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1. INTRODUCTION

Technical lüemorandum No. 61 (11461) is an empirical melhod for esf imating
a design flood peak discharge in an ungauged New Zealand cafchment.

This publ ication presents the metric version of TM61. lt is emphasised
that this is not a new revision of the method; the method is presented in its
3rd rev ision form ( 1964) with only minor modifications.

2. FORMULA

The TM61 formula is

Qp=o'0139çP54a/+

where Qp = esfimate of the design peak discharge, ín m3/s
C = a coeff icient which depends on the physîography of lhe catchmen-t
R = a rainfal I factor which depends on.the design storm
S = a calchment shape factor

and A = catchment area, in km2.

-[he deriva-lion of C, R and S îs described in sections 3, 4 and 5,
respeclively.

(1)

?

3.1

THE COEFFICIENT C

General Procedure

The coefficient C for the cafchment is derived by the following procedure:

select from Table 1 a value for W¡g represenlative of lhe catchment.

Determine a value for W5 from Figure 1.

Oblain W, which is the producl of The W¡6 and W5 values.

Convert W to a value for C using Figure 2.

wlc

(a)

(b)

(c)

(d)

3.2

The W¡6 f actor Îs ìnlended to accoun-l f or -lhe ef fects of inf iltraf ion
and ground surface and cover characteristics on runoff. The selectìcn of a
value from Table 1 for the factor must take into considera-fion lhe moisture
condition of the cafchment for the design storm. As the return period of the
design slorm is increased the calchment is more l ikely to be saturated, and a
higher W¡ç value should be chosen accordingly.

3.3 W5

w5 is a slope faclor, and its de-lermination requires data on lhe
length and slope of the main channel exlended up to the catchmenl boundary.
Methods of ca lculating the average channel s lope are given in Appendix A.

To determine w5, define the point on Figure 1 corresponding to the
channel lenglh in kilometres and the average channel slope in percent. From
this poinl draw a line parallel to the topography lines to intersect the slope
factor line. \rrls is then the right-hand ordinate fhal corresponds to the
intersection poiñt on the slope factor I ine.
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TABLE 1

VALUES FOR WIC

Soils Ground Surface-Cover WIc

lmpervious soi ls (such
as clay soi ls wilh poor
strucfure e.g. northern
yel low brown earths).

Any soi l, if saturated,
is included in this
I roup .

Urban Catchments

high density
deve I opment

1.8

moderale to low
dens i ty deve I opment 1.5

Mainly bare surfaces 1.2

Average shortgrazed catchments f -i

30% of area in long grass, scrub or bush 1.0

60% of area in long grass, scrub or bush 0.9

1001 of area in long grass, scrub or bush 0.8

Moderately absorbent
soi ls (such as medi um

textured soîls with
good slructure e.g.
soufhern ye I I ow brown
earfhs ) .

Urban Catchmenls

high density
deve I opment

1.7

moderate to I ow
densîly development 1.3

Mainly bare surfaces 1.1

A,'erage shortg razed catchments 1.0

30f" oÍ area in long grass, scrub or bush ^o

60% oÍ area in long grass, scrub or bush 0.8

100þ of area in long grass, scrub or bush 4.7

Absorbent soi I (such as
deep yel low brow¡ sands
and pumice soi ls).

Urban Catchments

high density
deve I opment

1.5

moderate lo low
dens i fy deve I opment 1.2

Ma in I y bare surfaces 1.0

Average shortgrazed catchments 0.9

30% of area in long grass, scrub or bush 0.8

601l of area in long grass, scrub or bush 0.7

100Í of area in long grass, scrub or bush 0.6

Very absorbent pumice
soi l.

Mainly bare surfaces
Average shortgrazed catchments
30l of area in long grass, scrub or bush

0.5

60l of area in long grôss, scrub or bush
100% of area in long grass, scrub or bush

0.4
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IiVhen there are insuff icient data to calculale the average channel
slope, Wg can s-li ll be delermîned by assessing the topography of the catch-
ment. W5 corresponds to the point on lhe slope factor line thal represents
the average caïchment topography. Because of the subjectivity in this
approach, it is advisable to make a slightly conservative estimate of the
topograph ica I ch aracteri st i cs.

4. THE RAINFALL FACTOR R

4.1 General

The rainfal I factor R is given by

desiqn rainfal deoth (2)ft= standard rainfal I depth

The desîgn rainfal I deplh depends on:

(a) the return period of the design storm; and

(b) lhe duration of the design storm.

Bolh these points are elaboraled upon below.

4.2 Return Period

It is assumed that the design storm has a return period the same as
that of lhe design flood. For practical purposes this assumption is lhe
mosl reasonable one lo make.

The choice of return period must take into account several factors,
which include: the.expected life of the strucTure involved; the general
economic consequences of the failure of the struclure; and fhe loss of life
and I ivel ihood that might result. lnformatîon on the return period is
available in many hydrological texts, including the Draft Code of Practice
on Design of Bridge Waterways (1914). Many bridges are designed for the 50,
100 or 200-year peak discharge. Smal I culverts are often designed for the
10 or Z)-year peak discharge and a check made thal larger floods can be passed
by head i ng up.

4.3 Duration
lf the rainfall in an impervious catchment is temporally and spal-ially

uniform, the peak of the oulflow hydrograph is not attained unti I the whole of
Ihe ca-lchment is contribuling to the f low al the outlet. Therefore, the
duration of lhe design storm for a cafchmenl is usual ly taken as being equal
lo lhe tim'e for water to travel from the farthest point on the catchment to the
outlet. This lravel -lîme is known as lhe time of concentration. The
recommended measure of lhe time of concenlration is the fairly conslant minimum
value for the time of rise of the flood hydrograph that results from shorl
duration rainfal I excess.

. For an ungauged catchment the formulae and nomogram in Appendix B may
be used to estimate the time of concenlration. The estimates from these
sources wi I I vary because: differenl interpretations of the lime of
concentra-lion are involved; not al I lhe sources are suited to the samecondÎtions; and the sources do not accounf for the lendency of lhe time of
concentration fo decrease with increasing rainfal I inlensity.

R



-6-

The chosen value for lhe time of concenlration should be the one
considered the most reasonable for lhe cälchment and for the design storm.
It should not be arrived at by simply averaging the results f rom the formulae
and nomogram in Appendix B. A useful check on the chosen value is to convert
if to an average flow velocity (using the maximum f low length) and then
compare this velocity value with those pertaining to nearby, gauged cafchments
of simi lar size and foPograPhY.

The raînfall factor R may sonetimes prove insensitive to different storm
durations. ln lhese cases it wil I nol be necessary to estimate the time of
concent ral i on .

4.4 Design Rainfall Depth

Robertson (1963) has presented fainfal I depth-duration-frequency data
in map form for lhe whole of New Zealand and in detailed tabular form Íor 46
pluviometer stations. Simi lar, up-to-date data are avai lable from the
Meteorologica I Off ice for indivîdua I p I uviometer stations. From lhe data
the rainfal I depfh, corresponding to the selected duration and return perîod
of the design storm, can be calculated by the method described by Robertson
(1963).

It is preferable to use the more precise pluviometer data when calculaling
the rainfa I I depth. The importance of the structure involved may necessîtate
the processing of data for a pluviometer not covered by Robertson (1963) into
deplh-duration-frequency form. lf no pluviometer is located within reasonable
distance of the calchmenf it will be necessary to use the data given in map forrn.

4. 5 Standard Ra j nfal 'l Depth

The value on the standard curve in Figures 3a, Jb corresponding to the
design storm duration is the slandard rainfal I deplh. The slandard curve is
proporlional to the rainfall depth-duratîon relationships existing at Kelburn,
but has been set so thal 76 mm corresponds lo the 1-hour duration.

THE SHAPE FACTOR S

The effect of catchment shape on lhe peak discharge is al lowed for by
shape factor S, which is determined from Figure 4. The abscissa value,
dimensionless number K, is calculated from

K=+
where A is the catchment area in square kilonetres and L¿ is the dírect length
in kilometres from the farlhesl point on the catchment lo the outlet. The S

value is the ordinate on the curve in Figure 4 that corresponds to the K value.

5.

the
the

(3)
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6. APPLICATION

The application of TM61 requires reasonable spatial uniformity in the
physiography and the rainfal I characteristics of the catchment concerned.
Thus, whi le the method is general ly appl icable to smal I catchmenls there are
I ímitations on its use for large catchments. The recommended upper I imit-on
the size of the catchmenl to which the melhod should be applied is 1000 kmz.

The maps presented by Robertson (1963) are based on rainfall intensilîes
recorded at elevations less than 600 m. The maps should therefore not be
used for catchments above this elevation. Furthermore, according to Robertson
(1963) the rainfall values taken from the maps will be least reliable where the
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orographic influence on rainfal I ls greafest. Hence
used cautiously fon the cafchments in Taranaki and the
Soulh. ls land.

the maps shou I d be
West Coast of the

Finalfy, lhe chosen values for certain TM61 parameters such as W5 and
W¡ç have an important bearing on the design discharge estimafe. lt îs there-
fore recommended that lnformation. on lhese paramelei values for the region
concerned should be sought f rom ï? qelropriate loca I agencles, e.g. cãlchmenl
and regional water boards, and district water and soil értÍces-ot lne Ministry
of Works and Development. These agencies may also be able to ass ist with
expected valyes for times of concenlration (or average f fow velocilies) and
wlth rainfall data.

An example of the use of T'11461 is given fn Appendix C.
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APPENDIX A

CALCUI.ATION OF THE AVERAGE CHANNEL SLOPE

average slope Sa is given by

(n
l¡J(r
F
l¡J

z
zo
L

s
l¡J
J
lrJ

A

Two melhods are described below for calculating-the average slope of
the main channel. Both require the plolf ing of thè longitudiñal prof ile
of lhe main channel from the catchment outlet up to the ðatchmenl'boundary.

The firsl mefhod is quick and gives consislent results. The second
rnefhod gives a more representative value for the average slope. lt is a
nroditicaf ion of the Tay lor-Schwarz (195Ð method. W¡+h judìcious choice of
fhe poinfs represenling changes in slope the modified metñod is considered
more flexible and accurate than the original one.

l
The method involves the calculation of the slope of the hypotheticalllne AC, which is so posif íoned that the enclosed areas above åà¿ oelou it,i'e' areas X and Y,.9re equal. The procedure is to planlmeter fhe totalarea under the longltudinal prof ile. This area, Ad, equals fhe area of thetriang le ABC. Thus

Ad=

þ=

Hence the

EQUAL-AREA METHOD

Assume a longitudinal prof ile as shown below.

CHANNEL LENGTH }N KILOMETRES

Sa=
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When the units for elevation and length in the diagram above are used

2A¿ ,
S¿ = 1¡50¡z mzm

2. |'4ODIFIED TAYLOR-SCHWARZ METHOD

The average slope is calculated by the formula

where I ¡ is the length of
the corresponding reach.
is fairly uniform.

Examp'le

a reach of the main channel and S¡ is the slope. of
The reaches are chosen so that within each the slooe

t¡)
t!
E
t-
UJ

z
z
a
l--g
Lú
J
l¡J

to

go

6

40

t234

CHANNEL LENGTH

678

KILOMETRES

5

IN

For a main
average channel

channel with a longiludinal profi le as
slope is calculated as fol lows. Four

shown above, the
reaches are consîdered.
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El evation
metres

¡ Elevation Length (li)
metres

Slope (Si)
n/n '/57

li
ßi

0
23.8
53.3
96.0

203.4

23.8
29.5
42.7

107 .4

2420
2509
2565

862

8357

0
0
0

009 84
01176
01665
1246

0
0
0
0

09920
10844
12903
35299

24396
23136
19878
2442

69852

sa

For

sa

= WrrÀ2 = 0'0143 n/n

fhe same channe I

2 x 438.85
1000 x 8.357¿

the Equal-Area method gave

0.0126 n/n.



TIME OF CONCENTRATION FORMULAE

=

1. RAIVISER- KI RP ICH

Tc = 0. O 195 L0 ' 77 5u-0 i 385

where

$/here

v',here

Tc --

lç -
va

t-

time of concen+ration, in minutes
average'channel slope, in m/m
flow length from the farthest po¡nt on +he catchment

ln m.

to the ou+lef ,

2. BRANSBY.t¡l I LL IAMS

o.g53LL'2lc =;uryz

l6 -
l=
ff=
ll=

lime of concentration, in hours
max¡mum flor.i length, in km

catchment area, in km'
the difference in elevation between the highesf and lowesl Po¡n+s

on the main channel, in m.

SOIL CONSERVATION SERVICE

.0.87¡3.0.385tT,r

time of concenfration, in hours
maximum flow length, in km

the difference ln elevation befween the highest and lowesl points
on fhe main channel, în m.

3.

Tc=
l_=
f.l =
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FoR¡.uLA i. z.tzt ( ç*Jþr, )"''
t . ltlE OF CO¡aCE|{TRAT|ON ti¡ HO(nS
n , AVERÂGE \åLU€ OF vANNrt¡G's 'r'
L = CHÀNI€L L€N'JÍH A5 SI-KIVI\¡Oil IOPO MÁE 

'¡ 
Xñ

C . RUNOFF CO€FFIC'ENT IN RAI¡OI\¡ÂL FORMI-.A¡ . DESIGN RÉÍUFN PERTOO tHOI.F RATNFALLD€pfHtN
S ' A\€RAGÊ SLOPÊ OF CHANNEL IN ñ/m
R = AVERAGE HYORAULIC RAOIUS OF CHANNEL tN m

n . OO¿l
L.&O
C.Oa
r¡65
S . OOI¡I3
R '.O9
(i) ¡rL.O.3?.4
(i¡l C¡¡ r 26 r E
(¡i¡) JOIN A A B MÀRl< INTERSECTION ON Y, AS X
(rv) JoiN X oN y r,y¡TH OOt43 Oil S TO G|VE Z ON yr
(vl JOIN 0.5 ON R WITH Z TO G|VE 1=t.39hr¡

THIS TIME PROVIDES OI.¡LY FOR CHANNEL FLOW
AND ALLOWAIICE SHOIJLO B€ MAOE FOR INÍTIAL
OVERLAND FLOW fO OO TH¡S REFERENCE SIIOI¡¡
8E MADE TO THE CHART FOfi OVERLA¡¡O FLOII
GIVEN BELOW.

o.7

o.8

o.9
t.ft

7,

8.

9.

FzU
o
Ë

I
rro2
fc
o2

J
J
È<2
eE
tso
Fo5ôoc
G

o

o8

o.9 õ
G

Go
tsu
r

UI
c
U

o e oool
J

I o.ooos
È

ø
G
foÌ
=
6
F-

EFz
Uo2ou
b
UI
F

o
r
Uo
GU

o
UÀo
J

CHART TO DETERMINE THE TIME OF
CONCENTRATION OF A CATCHI,IENT

P.\,V0. r59529



-t7 -

APPENDIX C

EXAMPLE OF THE USE OF TM61

AS

Assume a hYPothelical catchment
shown in section 2 in APPendix A,

Area, A=33.62kn2
Length of main channel, L -

Direcl length, Ld = 6.20 kn

Average main channel sloPe =

Design storm return Period =

with a main channel
and wiÌh

!ongiludinal Profi le

8.357 kn

0.0143 n/n

20 years.

1. C VALUE

(a) For .-,turated condif Îons, Tab le 'l gives WIC = 1'0'

(b) For L = 8-351 km and sa = 1'43/', Figure 1 gives Ws = 47'

(c) W = WtC x tlr/S = 1.0 x 47 = 47.

(d) For W - 4J, Fîgure 2 gives C = 910'

2. RAINFALL DEPTH-DURATION DATA

(a) From lhe rainfal I intensities recorded at a nearby pluviometer, the
fol lowing deplh-duration data are obtained for the 2O-year return period:

Duratì on 10 min 20 min 30 min t hr 2hr 6 hr

Depth, mm 20 35 49 65 76 104

Examine whether R is însensitive to di fferenf desÎgn storm duralions.

The variation in R warrants an estimation of the time of concentrafion'

(b)

3.

(a)

TIME OF CONCENTRATION

Ramser - Ki rpi ch

Tc = 0.0195 x 83510'77 x

= 105 min (1.75 hrs)

.'. Ave rage f low ve I oc i tY,
8351 ,

105x60= l'JJm/s'

9.9143-0.38s

Durati on
DeSìgn Rainfal I

Depth, mm

Standard Rainfall
Depth, mm

Rainfal I Factor
R

30 min
t hr
2hr
6 hr

49
65
16

104

61
76

103
193

0. 80
0. 85
0.14
0.54



(b) Bransby-Wil I iams

0.953 x 8.3571'2+-l6 - 33.620.r y 293.40.2

= 2.96 hrs

(c)

8357

8357=-=0.78n/s"2.96 x 3600

Soi'l Conservation Service

r ^''l 
0. 38s

10.87 x 8.357'ó |
l-l

L 203.4 I
1.42 hrs

-18-

the nomogram,

+ 0.28 hrs (overland flow)

1.64 n/s.

(d) Pl^lD

As

Tc

shown in the examPle wÎth

= 1.39 hrs (channe I f low)

1.67 hrs

8357 = 1.39 n/s.
1 .67 x 3600

(e) A t.ime of concentration of 1.40 hrs appears reasonable for the catchment
and the design sform - accept this figure.

4. R VALUE

From the depth-duration Cata of the nearby pluviometer, a rainfall depth
of 71 mm is obtained for the design storm of 1.4 hrs duration and Z1-year
return period.

It is assumed that this rainfal I depth is the same as that which would
occur at a cenlral point in lhe catchmenf. Because of the possible error În
this assumptîon in this inslance, the point rainfal I value of 71 mm is not
reduced according to Figure 6 in Robertson (1963) before it is taken as being
a representafive value for the whole catchment area.

ThusR=#=0.81.

.'.V =

5. S VALUE

(a) K=l#?=0.87.

(b) For K = 0.87, Fîgure 4 gives S = 1.25.






