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TO THE CHATRMAN AND MoMBE RS OF THE BOARD

STORM OF 20 DECEMBER, 1976

e T

The following report sets out a number of matters relating

Al

to the above storm and makes several recommendations.

Opportunity has been taken to present the hydrplogical data
fairly fully as it is felt that this may be of value to
local body enginecrs and to the Board in the Future.

A number of matters varrant further investigatvion and it
is hoped that the administration of watercourses generally
will receive due consideration by all concerned.

T submit the report and recommendations for Board acceptance
and approval.
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.G. Bishop
Chief Engineer
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VELLIRIES TN EUESECIEBNAL WATER BOARD

P.0. Box 11-245, ~ WELLINGTON,

REPORT ON STORM OF 20 DECEMBER 1976

INTRODUCTION

On 20 December 1976 an unusually severe rainstorm affected part
of the Wellington Region causing damaging flood flowvs in parts
of Wellington City, Lower Hutt City, Hutt County and Tawa,

wvith lesser effects in other districts. Severe damage 1O public
and private property resulted from the downpour and conditions
wepre such as to warrant the declaration of local Civil Defence
Emergencies in limited areas of Lower Hutt City, Hutt County
and Upper Hutt City. .

The heavy rain over a long period caused numercus landslides

with "consequent blocking of culverts and. public stormwater
systems. Flood waters thus migrated from normal channels and
caused scouring of private properties and roads in hilly areas
with deposition of vast amounts of debris against any obstructions
and flooding on the flatter land. -

This report covers briefly a description of the event and its
effects, a Statement on Costs involved together with observations
and conclusions which appear warranted. Recommendations for
further action are appended.

DESCRIPTION OF EVENT

2.1 Meteorological

On Monday, 20 December, two moist air streams, one flowving
approximately from the north and the other from the soutly,
converged over the Hutt Valley. The resultant rise of the
mass of moist air and consequent cooling led to extreme
rates of precipitation occurring over the Hutt valley/
Wellington area. :

» g e

Very heavy rain began falling over the Hutt Valley at about
4.00 a.m. on 20 December 1976. The rain producing cloud
drifted slowly in a south-westerly direction, the really
heavy rain falling along a line running from above Pinehaven
to south of Xarori.

The downpour continuved until about 2.00 p.m. in Pinehaven
and 4.00 p.m. in Wellington after which time it began to
ease. Two torrential periods of rain occurred within this



ten hour period, the First three hour period to 7.00 a.m.
producing about 10Cmm (4") over the Pinehaven, Stokes Valley,
Taita, Avalon and Belwmont areas, with progressively lesser
amounts to the south-west., Again, from 9.00 a.m. Ta 12.00 p.n.
100mm fell over the Pinehaven to Belmonl areas with lessex

amounts south-west to Xarori.

The accumulated rainfall on the 20th, measured at the various
automatic recording stations, shows the variations in time
anid amount of rainfall throughout the day over the regio:,

see FPig. 2.2.53.

At Avalon and Taita extreme rates of rainfall were recorded
and such intensities probably occurred also on the Western
Hills from Haywards to perhaps as far south as Mount Kaukau.

Cf the automatic recording stations, intensities were the
highest at the 50il Bureau, D.S.I.R., Taita on the eastern

hills. Rainfall at Taita is shown in Table 2.2.7.

S

RATHFALL AT B0TL BUREAT, TAITA

D‘_-L:-?atian 10 min 20 min 30 min 60 min 2 hrs 6 hrs 18 s 24 nrs
Depth nams 10.8 21.6 28.9 4.9 88.6 180.5 258.¢6 2e7.6
'—:-l'_-ﬂ: ty mms/hr | 64.8 £4.8. 57.8 49.9 | 44.3 30.1 21.6 12.0
hég;;nsity ins/nr 2.6 2.6 28 2.0 T 1.2 0.85 0.47
Cerresponding
Retura Period 16 yr 50-1C0yr 200 y» =1000yr BO0Cyr >1000y1 >10CCyr | =10CCyn

The intensities for durations up to 6C minutes are significant
in producing flood peaks from small catchments such as
those in the storm affected area. These high intensities
occurred between .00 a.m. and 10.00 a.m. approximately
when these catchments would have been saturated by the

preceeding rainfall of up to 140mm.

The significant duration for a catchment is the time taken
for all parts of a catchment to contribute to run-~off at the

outlet.

In Figure 2.2. 1~ lines are drawn showing the distribution
cver the affected area of accumulated raintall Frcm tThe

. .o start of the downpour, taken as 0400 hours to 0S00 hours

when a slight 1lull occurred.

Figure 2.2.2 -~ shows the distribution of accumulated

raintall from the start of the heavy rainfall to 1400 hours.
These two five hour periods contained the flood producing

rainfall,

"Ficgure 2.2.4 - shows the maximum rainfall in any 24 hour

period during 19 and 20 Decanber 1976.
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RAINFALL DEPTH 0400 hrs - 1400hrs. 20th. DEC. 1976.
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Scale 1:250,000

The maximun rainfali in any 24 hour pericd during 19
and 20 December 1876. Isohyets are drawn at SOmm
intervals from 100mm to 350mm. All points within the
dotted line received rainfalls of return period
greater than 50 years.
Fig.2 Tomnlinsom,A.T. 1077 The Vellington and Hutl Valley Flood
From OFf 20 Deceamber 1976. N.Z.Met.S.Tech.Inf.Circ.154.
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2.3 qumof{
After the first threc hours of heavy rainfall, all water-
courses were ruaning full or had overfloved. Following the
renewved dovnpour afier a slight easing of the rainfall, rui-
off from saturated catchments flooded roads and properties
as the capacity of the watercourses was exceeded or as they
became choked by debris. .

Fjgure 2.3.1 ~ shovs catchments wvhere estimates of peak
discharges have been made. The dashed Line shows the

area contributing to Fflow in the Hutt River below Upper Hutt
Basin and above Melling Bridge.

(The return period of the flood peak in the Hutt River at

s

Lower Hutt was 5-10 years.).

Tables 2.3.1 and 2. 3;3 list the catchments and estimates
of peak discharges. Lstimates of peak flows at Kaitoke,
Pauatahanui and Mill Creek are based on discharge rating
“curves at avtomatic water level recording stations,
.operated by the Ministry of Works and pDevelopment. The
figures are considered to be accurate to at least plus or
minus ten per cent.

s
D
f[‘:

o
..'_‘

Peak flow in the Xaiwhara Stream was calculated by

Mr. C. Davidson, Consulting Engineer, from data supplied
through the Vellington City Council and is considered
accurate to within plus or minus 20 per cent.

The estimate for Percy's Reserve was based on spillway
flow plus pipe flow for the detention dam with data on
pipe fiow and ponding volume beiny supplied through Climie
Spencer and Holmes Miller, Consulling Engincers.

Data for the Heretaunga Drain was supplied through Upper
Hutt City Council and the Pinchaven estimate obtained by
subtracting the drain flow from the estimated flow at
veirs downstream of the Pinchaven inflow.

The Taita Catchment No.5 information has been supplied
by D.S.I.R., Taita Soil Bureau by Dr. R.J. Jackson.

The remaining estimates in Table 2.3.71 are based on slope -
area, weir flow or culvert flow néasurements. The Porirua
measurement wvas supplied througl. the Ministry of Works and
Development, other measurements being carried out by
Wellington Regional Water Board staff. These latter estimates
are considered to be accurate to plus or minus 15 per cent.

Data in Table 2.3.2 on the Hutt River is based on flow
gaugings by current meter carried out during the flood by
Vellington Peglon 1 Water Board and Ministry of Works and
Developmant staff. The peak rates of runmofr are expressed
in cumcco (ﬂvblc metres per second) and millimetres per

hour. The mm/hovr run—-off is directly comparable to rainfall
Jntch1tj in mm/hour. That is to say that the average
rainfall jntensity over the cignificant duration for a
catchment muct excoed, or for 100 per cent run--off equal the
peak rate of run-off.

The rates OF run~cff of about 20mm/hour or higher in
Tables 2.3.1 and 2.3.72 indjicate rates of vainfall (or
1nten51LJ<: : @/ Bour or more, a very high figure.




TABLE - 2.349
’ REGTONAT, RUNCOFF SSTIMATRES 20,12.76
CATCHMENT OR REF. PEAK CATCHMEBNT PrRAK RATE EST;
PART OF FIG. DISCHARGS ARGA OF RET.
- CATCHME NT 243,71 (cumecs) (sg. kms) RUNOFF PERTOD
(1 /nour) (yrs.)
Kaitoke 204 88.8 8
Pautahanui il 27 38.4 2.5
Porirua 2 105 41.0 S 50
Bast Branch Porirua 3 55 4.5 44 200
Stream
Mill Creel 4 2.6 9.35 Tl
Pinehaven 5 30 4.7 23 100
Heretaunga Drain 6 15 £.5 8
Stckas Valley 7 34 7.1 17 100
Taita Catchment 8 .65 0.04 58 200
No. 5
Upper Waiwhetu S 25 8.1 i
IPercy keserve 10 4 .76 12
B Zo.0)
{orckoro Stream 11 20 1.0 20
Kaivharavhara Sim 12 80 15.6 19 50
Note 1 cumec = 35.3 eusecs
1 sqg.km £ 0.386 sq. miles £ 247.1 acres
25.4mm/he = 1 inch/hr = 1 cusec/acre

run—of £

ran—-off

run-of £




N |
N el a0

it

SLCKLAND

Ty e

i,
!
e
.ar;.:,!,.s.\
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HUTT

TABLE 2.3.2

CATCHMENT RUNCEF

PEF T DISCHARGE E: CATCHMENT CATCHMENT PEAK RATE
= ;’é ’ : TSTIMATES i1 PELK AREA OF
P*é“q ,h { cumecs) ¥ DISCHARGE (sg. kns) RUNOFF
=" i i ii (cumecs) i (mm/hour)
i N - T ; ¥

A | Flow at Melling Bridge ; - 1190 I

i |
) Flow at Bircaville | 600 600 427 5
|
¢t C inflow from Whakatikei 110 110 80 5
e
iD Inflow from Upper Hutt 75 : 75 35 e
‘ - . o, .
; = i Sub Total = B + C + D L
t Flow above Lower Hutt 785 ﬁ
i i
‘“ i T STy ._s‘.
; i Ulffereonce = A - B ; B
; i Contyipution from Lower Hutt ? 405 405 65 23
f : X il
1 cumec = 35.3 cusecs
1 sg.km ~ 0.386 sq. miles 247 .1 acres

25 . 4mm/hr
run~-off

1 inch/hr
run-off

e o fie

1 cusec/acre
run—-off
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4 plot of rainfall aand corrvesponding run-—-off from an
experimental catchnent at Taita Soil Bureau is shown iu

Fig. 2.3.2. This is an excellent cxample of the response

TBITeA8TT catchment to a succession of 'bursts! of heavy
rainfall, each having a duration which is significant for
the catchment. Although the area is only 4 hectares

lerger catchments of a size such as those in the storm
alfected area will respond similarly. Significant. durations

will be longer for a larger catchment and intensities lower
vielding a lower unit rate of ruan-off.

There are two major factors affecting peak r tes of run-
off and both are well illustrated in Fig. 2.3.2. These
are El”"t1y, peak rates of rainfall over Ln stgnificant
duration for the catchment and secondly the conditicn of
the catchment at the time of rainfall.

Referring to Fig. 2.3,.2 at the onset of heavy rain, a

burst af rain at a wat@ of 54mm/hour occurred. - The
corresponding catchment run—off peak measured 3/ hovn.

A raih¢¢11 rate of 44mm/nour occurred at about 7.00 a.m.
and this nroduced a 13ml/hour rmn-~off, a four-fold increase
in peak run-off for a lesser rate of rainfall. At this
stage, only about 25 per cent of the reinfall had appeered
as run-off., After further ?aln, a burst of almost 7umm/hour
occurred and with allowance for some run—-off from previous
rainfall, say, &mn/hour, the corresponding peak run~off
vas SCmm/hour. This represente a peak run-cff to rainfall
ratio of 0.7 cr 70 per cent run-off coefficient. Run-off
from the second rainfall period is almost S0 per cent of
the total rainfall,

Also illustrated in Fig.2.3.2 is the reduction in the
response time betweel Tainfall burst and run-off peak as

the rain continues. This response time is an approxization
to the significant duration. Hence the ruan--off coefficient

diff@rs considerably for a Ywetl! or 'dry' catchment as does
the significant duration.

luﬂ“uLC Daesign

R s e o P S e s )

A common basis for design is to estimate the significant
duration for the Datchmen? concerned, select for this
duration the rainfall intensity for the chosen return period
and combine this with a run-off coefficient. The run-—off
cecefficient is selecteu 1Lavr arbitrarily asz an 'average?
value, and i3 nerally %oL varied with different retura
periods. The Welll 91oa City Council design rainfall curve
with rvn-off coeff1c1€n+ table, sec qu.Q,S.E, is an example
cf thiz design procedure. The Lowvew Ault Cily Couneil design.
rainfall curve is also shown in i 2. 3.4.

< 2
e ) e .

The combining of peak rai: “isolated from the
general rainfall withim whi : that is taking nc
account of antecedent ;.;Mii rfimg an average run—off co-
efficient mnruiaf >d to Lt rogdi“iwn Oﬂns;quenr ou ihe
general rainfall,ils an < ' } y approzch.

Ynere the ‘oﬂow Congequenees of 1ua&equate d@sign may b
large, as i Fren the case 1n urban areas, a nore Jenerous
approach to desiga is warranted, pavticularly relating to
provision to cops with Llooding without disasirous consequences
when the design storn is exceaded.
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Historical

Run-—cfrf

Storm of 1966

The most recent flooding in the Wellington/Huit Valley area
similar to that of 20 December occurred in 1966 but on a

smallexr scale. The previous maximum intensities at Avalon,
Lower Hutt; for durations up to 1 hour, were recorded.then.

L

. ;
'3 a.

TABLE 2.4.1

RATINFALT, DEPTHS FPOR THE STORM
O 25001 APRTL, 9006

‘Automatic Time Interval

Statioﬁs 10min 20min 30min Thr 2hr Shr 12hr 24h
Kelburn Insignificant 13.5 25.3 30.6 37.C
Return Period Less than monthly maximun < oyr { 2yr 2y < oy
Avalon 1647 30.0 33.3 41.6 57.9 107.21 130 135.6
Return Period [20-50yr | >50vr [2150yr | = 150y [=150yr 200y | 200yr| 2050y

Knowledge of this 1966 event as affecting the Kaiwharawhara
Stream and lower Walwhetu Stream for example, and press
comments concerning debris on the Bastern and Vestern Hutt
R0ads suggests that the 1966 rainfall event produced similar
results to the initiel 3 hours of rainfall on 20 December.

Storm of 1974

As recently as 29 May 1974 the ensuing run-off from heavy
rain caused flooding on the Hutt Road between Wellington
and Petone. This was extensive enough to close the rcad

for some hours. The after work peak traffic returning to
Hutt Valley detoured via Porirua and Haywards and the volume
of traffic at the Wellington end on the few available routes

caused this journey to take over 3 hours.

TABLE 2.4.2
RAINFALL DEFPT{HS FOR THR STORM

G 25 DAY 1074
Autonatic Time Interval
station§ 10min 20min 20min 1hr 2hr Ghr 12hy 24hr
Kelburn 9.1 9.0 10.% 14.1 21.2 40.0 69,2 95.5

Return Period| £ 2yr < 2¥yr < eyr| £ 2yr < 2yr 2yr| 2-5yr | 2-5Syr

Avalon 95 1.3 195.1 19.2 30.7 49.7 5.9.?. 9.9

Return Period| < 2yr 2yr 2-Hyr 2=5yr 2-3yr 2-5yr| 2-Syr | 2=Syr
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Rainfall

i S

Since as early as 1863 (Kelburn) it has not been the practice
of the N.Z. Meteorological Sexvice to relate rainfall to
general observations of run—coff on am official basis. Hence
rainfall data alone cannot more than in a general sense be.
used to determine run-off frequencies.’

Table 2.4.3 has been supplied by the N.Z. Meteorological Service
and is Tabie I of N.Z. Meteorological Technical Information
Circular 154, Tomlinson, A.T. 1977 - The Welliugton and Hutt
Valley Flood of 20 December 1976, This is Vel to be publlgn d.:
The table 1lists maximum daily rainfalls recorded at various

long term stations, return periods (Cumbel Anc.iysis) and the
maximum 24 hour rainfall in the 20 Deccmber stixm. The rainfall
station at Baring Head is included, and fig. 2.4.1 (Table IV

Met. Publication) shows rainfalls observed on 26 December 1939
(the largest known flood in the Hutt River occurred on 18 December
1939). Approximate isohyets have been sketched in. This storm
apparently had evonlﬁgyerrainfalls than those on December 20th
although it appears to have been smaller in areal extent. Other
dailly rainrfalls exceeding the theoretical 100 year events have
occurred at Kelburn,Lower Hutt and Wainuiomafa, The average of

these maximum daily rainfalls is 190mm (7% ches) while the
averaqe 100 year event is about 200mm (& 1n'keﬁ) rer cay. Al
the automatic rainfall stations cf Xelburm and Lover Huot, the

records which are used to derive design Fﬂequches the
maxinam 24 hﬂur rainfalls have been 157mm (& 1u”1cs at Xelburn
and 136mm (5% inches) at Lover Hutt. At Xelbuin with 43 years
of auntomatic records the 100 vear 24 hour rainfall is 166mm
(Gumbel). This agrees well with the 160mm derived Fron daily
reconrds for 113 years. At Lower Hutlt with 28 vears of antcmatic
records the 100 year 24 hour rainfall is 160mm (Gumbel). This
15 the same as the 160mm derived from the daily records fon

43 y@arsa Hence statistics derived Ffrom the automatic records
do not appear misleading in relation to the longer term daily
records.

\_.xv

Conclusions from Historical Data

e e b b5 T P e A e e

A general conclusion can be deavn from the historical rainfall
data, Anywvhere within the Wellington-ilutt Valley Region could
experience a daily rainfall of QOOmm (8 inches) wilh a *hcvvorLde
return period of 100 years. Daily falls of greater than 200Cmm
have occurred at least 5 times in the region, within the 113

vear period of the record,and the consequences of these zrainfalls
shoul.y be considered in design.

From thne relatively scant higtorical Flow information, it can

be concluded that throughout the Region some of the watercourses
proved inadequate in April 1966 and in May 1974 while in Decembep
1976 mary watercourses overflowved at an early stage.
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TABLE 2.4.3

BESTIMATES OF THE 50 AND 100 YEAR RETURN PERIOD
VALUES FOR DAILY RAINFALL (mm) AT A SELECTION
OF STATIONS WITH LONG PERIOD RECORDS IN THE
WELLINGTON AREA

Length Maximun Return Period Maximum
of 1-day 24=hx
Record Rainfail Rainfall
{years) Recorded 50 year | 100 year | in the Dec.
(up to 1975) 1976 Storm
. ing Head 40 387* 145 170 -
deacon Hill 55 156% 1850 175 -

i Plimmerton 28 112 135 . -
Brooklyn Reservoir 35 147 150 - -
XKelburn 113 217 140 160 153
Xarori Reservoir 93 161 17C 205 157
Trentham 45 146 150 175 -
¥Korokoro 28 118 135 - -
Wallaceville 3 127 135 - 114

i Wailwhetu 51 162 170 200 -
Lower Hutt 48 126 145 160 264
“rinuiomata 80 320 285 310 125
Lrongorongo 48 265 265 285 -

¥ 0On 26 December 1939

Ncte:

Table 1
From

Daily rainfalls are those recorded each day at 0900 hours
and are the total rainfall that has fallen in 24 hours up

to 0S00 hours.

Maximum 21 hour rainfalls are the largest rainfalls to
occur in any 24 hour period.

Tomlinson, A.I. 1977 The Wellington and Hutt Valley
Flood of 20 December 1976.
N.Z.Met.S.Tech.Inf.Circ.154.
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Figure 2.4.1

o e 2

-W
1Y ol ", ‘ )
,OW Scalb... 1:250,000

Tomlinsoi, A.LT. 1977

-

The rainfall rvecorded between 0900 hours on 26.12.1939
and 0900 hours on 27.12.,1939. Since there are relatively
few observations the isoyets (drawn at O.50mm, 100mm,
o00m and 3C0mm) must be interpreted as very approximate,

The Vallington and Hutt Valley Flcod
of 20 December 1976, W.Z.Met.5.Tech,Inf.Circ.154,
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Statistical Analysis

- e

Discussion on the theoretical return period of the 20 December
flood (and associated damage) can only be based on a statistical
analysis of availabic rainrall data as no long ferm flow record
from any of the small catclinents is available.

(At Taita flow records are available from 1961, short term. The
previcous maximum from the exotic catchment was 9.7mm per hour
in April 1966. 0n 20 December 58mm per hour was the maximum
flow rate.)

Automatic rainfall records from Xelburn from 1928 to 1975 (note
that this excludes the 20 December rainfall) and at Lower Hutt
from 1948 to 1975 have been analysed by the Water and Soil
Division of the Ministry of Vorks and Development. The results
arc chowvn in Tables 2.5%.1and 2.5.2 . There is no meaningful
difference between the distributions chosen to model the rainfall
observations.,

The return periods of the 20 December rainfalls for the various
time intervals are summarised below: -

TABLE 2.5.3

ouratlon 10min 20min 30mizn § 60min{ 2hrsy 6hrs! 12hrsi 24hrs
¥Xelburn 5.7 12.0 17 .2 29.1 39.9] 88.0( 125.5] 153.0
Return

Period 2.33 5 10 50 100 200 200 50
Lower Hutt] 6.9 12.3 18.6 35.0f 60.61154.7}1 230.6 264.5
Return

Period 2,3 2.33-5) - 10 50 | 200 1000131000 | >1000

An analysis of the shorter record at Taita 1961-1975 was also

done and a comparison made with Lower Hutt for 1961-75. Results

are shown in Table 2.5.4., For durations of 60 minutes and over

at Taita the return period exceeds 1000 years. The difference
between the results at Taita and Lower Hutt may be attributed

to the shortness of record and the areal variability of particularly
short period intense rainfalls.

The nature of the flood on 20 December is best considered in the
light of the 6 hour rainfalls. As catckments became saturated
short bursts of rainfall of the significant duration produced
peak rates of run-off higher than those that would have occurred
from catchments in an average twet' condition. High rates of
run-of £ continued foxr long periods. The amount of ‘debris
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deposited and the consequent cost of removal therefore reflect
more the duration of rainfall than the peak discharge. Where
roadvays were scoured this actioa also continued over long
pericds. Where the ability of watercourses to discharge was
governed by outlet conditions, such as in the Petone area

and the Waiwvhetu area, inflows over a long period in excess

of outflows caused flooding as water ponded, again a condition
related to the 6 hour duration rather than the significant
duration. »

Megnitude of Event

Hence taking the 6 hour duration as representing the magnitude
of the flood a return period, in terms of the data on which
design for run-off has been based to date in the region,of

1000 years or more can be assigned to the event of 20 Deacember.

The return period of the peak discharges will be a little in
excess of the return period of the rainfall intensity over- the
significant duration. In the 20 December event the return
period can be taken as lying between 50 and 200 years (note
that the intencities at Xelburn are lower than for Lower Hutt
but that the centre of tre storm did not cover Kelburn).



. TABLE 2.5.1 PAGE 1
RAINFALL FREQUENCY ANALYSIS — ANNUAL EXTREMES (Depth in mm)
KELBURN E14272 19281975

Return Distribution Time Interval
Period _Type - - -
(Yrs) . 10 min 20 min 30 min 1 hr 2 hrs 6 hrs 12 hrs 24 hrs
Log Pearson 7.5 10.2 12.6 17.3 24.2 44.3 59.1 79.2
Log Pearson Adj]. 75 10.2 12.5 17 .2 24.2 44,2 58.9 79.1
2.33 E.V.I. Dist. 7-4 10.3 12.6 17.3 23.9 44,2 59.0 78.5
Jenkinson 7.5 10.0 12.3 16.8 24.3 43.3 59.7 81.6
Gumbel 7.4 10.4 12.8 17.3 3.9 44 .2 59.3 78.9
Log Normal 75 10.5 12.9 17 .6 24.3 44.9 60.1 78.56
Log Pearson 8.8 12.4 15.2 20.2 28.2 52.5 71.3 98.3
Log Pearson Adj. 8.8 12.3 151 20.1 28.2 52.4 71.2 58.2
5 E.V.T. Dist. 8.8 12.3 15.0 20.1 28.2 52.5 77 61 7.2
Jenkinson 8.8 12.6 15.4 20.2 28.2 52.4 711 100.1
Gumbel 8.8 12.7 15.5 20.5 28 .1 53.2 72.6 98.8
Log Normal 8.8 12.5 15.4 20.4 2.2 "52.9 71.8 8.5 !
Log Pearson 9.9 14.4 1745 22.7 31.3 59.6 82.0 it4.4 :
Log Pearson Adj. 9.9 14.4 17.5 22.8 31.3 59.7 82.1 114.5 i
10 E.,V.I. Dist. 10.0 13.9 17.0 22.5 31.6 59.4 80.2 113.0 5
Jenkinson 9.8 14.7 17.9 23.0 31.4 59.8 1.4 i 115.2 ]
Gumbel 10.0 14.7 17.9 23.1 31.5 60.5 83.5 115.0 ]
i Log Normal 9.9 14.2 17.3 22.5 31.2 59.1 1.2 114.0 !
i Log Pearson 11.0 16.6 2C.2 25.5 34.5 67.2 93.6 131.3 ?
i Log Pearson Adj. 11.0 16.7 20.3 25.6 34.5 67.4 94.0 131.6 |
o0 E.V.I. Dist. 11.2 15.5 18.9 24.7 34.9 65.9 SC.3 127.S |
| Jenkinson 10.9 16.7 20.3 25.7 34.4 66.9 90.7 129.6 ;
Gumbel 1.1 16.5 20.1 25.5 34.8 67.5 93.9 130.5 3
L,og Normal 11.0 15.8 19.2 24.6 34.2 €5.2 SG.4 i 129.7 2
1
i
1 3




TABLE 2.5.17 CONTINUED PAGE 2

g Return Distribution Time Interval °
Period Type - - : 7 7
i {(Yrs) T { 10 min | 20 min 30 min | 1 hr | 2 hrs & hrs 12 hrs 24 hrs
| :
| ! :
| Log Pearson 12.2 |} 19.2 23.3 28.7 37.9 75.8 107.0 150.5
I 50 Log Pearson Adj. 12.2 | 19.5 23.6 29.0 g,0 75.4 108.0 150.9
} BeV.T. Dists 12,6 1 17.5 21.3 27.7 39.2 74.3 102.5 147 .1
| J i 12.20 | 19.2 3.5 2%.2 38.4 76.2 102.8 148.4
: ! i 12.6 ¢ 18.9 22.9 28.7 39.0 76.6 107 .3 150.6
i = {1241 175 21.3 26.8 37.3 71.8 100.5 147 .1
1
g L 131 27.5 26.0C 31.4 40.6 83.0 118.3 166.1
E L’g -4 -‘“}éj.; 13.1 22.0 H 260“) 31=8 007 R3i9 1”9.8 166&8
i 100 t E.V.I. Dist. I 13.7 19.1 25.1 29.9 42.5 3 80.7 111.6 161.5
i | Jenkinson 13+.2 21.2 25.8 37.8 41.3 83.1 111.9 162.4
} Gumbel 137 20.7 25.0 1 31.1 42.2 83.3 117 .4 165.7
Log Normal 1 13.0 1849 22.9 i 28.5 39.8 76.9 108.4 161.0
b= - e i : — i 3
E : LOog Pearson i 14.0 24.0 25.9 341 43.2 S0.4 130.0 181.9 |
} ! Log Pearson Adj. 14.0 24.6 25.7 34.8 43.4 9147 132.2 183.0 !
200 {E.V.I. Dist. Po14.8 20.6 24.9 i 32.0 45.7 87.0 120.7 ¢ 175.5 i
i { Jenkinson ; 1441 23.1 28 .1 34.4° 44 .2 8%.9 120.9 176 sl i
i Gunmbel 14.8 22.5 27 .2 33.5 45 .4 %0.1 127 .5 t 180.7 |
§ Leg dMermal 13.9 20.3 24.5 [ 30.2 42.1 1 81.9 116.2 j 174.9
[ PSS . ¥ 1 3 -
i B - [ ! [
i ! [ 14.7 26.2 | 31.5 { 36.5 45.5 96.8 140.2 195.7 |
e <1 14.8 27.0 32.5 i 37.4 45.7 98.4 143.0 197 .0 !
| 1000 to17.4 241 29.17 | 37.1 53.1 101.6 141.8 20S.1 |
i , [ 16.2 27.5 32.6 ! 40.4 51.0 105.9 141.3 I 208.8  {
; : | 17.3 | 25.7 ¢ 32.1 1 39.1 52.7 105.8 150.8 | 215.4
: ] i 14.6 1 21.4 25.5 i 31.5 44,1 86.1 122.8 186.8
[ L ’ 4 T
L} v i 3 3
| Previous Max. Depth ! 13.0 . 22.0 25.0 | 31.0 40.0 7740 134.0 157 .0
| Dec. 20tk Mex. Depth _g Go7 12.0 17.2 i 29. 39.9 £8.0 125.5 p 152.0
i E i ] r

C 6l



. TABLE 2.5.2 PAGE 1
RAINFALL 7  UENCY ANALYSIS - ANNUAL EXTREMES (Depth in mm)

SWER HUTT E14125 1948-1975
{ Return Distribution Time Interval
Periocd Type - , 7 -
(Yrs) 10 min !;_20 min 20 min 1 hr 2 hrs 6 hrs 12 hrs ; 24 hrs
‘ | !
1,09 Pearson 7.8 11.3 13.2 18.4 26.0 | 44.8 57.6 | 81.4
Log Pearson Adj. 7.7 111 12.9 186 .1 25.6 44.3 56.9 81.2
2.33 E.V.I. Dist. 7.9 11.6 173.6 18.3 26.4 45.6 58.4 80.5
Jenkinson 8.0 10.3 12.8 18.2 25.2 42.1 55.7 84.4 _
Gumbel 8.0 11.7 12.8 18.9 26.3 45.7 59.0 81.1 f
Log Normal 8.0 11.8 14.0 19.1 27.1 L 46,3 59.7 | g82.2 |
3 1 5
i Log Pearson 9.8 14.0 15.9 22.0 21.2 53.4 69.3 f__98.2 ;
Log Pearson Adj. 5.7 13.8 15.5 1.7 0.8 53.5 68.6 | 98.1
5 B.V.I. Dist. 9.7 14,1 16.0 22.0 31 .1 54.5 69.4 87.3
Jenkincon 10.2 14.2 16.3 22.3 31.7 - 52.6 69.5 100.8
Gumbel 10.2 15.1 7.4 I 23,2 33.0 56 .7 72.7 2941
Log Normal 9.9 14.4 16.56 f 22.5 32.0 54,9 70.7 i 93.6
Log Pearson 11.7 16.8 18.9 255 36.5 62.5 0.6 112.5
Log Pearson Adj. 11.7 16.8 18.7 i 25.5 36.4 62.6 80.5 112.5
10 E.V.I. Dist. _ 11 1 16.1 18.0 24.6 35.0 61.7 78.3 710.9
Jenkinson 12.0 16.9 19.2 25.7 37.0 61.1 30.7 114.2
Gumbel 12.0 17.9 20.2 26 .6 38.1 65.6 83.2 113.7
Log Normal 11.5 1€.5 18.6 25.2 35.9 61.6 75.4 1711.8
Log Pearson 13.8 20.2 22.6 29.7 42.7 " 72.5 83.7 127 .4
Log Pearson Adj. 14.0 20.5 23.0 30.2 43.4 73.5 95.1 128.0
20 1 E.V.I. Dist. 12.5 18 .1 19.8 27 .2 38.7 68. 86.8 123.9
Jenkinson 13.7 19.6 22.0 28.9 42.0 €9.3 91.4 127 .C
Gumbel 13.7 20.6 23.0 30.0 43.0 74.2 94,7 127 .7
Log Normal 13.0 18.6 20.7 27 .8 39.8 68.4 88.0 124.9
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TABLE 2.5.4 ' PAGE 1
RATINFALL FREQUENCY ANALYSIS — ANNUAL EXTREMES ( Depth in mm)
SOIL BUREAU TAITA -~ E 14192 AND AVALON — E14195 — 1961-1975

Station & Distribution Time Interval
Return Type e
Pericd(Yrs) 10 min 20 min 30 min 1 hr | 2 hrs 6 hrs 12 hrs 24 hrs
Taita Log Pearson 6.9 10.7 12.9 18.2 25.5 46 .8 66.7 86.5
2.23 Jenkinson 7.5 11.1 14,0 19.2 26.5 47 .4 70.7 94.4
Gumbel /o 10.9 13.0 18.0 25.7 46.5 65.5 86.9
Avalon Log Pearson 7.6 1.4 13.5 18.2 27.0 46.2 58.5 87.2
2.33 Jenkinson 7.9 10.7 12.8 17 .1 26.1 42,1 56.2 92,7
Gumbel 8.0 12.6 i 14,6 i 19.5 28.6 47.8 6£0.8 8.9
Taita Log Pearson 10.6 15.6 18.4 24.5 34.8 65.5 4.4 124 .1
1 L Jenkinson 11.0 16.1 18.9 24..6 35.7 66.3 95.4 126.7
Gumbel 11.0 16.0 18.9 25.1 35.5 67.3 06.4 126.8
: 1
Avalon Log Pearson 12.1 17 -4 20.0 25.9 39.8 7C.2 88 .6 120.9 '
10 = Jenkinson 12.6 19.9 22.7 28.5 42,6 712 91.4 123.3 {
"1 Gumbel 12.8 20.6 23.2 29.5 42.9 74.9 °4.0 ¢ 123.5
Tailta Log Pearson 12.6 18.1 21.2 | 27 .4 39.6 74 .1 106.2 142.9
20 Jenkinson 12.5 18.2 21.0 27.0 39.7 74.4 10€.1 { 140.5
GU.mbel ’2206 1.8.3 21 04 28-1 ‘40:2 7602 109»7 % 14‘400 H
Avalon Log Pearson 14.8 23.6 26.7 i 33.4 48 .4 34.C 106.5 137.0 i
20 o Jenkinson 14.7 23.8 27.0 33.4 49.7 83.8 106.5 i 136.0
Gumbel 14.8 24.0 25.9 ¥ 33.8 49.0 86.6 t108.3 E 138.3
i | ,
i { E




TASLE 2.5.4 CONTINUED PAGE
% g DigTtribution i ) Time Interval - %
i Tvoe - v - - ; i
{ } o 10 min | 20 min | 30 min j 1 hr i 2 hrs 6 hr i 4 hrs |
3 1B i i B 3 :
i { ; ; i
| Taita | Log Pearson I 45.0 ; 21.2 1 24.4 30.4 | 45.2 83.7 164.6
| sC Jenkinson ° i 14.4 21.0 I 23.7 30.C | 44.8 84.9 158.5
| Gumbel [ 14.8 21.2 24,7 32.0 i 45.9 87.8 166.3
! ! ! §
) i 1
l Avalon Lcg Pearson 18.2 33.6 | 27.2 44,08 59.8 101 .0 154.9 '
150 b Jerkinson 17.3 29.6 32.5 39.8 58 .8 100.0 152.5
g { Gumbel I 17.5 28.5 i 31.7 39.3 57 .0 101.7 159.7
j= e 4 : i
I Taita Log Pearson 17.0 23.8 27 .1 32.8 b 49.9 S1.4 128 i g
% 1C0 Jenkinson 15.9 25.1 25.7 32.3 48.6 2.8 130 !
: . Gumbel 16.4 23.3 27.2 4.9 ! 50.1 S6.5 139. ;
o= = ;
| Avalon | Log Peavson [ 21.4 45.3 | 49.3 57 .4 70.9 116.2 i
l 100 Jenkinson 1.3 32.8 P 36.7 44.5 €5.7 112.2 i
1 Gumbel 18.5 31.8 1 35.3 43.5 62.9 11341 §
e = s - e -
i . : : :
i Tziia | Log Pearson i 21,2 ! o251 b 2204 37.3 59.2 105.7 §
I 1000 Jenkinsor 20.7 29.9 | 32.5 35.8 61.3 118.8
i { Gumbel 21.7 30.5 | 35.3 44.7 €4 .1 125.2
I | N RS
j Avalon | Log Pearson 28.2 { 56.06 i 59.3 69.2 95.9 148.0
{ 1000 { jenkinson 25.8 45.5 56 .4 60.3 88.5 152.4
E i Gumbel 26.1 | 42.9 47 .7 Sy 82.8 155.5
j Taita Prev.Max. Depth 12.9 18.3 20.3 28.7 43.2 82.8
| Dec.20,Max . Depth 1.2 b 21.6 28.9 439.9 88.6 180.4
| Avalon | Prev.Max. Depth 17.0 { 30.0 ¢ 33.0 I 42.0 5.0 107.0
3 Dec.20,Max. Depth | ° 6.9 12.3 18.6 35.0 60.6 154.7
i B .

.98 —



3. BAFRECT OF THE EVENT

[T

3.7 On Streams and adjacent Areas

3.1.1 Introduction

The effects of this high intensity rain falling continuvously
over such a long period were two-fold. Firstly, the high
flows exceeded the capacity of culverts and stormveter
systemns which had been designed in most cases for 5 to 10
year return period storms and others which were unauthorised
and under capacity. Secondly, the super-saturation OFf the
soil and weathered rock mantle resulted in landsliides which
brought doun trees and cther debris into the already over—
loaded watercourses. This material blocked culverts complately
in many cases and resulted in stormwater and debris leaving
the normal channels and flowing uvncontrolled over rcads and
private properties. Effects on areas which suffered major
demage are described below.

3.1.2 Pinehaven-Silverstream Area (Map I)

———

This area is drained by the Heretaunga drain-Hullg Creesk
which flows from the Trentham Military Camp area and 1is
joined adjacent to Silverstream Railway Station by the t
piped maian drainage channel fyrom the Pineheaven area. By
4,30 a.m. on 20 December, the str=am had exceeded thes ca
¢f the culvert on the Silverstream Railway Underpass, two
vehicles being submerged to up to two thirds of their
height. By 6 o'clock, the chennels in the Finehaven area
were full and water was beginning to overflow onto roadways.
Minor slips resulting in partial blockages of streamns and
culverts began occurring by 7 ofclock and before 9 o'clock
several large slips had occurred in the Pinehaven and
Elmslie Road areas, completely blocking culverts, filling
stream channels, threatening houses in Pinehaven Road and
half burying three houses in Elmslie Road.

At the same time, it is apparent (following an aerial in-
spection of the catchment) that further large slips occurred,
particularly in the catchment south east of the end of Pine-
haven Road, sending tons of debris down the chamnels. These
earth movemer.:s resulted in any flcod carrying structures
downstream wkrose capacity was already exceeded, being rendered
completely incperative and the flood waters being forced

to find the lowest point by flowing through private property,
houses, across streets and finally back into the stream channel.

The extent of the flooding is shown on Map I.

The principal areas of damage due to flooding and debris
deposit were Upper Pinehaven Road, Elmslie Road and the

low area near the junction of Pinehaven and Blue Mountains
Road. It is apparent that the long period of high intensity
rainfall resulted in the upper soil layers being saturated

to such an extent that the slips mentioned above occurred.

It is also apparent that these slips caused debris damsin the
catchment, some of which aliowved water to build up behind



them until such time as they were overtopped or gave way.
This resulted in a surge of water and debris flowing down
Pinehaven and Elmslie Roads causing, in the case of Elmslie
Road, severe property damage. The Heretaunga Drain channel
abovo the Pinehaven Stream conflugnce also proved inadequate
from a CHDQCLLJ point of view and, although no aggradation
and erosion occurred and no major property danage was
suffered, the stream flowved zround houses in the area as
shown on Map I.

3.1.3 Stokes Valley Area (Map II)

Stokes Valley con~ihf< of a main catchment draining into
the Stokes Valley Stiream which runs moreor less south-north
with a suwbsidiary vatchment known as Tuil Glen, draining
into a stream which is piped through long lengths at its
lover end and joins the main Stokes Valley Siream channel
about one third of its length from its mouth at the iHult
River.

Damage 1in the Stokes Valley area can be gﬁnorclly classi-
fied into two types, i.e.

(a) cavsed by °1¢pﬁ occurring in small but steep chanunels
in the Manuka rrc“i/laaahl Street area, which blocied
the piped siO“mra:e“ culverts progressively down the
streets, leaving the flood waters to find their oW
pascage down to the valley floor through private
property with further erosion and deposition oP
material. In addition, run-~off from the catchment

above Tawhal Street cavsed erosion of the
stream bed with subsequent deposition of the material
downstrean,

o

and
(b) general flooding due to the inadequacy of both the
- piped and opern chammel storvmwvater system to cope with
the extreme rainfall experienced.

A brief description on specific areas now follows.

3.1.3.1 Tui_Glen Area

It is likely that capacity of the stormwater system of
Tui Glen was exceeded if it was not already blocked by
6€.00 a.nm. on Monday 20th.

At this time, Glen Road was a fast flowing torrent flowing
across Stokes Valley Road to rejoin the main stream through
properties just below the Jjunction. An inspection made

after the flooding had subsided revealed that several slips
hed occurred iun the catchment which resulted in deposition
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of the slip materiel on the valley floor as soon as the
stream channelis which received the slips flattened out

or attempted to enter a pip=. A 1050mm diameter coricrete
pipe culvenrt some 350m long which was intended to take

some of the excess flow from the Upper Tawhai Street area

vas in the process of constiruction and these pipes actually
floated cul of the trench which had been largely backfilled,

. indicating wunfortunately that they contained no water.

In one case up Kereru Grove, a catchment of approximately

4ha was drained through a 9% diameter pipe. A slip

occurred in this catchment which brought down approximetely
100m~> of material. Needless to say, the pipe blocked and

all excess water went down the street, At the eastern end

of Tawvhai Street, where subdivisional activity was proceeding,
the deposition of slip material by the stream at the Fflatten-—
ing of the grade resulted in severe blockage of the intake

to the piped stormwater system and the overcoming of two
smaller culverts which had been constructed as access ways

to sections across the stream. It is apparent that this
stream then rushed down the road and through private property,
blocking culverts and aggrading the stream bed as it went.

Inn Kamahi Street a large slip blocked culverts resulting in
water being turned into the street where it flowved down

the street, scouring out seal and kerbs. They turned back
through private properties intc the stream. In Manuka Street,
a large slip near the top of the road overvhelmed the culvert
under the road and as a result, debrics and flood watecrs wvere
propelled across the road into private property on the low
side. This material, together with further material,eroded
as the high flood passed dovn the stream, resulting in the
blilocking of many more culverts and water finding its own
path to the main channel, causing damage to property as it
went.,

The main Stokes Valley Stream is piped between the back of
the Fire Station and the concrete channel at the south end
of Delaney Park. A very large catchpit with railway rail
grill work had been constructed at the time the pipe was
put in and according tc observations made by City Council
staff, this catchpit coped until about 11.00 a.m., when it
became completely filled with debris.

The main channel below the shopping cen:ire proved to be
incapable of carrying the flood flows and according to an
eye-witness there was 150mm of water across the Rawhiti
Street bridge by 6.00 a.m. and debris levels and observa-
tions made by others during the peak of the storm indicate
that both the Stokes Valley Road bridge and the Thomas
Street bridge decks were avash. At the Eastern Hutt Road
bridge, the water flowed around each of the slightly lower
- approaches to the bridge but did not reach the deck. This
extremely high level resulted in the flcoding of at least
10 houses in the Stokes Valley Road area. At 10.30 a.m.
the Service Station at the entrance to Stokes Valley was
inundated to a depth of 150mm below the tops of the petrol
pumps. '
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3.1.4 Belmont Area (includ 1ng Kelson)

This suburb of Lower Hutt “an1sts of the devceloped hillside
reas above the Western Hilis fault scarp and the small

area of residential housing between the motorway and the

river below Xelson. There ic one major watercourse draining
the areas behind the Western Hills fault sarp in this

vicinity, namely Speedyfs Stream, which enters the Hutt

River at the foot of ¥elson adjacent to the Belmont School.

The rest of the hillside arca between Melling Bridge and

Manor Park is drained by many small streams draining the

plateauv area above S.H.2 directly to the river. These streams
in general come down very ”*{Cp channels usually with a
gradnont in the order of 1 to 1 into pipe culverts under the

motorvay and the old Western Hutt Road and discharge into

the Hutt River.Obszservations made at 6.45 a.n. on Monday 20th,
indicated that already some of these culverts were over-
whelmed by the flows. This was not helped by partial clogging
of the entrances to the culverts by naturally occurring

debris from the channel edges, brought down by these highe%

flowd. Between about ¢.00 a.n. and 11.00 1 .u. the contiauving
‘heavy rain caused several major slips to ccocur in the wval ]ey
resulting in the complete blockage of most of the pipe systems

and the resultant flood of debris and water added to the
closure of S.H.?2 and caused flooding around scme houses and
factories in the motorway vicinity. These slips generally
had no other effect apart from the ones which occurred to

the north of Speedy's Stream above the Belmont on the Flat
area. Here scvere gully erosion resulted in a slip engulfing
a house, completely de Lroylﬂg it. Gully erozion 1in several
others oovoq ited debris in the stream chanmel blocking the
culvert wader the moiorway, resulting in water and debris
filling a low--lying area comprising saveral Louvoq between
the old Western Hutt Road and S.H.2, Drainage from some of
the Xelson subdivision passcs down some of these watercourse".
However, similar gully erosion occurred in watercourscs which
receive no more drainage than they had 50 years ago-. As the
rain continuved large amounts of mud and silt from the slips
and gqully erosion flowed across the motorway and onto streets
and houses in Belmont on the Flat. Charles Street being the
lower street leading to the river was most affected. In this
street three houses were flooded to a depth of about 1 meter
and the street was left covered with about 300mm of mud and
silt. Similar damage was exper:ienced by the houses along
Norfolk Street where the flow 07 surface water down the
motorvay spilled over the embankaent and into these properties.
While in some cases some of the sulvert entries had small
catchpits and grill work, no norially sized catchpit could
have coped with the amourit of debris which came down thesge
particular gullies,

Speedyfs Stream dreins a catchment incised inio the plateau
bounded by Hill Rosd on the south and XKelson on.the north.
The stream runs in a very narrow steep sided valley the sides
of which are largely undnvc]ou >d and covered in scrub. The
top on the western side is largely pasture and towards the
lower end on the eastern side urban development (Xelson) has
taken place. It is apparent from aerial inspection that a
considerable mumbﬁ“ of major slips has occurred in the un-
developed portiocn of the catckment as well as some below



Kelson. Because of the steep-sided nature of the streams,
many of the slips may well heve come down and temporarily
dammed the siream until such time as the water built up

behind them and burst cver the top, resulting in a flood
wave removing most of the dam and any other similar dams
formed by =lips below. A flood wave, loaded with a
considerable amount of debris, was cbserved to pass down the
stream between 10.00 and 11.00 a.m. completely overwhelming
the culvert under S.H.2 adjacent to Belmont Schocl. At

this point the water burst over the partially blocked
culvert onto the Major Drive S.H.2 intersection as well as
through the pedestrian subway on the southern side. The
water flowing through the subway caused flooding in the
Belmont School vicinity and the rest of the water caused
excessive deposition of debris and mud over S$.H.2 before

it found its way back into Speedy's Stream charmmel on the
dowvnstream side of the culvert where further erosion of the
channel took place. While most of the water followed the
criginal channel into the Hutt River, some passed across the
Belmont Domain. The fast moving flood waters upstream of
the culvert eroded into the steep face of the embankment on
Major Drive which Lower Hutt had attempted to stabilise
wvith a gabion retaining wall in recent years. This retaining
wall seemed to have held although erosion has now taken
place upstream and downstream of it. The watermain which
vasged across the stream just west of the culvert had the
anchor block on the southern side completely washed awvay and
as a result water supply to Belmont on the Hill was cut off
until such time as temporary repairs could be made on

22 December. When the culvert blocked Ministry of Works

and Develobpment staff were quickly on the scene and were
able toc clear the culvert face, resulting in the full flow
flowing through the culvert before mid-day. This prompt
action almost certainly reduced the amount of damage which
could have occurred to Belmont School.

3.17.5 Harbourview, Normandale and Maungaraki Areas (Map II)

The Harbourview area drains dgenerally into a deeply incised
channel leading into a 54" diameter pipe laid under a very
high road embankment and under S.H.2 and the railway line
into the Hutt River. A large slip occurred adjacent to the
roadway and this together with other smaller slips in the
catchment added tonnes of debris to the channel just above
the culvert entrance. While this culvert did not block on
20 December, the further heavy rain on the night of

31 December caused this material to be washed into the
culvert blocking it and causing an impoundment of water
behind the embankment. The use of explosives was necessary
to clear this blockage.

A similar situation occurred in main channel draining the
Normandale area, which is piped from the first hairpin
bend on Miro Miro Road under S.H.2, the railway line and
the Alicetown area into the Hutt River. This pipe became
blocked at its intake and the resultant flood waters were
diverted down Miro Miro Road into Normandale Road, some



passing across the Normandale overbridge, the rest diverting
around the side, flooding &.H.2, the Melling railway line
and the properties to the esst of this. At the same time,

a considerable amount of debris was deposited, particularly
on S.H.2 and the wrailwvay line. The road surface above this
pipeline on Wormandale Road/Miro Miro Road was scoured

out to some depth by the fast moving flood waters.

Tn the Maungaraki area, flood detention dams installed as
part of the subdivisional development operated effectively
apart from one notable exception. In the case of the
Percyts Recserve Detention Dam, the dam was filled and
the spillwvay operated efficiently with only a small scour
hole being developed at the discharge end of the spillway.

The detention dam near the Dowse Drive/S.H.2 intersection
failed due to overtopping. This dam had no spillway, but

had a high level intake which uvanfortunately proved inadequate
. to cope with the flow. It is noted that Lhis .is the second
“time this dam has failed since 1973. Failure, occurred on the
first occasion during construction of the high level intake. Th
failure of this dam resulted in the embankment being scoured
out: and a flood wave of debris-laden water passing across
S.H.2 and flooding industrial premises on che Hutt Road,

in particular the premises of Clyde Engineeriug Ltd. on the
ceastern side of the railway iine.

Blsewvhere in these areas various other slips occcurred and,
together with minor gully erosion,caused partial blockages
of piped stormvater systems wvhich, in any case, would have
been inadeguate at the height of the storm.

3.1.6 Vaivhetu Stream (Map I1)

The Waiwhetu Stream reacted very quickly to the high intensity
rainfall and by 10.00 a.m. was already in a very high stage
resulting in the flooding of the garages under the houses

on the emall private roads across the stream, from the end

of St. Ronan's Avenue. Apart from this flooding, there

vas no other property damage attributable 10 the stream
flooding above the Whites Line Tast bridge.

Very shortly afterwards the water was already above the

soffit of both pedestrian bridgeos connecting Riverside Drive
with Te Whiti Park. Below the Whites Line Bast bridge

the stream rose in the Haywvards Terrace vicinity early

in the day, causing flooding around houses. Below the

Bell Rozd bridge, the high stream flow together with the
extremely high tides associated with the low barometric
Pressure, resulted in the flooding of Parkside Road 1in several
areas. ;

However, the principal area of concern with the Waiwhetu
Stream was the area between Wainui Road bridge and Bell
Road bridge es at about 2.00 p.m. the water was already

up to the soffit of the Wairmi Road bridge and would have
been expected to have gone higher with the incoming tide.
At that time the stream was some 200mm above the top of the

{
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low point of the stopbank on the western side just upstream
of the bridge and as a result, several houses in the low-
lying area of Riverside Dyxive opposite the D.S.I.R. Chemistry
Division were flcoded. This stepbank had been constructed
as a joint effort between the Hutt River Board and Lower
Hutt City in an attempt to protect these houses. A flood
pumping station was also constructed. It i3 apparent

that the flood flow of the stream would have overtopped

the stopbank whethey the pumping station had been operative
or not. In fact, of the three pumps 1n this pumping station,
two had been removed to enable maintenance work to be done
on the third. The non-functioning of this pumping station
did, however, result in flood waters being trapped behind
the stopbank well after the level in the VWaiwhetu Stream

had receded below the stopbank. (See Map II.)

3.1.7 Xorokoro Stream

The Korokoro Stream drains a catchment of 1616ha (4000 acres)
and runs in a southerly direction into the harbour at the
wvestern end of Petone Beach. Following ground and
aerial recomnaissance aiter the flood, it 1s apparent that

on 20 December more than ten large slips cccurred in the
undeveloped part of the catchment on both sides and because
of the gorge-like nature of the catchment below Stratton
Street, these slips must have partielly or completiely blocked
the channel until such time as they were washed away by a
build-up of flood waters behind the fallen material. At this
stage the flood waters would have quickly eroded the slips
resulting in a large flood wave <arryviing a considerable
quantity of material, including pine trees, arriving suddenly
at the Cornish Street area. This torrent quickly blocked
both the bridge and building under the countrol of Mogal
Transportation Ltd. diverting water both down Cornish Street
and through the container storage area back tc and through
the Mogal building, as well as to the north-east through

N.Z. Motor Corporation's land. At one stage water over 1 metre
deep passed down the right-of-way alongside the old building
at the end of the street, causing damage to contents after
bursting in a door.

The water level in Cornish Street at «1e stage was approxi-
nately 1.5 metres deep and flooded all the factories and
warehouses in Cornish Street. This debris-laden water blocked
the three~barrel culvert under the Esplanade overbridge
resulting in its diversion to the soutk under this overbridge
and into the sea in the vicinity of the rowing sheds. The
water which was diverted through N.Z. Motor Corporation's

Yard and the Grand National Hotel flowed across the N.Z.
Railwvays new car despatch yard, the Hutt Road and the Esplanade
into the sea opposite 0dlin's drying shed. At this point

it caused considerable erosion to the foreshore and undermined
the Boardts 500mm steel Orongorongo watermain causing a

bad leak to develop. Inspections both on the ground and

from the air indicate that both the o0ld Petone Borough Council
wvater supply dam and the old Petone Woollen Millst' water
supply dam were not affected. Prior to the storm, the stream
channel including the culverts under the State Highway, the
railway main line and the ramp to the Esplanade were in good



condition, having been cleared in May ond June of 1976

by Bcard staff on behalf of the zuthorities responsible for
the various bridges. Above the commercial area, the high
Flow swepl away all the vegetation on the river flats for

a considdrable distance. This material augmented by trees
and debris from slips blocked all the bridges and culverts
and in spite of its proximity to the harbour, the general
area was severely flooded.

3.1.8 Ngauranga Stream (Map TIT)

Followiny the flooding, an inspection was made of the

Ngavranga Gorge area and, in particular, of all quarvies
operating ddeCOHt [, the Gorge. This revealed that there

is little cvidence of a large volume of silt and rubble

having been scourad from the quarry faces. There is,

however, evidence of gully erosion throughout the catchment, the
eroded material being caught in the valleys uf the quarny
Floors, '

Sericus erosion has taken place behind the abattoir where
the stream emerges from a narrow channel and turns through 90

degrees. This eroded material was washed into the strean
and blocked a culvert, forcing water through the oid

abattoir building and ground wvhich picked up stacked cases,
pallets, timber, bags and msterLalda This material proceeded

dovnctwedm and blGPKeu or sericusly impeded the entrance to
the culvert above the sewage treatment plant, Jjust under the
railwvay ovorbvidg A large slip also occurred downslhream
of the railiway ovowbrwdqe and the south-west corner of
Jokw Burns steel Fabricating factory was undermined by the
apid flow. Debris also blocked or seriously affected the
flow through the culvert under S.H.1 which discharges on
to the old Meat Works side of the road. These blocked
culverts resulted in flood waters being diverted onto S.H.1,
flowing down the road and either back into the channel in
the vicinity of the traffic lights or elce under the S.H.2
bridge into the sea.

3.1.9 Kaivharavhara Stream (Ngaio Gorge) (Map ITI)

The high intensity rainfall in the catchment resulted in

high staces in the stream. At between 9.00 a.m. and 10.00 a.m.
on 20 December two slips occurred near the top of the Ng:io
Gorge Road directly into the stream. TPhotographs taken at

the height of the storm indicate thalt these were coatributed
to by torrents of surface water flowing over the edge of the
road. It is likely that these slips partially blocked the
stream causing temporary dams until they were breached and
resulting in a debric~laden flood wave down the stream.
Flooding occurred in the N.7Z. Blectroformerts factoxry
buildings including cne which had been constructed within the
last 12 months. Because of the confined nature of this

area the swifily moving water proceeﬁcd te pick up more debrisg
including a large rubbish bin ond severel cars and washed
these further downstream. In the V10~Q1Lj of a panel beaters,
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just above the stormwater tunnel, the food wave picked up

a car, wvashed it into the channel and slammed it against

the entrance to the stormwater tunnel. This car together
with accumulated debris effectively blockea the tunnel
causing the flood waters to rise behind it and flow across
into the tank farm of the Atlantic 0il Co. where it impounded
temporarily until the earth bund arocund the tank farm was
overtopped just above the Atlantic Company's yard area.

Once this overtopping occurred, fast moving flocd waters
quickly removed the bund on the downstream side resulting
in th=2 complete and rapid flooding of the Atlantic Company's
yvard area before the water found its way back into the main
channel. FPFurther downstream adjacent to the road, the
inability of the S.H.1 bridge and the N.Z. Railway bridge
to cope with the flood flows resulted in extensive Flooding
of the area in the vicinity of the S.H.1 Ngaic Gorge inter-
section.

3.1.10 Xarori Area (Map IIT)

Erosion of the bare surfacesof a large subdivision involving
extensive earthworks in the course of construction at
Sunshine Avenue resulted in the stormwater drain under Karori
Park being blocked with resultant surface flooding. The
main XKarori Stream channel was unable to cope with the flow
and flooded properties in the Darwin Street/Ranelagh Street
and South Karori Road areas. In the South Karori Road area
the presence of willows and bridges with inadequate water--
ways would have reduced the capacity of the stream.

3.1.11 Porirua Stream and Tributaries (Map IV)

The band of prolonged high intensity rainfall which caused
the flooding and damage in the Hutt Valley also passed

across the southern end of the Porirua Stream catchment.
Heavy rain was experienced in the Belmont Gully area (the
major tributary of the stream)running to the west of
Newlands/Paparangi(not to be confused with Belmont in the
Hutt valley). This catchment being an essentially rural

and undeveloped catchment did not suffer any notable damage
dvue to the high stream levels. Some flooding occurred in
the vicinity of the culvert just north of Downer's Yard
which is below the confluence of the Belmont Stream and the
main stream from Johnsonville. Flooding also occurred in
the yard areas around the houses built in the floodway

of a stream north of this culvert. Most suffered only

flood damage to back yards although some bridges and services
vere washed avay. The bridge north of the northern entrance
to the sewage treatment plant was overtopped although it is
likely that one of the two barrels of this culvert was
partially silted up before the storm event. Further down the
stream, yvard flooding occurred around the houses Jjust south
of the Tawa Borough boundary. Access bridges and services
were also affected. In the Tawa Borough area, the capacity
of the channel as it exists was exceeded at several points
resulting in minor flooding of yards in the vicinity of
Hattricks factory, flooding across the road opposite the
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St. Francis School and flooding of the Tawa Primary School
grounds. The worst area of flooding on the stream occurred
south of the Linden Avenue bridge where several properties
in Findlay Street had water in their houses, Others had
garages flooded and several private pedestrian bridges
across the stream were washed awvay.

The flood waters covered Linden Park and were general]y

back in the channel at the Porirua City/Tawa Borough
boundary. A sever crossing of the stream adjacent to Wall
Place provided some obstyuction to the flood waters by
accumulating debris and causing the flood waters to spill .
out of the channel again at the bend, behind the N.Z. Conﬂfete
Research Association's building. This floed water [looded
two factories to a depth of 1 to 14 metrec and then found
its way behind a private stopbank vhwch ha:d been constructed
without authority some months before and which runs from
just north of the factories mentioned above to behind the
grocery warehouse of Moore Wilson & Co. Thic stopbank
rastricted the channel to some degree, particularly at its
upstream end causing flood water to build behind it and

flow behind the stopbank. Moore Wilson's premises were
Flooded to a considerable depth and much stock was damaged.
The flood waters were finally diverted back irto the stream
by a tributary just ab >ve the Milk Supply Depot, North of
this UOint surface Flooding did not occur until the
Association FOOlD“]1 Club*s Grounds. This was contributed
to some extent by the choked nature of the channel below
this point.

It is relevant to emphasise at this peint that the damage
and flooding which occurred in the Tawa Borough and Porirua
City was due to high intensity rainfall falliug only in the
upper part of the catchment.

3.1.12 Geuyeral

The description ezbove of the effect of this storm is limited
tothe effects on those areas adjacent to or related to the
larger watercour\es in the area hit b] the storm. Tt should
be noted, howvever, that elsewhere surface flcoding of roads '

and streets and yard areas occurred duc to plockage by

debris or general inadequacy of piped stormvater systems

to cope with a stomm of this magnitude. Damage to propeerty
also occurred in the Ngaio, Xhandallah and Jchnsonville areas
where culverts became blocked with debris and streams f£lowed
dovn strects FﬂLuaqh properties and caused the same patltern
¢ aggradation of stream beds w1th the eroded material
videly deposited as elsewvhere.

Throughout the 100 square kilometre areca affected by the
heavy rain very small streams becam raging torrents with
an astonishing amount of stream bed erosion.
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On Major Rivers in the Area of the Storm

3.2.17 Hutt River below the Mangarca Confluence

The river rose slowly throughout the morning of 20 December
and peaked at approximately 11.40 a.m. This peak was
measured reliably at 1120 cumecs (42,000 cusecs). Following
the peak, the river fell slowly against an incoming tide due
at 16.50 NzST and dropped further overnight. 1In spite of
newspaper reports to the contrary, none of the flood defences
on the Hutt River designed to cope with 2833 cumecs were
endangered at any time, in fact above the Melling Bridge,
beyond the influence of the tide, the river did not approach
the toe of the stopbanks and within the limits of measurement
the flow was similar to that recorded on © October 1971.
After the river had receded, inspections of the channel
indicated that there was a small slip on a steep bank opposite
the stopbark car park, Lower Hutt City, and the river road
vhich forms a bund on the western side of the Silverstream
Cut. WNorth of the Silverstream Rcad bridge the berm was
overtopped, causing a few minor washouts at this point.

Minor remedial work will be required in certain areas,
involving the planting or re-~establiskment of williows and a
moderate amount of debris on the mowable grass berms will
need to be removed before they can be mowad.

Inspecticns made following the flood indicate that apart

from debris removal no extra maintenance work above normal
will be required.

3.2.2 The Mangaroa River

Following an inspection after the river had subsided, it

was noted that the south-west zbutment to the Wallaceville
Road bridge was threatened and although the bridge is not

in danger at present, some remedial work will be necessary

to remove the danger of further erosicn at this point.,

Further up the valley the Narrow Neck Stream abutment was

also threatened and while the bridge is not in danger,
remedial work will be required. Approximately half a kilometre
south of the Whiteman's Valley Golf Course, further upstreamn
again, a combination of a blocked draia on the road causing
eurface flow of water over the road and a minor attack by

the piver to the road embankment, whicn is some 6 metxres high,
caused a moderate slip reducing the road at this point to

one lane. An aerial inspection of the catchment indicates

no major slips apart from the ones detailed above although
some bank erosion has occurred on private property which

will require attention.

3,2.3 The Hutt River above the Mangaroa Confluence

No notable damage was reported. An aerial inspection of
the Kaitoke/Te Marua area revealed no major slips or damage.
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3.2.4 The Akatarawa River

Bank protection on a property Jjust above the Karapoti Road
junction comstructed last year uader a Board Approval Scheme
auffered minor damage and remedial works to be completed as
maintenance of that original Board Approval work will be )
necessary. Apart from this, no other notable damage has been
reported or observed. An aerial ingpectLon of the lower

end of the catchment was made and no major slips were
observed in that part of the Catchment.

Lffect on Recent Subdivisions

Tt should be noted that only subdivisions that the Board
had direct dealings with since its inception and in the path
of the storm and in the fringe arecas, are reported upou.

The report does not cover older and fully established
subdivisions.

Sgbdivw sion No. (= Ia791vood - ;huth Yarovﬁ Road

S T A T8 A e 8 o

This subdivision was on the fringe of the storm and inspect--
ion shows 1little evidence of slips or erosion., The Armco
culvert did not appear to have eny great flow of water through
it during the stoxm. There was minor flooding of the
properties adjacent to the South Karori Road.

Feast Bstatcs/Uest subdivision - South Karord

some debris was deposited at the bottom of the cut and £iil
area but there were no siips or signs of serious erosion
on the subdivision itself.

Broad View Subdivision - South Karori

L N LR

The existing stormvatcr system which Flowed in an open
channel pest a silt trap serving the JUbd1Vl°10ﬂ causad a
wash-out which “Q%ULLGl in the wall of the silt trap and

all debris Ffrom the subdivicion being washed into the yards
of some flats, the Cafow1 Kindergarten and eventually blocked
a 24n Jiameter pwup through the back of ¥Xarori Park. The
major damage v he silting of the iawns and gardens of the
houses congernui, the ¥indergarten. and the complete blocking
of the pipeline. When this happened, silt and stormwater
pasased over Xa FOTL Park itself and then into the open drain
alonggidu RaTOﬂﬂ ark, urnder the road at the ous turning

areca and then down past the school.

1 L proposed Subdivision -~ Silverstream Road,
ﬂ g o

nmmwm1 AU La Vil -

The subdivision has rot vet started and is subject to Town
A 2 ) -
Planaing approvel. An existing culvert pipe near the
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Silverstream boundary of the property became blocked

causing water to flowv over ground and wash out the

anti~scour pad at the downstream end of the culvert. Serious
erosion in the gullies on the steep slopes at the top end

of the catchment produced great screes of debris on the valley
floor and a considerable amount of material was deposited
behind earthmoving machinery which was parked on the

property at the end of Silverstream Road. Deep scouring

of the gullies on all sides of the catchment occurred.

Ridvan Gardens - Fox Street, Ngaio
(known to the Board as the Kilmister Subdivision)

There is no subdivisional activity started as yet but one
large silt trap has already been built and this acted
efficiently as a detritus pit and stopped eroded material
from being washed down the new streets into Fox Street

and Awarua Street. Although the houses and streets suffered,
it was purely from vwater and not silt and debris from the
site. Frosion of the gullies is estimated in places to

have cut down the existing stream bed by at least 10ft.

This particular area is immediately below Mt. Kaukau.

Broadmeadows Subdivision - Johnsonville

This subdivision has been ectablished for two or three years
and extensions are at present underway. There is evidence
of water damage to streets and other paved areas vhere
velocities were high ¢n steep slopes. A small amount of
croperty damage occurred at the end of streets and run—-off
from the subdivision caused scouring of bushed gullies above
Kim Street with considerable movement of material.

West Park Subdivision - Johnsonville

This subdivision is in the very early stages of construction
and does not appear to have caused any problems. The
silting of the stream in the area appears to have been soft
silt eroded from the area below Kaukauw in the Johnsonville
Reserve,

Grenade Subdivision - Johnsonville

This major subdivision appears to have been on the periphery
of the storm. The Belmont Stream culvert surcharged at entry
but no serious flooding resulted. No slips or erosion were
evident, although the toe of one £ill battcr slumped.

Bell&ue Lands Ltd. - Newlands

No works started in this area at present but gullies show
signs of severe erosion with the deposition of debris at
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the bottom.

Residential Lands -
Major Drive — Kelson (nev area)

No slips or erosion problems although there is evidence of
the ¢lipg in the surrounding hills. Observation shovs

that rainfall intensity is high to the north and east of
the subdivision where water has cut deep channels through
existing partly formed roads an onto adjacent farmland. .
some evidence of a thin layer of silt having been deposited
in grassed paddocks.

Lower Hutn Cjtv Corporaticn buod1vzq1on -
HOIbOrIL, SLOKes valley

Some wash--out of the silt trap on the eastern slopes descend—
ing into Stokes Valley adjacent to George Street evident.

A new house site and the roadvay were affected. On the
wvestern side only, severe erosion has taken place with the
deposition of debwris at the bottom of the gullies, along

the EBastern Hutt Road. No siganificant slips occurred oOn

this subdivision.

Wellington Education Board School Site .- Stokes Vvalley

et
-

T oor D

Some evidence of erosion in the gully at the tce of t
steep F£ill bhatter dut otherwise the subdivision has no
been affected, nor has there been any silt traunsfer on
adjoining properties.

2

Kingsley Heights Subdivision - Upper Hubl

A FRr— oA e

This subdivision was probably on the edge of the belt of

heavy rain. There is no evidence of major slips or severa
erxosion, although some silt did enter the drain adjacent to
the Upper Hutt City Corporationts Nursery. ;

Hous ing Cowporaflon PID(L ~ Banga Block, Upper Hult

No evidence of slips or severe arosion.

Parkdale Subdivision - Akatarawa

No signs of either erosion or silt removal. This subdivision
vas also outside the path of the baund of heavy rain.

James Laurie &‘?e€vooa subdivisions -~ Tawa

b AT 2P AR T B o e e e i v

Although outside the path of the main storm, heavy rainfall
resulted in sone minor siltation ofF lavns in Prope crties below
the subdivisions,
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BEffects on Quarries

3.4.17 Ngauranga Gorge Area

As menlioned above, an inspection of guarries operating in
the Ngauranga Catchment revealed little evidence of large
volumes of material having been eroded from the quarry faces.
However, erosion further up in the catchment behind the
quarries and bank erosion in the vicinity of the main channel
caused considerable deposition of material on quarry floors.

3.4.2 Horokiwi Area

The major works in this catchment are the Horokiwi Quarry
and the Wellington City Council Horokiwi Tip. Gully erosion
extends well back into the hills beyond or toward and beyond
Cottle's tip, but apparently no further. Much of the eroded
material firom the catchment appears to have been dropped
either on the floor of the quarry or behind the concrete
wall alongside the S.H.2.'

3.4.3 Vestern Hills Quarries (Adjacent to S.H.2)

S1lips and gulily erosion occurred above River Shingle & Sand
(1935) Ltd.'s quarry although there is no evidence that the hard
rock guarry faces suffered undue erosion. The flat working

loor of the quarry served as a trap to this eroded material,
catching most of it and reducing the amount deposited on S.H.2.
The newly commissioned waste water treatment plant and the old
ponding system have been buried by this eroded material.

Further north at Belmont Quarries Ltd., some minor slips have
occurred and some eroded material has been deposited on the
flat working areas of the quarry. The access road to the
quarry was cut off by slips, but these slips could not be
attributed to quarrying operations. Some flood water crossed
S.H.2 adjacent to the quarry, because of the blockage of the
culvert from the quarry, but no debris escaped therefrom.

Effects on Roads, Bridges and Railways

As a result of the overloading of channels alongside and culverts
and bridges under roads and railways in many areas, together
with the terrif:ic volume of debris brought down some of the
channels, road cnd rail communications were severed in numerous
pPlaces,

Severe flooding of the main access roads to Pinehaven and Stokes
Valley in the morning of 20 December cut off road access to

both these suburbs to all but high axled four-wheeled drive
vehicles. Following the cessation of rainfall, most of this
major flooding subsided reasonably quickly to a level which
enabled access to be taken by ordinary trucks and other vehicles
involved in cleaning up operations. Minor flooding due to
blocked drains and sumps up to axle level in many.areas Of



Lowver Hutt City and around Troentham Militeary Camp resulted in
many cars being trapped and access generally being limited to
certaln areas. =

In the Hutt Valley, the main disruption was to the arterial

roed and rail services which run adjacent to the Western

Hills fault scarp. The worst disruption was in the vicinity

of Cornish Street where the Korokoro Stream, with all

crossings blocked, flowed at depth down Cornish Street, depositing
tonnes of debris over S.H.2, washing vehicles away and then
vashing across the main Butt Valley railway tracks, removiig
ballast and damaging cables for signalling equipment.

This flooding and deposition of material resulted in S.H.2
being closed at this point from 9.00 a.m. on Monday until
Tuesday afternoon and the railway connection between Wellington
and the Hutt Valley being cut from about the same time until
Wednesday afternoon. Further north, in particular at the
intersection of Dowse Drive below the Maungarakeil Dan, underneath
the Normandale overbridge, north of Melling Bridge, at Speedy's
Creek and cpposite practically every channel down the Western
Hills Ffault scarp, the road was either severely flooded and/or
buried with silt, gravel and trees to a considerable depth.
This resulted in S.H.2 being completely closed vatil very

late on the night of 20 December and then only partially opened
over the next two days, while a massive clearing operation

vas mounted by the Ministry of Works and Development employing
just ebout every front end loader and large earth haulage truck
in the Wellington Region. The railway line was also cut in

two places between Lower Hutt and Melling by flood waters
sluicing the ballast away from below the tracks. This sudden
cutting of road and rail communications, particularly on Monday
0th resulted in many Hutt Valley people who work in Wellingtoey
being stranded there either overnight or at least until vexry
late on the 20th.

In Wellington City, the S.H.1 was cut practically all day at

the Ngaio Gorge Road intersection due to the inadequacy of

the bridge and channcl to cope with the flow of the Kaiwharawvhara
Stream. Blsewvhere in Wellington City, surface flooding occurred
vhich subsided reasonably quickly Ffollowing the cessation of
rain-and the clearing of minor blcckages.

some collapses of unsupported road batters, both above road
surfaces and below road surfaces occurred. The most seriovsly
disruptive being two large slips which occurred from below

the road near the top of the Ngajio Gorge. These have resulted
in the road being limited to one way at these points and will
resull in an e¥pensive retaining wall having to be constructed
to reinstate the road. EBElsevhere, slipping occurred from
batters above the road and in batters below the road surface.
However, it is not considered that this slipping is any worse
than elcevhere in the catchments. This problem was not noted
on any of the major arterial routes vhere some extremely high
cut batters were able Lo cope with minor slips on thelr faces,
most of the meterial being held on the benching. Most of the
washouts occurring on roads appear to have been caused by a
concentration of surface vater run~-off rumming over the edge
of road surfaces dvue to the inadecuacy of the stormmvater
systems, either through blockage or Jjust from the sheer magnitude
of thc event.
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Problems were expericrnced in some new hillside areas where

the road surface immediately adlacent to the kerb and channel
was scoured to a depth greater than 300mm in parts by fast
moving stormwater rushing down the kerb and channel and the
road surface immediatelyv adjacent thereto. The excessive
water having to be carried by these channels was to some degree
a result of the high intensity rainfall, but in some cases,
normal stormvater sumps were being overpassed by the fast
flowing stormwater, or blocked, resulting in an ever increasing
volume downstream.

Apart from minor undermining of the abutments of two bridges

on the Mangaroa/Whitemaan's Valley Road, no damage was suffered
by any public bridges as a result of the flocding. However, in
many areas,; bPrivate bridges which proved to have inadequate
watervays or insecure abutments were overcome and either washed
awvay or damaged. This resulted in access to many private
properties being cut off for a period.

Local authorities in the areas concerned, the Ministry of

Works and Development and New Zealand Railways were faced with
a massive task of clearing many kilometres of road and rail of
flood waters and flood debris in an effort to restore the rail
and roading systems to full use. By working 24 hours a day

in sume cases in the early stages, all sexvices were completely
restorad by Christmas Eve. As a result considerable credit

is due to both the staff and workmen of these organisations and
contractors, many of whom worked long hours to ensure a minlium
of disruption to the anticipated Christmas holiday traffic.

Lffects on Services

[URE————

3.6.1 Electricity

In the Hutt Valley, two general distribution sub-stations were
flooded and powver was cut in the Belmont area For most of

20 December., [lsewhere, three other substations serving special
industry,such as Malleable Castings, were flooded and silted

up and some are still not yet restored. However, as far as

the domestic consumers were concerned, all- power was restored

to all areas by the evening of 20 December. Thus apart from

a six hour cut in the Belmont area, there was no general dis-
ruption of the electricity supply in the Hutt Valley.

In Wellington, a similar situation occurrved. Three sub-stations
were Flooded and approximately four powexr poles brought down

by slips. There vere no widespread pover cuts and any inter-
ruptions to power were reinstated by the Evening of the 20th.

3.6.2 Water

The Board's ovn delivery mains were undermined in three places,
one at the Esplanade opposite Odlin's factory and also in the
Ngauranga Gorge behind the abattoirs and in the Xhandallah
area. The watermains,however, remained intact.



After Flowing over the Petone Ecplanade, the Torokoro Stream
undermined the 540mm (21 inch) Orongorongo/Karori watermain

at the ¢dge of the road. This resulted i1n a ;vbsidence which
broke two gibault joints. The 620mm (24 inch) Wainvi main

on the Hutt Road was damaged during culvert Jearinq opcrations
onn 22 Deceomber. Board staff worked throughout that night to
restore the malil.

The Kaivharewhara punping statiom at the S.H.7 Ngaio Corge Road
intersection was flooded and problems were experienced with
drying out of switchboards and motors A recently ianstalled
loat—-operated cutout system had preve nLed rnajor damage by
cutting power to the motors before water reached them, bui

a motor which had been partly submerged 1auer, unrortunstely,
burnt out after running satisfactorily for several hours.

In spite of tho e problems consumers vere little affected.

In Lower Hutt the thrust block/abutment on the vatermain crossing
Speedyts Stream and serving the Belmont on the Will area was
undermined and washed avay on the south side cf the stweam. This
resulted in water being cut to this area from about 11.00 on
Monday, 20 December until repairs were effected restoring watex
on Wednesday, 22 December. In the meantime, Lowver Hutt City
supplied residents with water where necessary from tankeirs.
Several private supplies of water from cmall dams and weilrs
on hillside streams cerving as yet unreticulated areas of
Pelmont were damaged or destroyed by the high flows. 1In most
cases, rasidents effected temporary repalrs or reinstatement,

In the days following the storm, during the cleanup cperations,
several watermains ranging from the Boardfs o' 24" main on

the $.H.2 to 4" mains in Stokez Valley and three quarter domestic
services wvere accidentally broken by earth-moving machinery
clearing streets and chanmels of flood debris.

3.6.3 Telenhone Services

Most pcople found telephone communication JUOTPd“1n91y difficult
from about 9.00 a.m. on 20 December. Enquiries made to the
divisional engineer of the Post Office responsible for the
Vellington/Hutt Valley area indicate that about 30 cableg were
affected by slips and flooding on that day and thet 75 per cent
of these were repaired within 2 days.

Of these cable faults only one couvld be considered to have
been a major Faullt and that was a 3000 pair cable linking
Vellington with Lowver Hutt which was broken where 1t runs
adjacent to the railway line and S.H.2 over the Korokoro
Stream. Considerable delays were erperienced in repairing
this cable due to the Ffact that it lay buried for so long

and the opening of the railway line aend S.H.2 took precedence
to repairs to telephone services.

No Exchanges were affected by flocding

Apart Ffrom cable faults it appears that the apparent disruption

of the lelephone network was a direct result of overloading of
exchanges due to too nmany people making too many calls for too
long a period. An imnediate relief from this overloading was
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apparent following radio requests to members of the public to
refrain from making unnecessary telephone calls and for brevity
in those which were considered absolutely necessary.

Effect on Stored Chemicals and other potential Pollutants

As a result of the severe flooding a number of warehocuses

in Lower Hutt, Petone and Wellington had stock water-damaged
and in some cases washed from the warechouses, and some
hazardous chemicals were affected.

One store contained plastic drums of high test hypo-chloride
many of which were dﬁmageu and contaminated with water during
the flooding. H.T.H. being a powerful oxidising agent had

to be handled very carefully. Board staff arranggd for the
most dangerous drums to be taken to Cottlet's industrial tip
vhere 1t was fired under strictly controlled conditions. Some
which was in not such a dangerous condition was collected and
given out to the Hutt County Council to use in Pinehaven for
disinfection purposes where sewers were ruptured. A very
small amount of H.T.H. was disposed of into the Hutt River

or the sea at Petone because the containers had reached z stage
wvhere they were about to eithar burst or ignite.

The warehouse of Park Davis, a proprietary drug manufacturer

and an importer wac flooded and counsiderable quantities of drugs
were washed out onto the street. The Health Department accepted
responsibility Fcr the removal of these drugs after the event

as there was a danger that children could have picked them up.
Elsewhere “n the region other chemicals, inc udlng dye stuffs,
boric acid, lime and a number of unlabelled and uwnidentified
chemicals were washed out onto the streets and into streams.

All these wvere picked up, salvaged if possible or otherwise
disposed of safely at either the Silverstream or Cottle's tip.

Several service stations were flooded. However, all were
nhecked for oil and petrol leaks by Board staff and then by
rerritorial local authorities' Dangerous Goods Incpectors.
These did not prove to be a probtem.
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3.8 Effects on Board Operations - Communi cations

s,

Problems caused by the effects of the storm led to the
dECldeL10ﬂ of limited Civil Bmergencies by Upper Hutt
Cify Lower Hutt City and Hutt County. Offers of
assistance by Board staff were made to the local authorities
coaaefued, but matters “4JecLan the Boardts own operations
were continued on & normal service basls 11 the absence

of any Regional Civil Defence Organisatiocn. In the early
stages some local authorilies were unavare of problems
arising in adjacent areas. As in the handling >f any
emergency, little action can be taken from the Central
Organisation until accurate informetion is available [rom
the periphery. In this respect, the value of radio
telephone equipped vehicles was borne out strongly.

For a time, telephone communciation was not available
between Upper Hutt, Lower Hutt and Wellington and with

‘the S.H.?2 impassable for ]ong“perioﬁg at ceeral. places
‘between Wellington and Upper Hutt EOT reascns of flooding
and later traffic congestion, Radio remained the only means
wvhereby VWellington based staff could communicate with those
in the iutt Vvalley. PFaults in telephone cahles in Wellington
affecting senior staff added to problems outﬂ'd6 wOorking
hours. Overloading of ouwtside trunks at the °111uq+0p City
office building meant long delays in making telephone calls
from that office. Telephone contact with Wellington City
service Roservoirs remained in all but one case however,

The fact that most of the Board®s Wellington based radio
equipped vehicles ave operated through the Wrights Hill
repeater station and those hased in the Hutt Valley through
the Mr. Climie station, resulted in some limitations to
communicetion, but a sufficiewt number have dual channel
facilities to enable contact to be maintained.

commercial radio stations rendered a most valuable service
in broadcasting significant news and for those with portzble
radios, a reasonable picture of the whole situation was
possible,

A further source of information camefrom staff reading radio
essages botweep vehicles operating other services, and in
ome case from the use of a Trancistor Radio eunpped with a
VHF band with uhlch many services such as Traffic and Police

can be mounitored.

As it happened, instances of damage to water suvpply instal-
lations recsulting from the storm were few. The main problem
is dealing with damage in Wellington City was maln roads
blocked with traffic which in some cases wreveﬂted service
vehicies reaching the site of the damage. Ta the Hutt Valley
flooding and debris oun roads was the main limiting factor

in sexvice vehicle movement.



Communication Summary

The tremendous importance of the normal Post Office operated
Radio Telephone Service was amply borne out during the
emergency. Commercial radio stations rendered a valuable
.information service. This means of presenting an accurate
overall picture to service perscnnel affected, as well

as the public should be exploited to the full and means of
keeping at least one station operating in an emergency

such as & severe earthquake to supply accurate general
information must have high priority.

Knowledge of which roads are aveilable to service wvehicles
is essential, and it may be necessary for certain vital
organisations to have emergency access to a Traffic Depart-—
ment channel set up for the purpose.

NOTE: The above comments relate only to experiences of
Board staff and do not purport to cover the (Civil
Dafence operations as a whole.

4. KECCONOMIC IMPACT OF THE STORM

4.7 General Description of the Damage

The storm caused widespread damage to property and dis-
ruption of communications, giving rise to a cumulative
breakdown in the economic functioning of the region during

the storm, and a diversion of productive effort into clean

up and repair work after the storm. Attempts were made by
householders, commercial firms and roading and other servicing
authorities to minimise damage and disruption but the magnitude
of the flood flows overwvhelmed these efforts. The rail service
wvas put out of action, and although alternative public
transport services were provided where possible, ‘many people
were cut off from home or work following the complecte severing
of the main routes of the transportation network.

The economic costs of the storm are only part of the costs.
They exclude any accouunting of the strain, worry, incon-
venience, unsightly damage and envirommental disruption

caused by the storm. There was also one life lost as a

direct result of the storm. The total economic cost is,
hovever, much more than the direct damage to property and
extra servicing costs. The breakdown of the communications
system, the diversion of effort into cleaning up and repair
and the closing down of operations and the inability to
undertake work until damaged machinery and equipment is
repaired or replaced, all give rise to lost production. The
repair and replacement of damaged property implies a diversion
of gocds and services, that would otherwise have been available
for other uses, into returning the Wellington Region to its
condition prior to the storm. The damage caused by the storm
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thus has widespread and longer term economic impacts through
the economy because of these linkage effects.

Damaqge to Property and Services

The direct financial cost of storm damage, as far as could
be determined from present estimates, is given in the
table below.

Damage to Property $ (Thousands)
MJD responsibility 25
Education facilities -~ C.I.T. o 50

High Schools minor

Primery and Inter-

mediate Schools 100
Health facilities- — Hospital Board 300

Others *
Housing Coxporation g 10
Other Government Departments ' ¥
Local Authorities (mainly Parks and Reserves) 359

Private Property

Private Insurance cover -
- The Insurance Council
collected a rough
total of $5.0M. Total
figure unknown but
expected to be higher. 5,000 +

Barthquake and War Damages Commission

PFlood demage claims at 18.1.76 348,

62 claime assessed at $3,017,000

Landslip damage claims at 18.1.76 81,

18 c¢laims assessed at $68,000. By

20.1.76 about 500 claims, total probably

around $10.0M. 10,000

Uninsured - 1,000 +

Total claims on aid fund are nearly
$1.0M. This excludes most damage to
gardens etc. which could double this figure.

Damage to Services

Roading - State highways 491
Local Authority roads 793
Railvays -~ Clean up and repair 100

Alternative traunsport
(very approximate

estimate) 20
Post QfFice 35
EBlectricity - NZED services *

Local distribution

services *
Local Authorities - Removal of blockages
and Regional Vater Channel clearing and
Boaxrd restoration 410
Local authority services 429

Emoergency Services

Civil Defernce(emergency aid and clean up) D)
Others (Police,Traffic,Fire,Ambulance) ¥
TOTAL ESTIMATED 19,180

* not available at time of Sersass

writing 1redort.
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Cost Sharing

The funding of repalr and replacement costs depends on

the level and type of insurance and the controlling
authority. Damnage to Goverrnment property and other assets
is covered by the particular department or local authority
responsible, and extra servicing costs must be carried by
the respective authorities. For damage to private property
insurance companies cover zll flood damage costs up to

the limit of water damage cover provided in the particular
policy. The ”‘rthquake and Var Damages Commission (E and
WDC) pays out on damage not covered by the insurance companies
up to the total insurance 1iabilitj (normally a fire risk
cover). The E and WDC also pays for landslip damage to
houses. The uninsured and uninsurable damage must be carried
by the property owners.

All econcmic loss from lost wages or lost production must

be carried by the individuals and firms concerned. The

time spent by people cleaning up their houses and gardens

may involve a loss of wages duvue to time taken off work or

a loss of leisure time. The economic gain firms would have
been able to make through the ¥Yvalue added!' by their
production or servicing efforts if the storm had not occurred
is generally an unrecoverable loss.

The loss covered by insurance or by Government agencies

1s always less than the direct financial loss incurred as

a result of the storm, and this direct financial loss is

less than the total economic Joss whiclhi affects all persons
in a particular commercial chain of opﬂratlond and ultimately
the National econonmy.

The prevention of storm damage involves a cost sharing but
a different sharing to that arising from storm demage. The
primary responsibility for ensuring that subdivision plans
and the siting of buildings take proper consicderation of
drainage and flood routing lies with local authorities.
This planning may or may not increase the development costs
incurred by private developers or public development
agencies. Remedial measures designed to reduce an existing
flooding problem may attract a central government subsidy.
The share of the cost that must be raised by the locality
affected by the remedial measure may b: obtained through
local authority rates or agreed shares if agreement can be
reached on a suitable division of costs. Without such
agreement the local share can be raised through a special
rate but this rate must be based on a classification
according to benefit calculated in terms of the degree to
which the flooding potential is reduced, unless the Welling-
ton Regional Water Board agrees to contribute on a regional
basis.,

If remedial measures are carried out to reduce flooding

and the local share is obtained from a classified rating,
the people affected by flooding rather then those respons-—
ible for it may be carrying the cost. This is especially

so if the flood problem has been greatly aggravated by
urbanisation further up the catchment. The flood prevention
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measures are, ther, in reality measures required for
the preper disposal of stomawater originating from th
upstreain improved sections.

The subaidy assistance for flood prevention measures in
urban areas is less than for similar measures in rural’
areas. The damage sustained in rural areas is mainly
minsurable losses — fence damage, qLock and crop losses
eLP. In urban arcag a largce proportioin of the damagp
is normally covered by insurance but the bawthquake and
Var Damages Commission often carries a lot of the cover.
This is possibly due to firms teking out water damage
cover only up to a level they feel necessary to cover
damage from events not clasged as fextraordinary?' and,
therefore not eligible for Barthquake and War Damages
Commission cover. Central government has thereby accepted
liability Ffor a major proportion of demage sustained in
urban areas, while providing greater assistance for flood
prevention in rural areas. .
The gr=sater subsidy assistaunce in rural areas is based
partly on the desire to stimulate agricultural production,
the subsidy being a means of providing investment finance
to the agricultural sector. The importance of agricultunral
production for export earnings means investments in tliis
sector have substantial ranifications throughout the
cconomy justifying investment aid. Flood damage in urban
areas can, however, have similar detrimental effecto on
economic production., Damage solely confined to residential
areas still directly affects the total eccnomic well-being
of the nation by diverting goods and services into this
area to rectify the damage and thus withdrawing them from
other uses.

Vhen there is widespread damage, as in this storm, the
sudden increase in demand for goods and services peal1?0d
for reconstruction can add significantly to inflationany
pressures. This is especially so if there are difficulfies
in reduvcing expenditure in other areas to divert purchasing
power into the area. Remedial and prevention activities

can be spraead over time and properly budgeted for. The less
the damage cazused by unpredicteble natural events with
exceptional damage potential, the less need there is tc

find large amoumts of money quickly.

There is thus a strong case for the increase in the rate of
Soilcon oubsidies ir the urban area acs 1oqsco in this spaere
can be of cven greater moment to the National economy than

a9

demage in the rural sector.

nc
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EXTENT OF SLIPPING

The storm caused extensive slipping, more correctly described

as mud flows, and collapses of mud banks in .urban areas. The
area affected stretched from Haywards in the north-west along
the vatershed west of Belmont, through Newlands to the north

of Johnsonville, west of Ngaioc to Makara, to Karori West, Wilton,
Wadestown, to 600 metres north of Pt. Howard, to Twhai Trig on
the Eastern Hutt Hills just west of the watershed of the

Eastern Hutt Valley, behind Naenae to Wingate, across Stokes
Valley, Upper Pinehaven, middle of the Blue Mcountain Road and

to the side ridge north of the rifle range. There were no slips
on the Wallaceville Road side but some occurred cn the east

side of the Mangaroa Range. There vere none from there to
Narrow Neck on the Whiteman's Valley Road but again, a considerable
amount of slipping occurred about 400 metres to the west of

High Misty. The peaks of damage occurred.at Pinehaven and
Stokes Valley at the mid point on the ridge where there was a
density of about 180 slips in 9 square kilometres, Belmont with
290 slips in 8 square kilometres and at Karori where about

30 slips occurred in 2 square kilometres. These areas of high
density = natural slope were separated by areas otherwise rather
similar with much less damage.

From the aerial photographs produced by the Board, Mr. T. Grant-
Taylor, District Geolegist of the N.Z. Geological Survey, has
produced a map showing the number of mud flows as he prefers

to call them per square kilometre over the affected area. (See
Map 5.1 attached). Mr. Grant~Taylor has also. supplied the
following comment: -

"The debris that moved in the form of mud flows affected
colluvium and loess. Rock falls and slumps occurred only
in the formal sense from modified slopes. This event

has produced effects on the landscape that appear to be
similar to features now completely vegetated. Ancient
scars with the same outline are visible in grassed areas.
These show different degrees of rounding suggesting several
generations of similar events.

The pattern of distribution of the sources of the mud flows
not only during this storm but also from past events indicates
that on natural slopes the sediments at greatest risk are
poorly comnsolidated loess and colluvium on slopes that

may be as flat as 20 degrees, and are sited in pre-existing
hollows. These hollows form part of the headwvaters of

streams so that the debris from the mudflows in the rural
setting was confined entirely to identifiable watercourses.

The collapses that led to the mud flows occurred only after a
considerable degree of saturation of rather poorly permeable
sediments had been reached and the water content was obviously
such that the debris flowed like a liquid rather than the
conventional slip. In the urban setting modification of the
landscape had produced many unstable faces with unsupported
incoherent sediments at the top at batter angles often

unduly steep even for rock and excessively steep for
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the incoherent cover.

The widespread topographic modifications altered the
drainage pattern and obstructed high flood spillways

on which there were culverts which became blocked with
debris, causing overflows into steep roadways, many
with unprotected verges, which were consequently deeply
eroded and shed water and debris in quite unnatural
routes which further aggravated damage. "

The N.Z. Geological survey are preparing a detailed report on
the slips which should be availabie in the near future.

The nwrhbers of slips or mud flows shown on Map No. 5.1 are
essentially those occurring in the rural area except in a

rewv cases marked by asterisks where slips modified by sub-
divisional activity have been included. When the rainfall
patterns are examined together with the incidence of slips

it is seen that slips are mest frequent in the zones of continued
high rainfall from which it might reasonably be deduced that
ground conditions and ground cover were less important Ffactors.
This point requires further detailed examination which it is
hoped the Geolcgical Survey will be able to make, but if it

15 s0, a deduction which might be made is that the rainfall

in the Pelmont/Normandale area where the slips were greateszt

in number, might have received a higher rainfall than the rain-
fall diagrams indicate. The rainfall diagranmns, hovever, are
based purely on rainfall data and are the most accurate that

can be produced from the rainfall intensity data which is avail-
able. .
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ADMITISTRATION OF UATERCOURSES

e B oA e - 2k e i ———ssg

Until the formation of the Welliagton Regional Water Board,
responsibility Ffor the control of watcrcourses in the Wellington
Region was divided among the local texritorial authorities, the
Manawvatu Catchment Board, the Hutt River Board and latterly the
Porirua Stream Management Committee., '

On its establishment, the Board took over responsibility ror
maintenance of certain rivers and streams which by arrangement
vith local territorial authorities had previocusly been accepted
by the Manawatu Catchment Board and the Hutt River Board.

Apart from the Hutt River and the Waikanae River, these wepre:. -

-~ The Waivhetu Stream,from the mouth to the end of
WVaddington Street.

-~ Black CreeX,for which the Boawxd pays Lowow Hutt City
three quarters of the cost of maintenanc Malntenance
vork 1s being undertaken by Lower Hutt Cltj

- Stokes Valley Stream, from the mouth to the confluence
wvith Tavhai Stream.

~  Vaimeha Stream, Walkanac.

Subsequently, the Board on request'assumed the function of the

Porirua Stream Management Committee and agreed to continue o

OWDTOj a Consultant to report on a [l ood control scheme for the
orirue Stream.

.
-t

Tha intention of the Soil Conservatiocn and Rivers Control
1041, although it is not specifically so stated, is that
,LLckm Lt Boards Sh(ﬂld control watercourses in rural areas,

sut that povers to contirol watercourses in urban areas may e

dﬂlﬂq ted o local territorial authorities. While these local
authoritiecs do have povers under the MLH‘CLP@] Corporations Act

1956 and the Land Drainage ACT 1908, tTheir delegated powers
wvould be a little wider under the J01L Conservation aad Rivers
Control Ast. Discussions have taken place during the past year
botween Board Officers and those of local territorial uuthJL] ies
with a viewv to determining which watercourses should be administered
wholly by local councils and which should be administered by the
Board. This matter has not been complcetely resolved as yet and
local tﬂmrita“l 1 avthoritics have continued to administer

K vithin their boundaries with the exceptions listed

ust be realised that while the Board may delegate
19, 1t still retains an overall TGSPOHSibilitf

k8]

of wvatercourses includes the following matters: -

(a) APU“OVaT SF waterway dimensions under bridges and of
Ay necessary bank protection upstream or dovnstreaan
oL Lhe structure.

(b) Approval of culvert dimensions aad any inlet ot
cublet struciape or protecticon work associated witn

the culvert.
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(¢c) Ensuring that the waterway is kept clear and that

, rubbish and other material. is removed from both '
the banks of the stream and from any bridge or structure
crossing the strean.

(d) Dealing with erosion. This involves advising an
ovner what he may do to correct erosion. Any work
avthorised must not affect the waterway or cause any
deleterious downstream or upstream effects.

(e) Organising schemes to »revent flooding where warranted,
by improvements to the watercourse.

(£) Ensuring that buildings are not built on sites subject
to flooding caused by storms of predetermined intens-
ity. :

(g) Preventing planting which would reduce the efficiency
of. the watercourse.

(h) Preventing removal of vegetation which might lead to
erosion.

The financial responsibility for keeping streams clear lies with
the property owner, unless the local authority relieves him of
that responsibility by special agreement.

There is provision under the 1959 Amendment to the Soil Conserva-—
tion and Rivers Control Act for action to be taken with the
authority of the Soil Conservation and Rivers Control Council

to prevent actions which are likely to cause landslip or deposits
in watercourses whexe these effects can be foreseen.

Actions taken in upper catchments which may increase the rate
of run—off are not covered very well by legislation. If such
development 1s permitted by District Plawning Schemes, then an
increased rate of run-~off must follow and cwners of properties
on which streams are sited are assumed to have anticipated such
increased rates of flow and must accept it.

The problems with administration of watercourses in urban areas
lies in the fact that application of the eight matters licted
above (which are 20t exclusive) involves centrolling the actions
of property owners to a greater extent than many are prepared to
accept. There ar: many cases where undersized bridges and
culverts have been placed without authority, trees planted in
such a way that flowv i1s obstructed, walls and other structures
built so that stream capacity is reduced. The effects are
aestetically pleasing to the property owner during periods of
low flow but result in a lowering of hydraulic efficiency and
indicate a lack of realisation that the main purpose of a water—
course is to carry water during periods of rain.

On the other hand, insufficient attention has been paid by urban
aunthorities to examining stream capacities and in advising
owvners what their responsibilities are. In some cases, culvert
aimentsions have been approved which do not allow for subsequent
subdivisional development upstream. In seeking to rectify this
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ke place, local bodies

problem, when development upstream does ta
spending public money on

find themselves legally restrained from
private property.

As is being Ffound in certain areas, the establishment of a

stream capacity adequate to take major floods may meawn the

removal of large numbers of trees and the construction of a
concrete lined chavnel which may be efficient, but will not
be regarded as beautiful.

The difficulties inhercnt ir stream control in urban areas point
to the desirability of planning so that important streams are
in public reserves where the necessary maintenance can be

CJ“‘led cut without inconvenience to property owners. This involves

the sign of flood channels and the establishment of reserves
for Llcm well ahead of urban development.

It must be remembered, howvever, that in the design cof stream
chamnel -capacity, a particular intensity and duration of rainfall
is allowved for. This may occur on average once every ten, twventy
or Fifty years. Vhen this capacity is exceeded, flooding and
damage Is likely to occur. The value of such damage when the
deﬂlqn event is excecded must be based on a careful assessment

of vhat is at risk and not on a rigid rule approach.

Attention should be given to at least making provision to minimise
damage should the design event be exceeded by Plamning to prevent
the establishment of high value construction in the likely path
of a flood.

Inevitably the watercourses in an urban area become affected by
urban development whereby stormvater systems alter patterns of
ruyi~0ff until finally few surface streams exist. How effectively
this is done and the magnitude of the event that can be coped
with depends on the deoign of the stormvater systems. Surface
flooding where it occurs 1is an 1mpo"tant factor in sewver infiltra-
tion “ld hence in the design criteria for sewers. It 1s
significant, therefore, that while Govermment subsidies are
available for water supply, roads, sewerage and other matters,
subsidies for all important stormwater sustems are conspicuous

by their absence.
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7. FUTURE ACTION IN CONNECTION WITH MAJOR STREAMS

7

Porirua Stream

work by the Board's Consulting Epgineers has been
proceeding for a considerable time but the preliminary
study is close to completion. The schem; designed

to cope with ultimate development of the catchment 1s
1¢kely 0 have severe environmental effects and effor
are being made to bring forward modified vroposals
which will provide adequate protection for some years
with a staged series of major works for the future.

These Drel1mlﬂafy proposals should be accelerated and
provision for the first of these will be included in

the next year's preliminary estimates for Board considera-
tion.

Kaiwvharavhara Stweam

Preliminaxry pronosalg for upgrading the lower section of

the Kaiwharawvhara Stream were initiated by the Railways
Department. These proposals have been referred to the
Board and at present the Scheme outline has been referred to
the Director of Water and Soil Conservation for technical
approval. Discussions have taken place between staff

of the various Govermment Departments and local authority
and subject to financial agreement, it is hoped that Firm
prop05alc will be able to be put to the Board later this
year.

\

Korokoro Stream

The extent of the damage to the commercial area in Cornish
Street and eisevhere in the Petone area warrant an
investigation in scme detail into the contributing

cavses. This will involve examining the capacity of the
various culverts and bridges with a view to QPterm1n1nq
vhether action to upgrade existing structures is warranted.

Board staff are already doing preliminary work on this
study. The stream as a whole must be examined and action
taken above the commercial area to construct debris
arrestors if these are thought desirable together with
some means of preventing the excessive movement of shingle
and other material vhich at present lies in the bed of

the stream.

Stokes Valley Stream

The capacity of the lower end of the Stokes Valley

Stream was exceeding during the December storm and some
unsatisfactory features were observed. While the Hutt
River Board initiated the construction of a-short length
of concrete lined channei prior to the Board's establish-—
ment, this section is somewhat isolated and needs to be
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gain in the light of a Poss;o1@ improvenent to the
stream all *ne way to the Hutt River

Waivhetu Stiream

The stopbank at the lower end of the Waiwhetu Stream was
overtopped by this storm which is surprising considering it
was constructed in recent times. The effect of high tides

and the reletively narrow mouth into the Hutt River could

have been importent factors. It is clearly desiwvable that the
lover end of tﬂ@ waiwﬂﬁ*u be examined jn ome detail with a

Clearing of Watercourses

The amount oOF material brought dowrn during the storm and the
degree to which the beds of many small streams have aggraded
is a matter for concern. ;

The estimated costs of dealing with this prcblem and of
constructing debris arrestors whcre these are likely to be
affected including money already spent for the various
areas is as follows: -

Wellington City $134,0C0
Lower Hutt City $165,000
Hutt County $ 72,000
Petcne 13,300
Tawa : 5,000
Wellington Reglonal

Water Board $ 11,200

(various areas) P
Total $400, 500

s B e p
B i e e

The magnitude of this work and its unexpected nature warranted
the seeking of a Govermment subsidy although subsidies for
maintenance are normally assoc1_+ad with major schemes which
have themselves attracted a subsidy.

he

An application for a subsidy has -herefore been made to t
strict

Dirvector of Water and Soil Conservation through the D DA
Commisceioner of Works in the normal way. There has been
nsufficient time for this matter to be considered by the
Soil Comservatioan and Rivers Control Council at the iime of

writing this report.

Oversowing of Slips

Revegetation of the

s1ip faces is desirable as scon as sowing
is likely to be success ’

ful
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Areas of slip damaged hill country have been assessed visually
and studied in some detail with the aid of aerial photographs
taken subsequent to the event. There are some 80 hectares
(200 acres) of slips and debris on improved pastoral lands and
a further €0 hectares (150 acres) on regenerating lands in the
Western Hills area. An additional 20 hectares (50 acres) of
eroded areas are located in the Eastern Hills.

At an estimated cost of $60 per hectare the total cost is
estimated at $10,000 for which a subsidy application has also
been made. The subsidy rate if granted is normally 2 for 1
whereby the owner of the property pays one third. Arrangenents
for the owners contribution would be made by Board staff. .
This has yet to be done. To be successful this oversowing must
wait until the autumn.

Herataunga Drain — Hulls Creek

Although the lower end of this watercourse performed reascn-
ably under the circumstances, flooding occurred at the
railway underpass and in the higher reaches. Some examina—
tion of why this occurred and whether improvement works are
reguired is desirabla.
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8.1

General

T B L . A5 et

In evaluating the significance of events which took place
in the storm, the magnitude of the storm itself and its
likely wecurrence must be borne in mind. Ac has been

deduced in section 2 of this report, the rain,:11l intensily
over a 6 hour period gives the best index of itne damage
which wesuvited Ffroa super-saturation of the soil and the
weatherad rock mantle in the affected arca. The return
period for the 6 hour rainfall in the Xelburn vicini
200 ”Ou“c and for <he worst affected Lowar Hutl area

greater Lhan 1000 years. This means in effect that the
degrr“ of blocking of culverts and of stream aggradation
vhich were major factors in the migraticn of stieans :

normal channels, can be regarded as rare. Thiz

vould apply also to the degreelof damage to housas ¢
landslidecs. This conclusion must be tempered, hove

by the reallisation that mauv landslides have not yet
become stable and for some time to come will contribule
debris and material to streams below. Revegetation ol

tion by

a glivsg end,vhere practicable, stabllisa

or other methods is desirable. in this conmection
A o, g Subsidy for aerial OVer-sC ng of
in rural area P as already been made to the Hutiondl

Avthorit

The return period of the peak discharges is, however, not

such a rere occurrence ranging from 50 to 200 years in the
vorst affected areas depending on location with N
to the maximum rainfall pattern. The relative magnitudes

of peek discharges of various returi period floods needs to
be understood in this connection. For example, the 70 yogr
return period flood will have a magquuuc of approximatel
half that of the 100 year Flood. This is itszelf a
considerable flowv and there were many examplur of culverts
and stream channels which would have been in .trouble even
with cuch a 10 year flood. There are, therefore, many maltlters
to be noted and lessons to be learned from this stowm which
must influence local body administration in the fields
affec:2d., Houses are still being built in fliood channels,
undersized culverts continue to be installed and property
owners continue to put their houses at risk by excavations
vhich -reduce the stability factor of banks. These and
other matters deserve consideration.

Valercourscs

Under present legislation the owner of property on which
there 1o a watercource is responsible to keep the water-
course clean and to ensure that no vegetation or structure

obatructs flow along 1t. A feature of many watercourses
through affected urban areas was a peduction in walterily

efficiency, resulting from actions by owners althouvgh toe
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amount of material brought down into urban areas from

rural arcas by the storm of 20 December would have caused
problems in any case. Rural owners have the same respong-
ibilities and their actions must not result in movement of
material into watercourses. Where as in the bresent case
the majority of the material came from landslides unrelated
in any clear fashion to actions of owners of rural land,
the matter of urban owners? responsibility is not a simple
one.

Even if responsibility for maintenance of watercourses
through private urbean properties were taken over by a
local authority and costs met from a special rating systemn,
the matter of access and damage to the properties is an
almost insuperable problem for local bodies irn many cases.

Before a proper Maintenance Programme can be undertaken,

the dimensions of the watercourse and the design capacity

on which the dimensions are calculated must be determined.

In most cases this is not known at present so that property
ovners are not aware of what dimensions they should be aiming
to maintain. What tends to happen is that when a wvatercourse
is incorporated into a private subdivision further public
attention to it becomes restricted and many property owners
consider they have a right to do with the stream what they
will. If in future it proves inadequate to carry the run~off
from the catchment above, local authorities often find the
only practicable solution is to lay a supplementary storm-
vater pipe down a public street at considerable cost to
ratepayers.

The conclusions from the above comments are as follows: -

8.2.1 Watercourses of any significance should preferably
not be incorporated in private urban properties but should
be located in public reserves where they are a clear
responsibility of a local authority inm all respects.

8.2.2 Before any urban development takes place, whether
the stream is to be in public or private property, the

shape, dimensions and the line of the stream should be
determined based on a design flood of up to 50 year return
period if flooding is likely to affect many properties.

If the stream passes through a commercial area, 100 year
return period would be appropriate. To the dimensions thus
determined must be added a sufficient width to enable proper
access for men and machines necessary to maintain the stream.
The stream dimensions and the access should then become

an easement on the title on which planting and other activities
are restricted to those which will achieve bank protection
wvithout _reducing flow efficiency.

8.2.3 Regular inspections to ensure this efficiency is
being maintained are necessary and all applications Ffor
crossings,such as bridges and culverts, must be carefully
examined for their effect on flood flovs.
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T the above has to be dong yvears after properties are
establicshed, ac will be the cas in some sireams in the
regior, the disruplion to prope rties will be considerable.

This can be avoided by Fowwajd Plamﬂjﬁg. The above also
applics equally to the commercial areas wvhere the owners

must be prevented from stack 1nq floatable material in

Flood chany from whore it can be washed aveov to block
. .5 c

culverts and bridges downstream.

~

service pipes, such as severs and watermains, laid across
wvatcrcourses can be obstructions if they are not placad

cleoar of maxilnun wvater levels. This is often difflicult.
ik Lcu‘?ﬂjy vith sewers and large wetermains but advance
Plaaning, O,LJCULWTLV'\ltn new development areas, may helb

to MLm;u;JL the necessity to cross at points where pipe loevels
are likely to cause problems by collecting debris.

Cuiverts

L i e

Ty the recent storm the single factor respomsible for the

test smount of damage was blocking of culverts by

n many cases the culverts vere inadequate for

s atoprn without blocking and this is nol Loc
SUT] (] Meny, novever, would have been inadeguatce in
storms of lesser intensity. While the amount of debris
brought down wos exceptional during the 20 December storm,
there are points to be noted which are appliceble TO
future design.

naa

5

3

The design of culverts under roads should be related to
e importance of the road above it and the economic

effect of disruption to traffic dvue to flooding. In extrome
ovents when the culvert capacity may be exceeded, roads
should pe shaped so as to act as fords where practicable

55 that stormeater f£lov is chammelled back to its natural
vatercourse.

puring floods culverts carry varying amounts of debris

other than water and ddﬂl ional capacity to deal with this

must e provided. Unless the invert of the culvert is
correctly placed with respect to the line and level of

the stream bed it may have its capacity reduced much of the
time by materiel lying in it. Where a roughly rectangular
stream cross—-cection meete a circular culvert proper trancition
valls must be installed or excessive GQL?] thd less with
lowered capacity and possible bank erosion wiil resull.

Multi—~celled culverts arve particularly susceptl b]o Lo

obstruction by debris. single opening culverts are TO

be preferred unless there are compelling C“Ouomtc or other
recasons to the contirary. Rectangular culverts have some
advantages over circular ones, Da“LlyﬂldTLy in the largex
S1zes. Bridges are Jcn0f1“13 preferable to culverts Lrom

a waltermrey point of view.
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The minimum size of a culvert must be such that it can be
readily cleaned. In the case of a long culvert this may
well determine the diameter.

It should be remembered that a 25 per cent increase in
diameter gives approximately a 50 per cent increase in
capacity which raises its usefulness in terms of flood
return periods from a 20 year event to a 100 year event.
This is achieved at much below a 25 per cent increase in
total cost of installation.

Gratings on culverts may appear to serve a useful purpose
Lbut in most cases they are dangerous. Unless carefully
designed they are likely to block and render the culvert
useless. This is a field where some research is necessary
to find the best means of preventing debris biocking culverts.
For debris up to a certain size the fewer obstructions the
better. For larger material likely to block the whole
culvert it is necessary to trap the material some distance
back from the culvert entrance. While one obvious action
is to ensure debris is not available tc block culverts,
this is not practicable cver long periods and the result

is that when maximum culvert capacity is required culverts
may be blocked and their capacity at a minimum by debris
brought down by high floodflows from areas above normal
valter levels,

Many roads in the hills of the Wellington Region must of
necessity be cut into bawks but in the case of important
arterial rcads exceptional care should be taken to ensure
road batters are stable aad embankments nct liable to
erosion from flood waters. A cut which was initially
stable may be rendered less stable by progressive weathering
of the rock.

Roads of lesser importance can usefully act as watercourses
in extreme events provided water can be guided back into

a natural channel without damage. Where practicable, roads
should be located below adjacent properties in order to hoid
flood waters for a period.

In Pinehaven there are two main tributaries, one flowing

down beside Upper Pinehaven Road and cae beside Elmslie

Road. The siting of the road and the houses in these two
areas are significantly different. Upper Pinehaven Road

runs up the middle of the valley mainly beside the waterway
and the houses are built on bolh sides of the road, generally
above the level of the road and waterwvay. The flood flows
could then flow down both the waterwvay and the adjacent road
without affecting the houses. The damage in this area was
mainly confined to garages, drive ways and garages.

Elmslie Road is situated in a slightly wider valley and is set
back from the waterway. There is a row of houces sited
between the road and the waterwvay. They are generally
below the level of the road and tend to be crowded close



to the waterway to fit in. In this area substantial damage
to houses occurred, some houses being buried 1n silt and
gravel up to the windows. The siting of rocads relative

to streams can therefore have significarnce.

During the storm many street sunps were observed to be
ineffective on steep slopes. Where this happens the
additional flow may overwheln all subsequent sumps so that
roads are unnnecessarily avash. The design and spacing of
street sumps is worthy of further consideration.

8.5 House Sites and Urban Develcpment

Recently constructed subdivisions stood up well to the storm
although some experienced slightly less rainfall Than others.
Involvement by geologists is greater now than in the past
and there is evidence that this is producing some changes

in design. TFor example, road batters appear to be lass
steep than was the case a few years ago.

The difficulties caused by increased run-off rates from
developed areas is evident in some cases and few local todies
have solved the problem of how to upgrade waterccurses to
cope with this increacsed run~off. (See also Section above

on watercourses. ) In some cases large quantities of run-off
have been concentrated and discharged into bush areas where
previously 1littie water flowed. Some of these require examina-
tion with a view to stabilisation.

Vhile the landslides (mud flovs) were widespread througkout
the region the greatest damage to houses did not occur in
subdivisions whare larqo scale earthwvorks had been carried
out, but in areas whers the natural slopes had been allowed
to remain for the most part and modified mlnlmally to produce
house sites and roads. Much excavation of house sites

takes place by builders and property owners subsequent to the
sale by the subdivider. In order to guard against this
practice of subsequent slope mcdification such recent
developers have placed a caveat on the titles restraining
owners from doing further cutting of the property.

It is clear that development in steep country needs special
attention. Whether some land should have been subdivided

. for housing at all is an important gquestion but where ic
has been permitted all proposed cults or other modification
of the sile should be required to produce a tCertificate

of Stabi ity'! as is the case in the Nelson area. In Nelson
the Certificate is produced by a Registered Civil Engineer
but it is felt that the advice from a competent geolog1st
should be an important ingredient.

l_l

8.6 Forestry Operations

WVhen an exotic pl antation is established tree planting should
not be permitted within a certain dictance of watercourses.
This is firstly to ensure that the trees do not fall into
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wvatercourses during floods and secondly to preserve a
belt of native buch or other vegetation Whﬂch acts
to trap silt and debris resulting from milling operations.

The National Water and Soil Authority has produced a set
of guidelines for forestry operations designed to ensure
that forest removal operations are conducted with due
regard to damage to other vegetation and proper soil
conservation pTdCLlCL%. In view of the proximity of
millable trees in the Pinehaven area to urban development
it 1s desirable that these guidelines be enforced in

this area. This could be done through Section 34 of

the 1959 Amendment to the  $0il Conservation and Rivers
Control Act. This would mean that all the forestry
milling operations would reguire to have Board approval
and would be subject to conditions laid down by the
Board. At the same time this could be made to apply to
the str;pplaa of topsoil of rural land which is occurring
in the region. This 15 a highly undesirable practice
which should be strictly coatrolled as it is the case in
a number of Catchment Board Districts.

Town Plaaning

It is evident that some areas have been zoned for urban
aevelopment vhich are unsuitable on account of their
topography and in some cases due to their relationship

to watercourses and potential flooding. It is too late
te be dealing with the problem at the bu1ld1nﬁ pernit stage.
A mu1t1~d1Pc1D1¢nco proach to planning is required so

that grouy nd condltlons can be examined in detail before
land is designated for urban development, not after such
designation.,

It is noticeable also that only the major watercourses
feature on District Scheme Plans. Thls means that persons
2yamining such maps are unavare of watercourses and their

attitude to lhem must be affected accordingly. The
meorLanco of ensuring access to watercourses for malntenance
purposes is not adequately appreciated by town planuers.

Topographical features and clope of ground covld w 11
be shown on Tistrict Scheme maps for the 1nf01matlna of
the public.

Building permits are not usually required to show water-
couroeq and building inspectors are not alwayc avare that
*‘e/ st. Thus building plans have been approved

in sume cases without adegquate examinaticn of factors
relating to watercourses. The practice of refex rnng
broposals near streams to Board staff for comment is
growing but is not yet universal.
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Tnsurance e

e

The December storm has revealed a large area of damage
which is uninsurable including loss of value to land
affected by slipping and cost of cleaning up after a

“storm. Undoubtedly, no insvrance institution would cover

such matters unless every effort had been made in the
First place to minimise the risk. However, even where
this had been done persons might well find themselves
heavy losers in the disaster situatioun.

2

to

W

The use of the Eartihnguake and War DumageoFund appea
be a makechift arrangement and the question arises
Lo whether there is not a need for a general Disaster
und which would not erode the Earthquake and Var Damages

und. Perhaps this should also be compulsory and be

based not on the extent to which the property ovner takes

out fire insurance, but on the capital value of property

as determined by Govermment valuation and some factor
related to risk. Some years ago a study of sales of
W2llington City properties shoved that the average length

of time a property remained in one ownership was 14 years.
Today's figure could well be a shorter porlod This means
thal the actions of one owner may affect a subseguent owner
and although thc JHVCL might well be told to beware, the
ricks in this pa cular field arve difficult for the

average person to cvaluate and with oropa%*:og chanalhg hands
relatively frequently, a better form of insurance is desip-
able.

r
a

N

1

For commercial properties there are several types of insurance
against water damage not well explained by insurance companies.
Some comnercial firms find on examination that their
particular policy for water damage does not cover water

from flooded streams. On the other hand, realising that

the Earthquake and War DamageCuommlcsloﬂ will cover disaster
damage to the extent of a fire insurance UO]]Cy, there

is a tendency for commercial firms to keep the fire wnsuwﬂn se
high and the water damage insurance 1low. This in effect
means inadequate cover of insurable items which has been

a matter of concern to the Earthqguake and War Damage
Comm3 s sion.,

The fcllowing extract from the 1976 report of the Earthquake
and War Damages Commission is relevant in this connection: -

tg{ill of concern to the Commission is the amocunt
being paid out from the Disaster Fund for
commercial property losses. In the past year
storm and flocd damage tc commercial preoperties
accounted for more than 80 per cent of the
payments from the fund.

The extraordinary disaster provisions were intro-
duced at no extra cost to property owvaners at a
time when this form of protection was not readily
available on the opon insurance market. NO
distinction was then made between dcomestic and
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commercial property losses Over the intervening
years insurance companies have progressively
expanded fire insurance contracts to provide cover
against storm and flood demage and todav this
Protecticn is readily available at a small extra
coﬁb. '

In the opinion of the Commission there is selection
against the Disaster Fund by the commercial sector.
Insurance companies are quite prepared to grant an
extension of cover where the risk is reasonable, but
the Commission is being committed to accept storm
and flood liability under the Disaster Fund for
the less desirable insurance risk bv virtuc of the
automatic cover attaching under the Act with the
ssuing of insurance policies restricted to fire
cover only. The Conmission has no control over the
granting of a fire only cover by insurers, but it
is evident that if. storm and flood cover under the
Act did nct automatically attach to these fire conly
contracts many commercial property owners would be
ferced te take more precautions to preserve buildings
and trne contents of buildings from damage.

ter Fund was orjqin>ll' designed to bridge
japs in the overall insurance portfolio avail-
25
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-b > reperty owrners. ”he future solvency cof the
ud i sential to meet this very need and it is

the opinion of the Commission that cover under the Act
should not extend to that type of loss for which
adequate altulﬂathc insurance facilities are avail-—
able through the insurance industry."

My Q)
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Civil Defence -

The limited experience from the December storm suggests the

need for a Regional Civil Defence Organisation, particularly

for dissemination of reliable information covering all
local autho“ities, regional and sub-regional bodies and
Government Departments. -

It has not leen possible to examine the performance of

arly of the Civil Defence Organisations during the December
storm but there has been some criticism. It has been
suggested that the National Fire PFighting Emergency Hand
Rook should be studied by Civil Defence Authorities. This
1s in line with a feeling that unless Civil Defence is
built around ODeﬂa+1ng service organisations, 1t will not
function adequately in a widespread emergency situation.
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RECOMMENDAT IONS

This report must be regarded as a broad initial study of the
flood ‘event, many features of which warrant further considera-
tion. Several specialist organisations are also known to be
producing their own reports. Every deficiency ncted wvarrants
some action but more study is needed in some cases.

The following actions,hovever, are recommended now: -

-

. That the Ministry of Works and Development be asked
to investigate and if necessary conduct model tests
to determine optimum culvert entrance design with
particular reference to long culverts and with a view
to dealing with solid material and floating material.

5, That the National Water and Soil Organisation be asked
to press the Goverrment to establish a policy with
respect to subsidies whereby -

(a) urban works are on the same basis as rural works
For subsidy purposes, and

(b) that major urban stormvater upgrading schemes
qualify for a Govermment subsidy.

3. That the Board approve investigation work by Board
staff on the following streams with a view to deter-
mining whether improvement works are warranted.

Xorokoro Stream

Stokes Valley Stream

Vaiwhetu Stream

Heretaunga Drain - Hulls Creek.
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