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PROBLEM:  Competition for limited resource

Large-scale agriculture

Native species

Cultural practicesDomestic supply

Aesthetics



Project Approach

1.  Estimate current and pre-diversion flows for streams

2.  Assess effects of diversions on flow and water temperature 

3.  Determine aquatic-species abundance, distribution, and 
  habitat preference 

4.  Estimate effects of flow restoration on habitat availability
  for native macrofauna

Provides input to technically based instream-flow standards
                                 for northeast Maui



Collaborators

US Geological Survey 
Commission on Water Resource Management
Maui Department of Water Supply
Board of Land and Natural Resources
East Maui Irrigation Co., Ltd.



OBJECTIVES

Assess effects of diversions on streamflow 

Estimate effects of flow restoration on
habitat availability for native macrofauna
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Effects of diversions on streamflow 

Compute flow statistics at gaged sites

Quantify drainage-basin characteristics at these sites

Develop regional regression equations to estimate 
  flow statistics for ungaged sites 

Enhance results using field measurements 

Natural and diverted flow estimates for each 
stream in study area



sion and the stream was dry immediately downstream of the 
diversion.

At West Wailuaiki and Hanawi Streams, the water 
levels were compared with discharge determined from stage 
measurements made every 15 minutes at the active continu-
ous-record gaging stations upstream (stations 5180 and 5080, 
respectively). Relation plots of water level and stream dis-
charge show the range of discharges at which the diversion 
dam is overtopped and flow continues downstream. For West 
Wailuaiki Stream, the overtopping is initiated at discharge 
ranging from 20 to 30 ft3/s (TFQ

30
 to TFQ

20
 on the basis of 

the flow-duration plot in fig. 2). In other words, streamflow 
does not pass the diversion dam at 1,300 ft on West Wailuaiki 
Stream roughly 70 to 80 percent of the time. On Hanawi 
Stream, the overtopping discharge ranges from 15 to 30 ft3/s 
(TFQ

25
 to TFQ

15
 on the basis of the flow-duration plot for 

station 5080 discussed later in fig. 7). Streamflow does not 
pass the dam at 1,300 ft on Hanawi Stream roughly 75 to 85 
percent of the time.

At Honomanu and Waikamoi Streams, the water levels 
relative to the crests of the diversion dams were compared to 
water levels collected every 15 minutes at staff plates bolted 
into the bedrock in former gaging station pools upstream from 
the dams. Ratings for these staff plates are available from the 
U.S. Geological Survey archives for the time when the stations 
were discontinued in 1957. Although some erosion on the 
bedrock and concrete controls at these former gaging stations 
was observed, the assumption was made that the ratings for 
staff plates would still provide a reasonable range of flow 
estimates in the stream to estimate the overtopping discharge. 
At Honomanu Stream, the overtopping discharge ranges from 

15 to 18 ft3/s (TFQ
25

 to TFQ
22

 on the basis of the flow-dura-
tion plot for station 5270 discussed later in fig. 7). Therefore, 
streamflow does not pass the diversion dam at 1,720 ft on 
Honomanu Stream roughly 75 to 78 percent of the time. On 
Waikamoi Stream, where the water level-discharge relation 
recorded is more variable, the overtopping discharge is at least 
25 ft3/s (TFQ

20
 on the basis of the flow-duration plot for sta-

tion 5550 discussed later in fig. 7). Streamflow does not pass 
the diversion dam at 1,200 ft on Waikamoi Stream roughly 80 
percent of the time.

The technique used to determine the combined median 
and low-flow statistics for a gaging station downstream of the 
major diversion can be illustrated by using data from Hanawi 
Stream. From gaging station 5080, upstream of the Koolau 
diversion, TFQ

50
 is 7.1 ft3/s (table 2) and from gaging station 

5090, downstream of the Koolau diversion and several spring 
inflows, TFQ

50
 is 22 ft3/s. Because the Koolau Ditch captures 

at least 15-30 ft3/s at Hanawi Stream near 1,300 ft altitude, 
the median flows measured at gaging station 5090 are only 
those flows gained downstream of the Koolau diversion. The 
combined TFQ

50
 at gaging station 5090 is estimated to be 29 

ft3/s (7.1 + 22 ft3/s). Median and low-flow statistics for 5090 
were generated in two ways, from combined daily flows at 
the two stations and by adding the statistics calculated from 
each station’s daily flows individually (Table 3). The results 
of each calculation compare favorably, indicating that, for the 
study area, flow statistics for sites on gaining streams above 
and below the major diversion can be estimated by adding the 
statistics for each site. For the three stations in the study area 
(5090, 5110, and 5210), the value determined from adding 
the flow statistics was always less than the value determined 
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Flow-duration curves of total streamflow and base flow at gaging station 
5180 on West Wailuaiki Stream, northeast Maui, Hawaii, for period 1914-2002.

6  Median and Low-Flow Characteristics for Streams under Natural and Diverted Conditions, Northeast Maui, Hawaii



EXPLANATION
Percent streamflow reduction
 Less than 25 percent
 25 to 50 percent
 50 to 75 percent
 75 to 100 percent
 not enough data

SURFACE-WATER
DIVERSION SYSTEM

Reduction in median streamflow
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Median and Low-Flow Characteristics for Streams under 
Natural and Diverted Conditions, Northeast Maui, Hawaii
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Explanation
!( Site Location

Hana Highway

0 2.5 51.25
Miles

Northeast Maui intensively studied reaches



Biological Methods
7 Streams - 17 Sites - 146 Transects

3 reaches per stream 
7-10 cross sections per reach
5,566 total quadrats

Record all species present
4,907 total individuals

Fish: nopili, nakea, & alamo'o
Shellfish: hihiwai
Shrimp: mountain opae

Measure habitat variables 
associated with macrofauna

Substrate, depth, velocity, flow 
regime, distance from edge



E ffects of diversions on habitat availability

• Determine habitat and species suitability at representative stream reaches
    
• Estimate habitat for a range of flows using PHABSIM 

model depth, velocity, and substrate at transects
relate biology using habitat suitability curves

• Develop regional relation between flow and habitat for study-area streams 

Produce estimates of habitat restoration as
  flow varies from diverted to natural conditions
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SUMMARY

First report provides natural and diverted
flow estimates 

Second report provides information on how 
habitat availability changes with flow



Defines upper limits on instream flows 
 

Quantifies one component of many 
competing beneficial uses  
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