damage to farm crops; however, it was estimated that they will

prevent 80% of all other agricultural damages from all floods



DAMAGE CATEGODRY

Non-Agricultural
A, Urban
1. Non-larm Incomo
2, Ronts) Valuo of Nomes
3. Bvacuation Costs -
Poopis
4, Extrs Living Coats
S. Extra Work - Closan~up
6. Ropidantial Proporty
7. Purwonsl Proparty
8. MBusinoss, Btocks ané
Fixtures
§. Business, Real Pro-
perty
10. 8chools & Churchos

Sub-Total

8, Utliltion 8§ Rajironds
1. Manltoba Teolonhone
2. Menitobn Power .
3. CPR
4. CNR

Sub-Total

C. Govornmont

1. Roads § sridges
2. Plood Pighting Costs

Sub-Total

Agricuitural

D. Lass of Income end
iatra ostd

1, Farm Craps

2. Livestack

3. Uxtra Food for Llvs-
stock . :

4, Coat of Moving
Livestock

Sub-Total

B, Agricuitural Proporty
Parm Buildings
Persenal Property
Grain, Livestock,
Hachinery

-

Sub-Tetal

TOTAL

The. footnotes to this Table are on

TABLE 2

ESTIMATED FLOOD DAMAGES
RED RIVER AREA (EMERSON TO ST. NORBERT) - 1958 § 1972
1958 CONDITIONS!

1957 PRICES & LEVEL OF anELoPMEsfi ADJUSTMENT” 1972 PRICES § LEVEL OF DEVELOPMENTS
1948 FLoop? | 1950 FLOOD® | 1852 FLOOD FACTOR 1948 FLO0D*| 1950 FLooo® | 1852 FLo0D®

(€] (€] %)

217,000 724,000 1,472,000 i.86 404,000 | 1,347,000 2,738,000
41,000 232,000 404,000 - 1.70 70,000 394,000 687,000
10,000 27,000 44,000 1.50 15,000 41,000 66,000
28,000 is1,000 256,000 1.55 43,000 234,000 397,000
34,000 156,000 236,000 1.68 $6,000 257,000 389,000

486,000 2,022,000 3,177,000 . 1.70 826,000 | 3,437,000 $,401,000

129,800 $37,500 843,000 308 of (A.6) 248,000 | 1,031,000 1,620,000
91,000 452,000 710,000 167% of (A.9) 153,000 767,000 1,204,000
$4,000 270,000 424,000 1.70 . 92,000 459,000 721,000
$6,000 261,000 443,000 |[12% of (A.60A.7) 129,000 $36,000 843,000

1,146,500 4,832,800 8,011,000 2,036,000 | 8,503,000 | 14,066,000
31,000 51,000 216,000 1.24 38,000 63,000 268,000
“eee-- 62,000 89,000 1.24 . 77,000 110,000

6,000 100,000 625,000 1.42 9,000 142,000 888,000
4,000 634,000 1,281,000 1.42 6,000 900, 000 1,819,000
41,000 847,000 2,211,000 $3,000 | 1,182,000 3,085,000

250,000 1,203,000 2,400,000 1.42 355,000 | 1,708,000 3,408,000
28,000 130,000 214,000 2.50 -70,000 | _ 325,000 535,000

278,000 1,333,000 2,614,000 425,000 | 2,033,000 3,943,000

275,000 1,852,000 3,525,000 1.58 435,000 | 2,926,000 $,570,000
24,000 233,000 493,000 2.92 70,000 680,000 1,440,000
11,000 95,000 184,000 2.00 22,000 190,000 368,000

2,000 6,000 14,000 4.06 8,000 24,000 57,000

312,000 2,186,000 4,216,000 $35,000 | 3,820,000 7,435,000

219,000 1,184,000 2,355,000 1.76 385,000 | 2,084,000 4,145,000
58,300 314,500 626,000 308 of (E.1) 116,000 625,000 1,243,000

127,000 581,000 934,000 1.29 164,000 749,000 1,205,000

404,800 2,079,500 3,915,000 665,000 | 3,458,000 6,593,000

2,183,000 111,278,000 [20,967,000 3,714,000 {18,996,000 | 38,122,000

Page 17
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TABLE 3
ESTIMATED FLOOD DAMAGES
RED RIVER AREA (EMERSON - ST. NORBERT)
1972 PRICES & LEVELS OF DEVELOPMENT
1972 CONDITIONS 1 '

DAMAGE CATEGORY ESTIMATED DAMAGES

1948 FLOOD? 1950 FLOOD>., 1852 rLoop®
($) ($) | ($)
NON-AGRICULTURAL5
A. Urban 145,000 4,806,000 14,066,000
B. Utilities §
Railroads : 6,000 793,000 . 3,085,000
C. Government 117,000 1,410,000 3,943,000
AGRICULTURAL
D. Loss of Income - :
§ Extra Costs 455,000 3,105,000 7,435,000
"E. Agricultural ’
Property 7 133,000 692,000 _ 6,593,000
TOTAL ' : 856,000 10,806,000 - 35,062,000
Notes for Table 3
1. Channel conditions &‘flood control measures in existence in 1972.
2. Peak flow of 52,000 cfs on Red River at Emerson. 67,400 acres

flooded.

3. Peak flow at 94,000 cfs on Red River at Emerson. 316,000
acres flooded.

4., Peak flow of 137,000 cfs on Red River at Emerson. 523,000

acres flooded.

Non-Agricultural damages were derived by subtractlng the

benefits estimated to accrue from community ring dykes in

the 1967 Manitoba Water Resources Branch Report "Benefit-

Cost Study, Propoeed Dyking System for Towns § Villages

in the Red River Valley" from the damage estimates in

Table 2 of this report.

6. 1948 & 1950 Floods: Damages = 100% of Item D.1, Table 2

plus 20% of Items D.2, D.3 and D.4, Table 2. .

1852 Flood: Damage = 100% of Category D, Table 2.
7. 1948 & 1950 Floods: Damages = 20% of Catégory E, Table 2.
1852 Flood: Damages = 100% Category E, Table 2. ‘

(91}
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TABLE 4
. ESTIMATED FLOOD DAMAGES
GRETNA-ALTONA AREA - 1972 PRICES AND LEVEL OF DECVELOPMENT
1958 CONDITIONS]

1948 FLOOD® 1950 FLOOD®
DAMAGE CATEGORY Unit Vlluc‘ Population or> Dnmages6 Unit Value’ Population ara Danagese
($/Capita or $/Acre) | acres affocted (3) ($/Capita or $/Acre) acres affected %)
NON-AGRICUITURAL
A. Urban
1. Non-Farm Incomo 1345 522 72,000 337.17 734 247,000
. Rontal Value of
tiomes 23.99 522 13,000 98.62 1,159 114,000
3. BEvacuation Costs R
-« Pooptle 5.14 s22 3,000 10.26 1,159 12,000
4. fxtra Living
Conts 14.74 522 8,000 58.57 1,159 68,000
§. Bxtra Work -
Cloan=-up 19.19 522 10,000 64.33 1,159 75,000
0. Rosidontial
Praperty 283.07 522 148,000 8060.32 1,159 997,000
7. Paraonnl
Praporty 84,98 522 44,000 258.07 1,159 299,000
N R. Buslncws, Stacks
& Vixturos 52.4% 522 27,000 192.00 734 141,000
9. Rusinowns, Roa)
Property 31.53 522 16,000 114.89 734 84,000
10. Bchools &
Churrhow 44.20 522 _23,000 134.17 1,159 L 156,000
l Sub-Total 364,000 : 12,193,000
B, Utiiftlos &
Railrosds
1. H#Hanitohn
Tolephone 0.50 11,150 6,000 .20 36,400 - 7,000
2. Manitoba
Power - 11,150 - .24 36,400 9,000
3, CPR 0.13 11,150 1,000 A5 36,400 16,000
4, CNR 0.09 11,150 1,000 2.84 36,400 103,000
Sub-Total 8,000 135,000
C. Govornmont
1. Roads & RAridgos $.27 11,150 59,000 5.40 36,400 197,000
2. Plood Flghtling :
Costs 1.04 11,150 12,000 1.08% 36,400 37,000
Sub-Total 712000 234,000 .
ll AGRICULTURAL
D. Loss of income &
Bxtra Conts
1, Form Crups 7.76 11,150 87,000 7.76 36,400 282,000
2, Livestoechk .19 11,150 24,000 2.19 36,400 80,000
l 3. Extro yooed for
. Livostock .0.76 11,150 8,000 0.76 36,400 28,000
4. Cost of Moving . '
Livestock 0.07 11,1580 1,000 0.07 36,400 3,000
Sub-Tatal 120,000 393,000
I 8. Agrlcultursi
Property
i. Pars Buildings 8.26 11,180 92,000 8.26 36,400 301,000
2, Porsonal .
Proporty 308 of (B.1) 11,150 28,000 308 of (E.1) 16,400 90,000
3. UGrain, Live-
stock and
Machinory . 2.98 11,150 32,000 2.88 36,400 105,000
Sub-Total {52,000
—_ __496,000
l TOTAL e © 715,000 3,451,000

The notes for this Table are on Page 21.
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See Footnote 4. Population of the Red River area affected
by 1950 flood - 3995 persons. Acreage flooded in the Red
River area by 1950 flood = 316,500 acres.

For Category A the figure given is the population thét'would
be affected in the Gretna-Altona area by a flood of the mag-
nitude of the 1950 flood.

For Categories B, C, D § E the figure is the ‘acreage in the
Gretna-Altona area that would be inundated by a flood of the
magnitude of the 1950 flood.
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‘the area under the curve. The average annual benefit is

equal to the difference between the average anﬁual damage with
and without the Pembilier qu, ie: the area between the two
curves in each figure.

The average annual damages for both areas and the
average annual_benefit with the Pembilier Dam is summarized

by damage category in Table 6.

2.2.5 Increase in Benefits Resulting from Growth

To be consistent with the U.S. Corps of En-
gineérs' approach to'esfimating Behefits, an estimate of the
increase in the éverage annual Dbenefit associate& with in-
éréases in the damage potential resulting from economic
growth in the two areas was prepared. To prepare these
estimates it was nécessary'tb maké a number of assumptions
as follows:

(1) that thé prbject would be in operation by 1980,

(2). thaf the increase in future benéfits would be in
the same prbportion to future damages as was es-
timated for past floods, |

(3) that future construction of roads, bridges, rail-
roads and other utilities would be limited and
would be designed to avoid flood damage.

(4) that growth in the various damage categories over
the period 1972 to 1980 would be as follows:

Categories A (Urban) & E (Agricultural Property) = 3%

Categories B (Utilities § Railroads) § C (Government)
' . {see assumption 3)

Category D (Loss of Income § Extra Costs) - 27%

o



(5) that growth over the period 1980 to 2080 would be

as follows:

Categories A (Urban) & E (Agricultufal Property) = 15%

Categories B (Utilities & Railroads)'& C (Government) = 0%

(see assumption 3)

Category D (Loss of Income § Extra Costs) = 60%

- it was further assumed that all growth during this
period would occur betweén 1980 énd 2030 and would
be in the fqrm of a uniform increasing seriés over
this 50 year period.

(6) that the appropriate interest rate to be used in es-
timating Cﬁnadian benefits is.7.5% per annum.

The estimates of gr&wth used by the Review Committee
varied significantly from those used.by fhe U.S. Corps of En-
gineers. |

Using the 1972 estimate of average annual benefits
given in Tablc 6 and the various assumptions outlined above,
the Review Committec estimated the average annual benefit fo
Canada of the proposed Pembilier Dam at the completion of con-
struction in 1980. The calculation and estimates are outlined
in Table 7 using 1972 prices with a final adjustment to 1971
prices. While it had been agreed With the U.S. Corps of Eﬁ—
gineers that all estimates of benefits and costs would.be pro-
vided in 1972 prices the Corps ultimately advised that it would
bc unable to provide cost estimates in 1972‘prices. Since the
Review Committce had completed its work, it was décided to make
a simple downward adjustment of 5% to provide an estimate in

1971 prices.



- BARAGE CATECORY

RED RIVER AREA

AL
..
C.
o,

E..

Orbas

otilities § Railroads
Goverament

Loss éf 1scome & El(;n.Cosl

Agricoltural Property

Sab-Total

GRETXA-ALTONA AREA

A, VUrbsa

$. Utilities 4 Rallrosds

€. Goverament

D. Loss of Income.4 Extra Cost

E. Agricoltural Prepor;y_
Sab-Total

TOTAL

avemase assuas!
BESEFIT 1972
i

31,800
8,000
14,800
25,500
32,000
112,100

137,000

_apsusrwest?

FACTOR
1972 - 1930

1.03
1.60
1.00

1.27

1.00!!

1.27

1.03

avernce axwear’

BEREFIT 1580
sy

12,300
2.200
2,500
5,100
s, 400

26,500

31.900
8,000
14,800
32,400
33,000
110,600

146,508

TASLE *

AVERAGE AKKUAL BEREFIT TO CAKABA

OF PROPOSED PEMDILIER DAM

AT COMPLETION OF CONSTROCTIOR IX I9$®

apJusTeenT®
FACTOR
193¢ - 2080

The notes for Table 7

aversige Axsoa’
BEFEFIT

)

13,000
2,200
2,500

s,200

6,200,

32,100

31,800
8,000
14,800

51,800

38,000
e
. 144,400 .

176,500 -

are

2080

1scamase 1w ¢
AVERAGE AYSDAL

BENEFIT

1980 to 2880
(£ 5]

1,700
°

°
3,100
"0

T 5,600

5,000

19,400

PERIOD
FACTOR :

.278
L27R
L2718
.178

.278

.178
.27
278

. .278

on Page 29.

BEVELOPNENT]  AWNUAL EQUIVALENT®
YALUE. OF 2086
AVERAGE ANNUAL
SENEFLY 1980-2080
1)

500

900
100

1,600

ANNUAL

(8}

11,800
2,200
2,500
6,000

5,600

28,100

31,800

8,800
14,808
37,800

34,400

FEINAL AVERAGE
RENEFIT
{1972 Prices)

126,300

159,900

rimaL averace!®
ANWDAL BENEFIT
(1971 Prices)
[¢3]

11,200
2,100
2,400
5,708

$.300

28,700

30,200

7,600
14,100
35,900
32,700

120,500

147,200

e kot
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The proposed Pembilier Dam would provide an equitable and
comprehensive means for alleviating the chronic flood pro-
blem iﬂ the basin, which could lead to a more harmonious
relationship between residents in the two countries. .

The Review Committee is aware of a study under-
way by a Committee of Canadian and United States officials to
solve problems assoéiated with ioCalized flooding of agri-
cultural lands in the Gretna-Neche area along the Internat-
ional Boundary. In a memorandum of understanding dated

June 22, 1973, the latter committee noted that while the

T e ——— ——

development of works is requiréd'to drain surface water from

agricultural lands, the total problem can only be resolved

by effectivély controlling the Pembina River.
| 2.3.3. Backwater Effects in Canada
A first estimate of the backwater effect in
Canada of the Pembilier Dam was provided to the Review
Committee by the Corps of Engineers. The limited analeis
that has been done to date indicates that at the desigﬁ

flood level, a flood with approximately a 2% probability

"of occurrence in any year, the reservoir created by the

Pembilier Dam would flood an area of about 3200 acres, all
withiﬁ thé United Sfates. In the event of a fiood with a
1% probability of occhrrencé'in any year an area of 3550
acres would bec flooded, but the backwater effect in Canada
would be confined to the channel of the PemBina River. At

the spillway design flood level, a flood with about a .01%
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"CHAPTER 3
COST SHARING

3.1 Cost Allocation

In the 1972 report the U.S. Corps of Engineers suggested
that Canada be allocated a part of the cost of the Pembilier
Dam proportionate to its share of the total benefit from the
project. The suggest cost allocation to Canada was §237,400
annually over the 100 year life of the project. The qﬁestion
of cost sharing was discussed when the Review Committee met
with representatives of the U.S. Corps of Engineers. It was
agreed that the Corps would provide the Review Committee with
a new cost allocation proposal based on the same cost sharing
rationale used iﬁ their 1972 repoft, but using‘the revised
estimate of Canadian benefits and incorporating the Canadian
interest rate. The Corps subsequently presented é number of
cost allocation proposals, each of which differed in the mag-
nitude of benefits attributed to the United States dependihg
upon whether national or both national and regional benefits
were included. Using the Corps definition of national and
regional benefits, the Review Committee's estimate of Canadian
benefits must be considered an aggrégate ofvnationél and reg-
ijonal benefits.  Thus only the cost allocation proposal that
included United States national and regioﬁal'bgnefits was

considered by the Review Committee.
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represents an annual cost to Canada of $148,400.
| The Review Committee prepared a revised cost allocation

based on the assumption that each country should share the
present worth of the cost of the projéct in the same pro-
portion as its share of the present wérth of the benefits.
For this allocation all costs were estimated using the United
States federal interest rate of 5%%. Since all expenditures
for the project will be made in the first instance by the
UnitedAStatcs, with subsequent reimbursement for a portiqn
of these expenditures by Canada, it seems reasonable to the
Committee to use the United‘States interest rate for'eétim—
ating costs. |

The revised allocation proposed by the Review Committee,
based on 1971 prices, is outlined in Tables A to D, Appendix
III. As indicated in Table D the present worth of the costs
of the projecf is $19,062;000, the present worth of the annual
benefifs is $19,284;600 and the.benefit to cost ratio is 1.011:1.
The annual benefit.to Canada is estimated at $147;200, the '
present worth of'Which is $1,961,300; 10.17% of the total benefit.
Canada's share of the present worth of the costs allocated in
prpportioh to Canada's share of the present worth of the bene-
fits is $1,938,600; an annual cost of $145,600. The ratio of
bencfits to costs for Canada in this allocation is 1.011:1.

The cost allocation worked out by the Review Committee
would appéar to be-a reaséndble economic Basis,for negotiating

cost sharing if a decision is made to proceed with the project.
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APPENDIX 11

U.S. CORPS OF ENGINEERS
COST ALLOCATION
TABLES A TO D



ALLOCATICH # 2 "~ NWATIONAL :EINEFITS PLUS REGIONAL BENEFITS
Tatle A - Multizle-puwrrose prejlect costs - specific and joint-use costs
Srecific costs
, Flood  Water Joint-use
- . Item control supply Reereation costs Total

Dircet first cosis

Lends and damages(l) $710,000 $710,000
Highway relocwz*ions 1,354,000 1,354,000
Reservoir ' 178,000 173,260
Enbankment _ ! 4,807,000 L,807,0C0
Spillway 4,778,000 4,773,0
Outlet works 3,902,000 3,902,000
Channels $110,000 ' , - 110,000
Fish and wildlife

mitigation ' 726,000 726,200
Recreation facilities _ $1,186,000 1,186,000

Total direct first costs 110,000 1,186,000°16 ,455,000 17,752,300

Indirect first ccets

Fngineering and déesign - 5,000 115,000 . 941,000 1,061,000
Supervision and , ' -
administration 5,000 115,000 868,000 988,000

Total indirect first :
costs 10,000 230,000 1,809,000 2,049,000

Project investment

Intercest during con
struction (lanc;? Q) 122,000 122,000
Intercst durl?

~ construction 10,000 . 3 ,000")1 534 000 _1,578.500

Total project investment 130,000 1,450,000 19,920,000 21,500,000

Annuel costs

Interest and

amortization - A 7,200 83,800 1,150,00C 1,241,900
Operation, maintenance, ‘

snd replacenznts 2,000 11,700 61,000 74,700

Total annual costis 9,200 95,500 1,211,000 1,315,700

Annual benefits - ,<1;32h,h00(5)
Net benefits : . : 8,700
Benefit-cost rati - . . 1.01

Yl) Exclugive of lands Zor fish and wildlife mitigation, recreation
development , ernd noturael presorveiion arca.

(?) Purchnse of lends sssumed to commence 3 years prior to start of constructic
(3) Constructic: pericd of daa assumed Lo be 3 years.

(W)  Asswies one third of recrention facilitics will be constructed

concurrent with éem conctruction.

(5) Includes Cenadinn flood contrel benefits attllbutable to the project cf

$147,200 wnd U.5. regicael beaefits of £138,700:

I' - Totel first costs 120,000 1,416,000 18,264,000 19,800,000
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ALLOCATION # 2 - NATIONAL BENEFITS PLUS REGIONAL BENEFITS

Table B - Cost silocation studles ~ swmmary of first ccsts, investments, end annual charces for project purposes - Perbilier Dam and Le.kem
Two-purpose project e¢osts ’

Multiple- Flood Flood Water ’
purpose Single-purpose project costs control control supply Separeble costs
project Flood Water end wvater and and Flood Water
Item cost control supply Rocreation supply _recrention recreation control supply Recreation Joint costs
) . Dircct first costs '
. . Lands and damages(l) $710,0c0  $680,000 - $235,000 $710,000 $71.0,000 $235,000
Righway relocations 1,354,000 1,35%,000 - 450,000 1,354,000 1,354,000 450,000
Reservoir 178,000 0 - (2 178,000 176,000 178,600 196,000
Exbankrent 4,807,000 4,660,000 $685,000 1,200,000 %,807,000 k,307,c00 1,200,000
. Spillway 4,778,000 1,826,000 - 2,380,000 4,778,000 k,778,000 2,380,000
Qutlet works . 3,922,000 3,865,000 - 1,170,000 13,902,000 3,902,000 1,370,000
Chennels 110,000 110,000 - - 110,000 110,000 -
Fish and wildlife miﬁ.%asion 726,000 . 459,000 - 630,000 726,000 726,000 630,000
Recrcation facilities (1 . 1,186,000 0 - 1,186,000 - 1,186,000 1,185,000
- . Total direct costs ® 17,751,000 15,955,000 685,000 7,429,000 16,565,000 17,751,000 7,647,000 $10,104,000 0 $1,186,000 $6,461,000
) .
Indirect costs
Engineering and design 1,061,000 ° 920,000 69,000 443,000 946,000 1,061,000 456,000
Supervision and administration 988,000 845,000 68,000 413,000 873,000 988,000 425,000
Total indirect first costs 2,049,000 1,765,000° 137,000 . 856,000 1,819,000 2,049,000 881,000 1,168,000 0 230,000 651,000
Total first costs 19,800,000 17,720,000 822,000 8,285,000 18,384,000 19,800,000 8,528,000 11,272,000 0 1,416,000 7,112,000
Project investment |
_Interest during construction(S)
(1ands) 122,000 117,000 - 26,000 123,000 122,000 26,000 96,000 0 0 26,000
Interest during construction(5) 1,578,000 1,470,000 49,300(3) 299,000 1,532,000 1,572,000 k13,000 1,155,000 0 46,000 367,000
. Present worth of deferred 0 ¢ 170,500 o - - - 0 0 ) o
f construction _
Total project invastment .21,500,000 19,307,000 1,041,800 8,710,000 20,039,000 21,49k,000 8,967,000 12,533,000 0 1,462,000 7,505,000
Annusl costs (1980-2080)
Interest and smortization () 1,241,000 1,11L,000 63,00003) 481,300 1,157,300 1,240,000 495,500 k5,500 - O 83,700 111,800
Operaticn, meintenance, -
ond replacements 74,700 __ 28,000 54,000(%)__ 49,700 63,000 7k ,700 49,700 25,000 o 11,700 - _38,000
Total annual costs 1,315,700 1,142,000 117,000 531,000 1,220,306 1,314,900 545,200 . 770,500 0 95,k00 LL9,800
(6) ; . - . -
Annual benefits 1,324,400 1,104,500 120,200 - 99,700 1,224,700 1.20‘14 ,200 219,900 1,110,900 $120,200 " 99,700 0
Net benefits = 8,700  -37,500 3,200  ~431,300 4,400 -110.700  _325 300 N '
Benefit-cost ratio 1.01 0.97 1.03 0.19 1.00 0,92 0.40

11} Exciusive of lands for fish end wildlife mitigation, recreation development, and natural preservation areas.

{2) Totul cost of channel dum and waler supply netvork from Red River of the North to Neche.

3) Using non-Federal Interest rate of 6 percent.

{4) Includes energy and extra trestment costs.

(5) Interest rate is veighted composite of Canadian interest rate of 7 1/2 percent, U.S. Federal interest rate of 5 1/2
percent, end U.S. non-Federal interest rate of 6 percent.

(6) Floud control, water supply, and r\.-t:n:cutl(\n benefits include $133,700, $3,200, and $2,300 regional benefits, respectively.



ALLOCATION # 2 — NATIONAL BENEFITS PLUS REGIONAL BENEFITS

Table C - Allocation of costs to project purposes - 100-~year project life,
- separable costs-reraining benefits - Pembilier Dam and Leke

Flood Water v
Ttem control supply Recreation -Totel

1. Benefits (1) $1,20k,500 $120,200 $99,700 $1,324,400
2. Alternative single-

purpose project .

annual costs 1,142,000 117,000 531,000 1,790,000
3. Separable annual cosis 770,500 0 95,400 865,900
. Separable operation,

maintenance, and re-

placement costs in {3) 25,000 0 11,700 36,700
5. Annual benefits linited . :

by elternative costs 1,104,500 117,000 99,700 1,321,200
6. Remaining annuzl T

benefits (5 - 3) 334,000 117,000 4,300 455,300
T. Percentage of total - . ’

for - (6) 73.4 5.7 0.9 100.0

8. Allocated residual aunual
charges ($1,315,700 - ’ :
$865,900) X (7) 330,200 115,600 4,000 449,800
9. Allocated residual ogpera-
tion, maintenance, &nd
replacement costs

($74,700 ~ $36,700)% (7) 27,900 9,800 300 38,000
10. Total annual costs .
(3 +8) { 1,100,700 115,600 99,%00. 71,315,700

11. Totlal operation, méinte-\\
nance, and replacencnt

costs (4 + 9) . 52,900 9,800 12,000 74,700
12, HNHet annual costs '

(30 - 31.) © 2,047,800 205,800 87,400 1,241,000
13. Project investment 18,153,000 1,833,0001,514,000 21,500,000
14, Interest during con-

struction (lands) 115,100 6,700 200 122,000
15. Intercsi during con- : :
' struction ‘ 1,434,500  9k4,300 49,300 1,578,000

16. Project Tirst cost

(13 - (14 + 15)) 16,603,500 1,732,0001,46k,500 19,800,000

(1) Flood control beneliis include damages prevented in Canada and the Uni
States of $971,300, U.S. regional benefits of $133,200. U.S. regional empl
ment gains which are az wart of the regionel benefits total $32,400 and are
distributed as follows: $26,900 to flood control, $3,200 to water supply, znd
$2,300 to rcereation.



ALLOCATION #2 - NATIONAL BENEFITS PLUS REGIONAL BENEFITS

b. Project Investment
cost 18,153,000 16,306,100 1,846,900

13. Prescnt worth of
annual O§M charges -
(2) ' _ 957,300 828,800 128,500

(1) The difference between the capitalized total first (or investment)
cost and the actual total first (or investment) cost distributed to each
country in the same ratio that the approximate first (or investment) costs
for countries bear to each other.

(2) Brought back to present worth using United States interest rate of

5% percent.

Table D - An apportionment of costs allocated to flood control
between countries, Pembilier Dam and Lake
I ITEM TOTAL UNITED STATES CANADA
l 1. Flood control benefits $1,104,500 $957,300 $147,200
2. Benefit-Cost Ratio ' 1.00 1.00 1.00
l 3. Total annual charges 1,100,700 954,000 146,700
4. Percent of total 100.00 86.67 13.33
l 5. Annual O § M Charges 52,900 45,800 7,100
6. Annual Investment
I Charges 1,047,800 908,100 139,7004
7. Annual First Cost
l Charges 958,400 830,600 127,800
8. Interest Rate - 0.0550 - 0.0750
I 9. Interest and amortiz-
ation factor - 0.055261 0.075054
I 10. a. Approximate project
First Cost 16,733,300 15,030,500 1,702,800
l b. Approximate project .
Investment Cost 18,294,200 16,432,900 1,861,300
11, a. First cost
adjustment (1) -129,800 -116,600 -13,200
b. Investment Cost
l adjustment (1) -141,200 -126,800 -14,400
l 12. a. Project first cost 16,603,500 14,913,900 1,689,600
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Table A - Multiple-purpose project costs - specific and joint-use costs

Specific Costs

FLOOD WATER JOINT-USE
ITEM CONTROL SUPPLY RECREATION COSTS TOTAL

Direct first Costs

Lands and damages( ) $710,000 710,000
Highway relocations 1,354,000 1,354,000
Reservoir 178,000 178,000
Embankment 4,807,000 4,807,000
Spillway 4,778,000 4,778,000
Outlet Works 3,902,000 3,902,000
Channels $110,000 - 110,000
Fish § Wildlife

Mitigation 726,000 726,000
Recreation facilities $1,186,000 1,186,000
Total Direct First

Costs 110,000 1,186,000 16,455,000 17,751,000
Indircct first Costs
Engincering § Design 5,000 -115,000 941,000 1,061,000
Supervision and

Administration 5,000 115,000 868,000 988,000
Totdal Indirect First '

Costs 10,000 230,000 1,809,000 2,049,000
Total First Costs 120,000 1,416,000 18,264,000 19,800,000
Project Investment
Interest during cong,, o

struction (land) 117,000 117,000
Intecrest during.con—(3 ' ,

struction ) 10,000 39,000 1,448,000 1,497,000
Total Project } , ‘

Investment 130,000 1,455,000 19,829,000 21,414,000
Annual Costs ' A
Interest and :

Amortization 7,200 80,400 1,095,000 1,183,400
Operation, Maintenance,

and Replacements 2,000 11,700 61,000 74,700
Total annual costs 9,200 92,100 1,156,800 1,258,100
Annual benefits 1,324,4000%)
Net Benefits 66,300
Benefit-Cost Ratio 1.05

(1) Exclusive of lands for fish and wildlife mitigation,

and natural preservation area.

recreation development,

(2) Purchase of lands assumed to commencec 3 years prior to start of construction
(3) Construction period of dam assumed to be 3 years. :
(4) Assumes one third of recreation facilities will be constructed concurrent

with dam construction..

(5) Includes Canadian flood control benefits attributable to the project of

$147,200 and U.S.

regional benefits of $138,700.



TABLE B - COST ALLOCATION STUDIES X
e s .- SUMMARY OF FIRST COSTS, INVESTMENTS, AND ANNUAL CHARGES FOR PROJECT PURPOSES ’
PEMBILIER DAM AND LAKE

,,,,,, e e TNO-PURPOSE PROJECT COSTS oo
MULTIPLE- . FLOOD FLOOD WATER
b SINGLE-PURPOSE PROJECT COSTS Pitned) conmRoL shpPLy SEPARABLE COSTS OF NULTI-PURPOSE PROJECT
PROJLCT FLOGD WATER AND WATER AND AND FLOOD WATER
ITEM coST CONTROL SUPPLY RECREATION SUPPLY  RECREATION  RECREATION CONTROL _ SUPPLY  RECREATION_  JOINT COSTS |
Diract first costs
* " Lands and dasagest!) $710,000 $680,000 - $235,000  $710,000 $710,000 $235,000
. Highway Relocations 1,354,000 1,354,000 - 450,000 1,354,000 1,354,000 450,000
i . Reservoir 178,000 0 - 2y . 178,000 178,000 178,000 196,000
© * ' Eobankment 4,807,000 4,660,000  $685,000 1,200,000 4,807,000 4,807,000 1,200,000
; © Spillway . 4,778,000 4,826,000 : 2,380,000 4,778,000 4,778,000 2,380,000
: ! outlet Works 3,902,000 3,866,000 - 1,170,000 3,902,000 3,902,000 1,370,000
i Channels 110,000 110,000 . - 110,000 110,000 S :
, . Fish & Nildlife Mitigation 726,000 459,000 - 630,000 726,000 726,000 630,000
! Recreation Facilities(l) 1,186,000 0 - 1,186,000 - 1,186,000 1,186,000
‘__ Total Direct Costs 17,751,000 15,955,000 685,000 7,429,000 16,565,000 17,751,000 7,647,000 | §10,104,000 ) $1,186,000 $6,461,000
Indirect Costs ' T
"7 Engineering and design 1,061,000 920,000 69,000 443,000 946,000 1,061,000 456,000
Supervision and Administratioa 988,000 845,000 68,000 413,000 873,000 988,000 425,000
Total Indirect first costs 2,049,000 1,765,000 137,000 856,000 1,815,000 2,049,000 881,000 1,168,000 0 230,000 651,000
Total First Costs 19,800,000 17,720,000 822,000 8,285,000 18,384,000 19,800,000 8,528,000 11,272,000 0 1,416,000 7,112,000 .
Project Investment
: Fredest Ipvesizont ‘ — . L.
¢ Interest during Construction(®) 117,000 112,000 - 26,000 117,000 117,000 26,000 91,000 0 0 26,000
. f(Lands)
Interest during Construction'® 1,497,000 1,406,000 49.300¢3) 443,000 1,458,000 1,487,000 456,000 1,041,000 0 39,000 417,000
Present worth of deferred
construction . 0 0 170,500 0 - - - - ] [] 0 0
Total project investment 21,414,060 19,238,000 1,041,800 8,754,000 19,959,000 21,414,000 9,010,000 | 12,404,700 0 1,455,000 . 7,555,000
Annual Costs (1980-2080) . )
’ Interest and aportization(®) 1,183,400 1,063,100 63,000(3) 483,700 1,102,900 1,183,400 497,900 " 685,000 o "80,500 417,400
Operation, Maintenance, 4
and Replacements 74,700 28,000 54,0004 49,700 63,000 74,700 49,700 25,000 0 11,700 38,000
Total annual costs 1,258,100 1,091,100 117,000 $33,400 1,165,900 1,258,100 547,600 710,500 0 92,200 455,400
’ Annual bonefits (6) 1,324,400 1,104,500 120,200 99,700 1,224,700 1,204,200 219,900 1,104,500 120,000 99,700 0
Net Benefits 66,300 13,400 3,200 -433,700 58,800 -53,900 -327,700
Beasfit-cost ratio 1.05 1.01 1.03 c.19 1.08 0.96 0.40 ) .

(1) Exclusive of lands for fish and wildlife mitigation, recrecation dovclopment, and natural preservation areas.

(2) Total cost of channel! dao and water supply network from Red River of the North to Neche.

(3) Using non-Federal interest Tate of 6 percent.

(4) Includes energy and extra treatment costs.

(S} Interest rate is U.5. Federal interest rate of 5% percent.

(6) Flood control, water supply, and recrecation benefits include $133,200, $3,200, and $2,300 regional benefits, respectively.



lLable C - Allocation of costs to project purposes - 100-year project life,

separable costs - remaining benefits - Pembilier Dam and Lake
l FLOOD WATER
ITEM CONTROL SUPPLY RECREATION TOTAL
t. Benefits (1) $1,104,500 $120,200 $99,700 $1,324,400
. Alternative single-
purpose project
l annual costs 1,091,100 117,000 533,400 1,741,500
3. Separable annual costs 710,500 _ 0 92,200 802,700
4. Separable operation, . '
maintenance, and re- :
l placement costs in (3) 25,000 0 11,700 36,700
5. Annual benefits limited v
by alternative costs 1,091,100 117,000 ‘ 99,700 1,307,800
I6. Remaining annual ‘
benefits (5 - 3) 380,600 117,000 7,500 505,100
7. Percentage of total

for (6) 75.3 23.2 1.5 100.0
Allocated residual annual : :

charges (1,258,100 - _ '

$802,700) x (7) 342,900 105,700 6,800 455,400
Allocated residual oper- '

ation, maintenance, and

replacements costs

[o4)

SR EE &n

($74,700 - $36,700)(7) 28,600 8,800 600 38,000
0. Total annual costs

(3 + 8) 1,053,400 105,700 99,000 1,258,100
1. Total operation, mainten-

I ance, and replacement

costs (4 + 9) 53,600 - 8,800 12,300 74,700
2. Net annual costs

(10 = 11) (2) 999,800 96,900 86,700 1,183,400
3. Project Tnvestment 18,092,000 1,753,000 1,569,000 21,414,000
4. Interest during conts)

struction (lands) / 110,600 6,000 400 117,000
5. Interest during (3) _

construction 1,355,000 . 96,700 45,300 1,497,000
6. Project First Cost . . :

(13 - (14 + 15)) 16,626,400 1,650,300 1,523,300 19,800,000

(1) Flood control benefits include damages prevented in Canada and the United
States of $971,300, U.S. regional bencfits of $133,200. U.S. regional employment
gains which are a part of the rcgional benefits total $32,400 and are distributed
as follows: $26,900 to flood control, $3,200 to water supply, and $2,300 to
recreation,.

(2) Derived from Net Annual Costs and U.S. Federal interest rate of. 5% percent.
(3) Interest during construction = interest on separable cost + (interest on
Joint Cost) (adjusted percentage of total).
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Allocated in proportion to share of present value of benefits.

TABLE D
APPORTIONMENT OF COSTS ALLOCATED TO FLOOD CONTROL BETWEEN COUNTRIES
TOTAL USA CANADA

1. Annual Flood Control Benefits $1,104,500 $957,300 $147,200
2. Present Worth of Annual _ 1 2

Benefits 19,284,600 17,323,300 1,961,300
3. Percentage of Present Worth

of Benefits 100.0 89.83 10.17
4. Present Worth of Flood Con- 3

trol Costs 19,062,000 17,123,400 , 1,938,600
5. Annual Costs - 946,3001 ‘145,6002
6. Benefit to Cost Ratio - 1.011 1.011 1.011
Notes:
1. i1 = 5%% for 100 years
2. i = 7%% for 100 years
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