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INTRODUCTION 1

INTRODUCTION

What does WAIORA stand for?

The Revised Dictionary of Modern Maori (Ryan 1988fines WAI as the word for water and ORA the
word for life, well, full and alive. Combined, WBRA is the Maori word for health but it also means
fountain or well. Fountains and wells are congidegood/healthy/sacred to the Maori people as #ierw
from these two sources is considered pure anddineri@ for human and animal consumption (Deanc&ra
pers. com.). As an acronym for the computer pa&RAGAIORA stands for \&ter Allocations_mpacts @
River Attributes.

What does WAIORA do?

WAIORA Water Allocation Impacts on River Attributes a decision support system designed to provide
guidance on whether a flow change could have aghensacts on the following environmental parameters
Dissolved Oxygen, Total Ammonia, Water Temperaamne Habitat for aquatic life.

WAIORA uses information on stream geometry and nigalemodels to estimate the effects of flow on
these parameters, and compares the predictionsitoranental guidelines that can be specified leyuber
to determine if an adverse effect is likely to accl number of assumptions have been made durodgin
development and these are detailed in this mandaHalp Files. The outputs of

WAIORA reflect the nature of these assumptionstaadjuality of the data entered by the user. Toeets
are better at predicting the relative amount ofngbaassociated with flow scenarios than at predicti
absolute changes. Some guidance on the expectad@c of models and “comfort zones” associated wit
guideline thresholds is provided in the Help Fiad the Summary Plots.

WAIORA provides:

* information on environmental criteria that can bed)

» predictions of the absolute and relative changecadsd with a flow change and whether
specified environmental guideline thresholds aceedted:;

[1 where possible, predicted effects of avoidancigatibn options and

« an audit trail of the procedures followed.

To use WAIORA you should:

have knowledge of the existing stream conditiors/atand below the proposed abstraction, and
either collect data from two site visits to assefsanges in habitat or carry out a more detailed
instream habitat survey and calibration using RHB3AM.
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Purpose and process

WAIORA is a decision support system that can bel iseassess the effects of flow changes on instream
habitat, water temperature, dissolved oxygen cdrateém and ammonia concentration. WAIORA applies
to a section of river, along which the stream dioi (e.g., geometry, flow, gradient, shade, anhtic
flora) are reasonably consistent.

The steps in the assessment process are:
1. select parameters to evaluate (stream georaetguired for all)
2. data collection
3. calibration (water temperature and DO models)
4. calculation of effects
5. evaluation of effects

The quality and scope of the stream habitat sudagg will determine the reliability of the results,
particularly the degree to which you can extrapolzyond the flows that were surveyed. Two levels o
survey are available. For quick assessments, sirngdiims and depths can be measured at two flovas in
least 3 locations in each habitat type (e.g., pool, and riffle). Stream habitat is then estimatssluming
logarithmic hydraulic relationships (Jowett 1998)cases where you want to extrapolate to flowhkérigr
lower than those surveyed, cross-section dataeaoltected and calibrated in RHYHABSIM. The normal
procedure is to survey at least 5 cross-sectioaadh habitat type (e.g., pool, run, and riffla) eemeasure
water levels at least two other flows.

Calibration data can also be collected for watptrature and dissolved oxygen models. These ai#ibr
data should be collected at times of maximum stresgnally mid summer. DataSondes can be deplayed t
measure diurnal variation in water temperature disdolved oxygen concentration and inexpensive
temperature loggers are available. Water tempegaare required at both the start and end of tieisef
river for calibration of the water temperature modéthough it is possible to model water tempemtand
dissolved oxygen without calibrated models, cdiibreis desirable to calculate appropriate pararneted
coefficients for the dissolved oxygen models andetbappropriate initial water temperatures fortiager
temperature model.

Once the models have been calibrated, WAIORA catiesilhow instream habitat, water temperature, and
dissolved oxygen and ammonia concentrations vaty fleiw and displays the values of these parameters
for the index flow and the new flow that will resfibm the proposed abstraction or flow discharge.

Management objectives

The evaluation of the effect of flow change on tabtemperature, oxygen and ammonia is the findl a
most difficult step in the WAIORA process.

Although WAIORA provides some guidelines for thisleation process, but it is not possible to previd
guidelines for all situations. This is becauser@@st flow management is a complex process, usually
involving a combination of technical, public, amdj4l considerations. To be effective, the instréam
management process should consider the presen$ sthtthe river and its ecosystem, and then, in
consultation with public and institutional orgatisas, set goals and objectives before establishing
appropriate flow requirements.

Conventionally, we recognise instream values asttidam uses - those that are associated with thiates
flowing in a channel - and out-of-stream values asek - those that are enjoyed when the watekes ta
from the channel for use elsewhere. The "sociah@wmic and cultural” values referred to in Sech@f the
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Resource Management Act (RMA) may be either instreaout-of-stream values. For example, water used
for irrigated agriculture has out-of-stream valwbgereas the water used by a commercial raftingperge
has instream value. The attributes listed in Seetand 7 of the RMA generally are instream values

WAIORA helps to quantify the requirements of inatreuses in terms of water quality and hydraulic
parameters. The two volumes of Flow guidelinedrfstream values (Ministry for the Environment 1998)
provide a very much more comprehensive coveragedh@ossible here.

A basic principle established in the Flow guiddiiige that instream values and their requirementst b
identified and appraised within the context of wigdi Instream Management Objectives. Resource
management objectives have been defined by regionakils in their various regional policy statetsen
and an increasing number of councils are developioig specific objectives in regional or catchnvesttier
resources management plans.

An important decision is the level at which instreaalues are to be maintained. Where there arelisbtzd
water quality standards, such as for dissolved exyand ammonia, this is relatively simple. However,
acceptable levels of instream habitat and evenrvietaperature are more difficult to decide. ThewFlo
guidelines suggest that the level of maintenanoaldhreflect the merits of instream values in dipaar
river - the quality of a recreational fishery, thielogical diversity of a stream ecosystem, theseoration
status of a breeding bird population on a river, ltegl proximity to a large population centre ofegadking
river, the availability of alternatives or meansrafigation, etc.
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GETTING STARTED

System requirements

Before you instalWAIORA make sure your computer meets the minimum hardwacde software
requirements:

« Any IBM compatible machine with an 80486 processdrigher.
e A hard disk with a minimum of 3 megabytes availagace for a full installation.
« Windows 98 or higher.

WAIORA will not run properly if your computer does notehthese requirements.

Installing
WAIORA is installed simply by creating a direct@ych as c:\Program Files\WAIORA and then copying
the files WAIORA.EXE, WAOIRA2.HLP, and WAIORAZ2.CNiRto it.

The programme METDATA.EXE, and its associated @tdMETDATA.FDA, is an accessory that shows
a map of New Zealand with the distribution of climaecording sites, the data that are collected! tfae
period of record (until December 2003).

You can make the program accessible by:
CREATING A WAIORA SHORTCUT

1. Run Windows Explorer (Choose Start Menu | Progjanisidows Explorer).

2. Choose the directory that contains the WAIORA paiogi(e.g., c:\Program Files\WAIORA).
Click on WAIORA.EXE with the right button and sel€opy.

3. Move the mouse cursor so that it over the desktdpuicklaunch bar, click the right button,
and select Paste shortcut.

4. Alternatively, click on WAIORA.EXE and then dragiter to the desktop or Quicklaunch bar.
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meweora -0
File Edt Wisw Favorites Tools  Help | ?F
6 Back ~ l\.‘) - L’g‘ )‘H] Search Folders ‘ \_'$ j x K’ ‘

Address |L-j P:iWaiora 2 )
Folders x| | Mame =~ | Size | Type | Date Modified I -~
b 99 (B ﬂ %atabasejata‘xls 14KE Microsoft Excel Wor,.. 131072003 1:09 p.m.
358 sys on Miwacham (£ T@roeedt dim &KE Delphi Farm 24/01/2003 5:18 pum,

o f o "
5 Sys on Miwahan' (1) SFDEEdlt‘pas 15 KB Dz.alph\ Source File 250112003 3:48 p.m,
S Common on Niws-hamshered (k. encrypt.xls 40 KB Mlcrus?Ft Excel Wor.., 23041998 7:40 p.m,
S8 Library an ‘Niwa-hamSharediGro [ Excel.deu 22KE  DCUFie 13/11/2003 4:51 pm.
S Projects on Niwa-ham{shared (01 || Excel.ddp o 1KE DD File ZH10}2003 3:37 pum.
258 Jowett on Miwa-hamUsers' (F:) T@ecel.dim e 1KB  Delphi Form 5/10/2003 §:39 p.m,
9 el ﬁExcel.pas 12KB Delphi Source File 28/10/2003 3:32 p.m.
=) FISHDR [#ilabl.RHE | Sgan for Viuses... 12KB  rhyhabsim 10/06/2002 10:59 ...
) FolZChapterd3 (=] ies.sys N Netiwars Cop. 2KB  System file 7/01/2003 8144 a.m,
3 habitat Parameter: — 497 KB Microsoft Excel Wor,,, 5/05j2003 8:09 a.m,
) habprf ﬁpsubs.pas @W\n;ip 4 129KB Delphi Source File 24/08/2003 8:39 pm.
) HECRAS Temperatur send Ta = 32KB Microsoft PowerPoi,,, 280272003 11:37 a...
3 ifim E]Testcunsar T R 1| 1KB Microsoft Excel Com,., 9/10/2003 3:47 p.m.
Kool Cut 1,988 KE  Application Z3{04/2003 4:09 p.m.
T Metica & 3KE GIDFile 17/10f2003 10:57 a...
£ WAIORASS 223KE  Help File 270411998 5:30 p.m.
L3 rangtata Create Shortcut i ; (L R
&= weatora.cf . 1KE CFGFile 13/11/2003 5:09 p.m.
[ watora.d i i ZKE DOFFile 13/11{2003 5:09 pm,
@warorap TS 4KE Delphi Frofect 29/10/2003 1:16 pum.
[ watora.d properties 6KB DSKFile 13/11/2003 5:09 p.m.
2,252 KB Application 131112003 4:51 pom.
WATORA ICO 1KE Icon 10/10f1997 3:47 p.m.
'}WAIORA.ini 2KB Configuration Settings  26/11/2003 8:25 a.m.
res ntermediate Fils 118 pam,
) WAIORA 2KB  Ink diate Fil 29/10/2003 1:18
%walora.zwp 341KB  WinZip Fils 24/04/2003 5:05 p.m.
| ;@Walorafbeta‘zwp 942 KB WinZip File 270512003 :03 pam, =
4 -

trt| | & & RS EE @D

Desktop showing the WAIORA icon on the desktop
and in the Quicklaunch bar.

Uninstalling WAIORA

To uninstall WAIORA simply delete the program dimeg (normally C:\Program FileafAIORA and any
directories and database files (WAIORA.MDB) thatiyave created.
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the WAIORA Microsoft Access
database (WAIORA.MDB) will
not be found and you will see th
following message:

Login
FIRST LOGIN _ AN - T =
The first time that WAIORA runs, SESSESSEEINN mrpmrermmsprrsrermun

The database file "waiora.mdb" could not be found
in the current directary.

Do vou want to locate the directany,
of create anew databaze?

Don't worry!

For a new installation presseéaite =
and a new databas} :
(WAIORA.MDB) will be created [ _ & iocae Create | Lancel |
in the directory that you select. |FSESESSEEEEE &
you subsequently run WAIORA Bt =it
and you receive the message
“database .. not found” as above, you caedte the appropriate directory. Alternatively, yzam create
WAIORA databases in different directories and detheeappropriate directory (fflons/&lect database) for
any stream evaluation.

After the new database is created, you are theen gl o r x|
instructions on how to proceed: ‘ \i,) é , :%%D:Dﬁ;}oggrgouu:e r

1. LOgin as ANONYMOUS 3, Login as that user

2. Add yourself as user o M e o U

3. Login as user
4. Set up catchment database

5. Start stream evaluation process.

1. Select Anonymous from the User name drop-down bo

2. Click the OK button. 431 pm

Some features of WAIORA are limited when you are
anonymous user. For example, an anonymous useotcadit ~ Username
or delete records belonging to other users andbalsgaaccess it

restricted. Therefore, you should add yourself asea (File/Add 0K | Cancel
User) when logged on as ANONYMOUS and then lo
(File/Login) under that name. |

Anonymous

ADDING A NEW USER

Any user may register a new user (with a namealfaBacters or [Tl x|
more that is not already registered). To add auses.

User name:

1. Select Add Wer... from the File menu (ALT+F+U). |

2. Enter the new user name in the User name textftitbe Add
New User dialog window. ok | Conce
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3. Click the OK button or push ENTER.
NORMAL LOGIN

Once WAIORA has been run for the first time, the user
prompted to enter a user name when the progranaited. The
last user will be displayed as the default. To iowra:

1. If the correct name is not displayed, select ymer name from
the User name drop-down list box

2.  Click the OK button or push ENTER.

Ok I Cancel |

Main window

This section describes the elements of the mainlamin These help you manoeuvre/navigate around
WAIORA. Many of the elements are consistent with windapgications, such as a control-menu box, the
title bar and menus (see the section on Windowsifesan WAIORA).

When you are running/AIORA your work takes place on a surface similar toskidg, (the screen space
WAIORA occupies). On this surface, you can move workstévindows) around, open new windows and
remove those you do not need.

WhenWAIORA is started the Main Window appears (shown here).

r*WAIDRA: Water Allocation Impacts On River Attributes

File Database Yiew Options Window Help

=

Lacatian Infarmation

Impact &ssessment

Guidelines J
1
Summary Flols i

i

|
Surtimary Results J
it Trai

Exit
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Flow chart navigation

Location Information

M

Impact &ssessment

Data

il

Guidelines

Summary Plots

Summary Results

Audit Trail

e

Exit

The flow chart, located at the far right of the maiindow, allows the user to visually
identify where the currently active window is relatto the other windows

Any open windows will be depressed, while all otlmeopened windows will be raised. The
active window will have a bold border. Any unaahle windows will have grey text rather
than black. All windows are unavailable if there ao records open.

To access the next window the user can either firesdex button on the active window or
press the subsequent button on the flow chart at@vig

In the example shown here, the Location Informatibnpact Assessment and Data
windows are open with the Data window being thaiotactive). The Summary Plots,

Summary Results and Audit Trail windows are notilabke until data has been entered.
The Guidelines window is unavailable and cannocademssed until the appropriate check
box has been activated in the Impact Assessmedbwin

The Exit button allows the user to close the pnogra
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UsiINnG WAIORA

The previous section outlined the basic functityaf the program. This section presents eacthef t
windows iNWAIORA and describes more fully how to use this package.

Database

The WAIORA database (WAIORA.MDB) is a Microsoft Azss database that contains information on
users who have been added to the database, catcstremm, location, and flow change informatian, a
well as the records of impact assessments. Cat¢hsteram, site, location and flow change detais a
stored in the WAIORA database and can be accessedHe View/edit database on the Database menu.

The catchment, stream, location, and flow chanfgnration can be edited directly under the database
menu. Records of stream assessments are retrisdaaeed under the File menu, as described préyious

The Database Access window (shown here) enables ws&iew database records and sort records by
columns. The database file (WAIORA.MDB) also camtainformation on registered users, guidelines,
evaluation data and audit trail information.

< Datahase Access - D:'Waiora',db'waiora.mdh - IEllil

Catchmerts IStreamsI anationsl Flws changel

Catchrment Mumber Catchment Name -
433000 Awakino

434000 " gik.ato

787000 Clutha

434000 ok au

Edit Recaord Delete Record

Catchmentsl Streams  Locations | Flow changs

Location Reference _|Location Name Grids display tabled information from the
4 H34E54E Oterahanga WAIORA database.

512: 768356

+342876 Bridae

b ok auiti Power Scheme | below dam
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To adjust the Column Width, select the column wheisith you want to adjust and drag the border et th
right of the column heading until the column is Width you want.

Registered users may add, edit and delete catchstreaim, site, location, and flow change detaitslaad
and save them from or to a csv or xls file. Natepart and export of xls files is only supported whe
Microsoft Excel is installed.

ADDING A NEW DATABASE ENTRY

_1o] x| 1. Select the table to which you want to
add the new record.
Location reference || 2. Select the_NW Record button or pUSh
Laocation Manme I ALT+N.
3. Enter the new information into the text
Catchment Name | [ boxes and drop-down list boxes
Stream Mame I j provided.
4. Accept the entry by selecting the Save
i button or by pushing ENTER.
| Save Cancel | .
When a catchment is chosen from the drop-

down list provided, the streams provided are
limited to those located within the selected catshim

EDITING A DATABASE ENTRY

i %]
Lozation reference (K E
Location Name IW’aipara Bridge
Catchment Mame IMokau j
Streamn Mame IMokauiti j

Save Canicel |

1. Select the table and record that you
want to edit.

2. Select the Hit Record button or push
ALT+E.

3. Enter the amended information into
the text boxes and drop-down list
boxes provided.

4. Accept the changes by selecting the
Save button or by pushing ENTER.

For the site and location tables, when a
catchment is chosen from the drop-down list

provided, the streams provided are limited to tHosated
within the selected catchment.

DELETING A DATABASE ENTRY

x

\ Delete the current record
““(j and other associsked records?

P w N2

Select the field that holds the record you waulidiete.
Select the record you want to delete.
Select the Blete Record button or push ALT+D.

Accept the deletion by pushing the Yes button om th
Confirm dialog window or selecting Y on the keylmbar
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All other records that refer to this record wik@lbe deleted.
For example, if you delete a catchment, all stredmestions,
and flow change details in that catchment will bietd.

LOADING DATABASE FROM FILE
Database information can be loaded directly intOMAIORA database from a comma delimited (.cse) fil

or and Excel spreadsheet (.xIs) by selecting Dagdimaport database from file or pressing ALT+D-+otéN
import and export of xls files is only supportedentMicrosoft Excel is installed.

The file requires headings and should be in tHeviisig order, but they are not case sensitive.h@didings
must be present but entries can be blank. Therg=adre:

Catchment number
Catchment name
Stream number
Stream name
Location reference
Location name
Index flow

Flow statistic

Flow data source
Flow change description
Abstraction rate

An example spreadsheet is:

Catchment Catchment Stream Stream Location Location Index Flow Flow data Flow change Abstraction
number  name number name reference  name flow statistic source description rate
434567 Waikato 434002 Waipa  Z34:456765 Te Kuiti 145 malf 123 35
432000 Awakino 567003 Makatinui D45:642896 Farm 90 New One 50

Database entries are checked as they are addes datibase to ensure that flows and abstraction
rates are valid numbers and that catchment arahstmambers are unique.

Saving the existing database to a file is the sevprocedure.

Records

In WAIORA, a record holds location information, iagt assessment information, data and environmental
guidelines for a given scenario. This allows teeruo retrieve previously run scenarios and magiftings
if desired.

CREATING A NEW RECORD

« From the_ e menu on the main WAIORA desktop, seleettNRecord with the mouse
or press ALT+F+N.

This action opens a blank Location Information faighown below). The user is then able to select an
existing Catchment and Stream. These must alredsgtyirethe Database. To add a catchment and stieam
the database, selecafabase thenigw/edit database or press ALT+D+V. The locatiderence (usually a
map reference) and name can be entered directhelected from those already in the database. The
Location reference isnandatory. The catchment, stream, and location names caspéeified as
<Unknown>, if required. The value of the index flowust also be specified because this is the baseline for
impact assessment. A flow change description @ @guired. All other fields are optional, although
default abstraction/discharge of 0 will be used.
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Location Information

r—Location

Catchment name  |JiTa=m] Location IMDkEUiti Pawer Scheme j
reference
Stream name bk aviti j Location name Ibelaw darn j

r—Flowy information
WAIORA will predict the absolute and proportional change associated with a change
in flow and whether a specified guideline threshold iz exceeded at that flow

1anges in habitat and »

h be judged by

Index flow is |1-|:Iay rnedian annual low flow j of I B0 Lfs derived by [guess j

Details of flow change

Description Iminimum Pl j Proposed abstraction or I E5

dizscharge rate [L/z)

If a record is open, the user is unable to opeavanecord without closing the original first by eseting
File/Close record or pressing ALT+F+C.

SELECTING AN EXISTING RECORD

1. From the File menu on the main WAIORA desktop, Select Record or press ALT+F+S.
This action opens a window that lists all records that have been saved in the database.

2. Select a record you wish to open wsing the scroll bar and mouse, the PAGE UP and
PAGE DOWN keys or the UP and DOWN ARROW keys. The selected record is
highlighted in blue.

3. Select the Open button or press ENTER.
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<" WAIORA Records - D:\Waiora' db' waiora.mdb

[Desoiion | Locationeference [Looa e [Steam [ Catchment [Use[Daio
4 Testing 51 356 Pomahaka  |Clutha 19/05/04 1:15:38 p.m.
minimum o Mokauiti Power Schi below dam | Mokauiti tokau lan 19/05/04 5:39:27 p.m.

KT ;I_I
Sort | Cancel | Open I

|F|ec:0rd Tof2 |

The_Srt button allows the user to sort saved recordsrigyor two fields. Fields are chosen from the€ro
down lists provided on the Sort Records dialog wind

If a record is open, the user is unable to opethanexisting record without closing the currecore first.

CLOSING A RECORD
e From the_e menu on the main WAIORA desktop, seledbsge Record with the
mouse or press ALT+F+C.

This must be done before another record can beedpelf the record has not been saved the user is
prompted to save it.

DELETING A RECORD

1. From the_lie menu on the main WAIORA desktop, seleelldle Records... or press
ALT+D. This action opens the Delete Record window.

2. Select a record you wish to delete using the sbaslland mouse, the PAGE UP and
PAGE DOWN keys or the UP and DOWN ARROW keys. $hiected record is
highlighted in blue.

3. Selected the Delete button or press ENTER.
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2 WAIORA Records - D:\Waiora'db'waiora.mdb P ] 4
IDescription ILocation reference ILocaI name IStleam ICatchment IUSEI IDate \ﬂ
P| Testing 512768356 Pomahaka Clutha lan 19/05/04 1:15:38 p.m.

jminimum flow Mokauiti Power Sch below dam ok auiti ok au lan 19/05/04 5:39:27 p.m.

K1} ;l_l
Sort | Delete I

|F|ecord 1af2 |

If a user is logged in as anonymous, the deleterojst unavailable. Registered users are onlytaldelete
records created by themselves.

The_Srt button allows the user to sort saved recordsrigyor two fields. Fields are chosen from thepdro
down lists provided on the Sort Records dialog windThis option is not available while a record is
currently open.
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Location information

Location, flow, and flow change information is emtkinto the Location Information window shown here

Location Information

r—Locatior
Catchment name (2= Location IMokauiti Power Scheme j
reference
Stream name Mok auit j Location name IbE|DW darn j

—Flow information

WAIORA will predict the absolute and proportional change associated with a change
in flow and whether a specified guideline threshold is exceeded at that flow

Indes flows iz I'I-I:Ia_l,l median annual low flow ﬂ of I 80 L/s derived by |guess ﬂ

Details of fow change

Dezcription Iminimum Fla j Proposed abstraction or I 55

dizcharge rate [L/z]

Location

The user can select any catchment and streamiriadya exist in the Database. To add a catchmeht an
stream to the database, seleatdbdase/\éw/edit database or press ALT+D+V. The catchmenbenand
stream name must be selected from the drop-dotsn lisunknown, <Unknown> can be chosen from the
list.

The location reference (usually a map reference)reame can be entered directly or selected frosetho
already in the database. The Location referenceiglatory and can either be chosen from the dreprdo
list or typed in. If the user selects a known lmeatvith the dropdown box, the flow and flow chariggails

of that location will be displayed. These detaisyrthen be changed by the user. The location nsumet i
required but can be used to identify assessmaaitarth made at the same location.

Flow information

Indes o iz I'I-da_l,l median annual lov o j of I 80 L/s derived I:._l,llguess j

The Index flow must also be provided by the useabse it is used as a baseline for impact assetssmen
There are several index flow information statistigailable. The user can choose from the drop-distyn
leave them blank, or type in information.

WAIORA recommends the use of the 1-day median annudlda(MALF). Estimates of MALF can be
derived from a flow recorder at the location or dnyrelation with records at other locations. Local
hydrological recording authorities should be caethcfor these analyses. Several national methods
(Hutchinson 1990; Pearson 1995) of deriving esésaf 5-year low flow and mean annual low flow have
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been derived. These can be used in the abserloevafformation or flow correlations for the sitdethods
of low flow estimation based on GIS data are bdigloped.

Flow change details

The user must also to enter a description of the fthange that is being assessed and the proposed
abstraction or discharge. Note: At this stagerdke(in litres per second) can be either the reiafwater
from the river or the addition of water to the rigad the value is always positive.

Details of flow change:
’7 Description  [|rigation L j :_rnplu"used ahlslr[‘?ji?n of 120
ischarge rate [L4s

Impact assessment

The Impact Assessment window allows the user ter @ssessment details.

Impact Assessment

WAIORA will predict the following for selected parameters:

“th nal chang i
d by a red flag or

—Scenario

" Ewvaluate status quo

* Bbsiract water

" Discharge water

Select parameters for evaluation——— | [ Environmental guideline
| Habitat [Depth, Width, Welacity]

[V water Temperature

[T Dissolved Oxygen
[~ Total Ammania

[~ Speciy environmental guideling threshalds

Help | Cancel | Back | et I

Scenarios

The user can evaluate the parameters for the flaexevaluate status quo) or can compare the sisEes
status for the index flow to that with the new fl@dss than the index flow where water is abstchated
greater where water is discharged).

Scenario

= Ewvaluate status quo

(" Discharge water

Parameters for evaluation

The four categories below are available to the tasee evaluated.
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« Habitat

e Water Temperature
« Dissolved Oxygen
e Total Ammonia

For each of the parameters selest&8lORA will predict the magnitude of change associatdtl thie new
flow and the relative change. The assessmentafdoimonia uses data from the habitat and temperatu
assessment so all three categories are automateddicted when you click Total Ammonia. Similarly,
habitat and water temperature data are used asfigssment of dissolved oxygen, and will be auicaiigt
selected when you click on dissolved oxygen.

Use of environmental guidelines

To identify whether an new flow exceeds environmkent
guidelines, the user will need to specify guideliheesholds.

To specify environmental guideline thresholds tick check box (shown here). When unchecked, the
Guideline window is unavailable.

[+ Specify environmental guideling threshalds

Data

The data window shows data tabs for each of tlegosdes that were selected in the previous windiow.
the example below, habitat, water temperaturepliss oxygen, and total ammonia were all selected.

pata
Drate 1 [dd/mmew] Drate 2 [dd/mmyy]
Flow 1 [L/s] a0 Flows 2 [L/s] 70
“wiidth 1 [m] 4 2 ‘wiidth 2 [m] b1 22
tean depth [m] % 05 Mean stage change [m) % 0z

¥ Specify survey data at bwa Hows

™ Use instream habitat survey [FHYHABSIM)] fils

Hatitat file | |

Stream Geometny IWater Temperaturel Notes |

Help | Lancel | Back | et I

Presz F9 to reset defaults E estimated from field data m default
Prezs F1 for help on data items [ guesstimate

The user enters data into the active edit boxaheliser holds the cursor over an edit box, aiticutal
description of the edit box will appear. Pressidgafile in the edit box will open the help filetae page
that describes the appropriate parameter and imperat

All data are recorded in the Audit Trail, alonglwéin assessment of the status of the data udeel impact
assessment. The status is shown in the checkbitve tight of an edit box. When the checkbox i firs
displayed, it contains the default data and thes fied tick in the checkbox. When the user chathges
default value, the tick disappears from the chexkbandicate that the value is a guesstimateoriffident
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about a value, the user should click the checlduack a blue tick will appear to indicate that thexdalue is
reliable.

b estimated from field data m default
[] quesstimate

Default values for the data sheet currently disglagan be restored by pressing F9. Values thatlfeere

entered in all of the category tabs can be saveatkfasilt values by selecting Options/Default date¢S
current values.

|O|:|ti|:|r|s Window  Help

Display Options. ..
I ser references. ..

Select Dakabase. ..

|
] Default data Reset MIWaA default values
SR, | ccvecurentvakes |

The habitat, water temperature, dissolved oxygeth,aanmonia models in WAIORA are all single station
models, in that it is assumed that they apply single reach along which there is negligible vammain
stream conditions.
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Habitat data

Habitat data are required by all evaluation categoHabitat data can be entered in two ways. tElijie
measuring the average stream depth and width afidws, flow 1 and flow 2. Note that the mean depth
mean is entered for the first measurement at flobwl the_mean stage charigeentered for the second.
This is because it is not necessary to measuravitige depth on the second visit. In fact, it em
accurate and easier to install temporary staff ggung the stream and measure the change in watgr le
between flow 1 and flow 2.

The temporary staff gauge can be a survey stakénang rod, or waratah driven into the streamiJgte
cross-section should be clearly identified so tiatsite can be found easily on a return visite fmporary
staff gauge should be placed so that any changater level in the main channel is reflected bynges on

the gauge. Usually the gauge should not be in shalow water near the stream edge where local
obstructions can cause localised water level diffegs. If the gauge is likely to be disturbed ttpeof the
gauge can be referenced to a datum peg driventoditevel on the bank.

Repeat measurements of stream width should be #dlexactly the same location. The two flow anglle
measurements should be sufficiently different tbndethe change in level with discharge accuratély.
change in level of 25 mm or 15% change in flow isisimum. When taking repeat measurements of either
width or water level, record the second set of nmesmsents on the original data sheet and checlathat
change in width or level is consistent with thelieameasurements and with other measurementsin th
reach.

All data fields, except the date fields, must bterd if the “Specify survey data at two flows” toatis
selected. Data status checkboxes are not showrhalititat data because it is assumed that thesedata
measured and therefore reliable.

Date 1 [dd/mmwy] 1242403 Date 2 [dd/mmdyy] 23/2/03
Flaw 1 [L4s] 232 Flaow 2 [L#z] 568

“width 1 [m] 4 234 ‘width 2 [m] Y 21
Mean depth [m] b 043 Mean stage change [m] Y 004
{* Specify survey data at bwo fows
DATE

Date 1 and Date 2 are the dates in the format dg#mom which the measurements of average stream
width, depth and flow were carried out. It is necessary to specify these dates but they do record
information that is useful for checking and auditgoses.

FLOW

Flow should be gauged at the best flow measurtegrsthe reach. Usually the change in level fowfis
relatively consistent along a stream and is cdattdby the reach geometry, particularly riffleslovi
measurements should be to high accuracy (3%). Nagaenzging standards should be used with 20
measurements of velocity and depth across theosedl) second counts, and measurements of velicity
more than one point in the vertical in deep watevteere the vertical velocity distribution is netifiorm.

The accuracy of predictions made from a surveydeitirease if the flow impacts that are being exeahin
are for flows that differ greatly from the flowswhich the measurements are made. Thus, it ierliett
limit the amount of extrapolation from measureavBidoy making measurements at a flow that is clogieet
flow of interest, usually low summer flow.

WIDTH

The stream width (metres) is the water surfacehvadtd excludes islands and any protruding itencé, as
boulders. Ideally, stream depths and widths shoelicheasured in as many locations as possiblecfgs-
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sections in runs would be a minium requirement,tarek cross-sections in pools, runs and riffletalof
9) would give a better measure of the stream agerag

MEAN DEPTH AND STAGE CHANGE

The mean stream depth (metres) is the best possiliieate of average stream depth, and is besiataid

as the cross-section area divided by the watesicivfidth. The mean stage change is the averaggecima
water level that occurred when the flow changechfftow 1 to flow 2. It is best measured by instali
temporary staff gauges at each of the cross-sediiath measuring the height of the water surfacevdtble
top of the gauge at flow 1 and flow 2, subtractingse 2 readings and averaging to give the mega sta
change. The mean stage change is always entesgubagtive number and it is assumed that the wetet
falls as the flow reduces, and vice versa.

In situations where multiple readings are maddnfield and an average value is required, the aeser
access a data entry window by pushing the averégitign. The user is then able to enter up tovVialaes

in the Enter values window (shown here). Thesaegahre automatically averaged and entered into the
Data window once the user pushes the OK button.

INSTREAM HABITAT SURVEY

To use instream habitat survey data instead ohwidhd depths surveyed at two flows, select the “Us
instream habitat survey” button and then pressititgtat file button. This will display a file opefatbg in
which you select the folder and file that you wiantise to describe the stream geometry and habitas

file must be a calibrated instream habitat modetipced by RHYHABSIM. The survey and calibration
procedures in RHYHABSIM mean that this will be armaccurate reflection of the stream geometry and
will give better predictions of stream width, depiid velocity than the two flow method when préadct
beyond the range of flow 1 and flow 2 (Jowett 1998)

= Specify survey data at bwo fows

& dze instream habitat survey [RHYHABSIM] file:

¥ Habitat fle | |
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Water temperature data

Water temperatures may affect aquatic systems inymeaays, ranging from acute lethal effects, to
modification of behavioural cues, to chronic &ess to reductions in overall water quality. Water
temperature modelling is included to help prediet¢onsequences of stream manipulations, eitherdito
shade, on water temperatures.

Reach length [m] Iw W Stream shade
ean daily air termperature [*C] |—18 il i etplee: il I e
M awimum daily air ternperature [*C] |—23 il e (] I % W
Mean dail total solar radistion (MJ/#/d] | 20 W :"‘C‘im ‘:m:gh B [ 5 o
tream be

fime ot maf teme [ |—13 H Bed conductivity [JimizmC] |—1U Ef
naveieety mis] [ 5 Bed thickness [m] [
% possible sun hours [3%] 100 [ Bectemperatirs (<] I—W o
hean relative humidity [%] I—SD E
Diay number I—D W ’
Latitude [7] [ = il
Elevation [m] I—zu il

Advanced settings |

Streamn Geomety W ater Temperature | Dizzolved D:-cygenl Ammonial Motes |

Water temperature data (above) describe the méigmal, hydrological, shading and streambed
conditions. The model is a one-dimensional heaspart model that predicts the daily mean and maxim
water temperatures from the abstraction point akurgtion of stream distance downstream and
environmental heat flux. In general terms, WAIORAcalates the heat gained or lost from a paroetdér

as it passes through a stream segment. This isnpisbed by simulating the various heat flux preess
that determine that temperature change (see flgelmv). These physical processes include convection
conduction, evaporation, as well as heat to or fieerair (long wave radiation), direct solar radia{short
wave), and radiation back from the water. WAIORWtficalculates the solar radiation and how much is
intercepted by shading. This is followed by caltofes of the remaining heat flux components for the
stream segment.
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The heat transport model tracks heat and wateedldownstream. It assumes that mean daily temperatu
and radiation data can be represented by sinusemdtion about the average, and that other
meteorological and hydrological variables can peagented by average values.

Water temperatures are modelled downstream oflisieaation point. The water flowing downstream will
then increase or decrease in temperature untiinandlg equilibrium is established between the diurna
pattern of incoming radiation and the diurnal Hesses from the river through radiation and evajmra
This final state, when there is no further chamgthé diurnal variation of water temperature witstahce
downstream, is known as the equilibrium conditiime magnitude and rate of change in water temperatu
will depend on meteorological conditions such dgtin, air temperature, shade and flow.

Air temperatures, solar radiation, wind velocityl aalative humidity should be measured for accuwaiter
temperature model calibration. These meteorologa@meters may be obtained from the Nationaturesti
of Water and Atmospheric Research for a meteorbgiation near your site.

Limitations/assumptions:

« The characteristics of the selected reach représeisharacteristics of a longer section of rivet a
do not change with lateral inflow.

« The model does not handle rapidly fluctuating flows

e Turbulence is assumed to thoroughly mix the stregriically and transversely (i.e., no
microthermal distributions).

REACH LENGTH

The reach length, specified in metres, is the kenftthe stream that is being evaluated for chairges
habitat, water temperature and dissolved oxyges.dssumed that the hydraulic geometry (flow,astre
width, depth, and velocity) and other charactesstuch as meteorology, shade, and steam bedicosdi
are constant along the reach. Water temperatureliasodived oxygen concentration apply to the end of
reach, whereas habitat conditions apply througtmauiength of the reach.

Because water temperature usually increases vgithinde downstream until the equilibrium temperatire
reached, the reach length should usually be lomgiginto ensure that the equilibrium temperature is
reached. The variation in water temperature witftadce below the abstraction point can be viewed to
determine an appropriate reach length. The excefttithis would be when the reach is close to daecs
when a large tributary joins the river below thetedxtion point.
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AIR TEMPERATURE

All temperatures are in degrees Centigrade. Dadlgima are usually the average of the daily maxinman a
daily minimum temperatures. The daily maximum/mimim air temperature is usually the
maximum/minimum recorded on a max/min thermometer a 24 h (9am to 9am) period.

Air temperatures should be measured for accurater weamperature model calibration. This and theroth
meteorological parameters may be obtained frorN#tenal Institute of Water and Atmospheric Redearc
for a meteorological station near your site.

The adiabatic lapse rate can be used to correeldeation differences:
Ta=To+Ct*(Z-29
whereTa= air temperature at elevatidn(°C)

To= air temperature at elevati@o (°C)

Z =mean elevation of stream (m)

Zo= elevation of met. station (m)

Ct = moist-air adiabatic lapse rate (-0.00656 °C /m)

NOTE: Air temperature, radiation, and shade amallysthe most important factors in determining evat
temperature.

Temperature
recording sites ¢

Daily maximum air temperature (°C) from selecteessiData are monthly averages of daily maximater
1971-2000 period for locations having at leastrbete years of data.

Location MAR APR MAY JUN JUL AUG |SEP |OCT NOV DEC
KAITAIA 23.9 [24.5 |22.9 |20.8 |18.5 |16.3 [15.6 |15.7 |16.8 |18.1 |19.6 | 22
WHANGAREI 24.4 24.2 | 23 |20.4 |18 |16 [15.1|15.6 |16.8 |18.3 |20.6 [22.6
AUCKLAND 23.3 [23.7 |22.4 | 20 |17.4 |15.2 [14.5| 15 |16.2 |17.8 |19.6 [21.6
TAURANGA 23.9 [23.8 |22.3 |19.9 |17.1 |14.9 [14.3 |14.9 |16.3 | 18 | 20 [21.9
HAMILTON 23.8 [24.3 |22.7 |19.9 |16.6 |14.1 [13.6 |14.6 |16.2 |17.9 | 20 | 22
ROTORUA 23 | 23 |21.1 (18.3 [15.1 [12.6 12.1 | 13 |14.7 [16.7 [ 19 |20.9
GISBORNE 24.9 24.2 |22.6 |19.9 |17.1 |14.7 [14.1 |14.9 |16.8 | 19 |21.3 |23.3
TAUPO 23.3 [23.3 |20.9 |17.6 |14.1 |11.8 11.2 |12.1 |14.1 |16.5 | 19 |21.3
NEW PLYMOUTH |21.8 [22.3 [21.1 |18.7 | 16 | 14 ]13.3 |13.9 | 15 |16.3 |18.1 [19.9
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NAPIER 24.4 [24.1 |22.6 [19.9 |17.1 [14.5 [14.1 |14.8 |16.9 [19.2 | 21 | 23
WANGANUI 22.4 |22.7 [21.3 [18.8 | 16 [13.8 [13.2 [13.8 |15.3 | 17 |18.8 |20.7
PALMERSTON

NORTH 22.4 |22.9 [21.1 [18.4 |15.3 |13.1 [12.5 [13.3 |14.9 [16.7 |18.5 |20.7

MASTERTON 23.9 [23.9 |21.8 |18.7 |15.2 |12.8 |12 | 13 |15.1 |17.3 |19.5 |21.9
WELLINGTON 20.3 [20.6 | 19 |16.7 |14.2 |12 [11.4] 12 |135]| 15 |16.6 [185

NELSON 22.4 |22.4 |20.8 |18.1 |15.2 |12.9 [12.4 |13.1 |14.9 |16.8 |18.7 |20.5
BLENHEIM 23.8 [23.6 | 22 |19 |15.8 |13.3 [12.8 |13.8 | 16 [18.1 |20.1 | 22
WESTPORT 20 |20.4 119.5 (17.2 [14.7 [ 13 |12.6 [13.2 |14.3 [15.3 [16.9 |18.6
KAIKOURA 20.6 [ 20 |18.8 |16.6 |14.1 |11.6 (10.9 |11.5 |13.6 |15.3 |16.9 |19.1
HOKITIKA 19.4 120 |18.7 [16.7 [14.2 [12.3 | 12 [12.5 |13.9 [15.1 [16.6 |18.1
CHRISTCHURCH |22.5 |22.2 |20.4 [17.8 [14.6 [11.7 |11.3 [12.4 |14.9 [17.4 [19.2 |21.2
MT COOK 20.3 [20.8 |17.9 |14.5 |10.8 | 7.3 [6.4 | 8.4 |11.6 | 14 |16.2 |18.2
LAKE TEKAPO 21.5 |21.6 |18.7 | 15 |10.8 |6.9 |59 | 8.1 |11.7 |14.6 | 17 [19.3
TIMARU 21.1 [20.9 |19.3 |16.6 |13.3 |10.6 [10.1 |11.4 |14.2 | 16 |18.3 [19.9

MILFORD SOUND[18.9 [19.5 [ 18 |15.6 |12.3 |9.5 |9.1 |11.2 |13.1 |14.4 | 16 [17.6
QUEENSTOWN |22.6 |22.7 |19.9 [16.1 {11.9 [8.6 |8.2 [10.3 [13.5 [16.2 [18.6 |20.7
ALEXANDRA 23.5 [23.8 |21.5 |17.5 |12.4 |75 [7.9 |11.4 |15 |17.5 |20.2 |22.1

MANAPOURI 20.7 (20.8| 18 [146 ] 12 |83 [8.2 |9.6 |12.6 |14.9 |16.1 [18.9
DUNEDIN 18.9 |118.7 |17.2 [15.5 [12.6 [10.2 |9.8 | 11 |12.8 [14.6 [16.1 |17.4
INVERCARGILL [18.6 (18.8 |17.2 | 15 [12.2 |9.7 [9.5 | 11 |12.9 |14.4 |15.8 |17.5
CHATHAM

ISLANDS 17.8 118.1 |17.1 [15.1 ({12.8 [11.1 |10.4 [10.9 |11.8 [13.1 [14.5 |16.5

Daily average air temperature (°C) at selected.ddata are monthly averages of daily values fori®iv1-
2000 period for locations having at least 5 corepjetars of data

LOCATION JUL JAUG

KAITAIA 19.7 |20.0 |18.6 [16.9 [14.8 [12.7 [12.2 |12.1 |13.1 [14.5 [15.8 |17.9
WHANGAREI 19.9 20.0 |19.0 {16.5 [14.0 [12.2 [11.2 |11.7 |12.9 [14.3 [16.4 |18.2
AUCKLAND 19.3 |19.8 |18.5 [16.2 [13.7 [11.6 [10.8 |11.3 |12.6 [14.1 [15.8 |17.8
TAURANGA 19.2 |19.2 |17.9 [15.4 [12.5 [10.4 [9.7 [10.5 |12.1 [13.6 [15.6 |17.5
HAMILTON 18.3 [18.7 |17.1 [{14.5 (116 [9.4 [8.7 | 9.8 [11.4 [13.1 [15.0 |16.8
ROTORUA 17.8 |17.9 |16.4 [13.5 [10.5 [8.4 (7.6 | 8.7 |10.4 [12.3 [14.3 |16.1
GISBORNE 19.2 |18.9 |17.4 [14.8 [12.0 [10.0 9.3 [10.2 |11.8 [13.8 [15.9 |17.8
TAUPO 17.4 |17.5 156 (125 (96 |76 [6.7 | 7.6 [9.4 [11.5 [13.6 |15.7
NEW

PLYMOUTH 17.7 |17.9 |16.9 [14.7 [12.1 [10.3 [9.4 [10.1 |11.5 [12.7 [14.4 |16.1
NAPIER 19.5 |19.3 |17.7 [15.1 [12.1 |9.7 [9.3 [10.0 |12.0 [14.3 [16.1 |18.2
WANGANUI 18.2 |18.3 |17.1 [14.7 {12.3 [10.2 [9.4 [10.0 |11.7 [13.3 [14.9 |16.7

PALMERSTON N|17.9 [18.2 |16.6 |14.1 |11.3 |9.2 (8.6 | 9.3 |11.0 [12.7 [14.3 |16.3
MASTERTON 178 |17.6 |16.1 {13.3 [10.4 [8.2 (7.5 | 8.4 [10.3 [12.1 [14.0 |]16.1
WELLINGTON _ |16.9 |17.1 |15.8 [13.8 [11.5 [9.5 |8.8 [ 9.2 [10.6 |12.0 |13.4 |15.3

NELSON 17.7 |17.7 |16.1 |13.1 (10.1 |7.7 (7.0 | 8.1 |10.2 [12.3 [14.2 |16.2
BLENHEIM 18.2 |17.9 |16.7 (13.7 (10.4 |79 (7.4 | 8.5 |10.8 [12.8 [14.9 |16.7
WESTPORT 16.2 |16.5 |15.7 [13.5 [11.0 [9.2 [8.6 | 9.3 [10.7 [11.8 [13.4 |15.1
KAIKOURA 16.7 |16.4 |15.3 {13.3 [10.9 [8.7 (8.0 | 8.5 |10.1 [11.7 [13.4 |15.4
HOKITIKA 15.6 |16.0 |14.7 [12.5 [10.0 [8.0 [7.5 [ 8.2 9.8 [11.3 [12.7 |14.3
CHRISTCHURCH|17.4 |17.1 [15.5 |12.8 | 9.6 |6.9 |6.6 | 7.7 |10.0 |12.3 |14.0 [16.0
MT COOK 14.6 |14.8 |12.5 {94 [6.1 [3.0 (2.2 | 3.7 |6.6 [8.9 [10.8 |12.8

LAKE TEKAPO [15.2 [15.1 |12.7 |9.5 | 6.0 |25 1.7 |34 |6.6 [9.1 [11.1 |13.3
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TIMARU 16.2 |16.0 |14.7 [11.9 [ 8.6 [6.0 [5.7 | 6.8 [9.4 [11.2 [13.4 |15.1
MILFORD
SOUND 14.7 |15.0 |13.5 [11.2 | 8.3 [5.7 [5.2 | 6.7 |8.5 [10.1 11.7 |13.4

QUEENSTOWN |16.7 |16.6 [14.4 |11.1 |76 |4.6 |41 |58 |8.6 |10.9 |13.0 [15.1
ALEXANDRA 17.117.1|15.1 (11.3 (7.0 [2.9 [3.0 |55 [8.9 [11.5 [13.9 |]16.0
MANAPOURI 145143118 (9.2 [ 7.2 |42 [39 |47 |71 [94 [10.3]12.8
DUNEDIN 15.2 |15.1 |13.7 (11.9 (9.2 |7.0 [6.5 | 7.5 [9.3 [10.9 [12.4 |13.9

INVERCARGILL (14.0 |13.9 |12.5 [10.4 (8.0 [5.6 [5.2 | 6.4 |8.3 [10.0 [11.3 |13.0

CHATHAM
ISLANDS 14.7 |15.1 [14.2 {125 |10.2 |8.7 8.0 |85 |9.3 |10.5 [11.8 [13.7

RADIATION

The daily total radiation is one of the most impottfactors affecting water temperature. Daily Itota
radiation is highest in mid-summer and lowest inter, and is measured in units of megajoules pearsq
metre.

The intensity (or rate) of radiation is usually egsed in (W/f). One watt is equal to one joule of work per
second. A megawatt (MW) is the same as 1000008 v@ite langley/min is equivalent to 697.3 \Wn
697.3 Jisec/f

Radiation is usually measured continuously withyeometer as a rate in MJ/seé/or MW/n?. This is
integrated over the day to give the daily totalatwh in MJ/nf.

Global radiation
recording sites

Daily total radiation (megajoules/square metrejnfigelected sites around New Zealand. Data are iyionth
averages of daily totals for the 1971-2000 perwddcations having at least 5 complete years taf. da

Location Jan Feb Mar Apr May |Jun Jul Aug Sep Oct Nov |Dec

KAITAIA 21.7119.4 (16.4 |11.6 | 85| 7.0( 7.7 |10.1 |]13.5 [16.9 |19.9 |22.1
WHANGAREI 20.8 |118.4 (15.5|11.3 | 84| 7.1 | 7.4 |10.3 |]13.7 |16.9 (18.8 |20.4
TAURANGA 23.0 |120.2 (164 |11.4| 8.1 | 70| 7.1| 9.8 |13.7 [17.2 |20.4 |22.6
ROTORUA 22.5119.6 (16.0 |11.1 | 8.0 | 6.3 [ 6.7 | 9.4 |12.9 [16.6 |19.5 |21.6
AUCKLAND 23.1|20.1 16.0 |11.7 | 8.3 | 6.6 7.9 |10.0 |13.8 [17.5 |20.9 |23.1
HAMILTON 21.7119.2 (158 |11.1 | 7.7 | 6.2 6.7 | 9.0 |12.7 [15.9 |19.9 |22.0
NEW PLYMOUTH |23.2 |20.9 [16.3 |10.8 | 7.6 | 6.1 [ 6.7 | 9.7 |]13.0 [16.7 |20.9 |22.6
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MASTERTON 21.7119.0 (15.2 | 9.7| 7.0 | 5.5[ 5.9 | 8.6 |12.6 [17.0 |20.6 |22.5
GISBORNE 22.6 |119.4 (15.4 |10.8 | 7.9 | 6.6 [ 6.8 |10.0 |13.9 [18.5 |20.7 |23.0
NAPIER 22.119.4 (15.5|10.8 | 7.8 | 6.3 [ 6.8 | 9.7 |13.6 [18.4 |20.8 |22.5
PALMERSTON

NORTH 21.9119.2 (14.7 |10.1 | 6.8 5.2 59| 8.4 |11.8 [15.7 |19.0 |20.9
WELLINGTON 23.6 |119.9 (15.1 |10.3 | 6.6 | 49 (5.7 | 8.1 |]12.3 [16.9 |20.9 |22.6
WANGANUI 23.8 |121.5 (15.6 |10.9 | 7.7 | 6.1 [ 6.9 | 9.3 |13.3 [17.1 |21.2 |23.7
WESTPORT 20.9 |118.7 (145] 9.2 | 65| 48[ 5.7 | 8.2 |11.6 [14.4 |19.5 |20.0
HOKITIKA 20.7 118.1 (13.8 | 9.2 | 5.8 | 45[5.3| 7.7 |11.5 [14.9 |19.2 |20.5
NELSON 23.4 |120.5 (15.6 |11.2 | 7.6 | 5.7 [ 6.2 | 8.8 |13.2 [17.2 |21.0 |22.9
BLENHEIM 23.1)19.8 (159 |11.1| 7.5|5.8[ 6.5] 9.0 |]12.9 [17.5 |20.8 |22.5
KAIKOURA 21.318.7(149]10.1| 7.1 |53(6.1] 9.1)12.8 |17.8 [21.1 [22.4
CHRISTCHURCH |21.9 (18.6 |13.9| 95| 6.1 [ 46| 5.1 | 7.7 |12.1 [16.8 |20.6 |22.2
TIMARU 20.0 |17.3 (14.4| 9.3 | 6.2 | 5.5( 6.2 | 8.9 |13.0 [16.7 |20.4 |21.2
DUNEDIN 185(17.21123 (81| 49|3.6|45| 6.8]11.0 |14.3 [17.1 [18.9
MANAPOURI 21.41185(13.6| 84| 50|3.7(42]| 7.2]11.4 [15.8 |19.9 |22.5
QUEENSTOWN |23.9 [20.8 |15.5 |10.2 | 6.3 [ 4.7 | 5.7 | 8.6 |13.0 [18.0 |21.7 |24.3
CLYDE 22.2 119.2 (15.0 |10.0 | 5.9 4.3 [ 4.7 | 8.0 |12.3 [17.5 |21.3 |22.8
INVERCARGILL [20.4 175|126 | 79| 46|3.6 4.3 7.0]11.1 |]15.5 [19.8 [21.5
CHATHAM

ISLAND 20.0 |116.9 (12.8 | 8.6 | 5.1 | 4.0 | 4.7 | 7.2 |10.9 [15.2 |18.9 |20.7

TIME OF MAXIMUM TEMPERATURE

The time of maximum temperature is used to desdfibesinusoidal variation in air temperature. It is
specified in hours using the 24h clock. This isagrticularly important parameter for water terapee
modelling, but can be relevant for calibration Gfter temperature models. The maximum air temperatur
usually occurs between 14h and 16h.

WIND VELOCITY

The average daily wind velocity over the wateraeefin m/s. Readings of wind velocity at meteaiotal
stations are often higher than those at wateraiféavel. Adjustment of wind velocity (and shada) be
used to calibrate a water temperature model to kndewnstream water temperatures. Wind velocity
increases evaporative cooling of water as it fldawanstream and in some situations can actuallytriesu
water temperatures decreasing in a downstreantidirec

Daily average wind velocity (m/s) and sunshine b@irselected New Zealand sites. Data are mea@alannu
values 1971-2000.

KAITAIA 57 |42
WHANGAREI 54 |44
AUCKL AND 56 |47
TAURANGA 62 |44
HAMII TON 55 |33
ROTORUA 58 | 36
GISBORNE 60 |42
TAUPQ 54 |36
NEW PLYMQUTH | 60 | 56
NAPIER 60139
WANGANUI 56 150
PALMERSTON 4.7 | 4.7
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MASTERTON, 52 |31
WELLINGTON 57 | 6.1
NELSON 6.6 | 3.3
BLENHEIM 6.6 | 3.6
WESTPORT 50 | 31
KAIKOURA 57 | 4.2
HOKITIKA 51 (31
CHRISTCHURCH | 5.8 | 4.2
MT COOK 42 |28
LAKE TEKAPO 6.0 [ 1.9
TIMARU 5.0 |33

MILFORD SOUND | 4.9 | 2.5

QUEENSTOWN 53 |33

ALEXANDRA 55 | 1.7
MANAPOURI 4.7 | 2.8
DUNEDIN 4.3 | 4.2
INVERCARGILL | 4.4 | 5.0
CHATHAM

ISLANDS 3.9 | 69

POSSIBLE SUNSHINE HOURS

This parameter is an indirect measure of cloudrctivis expressed as the percentage of maximusilpes
sunshine hours and is measured with a pyromegamoipe calculated from cloud cover (decimal) as:

Percent possible sun hours (£ - Cloud®®) * 100
Both sunshine hours and total cloud cover are decbat New Zealand meteorological sites, but there
more sites recording total cloud than sunshineshour

MEAN MONTHLY SUNSHINE (hours)
Data are mean monthly values of total bright sunshine hours for the 1971-2000 period for locations having at least & complete years of data
Station details are available in separate table

Location JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
KAITAIA 212 2m 197 155 140 123 137 158 162 182 187 219
WHANGAREI 227 182 158 144 139 110 134 144 154 175 192 209
ALUCKLAND 229 2m 180 162 142 1M 140 144 149 181 187 225
TAURANGA 253 21 197 175 164 132 152 161 164 2m 215 232
ROTORUA 241 208 191 167 148 116 132 148 149 1a7 202 221
TAURPO 227 200 176 1a7 124 99 120 124 140 133 194 211
HAMILTON 23 199 185 164 131 103 121 138 145 178 197 221
MEWY PLYMOUTH 244 223 202 173 144 118 134 154 160 190 204 228
MASTERTON 23 203 167 147 121 %6 107 122 141 186 197 213
GISBORNE 24 2m 185 156 148 124 130 154 173 210 215 234
MAPIER 242 2m 193 163 153 124 138 158 172 208 213 232
PALMERSTON NORTH 208 190 170 139 105 g4 103 17 120 147 171 181
WELLINGTON 246 209 191 185 128 95 "7 136 156 193 210 226
WYANGANUI 243 218 188 185 125 101 121 136 145 133 206 221
WESTPORT 212 188 164 143 113 102 123 127 141 160 174 191
HOKITIKA 21 184 170 142 116 102 121 137 142 158 182 184
FRANZ JOSEF 18 13 109 a7 94 79 100 108 99 95 101 87
KNELSON 266 229 22 183 173 143 1a7 171 186 212 225 245
BLEMHEINM RESEARCH 256 224 224 193 177 152 159 184 183 225 228 254
KAIKOURA 231 195 179 164 141 120 133 148 167 2Mm 203 209
WT COOK 180 165 147 120 i) Jala] 75 110 123 143 156 166
CHRISTCHURCH 230 196 183 161 142 119 124 148 165 198 215 21
LAKE TEKAPO 286 233 203 158 131 97 102 150 174 199 229 240
TIMARU GARDENS 185 168 150 140 126 118 118 134 150 173 104 181
DUNEDIN 178 153 140 121 100 a6 101 114 129 147 161 169
TE ANAL 196 178 156 118 g5 [F ot 112 137 170 192 184
QUEENSTOWN 228 206 189 141 N 78 a7 121 154 182 206 227
ALERAMDRA 228 213 193 183 112 33 93 146 165 192 213 220

INVERCARGILL 180 165 136 110 a0 76 N 118 134 155 176 186
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RELATIVE HUMIDITY

The relative humidity is specified as a percentage. relative humidity increases the rate at whieht is
transferred between the air and water, and anaserm humidity will increase water temperaturerr€
for elevation differences by:

Rh = Ro *(1.0640™™) * (Ta+273.16)(To+273.16))

where

Rh= relative humidity for temperatufie (decimal)
Ro= relative humidity at station (decimal) Humidity
Ta= air temperature at stream (deg C) recording sites
To= air temperature at met. station (deg C)

Relative humidity (%) at selected sites around Nésmland.
Data are monthly averages of 9am relative humiftity the
1971-2000 period for locations having at least mete years
of data.

Location JAN FEB MAR |APR MAY JUN JUL AUG SEP |OCT NOV DEC

KAITAIA 85.1186.0 | 84.5 [85.4 [87.1 [88.9 [88.7 | 87.1 |85.3 [84.3 [83.0 |83.8
WHANGAREI 80.7 |183.6 | 83.8 [86.4 [ 87.4 [89.0 [88.0 | 84.6 |80.2 [81.2 [ 77.9 |78.5
AUCKLAND 77.1)78.3|79.0 [82.2 [85.2 [89.0 88.5 | 85.7 |80.2 |76.8 [ 76.3 | 75.9
TAURANGA 74.2175.9 | 77.8 [80.8 [ 83.0 [85.6 [83.5 |79.8 |[75.9 [76.1 [72.0 |72.1
ROTORUA 77.9180.0 | 80.3 [81.9 [84.9 [85.0 [84.9 [83.4 |79.0 [78.4 [76.2 |78.1
TAUPO 77.1)78.2179.4 [81.6 [85.6 [87.6 [87.5 |84.3 |80.4 [78.4 [74.8 |76.0
HAMILTON 79.4182.4 1 82.4 [85.1 [88.5 [90.2 [89.7 |87.0 |81.5 [79.6 [ 78.7 | 78.8

NEW PLYMOUTH |82.3 [83.8 [ 80.4 |80.3 | 83.4 |184.6 |84.1 | 82.9 |80.4 |80.4 | 77.3 [80.7
MASTERTON 67.2173.0 | 73.2 [75.3 [80.4 [82.2 |79.6 | 78.1 |72.2 |70.3 [69.2 |67.8

GISBORNE 69.6 |76.7 | 75.7 [78.2 [ 78.9 [80.1 [80.6 | 76.4 |71.7 |69.9 [68.0 |66.7
NAPIER 68.4 |73.2|73.6 [76.8 [77.3 [81.0 [79.6 | 77.1 |69.9 |67.3 [66.2 |66.3
PALMERSTON

NORTH 76.5|78.2 | 78.2 [80.5 [ 85.6 [87.7 [87.5 |84.4 |78.9 [77.9 | 76.4 | 76.6
WELLINGTON 80.3 [83.0 [ 81.9 [83.3 |84.9 |87.0 [86.3 | 84.9 [81.8 |80.9 | 80.1 |80.4
WANGANUI 74.8 |78.3 | 78.1 [80.5 [83.4 [84.7 |85.1 |82.3 |77.5|74.6 [73.7 |74.1
WESTPORT 82.7 [86.2 | 84.1 [84.6 | 86.5 |85.9 [83.3 | 84.2 [81.7 |83.9 | 78.8 |82.0
HOKITIKA 83.3186.1 | 84.3 [86.0 [87.6 [86.6 [85.7 | 83.4 |81.7 [81.3 [80.6 |82.2
MILFORD SOUND [90.3 |92.3 | 92.8 |94.3 [93.9 |93.5 |93.6 | 92.3 |91.8 [90.5 |87.9 [87.8
NELSON 71.8|75.1|76.4(77.6 [80.9 [83.2 [83.9 [81.2 |79.6 [76.3 [72.1 |71.5
BLENHEIM 71.2176.8 | 76.2 [78.0 [80.9 [82.8 [82.7 |80.1 |75.8 |74.8 |67.8 |67.7
KAIKOURA 74.0 |76.1 | 75.5(73.2 [{70.5 [71.6 |69.8 | 70.4 |71.9 [72.3 [ 73.4 | 73.7
MT COOK 73.1)75.9 |77.8 (79.3 [81.3 [82.8 [82.3 [80.6 |72.9 [70.6 [ 73.2 |74.3

CHRISTCHURCH |72.9 |79.7 | 79.0 [83.2 | 85.6 |87.0 |87.3 [85.0 [78.7 [73.5 |71.9 |71.5
LAKE TEKAPO 65.4 [72.8 | 74.8 [77.6 | 79.3 |84.5 [83.4 | 81.9 |73.3 |66.6 | 65.0 |65.3

TIMARU 79.0181.4 | 78.7 [79.7 [ 83.2 [84.2 [84.6 | 79.9 |78.0 [76.0 [ 75.1 | 76.0
DUNEDIN 73.1|77.0|76.3 [77.2[78.0 (79.0 [80.2 |78.1 |[74.2 |71.8 [71.4|73.1
MANAPOURI 78.7 184.0 | 84.5 [87.6 [ 88.8 [88.9 [87.4 | 89.2 |84.9 [81.9 [76.8 | 74.7

QUEENSTOWN |71.8 |76.0 | 75.8 [78.5 | 81.3 |83.7 |182.6 [ 78.1 [70.7 [71.1 |69.9 |70.4
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ALEXANDRA 69.8 [76.0 | 76.2 [85.0 | 85.9 |88.6 [90.5 | 86.5 |75.6 |67.8 | 68.0 |68.2

INVERCARGILL [80.8 |83.5|84.3 |86.3 | 86.9 [88.4 |88.9 [86.4 |82.2 |178.9 [78.7 | 79.0
CHATHAM
ISLAND 80.1 [83.1 [ 81.7 [82.6 | 84.1 |84.3 [84.5 | 83.2 [82.9 |83.5 |80.2 |80.3

DAY NUMBER AND LATITUDE

The day number is the Julian day number with Jgniitbeing 1 and 31 December 365. The day number
and latitude are used to calculate the sun angler @evation) at different times of day and hethestimes

at which the stream is shaded by topography origip&egetation. They are also used to calculatdirine
between sunrise and sunset for the time of year.

ELEVATION

The elevation in metres above sea level at theaalieh point (start of the stream reach to be fiextje
This is used to calculate atmospheric pressureforection heat flux:

Pressure =1013* ((288-0.0065 Elevatior)/288y2>°

STREAM SHADE

Every stream or river is shaded by the banks anmwsding hills and vegetation. Shade has a large
influence on water temperature and it is importannake reliable estimates of stream shade. Trdesha
angle is estimated as the average angle of slbferisi around the 360 deg horizon. A shade angh® afeg

is 100% shading. Shade represents the proportidimedahcoming solar radiation that does not relaeh t
water. The amount of shade can be determined diyhartrial and error calibration procedure to avin
downstream water temperature or by measuremenewherelevation angles of the trees, banks and/or
hillsides are measured and the fraction of radigdenetrating the canopy estimated.

The topographic angle is the average angle ofabe af hills and other solid objects on the horjzbe
canopy angle is the average angle of the toppafian vegetation, and the fraction through carisplye
fraction of radiation penetrating the vegetatiomogy, as shown below.

The total shade fraction is calculated as topoggagbtade plus canopy shade.
Topographic shade % - (Cogtopographic ang®®
Canopy shade €1 - Fraction penetrating Canopy ((Cogtopographic angly®° - (Cogcanopy angi®?

The canopy and topographic angles are values befivaed 90, and the canopy angle must always la equ
to (no vegetation) or greater than the topogragige.

We have found it difficult to estimate shade angiethe field and suggest that shade angles camaie
(within reason) in the process of calibrating aewvggmperature model.

STREAM BED

Heat from the water is lost and gained from thessitbed. The streambed acts as a long-term bufferabr
store, effectively damping the response of wateptrature to meteorological variations. For thasos,
mean monthly air temperatures can be used as inpeatures if measurements of ground temperatere ar
not available.
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In the model, heat is transferred between thersbred and water according to:
Heat transfer = bed conductivity(bed temperature — water temperajuteed thickness

An estimate of the bed temperature can be obtdied measurements of ground temperature taken at
climatological stations. If possible, ground tengeres measured at 1.0 m below ground level shmaild
used. In such cases, 1 m would be the streambdl diépasurements at lesser depths can be used if 1
depth ground temperature measurements are nalzeail

The conductivity of the streambed (J/m/sec/°C)tisnoconsidered to be 1.65 for water-saturatedssand
gravel mixtures. However, the heat transfer protessten more complicated that a simple conductive
model because water flows in to and out of thestted, thus effectively increasing conductivityr s
reason, we suggest a default value of 10 J/m/sec/°C

Streambed temperatures and bed conductivity carbalsised to calibrate water temperature modeds (se
calibration).

INITIAL WATER TEMPERATURE

The initial water temperature is the temperaturthefwater flowing into the upstream end of thehedts
units are degrees Centigrade. The initial watepeature at the abstraction point can be eithaifigue
directly or calculated from the stream characfesistipstream of the reach by assuming that ther wate
temperature has reached equilibrium temperaturee THitial water temperatures and upstream
characteristics can be specified in Advanced gsttifthe default assumption is to use the equiliboriu
temperature calculated from upstream characteritimt are the same as the reach characteristiese T
assumptions can be altered by selecting Advanctiidgse The change in water temperature is then
calculated as the water flows downstream usingithesoidally varying water temperature at the abstn
point (beginning of the reach).

By default, the initial water temperature is theiillorium temperature calculated assuming an itgipi
long upstream channel with a flow equal to the sinflew and the same characteristics as the reach,
including shade. If this default assumption is ,tthere will be little change in temperature withw and
distance downstream.

Note that differences in the amount of shade betwestream and downstream reaches will invalidege t
default assumption of equilibrium.

The default assumptions can be changed by altrngharacteristics of the upstream channel in Acka
settings as illustrated below:
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Water temperature parameters ﬂ
Upstream |
Shading
US topographic angle [7] I a5 E Upstream water temperature
v s equilibrivm temperature
US canopy angle [*] I 35 E

I L5 ter b t L I
LS fraction through canapy 0.45 E el et e [ 1 8 0
1= elevation [m amsl] I B0 (15 max water lemperatune FC] I 2 0

Stream bed
US bed conductivity [JnizFC] | 10
LIS bed thickness [m] I 1 E‘ [~ Lateral or tributary flow present

US bed temperature [*C] I 17 E

or clicking on the “Use equilibrium temperature’eckbox and specifying initial upstream daily mead a
daily maximum water temperatures.

Water temperature parameters 5[
Upsztream |
Shading
WS topographic angle 2] I 25 [] Upstream water temperature
[ ilse equilibrium temperature
Uz camopy anale 7] I E | ]

I s ter b ture [T I
WE fraction thraugh canomy. 0.45 [ mean water temperalure ['C] 18 m
Uz elevation [m ams(] I 50 ) US mas water ternperature [*C] I 2

Stream bed
US bedleonductivity [JimisEC] | 1m0
LS ke thickness [m] I 10 [~ Lateral ar tributary fow present

U= hed temperature [F2] I 17 O

Cloze

LATERAL AND TRIBUTARY FLOWS

Water entering the stream reach below the abstnapbint can be accounted for in the water temperat
model either as a tributary inflow or as a unifgrmistributed lateral inflow, such as would occlir i
groundwater were seeping into the stream alondetigth of the reach. Thus, the inflow (or outflofwv i
negative) can be either uniformly apportioned thtothe length of the reach (i.e., by selectingrdéte
inflow) or can flow into the reach at a point (iley selecting tributary inflow).

The location of a point tributary inflow is speedi by its distance below the abstraction pointtaativalue
is entered as the tributary distance. The temperatutributary inflows is specified in the sameyvas
upstream water temperatures, either an equilibviater temperature calculated from the tributaryastr
shade and bed conditions or by specifying the dadlgn and maximum water temperature.

The temperature of the uniformly distributed latémlow generally should be the same as groundwate
temperature. Groundwater temperature may be apmted by the mean monthly air temperature.
Exceptions may arise in areas of geothermal activit

[w iLateral ar tibukary Ao presenk
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Water temperature parameters 5'
Upstrean Tributary |
Tributary water temperature

Shading [+ iUse equlibrium temperature

Tritx mean daily water temperature [FC] I 18 O

Trikmes: daily water temperature [°E] I 230
Trikx fraction through canopy

I—
I—
I—

Tributary elevation [m amsl) I— E £ [Lateral inflav finflow per k)
I—
I—
I—

Trikb topographic angle [*]

Trib canopy angle [°]

& Tributary inflaw

Tributary flow [Lis] [ 100
Tribwtary distance [m] I—EUU il
Tributary wicth [m] [ 1
Tribwtary water depth [m] I—DB E

Cloze

Stream bed
Triky bedd conductivity [MmesmC]
Triky bed thickness [m]

Triby bed temperature [C]

Calibration of water temperature model

A water temperature model should be calibrateldoadih this is not necessary in order to get a radegnof
the temperature changes that will be caused bgregehin flow.

Actual meteorological and water temperature dagarequired to calibrate a water temperature model.
Ideally, these are recorded on site, but at timésnecessary to obtain meteorological data frearlyy
climate stations. Such data can be obtained froMWWAHB National Climate Database.
http://mwww.niwa.co.nz/services/clidb/

It is often difficult to find out the nearest clitesstations and the data that they record. WAIORAIdes an
interactive program METDATA that shows the disttibo of all climate stations, the type of data they
contain and record period. To find a site, simglgrothe program, display the map of New Zealand and
zoom in on the location you are interested in. dlilmeate stations are shown as symbols on the rhgipul
right click on a symbol the Site humber and naniebsi displayed along with details of the data trat
collected there.

ol

File Insert Format

2| alajslsof | [7om]

Ground temperature 30~ Sep -78 21-Feb-89

Daily max and min temper... 31-Dec-71 21-Feb-89 100

Hourly air temperature 21-Sep-78 30-Oct-83 |78

Total radiation 1-Oct-06 21-Feb-89 999

Hourly wind 2-Dec-69 31-Dec84 805
!

East ; 288305 Morth: 61748.1 Lat: 39,55 Long: 177.34 v
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The distribution maps of recording sites were gaedrby this program and you display locationsay,
radiation stations, by pressing the Marker optimrtton or selecting Format markers and then stleatata
type you want to display in the drop down box IakiShow location of.”

JRT=TE
File Insert Format
; Als) o] | o]

Fer L B o, A - a T

Site location markers x|

Location labels:
[¥ Show markers I~ Show lahels

Show location of % Record number
- " Card number
" Location name
[~ Show sites sampled Font

™ save Size 16 &

Style INDrmaI -

Symbol
" Square Colour [ [ W 5
& e S [0 3 I
i Cross 0.1 mm units -------.
(T > Fil EfEEEEEE
 Triangle ENEEEEEE
O O

x Cancel |

East : 27987.1 Morth: 62629.2 Lat: 38,79 Long: 176,32 A

It may be easiest to set the index flow as the fised for calibration of the water temperature mdode
appropriate meteorological parameters are themeght€¢alues of shade and wind velocity can be ddde

try and match measured daily mean and maximum vetgreratures. If this procedure does not correctly
predict both mean and maximum water temperatures, tbe values of shade and wind velocity are
unreasonable, the conductivity and temperatutieso$treambed may need calibration.

The bed temperature can be adjusted by trial amd entil observed and predicted daily mesater
temperatures match. Bed conductivity can then estad until observed and predicted daily maximum
water temperatures match. Using this procedure/diue of bed conductivity can be up to 50 J/m/sf@

its value will increase with bed thickness. An assd bed thickness of 1 m is suggested when caligrat
bed conditions.
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Dissolved oxygen data

Three important parameters, as well as habitatnatdr temperature data, are required to calculate f
effects on dissolved oxygen concentration. Thesse ar

« daily community respiration rate (the average oditexygen consumption by aquatic plants and
micro-organisms),

« production/respiration ratio (ratio of the dailyesof photosynthetic production of oxygen to daily
oxygen respiration by plants and micro-organisars),

» reaeration coefficient (the coefficient that ddsesithe rate at which oxygen is exchanged between
the atmosphere and the stream).

The WAIORA DO model applies to streams with a reably homogenous distribution of aquatic plants
(which can include algae) in a reach. Three nmesnraptions are invoked:

¢ asingle reach analysis is appropriate - this assuhat while DO at a site exhibits substantiagtim
variation, at any time spatial gradients of DO gltime stream are minimal. This is tenable if there
is a homogenous distribution of plants over a regafream of the site.

« the mass of plants present is not affected by @samgthe low flows - this means that rates of
photosynthesis and respiration rates are inverskglied to flow.

e water temperature is constant over 24 hours -atemtemperature varies throughout the day three
aspects of the DO balance are affected. Theseemeration, respiration and the saturation DO
concentration. Experience to date in applying lwothstant-temperature and varying-temperature
models to the same data indicate that the comlaifiect of water temperature variations on these
three processes is small, so long as the diurnalr wemperature variation is also "small" (say <
5°C). This is a reasonable assumption for mogt, dlee@sed lowland streams. If variation is greate
than this, a more complicated model would havestoded.

WAIORA assumes that diurnal DO is affected by thsee fundamental processes: reaeration, plant and
bacterial respiration, and photosynthesis, as ibestby the following equation for the rate of aharin
dissolved oxygerdC/dt

dCldt=KCs—Q +P-R

whereC is the dissolved oxygen concentration at tin& is the saturation value for dissolved oxygen (and
depends on water temperatuile)s the reaeration coefficient, aRdandR are the instantaneous rates of
photosynthetic production and respiration by pkmd microorganisms at tintg respectively. Dissolved
oxygen is expressed in units of grams of oxygencpbic metre of water (ggm°), or the equivalent
milligrams of oxygen per litre of water (mg{@.).

The dissolved oxygen data entry form (below) hasetrsections. The first section sets the reference
conditions. These conditions apply to either theergil DO field measurements in the second sectidimeo
DO parameters that are entered in the third section
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—Duygen Reference Condition:
v Use field measurements of diumal D0 variation

Reference flow DO [Lis] I 100 "Stream Flant Biomass Dominated by—‘

[0 8 i
Fiatio of respiration rates 10°C apart I 2 M e e Eeialoce

rDiumal DO Meas. it
Drate DO [dd/mmpw] 2

Time lag between D0 max and zolar noon [h]l 39 W Average daily DO deficit [rmal02]/L] I -0.272 W
D0 range [Observed max to min) [mal02]/L] I 2.4 M Daily mean water temperature [*C] I 20 M

Lacation I

D0 Parameters at 20 C and reference flow

Estimated values Calculated from diumal DO measurements
Lvaily community respiration [g(0 2] /m/d] I—B O l—
[raily praductiondrespiration ratio I—DS O l—
Fieaeration coefficient [/day] l—?,S O l—

Stream Geometryl water Temperature  Dissolved Oxygen IAmmoniaI Mates I

The default assumption is that field measuremeitbevused 10 7 |1 fieid measurements of diumal DO variation
calculate oxygen parameters. If you change thisldgelecting

Use field measurements of diurnal DO variation, tiedsecond section (Diurnal DO measurements) will
become inactive and grey, and the DO parametdoisetill become active and values for the pararseter
can be entered.

Accurate estimates of the parameters describinthtee fundamental processes are essential facioed

of dissolved oxygen and we suggest that these pteesrshould be determined from field measurements,
rather than estimated. However, whether oxygeanpeters are derived by calibration or based on
experience of calibration in similar streams, itniscessary to specify the following stream refarenc
conditions.

O=wgen Reference Conditian:
[~ Use hield measuremnents of diumnal DO vanatior

Reference flow DO [LAs] I 100 M "Stream Plant Biomass Dominated by—‘

o e i
Ratio of respiration rates 10°C apart I 2 W D EmpiEs B clE

REFERENCE FLOW DO

The reference flowQ,) is the flow (L/s) at which calibration measuretseare carried out or the flow to
which the estimated oxygen parameters apply. Tteeerece flow (and its associated velocity and depth
calculated using the habitat component of WAIORA)Nsed to establish a reference reaeration ceetfici
(ke) SO that the reaeration coefficiekt ¢an be calculated for another flow with an asgedVelocityand
Depthaccording to:

k = ke * (Velocity) *%(Depth) *°

Respiration rates and photosynthetic productionadse adjusted for flow. The method of adjustment
depends on the plant biomass present. If the sieedominated by macrophytes, respiration and mtamu
rates are directly proportional to the flow; if ligin algae dominate respiration rates are dirgctportional

to stream depth (calculated from flow using the YWRA habitat component). Thus, for a macrophyte
dominated reach, the respiration rate R at flow Q i

R= Ref* Qref/Q

whereR, is the reaeration rate at the reference fiw In a stream dominated by algae, the flow terras ar
replaced by the stream depth at the reference flow.
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RATIO OF RESPIRATION RATES 10°C APART

The ratio of the respiration rates 10°C ap@it)(is used to adjust respiration rates either téaadard
temperature or to the predicted temperature faricplar flow.

The adjustment for temperature is according to:
R = R * Q10(2-0-1T)

whereR® s the respiration rate at 20%js the respiration rate @itthe daily mean water temperatuf@)(
andQy is the ratio of respiration rates°@apart. We expect th&k, should lie between 1 and 2. The daily
mean water temperature is predicted using the WAI®Rter temperature model when assessing flow
effects or is specified by the user when calibgativygen parameters.

PLANT BIOMASS

This specifies if the stream is dominated by matytgs or benthic algae. This is used to determmetiver
respiration and production rates should be scalélbly or average stream depth.

Field measurements of dissolved oxygen parameters

Diurnal variation of dissolved oxygen concentratim water temperature during periods of stablehgea
and stream flow can be used to calculate reaeratigpiration and production rates. The data mest b
collected by DataSonde, or similar recorder, dugnggriod of steady flow, such as base flow omdua
recession period. The 24-h period used for anaygisld exclude measurements made at the staenahd
of the DataSonde deployment because they are afferted by odd electrode responses that occungluri
the transfer to the stream site, and generally @érlods should start at midnight. Most importgritlys
important to establish a pattern in the diurnalagimns and choose the one 24-h period that bestgents
that whole data set.

Diurnal curve analysis can be used to determingetiparameter values. WAIORA uses a simple, direct
analytical solution procedure advanced by ChaprBi&oro (1991), and explained in McBridst al.
(1998).

Photoperiod
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Time since midnight (h)

The following data are requited for this calculatio

Diumal DO Measurement:

Date DO [dd/mmdp]  |12/3/03 Location |

Time lag between DO max and solar noon [h] I 39 W Average daiy DO [mg[D2)AL] I 3/
DO range [Observed max to min) (mal 021 | 84 W Daiymeon water termperatue [T] | B
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DATE OF OXYGEN MEASUREMENTS

The date (dd/mmlyy) of the measurement of 24 togesi diurnal oxygen variation is used to calautae
photoperiod (hours of day light). Because the hofigaylight are unlikely to alter significantlyrdughout
the deployment of a DataSonde, the date need ecifysphe exact 24-h period used for analysis.

LOCATION

The location at which field measurements are choig will be listed in the audit report. Howeviers not
essential to enter any data in this field.

TIME LAG BETWEEN DO MAX AND SOLAR NOON.

The time lag between the maximum dissolved oxygeeentration and solar noon can be estimated from
plots of diurnal oxygen variation. Generally, iflvaie necessary to examine a number of periodg-éf ®
determine this value.

The DO maximum should always occur after solar rfoooorrect calculation of oxygen parameters. ISola
noon is the mid-point between sunrise and sunset.Royal Astronomical Society of New Zealand lists
sunrise and sunset times for major cemnggy.rasnz.org.nz/SRSStimes.htm

The following table gives the times of sunrise andset for four centres in New Zealand. These earséd

for any year as times will not vary by more thamiaute or two on the same date from year to yaare3

are for a horizon level with the observer and doatiow for hills or mountains obscuring the horiztNew
Zealand Standard Time (NZST) is used in the wimtenths and New Zealand Daylight Time (NZDT) is
used in the summer months. NZDT starts on the Sisstday in October and ends on the third Sunday in
March. Times in the table are in NZST or NZDT,saappropriate.

| Date | Auckland | Wellington | Christchurch | Dunedin

| NzoT | Rise | sSet | Rise | sSet | Rise | Set | Rise | set

[ Jan1 [ o605 | 2043 | o551 | 2057 | 0552 | 21:14 | 0551 | 2131
‘ Jan 11 ‘ 06:13 ‘ 20:43 ‘ 06:01 ‘ 20:56 ‘ 06:02 ‘ 21:12 ‘ 06:02 ‘ 21:29
[ Jan21 | 0624 | 2040 | o612 | 2051 | 0614 | 2106 | 06:15 | 21:23
| Jan31 | 0635 | 2033 | 0625 | 2043 | 0628 | 2057 | 0630 | 2112
| Feb1o | o646 | 2024 | 0638 | 2032 | 0642 | 2045 | 0645 | 20:59
| Feb2o | o656 | 20:12 | 0650 | 20118 | 0655 | 2030 | 07:00 | 20:43
[ Mar2 [ o706 | 1959 | o702 | 2003 | o709 | 20114 | o714 | 2025
| Mar12 | o716 | 1945 | o714 | 1947 | o721 | 1957 | o728 | 2007
| Date | Auckland | Wellington | Christchurch | Dunedin

[ NzsT | Rise | set | Rise | sSet | Rise | Set [ Rise | set

[ Mar22 | o625 | 1830 | 0625 | 1830 | 0633 | 1839 | 0642 | 1847
[ Apr1 | 0634 | 1815 | o636 | 1814 | 0645 | 1821 | 0655 | 18:28
| Apriz | o642 | 1801 | o646 | 1757 | o657 | 1804 | o07:.08 | 18:10
| Apr2z | oes1 | 1748 | o657 | 1742 | o709 | 1747 | o721 | 1752
[ Mayr | omo0 | 1736 | o707 | 1728 | o720 | 1732 | 0734 | 17:36
| May1r | omos | 1726 | o718 | 1716 | o732 | 1720 | o746 | 1722
| ™May2r | o716 | 1718 | o727 | 1707 | o742 | 1710 | o758 | 1711
| May3r | o724 | 1723 | o736 | 1700 | o751 | 1703 | 0808 | 17:03
[ gm0 | o730 | 17112 | o742 | 1658 | o758 | 16559 | 0815 | 16:59
[ Jun20 | o733 | 1711 | o747 | 1658 | 0803 | 1659 | 0820 | 16:59
| Jun30 | o73 | 1724 | o748 | 1700 | 0804 | 17:02 | 0821 | 17:02
| Juwiwo | o733 | 1719 | o746 | 1707 | 0801 | 17.09 | 0818 | 17:09
[ Juw20 | o729 | 1726 | o740 | 1715 | o755 | 1717 | o811 | 1718
[ Juso | om22 | 1733 | o731 | 1724 | o746 | 1727 | 0801 | 17:29
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[ Augo9 | o712 | 1741 | o720 | 1733 | 0733 | 1737 | 0747 | 1740
| Aug19 | o700 | 1750 | o707 | 1743 | o719 | 1748 | o732 | 1752
| Aug29 | o647 | 1758 | 0652 | 1753 | o703 | 1759 | 0714 | 1805
[ seps | 0633 | 1806 | 0635 | 1803 | 0645 | 1810 | 0656 | 1817
| sep1s | o618 | 1814 | o618 | 1813 | 0627 | 1821 | 06:36 | 1829
| sep2s | 0602 | 1822 | o601 | 1823 | 0609 | 1832 | o06:17 | 18142
| Date | Auckland | Wellington | Christchurch | Dunedin

| NZDT [ Rise | set [ Rise | set | Rise | Set [ Rise | Set

[ oOcts [ o647 | 1930 | o06:44 | 1934 | 0651 | 1944 | 0658 | 1955
| oOctis | 0633 | 1939 | 0628 | 1945 | 0634 | 1956 | 0639 | 20:08
| octes | o621 | 19149 | o614 | 1957 | 0618 | 2009 | 0622 | 20:22
| Nov7 | 0610 | 2000 | o601 | 2009 | 0605 | 2022 | 0607 | 2037
[ Noviz | 0602 | 2010 | 0551 | 2021 | 0554 | 2036 | 05555 | 2051
| Nov27 | 0557 | 2020 | 0544 | 2033 | 0546 | 2048 | 0546 | 21:05
| Dec7 | 0555 | 20:30 | 0541 | 2043 | 0542 | 2059 | o542 | 2117
| Dec17 | o0s56 | 2037 | o542 | 2051 | 0543 | 2108 | 0542 | 21:26
| Dec27 | o601 | 2042 | 0547 | 2056 | 0548 | 21:13 | 0547 | 21:30
DO RANGE

The DO range is the difference between the maximoenminium dissolved concentration recorded over a
selected 24-h period. The selected 24-h periodidteuwithin a period of stable weather and stréam
and show a regular pattern of diurnal oxygen amghégature variation.

AVERAGE DAILY DO

This is the average dissolved oxygen concentradicer the 24-h period for the daily mean water
temperature, described below. WAIORA uses thiseviducalculate the average daily oxygen defidhat
average temperature as the saturation oxygen deeti@m less the daily average dissolved oxygen
concentration.

DAILY MEAN WATER TEMPERATURE

The daily mean water temperature is the averager veahperature ifC over the day on which the average
DO and DO range were measured. This temperatunsed for the calculation of saturation oxygen
concentration and standardising values of reaaratiefficient and respiration rate t0°€0 The daily mean
water temperature can be approximated simply byagirgy the maximum and minimum daily water
temperatures.

Dissolved oxygen parameters

Accurate estimates of the parameters describinthtee fundamental processes are essential facioed

of dissolved oxygen and we suggest that these pteesrshould be determined from field measurements,
rather than estimated. However, in some streamayitbe possible to estimate oxygen parameters based
experience and calibration through field measurésnen

D0 Parameters at 20 C and reference flor
Estimated values Calculated from diumal DO measurements
Draily community respiration [g[02]/nf /d] I—B il lw
[Draily production/respiration ratio I—DS il W
Reaeration coefficient [/day] l—?;S M IW

The parameters used to characterise stream reaehdle daily community respiration rai® at 20C;
the daily production/respiration ratiB/Q being the 24-h average value for the rati® ¢6 R, whereP is
the maximum daily rate of photosynthetic productiboxygen and the reaeration coefficient k &20
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Note that in any particular application the stremmperature will not be 2Q, but the values of the
reaeration coefficienk] and respiration rat&( do depend on temperature. For this reason wWhaedR are
calibrated, their values are adjusted, using stdnftamulae, to a reference temperature®@Q0 This
enables us to more simply compare these values dne stream to another.

REAERATION COEFFICIENT

The stream reaeration coefficient inferred froningle-station diurnal oxygen curve analysis is r&cfion
only of the photoperiod duration and of the timg Ietween solar noon and oxygen maximum—it is
independent of rates of primary production andiratipn. The reaeration coefficiekis an important way

of characterising a stream’s capacity to exchangeem with the atmosphere. It is a “first-order"
coefficient, meaning that the overall rate of raien (or deaeration in super-saturated conditiass)
proportional to the oxygen deficit (or surplus)twthe coefficient being the constant of proposliyn The
process it describes is not connected to otherodia@lly mediated processes and is commonly
approximated by functions of velocity, depth amgbsl Streams that are sluggish and weedy will leavé
values and, correspondingly, wide diurnal variaionDO. If the respiration rate is also high themncan
expect low daily DO minima during summer low floww&e most accurate way of measutirig by the gas
tracer method but this can be labour intensive.

When using field measurements to establish dissawggen parameters, WAIORA uses the following
equation (McBride 2002; McBride & Chapra submittiedgalculatek:

085

. 075
5_3[7photizermﬂj —timelag
k=7.

[ photoperial
14

075
) *timelag

wherek is in reciprocal days, the photoperiod is the ldagth, and the time lag is the time between noon
and the dissolved oxygen maxima.

The reaeration coefficierit)(for the 20C reference temperature is calculated from a stdridanula as:
KO = (1.024T%) * k

where agairT is daily average water temperatut€)( The reaeration coefficient is also adjustedtie
depth and velocity at reference flow:

ket = k * (Depth > (Velocity) ®°

DAILY PRODUCTION/RESPIRATION RATIO

The daily production/respiration ratiB/Q is the total production of oxygen by photosynitheser a 24-
hour period divided by the total consumption of gety by respiration in that period. It is thus tlyd
average quotient of the rates of these two prosgsith "daily" meaning 24-hours.

An analysis of 28 Waikato lowland streams folfd values between 3.5 and 55.0 g Oday, andP/R
values between 0.07 and 1.87. Four main grougredims were identified in this analysis and tharme
values for these groups provide some general doidestimating values oR®® and P/R for use in
WAIORA in absence of direct field measurement.

1. Deep streams with low shade and slow-flowingew&?® 10; P/R 1.0
These streams were typically wide, deep (>1m) &mghish with moderate plant biomass.
They were considered particularly susceptible tallsraductions in flow and have a high risk
of DO deficit stress.

2. Deep streams with low shade and moderate-flowatgr:R*® 38; P/R 0.4
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These streams typically had high plant biomasshagid amounts of decomposing organic
matter. Mean depths were usually >0.8 m. Higheteat velocities allowed for higher than
average reaeration. These streams were constddrade a moderate risk of DO stress.

Streams with high shade and low-moderate degfffs8; P/R 0.3

These streams typically had low plant biomass dush&de often provided by riparian trees,
and mean depths <0.8 m. They were consideredntdittite a low DO stress risk, although
low reaeration during droughts could reduce nighe DO levels.

Streams with low-moderate shade and low-moddemttaisR*® 24; P/R 0.2

These streams were typically cool and had highiregigm rates indicating large amounts of
decomposing organic matter. Reaeration was higjbating moderate-fast current velocities
and low-moderate mean depths (<0.8 m). They warsidered to have a low risk of incurring
large DO deficits.
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Total ammonia data

WAIORA calculates the total ammonia concentratibtha end of the reach, assuming an ammonia
concentration at the start of the reach, and timebeu of point source discharges uniformly distréolit
along the reach, each with a flow (L/s) and ammaoiacentration.

The predicted ammonia concentrations at the entieofeach are compared to guideline standards.
Habitat and water temperature data are requirddtal ammonia assessment for the assessment of
guideline ammonia concentrations.

Murn point source discharge inflows I 1 B Total ammonia at top of reach [mg(M]+L] I 01 M
Feach length [m] I fooa E Foint gource dizcharge [L/z] I 1 E
Total ammonia of each inflow [mglM]/L] I 100 E

—Armmonia guideling standards [USEPA and ANZECCY

‘witl DRA calculates ammonia standards for both USERA [1999] and ANZECC [2000] quidelines.

Species present [ for USEPA guidelines); —ANZECC 2000
= 993 protection level

{+ 953 protection level Average dally stream pH I 7

I Fish early life stages = 903 pratection level - p
) M awirmum daily stream pH I a
= 803 protection level T

I~ Samonids

Ammonia data requirements

NUMBER OF POINT SOURCE DISCHARGE INFLOWS

This is the number of point inflows dischargingoirihe reach. It is assumed that the point sounees a
uniformly distributed along the reach, so that thedelling distance is the reach length divided Hoy t
number of point sources.

The ammonia reach length can be different fronrébeh length specified for the water temperaturdaino
because it describes the length along which the¥eammonia discharges, with maximum ammonia
concentration at the end of this reach.

POINT SOURCE DISCHARGE

This is the flow rate (L/s) of the point sourcectisrge. The flow rate of the point source timestaia
ammonia concentration of the point source is itmania loading in mg(N)/s. WAIORA provides a default
value of 0.1 L/s based on the following assumptions

« average daily flow for modern dairy sheds of 8@ivid (Hickey et al. 1989)
« summer pond evaporation factor of 0.7 (C. HickadyVN, pers. comm.)

« average dairy herd size of 170 cows.

TOTAL AMMONIA OF EACH INFLOW

This is the total ammonia concentration (mg(N)/Agach of the point sources. The median concentrafi
total ammonia in dairy shed oxidation ponds inMenawatu and Southland was 75 mg/l (Hickey et al.
1989). Sixty percent of values were between 30L&3dng(N)/L. WAIORA uses the 80%-ile value of 100
mg(N)/L as a default, but this can be changed rfenappropriate information exists.

TOTAL AMMONIA AT TOP OF REACH

This is the total ammonia concentration at theabfhe reach before any of the point source diggsar
Total ammonia concentrations at the top of a remehbest derived from local records for the sitdean
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study or analysis of water samples as reportecesae highly variable (e.g., 0-3.60 mg/L for Waika
streams). The average value for 187 Waikato sgaétes was 0.227 mg(N)/L.
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ENVIRONMENTAL GUIDELINES

WAIORA uses a set of guidelines to evaluate thepliamce or non-compliance of scenarios. While
WAIORA has a set of default guidelines, users @ecs their own guideline sets. These sets coobist
groups of guidelines usually corresponding to traimeters being assessed. The Environmental (Beglel
window (shown here), allows the user to acceswithal guidelines and sets of guidelines. Indigidu
guidelines can created and edited using the go@eluilder, which is accessed through_th@ Bnd_New
buttons. The methods for adding, editing and dgjejuidelines are described in the Appendix.

Environmental Guidelines

Lawy flaws should nat:

f810RA guideline. —

|Decrease width by 30 %, as specified by WalORA guideline.

IDecrease welocity ko 0,15 mds, as specified by WAIORA guideline.

|Increase max daily temperature by 3 °C, a3 specified by WaAlORA guideline [RMa].

Ilncrease max daily temperature ta 23 *C, as specified by WAIORA guideline.

IDecrease daily min dissolved oxpgen to B mg(02)/L, as specified by WalORA guideline.

|Increase tatal ammania to 5.615 mglM)/L, as specified by WaAlORA guidsline (USEPA 1999 1-h average).

Ilncrease tatal ammonia bo 9.600 mg(M)/L, a3 specified by WalORA guideline [USEFL 1999 4-d average at calculat

Save Set |
Load Set |
Delate Set | Delete |

Beset Defaults | Help Lancel Back | Mext I

Resetting defaults

The default WAIORA guidelines are reloaded by dfigkhe Reset Efaults button.
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EVALUATING EFFECT OF FLOW CHANGES

WAIORA predicts how stream parameters change \ath, fand in particular, it predicts how the corudit
under one state, the index flow, will change widlditional abstraction or discharge of water. Asuised

in the section on management objectives and l@fgisaintenance the decision on whether the change i
acceptable or not depends on environmental, ecaremdi socio-political factors. In this section, tyeto
give some guidance on the environmental considesati

Stream habitat

The velocity and depth of water are an essentafacteristic of streams and these two factorshae t
primary determinants of the aquatic community argréam uses. The velocity and depth of water in a
stream depend upon the flow, gradient and substatgiven by well-known hydraulic formulae (e.qg.,
Manning and Chezy equations). These factors Hreatrelated. For example, substrate size depepdn
gradient and flow, with large substrate elementstéep rivers and fine substrate in low gradieni sl
flowing streams and rivers. The morphology of tireasn or river is shaped by its flood flows and the
surrounding geology that provides the sedimentishiedinsported by the river.

When the flow in a river is reduced, the water eiyoand depth usually reduces. Studies of attsta
geometry in 73 New Zealand rivers (Jowett 1998)itd that the general relationships between folis]
and depth (m), velocity (m/s), and width (m) are:

Width =15.8x Flow®'™
Depth= 031x Flow*®
Velocity= 024x Flow®**®

There is considerable variation in these relatipsshetween rivers, especially the depth and ugloci
relationships, and it is advisable to collect figdda that are able to describe how the hydraebogtry of a
river changes with flow.

If habitat curves have been derived by the hydrgdometry (two flow) method, the two calibratitows
can be shown on the graphs, by selecting the aggraph display option.

Mean Depth[m] vs Flow[L’s]

140

084 +

078

Index Flow
Mew Flow
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Mean Depthim’
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540 1632 27249 2816 4a0g G000
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Changes in stream habitat with flow are examinedetermine if physical habitat at low flow is being
reduced to the extent that it might compromiseaband instream use. This requires knowledge of the
ecosystem and the physical requirements of straata. he basic premise is that if suitable physica
habitat is absent, then the species cannot existelkr, if there is physical habitat available dogiven
species, then that species may or may not be prespending on other factors not directly reldtetiow.

In other words, habitat can be used to set thercertvelope’ of suitable living conditions for ttaget
biota.
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The minimum water depth and velocity requiremesefzedd on the function or aquatic community of the
stream, which in turn is determined by the charasftéhe stream — its flow regime and depth, véjoand
substrate at normal flow. Thus, average veloaitfdess than 0.05 m/s are suitable, and even raasgefsr
macrophyte dominated streams, whereas velocitiesooé than 0.15 m/s are ideal for trout streambléTa
1).

Table 1. Average stream conditions for the maimeaaf aquatic communities. Locations in streants an
rivers that are less than 100 m amsl| are considenddnd, and locations at elevations greater t@hm
amsl are considered upland. Streams are gen@sdlyHan 5 m in width.

Stream type Function/community Depth range Velocity range

(m) (WIS

Lowland stream Macrophyte . <0.05
Lowland stream Whitebait >0.2 0.02-0.08
Lowland stream Banded kokopu >0.2 <0.05
Lowland river/stream Native fish >0.05 0.05-0.3

(gravel bed)

Lowland stream Diverse benthic >0.05 0.15-0.5
(gravel bed) invertebrates

Lowland river (gravel Diverse benthic >0.1 0.15-1
bed) invertebrates

Upland stream (gravel | Native fish >0.05 0.05-0.15
bed)

Upland stream (gravel | Trout spawning >0.2 0.15-0.5
bed)

Upland river (gravel Adult trout >0.4 0.15-1
bed)

Generalised instream flow models

Habitat methods and instream habitat models haem tmed for many minimum flow studies in the hast t
decades. Conventional instream habitat modelsdirtaditional hydraulic engineering model to habita
suitability curves for water depth, velocity andl lparticle size. The hydraulic model predicts thkies of
point habitat variables (velocity, depth, partisiee) for the discharge in a stream reach. Suitabilrves

are used to calculate point habitat values for eaafibination of point habitat variables. Their proiis a
habitat value (HV, ranging between 0 and 1), andnndummed over the reach surface area, HV gives the
‘weighted usable area' (WUA). Therefore, the magach-scale outputs of these models are relatsshi
between WUA and discharge.

Applying conventional instream models in a streaath requires considerable field effort and expeee

It involves a complete survey of bed topography jpratise measurements of current velocities andrwat
depths along several geo-referenced cross-sectimmgnding on the form of hydraulic model. The
hydraulic model also requires calibration for whichss-section water levels need to be measur2aiat
more flows.

Several approaches have been proposed for redh@ngffort. Some are based on a simplificatiorthef
hydraulic complexity within the reach by using haglic geometry relationships and considering point
velocities as equal to their average (Jowett 1998)implifying their statistical distribution. Lasaroux and
Capra (2002) proposed to model directly the outpabnventional instream habitat model using sifiegli
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and cost-effective reach descriptions (depth- aidthvdischarge relationships, particle size, medzm).
The advantage of the resulting generalised habibakels is that no simplifying hypothesis is maddten
distribution of hydraulic variables within reach@&heir use requires little experience and fieldreffand the
models provide HV and WUA curves which can be prieted in a similar way as conventional ones.

Tests of generalised models in France (LamouroukGapra 2002) and New Zealand (Lamouroux &
Jowett in press) found that habitat values for taree predictable from simplified hydraulic dataaeh
hydraulic geometry (mean depth and mean width-digghrelationships), average bed particle size and
mean natural annual discharge could be used tadprosliable estimates of habitat values in nastrabm
reaches. Key physical variables driving habitatieslwere found to be similar in New Zealand and in
France. The Reynolds number of reaches (dischargenit width) governs changes in habitat valuallof
species within-reaches. The Froude number at tlae matural discharge, which indicates the propoudio
riffles in stream reaches, was generally the megoiable governing overall habitat value in theedént
reaches. This is consistent with the preferendieeobenthic fauna, such as many of the native Neslarid
fish species and benthic invertebrates, for rifflEsvett and Richardson 1995; Jowett 2000), andidhe
benthic aquatic fauna for runs or pools (e.g., &RGH?2).

The generalised habitat models were robust. Té#te ¢-rench models of Lamouroux and Capra (2002) i
New Zealand rivers were very satisfactory, and rivest Zealand models gave reasonable accuracy when
applied in rivers larger or smaller than those ueechlibrate them (with some loss of accuracysfune
taxa). This suggests that the generalised modeltiega can be used to model habitat quality anysvimer
the world for taxa with comparable microhabitattauility, at least within their calibration range.
Generalised models necessarily lose some informatimmpared to conventional models such as
PHABSIM. This loss must be balanced against reopdre for field work and experience in conventional
modelling. In particular, hydraulic geometry redatihips in reaches can be easily obtained frord fiel
measurements made at two different dischargesimy usgional models (Jowett 1998; Lamouroux et al.
1998). By combining generalised models and hydragy@dometry relationships, estimating habitat vaines
multiple streams is possible from few field measwets; detailed topographies of stream reaches,
associated velocity measurements and hydraulic Iroalileration are not required.

Generalised habitat models suggest general, simigle can be used to improve flow management or to
estimate regulation impacts over whole river nelksoAn example of such a rule is that a dischaalgev
of about Q = 0.3*Width would provide optimal habitalues for several freshwater taxa in New Zealand

Derivation and application of a generalised method

The generalised model takes the form:

oY 2

Hi=agx|=| e ¥
i

The valuex andk describe the shape of the curve, whereas the ptararis a scaling factor that varies
from reach to reach. The valuzandk are of most interest, because the assessmeawnofeftjuirements is
based on the shape of the curve, rather than udusb values. The equation has a maximuokaso that
this ratio specifies the discharge per unit witltt provides maximum habitat.

The values of model coefficients for each taxa wleré/ed from a dataset of 99 reaches. The reacligis
dataset have mean flows varying from 0.8snto 53.8 rifs (the same data were used by Lamouroux &
Jowett (in press). Lamouroux & Jowett (in prestedi a non-linear mixed effects model to these fimta
habitat and flows ranging from 0.05 times the nfam to the mean flow. This model described a commo
shape for each taxa (i.e.andk were held constant), batvas allowed to vary between reaches.
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For some taxa, generalised curves could not bdageeeby the method used in Lamouroux & Jowett (in
press) because the flow range that was modelledadighclude the flow that provided maximum habitat
An alternative method of deriving generalised csrwas used to avoid the problem of modelling an
inappropriate flow range. Instead of fitting onduesofc andk to all reaches, values ofindk were fitted to
each reach. Values forandk were then examined and reaches with negatives/ahue outlying values of
c/k were excluded.

The median values afandk are shown in Table 2. These were then used talatdahe likely range of
optimum flows for each taxon using average New afehlat-a-station hydraulic geometry relationships
from Jowett (1998) as follows:
Minimum Flow/width = Flow / (15.8-1 sd) x FI&W™®*s)
= Flow”®/8.3
The lower bound of flow range is where minimum flawdth = c/k.
Hence, Flow = (8.3 &/k)"*®
Similarly, maximum flow/width = Flow / (15.8+1 & Flow/®17¢*! s
1.316

And the upper bound of flow range = (23.8/kK)

The origins of the habitat suitability curves ugatthe calculation of generalised curves are shiovilrable
3.
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Table 2. Generalised habitat models used to prédisitat values (HV) from average characteristics o
stream reaches. Model parameterndk are developed for each reach and the median geleeted,
excluding reaches with negative values ahdk and outlying values aik.

Optimum

discharge

per unit  Optimum flow
Species C k  width range (m%/s)

(m?s) Min. Max.

Inanga 0.19 19.74 0.01 0.06 0.14
Shortjaw kokopu* 0.19 16.35 001 0.07 0.18
Upland bully 0.11 8.63 001 0.08 0.21
Crans bully 0.09 6.84 0.01 0.09 0.22
Banded kopopu (juvenile) 0.19 13.3 0.01 0.09 0.23
Galaxias vulgaris 0.03 2.29 0.01 0.09 0.25
Roundhead galaxias 0.31 10.64 0.03 0.21 0.61
Flathead galaxias 0.28 9.11 0.03 0.21 0.64
Longfin eel (<30cm) 0.07 2.07 0.03 0.24 0.72
Lowland longjaw galaxias 0.33 9.35 0.04 0.25 0.77
Redfin bully 0.26 7.39 0.04 0.25 0.77
Shortfin eel (< 30cm) 0.13 2.32 0.05 0.41 1.37
Common bully 0.39 6.51 0.06 0.46 1.55
Brown trout fry 0.86 10.21 0.08 0.67 2.42
Brown trout yearling 04 4.18 0.09 0.76 2.82
Nesameletus’ 0.26 2.62 0.1 0.8 2.98
Brown trout spawning 1.24 9.89 0.13 1.05 411
Bluegill bully 1.01 6.13 0.16 142 5.88
Rainbow trout spawning 1.49 8.78 0.17 1.47 6.12
Deleatidium’ 0.33 1.92 017 15 6.25
Torrentfish 0.88 4.05 0.22 1.95 8.49
Brown trout adult 1.17 4.35 027 2.46 11.18
Food producing habitat 1.19 4.25 0.28 2.57 11.77
Rainbow trout feeding (30-40 cm) 0.93 2.89 0.32 3.02 14.19
Coloburiscus humeralis” 1.35 4.17 032 3.02 14.22
Aoteapsyche” 1.44 317 045 444 2229
Zelandoperla’ 1.71 3.4 05 497 2543

" large river habitat suitability curves (see JoR600).

* suitability for cover locations only
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Table 3. Source of suitability criteria used fug tevelopment of generalised habitat curves.

Species

Aoteapsyche

Banded kopopu (juvenile)
Bluegill bully

Brown trout adult

Brown trout fry

Brown trout s pawning
Brown trout yearling
Coloburiscus humeralis
Common bully

Crans bully

Deleatidium

Flathead galaxias

Food producing habitat
Galaxias vulgaris

Inanga

Longfin eel (< 30cm)
Lowland longjaw galaxias
Nesameletus

Rainbow trout feeding (30-40 cm)
Rainbow trout spawning
Redfin bully

Roundhead galaxias
Shorffin eel (< 30cm)
Shortjaw kokopu
Torrentfish

Upland bully
Zelandoperla

Reference

Jowett et al. 1991
McCullough 1998

Jowett & Richardson 1995
Hayes & Jowett 1994
Raleigh et al. 1984
Shirvell & Dungey 1983
Raleigh et al. 1984

Jowett et al. 1991

Jowett & Richardson 1995
Jowett & Richardson 1995
Jowett et al. 1991

Baker et al. 2003

Waters 1976

Jowett & Richardson 1995
Jowett 2002

Jowett & Richardson 1995
Baker et al. 2003

Jowett et al. 1991

Bovee pers. comm..
Jowett et al. 1996b

Jowett & Richardson 1995
Baker et al. 2003

Jowett & Richardson 1995
McDowall et al. 1996
Jowett & Richardson 1995
Jowett & Richardson 1995
Jowett et al. 1991

Instream habitat data from the Kuratau River (18b®ide at a flow of 5.58 ffs) are used to illustrate an
application of the generalised method.

_ 0178
The average NZ hydraulic geometry relationship wbeh widthW and discharge) W=cg
is used to calculate the width for flows of 0 to tf/s. The generalised model is then applied in the
following steps:

1. the hydraulic geometry width constarig calculated ag//QP*"°or 13.69.

2. the width is then calculated for each flow a$a3°*"®

3. the discharge per unit widtQ/\) is calculated for each flow

4. the habitat value (HV) is calculated for eadwflusing the appropriate valuesaaindk for each
species

s ¢

L2

HV = [g] xe W
L

5. the values are then normalised so that the noeizalue is 1.
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The habitat value (HV) is the dimensionless habitdiie and is equivalent to expressing weightetlesa
area as the proportion of river width. The habitdtie (HV) can be converted to the equivalent of A\
m?/m by multiplying by the river width at each flow.

Figure 1 shows the curves of dimensionless HV predliusing the generalised relationship compared to
those predicted using the instream habitat dataRitdHABSIM and Figure 2 shows the same set of

curves with HV multiplied by the river width at éeitow.

1

0.8
0.67--
0.4--

)’
0.2 -

—s— Brown trout adult
—m— Coloburise Us humeralls

Food production
Langfin eel = 300 mm
—s— Torrentfish

Normalised habitat value

Discharge (ms)

Figure 1. Comparison of normalised habitat perwitth predicted by habitat modelling in RHYHABSIM
(above) and the generalised method (below).
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Figure 2.Comparison of normalised habitat area predictelaijtat modelling in RHYHABSIM (above)
and the generalised method (below).

Changes in instream habitat for fish and benthieriebrates can be evaluated using the generalized
method. Curves of habitat quality versus flow d@spldyed for the selected species. The speciesHimh
there are generalized curves are listed and thecareselect, one, several or all. The specieiséed in
order of velocity preference, so that the firstcggeare most appropriate for small slow flowirrgats and

the species listed towards the end are most ajgefor large swift rivers.

save x|
Source List: Destination List:
IA0R e
Upland bully ¥ |
Crans bully

Banded kokopu (juvenile) vy |
Canterbury galasias

Roundhead galasias

Flathead galasias Ll
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Lowland longjaw galaxias ﬂ
Redfin bully

Shortfin el [¢ 30cm)

Common bully

Brown trout fry
Brown trout vearling LI
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r<* Generalised habitat =8 ll
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Flow (L) Flow (L)

Double click on plat for enlarged view

The maximum y-ordinate of these curves is 1 ambimalized by dividing the area of suitable habitat
(WUA) at each flow by the maximum area of habitat.

The duration of low flows will also need to be takieto consideration when assessing the effectflofxa
change. In most situations, a reduction in strealpitdi for a short time will have less effect tlaareduction
for a period of several months or more. Thus, ithe f(depth and velocity) requirements of a riveattis
diverted will generally be greater than the requests in a river where water is abstracted.
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Water temperature

Water temperature can limit aquatic communitiesn&agpecies of benthic invertebrates are restrioted
cool waters and trout have a definite limit to thistribution that is believed to be related touipation
water temperature requirements in winter.

Predicted ‘typical’ daily maximum and mean watenperature can be compared with temperature criteria
derived from laboratory tests. The laboratory tesubually specify either a 4-day average temperatu
criterion (i.e., the temperature at which 50% et targanisms die after exposure for 4 days) oitigatr
thermal maximum (CTM, the temperature at which musat becomes erratic). In this approach the
thermal tolerances are reduced by a ‘safety fagdstimated to be 3-4°C) to derive a ‘safe’ termpegza
Quinn et al. (1994) found that the maximum tempeestat which several invertebrates occurred iffiette
were 3-4°C lower than those measured in laboréssty.

Cox and Rutherford (2000) found that the uppemtiaétolerance under diurnally varying temperatwas
less than at a constant temperature, at leastrfayély and snail species. At constant temperafieg of

test organisms died after exposure for 4 days 2°Q4for mayflies and 31°C for snails. However with
diurnally varying temperatures (daily amplitude @°50% mortality occurred when the daily mean
temperature was 21.9°C (mayflies) and 28.6°C §naib°C lower than the constant temperature.adx
Rutherford suggest that temperature limits shoeldplied to a temperature midway between the daily
average and the daily maximum of a diurnal profile.

There are two possible criteria against which sess predictions:
» temperature increase
e actual temperature

The first criterion stems from the Resource Managemct and its predecessors (which limit tempegatu
increase to +3°C).

The second criterion places an upper limit on teaipee. For example, field observations indicetett
deaths at water temperatures above 26°C (brown)28%d (rainbow), and 26°C has been used as a
maximum temperature for the sustainability of snagltl inanga populations below the Huntly Power
Station in the Waikato River. Published tempegalianits for fish and invertebrates are summarissidw;
invertebrates tend to be more sensitive than fish.

Meteorological conditions must be specified to mtednaximum water temperatures. In selecting
meteorological conditions, you should consider ltkelihood of all meteorological conditions occuagi
together with the low flow. Daily average meteogidal conditions for each month are given in this
manual. These can be used to predict average suwater temperatures. A more detailed analysis of
meteorological data is required to determine thaditions that are likely to results in extreme wate
temperatures.

WAIORA uses default guidelines of a 23°C maximumpgerature and a +3°C maximum increase; these
can be changed if desired. Alternative threshioldade:

e daily maximum temperature 20°C if ‘sensitive’ ongams present;
¢ daily maximum temperature 26°C if native fish pneédeit trout absent.
‘Sensitive’ organisms include stoneflies and mafli

If the predicted temperature midway between thly daerage and the daily maximum of a diurnal feofi
exceeds the temperature criterion then thereigndisant risk of an adverse effect. If the daiyaximum
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just complies with the temperature criterion thegre is a very low risk of an adverse effect. Teripire
criteria should be appropriate to the duration they persist. For example, it makes no senserntpare a
predicted daily maximum water temperature (whicly roaly persist for 1 hour) with a 4-day average
temperature criterion if the species being consitlean tolerate high temperatures for short periods

The following steps can be followed:

Step 1. compare the maximum temperature rise tienabstraction point to the bottom of the stucyine
with the limit +3°C. If the temperature increageeeds +3°C it is unlikely to be acceptable. Nbedgss it
is advisable to proceed to the next step.

Step 2: compare the highest daily maximum eqitilibbtemperature (i.e., maximum far field tempemtur
with the criteria 20°C for ‘sensitive’ streams @°@ for ‘native fish’ streams. If these criteriae &OT
breached there is a low risk of an adverse effedtthere is no need to proceed to the next $ttpede
criteria ARE breached a further step is necessary.

Step 3: compare the highest daily mean temperaturtne study reach (i.e., maximum near field
temperature) with the criteria 20°C for ‘sensitisgeams or 26°C for ‘native fish’ streams. If thesteria
are breached there is significant risk of an adveffect.

The following table lists various measures of tmgerature preference and tolerance for some fish a
invertebratesCTM Critical Thermal Maxima; i.e., the thermal pointvéhich movement becomes erratic
and the animal loses its ability to escape fronditimms that will promptly lead to its death. Taeimal is
exposed to water heated at a continuous and raigidrr this testLT 5, the constant temperature at which
half of the test animals die within the test perlel final preference, the long-term preferred tempesa
ND no data.

. . Life Acclimated  Upper lethal Preferred
Fish Species stage/size temp. temp. °C)and  temp. (and Source
(°c) method quartiles) (°C)
Shortfinned eel Glass eel 15 28.0 LTso - Jellyman 1974
(Anguilla australis) Elver 12-28 33.4-38.1 CTM - Simons 1986
Elver 15 35.7 LTso 26.9 (25.6- Richardson et al. 1994
Adult 15 39.7 LTso 28.5) Richardson et al. 1994
Longfinned eel Glass eel 15 25.0 LTso - Jellyman 1974
(A. dieffenbachii) Elver 15 34.8 LTso 24.4 (22.6- Richardson et al. 1994
Adult 15 37.3 LTso 26.2) Richardson et al. 1994
Cran'’s bully mixture 12,20 32.3,33.9 CT™M - Simons 1984
(Gobiomorphus basalis) 15 30.9 LTso0 21.0(19.6- Richardson et al. 1994
22.1)
Common bully mixture 12,20 32.7,34 CTM - Simons 1984
(G. cotidianus) 15 30.9 LTso 20.2 (18.7-  Richardson et al. 1994
21.8)
Upland bully Juvenile 15 32.8 CT™M - Teale 1986
(G. breviceps)
Torrentfish Adult 15 30.0 LTso 21.8(20.1- Richardson et al. 1994
(Cheimarrichthys fosteri) 22.9)
Inanga Whitebait 15 - - 18.8 (18.0-  Richardson et al. 1994
(Galaxias maculatus) Whitebait 20 33.1 CT™M 19.8) Simons 1986
Juvenile 12-26.5 30.5-35.4 CTM - Simons 1986
Juvenile 15 - - - Richardson et al. 1994
Adult 15 30.8 LTso 18.7 (17.3-  Richardson et al. 1994
20.0)
18.1 (17.2-
19.1)
Giant kokopu Whitebait 16 30.0 CT™M - Main 1988
(G. argenteus) 16 29.0 LTso - Main 1988
Shortjawed kokopu Juvenile 16 30.0 CT™M - Main 1988

(G. postvectis) 16 200 LTso - Main 1988
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Banded kokopu Whitebait

(G. fasciatus) Whitebait
Adult

Koaro Juvenile

(G. brevipinnis)

Common smelt Adult

(Retropinna retropinna)

Grey mullet 78-122 mm
(Mugil cephalus) Juvenile
Brown trout* Adult
(Salmo salar) Juvenile
Rainbow trout Adult

(Oncorhynchus mykiss)  Juvenile

14-26
15
16
16
15

20,20.5
21
20

30.6-34

30.0
29.0
28.5

28.0
27.0
28.3
31.9
31.8,33.4
27-29
34.3

CT™M
CT™M
LTso
LTso

CT™M
LTso
LTso
LTso
CT™M
CT™M
CT™M

FP
FP
FP
FP

16.1 (14.8-
17.7)

17.3 (16.3-
18.3)

16.1 (15.1-
17.4)

14-16
17.4-17.6
13-21
15-22

Simons 1986
Richardson et al. 1994
Main 1988

Main 1988
Richardson et al. 1994

Main 1988

Main 1988
Richardson et al. 1994
Richardson et al. 1994
Simons 1984
Sylvester et al. 1974
Davenport & Simons
1985

' Preferred temperatures derived from a 1989 literature review conducted by Boubee, NIWA.
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. Life Acclimated  Upper lethal Preferred
Invertebrate Species  stage/size temp. temp. (°C) and temp. (and Source

(mm) (°c) method quartiles) (°C)

Freshwater shrimp 4.5-6.5mm 12,20 28.9,32.6 CTM - Simons 1984

(Paratya curvirostris) Adult 20 26-27  LTso’ - Davenport & Simons
Adult 15 25.7-27.4 - 1985

Quinn et al. 1994

Freshwater crayfish 12-23mm 12,20 28.8,31.9 CTM - Simons 1984

(Paranephrops 6-22mm

planifrons)

Paracalliope fluviatilis mid-late 15 24.1-27.5 LTs’ - Quinn et al. 1994
instar

Deleatidium spp. mid-late 15 22.6-26.8 LTso’ - Quinn et al. 1994
instar 24.2 LTso Cox & Rutherford 2000

Zephlebia dentata mid-late 15 23.6-26.9 LTso’ - Quinn et al.1994
instar

Zelandobius furcillatus ~ mid-late 15 ND-c.28 LTso® - Quinn et al. 1994
instar

Aoteapsyche colonica mid-late 15 25.9-27.8 LTso’ - Quinn et al. 1994
instar

Pycnocentrodes aureola mid-late 15 32.4 LTso? - Quinn et al. 1994
instar

Pyconocentria evecta mid-late 15 25.0-30.4 LTso? - Quinn et al. 1994
instar

Hydora sp. mid-late 15 32.6->34 LTso’ - Quinn et al. 1994
instar

Potamopyrgus medium- 15 32.4-32.4 LTs’ - Quinn et al. 1994

antipodarum large 31 LTso Cox & Rutherford 2000

Sphaerium medium- 15 30.5-32.8 LTso’ - Quinn et al. 1994

novaezelandiae large

Lumbriculus variegatus  ND 15 26.7-30.1 LTso’ - Quinn et al. 1994

2 96 hour - 24 hour L values.



EVALUATING EFFECTS OF FLOW CHANGES 57

Dissolved oxygen

The Third Schedule of the Resource Managementpeiifies that dissolved oxygen shall exceed 80% of
saturation concentration for freshwaters being methdor aquatic ecosystem purposes (Class AEgrfish
purposes (Class F), and fish spawning purposesqEig). The USEPA (1986) identifies four levels of
impairment for salmonid embryos and other life agagSlight impairment to non-embryo life stagethef
fishery was considered to occur 6 §/moderate impairment at 5 gjnand severe impairment at 4 §/m
For salmonid embryos, USEPA consider intra-graissialved oxygen to be at least 3 glower than the
oxygen concentration in the water. The Austrakdater Quality Guidelines (1992) recommend that
dissolved oxygen should not normally be permitteéall below 6 g/m or 80-90% saturation determined
over at least one diurnal cycle and preferably eggeral days.

Recent work on juvenile life stages of some ndiisie species suggests that they can be toleraiotof
levels of constant dissolved oxygen over period®u8 hours (Dean & Richardson, 1997). Juveniels
are the most sensitive native fish species anamnesgimilarly to juvenile rainbow trout which suodoed

to DO levels of 3 g/that 15°C over 24-36 h. Some of the native galaxieties studied have shown the
ability to alter behaviour in response to low oxydevels (e.g., surface gulping, leaving the water)
Fluctuating dissolved oxygen levels also need todmesidered. High water temperatures can incrémse t
adverse effects of low dissolved oxygen on fisk, the additive effects of these two potential stresis an
important consideration.
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Ammonia

Recent studies of headwater streams show that aimtisaremoved from stream water primarily through
assimilation by photosynthetic (unicellular algéismentous algae and bryophytes) and heterotrophic
(bacteria and fungi) organisms and by sorptionetdinsents, and secondarily by nitrification. At regh
flows, some of these processes may be inhibiteshbgr, or slowed because of lower stream tempesatur
In addition, the surface area-to-volume ratio édiced so that ammonia molecules do not come imizacb

as often with surfaces and attached organisms.

Much confusion can arise in the usage of the tamrnionia”. In WAIORA, we adopt the following
definitions:

e Total ammonia is ammonia (NHplus ammonium (Nk). This is the USA terminology. It is
sometimes also called "ammoniacal-nitrogen” in M@aland. Because this module uses USEPA
toxicity limits, WAIORA uses the term "total ammahiexclusively.

« Ammonia (NH) is "free ammonia" or "un-ionised ammonia" or "rionised ammonia”. It is
sometimes used interchangeably with "total ammohia'not here.

The USEPA (1999) report total ammonia as mg(N)4L e use that terminology here.

Measurements in Auckland streams at summer lamsfindicate that stream values of the total ammonia
removal rate (decay) coefficient increase as watacity decreases. WAIORA assumes that the decay
coefficient is constant at 2 /day, but increaseeslily with water velocity\(), when velocities are less than
0.08 m/s.

Decay coefficient =5 — 36.8* V for V <0.08

0.12

0.1 A

0.08 - e

0.06 -

0.04 -

0.02

Average stream velocity (m/s)

0 1 2 3 4 5 6
Decay coefficient /day

Relationship between total ammonia decay coeffisiemeasured in the Kumeu and Waiwera rivers.

Calculation of ammonia concentration

With only one point source discharge, the calautatif ammonia concentration is relatively simplethve
point source discharge gf, L/s and total ammonia concentration of 100 mg(Njfid a total ammonia
concentration of 0.1 mg(N)/L at the top of the lgahe ammonia concentration at the end of théhrjc
for a flowQ is simply the conservation (dilution) equation:

C=(Q*0.1+ 100'qn) / (Q+0fn)

With more than one point source, the calculatioarafmonia concentration is more complicated and the
decay constant is used to reduce the ammonia degtti@mthrough the reach.
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1-a" q+anfl
1-a Gop

1+ng

c=

where:

¢ = CIC,, is the ratio of total ammonia concentration atdbenstream end of the reach (C) that contains
evenly-spaced inflows of concentrati@p, q is the ratio of the discharge of each point so(geto the
reach dischargeQ), andcy, is that ratio of the total ammonia concentratiorthe upstream end of that
segment to that of each point source inflow;

o =" s the “total ammonia decay number”, witk being the distance between each equally-spaced
inflow andV is the reach average water velocity.

Ammonia guidelines

Water temperature and pH values are used to integppropriate ammonia toxicity criteria for stream
Both water temperature and pH values can show halikenal variation. Maximum and daily average pH
are specified by the user and the daily mean teanperis calculated by WAIORA.

For lowland streams with incised channels aboutri-gide, such as those in many parts of the Waikato
and Northland, the pH of stream water typicallyiegmbetween 6.8 and 8.5 during a 24-hour peridds i$
equivalent to a maximum 1-hr pH of around 8.5 adelay average pH of 7.7.

For shallow, shingle streams with channels >10 hevand <0.5 m deep, the pH of water in streams
typically varies between 6.8 and 9.5 during a 24riperiod. This is equivalent to a maximum 1-hrqiH
around 9.5 and a 4-day average pH of 8.0.

If you have access to a pH meter, you could do sossiéu pH measurements when you do your sitésvisi
to see how well they correspond to expected val@geam pH is usually at a maximum during the late
afternoon. Maximum values are affected by the arnoiplant and algal biomass present upstream.

WAIORA uses the latest (1999) USEPA guidelines doute toxicity to aquatic organisms. The acute
toxicity values are criteria for maximum concenwrat(CMC), and are the same in the 1998 and 1999
editions of the USEPA guidelines and refer to tlaimum 1-h average not to being exceeded onceda th
years. The maximum 1-h average concentration igdvaccording to the maximum daily stream pH.
USEPA guidelines are also given for chronic 4-day 30-day average total ammonia concentrationg. Th
4-day and 30-day average guidelines are criteri@dotinuous concentration (CCC) at the averagly dai
pH, with the 4-day average guideline equal to 2ieg the 30-day guideline value. Allowable acut&)(1
concentrations in the USEPA guidelines depend cettvein salmonids are present. Allowable acute tgxici
levels in streams with salmonids present are at@eithird of those in streams without salmonidseatly

life stages of fish are present, the allowable miortotal ammonia concentration 30-day guideling e
reduced, depending on the average water temperature

ANZECC ammonia guidelines are used as well as SERA guidelines. The ANZECC guidelines specify
chronic concentrations of ammonia and these comatiems increase as protection levels decrease. The
ammonia concentration at the ANZECC 80% protedéwal is similar to the concentration specifieckity
USEPA 30-day guideline.

The USEPA guideline standards for 1-h, 4-day andle80 as well as the ANZECC guideline for the
selected protection level, are given in WAIORA ttssand on plots as shown below.
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Total Ammonia[mgi(NyL] vs Flow[L's]

Current Low Flow
New Low Flow

Total Ammonia
USEPA1-h awerage
USEPA4-d awerage
USEPAZD-d average
ANZECC limit 95%

Tatal AmmonialmgiM L)

T T
425 2600 4955 Fzzo a42.5 1175.0
Flow (L=}

Ammonia effects

Toxicity to aquatic organisms concerns ammonia, aratmonium, but laboratory tests measure total
ammonia. The proportion of the total ammonia ih&tee (non-ionised) is a function of the water guhdl
temperature, so that the higher these variablethammore toxic a sample becomes. Therefore nstpté
and temperature are important variables in asgessEam toxicity.

Most toxicity studies on native organisms in NevelZad are not reported as total ammonia. An exerept

is for the native finger-nail clarfBphaerium novaezelandiadnich had LC50 values over 30-60 days of 3.8
mg(N)/L (pH 7.5) (Hickey & Martin 1999). Reprodive success was influenced by total ammonia values
of 0.80 mg(N)/L. Mesocosm studies for freshwateeitebrate sensitivity to ammonia are also repated
total ammonia values (Hickey et al 1999).

As there is a paucity of data on the response fenarganisms to total ammonia, WAIORA uses the
USEPA and ANZECC total ammonia toxicity criteridhese are calculated internally based on pH and
water temperature, but other guideline threshadsbe entered if desired.

The toxicity of ammonia is largely dependent ondbecentration of un-ionised ammonia present, wisich
dependent on the pH and temperature of the saldimrthis reason, water quality guidelines gefehaive
tables of pH and temperature values for acute ttghron) and chronic (long-term) protection. Whibglier
tables were presented as values for un-ionised amamdth conversion tables from the generally mestsu
total ammonia, more recent guideline derivatioravige tables based on total ammonia nitrogen. This
change in format is prone to introduce confusiarcénparison of guidelines or ‘criteria’ valuesilevalso
making it difficult to compare the published sewijt data for some native species.

Both the ANZECC and USEPA guidelines are adjustedoH. For example the ANZECC guidelines,
adjust pH = 8 allowable concentrations by theydarerage pH according to:

0.0676 + 291
1+107888pHAY 1 4 1(PHA-7689

The US EPA criteria have both acute and chronia at do not include consideration of any data for
ammonia sensitivity of species not resident in IlNétnerica. The recent ANZECC revisions use only
chronic sensitivity data and include most recen Mealand studies (Hickey and Martin 1999, Hickegle
1999).

A number of studies have been undertaken which iegiime sensitivity of New Zealand native freshwate
invertebrates and fish to ammonia. Comparison efréfative sensitivity of species from these stidie
requires conversion of the sensitivity data to axmon pH value. The relative sensitivity of native
invertebrate and fish species is compared in Talkith the inclusion of rainbow trout. This indieatthat
two invertebrate species, amphipod and snail, are sensitive than rainbow trout. Rainbow troutthes
most acutely sensitive species in the USEPA aitigrivation.
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Adjustment of guidelines

The USEPA criteria were revised in 1998, with ahfer revision in 1999 to incorporate temperature
sensitivity. Table 5 shows the USEPA (1999) acriteriz table with adjusted New Zealand data.

The USEPA acute Criterion Maximum Concentration QMlata is derived from the most sensitive
species, rainbow trout, sensitivity value dividgdabfactor of 2. Thus the trout acute value (AV)L4f28
mg(N)/L at pH 8 (Table 4) becomes the guidelineiwaif 5.62 mg(N)/L (Table 5). Converting this tovNe
Zealand data uses the same factor of 2 applidtetmbst sensitive species, the amphipod, with aroAV
7.2 mg(N)/L (Table 4), giving an adjusted valug@& mg(N)/L (Table 5). This indicates that NZ spsdre
36% more sensitive and all pH related values gusidl by this factor.

ANZECC 2000 guidelines incorporate a risk-basedutation procedure with total ammonia guidelines in
relation to pH. The ANZECC (2000) guidelines indudhronic data for three native NZ invertebrate
species. The fingernail clams (Hickey and Marti®9)9and artificial streams studies with invertebrat
communities showed high sensitivity for the mayilgleatidiumsp. (Table 6), together with the mayfly
Coloburiscus humeraligHickey et al. 1999). The ANZECC dataset includat for 16 species ranging in
sensitivity from 0.54 mg(N)/L (at pH 8.0) to 19.8)(N)/L. The ANZECC trigger value for 95% protection
at pH 8.0 is 0.90 mg(N)/L. Comparison of this valuigh the fingernail clam value (pH 8, E&0.42
mg(N)/L, Table 6) indicates that some slight adv&féect may occur for these species.

Examination of the mesocosm community responsehiranic ammonia exposure (Hickey et al. 1999)
provides an indication of the sensitivity of batidividual species and of various species groups.résults
showed that: (i) macroinvertebrates were genetalyant of ammonia exposure, with biodiversityided
such as taxa richness and the number of taxa ordees Ephemeroptera, Plecoptera and TrichodEera)(
showing no significant reduction for <11X ANZECCidgline (i.e., <10.1 mg(N)/L at pH 8.0); (i)
abundance measures were more sensitive with mapiimdance the most sensitive group; (i) snail
abundance was also strongly affected at 11X ANZEfD@eline; (iv) trichoptera (caddisflies) were a
particularly tolerant group and showed no marketlicon in species diversity (from 15 species to 13
species) or abundance.

Comparison of the NZ invertebrate data (Table &) #ie USEPA (1999) chronic 30 day guideline of 2.3
mg(N)/L for fish early life stages present at@5ndicates that insufficient protection would evided for
both mayfly and finger nail clams. This showed thath the mayflies and fingernail clams were more
sensitive, by 1.8X and 5.5X respectively. USEPAaddso indicates that fingernail clams are amoeg th
most sensitive species. This data suggests tmatyifies or fingernail clams are present in a reagiwater
then US EPA guideline values should be adjustealfagtor of 2 or 6 respectively (Hickey et al. 1999
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Table 4.The sensitivity of New Zealand native freshwaievertebrates and fish to ammonia. All
concentrations are mg(N)/L total ammonia with expes at 15°C and 96h (except * = 48h). Bold indat
the most sensitive species in the lower 25%ilbekpecies used to derive USEPA water qualityrierite=
no data. (After Hickey 2000, with rainbow trout sifkity added).

Species: common name Species: scientific name AV ? EPA Rank of
(mg(N)/L) %ile NZ species
Amphipod Paracalliope fluviatilis 7.2* <1 1
Snail Potamopyrgus antipodarum 9.8 <1 2
Rainbow trout Oncorhynchus mykiss 11.23 1
Caddisfly Pycnocentria evecta 16.3 3
Snail Potamopyrgus antipodarum 16.5 4
Mayfly Deleatidium spp. 17.5 5
Fingernail clam Sphaerium novaezelandiae 22.2 15 6
Shrimp Paratya curvirostris 22.4 15 8
Fish - Banded kokapu Galaxias fasciatus 22.4 15 8
Fish - Common smelt (adult) Retropinna retropinna 22.4 15 8
Oligochaete Lumbriculus variegatus 25.9 26 10
Shrimp Paratya curvirostris 31.1 35 11
Fish - Banded kokapu Galaxias fasciatus 324 35 12
Fish - Common bully (juvenile) Gobiomorphus cotidianus 34.8 50 13
Fish — inanga Galaxias maculatus 39.0 62 14
Fish - Redfin bully Gobiomorphus huttoni 41.2 62 15
Fish - Common smelt (adult) Retropinna retropinna 50.1 65 16
Fish - Inanga (juvenile) Galaxias maculatus 59.4 71 17
Fish - Shortfin eels (elvers) Anguilla australis 95.0 82 18
Stonefly Zealandobius furcillatus >30.0 . .
Stonefly Zephlebia dentata >30.0 . .
Shrimp Paratya curvirostris >30.0 . .
Fish - Common bully (adult) Gobiomorphus cotidianus >39.1 . .
Fish - Longfin eels (elvers) Anguilla dieffenbachii >53.7 . .

2 AV = Adjusted Value. E§ value adjusted to pH 8 using the algorithm givGEBA 1998

® Percentile rank of the local species sensititgtive to the ranked sensitivities of the 34 Ndtherican

resident species data used to derive the USEPAWAES quality criteria.
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Table 5. pH-dependent values of the CM(cute criterion) (from USEPA 1999) incorporatasjustment
for New Zealand acute data.

CMC, mg N/L

pH  Salmonids present Salmonids present with NZ adjustment
6.5 32.6 21.2
6.6 31.3 20.3
6.7 29.8 194
6.8 28.1 18.3
6.9 26.2 17.0
7 24.1 15.7
7.1 22 14.3
7.2 19.7 12.8
7.3 17.5 114
7.4 15.4 10.0
7.5 13.3 8.6
7.6 11.4 7.4
7.7 9.65 6.3
7.8 8.11 5.3
7.9 6.77 4.4
8 5.62 37
8.1 4.64 3.0
8.2 3.83 25
8.3 3.15 2.0
8.4 2.59 1.7
8.5 2.14 1.4
8.6 1.77 1.2
8.7 1.47 1.0
8.8 1.23 0.8
8.9 1.04 0.7
9 0.885 0.6

! = Criterion Maximum Concentration

Table 6. Summary of acute and chronic results for the mapigeatidiumspp. and fingernail clam
Sphaerium novaezelandiéieom Hickey et al. 1999).

Species Acute results Chronic results Adjusted to pH = 8
Temp pH EGS Ref Temp pH EGs Ref ECsy EC,x ACR
C) °C)

Mayfly, 15 76 343 1 16 84 0679 2 16.9 1.28 13.2

Deleatidium (23.1- (0.42-

spp. 85.2) 0.95)

Fingernail clam, 15 82 118 1 20 75 0.76 3 173 042 40.9

Sphaerium (9.9- (0.48-

novaezelandiae 14.4) 1.1)

& Acute values are for 96 h exposures and were ladufrom references cited. EachsE@alue was
converted to total ammonia nitrogen in the tablevabusing the speciation relationship derived ingEon
etal. (1975)

® Acute and chronic values adjusted to pH = 8 usiagequations given in USEPA (1998)

¢ Expressed as total ammonia (mg (N)/L)
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4 (1) Hickey and Vickers (1994); (2) This study lthse totalDeleatidiumnumbers (Table 5); (3) Hickey
and Martin (1999)

® ACR = acute chronic ratio. Calculated from adjdsteute EG and chronic Eg values
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Summary plots

This window graphically displays the results focleaf the parameters selected in the Impact Assggsm
window against the flow (in L/s). Results are lbage the scenarios selected, the data enteree iDdta
window, and the specified environmental guidelifidisey are used. If the results at the new flamply
with the specified environmental guidelines, andafues of the index flow comply with the guideline
threshold, a green flag or tick is displayed in dipper right corner of the graph (as specified IgpRy
Options under the @ions menu). For evaluate status quo scenarnidg,tioe index flow is taken into
account.

Summary Plots
—tean Depthim] ws Flaw[L/sl——— [ Mean Channel width[m] v Flow[L/s]— Mean Yelocity[mds] ve Flow[L/s]—

o2 b 4 7 v/ 117 v
/ //

1 1 1
125 400 124 400 123 400

ramimum Temperature*C] v Flow[LAsl Minimum DO [mal02170] e Flow[Ldz—7 T otal AmmonialmalM /L] e Flow[Ldsh—

26 - x 15 1 x
N
\\-‘_-—‘—_

N
18 1 1
125 400 123 400

I"ul Generalized habitat Help LCancel | Back | Mext I

| Chck on plat [but not hicks/flags/crosses] for enlarged wiew |

To access an enlarged view of any of the parametdrg results the user can click within the djesti
graph (clicking on the tick or flag will not work)Both the summary view and the enlarged view (show
over) present the index flow as a vertical greee &nd the new flow (if applicable) as a vertieal line.
Thus, the points where the vertical lines interdeptblue curves indicate the change in the pasméiny
threshold values are presented as maroon linessattte graphs. Again, guideline compliance or non-
compliance is indicated by the colour of the fladicks and crosses (as specified by Displagidds under
the_ptions menu). Advice on the sensitivity of theuttssis offered in the text boxes below the plots.
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i

Minimum DO[mg(02)/L] vs Flow[L's] at 2000m

10

i
o
=2
=]
E G —— | Cument Low Flow
o | —— | Hew Low Flow
‘2 —— | Daily hin Dizsolved Oxygen
S oo —— | Guideline Lower Threshold
E i
£ .
= 1

2 RS EREEEEEEE pesssssasss e qeescesses

i
u} T T T T
9z.5 2000 S25.5 Faz0 a52.5 11750

Flow (Lf=)

The current low flowe complies with the guideline
The proposed lowe flowy complies with the guideline
The proposed lov flovy iz predicted to decresse the daily min dissolved oxygen concentration

If predicted dissolved oxygen is within 10% of the guideline threshald, then consider more
complex modeling or proceed with caution.

=

| Right click on plat for copy graph, copy data, and print facilities; click on graph options button to change axes, labels, legend ete. |

When enlarged graphs are displayed, they can bedcejher as pictures or in the form of tablexef
values that can be pasted into an applicationasidhicrosoft Excel.

The user can change the graph display optionslégtisg the options button. The minimum and maximu
values for the X- and Y-axes, number of tick maukd decimal places, axis labels, title, legendalisand
grid display can be specified.

{ Display | fes | Display | Aes |
Title
[Minimum DOIma(O2)1L] v FlowLis] et 2000m
X axis ¥ axis
Kaislabel  [FlowLis) i [ i
¥ aislabel  [Minimum DO{ma(D21L) Maimum  [7775.0 000
Decimds |1 0
[¥ Backgraund [¥ Show X Ticks ¥ Show ¥ Ticks Ticks 5 5
[V Legend [V Show ¥ Grid R Show ¥ Grid
| o oK X cancel o oK X cancel
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Copy graph CTRL+C, print graph CTRL+P, and coppdafRL+D facilities are also available to the user
by right clicking on the enlarged plot. The graptdata can then be pasted into other applicatiocis as
Microsoft Word or Excel.

The print graph option displays a print preview rehie size and location of the graph on the pagebe

altered by clicking and dragging on the image oetliThe layout (portrait or landscape) can alsedbén
the print preview.

Wnivva-hamdblockfic st

[~ Frinttefile
x Cancel |
Setup |

e

X [7-488766| cm
v |5.532966) em

— Graph dimensions——
width |19.93266( em
Height [7.967133 am

The reach length that is specified can have afisigni effect on predicted water temperatureséfreach
length is short, the water temperature will be Isintd that at the abstraction point. However,rayleeach
length may not be applicable, because the sizeeddtteam or river increases significantly dowasirand

the differences in shade and geometry, as wellaaddition of water, invalidate the model assupngti
The way in which water temperature changes wittanii® shows the rate of change of temperature with
distance, and hence sensitivity to reach length.

Display | ves | The variation of water temperature with distancertiiream
Title of the abstraction point can be plotted by selgctive Plot
[Tempersture{’C] va Disance ] temperature versus distance in graph options when t
j :::: :':;Dt[k“’[‘m enlarged water temperature graph is displayed.
¥ Background [¥ Show ¥ Ticks [¥ Show ¥ Ticks
¥ Legend [¥ Show X Grid ¥ Showe Y Grid

¥ Smooth curve " Plot temperature vs flow
¢ Plat termperature vs distance

J = QK X conce
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RT=IEY

Temperature[*C] vs Distance [km]

25

I SR SO N A

Currerit Low Flow

Mew Low Flow

hiean Daily Temperature
Wean Daily Termperature new)
hax Oaily Temperature

hax Daily Temperature (new)
Guideline Upper Threshold

Tempersture("C)

Distance (km)

The proposed low flove is predicted to incresse mean daily tempersture by 0,838 °C (5%), from 157 "Cto 166 "C.
The current low flowe complies with the guidelines
The proposed low flove complies with the guidelines

guideline threshold, then consider maore complex modeling or proceed with caution.

Elf

| Riight click on plat for copy graph, copy data, and print faciliies; click on graph options buttan to change axes, labels, legend etc. |

Both the mean and maximum daily temperature arerstio the same colour, with temperatures for the
index flow shown in blue and those for the new flshown in green. The mean daily temperature will
always be less (above) than the maximum daily teatyre.

There will be no further change in water tempeeatuth distance when the water temperature redhkes
equilibrium temperature.
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Summary Results

The Summary Results window presents a summansoltsdor each of the selected parameters. The use
may choose to evaluate mitigation options and tétysiand if this is done, these results are shiere.
The results of the habitat, water temperaturephiisd oxygen, and ammonia models in WAIORA apply to
a single reach along which there is negligibleatanm in stream conditions.

The Results page shown below displays values cfdleeted parameters for the index flow (this ésflibw
that was specified in the first window — Locatioformation) and the new flow (this is the indexfleess
the abstraction specified in Location informatiorj.the impact assessment scenario is “Evaluatieisst
quo” in the Impact assessment window, parameteisonly be displayed for the index flow. Non-
compliance of the specified parameters with enwemal guidelines is shown by highlighting the
particular table entry in red or showing the textsd.

Catchment: Makau -
Stream: Mokauiti
at location reference; Mokauiti Power Scheme

Scenario Evaluation: abstract water
The index 1 -day median annual low flowe flove iz 80 Lis, derived by guess.

Proposed abstraction: 55 L/s.

Scenario Evaluation

Parameter Index Hew
Flavee (L= go 25
Crepth [m] o.ar 0.05
Wickh [m] 223 1.96
Yelocity [mis] 0.49 027
tean Daily Temperature [*C] 18.1 181
tax Daily Temperature [C] 237 250
Total Ammonia [mghIL] 1.3 4.0

Environmental Guidelines:

The chanae should not: i
4| | 3
Mitigate | Clear mitigation Help LCancel Back | Mgt I

‘Right click For Copy (Chrl ), Save (Ctrl 53, and Print {Ctel P) menu

&

The results are presented in the form of a tabllewfed by a list of the guidelines that were aghlithen a
detailed summary of results for each parameténdithe value at each flow and the amount of ckang
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Increasze total ammonia to §.408 malMIL | as specified by WAIORA guideline (USEPA 1999 1-h average). d
Increasze total ammonia to 14 .38 malMIL | as specified by WAIORA guideline (USEPA 1999 4-d average at calculsted o
Increasze total ammonia to 5.75 ma(MIL, as specified by WAICRA guideline (USEPA 1999 30-d average at calculsted o
Increasze total ammonia to 2,184 mg(M)iL, as specified by WAIDRA guideline (ANZECC 2000 95% protection lewvel).

Results:

o DEPTH o

The current lowe flowe complies with the guideline

The propozed low flovw complies with the guideline

The propozed low flow iz predicted to decreaze depth by 00171 m, (11%), from 0162 mto 0145 m.

o WIDTH o
The propozed low flovw complies with the guideline
The propozed low flow iz predicted to decrease width by 2.75 m, (28%), from 9.74 mto 6.99 m. J

o WVELOCITY o

The current lowe flowe complies with the guideline

The propoged low flow does not comply with the guideline

Decreaze velocty to 0.15 mfz, as specified by WAIORA guideline.

The proposed low flow is predicted to decrease velocity by 0.0486 m/s, {29%), from 0.168 m/s to 0.119 m

o MEAHN DAILY TEMPERATURE o
The proposzed lowy flov iz predicted to increasze mean daily temperature by 1.93°C, (11%), from 17.7 "C 1o 19.7 °C.

P o

‘Right click. Far Copy (Ctrl C), Save (Ctrl 5), and Print {Ctrl P menu

The results can be copied to clipboard (Ctrl P) pested into application:

such as Microsoft Excel and Word, saved to a §lelain text or rich text form rtf (Ctrl S), or pted (Ctrl
P).

Mitigation and sensitivity
To assess possible mitigation scenarios or to exag@nsitivity to selected parameters, the useraticky

the_Mitigate... button. This displays accesses the MitigéSensitivity window shown below.

The user may select the parameter(s) for whichmitigation will apply. At least one parameter mhst
chosen. Once the parameter(s) have been chosasethean enter alternative values in the apptepaat
boxes (white background) in the New Value colurdnavailable text boxes are greyed.

Il Mitigation/Sensitivity

[ Select parameters for mitigation——

[¥ Hakbitat

I™ | Dissalved Dxyaen

I~ Tatal Ammonia

i Data which may be changed
Current Yalue Mew Value
Flow change [L/s] | 55 |
US canopy angle [°] I I
Canopy angle [] I E0 I
Murn point source dizscharge inflows I 1 I
Total ammania of each inflaw [malN)L] I 100 I
i Total ammania at tap of reach [ma(M)4L] I 01 I
Help | LCancel | QK |

i ‘ To gee mitigation results, press View Results or type AR To close window and save results to Audit Trail, press OK |

For example, if the Water Temperature parametselected the user can enter alternative valudgee t
active New Value text boxes; the abstraction thieUS canopy angle (shade above the abstractiot) po
and Canopy angle (shade below the abstraction)pdinthe Habitat or Dissolved Oxygen parametees a
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selected a new value may only be entered intolibaation rate text box, whereas if Total Ammadsia
selected, new values can be entered in all sixsh&a mitigation scenarios, new values for abttracate,
number of point source discharge inflows, total amia of inflows and total ammonia at top of reach
should be less than the current values, whereathashade values should be higher that the cuaére.

Once new values have been entered, the user cam t@the Summary Results window (shown here) by
either pressing the OK button.

Parameter Proposed Proposed Mitigation Mitigation
Index Hew Index Hew
Flowy (Li=) a0 25 g0 35
Drepth [m] 0.07 0.05 0.o7 0.05
Wyictth [im] 223 1.98 223 203
Welocity [miz) 0.449 027 0.449 032
Mean Daily Temperature [C] 181 181 181 181
Maz Daily Temperature ["C] 237 250 237 245

In the Results window, the mitigated parameteresljat both the index flow and the new mitigated/¥)
are shown along with the pre-mitigation index flamd proposed new flow.

Removing mitigation results

To remove mitigation results from the results anditatrail, press the mitigate button on the Sunymar
Results window, de-select all the evaluation patarsgthen press OK.
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Audit Trail

This window gives the audit trail for the currestord. It reproduces the information in the Sumymar
Results window and adds more information on thatioe of the site and details of the parameterd fwse

the assessment. The user and login date and tineseorded and the location information with the
catchment and stream name (with a location refejesre presented. Which scenario was chosen by the
user is logged (with flow change description anstralotion rate in the abstraction scenario cas#)data
entries made throughout the program run are displayrhe results for each of the parameters ape als
presented.

Audit Trail

Uszer: lan -
Evaluation time and date: Thursday 20 May 2004, 12242 pm

Catchment. dokau
Stream: hMokauiti
At location reference: Mokauiti Power Scheme

Scenario; Abstract water.
Flowy changs description: minimum flaw
Proposed abstraction: 55 Lfs.

The index 1-day median annual low flowe flow is 80 Lis, derived by gusss.

Data:
Habitst estimated from measurements at Flow 1 and Flow 2

Parameter Source Data Mitigate
Value Value
Inctes flony [Lis] g0 g0
Flowe change [Lis] £5 45
Meswy flowy [Lis] 25 35
Fline 1 1 1= Mras e an _lLI
Al s

Help LCancel Back | ezt I

|Right click Far Capy (Ctrl C), Save {(Ctl 5), and Print (Ctrl P} menu

4

The details displayed in this window can be cofi&d C), saved as a text or rtf file (Ctrl S),mmnted (Ctrl

P). These options will also be shown in menu fidhwa right click and allow the user to paste the
information into other applications or open the fit other applications (such as Microsoft Wordtegad

or Excel).
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APPENDIX

Features in WAIORA

Many of the features iVAIORA are consistent with many other windows applicatiofhese features
have been summarised. All of these actions caritbermed with the mouse or with shortcut keys.

Copying, pasting, and saving files
COPYING

PRINTING

1. Right click in the zoomed summary plot, summaryltesor audit window and select
Copy, or press CTRL+C.
2. Paste into application such as Microsoft Word.

1. Right click in the zoomed summary plot, summaryltesor audit window and select
Print, or press CTRL+P.

2. A print preview will be displayed. If the table plot does not fit on the page the page
layout can be altered to landscape by pressin§ahe button. Press OK to print to the
selected printer.

hnivva-hamidhblockfirst

Setup |

£ Cumrent page

£+ Al pages

|Press Page up and Page down for other pages

TO SAVE AS A TEXT FILE
1.

Save audit file to

& x| = ®eF Er

Right click or press CTRL+S to save the audit cults

2l

widow to text file.
Select the directory (folder) where you want tcesthe file.

Enter a name and file type (either rich text forrfitf) or
ASCII text (txt)) for the document.

Click OK.

File name: [ s it it

Ll 1<

Saveastpe  [Rich fomat test fle " )
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WAIORA MENUS
The following items are in th& AIORA File menu:
FILE MENU
New Record Creates a new record. [File Database view optons wiinc
Select Record Loads an existing record. EZSETE‘BT:M Chlbo
Sawe Record Saves the changes made to the current tedbe database. z::: i:?;i o 2
Save A New Record...Saves the current settings to a @ewvd in the database, using cic-- necord
the current user and login time. Delete Records. .
Close Record Closes the current record and its iasscwindows. If the Lagn..
record has not been saved, the user is promptaléoit. New  AddUser.
records are saved as new. Exit
Delete Records...  Allows the user to delete their meords from the database.
Login... Allows an alternative user to log in.
Add User... Allows a new user to be added to the database.
Exit Closes the open record and eXiI&AIORA. If changes are unsaved, a prompt will

ask whether they should be saved.

View/edit database Displays the Database with tabsCatchments (catchment number and name),
Streams (stream number, stream name and catchiseef),nLocations (location
reference, location name, stream name and catchnaené, index flow, flow
statistic, flow data source), and Flow change (iggm, abstraction rate, location
reference, stream name and catchment name). Datsecsorted, added, edited or
deleted within each tab.

#<*Database Access - D:' Waiora',db'waiora.mdb 1Ol x|

Catchments I Stleamsl Locationsl Flave changel

Catchment Mame

Catchment Mumber

Awaking
434000 "W aikato
7ET000 Clutha
434000 Maokau

Edit Record Delete Record
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Import database from fie... £

Export database to file...

VIEW

Displays the following instruction:

To import a file press OK, Select th
file type (comma delimited *.csv, o
excel spreadsheet *.xls) and then o
to add the data in the file to the existir
database.

Select the file type (comma delimite
*.csv, or excel spreadsheet *.xIs) ar
name, press open and all de
(catchment, stream, location and flow
change) will be written to the selected file.

Cancel

Location_hformation Displays the Location Information window

Impact Assessment

Data

Environmental
Guidelines

Summary Pts
Summary Rsults
Audit Trail

OPTIONS

Display Qptions...

User references

Select Database...

Default data

Program Status...

WINDOW
Cascade

Tile

Arrange Icons

1,23... command

Displays the Impact Assessment window.
Displays the Data window.

Displays the Environmental
Guidelines window.

Displays the Summary Plots window.
Displays the Guideline Summary window.
Displays the Audit Trail window.

Allows the user to specify if coloured Ba g window Hep
or crosses are displayed throughout ' pipiay options... ‘

program. User references...
Select Database. ..

edited and saved by the veer, . IEEEER R
' | savecunentvales |
Allows you to change the WAIOF Program Status.., FS

Database (WAIORA.MDB) that you are
using by specifying the location of the directdmttyou wish to use.

This allows you to change the defdata that are used when a new record is
created. You have the option of using the dataythahave entered as the default set
or selecting the default set, although you neeatktide whether they are relevant to
your stream. These default data are saved in #dilee WAIORA.INI. You can
also edit the values in this file to create yodadk data set.

Displays any errors that occurredglgalculation of results.

Cascades the open windows so all theatittedisplayed, and plnco] 1ok
the active window is on top. Cascade

Tile
Tiles the open windows so that all can be viewethetsame  arrange lcons

time. 1 Location Infarmation
Arranges the icons for minimized windows. v £ Impact Assessment

Switches to the window and makes itectiv
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HELP
Contents Opens th&VAIORA Help file. The Online Help provides a comprehemsiontents
screen that summarises the contents of the Heknsys
Topic Search Displays the Search All dialog box. Bearch All dialog box lets you reference
Help topics on specific subjects.
About... Displays WAIORA's version number, programmers ar@htact address for
program enquires.
WAIORA help

WAIORA provides an Online Help facility that proessl background information about how the program
should be used.

You can access this Help facility in the followinwgys: el
+ By selecting the Gntents page option (ALT+C) or theofic Search' . . i
option (ALT+T) on the Help menu (ALT+H). Index

« By choosing the Help command button that is avigilatn many = Topic Search
windows. This mgthod gives you quick access taifipaenformation Background Information
about the current window. .

* By pressing F1. Online Help facilities are linkednany edit boxes and
check boxes. Specific information is displayedobgssing F1 while selecting either of these
boxes. If there is no information related to adpfhe user is sent directly to the Online Help
Contents Page.

Guideline sets

SAVING A GUIDELINE SET
To save a guideline set:

Guideline Set 1. Select the 8ve Set button (ALT+S) on the Environmental
Enter rame for set Guidelines window to activate the Guideline Setlogja
I window.

ok | conce 2. Type in the name of the guideline set in the Engene for

set text box.

3. Select OK or push ENTER.

The user is unable to save a guideline set if #ineenspecified already exists in the database ama iis
not entered in the Enter name for set dialog box.

LOADING A GUIDELINE SET
To load an existing guideline set:

Load Guideline Set <] 1. Select the _bad Set button (ALT+L) on the
Set Nams Environmental Guidelines window to activate the d.oa
| = Guideline Set dialog window.

2. Select the set name from the Set name drop-down box
3. Select OK or push ENTER.

The user is unable to load a guideline set if traaspecified does not exists in the database.
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DELETING A GUIDELINE SET
To delete an existing guideline set:

1. Select the _Blete Set button (ALT+D) on the
S et Mame Environmental Guidelines window to activate the dbe|
| | Guideline Set dialog window.

2. Select the set name from the Set name drop-down box
3. Select OK or push ENTER.

Cancel

i [ F

An anonymous user is unable to delete guidelire set

New guidelines
ADDING A NEW GUIDELINE
To add a guideline:

1. Select the New button (ALT+N) on the
Environmental Guidelines window to activate
the New Guideline dialog window.

A e low Flow should not

<diection of change> <parameter> <byllo> <threshold amounts> <unitsier, 2s speviied by <guideiine lypey. |

Soimctchone o 2. Construct anew gui(_jeline using the options in
- Docre - the New Guideline dialog box.

" Changs

[ T = Guidelines are constructed interactively usthg
e various build components displayed on thisdow.
ol Treseld I =t | T | As the guideline is constructed, the resuttisplayed

| inthe text box at the top of the screen.sTannot be
edited directly; guidelines can only be chahby
using the build tools. To save this informatprsh
the OK button, to reject pustatcel.

EDITING AN EXISTING GUIDELINE
To edit an existing guideline:
Select the guideline on the Environmental

Guidelines window. (The text will turn
maroon.)

2. Select the_Hit button (ALT+E) on the
Environmental Guidelines window to

r<Edit guidefine 1.

A nevs low flow should not

Decrease daily min dissolved oxygen to B mal02)/1, a5 specified by WAIORA guideline. |

Parameter
 Depth
£ Deciease WD

Threshold amount

E maf2)/1

" Typeof change
 Rielative Change

£ Absolute Change
£ Absolte Thieshold

© Velocity

" Mean Daily Temperature
© Ma Dail
& Daily Min
 Total Ammonia

Specified by
[iwelnRa guideline -1

DELETING A GUIDELINE

To delete an existing guideline, select the guidetin the Environmental Guidelines window (the weikt
turn maroon). Click the Delete button on the Emvinental Guidelines window. The guideline will be

automatically removed.

activate the Edit Guideline dialog window.

3. Edit the selected guideline using the options
in the Edit Guideline dialog box.

Like adding a guideline, guidelines are edited
interactively using the various build composent
displayed on this window. As the guideline is
constructed, the result is displayed in the text &b
the top of the screen. This cannot be editedttjirec
guidelines can only be changed by using the build
tools. To save this information push the OK bytton
to reject push @ncel.
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Error messages

WAIORA errors will generally be reported to the uaéth a small message dialog box or will be digpth
next to the relevant parameter . However, in scases, the errors need further expansion andsircalse
the Program Status window is used. The example rshmlow displays the error message where the
maximum daily temperature could not be predictde User can access additional information on specif
errors by selecting thedyram Status option under thet®ns menu (or by pushing F5).

o M DAILY TEMPERATURE =
Max daily tewperature results were not successfully calculated.

MESSAGE DIALOG WINDOWS
An example of a message dialog is shown here. Qomeasons for these to occur are:
 the user tries to perform a restricted action (agteleting another users
- record);
Q A walue is requited for reach length ¢ missing data or information where a value is regljir

» database conflicts (such as saving a guidelineigtethe same name as
one that already exists), and
» providing incorrect information (such as an unreabte value for a
paraeng

RECORD STATUS

If there are problems in calculating the resultsafoy of the parameters and/or nomograms, anregssage

will be displayed in the Summary Plot and/or Reswlindow(s). This message will indicate the type o
error and provide a source where more informatiorthe error can be obtained (see examples below).
These errors generally occur because of missirsg elatered values are outside the valid rangescause

of an internal calculation error.

i~ Mean Channel Widthm] vs Flow[l'sh—

Mean channel width results
nit calculated.

oo Depth sl ek caleulaed. See F'nﬁgram gt [FE]'.

An error message can also be displayed in the BsgaBccess window when a
conflict is detected. This usually occurs when tiser tries to load flow change
information that already exists.

The user can access additional information on fipecrors by selecting therégram Status option under
the_Qptions menu (or by pushing F5).
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User references

WAIORA contains a reference database for up toe¥ant references and publications. New entdas ¢
be added to this database and existing referemcepublications can be edited or deleted. All gesn
made to this window are saved by pushing the OkobutBYy pushing the Cancel button, any changes are
rejected. This window (shown below) can be acckbgeselecting Ser references... under th@tons
menu (or by pushing ALT+O+R).

-l5ix]

Howett: lan
Prediction of Stream Depth and Yelocity
1997

Kevin Coller [N/, Hamilton]
hatea

rcEride; Graham
tinirun Stream Dizzolved Orpgen Calculation Procedure

K.evin Collier [MIw4, Hamiltbor)

McEride: Graham
|\&ctive Graph for Total Ammaonia in Streamns

| This window is used to maintain = record of up to 50 relevant publications and files |

ADDING A REFERENCE

To make a new reference entry, push thewNoutton or push ALT+N. Reference and publication
information can then be entered into the text bafdhe New Reference window (shown over). To save
this information push the OK button. To reject pGsimcel.

=
Author I
Title I
“fear I
Fieference I
‘where held I
Catchment I
Stream I
| |

EDITING A REFERENCE

To edit an existing reference, select the entriz wisingle left click (the text will turn maroonLlick the
Edit button or press ALT+E. Reference and publicaiicformation can then be edited from the Edit
Reference window (shown below). To save the chamggs the OK button, to reject them pusin€zl.
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=0lx]

Authar

Title IAct\ve Graph for Tatal Ammonia in Streams

Year [1957

Reference I

Ww/here held IKavin Collier [N, Hamilton]

Catchment I

Stream I

DELETING A REFERENCE
To delete an existing reference, select the erittyansingle left click (the text will turn maroonlick the

Delete button. The reference will be automaticaiyoved.
WAIORA options
Background information

The background information splash screen providesuser with information about what WAIORA is
designed to accomplish, the results the progrardupes and what is required of the user. This Isplas
screen (shown below) can be accessed by selectigg@und Info... under thepgions menu (ALT+O+).

- waloRa: water Allocation Impacts On River Attributes. BLE

Fle Datsbase View Opbons Window Help

WAI o RA Water Allocation Impacts On River Attributes

e low flow
R

WAIORA provides:

Esit

dsat| oMW EEAE ICBAAEHS ~HeESbk I @ | BB regasus . | ) users Gut.. | (@] Exploversl.. | [T watora .. [« b asapm

Display options

The user has two options available on how enviroaheyuideline compliance or non-compliance are
displayed throughout the program. The displaybmarither red and green flags, or a red cross gneka
tick (as shown below).

".. x The red flag or red cross indicate that the caledlaesults do not comply with the chosen
environmental guidelines.

". V‘ The green flag or green tick indicate that the udated results comply with the chosen
environmental guidelines.
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#< Display Dptions [LO[x]| The Display_®tions window (shown here) can be accessed bytisglec
Display ptions under the fions menu (or by pressing ALT+O+0). Once
the Display Options window is open, the user cak ¢the desired guideline
compliance indicator or can press F for flags antbrTticks and crosses.

Guideline Compliance Indicator——

* Green and Red Flags

( Geen ik and Fe Goss When WAIORA is opened for the first time, it defaulo the green and red
Cross option.
akK I Lancel |
Quitting WAIORA

Before quitting WAIORA the current record must hesed. The user may eXAIORA from the main
window by either:

« Clicking theXl (Close button) at the top right corner of theenr

. Clicking the_ & | (Exit button) at the bottom right.

« Selecting File | Exit (ALT+F+X) on the menu bar.

e Selecting ALT+F4.

e Selecting ALT, SPACEBAR then use the UP ARROW oMIDARROW keys to
move to Close and push ENTER, or type "C".

If a record is open, the user will be prompteddseit.

Other windows features

Title bar options

The title bar shows the program icon (upper-lefneg, the program or active window name, and the
maximise, minimise and the cancel buttons. [fertben one window is open, the title bar of thévact
window has a different colour to the others.

Control-menu

All windows in WAIORA have a Control menu box in the upper-left corriezazh

Hestre window (the program icon). This feature allows youresize, move, maximize,
fm‘e minimize, and close windows.

Size

tinimize

e TO OPEN THE CONTROL MENU:

Close  AltsFa » Click the Control-menu box/application icon in thgoer-left corner of the

window and drag to the desired option.

1. Press ALT, SPACEBAR to open the Control menu onntfan window or ALT,
HYPHEN (-) to open the Control menu on the actiedaw.

2. Use UP ARROW or DOWN ARROW keys to move to the mesoption and push
ENTER, or type the underlined letter.

MINIMISE, MAXIMISE AND RESTORE BUTTONS

¥ Site Details !E[ The maximise, minimise and the cancel buttons m@ayed to the upper
right corner of the title bar.
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«  Click the minimise or maximise butt¢=18l in the upper-right corner of the window.
To restore the window after minimising instead cdximising it, press the restore
button &,

Press ALT, HYPHEN (-) to open the Control menu.

2. From the Control menu, use UP ARROW or DOWN ARRO#&ysto move to the
desired option and push ENTER, or type the undetlietter.

TO CLOSE A SELECTED WINDOW
« Click theXl (close button) at the top right corner of the sare
» Double click the Control-menu box.

» Click the Control-menu box/application icon in thgper-left corner of the window and
drag to the Close option.

« Double Click the Control-menu box.
e Selecting CTRL+F4.

e Selecting ALT, HYPHEN (-) then use the UP ARROWD®DWN ARROW keys to
move to the desired option and push ENTER, orttypeinderlined letter.

N.B. To close a window without completing a commahdose the CANCEL button.

Menu options

Menu options allow you to select a range of commanBirstly, select the menu and then choose the
command from within that menu. Choosing a comntandes out the corresponding action.

TO SELECT A MENU:

» Using the mouse, point to the name on the menuahdrclick the left mouse button.
This opens the menu. To move directly to a mesgm,ityou can drag the selection
cursor down the menu until the menu item is higiéd, and then release the mouse
button.

1. Press ALT or F10 to select the menu bar.

2. Press LEFT ARROW or RIGHT ARROW key to select thenmyou want.
3. Press ENTER to open the selected menu.
If the name in the menu bar has an underlined lgtt& can press ALT to move to the menu bar,
and then type the letter that is underlined to dhermenu. For example, to open tlile Fenu,
press ALT+F.
TO CLOSE A MENU:

» Click the menu with the mouse or Press ALT or FJdirg or press ESC.

TO CHOOSE A MENU COMMAND:
e Click the item.
e Type the letter that is underlined in the item name

« Use the UP ARROW and DOWN ARROW keys to selecitéma you want and then
press ENTER.

Command buttons

Help LCancel Back i [

You can choose a command button to initiate an ides action, such as carrying out or cancelling a
command. The klp, Gancel, Back and Nxt buttons are common command buttond/&IORA and are
located to the bottom right of each window. Uniamé buttons are dimmed. The currently selectetbiv
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(the default) has a darker border than the othiorsi You can choose the currently selected odyo
pressing ENTER.

* Click the command button with the mouse
* Press TAB to move to the button you want, thenggB2ACEBAR or ENTER.

N.B. If the button has an underlined letter in its Bagou can choose the command button in one step.
Press and hold down the ALT button while typinguhderlined letter.

Text boxes

|:| Information may be entered into a text box. When ynove to an empty text box, an

insertion point (flashing vertical bar) appearsie Text you type starts at the insertion point. If
the box you select already has text, this texelscted, and any text you type replaces it. Youaiso
delete the existing text by pressing DEL or BACKSFA

TO SELECT A TEXT BOX:

» Drag the pointer across the text you want to sedectouble click on the word to select
one word at a time.

Use TAB to select the desired text box.
Use arrow keys to move to the first character yantio select in the box.

To extend the selection, press and hold down tHETSHhile pressing the appropriate
arrow key.

Drop-down list boxes

A drop-down list box appears initially as a regtalar box with a current
selection marked by the selection cursor. Whensgbect the arrow in the
square box at the right, a list of available cho@ppears. If there are more
items than can fit in the box, scroll bars are joted.

y 3N &
-day iam :
Details of flow cha| ¢ i
1-day mean annual low flow
Description | 1-day it 5 year low fow

T-day in 10 pear low flow
1in 5 pear low fow
calibration flow

1-day median seasonal fow

1. Click the arrow to the right to open the informatimox.

2. Ifthere is a scroll bar present on the informakior, click the up of down scroll arrow,
or drag the scroll box to move to the item you warselect.

3. Click the item.

Use TAB to select the desired text box.

Press ALT+DOWN ARROW to open the box.

Use the ARROW keys to move the selection curstiretdtem you want.
Press ALT+UP ARROW or DOWN ARROW to select the item

P w DN 2

Option buttons:

scenaic———  Option buttons represent mutually exclusive optiovisu can select only one option
" Evaluate statis quo at atime. The selected option contains a blatkldoavailable options are dimmed.

= Abstract water

Check boxes

A check box next to an option means you can setedear the option. You can select as many chegk-
options as needed. When a check box is selettestains a .
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rSelect parameters for evaluation——————
¥ Hahitat [Depth, Width, Yelocity]

v ‘wiater Temperature

[~ Dizzgolved Oupgen

[~ Toatal Ammaonia

* Click each blank check box to select, click a $etkbox to clear.

. Use TAB to move to the check box you want to selectear.
2. Press the SPACEBAR to select the box, press theCEBAR again to clear the
selection.

NB: If the user has tabbed to a group of checleb@s display here, the ARROW keys allow the user
to navigate from check box to check box.

Scroll bars

] » ‘ By using scroll bars, you can move parts of thedaim into view
when the window does not fit into the desktop. ¥an also use

scroll bars to view unseen portions of lists afepinformation that cannot fit in the allotted apa

Some windows have scroll bars to allow you to viefermation that exists beyond the borders of the
window. When you can view all the contents of adeiw without scrolling, scroll bars may be absent.



