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EXECUTIVE SUMMARY

In August 2001, the Hawaii Agriculture Research Center initiated areview of the
Molokai Irrigation System (MI1S) to recommend changes to mitigate the current water
shortage problem. The system in Waikolu vadley (dams, wells and tunnel), Kuadapuu
(transmission pipdine and reservoir) and Hoolehua (distribution pipeline and users) was
vigted on August 15, 2001. Past reports, memoranda, meeting minutes and data reative
to thistask were reviewed at the State of Hawaii, Department of Agriculture (DOA),
Agriculturd Resource Management Divison office in Honolulu. Relevant data were
digitized for andyss. Westher, tunnd flows, pumping, reservoir depth and customer use
data were obtained and utilized. Variousindividuas from the DOA, MIS Users Advisory
Board, Universty of Hawaii Cooperdtive Extenson agents, and interested community
members were contacted to document the issues and concerns of the Molokai

community.

The current water shortage is primarily the result of the most severe drought since
the inception of the MIS. The drought started in 1998 and is continuing through 2001.
Rainfal total of 7.97 inchesin 1998 was arecord low compared to the average of
22.68 inches since 1970 at the Kudapuu reservair in central Moloka. Therainfal in
1999 and 2000 were the second and sixth lowest totals at 9.22 and 11.84 inches. The dry
weather has decreased water collection in Waikolu valey and increased water demand in
central Molokai resulting in the Kualgpuu reservoir depth dropping to 4 ft, the lowest

level on record.

Thefindings indicate that improving the weter collection in Waikolu valley,
reducing system losses and developing new sources could result in obtaining additiona
water. New sources being considered are stream diversions of Waihanau, Kawela,
Kaunakakal, Manawainui and use of some brackish wells. The additiond water may be
sufficient to incresse the customer base from the current 2,931 acres to about 6,000 acres
with atotal of about 12 mgd. This assumes that more than 6 mgd can be gained by
system improvements and from new sources. The 12 mgd is till not enough to support
the 9,960 acresin the current service area of Hoolehua. Therefore, expansion of the MIS

to Kdamaula homestead is not feasible unless more water can be obtained from the



northeastern Molokai such as Pelekunu stream with an average flow of 17.2 mgd. Any
development in the northeastern mountains will be cosily and likely met with
environmental and cultura oppositions. The Kalamaula area could be served directly by
diverting the water flow of 0.5 mgd from Waihanau stream to irrigate about 125

cultivated acres.

Recommendations for the developmernt of new water sources are long-term
courses of action. Environmenta and cultura issues of the impact of water remova on
the ecosystem, other water sources, the Public Trust Doctrine and Hawaiian rights require
studies before any new water project can proceed. Four new sources are proposed: stream
diversons on Kawda, Kaunakaka, Manawainui and development of brackish wells near
the current MIS system.

Short-term actions are more feasible, and these emphasize the improvement of the
efficiency of the water collection, trangport, storage, distribution and customer use. These
recommendations are divided into system and management improvements. It is roughly
edimated that up to 20% more water can be gained by minimizing known system losses.
Water use as measured by MIS customers meters has never exceeded the west porta
tunne flow, the water collected in Waikolu. The west porta flow provides the best
edimate of the total water available before tranamisson, storage and distribution losses.
Evaporation loss done is aout 300 million galons annudly or about 15% of the total
available water. Seepage loss from the reservoir could be higher than evaporation |oss,
but was not measured. The storage of water in Kualgpuu reservoir is expected to be the
difference of the west porta flow and the flows adjusted for evaporation loss and
customer use. From 1990 through 1999, the expected cumulative water storage is
expected be 2.540 hillion galons, which is more than the capacity of the 1.4 billion
gdlon reservoir. Since the reservoir depths have steadily decreased instead of increasing,
it strongly suggests there are other major losses in addition to evaporation such as errors
in the measurement of the west porta flow and the customer water usage. Twenty-seven
of thirty recommendations are short-term actions to minimize losses, improve irrigation

efficiencies and better manage the MIS.

-Vi -



INTRODUCTION

The Molokai Irrigation System (MIS) is operated and managed by the State of
Hawaii, Department of Agriculture (DOA) since July 1, 1989. As of August 1, 2001, the
MIS serves 239 agriculturd customers with 2,931 acresin central Molokai. The MIS was
designed to collect and pump water from the Waikolu valey, transport, store and
digtribute the water in centrd Molokai. Three consecutive years (1998 to 2001) of sparse
ranfal of lessthan haf of normd has resulted in very low water level of lessthan 5 ft
deep in the Kua apuu reservoir, which has a maximum storage depth of 54 ft. This
present drought prompted the DOA to encourage a 30% voluntary water use reduction by
dl MIS cusomers. The water shortage is reaching a critical point, where the Molokai
farmers cannot gpply sufficient irrigation to maintain normad yields.

This document is for the Agribusiness Developmert Corporation (ADC) to
provide information to respond to Senate Resolution 34, SD 1 of the 21% Legidature of
the State of Hawaii (Appendix A). The information and data provided in this document as
specified in Hawaii Agriculture Research Center contract with ADC include the
following:

Origina and present design and objective of the MIS

Physical capacity, operationd requirements and maintenance of the MIS

Current and new sources of water and their limitations

Current water use patterns relative to optimal crop requirements

Rights of the Department of Hawaiian Home Lands (DHHL)

Community concerns and issues as expressed by representatives of ADC, DOA,
DHHL, Natural Resources Conservation Service and the MIS Water Users
Advisory Board

Based on the above findings, courses of actions are recommended to ADC.



DESIGN

Intended Collection System

The origina design of the MIS called for four stages of implementation of which
only the first stage was completed. Parsons, Brinckerhoff-Hirota Associates (1969)
describes the plan in areport to the State of Hawaii, Department of Land and Natura
Resources (DLNR). Stage | included the congtruction of the water collection sysemin
Waikolu valey consdting of four diverson dams (Dams 1, 2, 3 and 4), sx wells (Wells
22, 23, 24, 4, 5 and 6), Waikolu tunnel, transmission system (concrete flume and
pipdine), Kualapuu reservoir, and the digtribution system to the users. Well 4 have no
pump and used only to monitor the groundwater level. Wdls 5 and 6 were not operationd
until after 1996. Photographs of some of the completed structures are shown in
Appendix B.

Stages 11, 111 and IV were not undertaken because of funding problems. Stage 11
proposed the congtruction of a collection system in Pelekunu valley with atunnd
connecting Waikolu to Pelekunu valey. The average totd surface flow (including dike
groundwater overflow) at the 1,000 ft eevation in Pelekunu was measured at 17.16 mgd
compared to 6.56 mgd for Waikolu at the same eevation. The average base flows
(estimate of sustainable groundwater) for Waikolu and Pelekunu were 2.52 and 6.09 mgd
a the 1,000 ft elevation, respectively. Stage |11 would const of ingtdling additiona
transmission pipelines. Stage 1V proposed three diversion structures each on Filipililau
and Lanipuni streams above the 1,000 ft devation in Pelekunu valey. The intended
cumulative amounts of water ddivered by MISin Stages|, I1, 111 and IV were predicted
a 3.8, 9.0, 11.0 and 19.3 mgd, respectively. Thetota cost of dl four stages was
estimated at $12,568,000 (Parsons, Brinckerhoff-Hirota Associates, 1969). With only
Stage | completed, the MIS was intended to have an average annud flow of 3.8 mgd.

Current System

In times of normd rainfal, 54% of the MIS water comes from four surface water
diverson damsin the Waikolu valey, 28% from groundwater intercepted by the Waikolu
tunnel and 18% pumped from wells (Water Resource Associates, 1999). For the period



from April 12, 1996 to November 30, 1997, the rainfal tota in Waikolu valey was
176.52 inches (above normal) and pumping averaged 0.746 mgd. More recent rainfall
data from the DOA Waikolu westher station are in Appendix C (weekly reports by the
MIS manager). The flows and distribution by water sources for this period were as
follows Waikolu valey surface runoff (diverted stream flow), tunndl groundweter

(tunnd interception only), and groundwater (well source) flows were 2.98, 1.60, and
0.746 mgd or 50.3, 33.3, and 16.4% relative to the tota of 5.33 mgd, respectively. The
collected surface water and pumped groundwater were transported by gravity through a
5.1 mile-long tunnd, 0.3 mile-long concrete flume and a 3.85 mile-long pipdine
connecting to the 1.4 billion-galon Kua apuu reservoir.

Waikolu Stream Watershed

Parsons, Brinckerhoff-Hirota Associates (1969) describes the watershed as

follows

"Waikolu valley consists of a main stream that follows the axis of the
valley nearly to its headwater boundary. Its main tributaries flow from
swamps on andesite on the small plateau between Waikolu and Pelekunu.
No appreciable drainage comes from the west side of the valley in its
upper portion. The main stream serves as a drainage channel for dike
water except in the lower part of the valley where the old alluvium acts as
a semi-impermeable cap. The dikes are about 20 to 25 degrees off the
perpendicular at intersections with the stream. In the upper part of the
valley, including the portion above elevation 1,000 feet, water in the
stream derives from overland flow from the andesite interfluve, direct
runoff within the valley, and dike water that drains directly into the
stream. In the lower part of the valley, the old alluvium forces water to
overflow from dike compartments to a maximum elevation of about 600

feet, and direct runoff originates from the valley proper."

The estimated amounts of groundwater and total surface water available in the
Waikolu vadley at different elevations are shown in Table 1.



Table 1. ESimates of available water in Waikolu valey a three devations (ft) with MIS
collection sructures. The flows are in million gdlons per day (mgd).

Avg. Base Avg. Direct Total Avg.

Elevation Flow Surface Flow  SurfaceFlow
1,000 2.52 4.04 6.56
900 2.66 4.27 6.93
750 3.02 4.86 7.88

Source: Parsons, Brinckerhoff-Hirota Associates (1969)
The average base flow estimates the amount of groundweter that can be pumped from the
ground without significantly lowering the level of the dike-confined water or referred to
as the sustainable groundwater yield (Parsons, Brinckerhoff-Hirota Associates, 1969).
The average direct surface flow is the average amount of water that can be diverted by
dams without dike overflow from the Waikolu stream. The average total available water
at the 750 ft elevation is about 7.88 mgd. The dams, wells and tunnd location in Waikolu

valey are shown below in Figure 1 where the lowest dam (Dam 4) is at the 730 ft
eevation.
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Figurel. Diverdonsof Wakolu stream and wdlsin Waikolu valley.
Circles and rectangles depict pumps and dams, respectively.

The Waikolu valley surface and groundwater resources were etimated a a
maximum average yied of about 7.88 mgd but were not intended to service dl the
current acresin central Molokal without system upgrades planned in Stages 11, 11 and V.
The Waikolu valey was intended to yield only 3.8 mgd or about haf of the average flow
available in Wakolu valey. The highest average monthly flow mesasured at the tunnd’s
west portal was 10.24 mgd in February 1990 for the period from 1989 to 2000 (Table 2).
The west portal flow represents the total amount of water collected from Waikolu valey
and available to the MIS before any ddivery or storage losses. The monthly averages for
al yearsin the aforementioned period ranged from alow of 4.60 mgd in September to a
high of 6.85 mgd in December with an overdl annud average of 5.80 mgd. Average
daily pumping from January 1988 to May 2001 was 0.88 mgd (Table 3). October 1995
had the highest pumping at 4 mgd. However, annua average diverted stream flow was
only 3.12 mgd for the period from 1989 to 2000 (Table 4), which was less than the
expected average direct surface flow of 4.86 mgd at the 750 ft elevation in Waikolu




valey. Therefore, the average obtainable flow is about 7.4 mgd assuming diverted stream

flow, pumping and tunndl ground water of 3.1, 2.5 and 1.8 mgd. A maximum of

0.744 mgd of pumping in Waikolu valey was dlowed until the well permit was amended

to 0.853 mgd on October 17, 2001.

Table2. East and west portas daily average tunnd flows (mgd) from 1989 through
2000 measured by USGS. West porta average for the period was 5.8 mgd.

Jan Feb Mar Apr May Jun
Year West East West East West East West East West East West Eagst
1989 645 462 711 524 711 489 924 698 644 368 587 322
1990 698 49 1028 808 873 646 498 275 802 575 698 478
1991 532 361 606 438 918 705 498 324 498 317 465 284
1992 346 199 453 28 398 228 307 09% 49 341 447 293
1993 542 393 457 248 62 45 724 546 679 504 58 391
194 711 526 730 553 866 653 802 619 601 45 68 471
1995 599 339 539 308 58 408 621 438 466 280 579 368
1996 406 312 58 462 474 35 470 368 357 267 401 332
1997 653 480 427 281 724 538 469 273 529 357 536 365
1998 49% 313 548 38 55 39 776 591 625 454 827 613
1999 630 474 724 570 769 602 659 511 441 305 511 370
2000 776 587 3656 233 515 38 750 58 497 35 418 285
Avg 586 412 597 425 6.67 489 625 444 553 382 562 381
Jul Aug Sep Oct Nov Dec

Yer West East West East West East West East West East West East
1989 750 4838 553 323 448 223 427 204 369 205 540 345
1990 498 302 454 253 482 270 503 33 776 597 892 685
1991 481 28 473 28 324 164 338 162 293 120 452 297
1992 549 332 37 244 48 330 446 299 737 562 653 508
1993 782 58 522 356 452 274 526 357 698 524 566 402
1994 626 4290 442 347 551 37 464 249 847 463 814 A87
1995 415 275 438 28 449 262 68 520 579 451 516 417
1996 416 351 341 28 424 277 436 268 769 592 873 698
1997 653 403 429 234 482 273 445 250 782 58 685 498
1998 644 391 481 28 497 261 548 319 905 600 776 58
1999 620 480 522 378 465 326 554 421 620 488 769 622
2000 498 366 493 358 468 335 na na na na na na

Avyg 578 391 460 304 460 281 488 308 671 472 6.8 504



Table3. Averagedaly pumping (mgd) of Wells 22, 23 and 24 in Waikolu valey from
January 1988 through April 2001.

Y ear

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec Annual

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

0.77
144
0.00
211
0.00
0.00
0.60
0.74
134
114
0.00
145
097
143

0.72
120
0.00
134
0.00
0.74
048
0.70
164
0.65
0.00
117
0.29
044

0.96
0.96
0.00
134
0.00
112
034
0.66
101
0.25
014
0.62
120
0.60

0.96
0.96
0.00
134
0.01
111
0.59
0.61
0.80
011
0.32
0.55
130
0.58

0.96
120
0.00
134
0.01
124
0.79
059
115
015
034
0.69
013

144
0.96
0.96
135
138
172
0.79
0.81
101
015
0.35
0.98
125

0.96
0.96
0.96
0.65
235
179
049
0.73
0.34
0.36
0.35
108
130

0.96
0.96
0.96
0.00
110
0.92
0.68
0.55
0.85
042
0.35
0.98
130

144
0.96
0.96
0.00
0.33
0.82
0.84
176
264
043
0.35
0.00
130

144
0.96
0.96
0.00
0.71
105
0.81
399
341
0.88
034
247
130

120
120
0.96
0.00
141
0.00
0.59
353
319
0.94
011
274
0.87

0.96
0.00
0.96
0.00
0.00
0.75
0.60
3.09
130
0.00
0.03
135
130

1.06
0.98
0.56
0.79
0.61
0.94
0.63
1.48
1.55
0.46
0.23
1.17
1.04
0.77

Avg

Table4. Average diverted stream flow (mgd) collected from the diverson damsin

Year

0.86

0.67

0.66

0.66

0.66

1.01

0.95

0.77

0.91

141

1.29

Waikolu vdley from January 1989 through September 2000.

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

0.80

Nov

Dec

0.88

Avg

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

318
4.95
150
199
393
4.65
265
178
3.67
313
329
4.90

4.04
8.08
304
2.86
174
5.05
238
298
216
385
454
204

393
6.46
5.70
2.28
343
6.18
342
258
513
385
540
2.65

6.02
275
189
0.95
4.35
5.61
3.77
2.88
2.62
559
457
457

248
575
182
3.39
381
3.76
221
152
342
4.20
2.36
343

2.26
382
149
156
219
393
2.88
2.32
3.50
578
272
160

392
206
220
0.96
4.08
3.80
201
317
3.67
3.56
3.72
2.36

227
157
2.88
134
264
279
234
2.00
192
254
2.80
2.29

127
174
164
297
193
291
0.86
013
231
225
3.26
2.05

108
239
162
229
252
168
121
-0.73
162
284
174

0.85
501
120
421
524
404
0.98
274
493
589
214

345 290
589 4.21
297 233
508 2.49
327 3.26
427 4.06
108 215
568 2.25
498 3.33
58 411
487 3.45

2.87

Avg

Surface Water Collection

3.30

3.56

4.25

an devation of 970 ft. Dams 1, 2 and 3 diverted waters flow by gravity to the tunnd,

3.80

3.18

2.84

2.96

2.28

194

1.66

3.38

431 312

The Waikolu tunnel begins at the east portal (21° 8 37" north latitude and 156°
55 16" west longitude) of the Waikolu valley at an devation of 990 ft and exitsin the
west at Kaunakakai gulch (21° 77 24” north latitude and 156° 59 44" west longitude) at

while water from Dam 4 requires pumping to the tunnel. The eevationsfor Dams 1, 2,
and 4 are 1005, 997, and 730 ft, respectively. The evation of Dam 3 was not found in



the records, but it is higher than Dam 1. Dam 3 is located northeast of Dam 1 and diverts
water from atributary to Dam 1. Dam 1 is the southernmost dam and the primary
diverson of the Waikolu stream. Water diverted from Dam 1 is transported viaa 20-inch
diameter pipe with a capacity of 15.5 mgd to the tunnel. Dam 2 diverts water from
another tributary north of Dam 3. The gravity flow capacity is 4.3 mgd from Dam 2 to the
tunnel. Above Dam 2 are three waterfdls. In times of high flow, the lower waterfal can
pass over Dam 2, but Dam 4 on the lower section of the Waikolu stream captures this
flow. Dam 4 is north of the other dams and 260 ft below the tunnel entrance; hence, the
additional cost of pumping is required to capture this surface water. Dam 4 aso captures
the flow from Napuleloa spring, which is located between and across from Wells 5 and 6.
The pump station at Dam 4 consists of three pumps (two 700 gpm and one 1,400 gpm
pumps) that are activated by the water level switches.

The amount of weater diverted from the Waikolu stream was calculated from the
total tunnd’swest porta flow by subtracting the water pumped from wells and
groundwater intercepted by tunnd. From January 1989 to September 2000, the average
diverted stream flow was 3.12 mgd with the months of December through April having
higher than average flows (Table 4). The stream flows for 1990, 1994 and 1998 were
above the historical average prior to dam construction measured by USGS gauge 4080 of
about 4 mgd (Table 1), but the flows for dl the other nine years were lower.

Wells and Groundwater Sources

Thewdlsin Wakolu valey consst of Wells4, 5, 6, 22, 23 and 24. The well
pumping capacities, ranging from 800 to 1,250 gpm, are shown below.

Wel  Pumping Capacity (gpm) MGD
5 800 1.152

6 1,000 1.440
22 800 1.152
23 1,000 1.440
24 1,250 1.800
Totd 4,850 6.984

Wl 4 isonly used to monitor the groundweter depth in the valey. The origina 100 h.p.
motor of Well 24 was replaced with a 125 h.p. motor to increase the origind capacity of



1,000 gpm to 1,250 gpm. By order of descending devation, Wdl 22 isin the tunnel at
about 992 ft devation, 400 ft deep and with the inlet suction at 703 ft elevation (287 ft
head relaive to the tunnd’s east portd). Well 24 islocated at 970 ft eevation (between
the tributaries diverted by Dams 2 and 3 and next to the main Waikolu stream), 300 ft
deep and with the suction inlet at 675 ft evation (315 ft head). Well 23 isat 875 ft
elevation (below Dam 2, below the tunnel and above Wl 4), 300 ft degp and with the
suction inlet a 614 ft elevation (376 ft head). Well 5isa 795 ft elevation (south or above
the Napule oatributary), 285 ft degp and with the suction inlet at 694 ft elevation (294 ft
heed). Wl 6 is a 766 ft elevation (north of Well 5 and below the Napulel oa tributary),
205 ft deep, and with the suction inlet a 675 ft elevation (315 ft head).

The tota capacity of the current pumpsis about 7 mgd, which exceeds the
edimated average available groundwater of about 2.5 mgd (Table 1) and the dlowable
pumping of 0.853 mgd. Therefore, all pumps cannot be operated more than 30% of
capacity, otherwise the groundwater levels will decrease sgnificantly when rainfdl is
insufficient to recharge the dikes. However, the pumping permit will only allow operation
up to 12% of full capacity. Analysis of Wells 4, 23 and 24 data (Water Resource
Associates, 1999) for the period April 12, 1996 to November 30, 1997, shows that
recharge occurred rapidly on the day after arainfal and with additiond recharging 5 days
after therainfdl (Appendix D). The changein water depth (D) in Well 4 was
sgnificantly correlated to pumping (P) of Wells 22 and 23 and rainfal (R;) a& Waikolu
for the 0.05 level of variable entry and rgection using stepwise regresson. At the 0.10
rgection level, rainfal 5 days after its occurrence (Rs) was included in the regresson
modd but not for varidbles of 2, 3, 4, 6 or 7 days after therainfal event. The resulting

regresson equation was
D=2698R; +0.8376 Rs - 9.31 P - 33.16

where D isdepth in ft, R, and Rs arerainfdl in inch, and P is pumping in mgd. The
correlation coefficient (%) was 0.33 and significant at the 0.01 level.

Pumping output from January 1988 to April 2001 averaged 0.88 mgd (Table 3).
The pumping per month ranged from 0 to 4 mgd. The period of high pumping was from
September through November with an average of 1.2 mgd, while pumping waslow in



from January through May. Months with no pumping occurred because of eectricd
failure, inoperable pumps or when diverted stream flows were adequate to mest current
demand.

Tunnd

The transmission system begins from the east portal with a 5.1 mile-long tunnd.
Thetunnd is 8 ft x 8 ft horseshoe-shaped with a concrete base and 1.5 ft high walls. The
remainder surface area of the tunnd is unlined and can intercept and collect groundwater.
This occurs mainly in the first 0.9 mile from the east portd. The tunnd dopes down from
east to west. Thefirst 0.9 mileis doped 0.1% then 0.065% dope for 4.2 milesto the west
porta. The tunnd isthe only route to travel by car to Waikolu valey for equipment and
facility maintenance. The flows entering the east portd (USGS dtation no. 16405100) and
exiting the west portal (USGS station no. 16405300) are measured with USGS flow
meters. The west portd flow measures the totd flow from Waikolu available to centra
Moloka. DOA has flowmeters, but notesin the DOA filesindicated that the data were
unrdiable. The average flow leaving the west portal from 1989 to 2000 was 5.8 mgd with
alow of 4.6 mgd and ahigh of 6.8 mgd (Table 4). The consstency of the totd flow was
due to balancing the low stream flow with additiona pumping by the M1S manager.

The difference between the west and east porta flow measurements, when Well
22 isnot running, is the amount of groundwater intercepted by the tunnel. The average
amount of tunnel groundwater was 1.78 mgd for 1989 to 2000 (Table 5). No sgnificant
relationship of flow relative to month was observed in this datain contrast to the diverted
stream flow and time relationship. The tunnel groundwater flows appear to be lower in
1999 and 2000 than in previous years.
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Table5. Edimate of the average daily groundwater flow (mgd) contributed by tunnel
sources from 1989 through 2000.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1989 183 187 222 226 276 265 262 230 225 222 164 1.95
1990 2.04 220 226 222 227 220 196 200 213 1.67 178 2.07
1991 171 168 213 175 181 181 196 184 160 176 173 156
1992 147 167 170 211 158 154 218 131 150 147 175 1.45
1993 149 209 167 178 175 193 196 167 178 169 174 164
1994 186 1.77 213 182 145 214 197 095 175 215 3.84 3.27
1995 259 231 177 184 186 210 140 149 187 165 129 0.99
1996 094 1.18 114 102 090 069 065 056 147 168 177 1.75
1997 173 146 186 197 172 171 250 195 209 195 196 1.87
1998 183 162 151 185 1.71 214 253 192 237 229 305 191
1999 156 154 167 148 136 141 140 144 139 133 132 1.47
2000 189 133 130 164 142 133 132 134 133 na na na

Avg 174 173 178 181 172 180 187 156 179 181 199 1381

Operation of Well 22 pump, which isin the tunnel, was observed by the MIS
manager to reduce the amount of groundwater intercepted by the tunnel. No
measurements were found to verify this observation. It is recommended that the DOA
take measurements to determine the optimum amount of pumping that can occur without
ggnificantly decreasing tunnd-intercepted water. The current pumping schedule is based
on the experience of the MIS manager to maximize tunnel groundwater while minimizing
the cost of pumping. The study by Water Resource Associates (1999) indicated that
pumping water from Well 22 had no effect on the groundwater depth of the monitoring
Wil 4 and should probably not affect the yields of the other welsin Waikolu valey.

Transmisson Sysem

From the tunnel’ s west portd, the water travels by gravity 1,600 ft in acovered
concrete flume. The purpose of the flume ingtead of a pipe was said to insure that the
water be used for agricultural purposes and not for drinking. The weter theregfter travels
by pipdine to the Kua apuu reservoir. The flume is connected to 4,400 ft of 26-inch
diameter sted pipe, 950 ft of 48-inch diameter C.I. 25 X-S RCPP pipe, 8,400 ft of 30-
inch diameter C.I. 50 and C.1. 150 RCPP pipes, and 6,600 ft of concrete pipe (Kahane,
1987). A six-inch diameter pipe from the Moloka Ranch mountain system provides a
connection to the MISto alow injection of surplus water a the junction where the two
systems cross. About 0.2 to 0.3 mgd of Moloka Ranch water is metered and added to the
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MIS. The Kaduakoi Wl 17 injects up to 2.37 mgd of water in the MIS transmisson

pipeline prior to the Kuadapuu reservoir.

Kduakoi Resort rents the right to use the MIS pipeline. Water isinjected into the
MIS a Wel 17 and removed in central Molokai. The maximum alowable amount of
water that can be removed by Kauakoi is 2 mgd by contractud agreement. Kaluakoi was
required to ingtal accurate flowmeters to measure the inlet and outlet flows. In addition,
frequent water quality analysis was required. The amount of water pumped into the MIS
by Well 17 isrequired to be 110% of the amount removed by Kauakoi in central
Molokai. Kaluakoi uses some of the water for drinking, but the MIS water was intended
for agricultura use only. This agreement with the State of Hawali was intended to be
temporary until Kaluakoi could ingtall a separate pipeline. However, the congtruction of
the pipdine met community objections; hence, it was never built. Records of daily and
weekly reports from the MIS manager indicate regular replacement of water by Kauakoi
into the MIS (Appendix C). The daily reports from March 6, 2001 to September 9, 2001
show that Well 17 operated every day except two days injecting water into the MIS. The
records of the amount of water removed by Kauakoi was incomplete in the DOA records
for this period but show daily removal of water from July 16, 2001 to September 4, 2001
at about 0.57 to 4.70 mgd where the amount exceeded the alowable maximum of 2 mgd
on 7 days or 22% of the period. The weekly reports from December 25, 1999 to March 5,
2001 aso show that Well 17 ran every week but record of Kauakoi removing MI1S water
was not available in the DOA files a Honolulu.

The water from the transmission pipeineisfairly clean, is protected from
evaporation, and leskage |osses are minimal. It then enters the Kuaapuu reservoir, which
has high evaporation |osses, possible seepage |osses and water quality problems related to
sediments, dgae, animds (fish and snail) and organic meatter. A bypass vave exigs near
the Kuaapuu reservoir inlet to dlow direct flow of water into the distribution system to
the customers. Thisvaveis not normally used because of excessve pressure that can
damage low-pressure irrigation systems, and the MIS lacks a pressure-regulaing vave.
The dtatic head difference from the west portd to the bottom of the reservoir is estimated
to be about 200 ft or 88 ps, which might be feasible for generation of hydrod ectricity.
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Thiswas previoudy studied. The generators would need to be located near the reservoir
inlet where the spent water can flow by gravity into the reservoir and with the reservoir
height providing enough water pressure for the customers. The water usudly flowsinto
the Kualgpuu reservoir before being ddlivered to the customers. Clean water isimperative
to enable the use of efficient drip irrigation systems. Sprinkler irrigation sysems will

result in high evaporation losses and distorted distribution patterns due to windy
conditions a Hoolehua and Kuaapuu in centrd Molokai.

Kudapuu Reservoir

The Kualapuu reservoir (inlet a 21° 9' 19” north latitude and 157° 2' 44" west
longitude) is a 2,000 ft by 2,000 ft by 54 ft deep earthen-embankment reservoir lined with
a1/32 inch thick, nylon reinforced and butyl rubber sheets. Construction was completed
in 1969. Theinlet devetion isat 821 ft, and the outlet at 770 ft. It has a surface area of
about 130 acres when full and can hold about 1.4 billion galons of water. When full, it
can supply most of the annual water consumed, which ranged from 1.2 to 1.9 hillion
galons during 1990 to 2000 (Figure 2).
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Figure2. Annud tota water from the tunnd’swest portal from Table 2,
the west portal amount adjusted for evaporation |oss of
0.31 7inch per day, and water use (million galons) from 1990

through 2000. No storage in the Kuaapuu reservoir when the
use exceeds the adjusted west portal amount.

Observations on August 15, 2001 found the rubber lining to be damaged beyond
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repair above the 8-ft water level. The condition of the lining underwater was not known.
The amount of water seepage loss from the reservair is thought to be low, but hasn't been
measured. A rough estimate of the expected water storage from 1990 through 1999
suggested significant losses due to seepage or other causes. Assuming storage is equal to
the difference between the west porta flow, evaporation losses (at 0.31 inch per day) and
customer use, the cumulative storage is estimated at 2.5 billion gallons of weater. The
caculated cumulative storage suggest that the reservoir should be full instead of nearly
empty. Seepage should be measured to determine whether relining or reseding of the
reservoir is necessary. Hawaii soils are usudly difficult to sedl because of their norma
stable and porous structure, hence significant seepage is expected if thelining is

damaged. Seepage losses may exceed 3 mgd if the lining on the bottom is damaged.

Mogt reports suggest that most of the water loss from the reservoir is due to
evaporation from the large 100-acre surface area, with warm temperatures (annud
maximum temperature of 85 °F from 1991 through 2000 in Table 6) and high winds (data
not found at the reservoir). At the Molokal Airport, avery high wind velocity of 16 to
31 mph (DLNR, 1966) was recorded 58% of the time. Pan evaporation measurements
were made from May 1970 to June 1989 at the reservoir until the gauge was stolen on
June 22, 1989 (Table 7). From 1977 to 1984, the highest and lowest monthly average
daily pan evaporation readings were 0.47 inch per day for July 1981 and 0.18 inch per
day for January 1983. The annud daily average for 1977 to 1984 was avery high 0.31
inch per day. Mogt irrigated agriculturd areasin Hawaii have annua pan evaporation
averages of about 0.22 to 0.25 inch per day (the average at Kunia, Oahu is 0.22 inch per
day). The calculated losses due to evaporation of 0.47 and 0.18 inch per day from 100
acres of water are 1.276 and 0.489 mgd. The expected |loss by evaporation is 307 million
gallons of water per year based on the annua average evaporation rate of 0.31 inch per
day. Bypassng the reservoir and injecting transmisson pipeline weter directly into the
digtribution system has the potentia of saving 1.276 mgd of water or 22% of the average
daily flow of 5.8 mgd from the west portal. At $0.255 per 1,000 gallons, thiswater saving
will increase DOA revenues by $325.38 per day or $9,760 per month assuming dl of the
extrawater is used by the customers. This additiona revenue can offset some of the cost
of dectricity to pump water in Waikolu, which is about $10,000 to $25,000 per month.
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The benefit to the farmer in times of drought will be severd times more sgnificant than

that for DOA.

Anocther idea by Paul Matsuo of the DOA isto divide the large reservoir into
smdler compartments that can be covered to reduce evaporation. This sudy is
recommended to determine the cost and how it can be accomplished without significantly

reducing the total storage capacity of the reservoir.

Table6. Minimum and maximum temperatures (°F) at Kualapuu reservoir from May

1991 to May 2001.

Jan Feb Mar Apr May Jun
Yer min max min max min Max min max min max min max
1991 na na na na na Na na na 60 Q0 na na
1992 na na 58 78 58 70 62 84 64 A 64 86
1993 52 76 56 78 62 80 64 80 62 82 68 88
1994 52 88 58 85 58 88 58 82 61 88 61 82
1995 ™ 88 na na na Na na na 61 87 64 89
1996 58 89 53 89 na Na na na na na na na
1997 49 80 51 86 51 82 52 83 4 78 61 76
1998 47 82 47 80 50 82 53 78 4 75 na na
1999 49 82 47 82 50 84 51 82 4 82 4 82
2000 53 82 50 82 50 82 51 75 53 87 56 89
2001 50 82 50 83 51 85 53 82
Avg 52 83 52 83 54 82 56 81 58 85 61 85

Jul Aug Sep Oct Nov Dec Annual
Year min max min max min Max min max min max min max | Min max
191 66 84 na na na Na 62 86 62 84 62 84 624 856
1992 66 88 68 82 66 Q0 64 86 64 84 60 88 631 845
1993 62 0 61 88 64 92 62 92 61 88 58 88 610 852
1994 o4 85 71 88 64 9%5 64 92 63 88 58 85 610 872
1995 66 88 67 88 61 A 64 A 63 92 57 Q0 619 900
1996 na na 61 na na Na na na 53 88 49 84 58 875
1997 58 87 57 85 58 87 58 89 54 87 51 82 55 835
1998 57 82 57 59 79 56 85 54 86 50 82 531 815
199 55 82 58 60 84 4 82 55 82 53 82 533 823
2000 57 85 57 54 20 57 89 51 84 50 82 533 843
2001 51.0 830
Awg 61 86 62 86 61 89 60 88 58 86 55 85 | 57.2 85.0

Shrub (haole koa) and tal grass (California grass) weeds were recently cut to

clear the banks and reduce a source of water loss. Frequent maintenance of the interior

banks will be required especidly to keep haole koa under control. Cutting done will

suffice in drought conditions, but herbicides, such astriclopyr (Garlon) and glyphosate
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(Rodeo), may be necessary under normal rainfal conditions. This could be doneusing a
cut-surface or spot-bark trestment on haole koa to minimize potential contamination of
the reservoir water. Rodeo will be effective on grass weeds but not on haole koa.
Herbicides can be used if the MIS water is not used for drinking by Kauakoi.

The interior banks of the reservoir were highly eroded when observed on August
15, 2001. Efforts were made to stop the erosion by spray coating protective materials on
the banks and planting bermudagrass. Mot of the bermudagrass did not survive the
drought. Bermudagrass isinexpengve but will require vauable irrigation water to
maintain. Other methods to reduce bank erosion should be investigated. The erosion
suggests that the bottom of the reservoir may have mud, which is expected to reduce the
amount of water storage capacity, but more importantly it will adversdly affect the water
qudity. The sediment layer may be less than 4 ft thick from the observation of the MIS
manager when the reservoir depth readings were lessthan 5 ft. In lettersto DOA, some
usersindicated that their irrigation systems were perhaps fouled by mud.
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Table 7. Pan evaporation (inch) a Kuaapuu reservoir from January 1977 through

March 1984. The raw data sheets in the DOA files had many errors but were
amended by an unknown person in colored pencil. The corrected data were

used. Some months had more than 31 days, which suggests that data from an
adjacent month was included in that total. Pan readings were found from April

1984 to June 1989, but the raw gauge readings were not summarized, hence the
data were not used.

Year Jn Feb Ma Apr May Jun  Jul Aug Sep Oct Nov Dec Yr
1984 Tota 8914 na 11.803 na na na na na na na na na
Days 31 na 30 na na na na na na na na na
PE/day 0.29 na 0.39 na na na na na na na na na na
1983 Tota 5510 6.446 9.174 11.373 11.720 13.886 na 13520 11533 na 7582 na
Days 31 28 31 29 31 30 na 31 30 na 30 na
PE/day 018 023 030 039 038 046 na 044 0.38 na 0.25 na 0.33
1982 Tota na 3410 6.760 9.120 9550 9990 11.388 11.712 10.250 6.126 5.696 na
Days na 18 26 29 28 32 30 30 29 22 25 na
PE/day na 019 026 031 034 031 038 039 03 028 023 na 0.31
1981 Total 5930 7.640 9120 8360 10.310 8630 14.580 12590 11.870 8590 9.100 4.670
Days 27 27 29 27 30 24 31 30 30 26 32 19
PE/day 022 028 031 031 034 036 047 042 040 033 028 025 0.34
1980 Total 6.560 5450 5416 6.960 8930 10592 7.494 8730 4.680 6.230 7.190 6.100
Days 31 27 19 27 30 28 22 26 16 20 29 29
PE/day 021 020 029 026 030 038 034 034 029 031 025 021 0.28
1979 Total 5915 3768 7.966 na 8040 9320 8720 9.210 5.622 3786 5980 5.780
Days 24 16 27 na 27 22 22 24 16 13 22 27
PE/day 025 024 0.30 na 030 042 040 038 035 029 027 0212 031
1978 Tota 6.076 5476 7.962 10.221 11.658 10.648 10.120 8506 9.004 9.324 7.126 6.673
Days 24 24 28 28 31 27 28 27 28 29 28 28
PE/day 025 023 028 037 038 039 036 032 032 032 025 024 031
1977 Total 5280 7.666 9.348 8906 12.750 9.214 9.860 8.730 8.600 6.650 6.270 6.630
Days 22 30 27 27 33 26 28 25 29 24 28 32
PE/day 024 026 035 033 039 035 035 035 030 028 022 021 0.30
Avg PE/day 023 023 031 033 035 038 038 038 034 030 025 022 031

reservoir with a screen covering the opening, but was modified to extend off the bottom

Thewater quality problem wasin part due to the location of the Kuaapuu
reservoir outlet to the distribution system. The outlet was located on the bottom of

and hasimproved the water quality to the users. A floating outlet would be desirable to

alow sediments to settle on the bottom and to skim the cleanest water at the surface. Y-

drainer type screen filters were found next to the reservoir but were not being used,

probably because of their high maintenance requirement for frequent back flushing. Back

flushing dso wasted a significant amount of water. Other water quaity problems are
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associated with tilgpia and snalls living in the reservoir. Dredging the reservoir will be
costly and probably not necessary unlessto resedl the bottom and banks of the reservoir.
Feasible dternatives may be chemica trestment to diminate the fish and snailsand a
floating intake to avoid the sediments on the bottom. Chemica additives would make the
water non-potable, however. Four feet of sediment will not sgnificantly affect the storage
capacity since the maximum height is 54 ft, and the deepest water depth since January
1975 was only 45.2 ft. The average water depth has been less than 23 ft since 1992 and
lessthan 18 ft from 1996 to 2001. From the outlet, the water is distributed via 22 miles of

pipeline to the customers. The didtribution system after the reservoir was not evauated in

this study.

The reservoir depths from 1982 through 1985 and 1992 through 2001 were found
in the DOA files. Data from December 25, 1999 through September 4, 2001 are shown in
Appendix C. The lowest levels were recorded in November 1996, October 1999 and
March 2001 with aminimum depth of 4 ft. Rainfal totasin 1996 were very low from
May through October with only 2.1 inches, but November 1996 had the most rainfal of
any month at the Kudapuu weather gation. Rainfal annud totas a the reservoir for
1998, 1999 and 2000 were sgnificantly lower a 7.97, 9.22 and 11.84 inches,
respectively, than the 31-year average of 22.68 inches (Table 8a). The annual totd for
1998 was the lowest ever recorded by this weather station, 1999 the second lowest and
2000 the sixth lowest. The frequency of rainfal events gppears normd during the present
drought from 1998 to present, but the amount per event was very smdl (Table 8b).
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Table8a. Monthly rainfdl (inch) at Kuaapuu reservoir from January 1970 through
April 2001.

Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

0.00
9.87
2.56
110
6.58
2.57
0.19
121
0.80
540
1194
142
13.46
160
198
377
200
260
5.66
0.95
546
291
31
222
146
0.58
6.30
10.33
173
212
0.93
149

135
241
6.53
121
149
499
581
1.00
0.68
1134
377
263
3.69
159
130
281
345
564
124
5.65
10.11
185
101
202
582
4.76
297
129
0.61
0.62
0.10
0.46

013
272
4.89
0.00
516
265
454
219
2.36
0.20
185
0.52
313
0.65
153
0.97
284
112
115
3.60
413
447
3.68
205
267
472
197
524
0.78
054
111
0.62

0.83
132
0.66
054
0.65
0.17
145
527
136
0.70
175
136
3.68
0.37
0.78
047
0.72
592
0.37
12.15
0.45
246
047
292
0.75
0.98
145
182
177
138
219
0.30

0.00
0.01
0.10
0.79
137
0.00
0.07
3.02
4.66
027
153
120
0.00
034
044
0.67
034
4.46
022
0.49
216
053
7.17
0.99
0.06
0.36
0.55
161
0.40
0.77
013

0.04
0.98
0.89
0.16
045
0.24
0.50
043
0.83
1.06
221
0.46
0.63
0.18
0.00
0.24
0.55
0.07
044
0.93
0.86
0.74
0.75
0.76
0.38
0.05
131
0.55
0.00
0.22
013

137
0.02
0.16
017
0.76
044
044
042
014
021
031
017
0.70
0.60
0.06
057
1.09
0.26
0.16
0.34
1.09
127
329
215
044
0.06
0.00
0.29
0.14
0.28
0.35

0.24
1.00
122
0.19
0.30
0.15
0.69
0.16
0.14
051
104
0.64
0.50
0.21
054
0.15
011
043
0.23
2.86
044
1.37
126
244
0.06
0.33
0.10
0.00
0.09
0.02
206

0.19
113
0.21
0.75
0.67
0.09
154
011
0.23
0.36
0.36
0.24
101
0.25
0.26
275
114
112
0.69
0.35
0.67
114
209
319
0.91
0.55
0.14
0.86
0.26
0.30
118

0.14
0.29
244
0.50
048
013
021
014
283
041
0.65
0.72
5.76
0.86
0.03
6.85
175
0.03
0.28
6.14
0.90
195
3.88
4.90
0.01
0.81
0.00
0.75
0.06
0.27
0.29

6.24
139
0.89
148
341
126
196
0.32
4.03
0.93
0.06
2.36
177
045
137
447
113
317
342
121
7.76
0.64
837
234
0.14
0.83
11.98
4.88
1.99
0.35
317

0.83
0.09
3.09
9.66
0.62
0.07
0.29
197
152
1124
6.52
3.30
6.34
435
1.93
1.89
10.95
11.03
7.66
433
9.32
337
417
0.40
0.35
0.98
591
2.9
0.14
235
0.20

11.36
21.23
23.64
16.55
21.94
12.76
17.69
16.24
19.58
32.63
31.99
15.02
40.67
11.45
10.22
25.61
26.07
35.85
21.52
39.00
43.35
22.70
39.25
26.38
13.05
15.01
32.68
30.52
7.97
9.22
11.84

Avg

3.57

3.13

2.32

1.80

1.12

0.55

0.57
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Table8b. Rainfal events per month at Kualgpuu reservoir from May 1991 to April
2001. Only weekday events were recorded.

Yer Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |Tota
1991 Na na na na 4 na 9 na na 7 2 8 -
1992 8 9 10 2 9 7 7 4 12 10 9 8 95
1993 11 8 11 12 6 7 10 9 10 9 10 4 107
199 7 10 6 8 2 2 2 3 4 1 2 6 53
1995 3 8 11 11 3 2 4 8 1 4 5 4 64
1996 10 7 4 10 6 4 na 3 2 na 13 12 71
1997 16 5 10 8 6 6 4 0 4 7 15 14 95
1998 16 5 12 20 4 na 2 2 4 3 14 6 88
199 4 6 6 7 6 5 7 1 1 2 na 11 56
2000 4 3 2 11 3 5 5 7 4 7 8 3 62
2001 6 7 8 4 -
Ag 85 68 80 93 49 48 56 41 47 56 87 76
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MISOBJECTIVE AND SERVICE AREA

The four phases of the MIS project were designed for theirrigation of 8,900 acres
of pinespple and 1,060 acres of diversified crops in Hoolehua and 7,500 acres of
pinegpple in Mauna Loafor atota of 17,460 acresin centrd Molokal (Parsons,
Brinckerhoff-Hirota Associates, 1969). Even though the areain Mauna Loa was never
connected to the MIS and there is no acreage in pinegpple, the current acreage on the
system iswater-short because only Stage | of the MIS project was completed. The
shortage is primarily due to anincrease in diversified crop production in centra Molokai
and partialy because of misassumptions used in estimating the water use for diversified
cropsin the original design. The water use design criterion was based on annud averages
of 1,400 and 4,000 gadllons per acre (gpa) per day for pinegpple and diversified crops,
repectively (M& E Pacific, 1991). The amount for pinegpple was based on experimenta
datawhile that for diversfied crops was estimated using the modified Hargreaves method
(DLNR, 1966). The Hargreaves method is expected to underestimate the
evapotranspiration because wind speed is not included in the modd, and the cdculationis
based on only temperature and solar radiation data. Wind speed is a Sgnificant
component affecting evapotranspiration, especidly in centrd Molokai. I-Pai Wu
(Universty of Hawaii) and R. Meinzer (Hawaii Agriculture Research Center) measured
the consumptive uses of 0.7 ratio of pan evaporation (panfactor) for both lettuce and
coffee, repectively (persona communications). The 4,000-gallon amount for diversfied
crops is adequate where the annual average pan evaporation is about 0.21 inch per day, as
for mogt agriculturd areasin Hawaii. But thisislow for central Moloka with an annua
average pan evaporation of 0.31 inch per day. The optimum is closer to 5,900 gpa per day
in centrd Molokai. Another assumption was that only haf of the available areawould be
in crop production at any given time. That may be true for vegetable and grain crops but

not for perennial crops such as banana and coffee.

Water requirement is estimated at 27.2 mgd for 17,460 acres and 13.6 mgd for
8,730 acres under cultivation with the assumptions of 16,400 acres of pinegpple a 1,400
gpa per day and 1,060 acresin diversified crop at 4,000 gpa per day. Excluding the 7,500
acresin pineapple a Mauna Loa, the expected amounts of water are fill high at 16.7 mgd
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for 9,960 acres (8.35 mgd for hdf the area). Without the areain Mauna Loa and the
Hoolehua area dl in diversfied crops, the 9,960 acres at 4,000 gpa per day will require
39.8 mgd (19.9 mgd for half the areq). At 5,900 gpa per day, water needs are 58.8 mgd
for the total area (29.4 mgd for half of the areg). These amounts will be reduced if thereis
creased rainfdl and in the cooler winter periods.

The current area, as of August 1, 2001, under the MISis 2,931 acres. The
mgority of thisis potentid diversfied crop acres. The actud acres under cultivation are
not known. A maximum of 11.7 mgd is required for 2,931 acres at 4,000 gallons per day.
Only 1,450 acres can be supported with 5.8 mgd (the annual average daily west portal
flow), and 1,850 acres with 7.4 mgd (the maximum average flow possible from
Waikolu). For centra Molokal, the consumptive use of 0.7 panfactor is equivaent to
about 0.217 inches per day or about 5,900 gpa per day assuming an annual average of
0.31 inch per day of pan evaporation. The 0.7 panfactor will increase the amount of water
required for 2,931 cultivated acres from 11.7 to 17.3 mgd or support only about 983 and
1,254 cultivated acres with 5.8 and 7.4 mgd. It is clear that the MIS cannot provide
sufficient water dl the timeto al customersin the current service area of 2,931 acres. It
could service 49% of the acres when west portd flow is 5.8 mgd, assuming an average
consumptive use of 4,000 gpa per day. Servicing more than 1,450 cultivated acres will
require areduction in water loss, water conservation, more pumping in Waikolu valley
and the addition of new water sources to MIS. Additional pumping to amaximum of 25
mgd may provide sufficient water to meet current water use needs. However, additiona
pumping may not be sustainable if the present prolonged drought (starting in 1998)
continues and reduces groundwaeter in Waikolu vdley.
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ADDITIONAL WATER FROM THE EXISTING SYSTEM

A three-fold approach should be considered to increase the usable water from the
exising system: (1) increase pumping in Waikolu valey up to the sustaineble yield of
about 2.5 mgd, (2) reduce system losses, and (3) have farmers use water more efficiently.

Pumping

The records indicate that there are three primary wellsin the system: 22, 23 and
24. However, Well 22 has not operated since August 23, 1997. Thereafter, pumping was
primarily from Wells 23 and 24. No records were found for Wells 5 and 6. From
November 26, 1995 to April 1, 2001 the downtimes due to mechanical and eectrica
faluresfor Well 22, 23 and 24 were estimated from weekly reports to be 1,557, 438 and
409 days, respectively or 46, 13 and 12% (Table 9). Scheduling preventative maintenance
to reduce downtime is important to be able to rotate pumps (as intended by DOA) to
alow wellsto recharge for maximum output.
Table 9. Pump failures for Wells 22, 23 and 24 from December 1991 to April 2001 for a

total of 3,409 days. Out of order = out. Despite problems, pumping was
adequate to deliver 0.88 mgd or more than the alowable amount of 0.744 mgd.

Wwel22 Wdl23 | Wel 24
Period Days Days Days Comment
11/26/95  12/20/95 | out 24
1/5/96 3/9/96 out 64
5/27/96 8/24/9% | out 89
3/17/96 5/14/96 | out 58
3/17/96 9/10/96 out 177
12/8/96 12/13/96 | out 5 out 5
8/23/97 4/1/01 out 1,317 8/23/97 last day Well 22 on
8/24/97 9/13/97 - out 20 | out 20 |No power, telemetry failure
11/30/97  3/18/98 - out 108 | out 108 |No power,telemetry failure
12/22/99 2/21/00 - out 61
2/22/00 3/13/00 - out 20 |out 20
3/20/00  11/22/00 - out 247
10/30/00  12/2/00 - out 33
2/26/01 3/5/01 - out 7 out 7 |No power
3/5/01 3/12/01 - out 7 out 7 |No power
Total day out 1,557 438 409
% Not operating 46 13 12

The wdl permits must be amended to alow pumping in excess of amoving
average of 0.853 mgd. The average sustainable yield is estimated at 2.5 mgd. Pumping
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records and the water depthin Well 4 should be monitored and studied on atimely bass
to prevent using too much of the groundwater. The effect of reduced downstream flow on
the aguatic macrofauna as a result of over use must dso be consdered. The Water
Resource Associates (1999) found that pumping of 1.55 and .46 mgd in 1996 and 1997,
respectively, did not adversaly impact the habitat of the Waikolu stream above Dam 1
and below the Napuldoatributary. The study period from July through October of 1996
was the driest period to date in Waikolu valey and a Kuaapuu reservoir. It is
recommended that pumping in Waikolu valey not exceed 1.55 mgd to avoid the need for
an additiond environmenta impact Sudy.

It is highly desrable to download the pump operation, flowmeter and westher
electronic data from Waikolu valley to a database or soreadshect for easy data anayss.
In addition, the dataset should include electrical use, reservoir depth, weeather data at
Kuaapuu, and customer use to monitor compliance with the pumping permits, the
Kauakoi Resort contract and the DHHL two-thirds preference law. The digitized data
a0 need to be archived for trend andyses. Currently, the datain the file cabinets are
very difficult to use for making timely management decisons or for long-range planning.

In times of high rainfadl and sufficient diverted stream flow in Waikolu valey, the
pumps were sat to shutoff automatically to minimize pumping cogt. Instead, pumping
should be maximized during the wet season. There would then be no danger of over-
pumping the groundwater or adversdy affecting stream flows as there iswith pumping
during the dry season. It will be essentid that water storage losses be minimized so
adequate water will be available in the reservoir for the dry season. The water not
pumped in Waikolu valley is expected to overflow the dikes and presumably be lost

downstream below Dam 4, the lowest stream diversion.

Besdes the pumping permit, another limiting factor to more pumping isthe high
electricity cost. The cost for DOA to generate eectricity should be investigated and
compared to purchasing power from the utility company. Severd farmersin the State find
it more cogt- effective to generate eectricity rather than to purchase power from the
utility. Another possibility isto find more energy efficient pumps, dthough eectric
pumps are usudly very efficient and dlow smpler remote control. The least acceptable
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dternative isto pass the cost on to the consumer. However, this may be preferable to no
crop production in times of drought and for high value crops. One user pays $1.45 per
1,000 galons for potable DHHL water for irrigation when MI1S water at $0.25 per 1,000
gdlonsisinaufficient.

sem Losses

System losses can occur from diversion blockage, dam and pipdine leakage,
reservoir seepage, faulty meter readings, inadequate maintenance and evaporation.
Reduction of losses is probably the most cost-effective method for increasing the quantity
of available water. The prerequisite is more water intensive management and
maintenance of the entire system. Sufficiently trained personned will be required to
accomplish thisgoa. The current DOA staff on Moloka of amanager and two
mai ntenance persons maintains the MIS, reads meters and services customers but are not
trained as technicians. Budget cuts reduced the staff from five to three in 2000. The
optimum MIS staff needs to be balanced with maximizing the amount of water from the
entire system. One task congidered urgent by the current staff and some customersis

checking and replacing defective flowvmeters.

Congderable losses can occur with obstruction by debris of the dam’s collection
grates. It isimportant to clean the grates prior to and during periods of expected high
rainfal and runoff. Detection of blockage may be possible with the ingtdlation of
accurate flowmeters on the pipes from the dams to the tunnel or with cameras a the dams
linked eectronically by the tedlemetry system to the MIS office. The current flow
measurement in Waikolu valey is only taken e the east portal near the tunnel entrance.
Thelargeweir in useis not intended to detect small changesin flow, which can resultin
sgnificant amount of undetected water lost over extended periods. The current manua
detection requires frequent vigts to Waikolu valey. Each vist takes about 90 minutes
(travel-time and dam ingpection of 60 and 30 minutes, repectively). Two staff members
are usudly required for safety reasons on a vidt to the isolated Waikolu valey. The cost
of eectronic detection shoud be weighed againg the value of the additiona collected
water and the labor cost of three worker-hours per vist.

Dams 1 and 4 were observed to have leaks on August 15, 2001. The magnitude
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and sgnificance of these leaks in the diversion dams need to be evauated. In addition,
the lower waterfdl is said to fal beyond Dam 2 during high runoff flow. Although Dam

4 captures this water downstream, it needs to be pumped to the tunnel. Water can be
captured more efficiently and transported without pumping a Dam 2 if the angle of the
faling water could be atered to fall before and not over Dam 2. Perhgps this can be
accomplished by reshaping the rock-face of the lower waterfal with explosves. Another
more expensve option is to modify Dam 2. Reshaping or reconstruction costs need to be
weighed againg pumping cost a Dam 4.

System lesks in the tunnd and transmission pipeline were not observed nor were
any records of such losses found. One possible source of leakageis from cracksin the
tunnd cement lining that bear the weight of the Jeep used to travel to Waikolu valey. It
is recommended that this lining be visudly inspected regularly. Seepage losses could
occur through the concrete lining in the transmission tunnel and Kuagpuu reservoir.
Elsawhere in the system, water is contained in nonporous flumes or in pipes. The tunnd
lining has a surface area of about five acres where a 0.1 inch per hour seepage lossis
equivaent to about 326,000 galons per day. The water permeability of the 35-year old
concreteis not known and should be mesasured to determine if a sedlant is necessary.

The most probable leakage losses would be in the digtribution system after the
reservoir. Thereis an unresolved incidence of 0.4 mgd of water unaccounted for by
Kduakoi. Pipeline leaks could not be found (discussed at the MIS Advisory Board on
August 15, 2001). Accurate flowmeters are necessary to detect these losses. Under
Chapter 4-152 of the Hawaii Adminigtrative Rules (DOA, 1989), the DOA shdll
determine the suitability of the flowmeter. The user is responsible for the cost of purchase
and ingdlation of the flowmeter. Cdibration, service and replacement of flowmeterson a
routine basis are necessary to accurately monitor the daily water use and detect losses.
The user can request ameter check free of charge. The presumed water loss may be due
to faulty flowmeter readings ingtead of aleak. It will be impossible to determine the true
water use of the MIS customers with defective meters. This unrecorded “lost” may be
more significant that leakage and seepage |osses. The highest maintenance priority must
be given to replacing defective meters on atimely basis. Each flowmeter requires at least
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biennid cdibration.

It is not uncommon to have seepage |osses in excess of one mgd in amal
reservoirsin Hawali because of the highly structured (resst compaction) and well-
drained soil. Thisistrue of the Molokal soil series (an Oxisol) found at the Kuaapuu
reservoir. The seepage |oss can be estimated by measuring the pan evaporation at the Ste
(best to locate the pan in the water of the reservoir), estimating the water surface area
(smplest by aerid photograph if a known areaisin the photograph) and measuring the
change in water depth over time. During the seepage measurement, it is desirable to keep
water from entering or exiting the reservoir viathe inlet and outlet since large capacity
flowmeters are not accurate enough. This can be accomplished by diverting the
trangmission pipeline water directly into the distribution pipeline. The seepage losses can
be estimated from the change of reservoir depth after subtracting the evaporation loss.
DOA has qudified personnd to perform these measurements.

Pan evaporation measurements (open Class A pan) or evapotranspiration
estimates (using automated weather sations with rainfal, temperature, solar radiation,
relative humidity and wind data) are desirable to estimate evapotranspiration losses
(consumptive use). The proper location of the weather ation isimportant in accurately
estimating the crop’s water use requirement. The weather station should not be located
near the reservoir where the evaporating water will affect the readings nor over bare soil
where radiant heat can interfere with accurate readings. The weether station needs to be
clear of tal obstructions and at alocation that represents the crop’s microclimate as close
as possible. More than one weather station may be required. The data can be collected
remotely, stored on dataloggers and can be polled by telephone via connection by wire,
radio or microwave. The weather station requires annua cdibration. These data could be
made available (poll gation by telephone) to dl MISfarmersin red time to determine the
mogt efficient water use for optimum harvest yidds. Determining how much and how to
goply water isthefirgt gep in any water conservation effort. Thiswill be avauable
sarvice to the farmers. In addition, the DOA could provide feedback or develop
incentives/disncentives for customers based on their water use and the normal expected
evapotranspiration for the billing period. The digital weather data could be archived for
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use in crop modd s driven by wegther information to determine optimum irrigation
amounts and agronomic practices for optimd yieldsin central Molokai. New crops can
be eva uated using the weather data and crop models to find aternative cropsthet are
better adapted to the windy central Molokai.

Pan evaporation loss (Table 7) from the 100-acre reservoir surface is expected to
be as much as 20% of the daily west porta flow (Table 2) during the hot summer months
when water isleast available. Oils and films covering the surface of the water have been
used elsawhere with mixed success. A review of past studies would help to determine if
this method is feasible and what materia can be used to the reduce evaporation in
Kudapuu reservoir. Kaluakoi currently uses the MIS water for drinking; hence, most
chemicals cannot be added to the reservoir until a separate pipeline is constructed from
Wil 17 to Kauakoi customers. It is recommended that the MIS water be only used for

agricultura purposes.

The smplest means of reducing evaporation lossisto place the water from the
trangmisson line directly into the digtribution system insteed of the reservoir. Thiswill
as0 bypass most of the water quality problems associated with the reservoir. The excess
water from the transmission line must be placed into the reservoir to prevent the entire
trangmisson system from backing up. An engineering solution would minimize manud
control. Customers without pressure reducing valves must be warned of the higher water
pressure with transmission water to prevent damage to low pressure drip irrigation
gystems. It isthe users respongbility to reduce the pressure at their farm per DOA
adminigrative rule Chapter 4-152, section 4-152-5. The user can use an inexpensive gate
valve with a pressure gauge to reduce the pressure, but the drawback is that the user must
manualy adjust the gate valve with changing MIS pressures. An dternative isfor DOA
to ingtall a pressure-regulating vave on the MIS transmisson pipeline, which is expected
to be codtly. Higher pressures at the farm site can be an advantage for most farmers
where smdler pipe diameters and longer irrigation laterd lengths could be used reducing
the farm irrigation system cost. However, the higher pressure must be maintained
otherwise poor water digtribution and inefficient irrigation will result with pressures
lower than the system’ s designed operating pressure. Direct feeding through the bypass
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will hep maintain pressures, especidly during a drought when the static head in the
reservoir issmall due to shallow water depth.

A clean irrigation water source can lead to water saving. Less water will be used
to back flush the irrigation system of contaminants. Back flushing takes 5 to 15 minutes
for most filter sations. A 10-acre drip-irrigated system usudly is designed to irrigate &
about 30 gpm per acre. Flushing for 10 minutes can use 3,000 galons per flush and up to
four flush cycles per day may be required when the water is dirty resulting in atota loss
of 12,000 gallons per day for 10 acres or enough to irrigate 3 acres. For 1,000 acres,
flushing losses could be as high as 1.2 mgd. It is recommended that the DOA conduct a
survey to document the number of users with filters, the actud flushing losses and
problems related to water qudity. In drip irrigation, clean water will result inless
plugging of drip emitters, improved distribution uniformity, and higher production per
unit of water.

Water Consarvation By Improving the Irrigation Efficiency

Totd water use by al MIS users by month from 1989 to 2000 is shown in
Figure 3. Water use in the summer peaked at 5.5 to 9.5 mgd and was significantly more
than during winter at 2.5 to 4.5 mgd. The water use during the summer usualy exceeds
the west portd flows (Table 2) resulting in lower depthsin the Kuaapuu reservoir
(Appendix C). Conservation efforts are required even in the wet winter to increase water
sorage for the dry summer.
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July 1989 to April 2000.

Review of the farmer water use for June and July 2001 shows that some farmers
were grossy over-irrigating or their systems had large leaks (Appendix E). If 50% of the
account acres were assumed to be under cultivation, then 26 accounts exceeded the
desirable amount of 0.7 panfactor in atime when the DOA recommended a water
reduction of 30% (Table 10). The total areafor 8 accounts with the highest use per acre
was only 23 acres or 0.8% of the total acres but represented 10% of the total volume of
water used for both months (Table 11). Assuming al acres were under cultivation, eight
accounts exceeded 1.2 panfactor where the panfactor ranged from 1.26 to 3.20. This
suggests a mismanagement of water or more acres being irrigated than the assessed acres.
An audit of the actud acresirrigated against the assessed acres for selected accountsis
recommended.

Table 10. Estimate of irrigation adequacy when farmers cultivate 100, 75 and 50% of
the assessed acres, and the total amount of water used for the months of June
and July 2001. Irrigation adequacy is expressed as a percent of the water
applied to the estimated crop requirement of 0.7 panfactor where the pan

evaporation was estimated at 0.38 inches per day for both months. The
column for acresis for accounts assuming 100% of acresin cultivetion.

Number of Accountsfor

Irrigation ET Class Percent of Acres Cultivated Total Water Use
Adequacy  (Ratio of PE) 100% 75% 50% Acres Gallons Per cent
>100% >0.7 8 10 26 23 23,639,000 10
75-100% 525-0.7 2 12 15 7 2,511,000 1
50-75% 0.35-.525 16 20 17 174 50,474,000 21
<50% <0.35 213 197 181 2,727 159,155,000 68

Totals 239 239 239 2,931 235,779,000 100
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Table1l. MISwater users exceeding the estimated crop requirement of 0.7 panfactor
for June and July 2001. Calculations are based on a crop demand of 0.266
inch per day at 0.38 inch pan evaporation and assuming 100, 75 and 50% of
acres under crop production. Panfactor isthe ratio of applied water (inch per
acre) to pan evaporation (inch).

Water Use (gallons) Calculated Panfactor
Acct Acres Jun 2001 Jul 2001 Tota 100% 75% 50%
5075 3 2,576,000 3,569,000 6,145,000 320 4.27 6.40
5212 2 1,050,000 1,128,000 2,178,000 170 2.27 340
5189 2 1,052,000 1,105,000 2,157,000 1.69 225 3.37
5240 2 755,000 1,218,000 1,973,000 154 2.06 3.08
5186 8 2,855,000 4,680,000 7,535,000 147 196 2%
5257 2 704,000 906,000 1,610,000 126 168 252
5150 2 1,048,000 0 1,048,000 0.82 109 164
5168 2 436,000 557,000 993,000 0.78 103 155
5159 2 379,000 359,000 738,000 0.58 0.77 115
5040 5 662,000 1,111,000 1,773,000 0.55 0.74 111
5118 2 295,000 335,000 630,000 0.49 0.66 0.98
5256 2 213,000 395,000 608,000 048 0.63 0.95
5060 39 1,068,000 10,714,000 11,782,000 047 0.63 0%
5069 0 12,941,000 14,101,000 27,042,000 047 0.63 0%
5089 2 213,000 381,000 594,000 0.46 0.62 0.93
5120 2 293,000 299,000 592,000 0.46 0.62 0.93
5079 2 312,000 266,000 578,000 0.45 0.60 0.90
5232 2 281,000 264,000 545,000 043 057 0.85
5017 2 237,000 294,000 531,000 042 0.55 0.83
5244 2 298,000 230,000 528,000 041 0.55 0.83
5237 10 1,146,000 1,431,000 2,577,000 040 0.54 081
5234 2 178,000 334,000 512,000 040 053 0.80
5119 2 206,000 286,000 492,000 0.38 051 0.77
5170 10 1,053,000 1,273,000 2,326,000 0.36 0.48 0.73
5031 2 272,000 185,000 457,000 0.36 0.48 0.71
5000 3 317,000 363,000 680,000 0.35 047 0.71

Total 204 30,840,000 45,784,000 76,624,000

The mgority of usershad 2 to 5 acreswith 176 of 239 accountsfdling in thissze
class. There were only nine accounts with more than 50 acres, but these had atotd of
1,312 acres or 45% of al acres (Table 12). Only one large account (50-100 acres Size)
gpplied adequate amounts of irrigation. All of the other eight large accounts were
irrigating at less than adequate amounts. Of the 239 accounts, 141 and 160 accounts had
no water use in June and July, respectively. The lack of crop production may be related to
the water shortage, too high temperatures for some cool climate vegetable crops,
seasondity of operations as for the seed industry or low market prices.
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Table 12. Number of accounts and water use of customers grouped by class-sze of five-
acre units

June 2001 July 2001 Total
Class #Acct. Acres #Users Gallons #Users Gallons Gallons Gal./acre

5 176 420 106 18,479,000 120 23,427,000 41,906,000 99,776

10 12 100 7 6,188,000 8 8,865,000 15,053,000 150,530
15 5 65 4 1,110,000 4 1,515,000 2,625,000 40,385
20 6 m 2 2,980,000 2 2,480,000 5,460,000 49,189
25 7 166 2 981,000 2 1,505,000 2,486,000 14,976
30 17 493 1 11,142,000 14 17,995,000 29,137,000 59,101
35 4 140 1 202,000 1 202,000 404,000 2,886
40 2 7 2 4,808,000 2 15,637,000 20,445,000 258,797
45 1 45 1 2,238,000 1 5,359,000 7,597,000 168,822
60 1 60 0 0 0 0 0 0
90 2 180 1 12,941,000 1 14,101,000 27,042,000 150,233
95 3 282 2 4,777,000 2 12,875,000 17,652,000 62,596
150 1 150 1 3,834,000 1 5,709,000 9,543,000 63,620
180 1 180 0 0 1 5,000 5,000 28
460 1 460 1 27,597,000 1 28,827,000 56,424,000 122,661
2-50 230 1619 136 48,128,000 14 76985000 125,113,000 771,278
50-460 9 1312 5 49,149,000 6 61,517,000 110,666,000 84,349

The DOA can help by providing evapotranspiration estimates for the farmer and
notifying the users when use exceeds the norm. It would be beneficid to include on the
water bill the amount of water necessary to meet evapotranspiration and compare to the
amount used by the customer. The DOA can work in cooperation with University of
Hawaii Extension Service to target individuas in need of education and assstanceto
make farming a profitable endeavor.

The converson of sorinkler to drip irrigation is highly desrable in centrd
Moloka because of the strong winds and high evaporation losses. Poor irrigation
efficiencieswith sorinkler irrigation are due to wind-distorted patterns and higher than
Class A pan evaporation losses. Sprinkler-applied water can also adversdly affect the
germination of smal seeds, decrease rainfdl infiltration, and increase runoff and soil
erosion due to soil surface crusting from water droplet impact. Besides conserving water,
drip irrigation provides an efficient means of uniformly and frequently applying
fertilizers. The limiting factor isthe initid cost of adrip system, but the payback can be
rapid if higher yidds are achievable.
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NEW SOURCES OF WATER

More water in Waikolu valey is not readily available other than by increased
pumping from existing wells. DLNR map (Figure 4) suggest that only 0.7 mgd is
avallable for development in Waikolu. More surface runoff water and groundwater are
found in the Pelekunu and Wailau valeys but none are considered devel opable because
of environmenta and cultural obstacles. The northeast streams are considered to be some
of the most pristine areas in Hawali for native species such as the o' opu, hihiwa and
‘opae. Environmenta groups and individuas will object strongly in having any water
diverted from these valleys. Two congraints to Pelekunu development as stated by M& E
Pacific (1991) were its proposed kapu status and to it being the property of the Nature
Consarvancy. Some community members fed that development of this source of water
may lead to unwanted urbanization of west and centra Moloka and further displacement
of the native Hawalians. It is unlikdly that a compromise can be reached among dl the

diverse groups. Hence, studying the development of this source is not recommended.
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The MIS Advisory Users Group, the Water Initiative Group and DOA have
consdered other water sources. Some new sources are: (1) capturing intermittent slorm
runoff, (2) low flow streams, and (3) brackish well sources. For the new source to be cost
effective, the captured water should be above the MIS system to alow transmisson of
water by gravity instead of pumping. Possible runoff sources are from the higher reaches
of Manawainui and Kaunakaka gulches. The flows of both gulches tend to be
intermittent. Records of USGS stream gauges 4130 and 4120 for Manawainui and 4053
for Kaunakaka need to be studied to determine the available flows. Rough estimates are
0.8 mgd of divertible water from each gulch (communication with Paul Matsuo). The
possibility of damming these gulchesto alow recharge of groundwater for future
pumping has aso been considered.

Running a pipdine from the Kawda gulch at about the 1,000-ft elevation to the
MISisdill being investigated by the DOA. Approximately 1.5 mgd of storm flows may
be available for diverson consgting of overflow from Moloka Ranch’s diverson. The
water will be able to travel by gravity to MIS. Thisis currently the largest source
availableto the MIS.

Diversion of Waihanau stream was considered where about 0.5 mgd of stream
flow isavailable for diverson. However, mgority of the Water Initiative Group fdt that
the DOA should not consider using this water. The homesteaders were concerned that
they will lose their full rights to thiswater if it is connected to the M1S where they have
only atwo-thirds preference. This source of water istargeted as areserve for the future
expangon in the DHHL Kaamaula agriculturd subdivision (Water Initiative Group draft
2 of July 18, 2001 meeting).

A brackish wdll close to the MIS west porta with ayield of about 0.7 mgd isa
possible source but contains about 700 ppm of chlorides. This water must be diluted to
make it safe for sengtive crops. Concentrations of less than 200 ppm are desirable to
minimize salinity and sodicity hazards. Chloride andyses of the Waikolu water from
1976 to 1984 indicated a very low level of about 12 ppm. The resulting mix of 5.8 mgd of
Waikolu water and 0.7 mgd of the brackish well water will result in an estimated chloride
content of 86 ppm, which is suitable for most if not dl crops. As a comparison, the
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County of Honolulu potable well water ranges from 16 to 250 ppm where most sources
are less than 150 ppm of chlorides (source: communications on October 4, 2001 with the
Honolulu Board of Water Supply, Chemicd Laboratory). Andysis of the brackish water
for cacum, magnesum, potassum and sodium will be important to the farmer if this
water is used. The water can be a source of potassium, which will reduce the fertilization
cost to the farmer. However, brackish water often contains too much magnesum reaive
to calcium that may require amending the soil with calcium. Excess sodium can lead to
drainage and soil aeration problems. However, the Moloka soil in the Kudapuu and
Hoolehua areas are very tolerant of salinity and sodicity affects. Minor soil physica
property changes occurred with continuous gpplication of sdine water with eectrica
conductivity of 2 to 6 milliohms per cm or about 600 to 2,500 ppm of chloridein
sugarcane a Pioneer Mill with the same Moloka soil (unpublished data by Pioneer Mill).
Norma Kona storms were sufficed to leach the accumulated sdlts from the rooting zone.

Other brackish sources considered are located on the leeward coast at about the
300-ft devation. Congtruction of a series of shallow wells was consdered to give atota
yield of about 0.25 mgd. However the cost of pumping the water to the Kuaapuu
reservoir will be high.

Kauakoi Well 17 (21° 9 5" north latitude and 157° 1 30” west longitude) has a
present pumping capecity of 2.37 mgd. Well 17 is 1,062 ft deep and is located at 981 ft
eevaion. Thewater is of good qudity in terms of sdinity and sodicity with chloride
content averaging 60 ppm with arange of 54 to 121 ppm from 1952 to 1984. The
chloride levels of thiswell are required to be monitored by contractua agreement
between Kauakoi and the State of Hawaii, but no data were found after 1984. More
pumping from thiswell could lead to increased saltwater intruson and lead to oil
sdinity and sodicity problems. This pump is dready atached to the MIS and is used to
replace water removed by Kauakoi. One concern isthe impact of more pumping of Well
17 on the water qudity of other wells a lower elevations, epecidly on potable water.
This question needs to be addressed and studied if Well 17 isto be an option. One
community member interviewed favored the dosure of thiswell, while most want it
reserved for potable use only. The cost of pumping is expected to be too high for
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agriculturd uses.

DHHL’'sWdl 16 (21° 8 57" north latitude and 157° 1’ 10" west longitude) is
closeto Well 17 and to the MIS transmission pipeline, but it has not been used at least
sgnce 1961 (DNLR, 1961). The water quality is good with an average chloride content of
67 ppm. Thiswell is 1,095 ft degp and is at the 1,005 ft devation. This deep well water is
expected to be too expensive for agricultural use but may be a potential source of potable
water for the Kalamaula homesteads.

The sources recommended for congderation by the Water Initiative Group in
times of emergency were the Kakaahae well, the Moloka Ranch surplus and County of
Maui sources. This group felt an essentid part of obtaining more water was to protect and
improve the watershed by planting and managing trees, controlling feral goats, and
improving diversons to promote recharge instead of runoff.

Thetota amount of new water from brackish wells, Waihanau, Kawela,
Kaunakaka and Manawainui is estimated at 4.55 mgd. The gross average annua flow
will be 10.35 mgd combined with the current west portd flow of 5.80 from Waikolu
valey. Assuming 10% losses, 9.315 mgd can irrigate 2,329 acres at 4,000 gpa per day.
About 4,660 acres can be supported assuming that only half of the areato be cultivated
on the annua basis. With these assumptions, the maximum expansion of the customer
base with the new water is an additiona 1,730 acres from the present 2,391 acres.

-36 -



RIGHTSOF THE DEPARTMENT OF HAWAIIAN HOME LANDS

The Hawaians rights to the MIS water are documented in the current law HRS
Chapter 168, Irrigation and Water Utilization Projects. Section168-4 Preference reads as

follows

"To the extent that the same may be necessary from time to time for the
satisfaction of their water needs, domestic and agricultural, the Hawaiian
homes commission and |essees of the Hawaiian homes commission shall at
all times, upon actual need therefore being shown to the board of
agriculture, have a prior right to two-thirds of the water developed for the
Molokai irrigation and water utilization project by the tunnel development
extending to Waikolu valley and ground water devel oped west of Waikolu
valley, which was planned by the board of land and natural resources as
the first stage of the Molokai irrigation project. [L 1987, ¢ 306, pt 8§2]”

Section 168-4 originated as part of Act 227 in 1943, which created the MIS. In its
origind form, it gppearsto give prior and absolute right to al MIS water to the native
Hawaiians and homesteaders. In 1955, the law was amended to reduce the homesteader
preference to two-thirds of the water developed from the M1S and has not changed since.
This part of law is often referred to as the two-thirds preference, which protects the native
Hawalians and DHHL rights to the M1S water to enable present and future devel opment
of Homestead lots. Thelack of water is said to be the Sngle most limiting impediment for
development of Hawaiian Homestead lands on Molokal.

The key phrasesin section 168-4 are “actud need,” and “first stage.” The DHHL
lessees’ uses are based on actual needs. The “actud need” is not defined in the DOA
adminigrative rulesin Chapter 4-152. This law addresses the current water sourcesin
Waikolu vdley. However, as mentioned in aletter from Attorney Generd to DOA dated
December 28, 2000, it is not clear whether the preference would extend to any water
developed after the firgt stage of the MIS. The DOA did not ask the question nor did the
Attorney Genera render an opinion. Whether the two-thirds preference will apply to any
new sources developed for the MISis dtill open to debate and will require alegd opinion
from the State of Hawaii Attorney Generd. It is recommended that the DOA seek this
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opinion from the Attorney Generd as soon as possible.

Since 1992, the water use of non-DHHL users exceeded that of the DHHL users
(Table 13 and Appendix F). In 1994, DHHL and non-DHHL uses were 786.2 (43.5%)
and 1,019.2 (56.5%) million gallons, respectively. It is assumed that this water use trend
continued after 1994 to present. No water use data by the user type were found after
June 30, 1994. Thistrend might change in the future if the acres presently in coffee are
discontinued. This single non-DHHL customer exceeded 20% of the total MIS water
used in June and July 2001. In 1994, the acreage was split roughly in haf between DHHL
and non-DHHL users (Table 13). The two-thirds law suggests that in time of water
shortage, the DHHL users will probably be adle to maintain crop production while the
other userswill haveto irrigate at less than consumptive use. Low yields or crop loss may
result for the non-DHHL usersif the drought continues. The only aternative for the non
DHHL usersisto anticipate droughts and then to limit or stop production when

necessary.

Table 13. Annua water uses and charges for MIS water and assessmert. Severd fold
differences in the annua assessments were partidly due to adjustments
relating to voided third party agreements. Evaluation of the assessment
collection procedures is needed to explain al of the differences.

Water (million gallons)
FY DHHL  Others All Assessment  Water charge  Total charges

1990 na na 1,166.1 $156,584 $173,838 $330,422
1991 807.0 636.8 1,443.8 $32,755 $285,142 $317,896
1992 726.0 812.2 1,538.2 $36,632 $246,113 $282,745
1993 648.8 806.6 14555 $164,624 $232,874 $397,498
194 786.2 10192 18054 $43,014 $288,872 $331,886
1995 na na 18118 $43,014 $289,764 $332,779
1996 na na 1,529.8 $44,600 $244,765 $289,364
1997 na na 1,1765 $44,510 $188,251 $232,762
1998 na na 1,626.3 $168,350 $260,201 $428,551
1999 na na 1,896.6 $166,533 $303,463 $469,996
2000 na na 1,774.8 $44,456 $382,347 $426,804

The Water Initiative Group recommended 'the DOA should settle more clearly
the two-thirds preference issue and put it into practice." The law impliesthat the
preference applies only to the water developed for the MISin Stage |. Subsequent water
development requires alegd interpretation. The DOA adminigrative rules in Chapter 4-
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152 should be amended to reflect the two-thirds preference in the law and its
enforcement. The DOA adminidrative rule, Chapter 4-152, section 4-152-4, covers
conservation measures and interruption of water supply, but the implementation of two-
thirds preference issueis not specifically addressed. Section 4-152-4 relative to thisissue
reads asfollows:

“(b) Whenever in the board' s opinion special conservation measures are
deemed necessary in order to forestall water shortage and a
consequent emergency, the board may restrict or ration the use of
water by any reasonable method of control.

(e) Shortage of irrigation water supply for the Molokai irrigation system
during seasonal drought periods may occur. During these periods,
the department shall supply only the amounts of irrigation water and
at the times as in the best judgment of the department will assure all
consumers of receiving a fair share of the irrigation water

available.”

Implementation of the two-thirds preference will require the DOA to estimate the
"actua need" of each DHHL user before determining the amount of weater avallable to
non-preference users. The MIS water isintended for agricultura use only; therefore, the
maximum useis expected to be equivaent to the crop’s potential evapotrangpiration
(PET), which isafunction of weather. To minimize bias, it is suggested that the DOA use
PET for the assessed acres in crop production to estimate the user’s “actua need.” Water
use may vary significantly by month (Figure 3). 41% and 33% of customers used no
water in June and July of 2001, respectively (Table 12). Recdculation of dlowable
amounts may be necessary because the available water in the MIS can change
ggnificantly from month to month. Ancther question is whether the west porta flow
(total available water before system losses) or the reservoir height should be used to
enforce the two-thirds preference of the law. It would be easier to trigger the two-thirds
law using a"critica™ water depth (depth a which 100% of the user actua needs cannot
be met) in the reservoir. Theresfter the west portd flow (after adjusting for losses) could
be used to implement the two-thirds law until the reservoir depth increases above the
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critica depth. The water use records for July 2001 suggest that this Stuation may now
exig, dthough it cannot be confirmed without estimates of DHHL users actua needs. If
30, the two-thirds preference should come into play favoring water alocation to DHHL

USErs.,

A condition requiring mandatory water restriction should exist before the two-
thirds preference law will be enforced. Enforcement could be based on users monthly
meter readings (amonth after-the-fact). This emphasizes the need for accurate
flowmeters. The amounts of water available to each user will have to be estimated and
communicated to the user at least monthly. A pendty clause, such as higher rates and/or a
pendty fee, could be implemented and enforced whenever users exceeded the dlowable
limits. Enforcement may require additional DOA gaffing and/or the development of
appropriate computer software.

Another law relevant to thiswater rightsissue is the State Water Code, HRS
section 174C-101, Native Hawaiian water rights, part (a), which recognizesthe
homesteaders rights to “ current” and “foreseeable’ water rights (communication with
Madlia Akutagawa on October 26, 2001). It reads as follows:

“ Provisions of this chapter shall not be construed to amend or modify
rights or entitlements to water as provided for by the Hawaiian Homes
Commission Act, 1920, as amended, and by chapters 167 and 168,
relating to the Molokai irrigation system. Decisions of the commission on
water resource management relating to the planning for, regulation,
management, and conservation of water resources in the Sate shall, to the
extent applicable and consistent with other legal requirements and
authority, incorporate and protect adequate reserves of water for current
and foreseeabl e development and use of Hawaiian home lands as set forth
in section 221 of the Hawaiian Homes Commission Act. [L 1987, ¢ 45, pt
of 82; amL 1991, c 325, §8]."

It was suggested that the DOA should not only estimate DHHL’s “ actua need” but also
the “foreseeable need” in order to determine the amount of water available to non-

preference usars. Any future projection will be difficult to quantify and subject to debate.
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ISSUES AND CONCERNS OF THE MOLOKAI COMMUNITY

Theissues and concerns documented in past surveys by Kahane (1987), M&E
Pacific (1991) and Molokai Agriculture Development Master Plan (1993) are the same
today. Some common themes were having sufficient water, maintenance and efficient
management of the MIS, Hawaiian rights, water and natural resources, and soil and water
conservation. Some deemed further development of Moloka and the MIS as necessary to
the economy, while others fdt it would adversdly affect the rights and lifestyle of the
Hawaians.

Some of the issues and concerns in Kahane (1987) survey were asfollows:

1. Useof MISwater for drinking.

2. Accuracy of flow measurements.

3. Storage and filling of reservoir over the winter.

4. Operation of pumpsto fill the reservoir.

5. Cod of dectricity.

6. Maintenance of clogged air-relief, blow-off vaves, and intakes.

7. MIS gtaffing Sze compared to other State run water systems.

8. Claification of the two-thirds preference in the law.

9. Long range planning.

The Molokal Agriculture Development Master Plan (1993) documented
additiona issues and concerns as follows:

1. Culturd concerns of the native Hawalians.
2. Lack of sufficient water for current and projected uses from existing sources.

3. Presarvation of ecosystemsin the watersheds.

>

Sugtainability of potable aguifers.

5. Protection of the land from water and wind erosion especialy in doping
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7.

terrain where soil surfaces were devoid of cover.

Nonpoint source (sediments, animal waste, pesticides and fertilizers) pollution
effects on water quality of streams, aquifer and coastal water.

Water conservation.

The MIS users and the community were not ways in agreement, but some of

their current issues and concerns are as follow:

1.

Improvement of the efficiency of the MIS by reducing losses (replacing
meters, performing the necessary fixes and regular scheduled maintenance)
and maximizing water collection.

Conservation and system improvements instead of development of new water

Sources.
Rdiahility of MISwater flow and clean water qudlity.

Inadequate staffing for operation and maintenance of the system. Need for
more maintenance for maximum collection, transmisson, Sorage and
digtribution of water, such as: routine pump maintenance, cleaning of intakes

and vaves, and meter checks and replacements were other tasks mentioned.

Concern about who should bear the cost for water between DHHL and other
users and between the MIS users and the State.

Concern that expansion of the MIS service areais ot a reasonable option

without incressing water availability.
Conflicts over non-DHHL water use within the MIS service boundaries.
Availability of Molokai Ranch surplus water to MIS.

Concern over more pumping of groundwater for agricultural uses. Issues are
related to cost, impact on surrounding wells, especidly potable wells, and the
use and long-term soil effects of brackish water for irrigation.

10. Lack of sugainability of groundwater in Waikolu valley.
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11. Environmenta and cultura concarns over collection of water from Peekunu

valey.
12. Avallahility of enough water to sustain current activities let done expanson.

13. Objectionsto use of Kauakoi Well 17 water for agriculture because of high
pumping cost and because of its possible effect on the Kualgpuu aguifer,
which is the main source of potable water.

14. Concerns about Kauakoi Well 17 water being pumped into and withdrawn
from the MIS.
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RECOMMENDATIONS

Expanson Potentid of the MIS

The current customer base of 2,931 acres may be doubled to a maximum 6,000
acresif the following can be achieved:

1. Reduce current losses by at least 25% to gain an annua average of 1.45 mgd.

2. Increase pumping output by 0.5 mgd in Waikolu valey to a moving average of
1.4 mgd.

3. Deveop new sources such as from brackish wells and stream diversons on
Kawela, Kaunakaka gulch and Manawainui gulch for atotd of 4.05 mgd.

The caculation for the new acres assumesthat only haf of the areawill bein crop

production and the cultivated area will use an average of 4,000 gpa per day.

Moloka’ s best agriculture lands with irrigation are located in centrad Molokai in
Hoolehua area (State of Hawaii, DLNR, 1966). The current MIS service areain Hoolehua
has about 9,960 acres, but not al can be serviced even with 6.0 mgd of additiona water.
Therefore, the expansion of the MIS to Kdamaula homestead land is not recommended.
The Moloka Water Initiative Group and the MIS Advisory Committee advocated the use
of Wahanau stream diverson of about 0.5 mgd for future Kadamaula development,
which is aufficient to irrigate about 123 cultivated acres or support about 250 agricultural

acres annudly.

Deve opment of New Water Sources

The following long-term actions are recommended:

1. Study the feashility and the effect on the environment of collection of runoff
water from other sources. Possible sitesfor collection are on Manawainui,
Kaunakaka, and Kawela gulches with intermittent stream flows. The bulk of the
capture will be storm runoff. Another possible source is Moloka Ranch overflow
asin the case for Kawela. Sources located higher than the Kuaapuu reservoir are
desired in order to transport the water by gravity instead of by pumping.
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2.

Investigate the use of non-potable brackish well weater for mixing with Waikolu
valley water for irrigation. The Waikolu valey water contains lower chloride
content than most potable well sources esewhere in the State of Hawaii. Mixing
this water with a brackish source of 700 ppm of chloride can il yidd amixture
having better quality than most potable wells on Oahu.

Negotiate an agreemert to share or purchase Molokai Ranch water especidly in

times of declared water rationing.

Improvements of the Current System

The following short-term actions are recommended to improve the collection and storage
of the MIS water:

1.

Inject water from the transmission pipdine directly into the distribution system.
Evaporation losses can be minimized; cleaner water is achievable, and higher
pressure will be available with direct injection. Redesign of the system will be
required to screen the water first before entering the distribution system and to
prevent excess water from backing up the transmission pipdine. The excess flow
above normal customer use must be redirected into the reservoir for storage. A

solution to this engineering problem is needed.

Consder dividing the Kudapuu reservoir into smaler compartments then

covering to reduce evaporation losses.

Measure water |osses due to seepage in the Kualapuu reservoir. Seepage losses
should be measured to determine if the magnitude of water loss warrant reseding
or relining the reservoir. For the short-term, bypassing the reservoir may be the
only option if seepage losses are high. Seepage [oss measurement as proposed in
this report is relatively smple and should be performed on aregular annua or
biennia basisto detect potentia problems. All DOA reservoirs storing water for
extended periods will benefit from seepage |0ss measurements.

Review the literature on the use of ails, polymers and other materidsto reduce

evaporation losses from an open reservoir such as Kuadapuu reservoir.
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0.

Determine how best to minimize soil erosion on the interior banks of the
Kuaapuu reservoir. NRCS should be contacted to provide corrective courses of

actions.

Congder tregting or draining the reservoir water to iminate fishes, snails and
other organisms that can clog irrigation systems. The logitics of draining the
reservoir while il providing water to the customer must be studied.

Inspect the tunnel’ s floor lining for cracks and measure the water permesbility of
the concrete floor to determine if asedlant is necessary.

Modify the face of the waterfall a Dam 2 to capture more water in periods of high
ranfdl.

Study the feasihility of dectricity generation for pumpsin Waikolu vdley.

10. Ingtall weather stations for DOA and customer use.

11. Replace defective flowmeters as soon as possible.

Management Actions to Improve the MIS

1.

Write adminigtrative rules to document how the DOA will estimate the DHHL
users “actud need” and to implement the two-thirds preference law. A computer
program will be required to caculate the dlowable water available to each DHHL
user based on monthly customer needs, the available amount of water and the
monthly meter reedings. A perquisiteis having accurate meter readings. This
program is expected to be a subroutine of the monthly billing and implemented

when the DOA declares a mandatory water rationing.

Obtain alegd opinion to determine if the two-thirds preference appliesto water
devel oped after the first stage of the MIS project.

Limit MIS water to only agricultural uses.

Create a maintenance priority work schedule and document task completion.
Replacement of defective flowmeters should be given top priority.

Conduct timely maintenance of the MIS for optimd efficiency. The DOA should
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10.

11.

12.

13.

draft ajudification for additiond affing in Moloka or a plan to use exiging

daffing to provide optima service and results.

Congder amending the wdl permitsin Waikolu to pump more than 0.853 mgd in
times of emergency. A moving average of 1.4 mgd is suggested because
environmenta data supports pumping of 1.55 mgd in 1996 (Water Resource
Associates, 1999). The sustainable capacity is estimated to be about 2.5 mgd at
1,000 ft or 3.02 mgd at 750 ft elevation. Monitoring of the water depth of Well 4
should be a condition before alowing more pumping in the valey to prevent
over-pumping of the valey.

Service pumps on aregular basis and document maintenance to minimize
expendgve repairs and lost opportunity to fill the reservoir. Adequate pumping
capacity currently existsin Waikolu valey.

Document pumping of Wells5 and 6.

Digitize dl data collected for the MIS, such as water flows, pumping, reservoir
depth, rainfdl and customer usg, for timely andys's to make informed
management decision and monitor compliance of pumping permits and Kaluakoi-
DOA water agreement.

Compare the amount of available water collected and the customer use to the

quantity of water stored in the reservoir on aroutine bass to identify losses.
Verify the actud acresirrigated against the assessed acres.

Inspect diverson intakes in Waikolu valley on aregular basis and schedule more
frequent vists with increasing amounts of rainfal events or use flowmeters and/or

remote cameras to monitor each dam for obstruction of the collection grates.

Verify annudly or a least on aregular bassthat dl flowmeters are functioning
and accurate. The most important meters are those feeding water into the MIS
transmission pipeline to give an accurate account of the available flow per day.
The east portd flowmeter triggers the well pumps, and west portal flowmeter
determines the amount of water collected from Waikolu valey. The porta
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14.

15.

16.

flowmeters are the respongbility of the DOA, while USGS meters can serve as
checks or backups. Accurate flowmeters are needed on other water sources
entering into MIS from Molokai Ranch overflow a the MIS-Moloka Ranch
systems junction and from Kauakoi Well 17. Kaduakoai is respongble for
maintaining and reading that meter, but the DOA should at least annualy audit
their data for compliance to contractua agreement and confirm the accuracy of
the flowmeters. Another flowmeter of mgor importance is where Kauakoi is
removing water from the MIS. The priority of flowmeter audits should be

Kauakoi, tunnd portas, large users then others users.

Provide the farmers with weather data and assstance to improve irrigation
efficiency and conserve water. The DOA should make wegther data availablein
red time, and provide a comparison of actua and predicted water use on the
monthly bill. The DOA should target individuas exceeding the crop requirement
by confirming the accuracy of the user’s flowmeter and the areain crop
production. The University of Hawaii Cooperative Extenson agents can provide
technicd expertise to help the farmer maximize yidds with water.

Subsidize or give incentives for the converson of sprinkler and furrow irrigation
systemsto drip irrigation. Sprinklers are ineffective because of high windsin
central Molokai, which digtort the spray patterns and evaporation of too much
water. Furrow irrigation cannot deliver water efficiently to the crop, especidly
with high soil infiltration rates in the Moloka soil series a Hoolehua. Higher
yields may be possible with lesswater using drip irrigation making more water
available to other users.

Conduct an annua survey of each user on the acreage of each crop grown, the
type of irrigation system, the use of filters and frequency and duration of back
flushing, and specific water related problems.
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APPENDI X A. Senate Resolution No. 34 S.D. 1. Molokai Irrigation System
Evaluation

Report Title:

Mol okai Irrigation System Evaluation (SD1)
THE SENATE

34
TWENTY-FIRST LEGISLATURE, S . R . N O » SD.1

2001
STATE OF HAWAII

SENATE RESOLUTION

REQUESTI NG AN ASSESSMENT OF AND | MPROVEMENT

RECOMVENDATI ONS FOR THE MOLOKAI | RRI GATI ON
SYSTEM

WHEREAS, Mol okai's water shortage has reached a critical
stage and the stability of Ml okai's agriculture industry
is in jeopardy; and

WHEREAS, unless action is taken imedi ately, Ml okai's

farmers will not have the water needed to nmaintain their
farm ng operations; and

WHEREAS, the Mol okai Irrigation System (MS) was designhed
to serve up to 17,640 acres of farmland in Mlokai's arid
Ho' ol ehua pl ain, nost of which is owned by the Departnent
of Hawaiian Honme Lands, and to have a capacity of 21
mllion gallons of water per day; and

WHEREAS, the expansion of the MS into Pel ekunu and Wil au
Val l eys to provide the aforenenti oned capacity have not

occurred, and are not likely to be devel oped for
envi ronmental and ot her considerations; and
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APPENDIX A (continued)

WHEREAS, two-thirds of the water devel oped by the M S has

preference in favor of the Departnent of Hawaiian Home
Lands and/or their | essees; and

VWHEREAS, the growth in demand for water fromthe system has

occurred such that over one-half of the water is used by
non- preference users; and

WHEREAS, while the non-preference users have a junior claim
to water fromthe system and woul d be dramatically affected
by rationing of systemcapacity, they provide a significant

percentage of farmrel ated enpl oynent and econom c input to
the island; and

WHEREAS, expansion of the MS to agriculture lots in
Kal amaul a has been in discussion for years; and

WHEREAS, concerted, conprehensive, and cooperative efforts
must be initiated to assess the practical limts of
expandi ng the avail able supply of water to the MS system
together with appropriate limts to expansion of the MS
custonmer base, with due consideration to the preference of
t he Departnent of Hawaiian Hone Lands and its | essees; now,
t herefore,

BE I T RESOLVED by the Senate of the Twenty-First
Legi sl ature of the State of Hawaii, Regul ar Session of
2001, that the Agribusiness Devel opnent Corporation,
Department of Agriculture, and Departnment of Hawaiian Honme
Lands are requested to work jointly with the Ml okai
community to identify the expansion potential of the

Mol okai Irrigation System by addi ng new wat er sources and
the appropriate size of the custoner base that can be
reliably supported by an expanded system wi th due concern
for the preferential rights of the Departnent of Hawaii an
Hone Lands and its | essees, and to develop a plan for

i nprovenents to the Mdl okai Irrigation Systemfor the |ong-
term and

BE | T FURTHER RESOLVED t hat | ong-term assessnents and
i nprovenent recomendati ons for the Ml okai Irrigation
System shal | address the expansion of the Mol okai
Irrigation Systemto agricultural lots belonging to
Kal amaul a homestead farners; and
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APPENDIX A (continued)

BE | T FURTHER RESOLVED t hat the Agribusi ness Devel opnment
Corporation with the assistance of the Departnent of
Agriculture and Departnment of Hawaiian Home Lands shal
prepare and submt the plan, their recomendations, and any
proposed |l egislation to the |egislature not |ess than
twenty days before the convening of the Regul ar Session of
2002; and

BE I T FURTHER RESOLVED that certified copies of this

Resol ution be transmtted to the Chairperson of the Board
of the Agribusi ness Devel opnent Corporation, Chairperson of
t he Board of Agriculture, and Chairperson of Hawaiian Home
Comm ssi on.
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