
The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

Bsc. 

Wuhan 

P.R.China 

at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I, 

IS 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n
not 

E 

• 

at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 a test sewer was 

sewer 

sewer 

a 

eIl:ecltect on 

sewer 

sewer 

tenns 

KlIletllc U.~V'''''''L are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

2 

sewer ."' .. "i,.." ..... 

3 

1 

7 

7 

8 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n
4 

5 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

B 



Univ
ers

ity
 of

 C
ap

e T
ow

n

A 

atm 

g 

I 

p 

1 

I 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Q 

n 

r 

s 

s 

t 

T 

jl 

v 
v 

v .. 

w 

rate 

mass T"""'!'I<oT,>.,. rate COI;:!tlCH~nt 

1* 

stress 

s 

II 



Univ
ers

ity
 of

 C
ap

e T
ow

n
L 

2. 

3, 

5. 

cement 

on 

1 

sewer 

cement 

sewer 

IS a common 

a 

sewer ex[)os~~d to 

sewer 

a sewer or 

wet 



Univ
ers

ity
 of

 C
ap

e T
ow

n

H2S FLUX TO PIPE WALL 
OXIDATION TO ---~ 

ACIDIC 
CONDENSATE 

OXYGEN ENTERING THE 
WATER 

DISSOLVED OXYGEN <0.1 

DISSOLVED SULFIDE 
HS-+ 

DIFFUSION OF 
NUTRIMENTS 

DIFFUSION OF S~~~--: 
INTO STREAM 

sewers 

occurs 

LAMINAR FLOW LAYER 

SULFIDE PRODUCING 
ZONE 

INERT ANAERBIC 
ZONE 

are are 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

occurrence IS rare 

1 

sewer 

"''''''',LL,""J. ""u. .... ,,,,,,,,,, content 

sewer 

two as 

can occur 

".H"'j'~"'''' which 

reverse 

IS 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

most 

IS 

over 

was nrt'",r,cp 

a sewer " ..... r.l"., .. " 

- sewer 

sewer atrnosnltleI'e a 

rate at IS VAJl'.H.I~"'U on sewer 

to 

on a sewer 

on 

oel:celtlt to u,,",uu,.uu an terno,eraltUlre must 5 

4 



Univ
ers

ity
 of

 C
ap

e T
ow

n

d) trace must 

act as 

(1 on work 

" ... r,nrt'" and 

to 

(1947). 

sewer 

must to 

IS 

to cement sewer 

It IS IS to 

+ + 

a test sewer was 

as a means 

but very little analytical work has 

sewer 

o 

to cement 

cement 

cement is 

.1) 

sewer 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

own any can once 

not 

test was to 

be 

6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

rate at h'u,rt.,.rHy,,·n 

a 

sewer en'Vlronme:nt. 

sewer onset 

sewer emllr(HUlrlerLt; it 

at 1"O"t",,1"O' 

1 was cneCl:ea a a era 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were 

not """' .... vu" ... "', ... , it is U~\,,~;:);:)<:tl to sewer "n,ern", 

was to a latliOr~ltOlrv 

a a COltltrloHabJ,e «U.n..IU,", t>r,,"T'ClU 

to create a 

user-

ettected. it is uo.;;''''';:);;)a! 

or 

sewer 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on 

+ ]+ ] 

1. 

+ 

two ~"'U''''U'Jl1'' are: 

fx = "{"Tn""" 

= 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

constants 

more 

IS to 

= constant 

'-'UJeuu ..... u, constants are at 

= 

is not IS concern as 

•• U,U,JV,'.;:I can to 

are as 

=--;;:----;;:----:-;--;-------::----:-:-* 

10 



Univ
ers

ity
 of

 C
ap

e T
ow

n

] 

] 

10 to 

1, one sees 

8, are 

0 

0,00 

-1,00 

-2,00 

-3,00 

-4,00 

-5,00 

·6,00 

-7,00 

-B,OO ' 

(1 

]=1 

] = 1 

are 1 1 

a sewer 6 

2 3 4 5 6 7 8 9 10 11 12 13 14 

11 ) 

to 

< 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

""'lY",,,rI to 

CO!lcentratl(:ms are 

sewer two 

1. a "'~" .... "'''' S1[01(:hlonletnc .« .. CUll'va 

can 

water. 

sewer 

are 

sewer 

two more 

to 

UJ.'-'<.UJ.JlJ.J.5J.UJ. measurement 

"'1J'A,d',,;;> is not 

12 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.:lU,J •. ,uu not 

contact 

rate at 

"'V,,~ .. H""'''''' v,," to 

constant. 

as "'<UUIJJl,", 

= 

rate 

to 

IS '-''''«B.1"'' 

can 

an 

* 

on sewer to 

is 

a COIlcel1traltl amass 

13 



Univ
ers

ity
 of

 C
ap

e T
ow

n

) 

= rate COieULCHem 

= 

to 

sewer 

== 

to one to a 

it 

one to sewer 

are Irn,nu,'1"I 

one to lrnn<lrT a 

a water water 



Univ
ers

ity
 of

 C
ap

e T
ow

n

water at a rate on 

a 

sewer. 

lalJOrllltm'Y at 

were H!\"a.::I'UL '",\.1.. 

are out 

• 1. 

measurement. 

• meter 

• 
• 
• cross area 11 11 

• 
• 

• 1 

• 

was 1 test. 

15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• IS 

• 
IS 

1 it is not ne(~essary 

• to water to 

was to a malXlInUltn 

16 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L 

were 

3. 

are 

to 

are 

5. was 

were 

"'V''''''''"'Y1.'''n1" was 

tests OTT'>I'T"'n 

to 

to 

same 

UL~"UJ''''U water to 

a 

a 

one 

masses 

a 7 

17 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 10 

~ 
.. 

J . , 
~ ... 
." , 

t . . 
" '" ] .'.\'I!*. 

" 
""' 

€ . , 
! 
-Ii 

5 .ll , ' 
f 
l ,. 

" .. . 
.. (f '" If *' {I ... 

0 
0 100 200 :25lJ 300 

1""0 

= 

11 G 1 

to 

€ ~ '" J '0 J " 
~ " ." , 
.Ii! t f ~, 

"!it 

~ '0' l . 

n 
0 50 250 300 .so 100 

= 

1 = 21 

at 

18 



Univ
ers

ity
 of

 C
ap

e T
ow

n

$ , 

" 

250 150 200 
TllIle 

= = 

10 

S , 

~ 
1 
~ .a 
~ 
~ ... 

. . 
0 

.. .0; <> $ ... !) ~ .. " ... 01' 0; <I II o+------------·~·--'-'-·~·~·~,~·~·~;_~~~---L~ 
0 .00 150 o 100 150 

Tlffie (min) Tune (min) 

= = 

at 

19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

one eXl1ects 

more 

* * * ) 

was 

rate 

* * * v 

* * * 

= rate 

= constant 

reactor 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was to 19 

... "; .. IVU was as 

* * * * v 

:::::: constant 



Univ
ers

ity
 of

 C
ap

e T
ow

n
o+-----r---~----~----_r----~--~ 

o ,00 
Tin:e 

11 1 

10.-----------------------------------

250 300 350 

1 2 

at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

10 

I ~ 
E 

i -8 
:l:! 

t 
l ] 

f4 

200 250 21O 

= 

= 

10.-------------------------------~ 

1O.---------------------------------~ 

250 

Time 

= 

31 

at i-i-t> .. ",.~+ motor 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as 

at are: 

a reactor is u"' ..... ", .... as: 

* 1 * * * * 
V 

1 is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

sewer. 

sewer 

sewers pre:sel1tl) 

3 

sewer 

are 

sewer 

to it is ne(~eSlSan 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a cross ) 

w w w 0 

d 

!11 under-half full flow over-half full flow full flow 

sewers 

to i!e()lne~trv Ct on water sewer 

r: 

-d 
a =acos ) 

r 

w m 

m 

A 

IS to 

m 



Univ
ers

ity
 of

 C
ap

e T
ow

n

JJo'SIOll1. 1 

occurs 

constant. 

area, 

occurs 

ruanons, "''1"1,,,,1''''''' IS 

or rate 

area 

IS 

water 

is 

a 

at cross .,,,,,,,,uv'u IS 

LOnS]IOenn:g a sewer 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are essentIali same 

IS a 

to turn is 

as it 

moves 3 

Energy Line 

water surface 

Channel bottom 

Datum 
Open channeillow 2 

sewer 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as 

= 

g 

v=mean 

IS 

v 

now 

mean 

n 

s = sewer 

was 

v ~* 
n 

to 

* L * 

use 

2 I 

3 * S2 

YUUUH IS 

1 

It is now 

non-



Univ
ers

ity
 of

 C
ap

e T
ow

n

is one most 

are pre!sentect 

15 are sewer .... "'CHFo,A,', 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 to 

Surface 
Uncoated cast-iron pipe 
Coated cast-iron pipe 
Commercial pipe, black 
Commercial wrought-iron pipe, galvanised 
Smooth brass and glass pipe 
Smooth lockbar and welded "00" pipe 

Brick in cement mortar; brick sewers 
Neat cement surfaces 
Cement mortar surfaces 
Concrete 
Wood stave pipe 

Semicircular metal flumes, smooth 
Semicircular metal flumes, corrugated 
Canals and ditches: 

Earth, straight and uniform 

and uniform 

Canals with rough stony beds, weeds on earth banks 

Earth bottom, rubble sides 
Natural stream channels: 

bank, full stage, no rifts or deep 

(2) Same as (I), but some weeds and stones 

and shoals, clean 

(5) Same as (3), some weeds and stones 
(6) Same as (4), stony sections 

river reaches, rather weedy or with very deep 

(8) Very weedy reaches 

Best 
0.012 
0.011 
0.012 
0.013 
0.009 
0.01 

0.013 
0.01 

0.011 
0.0225 

0.017 
0.025 
0.035 

0.033 

0.035 
0.045 
0.05 

0.075 

Good Fair Bad 
0.013 0.014 0.015 
0.012* 0.013* 
0.013 0.014 O.oIS 
0.014 0.015 0.017 
0.01 0.011 0.013 

0.011 * 0.013* 
0.015* 0.017* 
0.013* 0.015 0.017 

0.012 0.013 0.015 
0.025 0.0275 0.03 

0.02 0.0225* 0.025 
0.03 0.033* 0.035 

0.04 

0.035 0.04 0.045 
0.045 0.05 0.055 

0.04 0.045 0.05 
0.05 0.055 0.06 
0.06 0.07 0.08 

0.1 0.125 0.15 

31 



Univ
ers

ity
 of

 C
ap

e T
ow

n
IS ob1taulCd 

'to IS 

p= 

g 

to n 

v .. , aCl1ne:a as: 

v. ;::: 

stress 

;::: 

v. ;::: 

to 

it is 

to 

.1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

=8* 1 
v 

V IS 

3.10 L.JY'UC;U1Vll 3.11 one 

= -------.:;-

coeIIlClem Cn) is 

1 

= 

a n it is 

rate. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 

it to a sewer """'TP'TI 

'"''''''''",,0'''''' one to 

to sewer en'VlIonmt'::n 

sewer 

two. 

to create a 

H"''"''''''- extremes: 

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

reactor contents are nomc}Qe:no!Us. 

contents are reactor. 

can as a 

zero 

sewer 

a reactor IS PV1"Ol"P<;l<;l"'r! as: 



Univ
ers

ity
 of

 C
ap

e T
ow

n
v 

sewer 

r, 

= rate 

constant 

constant 

* 

area 

reactor 

a 

* * * v 

IJH,",UIJ!,", to a sewer "."''!-,,,. .... one 

a sewer 

to I.J<" UU!"'<\",1. 

area 

cross­

sewer 



Univ
ers

ity
 of

 C
ap

e T
ow

n

d 

sewer 

Accor'C1UIQ to ex is to sewer 

as 

a=a 
r 

w m 

m 

crCtss·,se(;UCIll area: A = 

a sewer 

= 

w 
=---= 

v A 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a sewer 

J-l= 

1, a 

w = water 

--"--cc-
V 

w 
cc 

A 

A cross area 

1 

cannot 

a 

water 1 s at ) 

It is a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

= 

r = 

T= 

v= 

as: 

T 

10 

a 

r* 
W==---",-

T 

as: 

= *-*-

4.9, 

== 

== ------- == flow 

11: 

(m) 

sewer can 

10) 

v 11) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

= 

to rate 

1, sewer """TPln"1 "''''''';>''JlVU rate can 

eX1Jresse:d as: 

*w* * * 
A 

rate 

:::::; constant 

constant 

w = water 

A cross ",,,,"'uV'U area 

reactor 

g = 1 

r == 1* 

water = 1 s at ) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 

is to to 

a 

sewer IS 

sewer "nYU'LVH 

rates. 

sewer 

1. a turn 

rate 

was 

.1. 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

sewer 



Univ
ers

ity
 of

 C
ap

e T
ow

n

nF,,"'lflfif sewer 

1/90 11105 11105 1173 1173 

132 132 131 131 131 

78S 

sewer a AnVUV .. was 

""A .. A':>':>,LVll rate 

a sewer 

was 

1. 

sewer. 

HW'UVUcan sewer 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• sewer is is 

1 IS 

• 
6 7. ..... nUfP" ... r 

,.u~'V"""'I',,,,, rate: was 

3 

uu ....... ""..., UJ,atu,,:>. '-JH.:l1'L'-' measurement Clls:ch,anze rate was not IJV.'h>L'''''''''' 

3. measurements rate 

",tt'>'I"n'"lt to measure an 

wave 

5.1). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

nerwef~n a 

• one to sewer 

was 

set out 3 sewer 

1) is as 

is set at 10 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.7 

0.6 

0,5 

OA 

0' 0.3 

0.2 

OJ 

o 
o 

0.1 

0.6 

0.5 

0.4 

0' 0.3 

0.2 

0.1 

0 
0 

L....-.....-

500 

500 

L....-.....-

1000 
Time 

1000 
Time 

1500 2000 

at U""'UUVlv 1 

1500 2000 

at 2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.1 

0.6 
,.; 

0.5 

0.4 

0' 03 

0.2 

0.1 

0 
0 500 1500 2000 

Time 

at Ul"'U.L'VH" 4 

0.7 

0.6 

0.5 

0.4 

0' 0.3 

0.2 

OJ 

0 
0 500 1000 1500 2000 

Time (s) 

at 7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

....... ,.'V •• " set out 

a 

<:!hr.Ult! a 

115. 

a to 15. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3~------------~======~--~ 

1.5-!---..---......,----,---,-----,.---,---....----I 
o 100 200 300 400 500 600 700 800 

X 

o 100 200 300 400 500 700 800 
X 

at rate 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0 

-1 

·2 

·3 

.4 -.., :> .5 
~ 

.6 

-1 
~ 

·8 ~ 

·9 

·10 
a 100 200 300 400 500 600 100 800 

lIte"u."'''' at 

0.115 

0.4 

0.35 

0.3 

0.25 

a 100 200 300 400 500 600 700 800 
X 

roh'to,,,..,,,rI at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

*w* * * 
A 

set out 

state 

IS 

at 

measurements were pttpf'1rpti 

is were 

are set out 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

occurs over a 

it IS nelces:SaI"V 

to assess a 

09 0,9 

0,7 0,1 

~ ~ J!, 0':; S 0.5 

Cf Cf 

03 0,3 

0,1 01 

0 100 :lilO 400 SOO 600 700 800 0 100 200 :lilO sao 6IJO 100 800 
X(m) 

sewer 

at 

at 

were 

to 

wave at 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.............. .............. 
Influent 

Effluent 

A 

• 
were t1rr'"1".",t1 to 

to 

wastewater ch,rra(;ter'Istl 

• ",u.,<J.Q",,,, measurement 

assessment can 

measurement a 

measurement were 

• a 

measurements were oi"i"",,,1rori 

• wastewater 



Univ
ers

ity
 of

 C
ap

e T
ow

n

an 1Tn"",..r 

• 

• 

• 

It is to 

a sec:on.o 

IS aeI'ate:o 

sewer ""('TA' ...... at lU""CUHV1,, 

was me:aS1Llfeo as set 

was me:as:ure:d to assess 

was 

u ...... p."'" were etteclted as set 

not 

COJncl:::ntratlollS over a 

"U"""'ll"·V .... 5 as 

a 

an 

sewer 

content is 

no 

was not i:1:S::i;C:S:SCU UI;;'''<1l.lCO!';; measurements were not A'tt'A"",,rI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.16 to 5.19 

a sewer. 

can 

1. It 

3. HA""'V'" rate 

4. most onerous ""..:>u",.,. 

a 

assessment was 

a 

create 

1 

rate 

was 

sewer is 

a 

was lUll""''''' to 

a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

at 

a sewer to as 

to 

It 



Univ
ers

ity
 of

 C
ap

e T
ow

n

35 

3 

2.5 
,.; 

.... .., 
~ 2 ~ 
.9 .., 

1..5 -0 

~ 
<It 

<a ..... 
0 

E--< 
0.5 

0 
0 100 200 300 400 500 600 700 800 

X(m) 

test 1, 

4 

3.5 

3 

... .., 2.5 
~ 
~ 

.S 2 .., 
-0 

~ 1.5 

'" <a ..... 
0 

E--< 

0.5 

0 
0 100 200 300 400 500 600 100 800 

X 



Univ
ers

ity
 of

 C
ap

e T
ow

n

t... 
/I.) 

1<1 
~ 

.S 

~ 
til 

«! .... 
~ 

3.5 .,----------------------, 

o+---.----.-----r----r----r----r----~--~ 

a 100 200 

2.5 

:2 

1..S 

0.5 

0 
0 100 200 :300 

400 
X 

400 
X(m) 

500 

500 

600 '100 800 

600 100 800 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.5 Data 

3 Data 

" 
The",)! 

2.5 

~ 
'lij 

2 e: 
.S 
'" 1.5 "'0 

~ 
'" "il ..... 
0 

E-i 
0.5 

0 
0 100 200 300 400 500 600 100 800 

X 

4 Data 

3.5 Data 

3 Ih601)! 

.... 
'" 2.5 'lij 
e: 

.8 :2 

'" "'0 

~ 1.5 

'" "il ... 
<> 

E-i 
0.5 

0 
0 100 200 300 400 500 600 100 800 

X 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.5 Ihm:! 

3 Data 

1hB(1)l 

2.5 
\.-. 
(IJ 

'lii 2 ~ 
.9 

(IJ 

1.5 '"0 

~ 
'" 11 
~ 

0.5 

0 
a 100 200 300 400 500 600 100 800 

X 

o+---~----~--~-----r----r----r----r---~ 

o 100 200 300 400 500 600 100 800 
X 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 1 sewer to 

1 6 

a test-

5. 

1 a 

7. 1 

8. 1 Y"'llrv,,Yn ,un"", ,nVl to 

9. on sewers. 

II. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

J, J, 1 on 1 

13. 1 

J. a 

1 

1 1 

1 1 

concrete. J 

1 A note on 

reactors. '-''''''AUJl''''''' J:::m:gmeerm 

on 

sewer 

1. 1 rates 

sewers. ,..,rnHrp""" 9 3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

J 

occurrence 

use 

1 

treatment 

31. 1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n
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43 4.27 183 0.53 

48 6.95 19.5 4.02 188 0.53 
4.02 193 19.4 0.43 
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1 : to 

motor. 

Velocity gradient G (Is) 

22°C 16°C 10°C 

18 12.5 11.5 10.5 
20 14 13 12 

22 16 IS 13.5 

24 18 16 15 
26 19.5 18 17 
28 21.5 19.5 18.5 
30 23 21 20 
32 25 23 21.5 
34 27 25 23 

36 29 27 25 
38 31 29 26.5 
40 33 30 28 
42 35 32 30 
44 37 34 32 
46 39 36 33.5 
48 41 38 35 
50 43 40 37.5 
52 46 42 39 
54 48 44 41 
56 50 46 43 
58 52 48 44.5 

60 54 50 47 
65 60 55 51 
70 65 60 56 

75 70 65 62.5 
80 77 70 67.5 

85 82.5 77.5 72.5 
90 87.7 82.5 77.5 
95 95 87.5 82.5 
100 100 97.5 92.5 
120 125 117.5 100 
140 155 140 135 

160 180 165 150 
180 210 190 180 
200 235 215 205 
220 265 245 230 
240 295 270 250 
260 330 300 280 
280 360 330 305 
300 390 355 330 
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