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ABSTRACT

The study estimated the 1993-1998 natural flows as well as their corresponding
reliabilities along Kiwitea Stream and Oroua River upstream of the old Kawa Wool
station. These estimates could present a baseline condition for assessing the hydrologic
capability of the catchment for the existing rights and the amount of streamflow still

available for additional rights.

The study demonstrated that water availability modeling could be a useful tool in water
resource management and planning for the Oroua catchment. The “usual” or high river
flow allocation management for the Oroua River wherein a right may abstract water up
to its permitted rates could be modeled in WRAP. The results of the simulation based
on full abstracdon of permitted rates suggested that on a monthly basis, there was
enough flow physically available to meet all consented abstraction rights including the
minimum flow requirement at Almadale and Spur Road stations throughout the 1993-

1998 simulation period.

The study had identified an apparent shortcoming of the WRAP model in simulating the
MWRC’s water allocation schemes at tmes of low river flow wherein water rights are
either restricted or curtailed whenever the flow reached the set monthly flow threshold
and the minimum flow level. The WRAP program was lacking of a mechanism or
algorithm that will allow a water diversion target to vary depending on a gauged flow at

other locations.

The study demonstrated that the criteria stipulated in the Oroua Catchment Water
Allocation Regional Plan for rostering abstraction at times of low river flow could be
accounted in WRAP water availability modeling using a weighted ranked priority scheme.
The results of simulation apportioning the combined maximum abstraction rates for
irrigation purposes, based on prior use and natural upstream-to-downstream location
among irrigation rights, indicated a minimal increase in the utilization of available water
of the Oroua River. Thus, with increased water use as a management objective, such

options would not be an attractive alternative.



To facilitate relevant hydrologic and institutional water availability and reliability
assessment of the Oroua River, it is recommended that a modification be made in the
WRAP program to include mechanism or algorithms that will allow automatic change of
diversion target as a function of gauged flow. Also, a shorter computational interval,
such as weekly or daily, would yield more relevant results for real-ime water

management for the Oroua River.

For future simulation or modeling studies for the Oroua River, there is a need to have an
actual streamflow measurement or gauging station downstream of the river for validation
purposes. There is also a need to have data on actual abstractions and discharges to the

Oroua River and its tributaries.



ACKNOWLEDGEMENTS

The author extends a heartfelt grattude to the following persons whose help made the

completion of this study possible.

To my supervisor, Professor Gavin Wall, for his constructive criticism, helpful

comments, and invaluable guidance and support in the conduct of this study.

To the staff of MWRC, for their invaluable help in providing information for the Oroua
Catchment. To Harold Barnett for the information on water allocation and lending
relevant references, to Marianne for a helpful background information on the modeling
works at the Council, and to Sean Hodges, who on top of his busy schedules, kindly and
promptly made a number of GIS-related data available for this study. Their help is
deeply appreciated.

To the staff of the Institute of Technology and Engineering and fellow postgraduate
students at the Agricultural Engineering Department for their help and camaraderie

throughout my stay in the university.

To the government of the Philippines and New Zealand for the postgraduate scholarship
award. To Dr. Wilfredo P. David and staff of the CIRDUP and LWRD at UPLB and to
Ms. Aurora Collantes of NEDA for the support to my application for postgraduate

study.

To Pyone, for the much needed help I did not have to ask, for looking after myself
during those hectic times when I just cannot do so. I am blessed to have a friend like
you. To Ponchie, Roy, Bing, Rod, Bill, Tiung, Mei, and to all nice and friendly persons I
met here, whom in their own special way made me feel like I am not really far away from

home. To Tony, for being you.

To Nanay, my brother Marlon, and sisters Mildred and Nini, for the love, prayers, and
trust. To Tatay, for all the beautiful things you have shown...

And my deepest gratitude to the One who blessed me with the above wonderful persons.



TABLE OF CONTENTS

LY 'Global SCeNatinr ivsuissisissssrasmssbnsssmemsssmenminysmes s rmsadmsasnssss
1.2 New Zealand Scenario  ..........oooviiiiiiiiiiiiiiiiii i
13 Problem SMIEMENY  wuvoormssimmusninmmiesaaims g s i v s
18 TODICEIVEE  ouoninori e S S A o R R R W Bt e
15 Outline of the STUAY  ...ioccnrrvrmrcenmmmasammminmsrennsnssssacssssmsmmssssomvesss
CHAPTER 2 - REVIEW OF LITERATURE  ....cocviiiiiiiniiniininienesieiireensin

I

N 3 1 e o D e ey

Watse Availability -ouuissiinisinsscis st S s vis AN e e e s st it

)
v

19

N
(¥ T N T

Water Resources Management Balance versus Water Balance ...............
Water Resources Management Modeling at the River Basin Scale ...........
Figdeolopie MOdEHOG:  conuunmnm s i s S viss e
2.5.1 Types of Hydrologic Models .uiiiuisiuivsiimiisssmsiinesssosssemmenmns
2.5.2 Time Scales in Hydrologic Modeling ..............cocoeiviiiiiiiii.en.
2.5.3 GIS Application in Hydrologic Modeling ............ccccvvviininnnn.,
2.6 Water Avallability Modelad: ...omuirssimmsisanvassamaams ik

[§]

2.7 Watershed Characteristics Influencing Streamflow ...............coeeenennn.
28 DanmlZER PIOW iiiisisiiness st s smsmasns sosmsm e s damisabms
2.8.1 Naturalized Streamflow Methodologies ...........c..ccoiiiiiiiininn,

2.8.2 Distributing Naturalized Flows from Gauged
o Unganged Location . iniismsaiiiisiss ssnrinmansns
2.9 Model Performance/ACCuracy ...........cceeiviiiieenirinieiiiiiiieiisaenan
2.10 Performance Accuracy of Water Availability Models .........................
2.11. Water Allocation Mechami€ing  ...cuisisimsisssimssinvaiesissoanissaassv
2111 Matpioal Cost Prciig  .ociisisinimssasssnssmmmvsrnmrmnsnsasssasansosmensins

2.11.2 Public Water Allocation

—

(=1 = D~ = B« - - = B = S SR

26
36
39
39
39



3.1
32
i3
34
3.5
3.6
L

3.8
3.9
3.10

3.11
3.12

4.1
42
43
44
45

2113 User-Based AHOCRUON, oi:isvisisrinivissiaaismsssssss snmsssnvanes
2.11.4 Water Markets  ......oiiiiieiinininiiniinnirieiiieeiianeernnenneenns
VERIRE ISR,  onone ithosisanm v mmeon scn s s s ey RS KSR E AR A AT AN
Transition from Water Rights to Water Market ........................
Water Markets/Tradable Water Rights Feasibility .....................
Water as an Economic Good  .......c.ooeviiiiiiiiiiiiiiiiiiiiiiiiinns
Economic Principles of Scarce Resource Allocation ..........ccoovvvvinnnn.n.
e e T
2.16:1 Economic EfACIENCY cisisiuvsesiii ciinistsssssnssmnmnnrnmmeensmssnssass

Criteria for AIOCATHON  ©vvvvvtitt ettt e e e e

General Methodology . ovuovmvaisnicisussesamesimvisessies soceiis
SEnMatoHE MWRAP i s st s s she e ds
Delineation of the Study Area ........ccovvvveniiiiiiiiiiiiaiiceannn,

Data Analysis and Generation .............cooovviiiiiiieniieanieeanann..

Control Point Representation of the Spatial

Configuration of the Oroua River Basin System  .......................

Estimation of the Naturalized Flow .. ....cooiiiiiiiii s

WRAP-SIM Model for Simulation of the Oroua Water Management

Modeling of Alternative Management Scenarios .......................

3.10.1 Proportional Allocation for “Recent” Irrigation Rights

3.10.2 Rostering Irrigation Abstractions During Low Flows .........
Tables for Organizing and Summarizing the Simulation Results .....
Validation of Sl RESIME - crcomemmmismompsseammmss sssswesssas

6 oo 3 (i L o G e N

Assessment of the Utlity of WRAP in Developing Naturalized Flows

Water Allocation Based on Permitted Rates  .....oovvvreievniennnnnnnnns

Water Allocation During Low FIoWS  «..cvucimsivassianainisessrsssesens

Modified Simulation Run for Allocation Based on Low River Flows

.............................................

........

........

......

......

.......

........

oooooo

58
61

64
64
65
66
67
68
68
68
76
81
83



4.6 Data Requirements for WRAP Modeling ..............ccovvviiiiiniiinninnnn 84

4.6.1 Streamflow and Water Use Records ............cc.ovvvviiinininiinnnnnnn, 84

462 Computational Inteeval  ......cocumimmsivisassiisesivsssssaaissive 85

4.7 Rehability of the SitaulatioRA ReFOME wvvivssiisnnvisssssssmsiconisaie 85
4.7.1 Naturalized Streamflows at the Gauged Sites  .................covvenn. 85

4.7.2 Drainage Area Ratio as a Distrubution Method  .................c..00e 86

4.7.3 Regulated, Available, and Unallocated Flows ................c.covuuue 89

4.8 Alternative Water Management Scenarios .............ccoeviviniiiniiininnnnn 89
CHAPTER 5 — CONCLUSIONS AND RECOMMENDATIONS .. ...cvveunnn.. 93
5.1 ConclUSIONS  ...uiiiiitiiit et o 93
22 IRECODRSTREIOID. v o s s siomalsio s o AR A o B R o N 94
APPENDICES: oscammoisanians v s i s 95
BIBLIOGRAPHIC REFERENCES ...t e 142

vi



Table 2-1.
Table 3-1.
Table 3-2.

Table 3-3.
Table 4-1.

Table 4-2.
Table 4-3.
Table 4-4.
Table 4-5.
Table 4-6.
Table 4-7.

LIST OF TABLES

Evaluation of Naturalized Streamflow Methodologies .............

Witer Riphts JOfOMOBHON  .vouvmanmmimemsmmnvsions i s

Apportioning of the Combined Maximum

Abstraction among “Recent” Irrigation Rights  ......................

Priority Ranking of Irrigation Rights ...........cocoviiiiiiiniiinn..

Percentage of Months with Flows Equalling

ot Excéeding the Values Shown  o.uicisisiiveimnssrisimesss
Naturalized Flow versus Water Rights Target .......................

Streamflow Ratios for January and March 1998
Unallocated Flow-frequency for Percent Time Exceedance

Linear Regression Coefficient for Stations in Oroua Catchment

Flow Ratios for Stations in Oroua Catchment  ........oovveevenni....

Unallocated Flows (UNA) for February 1998 for the

Proportional and Ranked Priority Allocation Schemes

90



Figure 2-1.
Figure 3-1.
Figure 3-2.
Figure 3-3.

Figure 4-1.
Figure 4-2.

Figure 4-3.

Figure 4-4.

Figure 4-5.

Figure 4-6.

Figure 4-7.

Figure 4-8.

LIST OF FIGURES

Approaches to River Basin Modeling  ..........cccoovvvviiiiiininn....
General Framework of the Research Methodology
Flowchart of WRAP Simulation

Control Point Schematic of the Delineated Oroua

.......................................

River Basin System
Naturalized Flow at the Oroua River

......................................................

Flow-frequency Curves for Oroua River at Almadale
Station and Kiwitea Stream at Spur Road Station  ....................
Naturalized Flow-frequency Curve along Oroua River

and Kiwitea Stream

Naturalized Flows at 100% Exceedance

versus Water Right Requirements and Unallocated
Flows along Oroua River and Kiwitea Stream ........................
Streamflow at Almadale and Spur Road Stations

for January and March 1998  ...........ocoiiiiiiiiiii e,
Unallocated Flows along Oroua River

and Kiwitea Stream

Predicted Narturalized Flows for the Old Kawa

WOOLSEHON  wivovisiesssssinsosmsis siaes s oinistnssntmpmmemsrassmensnss
Changes of Unallocated Flows from the Monthly
Flow Threshold Allocation along Oroua River

and Kiwitea Stream

......................................................

viii



Appendix 3-1.
Appendix 3-2.
Appendix 3-3.

Appendix 3-4.

Appendix 3-5.

Appendix 3-6.

Appendix 3-7.

Appendix 3-8.

Appendix 3-9.

Appendix 3-10.

Appendix 4-1.

Appendix 4-2.

Appendix 4-3.
Appendix 4-4.

LIST OF APPENDICES

Evaluated Water Availability Models

Relevant Information on the Oroua River Catchment
WRAP Input Files and Records: (a) Types of
WRAP-SIM Input Records; (b) Sequential Order
Of WRAP-HYD Input Records; and (c) Program
TABLES Input Records and Associated Tables
Statistical Analysis of Oroua River Flow at Almadale
Station: (a) Box-plot; (b) Mann-Kendall test for Trend;
(c) Autocorrelation and Partial Autocorrelation Values
of the Mean Monthly Flow; and (d) Autocorrelation
and Partial Autocorrelation Functions of the Mean
Monthly Flow
Flow Adjustments (FA) Estimates for the Gauged
Control Points
WRAP-HYD Model for Naturalized Flow
Determination: (a) Basic Data; (b) Inflow File;
and (c) Distribution File
WRAP Models for the Oroua Water Allocation
Based on Full Permitted Rates: (a) Basic Data;
(b) Distribution File; and (c) Inflow File
WRAP Model (Basic Data File) for the Oroua
Water Allocation Based on Estimated Rates
WRAP Models for Alternative Management for
Irrigaton-related Rights Using Proportional Allocation
WRAP Models for Alternative Management for
Irrigation-related Rights Using Ranked Priority
Allocation
Naturalized Streamflow Developed with WRAP
Parallel Manual Calculation of the Naturalized Flow
Flow-frequency for the Naturalized Flows
Sample Parallel Manual Calculation of the Current

Water Allocation

...............................................................

..................

......................................................

95
96

106

111

115

116

123

124
125
127
128

129

ix



Appendix 4-5.  Reliability Summary for Meeting the Permitted Rights

and Instream Flow Requirements ............c.cooveviiniiniiinnn, 132
Appendix 4-6.  WRAP Model for the Modified Low River Flow

Allocation: (a) Monthly Flow Threshold and

(b) Minitnam BIOW  ivvsiaimiimainsisuimisnsaessarpomonnme smanssssss 133
Appendix 4-7.  Sample Parallel Manual Calculation of the Modified

Low River Flow ANOCRIOR o uswoessosmamunsinss vaisssars oo 135
Appendix 4-8.  February 1998 Daily Flow Values for Oroua River

at Almadale SHOM  ..iiiiieeirnimranrrmorsrrenorssonsnonsnsnsnsnssss 138
Appendix 4-9.  Prediction Equation for the Old Kawa Wool Station  ............ 139
Appendix 4-10  1993-1998 Monthly Flow Ratio  .............ccvevviiiniiiinnnnnnn. 140





