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Abstract

|. Project Origin and Goal

In 2004, Mindulle Typhoon ~ Flood on July 2nd and the July 5th
accident on the ablated check gate of the Li-Yu-Tan Reservoir (LYTR),
etc. had resulted in the shortage of water supply up to 6 days in the
Taichung Metropolitan Area (TMA). Thus, the Central Regional Water
Resources Office (CRWRO), Water Resources Agency (WRA), Ministry
of Economy Affairs (MOEA) studies and transacts " Planning for the
water supply system in reservation and emergency for the LYTR
(abbreviated as this project as follows) ;| .

In addition, the WRA calls meeting for " Plan of reservoir available
to take BOT for power plant increase and construction and the range &
permissible type of the reservoir touring business suitable to be opened
under the scope of the relevant statutes ; and T Follow-up development
type for the Jing-Shan Hydropower Plant (JSHP) in the LYTR ; and
instructs the CRWRO to make more detail evaluation on the investment
cases of the JSHP in the LYTR, excluding the cost of power plant facility
reserved as the investment allure but not for the engineering cost, and
summits the result to the WRA after the study on the financial benefit
and feasibility for the civil participation or the investment type of the
Taiwan Power Company (TPC).

Moreover, currently the pipeline in reservation and emergency for
the public intake of the LYTR had been mainly taken consideration for
initially and simply generating power ( " Jing-Shan
Hydropower-Generating Plan for the LYTR | , 1999). It's necessary to
re-evaluate the economical benefit. Thus, the power plant is named as
the Li-Yu-Tan Power Plant (LYTPP) to be studied in this project and
different from the former plan.

ll. Planning for Hydropower Plant

(I)Power-generating discharge
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According to the water-source operation rules, the water demand
and water source supply indeed react in 2021. The water-source
conjunctive use in the Ta-Chia and Ta-An Creeks (including the 3rd set
of water supply system) is used for the water-source analysis. It's
expected that power-generating benefit can meet the situation in
present and taken into account for the current situation that 70% and
80% water supply are used for the agricultural usage in the Ta-An and
Ta-Chia Creeks, respectively. Moreover, it's added as the condition for
discharge restriction that the minimum ecological outflow is 2.7 cms in
the Shih-Lin Weir.

(I1)Optimal plan

The ground surface type is used for the power plant utilizing the
agricultural usage and biological base flow for power-generating
discharge and it’s suggested to be installed at the outlet of the drainage

tunnel during construction in the left side of the platform, about 150 m
away from the outlet of the flood tunnel.

(I Construction terms

It's about 720 days, including civil engineering for hydropower
plant ~ mechanic and electrical engineering ~ existing road improvement
and new construction for the temporal work road,etc..

(IV)Environmental impact and water and soil conservation (WSC) plan

1.Due to the project site in the downstream of the LYTR and
power-generating capacity under 20,000 kws, the environmental
impact statement (EIS) is not to be carried out before development or
construction.

2.In accordance with the 3rd ~ 8th and 12th terms in the WSC code, the
WSC plan is to be fulfilled.

(V)Power-generating benefit (PGB)

According to the water-source operation rules, the agricultural
usage and biological base flow are estimated as the

-4
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power-generating discharge in water-source analysis; the yearly
average PGB is shown as follows:.

1. " Execution Act for buying the small hydropower electrical energy | :
NTD $19,570 ten thousands dollars.

2. " Operation key points for buying the electrical energy of the renewal
energy sources ; : NTD $36,310 ten thousands dollars.

(VI)Engineering cost

Total investment amount (TIA): NTD $205,522 ten thousands
dollars.

(VII)Economical evaluation and financial analysis (EEFA)

Discount rate (DR): 6.0% ~ net present value (NPV): NTD $-45,391
ten thousands dollars ~ profitability index (P1): 0.79 ~ investment return
rate (IRR): 4.48% -~ payback (PB) terms: 20 years and discounted
payback (DPB) terms: not available (NA)

(VIII)Plan execution analysis

The power-generating benefit invested by the CRWRO and private
sectors (PS) is close but the latter’s investment is better than the
former in every condition, i.e. technical capablity ~ development terms &
cost and actual management & operation (MO) , and so on. Thus, in
spite of low power-producing benefit, the power plant is recommended
for investment - construction and MO by means of the PS in the future,
if the investment benefit is available because of the revised rules on
the MO of the reservoir and electricity cost change.

(IX)Power plant planning in match with the TPC demand for the peak
electricity generation

Currently, depressure pool and the pipelines for public water
supply, etc. have been installed. Design head - installation capacity -
wheel and fixed power for generator, etc. are all adjusted with the
change of the existing facilities. Therefore, the power-plant plan is in
accordance with the previous planning method of electricity production

5
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and management of the JSPP, its planning results are shown as
follows:

1.Yearly average PGB: NTD $86,815 ten thousands dollars...

2.Engineering cost (EC): TIA— NTD $1,192,065 ten thousands
dollars.

3.EEFA: DR: 6.0% ~ NPV: NTD $-1,370,069 ten thousands dollars ~ PlI:
-0.1 ~ PB: NA and DPB: NA.

4.The power plant meets the peak electricity-generating demand for
the TPC. In present, the TPC demand is used as rules shown as
follows:.

a.Outflow criteria: excessive water sources in 3 irrigation channels
and the Ta An Creek flow into the Jing Shan Creek via the LYTR
after generating power.

b. The Water Supply Company (WSC) can be in match with the
power-generating demand, i.e. producing electricity during peak
but pumping water for off-peak water supply at night.

c.The increasing cost resulted from the turbidity influence of the
water sources and pumping back the raw water is affordable by the
power-generating unit.

d.The inverse adjustment function of the back pool is to meet the
peak electricity-generating capacity of the power plant.
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A | 814 | 350 14,800 [30,064,561 | 50,678,582 | 1,360,416 | 0.58
B | 814 | 66 4,200 | 18,150,543 0 205522 | 1.33
C | 17.0 | 170 2,100 | 1,382,807 0 378,976 | 0.06
81.0 | 210 12,800
D 28,553,315 0 841,051 | 0.95
170 | 140 1,400
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ER(ANE) | ARIA(HR) | BaP(FR) | yEF(HR) [ §EFREFF )
102 2,520 6,083 8,603 8,116
103 2,558 6,174 8,732 7,772
104 2,596 6,267 8,863 7,442
105 2,635 6,361 8,996 7,126
106 2,675 6,457 9,131 6,823
107 2,715 6,553 9,268 6,534
108 2,755 6,652 9,407 6,256
109 2,797 6,751 9,548 5,991
110 2,839 6,853 9,691 5,736
111 2,881 6,955 9,837 5,493
112 2,925 7,060 9,984 5,260
113 2,968 7,166 10,134 5,036
114 3,013 7,273 10,286 4,823
115 3,058 7,382 10,440 4,618
116 3,104 7,493 10,597 4,422
117 3,151 7,605 10,756 4,234
118 3,198 7,720 10,917 4,054
119 3,246 7,835 11,081 3,882
120 3,294 7,953 11,247 3,717
121 3,344 8,072 11,416 3,560
122 3,394 8,193 11,587 3,408
123 3,445 8,316 11,761 3,264
124 3,497 8,441 11,938 3,125
125 3,549 8,567 12,117 2,993
126 3,602 8,696 12,298 2,865
127 3,656 8,826 12,483 2,744
128 3,711 8,959 12,670 2,627




kA RBFER* A4 4(H)

ER(ARANE) | A FHER(EFER)| FRP(FR) | FER(FR) [FEFRE(F )
129 3,767 9,093 12,860 2,516
130 3,823 9,230 13,053 2,409
131 3,881 9,368 13,249 2,307
132 3,939 9,509 13,448 2,209
133 3,998 9,651 13,649 2,115
134 4,058 9,796 13,854 2,025
135 4,119 9,943 14,062 1,939
136 4,181 10,092 14,273 1,857
137 4,243 10,243 14,487 1,778
138 4,307 10,397 14,704 1,703
139 4,372 10,553 14,925 1,630
140 4,437 10,711 15,149 1,561
141 4,504 10,872 15,376 1,495
142 4,571 11,035 15,606 1,431
143 4,640 11,201 15,840 1,371
144 4,709 11,369 16,078 1,312
145 4,780 11,539 16,319 1,257
146 4,852 11,712 16,564 1,203
147 4,925 11,888 16,813 1,152
148 4,998 12,066 17,065 1,103
149 5,073 12,247 17,321 1,057
150 5,150 12,431 17,580 1,012
151 5,227 12,617 17,844 969

ol H %y 3 BERS 480 § =) = 10°(4.380-0.582xLOG(MW))
2. i=%3 7288 A(100E § =) = ($ 15 )*(1+4 # + #%& 5)*(100-86)

$ - @@ k(F2)= (%25 )P/100

% NEFE

FNEATF X A(HFR)=(55657)
F=aNEFaL2+5NEATF 24

SNE &

8P=%£E% £

3.

4. A A (HF )= (F3E)(1+5 § L
5% - EAFRANMIEFA)=301g(FEFEF *) 10
6.

7.

» N=:i& 4 {5 N&

7 % )A(N-1)

(143§ 1 % % )N(N-1)
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B % 5 (SLR)3* 1 &

31 F 1 6.00% Hix:iFa

9 e ot 405 R Hegd T E FR% C RiE
1 27,385 0.9434 25,835
2 27,248 0.8900 24,251
3 27,109 0.8396 22,761
4 26,967 0.7921 21,361
5 26,824 0.7473 20,044
6 26,678 0.7050 18,807
7 26,530 0.6651 17,644
8 26,380 0.6274 16,551
9 26,228 0.5919 15,524
10 26,073 0.5584 14,559
1 25,916 0.5268 13,652
12 25,756 0.4970 12,800
13 25,595 0.4688 12,000
14 25,431 0.4423 11,248
15 25,264 0.4173 10,542
16 25,095 0.3936 9,878
17 24,923 0.3714 9,256
18 24,749 0.3503 8,671
19 24,572 0.3305 8,121
20 24,392 0.3118 7,606
21 12,980 0.2942 3,818
22 13,048 0.2775 3,621
23 13,116 0.2618 3,434
24 13,184 0.2470 3,256
25 13,251 0.2330 3,088
26 13,318 0.2198 2,927
27 13,385 0.2074 2,776
28 13,451 0.1956 2,632
29 13,518 0.1846 2,495
30 13,583 0.1741 2,365
31 13,649 0.1643 2,242
32 13,714 0.1550 2,125
33 13,778 0.1462 2,014
34 13,842 0.1379 1,909
35 13,906 0.1301 1,809
36 13,969 0.1227 1,715
37 14,031 0.1158 1,625
38 14,094 0.1092 1,540
39 14,155 0.1031 1,459
40 14,216 0.0972 1,382
41 14,276 0.0917 1,309
42 14,336 0.0865 1,240
43 14,395 0.0816 1,175
44 14,454 0.0770 1,113
45 14,511 0.0727 1,054
46 14,568 0.0685 998
47 14,625 0.0647 946
48 14,680 0.0610 895
49 14,735 0.0575 848
50 14,788 0.0543 803

B o % SLR 1.68 )3t 359,723




2R (NPV)3 B 4

% 1 6.00% Hi: =

9 # Wk (1) H#RE C R
0 214,361 1 214,361
1 10,575 0.9434 9,977
2 10,390 0.8900 9,247
3 10,197 0.8396 8,562
4 9,998 0.7921 7,919
5 9,791 0.7473 7,317
6 9,578 0.7050 6,752
7 9,356 0.6651 6,222
8 9,125 0.6274 5,725
9 8,887 0.5919 5,260
10 8,638 0.5584 4,824
1 8,381 0.5268 4,415
12 8,113 0.4970 4,032
13 7,834 0.4688 3,673
14 7,544 0.4423 3,337
15 7,242 0.4173 3,022
16 20,171 0.3936 7,940
17 20,042 0.3714 7,443
18 19,911 0.3503 6,976
19 19,779 0.3305 6,537
20 19,644 0.3118 6,125
21 11,169 0.2942 3,285
22 11,218 0.2775 3,113
23 11,267 0.2618 2,950
24 11,316 0.2470 2,795
25 11,365 0.2330 2,648
26 11,413 0.2198 2,509
27 11,461 0.2074 2,377
28 11,509 0.1956 2,251
29 11,556 0.1846 2,133
30 11,604 0.1741 2,020
31 11,651 0.1643 1,914
32 10,073 0.1550 1,561
33 10,120 0.1462 1,479
34 10,166 0.1379 1,402
35 10,211 0.1301 1,329
36 10,256 0.1227 1,259
37 10,301 0.1158 1,193
38 10,345 0.1092 1,130
39 10,389 0.1031 1,071
40 10,433 0.0972 1,014
41 10,476 0.0917 961
42 10,518 0.0865 910
43 10,560 0.0816 862
44 10,602 0.0770 816
45 10,642 0.0727 773
46 10,683 0.0685 732
47 10,723 0.0647 693
48 10,762 0.0610 656
49 10,800 0.0575 622
50 10,838 0.0543 588

NPV -42,011 ok 172,350




MR 5 (IRR)3 3 4

1.5 1 6.00% Hi:

F

#

© oo ~NOOO s~ WN-~O0

IRR

Wk (1)

214,361
10,575
10,390
10,197
9,998
9,791
9,578
9,356
9,125
8,887
8,638
8,381
8,113
7,834
7,544
7,242
20,171
20,042
19,911
19,779
19,644
11,169
11,218
11,267
11,316
11,365
11,413
11,461
11,509
11,556
11,604
11,651
10,073
10,120
10,166
10,211
10,256
10,301
10,345
10,389
10,433
10,476
10,518
10,560
10,602
10,642
10,683
10,723
10,762
10,800
10,838

rmF C
1
0.9560
0.9139
0.8737
0.8352
0.7984
0.7633
0.7297
0.6976
0.6669
0.6375
0.6094
0.5826
0.5570
0.5325
0.5090
0.4866
0.4652
0.4447
0.4251
0.4064
0.3885
0.3714
0.3551
0.3394
0.3245
0.3102
0.2966
0.2835
0.2710
0.2591
0.2477
0.2368
0.2264
0.2164
0.2069
0.1978
0.1891
0.1807
0.1728
0.1652
0.1579
0.1510
0.1443
0.1380
0.1319
0.1261
0.1205
0.1152
0.1102
0.1053

3t

BE
-214,361
10,110
9,495
8,909
8,350
7,818
7,310
6,827
6,366
5,926
5,507
5,108
4,727
4,363
4,017
3,686
9,815
9,323
8,855
8,409
7,984
4,339
4,167
4,001
3,841
3,688
3,540
3,399
3,263
3,132
3,006
2,886
2,385
2,291
2,200
2,112
2,028
1,948
1,870
1,795
1,723
1,654
1,588
1,524
1,463
1,404
1,347
1,292
1,240
1,190
1,141
214,361
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REE
-214,361
10,575
10,390
10,197
9,998
9,791
9,678
9,356
9,125
8,887
8,638
8,381
8,113
7,834
7,544
7,242
20,171
20,042
19,911
19,779
19,644
11,169
11,218
11,267
11,316
11,365
11,413
11,461
11,509
11,556
11,604
11,651
10,073
10,120
10,166
10,211
10,256
10,301
10,345
10,389
10,433
10,476
10,518
10,560
10,602
10,642
10,683
10,723
10,762
10,800
10,838

TR AR
-214,361
-203,786
-193,396
-183,199
-173,201
-163,410
-153,832
-144,476
-135,351
-126,464
-117,826
-109,445
-101,333
-93,499
-85,955
-78,712
-58,542
-38,500
-18,588
1,190
20,834
32,003
43,222
54,489
65,805
77,170
88,583
100,044
111,553
123,109
134,713
146,363
156,436
166,556
176,722
186,933
197,189
207,490
217,836
228,225
238,658
249,133
259,651
270,212
280,813
291,456
302,138
312,861
323,623
334,423
345,261




R4S w f i ' (DPB):- § 4

FTI%F 1 6.00% Hiz ! Fx

8 i e mEGER) FmF C AHVTERESEGRLE)
0 -214,361 1 -214,361
1 10,575 0.9434 204,384
2 10,390 0.8900 -195,138
3 10,197 0.8396 -186,576
4 9,998 0.7921 -178,657
5 9,791 0.7473 -171,340
6 9,578 0.7050 -164,588
7 9,356 0.6651 -158,366
8 9,125 0.6274 -152,641
9 8,887 0.5919 -147,381
10 8,638 0.5584 -142,557
11 8,381 0.5268 -138,142
12 8,113 0.4970 -134,111
13 7,834 0.4688 -130,438
14 7,544 0.4423 -127,101
15 7,242 0.4173 -124,079
16 20,171 0.3936 -116,139
17 20,042 0.3714 -108,696
18 19,911 0.3503 -101,720
19 19,779 0.3305 95,183
20 19,644 0.3118 -89,058
21 11,169 0.2942 -85,772
22 11,218 0.2775 -82,659
23 11,267 0.2618 79,710
24 11,316 0.2470 -76,915
25 11,365 0.2330 74,267
26 11,413 0.2198 71,758
27 11,461 0.2074 -69,381
28 11,509 0.1956 67,130
29 11,556 0.1846 -64,997
30 11,604 0.1741 -62,977
31 11,651 0.1643 61,063
32 10,073 0.1550 -59,502
33 10,120 0.1462 -58,023
34 10,166 0.1379 -56,621
35 10,211 0.1301 -55,292
36 10,256 0.1227 -54,034
37 10,301 0.1158 -52,841
38 10,345 0.1092 -51,711
39 10,389 0.1031 -50,640
40 10,433 0.0972 -49,626
41 10,476 0.0917 -48,665
42 10,518 0.0865 -47,755
43 10,560 0.0816 -46,893
44 10,602 0.0770 -46,076
45 10,642 0.0727 -45,303
46 10,683 0.0685 -44,571
47 10,723 0.0647 -43,878
48 10,762 0.0610 -43,221
49 10,800 0.0575 -42,600
50 10,838 0.0543 42,011
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