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lG-ir-.s are r€quired to give their andwers in their own words as far as practicalle.

-F4questions.
'E-zs t1l the natsin indicale E4lLAsrtt

- 

t{itzble data if necessary.

]Er qlain the rhethods management of wastewater and solid waste produced irl the
-+'- {41

- 

&_s and wet weather flow. Discuss the faitols affecting sform waier. lr+1+21

hE *e diamete. and slope of a concrete sewer to caiq/ runoff withitr its 0.7 deprh at
It ..Ejition. The caicfunent area to be served is of 225 hectares with a! overatl

F.ihi of n[Ioff of 0.35 and a time of concenhation of 60 minutes. The velocity in
!|cr is to be maintained as 1.3 rrls at peak flow. A$ume Mannins's coefficient as

is A*hing necessary in se"ers? With a neat sketch describe an automatic sewcr

.luhia.t- - S.nilrw Fno;naF.i-

kl- [1+3]

i :,aslewaier treatment? W}lat are its obiectives? Enlist tlle cornmor v used

iation Control Division
2079 Jestbtj'

::ocesses with their specilic impurity removal abiljiies. [1+3+4]
+3 depih and diameter of a secondary fiIter of a double siage trickling lilter

s-.rzge of2 MLD at a recirclriarion ratio of2:1- The BOD5 ofthe influent sewage
-=r;s i70 mg/1 aad final eftluent BOD5 should be less th.Ln 30 mgn. Take

t8l

L- F!! determine BOD of a sewage sample in Iaboratory liom the dilution method?
L+ BOD of a sewage sample at 20'C is 300 mg/i and Kro = 0.11day, what wiil be its
t-r mD ai 25"C? t4+41

--;- rie degree of treatment lequired ta reduce BOD containing in the sewage. The

-?-'}iics 
of l?w sewage and a nearby rr'ver in rrhich the sewage is dischargc are as

- 

I8t
lr'-lse discharge : 1.7 ml/s

I !n4 "i 20'c ofselvage:230 g/l
taaa'rcl iver discharge = 7.5 m'ls

--> = 20" of river warer : I -2 mg^
:€eleiure of the dver afifl mixine:20"C
>1-.s!=eration const anf : A .l/d.z.y .Lt 20" C
l+qgeDatioD constant = A. /day at 20"C
EH Do deficit jus{ at miing = 2.0 mg .

a\ii-r Do deficit = 4.7 mofl

ta
.f
I

tu
:j ei irst stage lilter as 70%. Assume the organic loading in &e filter as 8000 kg

h-:!r&y. t8l



r

9. Desigo the ae.ation tad< for a conventional activated sludge treatu€nt plant io teat
dom€stic sewage with an average florv of 15 MLD oonside.ing the folowins dara:
BOD of settled sewage: 2OO lis/t; F/M: O.25ldj MLSS : 3000 dgn; ML VSS/MLSS :
0-8 and S1/I: 100 ml/g

10. A FST siudge only coltainiEg fixed solids of 4000 kg/d having moisture conreEr of609/o
and specific gavity of 2.6 is rnixed with SST studge only coDtaining volatile solids of
1500 kgld having moistrrie cortenl of 959/0 aryJ specmc eravit of 1.2. The mixture is
theo conveyed in aII anaercbic digesle. for 35 days digestion. Determine d€ volurie of
digester. Assurne l;n*r dige,stioB aid neglect the monsoon requircments. t8l

11. Define oDsite and offsite sanitation, With a neat sketch, describe Dit latine. \Vhat are its
ad!.adtages a.Dd disadvarf ages? t2+4+21

12. Why is separation of orgsnic part from solid waste Decessary for composting? Desuibe
open windrow composting method ofsolid waste disposal. [1+3]

[8]
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Bicfly explaia lhe met}ods manEPcmeni
sociery.

Sanitary Engineering fct 6J6l

Candidates are required to give ther answers in their o*1r words as fai as practicahle-
A I te tnp t /g! q u es t t.tns.
Thefsures itz the marsi illdicate fu!!,u[i!tt
As:u e suitable data ifnecessary.

of waste*?ter and soiid west€ produced in the
14l

. n+1+21Dslule dry and $ er !\'e"thcr Ilow. D:scL.s Lhe facrors affecting rLorm t\ aLer.

0.0i 3.

Propose the diameter arld slope of a concteie sewer to ca*y nrnofflvilhin its 0.7 depth at
peak condition. Ttre catchmeni area to be sewed is of 225 heciares l,"iih an ovcrall
coefficient of runoff of 0.35 and a lime of concenh'ation of 60 minutes. :I'he velocily ii
rhe;eq'er is to be maintained as i.3 n/s at peak flo1v. Assume Manning's coeficient as

seu'ers? Vith a neat sketch describe an automalic se1l'cr

t8l

"r,rhy 
is flushing necessary

ilushing tark.
:Io1v do you detcrmine BOD ofa sewage sample in labora1ory from the dilution meihod?
ii,r day BOD ofa seq'age sample at 20'C is 300 mg/l and f{0 = 0.1/dey, \r-hat \\ill be its
7 Cay BoD at 25"C?

l:terminc the degree oftreatmcnt required io reduce BOD coniain;ng in the sewage. The
characredstics of ra\\, ses'age and a nearby ri1'er in which lhe se"3ge is discharge are as

:'3llo\ls:

a) Ses,age discharge = 1.7 r/s
'-: DOIIt ai 20"C oisewage:230 rng/i
. \,iinnnu .iver dischalge 7.5 m'./s
. D.D- "i )0 o r:,.r ^.... l.'-ro

. lenlperanrre of ihe river after mixntg:20"C
- Ll;-oxlgen:rlioa constanl = 0.1.tay ai 20"C

- R. '. lgcn?t:onccnslrr t 0.4ddliI20"(
;:l Irtial DO deficiljust ai mixing:2 0 rng/l
il Crirical DO deficit:4.7 t1g/l

', a-at is \'..as1e!vater trcat errt? Whai are ils objecrives? Enlist ihc comn]or y used

::::1nlerlt processes \\'ith lhejr spicific impuriiy renoval ,lbilities. [i fi f4]

-:l.ula:e ltre depih a]ld di^m€le( of a secondafy filler. oi a double stage iricklin! 4lier
::::iig seirrge of2 MLD ..r a recifcularion ratio of2:1. Tlle BODi oi the irlllient s3wagd
:: ::rs: fiiter is ]?Lrmg/] and linel efl]uent EoDj should br less fir'Lir l0 in9'1. Tike
--l:ie:rcj of frrsr stage filter as 70'%. Assunle tire organic loading in ih. filter as 800C kg
:.-lDttla-n/day. i3l



9- Desien the aeratioo tank for a conveitiotral activated slodge lreatnent plalt to lreat
dom;dc sewage with an avenge flow of 15 MLD considering the following dala:

BOD of settled sevage :2OA mllli FIM = O'25ld; MLSS - 3OO0 dgn; ML VSS/MISS :
0-8 6lld SVl - 100 DrYg

10- A PST slEdge ody coqtaiDing fixed solids of 4000 kgld haviag Boistute correat of 6oolo-' *a "p".igJgr."iity 
of 2.5 i; Inixed with SST sludge onty coltainilg-volatile solids of

lsoo'kyd havtug moishlre content of 95yo aid speci€c gavitv of 12' The mixtffe is
rh"o coivevecf io an a""e"obic digester for 35 days dige'stion- Detemine the ]/olBe of
digeste.. Assme lines itigpstiorr ard negl€ct the tnodsooD requifemedts'

11, Define otrite ad oGite i:anitation' With a neat sketcb, describe pit lafioe' Whd arc its
advdtages dd disadv@tages? P.+4+

f2. why ii sefnrdion of org8tric part ioa solial waste necessary for comPosting? Descdbe

.# *i"d"* --p.*i"g me6od ofsolid waste disposd. 11
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Pass Mark 32

Time : lirs

,11-!,199. - Saf ltqry EngrleeLlng (aE 65 5)

l:--Ciiates are required lo give their answets in tLreir oB'l rvords as f:r as pracricable.

: t : i q) t,1 I I q! e s t i o t1s -

.::z-tg:tres ir; llte nat gin in.iicaie f!!!LLULt!
--'i::i.a suiable data if ecessat/).

-':i:re Sanirart Sc'nage. Jusliry to adopl lhe separale slsteln ofsewage.

--r:i:. Di] \lreaih.i Flo!! fl)\lT] r.nd di'scuss in bri:i aboul ihe ke) fa.tLris ailtclrng
r'i:.

l.r:ulate the dianeter ol a se\ter to serve an area of 1200 heclares r.vith a loiularion
:::siiv of 30C persons ler hectarc. The avetagc rate oi servage florv is 250 ipcd. The

:.::frcielt olrunolflor 60oZ lanhest area is 0.4 and rest oflhe area is 0.8. Tine taken to

:::i:] storm rvater iniet from farthest point of catchment is i0 min. Assune sto:m

::::ion - 25 min ald Manning's 'n' as 0.012.

-:-.ci:be abour a drop ma.r oie with a l1eat skeich

14l

lll

i1+31

l8l

t4l

l:.:.,rss about BOD. and COD with rcspect to its signjfica ce. Calculaie the uliimate BOD
: j ::l'BOD ofse\{age sample al 25'js given as 500 mg'il 14+11

- ::c;r'r, the tfeateo domestic sewage is to be cilscharged in a tlatulal skeam. Determine

- : :.iceitage purification required in the treatmenl platt 
"vi 

t folio]ling date. i3]
' .:x on 40.000

: .l :oiiributior per capita = 0.075 kgiday
:,f atupsltean side - 2l,!lg/l
, :-. c: rnaintained in downstream side - 5 mg'/i

::-::iic se$age production rate = 80 ipcd

- ,::un Cischarge ofstream = 0.3 m',tsec
:,:: aonstents (Base l0), Kr = 0.lrday, Kz:0 5/day

: l:slgn gdt chamber to treal peak design llow of I50 M1d (3 x average se*'age florl of
: \ild) oi seq age Io remove gr-it particies upto a size of 0. 1 5 mnl and oi specific

=::.ri:v 1.65. The minimunr tempelature is 15'C. The grit chambei is equjpped't;th
- :::,riion:l ilcv rverr a-. control device -j'ale u = 1.141 : 10 

6 m:/s at 15"C. lSJ

::t.L:lale rh. clil eni BOD. of a l\r'o stagc trickiiilg filtcr^rvirh the iollcrving i1o.r's.

i-,D1 arLl ciinrelsior:s, usiug NRC formula: {]: 5000 .r',da), BODj - -10C rns/I.

:.iir3.ripiinaD fiher = 1200 rnr, r'olume of secLrndarl/ filiei = i00l n,r3, fill.rj
::ai:r = 2 Ir, fecirculation fatio ibr primar)'lilter = 1.5 and recirculalion railo ibr
..c..rda.:y fiiter = 1.25. l8l

:-:-l'. illdsirate about oxidation pond including role of a)gae. State the procedure to

.,.::r :l \\'ith an exarnPle. i4-'1]

:: .:::: ihe inethcd-s of sludge taeatnlclll and clescribe brielll abo',-rt an] hto oi ihe

isl

, -.t:!lair size of sepric tank anC soak pil foL a rcsldential leciiity in an acadcrrrc

:r::::niio:l \./iih 200 users. For septic lank. considcr sluclge digcstion raie of
]i5m'persor ald voli:ne |cquircd lbr siofage of digesied sludg.
- smr,lerscr lor 2 ),ears cleaning per'od. lS]

.. riil-e the netirod ,ranitarv landfillirg fbr solid 
'vaste 

disposal. t4l
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Candidales a.re required to
AieftPt lUguestioils.

as far as practicable.

Tie.J,tglres in the margin i dicate FuIl Mark'
A:su?ne suitable data if necessary.

Define sewetage system and recofilnend a suitable tj?e of sewerage slstem for highlJ,populated city with justifications.

Lisl out potential sources of sardta4r sewage and discuss briefly alout key factors
-{tcdng quanrity ofsanii:ry se* age.

Calcrlate rhe diamercr of n circular sewer tayirg.L .r sJope of i:J50 r)Fer ii is r |'rn 1-
-;rist fell-wiih a discharge cf 1.6 m3/sec. and Manning,s coefficient, 0,013. Also. ierermrne
:he discharge capacity if it is pe.rnitted to flow half full \rith the same gradients.

tll

l4l

l8l
Define sewcr appr:rtenarcos- hstify th€ need of fuslallatior of sewer appurterrnces 11,rti
suiiable exanples- 

I4J
Discuss first-srage and second stage BOD ll'ii_h a suitabte figl]re. Caiculate uldmare BODif5 day BOD ofsewage salnple a120'Cis400mgn. I8l
e) A wastewater

characteristics
trealr_dent plant dispose of iis €&]uetrts into a siie.n1 at a poiat A. The
ifeffluents and sFeam water are dwen t,ct^n,uenrs ano sream watef are

Eftlrrent Sireal]r
flow (mr/s) 0.18 4.46
DO melit i.5 8.3
'I'emp ("C) 22
BOD at20'C msnit 32 2

'.... ,r.,l, d o-JAJU!.i ....,!-"r,k - t0'.,b. , ., .,.t -.,:!rJ o.).-.n,..i
coNiani lt' (bssc e) : 0_4 /da]' ibr dre miyrure. Equitjbrjun] of ,tissotr eti o:iie:r roriesh 11?rer is as tbuowi

*rp',; l; ' 
. ,o. E ,:i_ 

' 
:; . __--_6 I

I oo -F3_.4_ :.54 . ,1-l s.sat qp l1;;.s :s r :'2i
the cdtical

t8l
b) The effluent fiotlr PST is apptied to a standard rate trickiing filtcr at rhe rat€ oi3 nillior lirers,/day wiUr BODr 300 mg/. Caicrttare the deorh and volurne oi liticr

::,]'id.l f, Ltre sLrrtacc torLlins of 3000 tircrs/mrday arrd organic loadirg of
tl

a:s.ribe the furdanellels on removr'ug dissolved carbo.aceous subsiance ill the

]:,-. .l:.d S1'd.q. process (,\Sp). Also. juslifiJ the need of stlldge re-cjfculaijor ir the'\\r v/llr su.reDte I !dr.rl,tcs. 
1.,

The velocity oftlc stlcaln D/S ofthe point A is 0.16 ril/sec. Derermine
oxygcn deficil and its localion-
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8. DesigE a grit- chamber fol wast€waler flow of 190 liter'/sec with surface overflow
rate: 2cEls and detention time: 60 sec. Take specific gavity of organic and uorganic
paticles are 1.2 and 2.65 respectiveiy. AssuEe size of both o€anic aad itrorganic
materials as 0.21 m. Take k:0.06 a'rd f= O.03.

9- DetedBine the sludge volume before and after digestioa alld percentage reduciion for
600 kg (dry basis) ofpdmary sludge having following cha$cteristics:

Primary Sludge DiEested Sludge
Solids (%) 6 12

Volatile Matter (%) 65 Disested removes 65olo ofvolatile matler.

Take specifio gavity ofvolalile atrd fixed solids 1.0 and 2.5 respectively for both primary
and dige-sted sludge.

10. a) Describe in briefabout t}e purpose and design criLeria ofpit Privi/. Also, q'ith a neat
sketch, discuss the suifable disposal of septic talnk efiluetrl for '!he rocks area witl high
gtould wster table.

b) Discuss in brief about open dumping and sanitary laadfill

..

t21l
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Gaies are rcquired to give their answers in thei' o1ryn words as far as practicable'

4x/gquestions ,
tf4i6 in the *arsin indicatc E!!!!-L!!!tt
.- suitable data tfnecessarY

}rrpcsitiveandtegstiveasp.ctsofwastewatermanagementp|acticeincolterlofNepa].

- 
*:1'a * possible way outs for improvement?

..lr.&igner for a highly populate urban arca how would you determine quantiry of siorm water?

h- mn=silting and non_scouring velociies? Calculale lbe velocity and discharge

-J -o.."t.- ttotm drain with o8 m diameLer,havjng 
-8070 

flow- dep[h a(

rnd laid at 1:200 slope Consider matbing coeffioiont ofdrainis 0 012'

- Eatrioles imporlant in sewer ljres? What are components of manholes? Draw neat

E ofDrnloles showing components in detnil'

BOD with its significance. How do you perfonn BOD test in laboratory from dilution

ofpltrefied sewage alld river are given as:

of flov il
na.Yimum

t)+11

t41

tsl

t8l

14+41

t8l

Gediscbarge of tow! = | 72n'ls

-dsclarge 
= 7.24 m-/s

-i-t"'"if sewage,"o 
I l::.: r9-rl"-::1 

it;:;:,,"":9.f,lljlf,E*uri"n -a i..xygenariorr consrnnls = 0 1/day and 0 5/day respeclively aI 2Ooc

llD'120'C oI.""ouge and river - 225 m8/l and | 2myl respeciil ely

l';riv'er $?ter is 90olo of saturation vaiue

-in 

of Do of water at21oc is 9.17 rngll and at 17 5"c is 9 64

tsge velocjiy of river water is 2 kn/hr'.

ra.:idztion pond to treat 300 m3/d ofsewagc from a con)Euniry \tith Permissible organic

--i.:50 ks/iltd. Tire influent BOD is 250 mg/l arrd the efficiency of the pond jj

kcal oxygen deficit, its location (downstream in km) and DO that place Estimate the

dE at the safie location

6e size of g t chalnber to feat wastewater with 20 MLD at 20oC to r€move

eiE having speciflc gravity o12 65'

- &3 dimensions of high'rate tricldilrg lllter with sewage flow of4 MLD, recirculation

:-: BOO of.u* servage 300 mg/l' BOD removal in primary seitlug tank 30% and jinal

BOD .equired js 25 lngl,

t8l

I8l

.o be 90Yo.

sobic alrd anaerobic digestion of sludge. Design a'sludge digestion tank for treating

rb following data:

Is conLent oFlleslt sludge = 95%

tl-r.ontent ofdigested sludge = 87%

E!<icn period = 30 daYs

E E--csoJn r€qu lreLnents

IJ Suag" to,", pSr J )' SS f go: r; to digeqtion -ar k is o0 rn-/d

Ee lgcessary dala.

d'r.ur VIP Iatrire with ils neat sl(etch Describe about the soak pitwiih its design critelias

torafamily haYing 20 persons ilr a hill area

'-€ methods ofcomposting for solid wasie disposal

L4l

ta1
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L€vel BE Irull ivl:|rlts

Progr*mme BCE lass Marlis 32

Year l Pari III / II Tirne 3 hrs.

gybjn"t : V!!_at E"E-glng]gt 656)

'/. Candidates ar€ rcquired to give their answets ir] their own words as far as practicable./ Attenpt 4!!que$ions.r' Thefqztes in the nargin indicate F4ll Ii,farks.y' Assurae suitable data ifnecessary.

1. \:!tnat is $ee/er and sewage? V,/hy is the seu'age disposal teeded in today's eivilizatiors? 12!,21

2. Deicribe briefly the oorservancy a,rd water caniage system of sa.lilation. $&en is it
necessa4, and usefid to employ sepatate system of sew€rage? l2t2l

,i. Deternine tie design discharge for a combi[ed seq,er to cotr/ey sewage from al] overall
area of300 hectares with a i€ter supply rate of 100 lpcd and a pea-k factor of2.5. Tha
pqect€d populatior of the area is 50000 numbers and onty 85% of 1%t€! supply
contdbutes for the sewag€.'Ihe 40ya oilb,e areahas a runoffcoefficient of 0.9. next 30%
has 0.8'aod remaining has 0.7. The tirne ofconc€niration is assumed ro be 90 minutes.

J. l\&at is sainpling? fl&ar does BOD in lewage mean? In a test, l0ril of raw sewage
saarple is pipetted out into a 300n1 BOD bottle and is filled vith distilled water_ The Db
tesi reieals 9mg/l tlut day and affer 5 days incubation at 20.c, it l&as fould to be 2!1s/1.
Caloulate the BCD5 of ra.r sarnple, Also deterrnirc Ultinate BOD of thal .raw simolJet
20'C iiK (base e) is 0.23/day. ' fl+rr4l

5. Design a sewer for a town having popu-tion.i-ooo n**" ri- -uu".r"."**"' 
'-'

florv mte of 200 lpcd and a peal( factor of 3 ruruing 0.6 times fuli at lla.rimum discharei.
The sewage is laid oa a 51ope of I itr 450 and has Mannidg,s co€ficiedt of 0.012. Also
check velocify ody at the pe€& conditiori. tgl

5. ExplaiB sheet inlets with rreat sketch? Where a-!e the$e located? DifiereEtiate beth,e€n a
curb inlet anda gutt€r inlet U+l+i+lj

L A large oity is discharging 120 m% sewage il to a perennial river wbjch is 90% satumted
ri{th 02 and flows at a minimun} rate of 1500 m'/s with a velocify ofo.12qLls. lf the5 day
BOD ofseq.age is 230 mgl], fi d out r1'hete die critical dissoived oxygen will ocior in the
i\er. Assumg

i') coeJlcierrl ofpurific .non oirhe:iver ir 0.4.
i:i) Coeiii(ienr oi DO "" 0.Id
fiii)Ultimate BOD es 120% of5 day BOD rldxture ofse\irase ald water
iir)Dssoived oxygen in saturation at 20"C is 9.17m/.
i!, No dissolved oxygen is Ieft in the eflluent

.{ssume ary olhef data fnecessart, l8l

141

! )esiga a horizor:tai flcv reci-drgulei gri! cllamb€i iot renoving git size of 0.2mn navtlg
a spesihc gl.avi! of?-.5j fro!1 a!e!"go vJiste',vater flow rate oic.llq%- a peal factol ir 3
:ri ienpera'lure of23oC. the speciiic gravily oforgerie parlicles ca-r. be tal€a as i_?. lll



9. Desigq a 2 stage high tate tricklfuig fflter with its organic loading rate of 0.8 kgBOD5/m3/d' for a sewage ofBODs 260mgn for an average flow of60 Mld and desired eflaent BOD5
is 30mgn. AssuEo uocessary data. 

..
10. Design an ofdation poad for a dbmestic wastewater with a BOD of 250 r!g/l generded' AoEl a coam{ily situated ia the seoi-ubaa area of Bhaktapur fo. a population of 25000

r$ebers to obtain perrrissible BOD of 25o1. The maximum "nd minimul! operation .
teEper€tuieofthe pood h the coldwt inonth is 24 and 8"C rcspectively.

U. Di5cuss aboqi volurc moisture cotrtetrt relatioDship in sludge. Calcutate the specific
gravity of sludge coEsideriag 25% oflclid matter itr a sludge containing 95% vrater is
composed of fixed mineral solids with speciffc gravity 2.65 t\d j5% is c.ouposed of
volatile solids lvitb sp€cific gravity 1.0.

12. DesiBr a septic taak ad soak plt to dispose -rva.stevrater with an average flowrate of
95 lpcd lenerathg fioa a nilal hbusehold with 12 letsons; The sludge ftotb septic ta* is
cleatreal once itr 3 years, &€ pscolation mte of surroundiq soil as 30 miaubs/cE aod

!

GWT is 4rr below tho gr<irud sur&ce.
*,** [5+3]

10
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- :stit!e!: F!'gtl"q!]ng (.:l ,t:6/

. ::r)cidalgs aJe requil3d io give their aoslve: s in tlteir or'n lvolils as 1'ar'as placticable'

' . :ttrtt '4ll uut:tio'ts
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'/ Candidates are required to give their answers in their own words as far as practicable.
{ Attempt AII questiorts.
{ The figures in the margin indicate Full Marks.
{ Assume suitable data if necessary.

.- 1. Which tpe of sewerage system do you recommend in your locality? Discuss briefly with
your justifications.

2. Describe that tirre of concentration is an important while determining storm water
discharge. Elaborate on time of concentration and time area graph.

3. A sewage carries nrnoff water to its 0.6 depth at maximum flow which is entering from
the catchment area of 200 hectare having overall coefficient of runoffas 0.45 and time of
concentration of 55 minutes. The velocity in the sewer is to be maintained as 1.5 m/s at
peak flow. Detsmine the diameter and slope of the cement concrete sewer with
Manning's coefficient as 0.013?

4. Why Spase and oil should be excluded from wastewater? Explain the principle of
working of a sand, griease and oil rap with neat sketch. U+3J

5. Show the effect of ternperature on decornposition rate of organic matters in waste water.
If one day BOD of a sewage sample at 20"C is 100 mg/I, what will be its five day BOD at
20"C2 Consider K2s: A.Uday. tSl

6. An indusfiry is going to be established in a rural municipality near to the river side. The
river water and irdustrial effluent characteristics are as follows: tSl
Description Industrial Effluent River Water
Flow (m3/sec) 2.0 20.0
Dissolved Oxygen (me/l) 0.8 7.t4
BOD5 at20"C (men) 350 3.0
De-oxygenation rate constant
at20"C (perday, base l0)

0.1

Re-oxygenation rate constant
at20"C (per day, base l0)

0.3

Saturation DO at 20"C (me/l) 9.t7

At what location in the river, the critical DO deficit would oecur if the flow velocity in
the river is 2 km/hr?

t4l

I4l

t8l



1.1

7. a) Design a grit chamber to remove grit size of diameter more than 0.2 mm present in 58

MLD of sewage at atemperature of 25"C. Assume specific gravity of grit and organic

matters as2-65 and 1.2 respectively. Adopt k: 0.06 and f = 0.03 to calculate critical
velocity. t8l

b) Design a conventional activated sludge trebtment plant to treat the domestic sewage

with diffused air aeration with the following data. (Design up to dimensions of
aeration tank only) t8l

Population = 50,000

Per capita sewage flow = 80 liters/day

Settled sewage BODs = 200 mgtL

Food/micro-organisms : 0.3

Concentration of microorganisms (MLSS) = 2000 mgtL

c) Calculate the effluent BOD of a two stage trickling filter with the following data: t8I

D Sewage flow:5 MLD

ii) Influent BOD in first nicking filter:350 mg/l

iii) Volume of first filter = 650 m3

iv) Volume of second filter = 450 m3

v) Recirculation ratio for both frlters : 2.0

8. What is sludge digestion? Explain the periods during sludge digestion and the factors

affecting the digestion process. [2+6]

9. A household having 22 persons produces 135 liter/person/day of sewage. Design a septic

tank and drain field to dispose the sewage in a soil having infiltration rate of 35

liters/m2lday. Assume that the septic tarrk is cleaned once in three years. t8]

I0. Describe the methods of composting for solid waste management and its merits and

demerits. , [4]
++t



*

06 TRIBHUVAN UNIVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
2075 Baisakh

Subject:

'/ Candidates are required to give their answers iri their own words as far as practicable.{ Attempt All questions.
{ The Jigures in the margin indicate fiull Martcs.{ Assume suitable data if necessary.

1. Describe the methods used in the management of wastewater and solid waste producing
from a locality.

2. Describe the method of estimating quantity of sewage for a clty inNepal indetail.
tsl

t6l
3. Determine the size of combined circular sewer for a discharge of 1.5 m3/s rururing half

full. Assume a gradient of I in 2000 and Manning's rugoiity coefficient N - -0.013

(Constant for all Flows). In the dry season if the flow drops to O.SO m3/sec, does the flow
maintain desired self cleaning velocity of 0.60m/sec. tgl

4- Define manhole. Explain the constructibn of manhole with the help of neat sketch. u+41
5. | 'ol 

of a sewage sample take_n under the Thapathali bridgc of Bagmati river was pipetted
into a 300 ml capacity BoD botrle which was then completely nu"a *io ailution water.

dris
at

5.3

'c i tsl
6. 4- city discharges sewage at the rate of 1200 vs, into a strean whose minimum flow is

:099 litervs€cf the temperature of.both being 20"c. The 5 day BoD at zo.c ror se*ug"
is_ I60mg^ and that of river water is 2mgfl. The Do conent of se",ug. i, o* *rii. tl"t
of sheam is 90zo of rhe saturation Do. Find out the degree or t""frJ ."quJ-ir o"
minimum Do to be maintained in the stream is 4 

-mg/rit. 
Assume a"i*vc"*tion

coefficienr as 0.10 (base.lO) and re-oxygenatio" *"m"ii"i-* O.il d;i6)". A"*
saturation DO at 20oC as 9.17 mghit. 

tSl
7. what is a grit chamber? why do a sewage treatment plant nced grit charrbef Enlist &e

considerations adopted in the design of grit chamber, [l+2+5]8. Determine the size ahigh rate trickling filter for the following data:
Sewageflow-5Mld
BOD of raw sewage = 250 mgl
BOD removal in prirnary clarifier :30yo
Final effluent BOD desired = 30 mgl

9' Design a sludge digestion tank to treat siudge of primary sedimentation tank from thefollowing data:

250 mgll

g) Pti**y settling tank removes 55% of suspended solids
10' Design vIP lakine and septic tank for a family of l0 users. The detention time for septictank is24 hr. Sludge is cleaned in every three y"rrr. 

- t

t t Err^l-i- ^^-l+^-- l^---t .ctr'

t10l

t8l

t8l
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l.

,2.

3.

S.1tbj9cL ; Sanit?ry E_ngileering (C8656)

'/ Candidates are required to give their answers in their own words as far as practicable../ Attempt All que.stion.s.
{ The figures in the margin indicate Fult Marks
,/ Assume suitable data if necessary.

What do you mean by sanitation? How' it is related with our human life? Why water-
cnriage systern ofsanitation is popular than conservancy system nowadays.

As a sanitation engineer how would you determine the quantity of storm water for a
highly populated urban area? What type of limitations exists in storm water quantity
determination for such area? Discuss in detail.

What would be your preferable combined sewer section for an 85-hectare residential area
having average runoffcoefficient of 0.45 for serving altogether 1500 population? average
rainfall duration is 26-min. Self-cteansing velocity is 0.98 m/sec. residential.area have
average elevation difference of 22m in horizontal 5 km longitudinal distance. Assume any
other appropriate data if required.

Briefly describe drop-manhole with neat sketch mentioning its importance and discuss its
alternative structural option rvith appl icabiiity.

BOD1.22"s of a sewage sarnple is 310 mgil, What will be its BODs.:o"c? Assume reaction
rateK2s:0.12 per day.

You are assigned by an industry as a Sanitary Engineer to recommend the degree of
treatment required for their industrial waste water. The effluent from the treatment plant
is to be discharged into a river with a minimum flow of 5000 lps, a dissolved oxygen
content of 7 -4mgll and BOD of zero. In order to thrive aquatic life, it is necessary to
maintain a minimum DO content of 4mgll in the rivlr. A sanitary reveals the
characteristics of industrial waste water as follor+,s:

Discharge:2*106 l/day
BOD: 5000 rng/l
DO:0

Recommend the degree of treatment required for the plant. Assume saturation DO of 9.2
mgll in the river after mixing rvith wastewater. It is equal to DO content of river before
mixing. Assume any other appropriate data if required.

a) With neat sketches, describe the purpose and construction of a skimming tank.

b) If the effluent BOD is to be equal to or less than 35 mg/1, what will be the
recirculation ratio required of a single high rate trickling filter having volume of 510
ml which receives a flow of 2.8 MLD. ih. ,u*, se\,vage has BOD of Zl0 mg/l. The
primary treatmbnt removes 20% BOD.

t4l

t4l

t8l

t4l

t8l

t4l

t8l

4.

5.

6.

t8l

7.



l c) What will be the suitable dimensions of a circular sewage sedimentation tank for an
industrial area having population of 5500? The average water demand is 180 lpcd.
Assume that 75%o water reaches the treatment plant and maximum demand is 2.4
tirnes average demand. Dimension of the suspended silica particles available in
influent water are larger than 0.14 mm. tSl

d) What are the advantages in using the dorrco aerator in activated sludge process
method; briefly describe its operation with neat sketch. t4l

8. The biological process occurs in trickling filter. PST removes 60Yo suspended solids and
30% of BOD. Detetmine the volume of sludge produced by PST as well as SST with the
following data. tgl

Sp. gr. of inorganic solids : 2.65, Sp. gr. of organic solid : | .02
Flow of sewage : z0* 106 vd BoDs of sewage : 220 mg/l
Suspended solids in the sewage: 280m/l Water content of the sludge :95o/o

9. What would be the internal dimension of a septic tank and numbers of soak pits for an
isolated hotel situated at mid-southern zone of Nepal having average 80 numbers of
average users? Rate of sewage discharge is 210 lpcd. Cleaning period of septic tank is
3 years. Assume other necessary data if required. tS]

10. Discuss about the solid waste composting and its methods? t4]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt AII questions.
The figures in the margin indicate FUA Marks.'
Assume suitable data if necessary.

Which [pe of sewerage system do you recommended for urban area of Nepal? Discuss
briefly with your justification.

How do you determine the quality of storm water for a locality?

Calculate the diameter of a sewar to surve an area of 12 sq.km with a population density
of 250 persons per hectare. The average rate of sewage flow is 235 lpcd. The coefficient
of runoff for 50Yo farthest area is 0.3 and rest of the atea is 0.75. Time taken to reach
storm water inlet from the farthest point of the catchment is 25 min. Assume storm
duration : 20 min and n : 0.013

Explain sand, grease and oil trap with the help of neat sketch.

Why BOD value is important for waste water? Describe the procedure for determining
BOD of waste water sample in laboratory by dilution method.

The teated domestic sewage of a town is to be discharges in a natural stream. Calculate
the percentage purification required in the treatment plant with the followittg data:

Population: 50000
BOD contributed per capita:0.07 k{day
BOD of stream on U/S side - 3 mg/lit
DO to be maintained in D/S - 5 mgllit
Domestic sewage : l40lpcd
Lean period discharge of stream : 0.13 m3/sec

Assume, rate constants Kr :0.1 per duy.- Kz:0.5 per day and stream with a saturation

1.

2.

J.

I4l
t4l

t8l

r4l

t8l

t8l

4.

5.

6.

7.

DO as 9.17 mg4it

a) In a continuous flow sedimentation tank, 4 m deep, 60 in long, if flow velocity of
sewage is observed as 1.20 cm/sec, what size of particles with specific gravity 2.65
may be effectively removed? Assume 25"C temperature and kinematic viscosity of
water is 0.01 cm'lsec. If the particle size is half, determine the change in Yo of
particles remowd- t8l

b) What will be the recirculation ratio required of a single stage filter having volume of
350 m3. A effluent having maximum- BOD concentration of 35 mgAit, for a flow
sewage of 5 MLD having BOD of 180 mgllit and 33Yo BOD is removed in PST. tSl

c) With the neat sketctr" describe the purpose and location of skimming tank. Explain the
factors govern the degree of tredhnent required of municipal wastewater. t8]

Discuss about volume moisture content relationship in sludge. Calculate the specific
gravity of sludge considering 20% of solid matter in a sludge containing 95% water is
composed of fixed mineral solids with specific gravity of 2.65 and 80% is composed of

8.

volatile solids with specific gravity 1.0.

9. a) What is the purpose of pit privy? Describe the construction of pit privy with a neat
sketch.

t8l

t4l
b) Design a septic tank for a household havin g average users of 15. Assume suitable data

suitably. t4l
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l. Why scientific management is necessary for wastewater and solid waste produced in

community? Enli$ th; objectives of the sewage disposal. [l+3J

What are various factors affecting the discharge of sanitary sewage? How do you

calculate sanitary sewage dischargei t4l

What will be the diameter of a circrrlar concrete sewer carying U3'd depth at the peak

discharge of 0.70 ,n3l, laid in a gradient of I in 1000? Also check whether it is safe for

norr-r"orrring velocity or not. Assume Manning's 'n' as 0.012. t8l

Explain the necessity of providing manhole in sewer line with a neat sketch. t4l

How do you determine the Total Solid, Total Volatile Solid, Total Fixed Solid, Settable

Solid and Non-settable Solids contained in a sewage sample? t8l

A city is discharging sewage of I 00 //s in the river having discharge of 1000 //s and a

velocity of 60 km/day. The BODs of sewage and river water are 450 mg/l and 4mglL

respectively. The DO of sewage is zero. The DO in river is70% of saturation DO value.

And, the saturation DO at 20"C, is 9.17mgll. Take deoxygenation constance

(Kr) : 0.1 lday (base 10) and reaeration constant (kz) : 0.51day (base 10). Calculate the

u"t,r" of critical DO deficit. t8l

a) propose the dimensions of grit chamber for a sewage treatment plant with 50 MLD of- 
sewage flow at25"C to remove 0.2 mm size of grit iraving specific gravity of 2.65.

The Specific gravity of organic matter is 1.02. Assume k:0.06 and f :0.03. t8]

b) Design a conventional activated sludge treatment plant to treat the domestic sewage

with diffrrsed air aeration with the following data. (Design up to dimensions of
aeration tank only) t8l

Population : 1,00,000
Per capita sewage flow : 96liters/day
Settled sewage BOD5 :200 mglL
Food/micro-organisms : 0.3

Concentration of microorganism (MLSS) : 200C1 mglL

c) What is an oxidation Pond? Explain the theory of oxidation pond with a neat sketch.

Explai#its commissioning methods [1+3+4]

A raw sewage having suspended solids content of 220 mg/lit is passed through primary

sedimentation tank at a flow of 4 MLD. The PST removes 55% suspended solids.

Determine the volume of sludge produced per day if moisture content and specific gravity

of sludge are 95% and 1,02 respectively. What will be the volume if its moisture content

reduceJ to 80% after digestion? Also design a digester for sludge digestion period of 80

days. t8I
a) With a neat sketch, describe the suitable septik tank effluent disposal method for the

areaof high ground water table and for the rocky area. t4l
b) Design a VIP latrine for a household with 10 numbers of people. Assume necessary

datasuitably. t4l

2.

3.

4.

5.

6.

7.

8.

9.
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,6rfare the favorable conditions for the adoption of separate and combined sewerage
system?

?. /A population of 30000 is residing in a rural area of 60 hectares. If the average coefficient
" of runofffor this area is 0.60, time required to the entry port is 25 minutes and the time of

travel from the entry port to the section of sewer under consideration for design is 5

minutes. What will be the design discharge for a combined sewer at the section to be
coTrdidered if the average flow of sewage in rural is 45 lpcd and pack factor is2.l?
,/

,3r,/Designa sewer for separate system to carry peak flow 0.5 m3/sec at a slope 10 in 10000.v 
Sewer should run 0.7 times depth at peali flow. The value of n in Manning's formula is
0.012. Will the self cleansing velocity be maintained in the sewer dwing dry weather
flow? Take peak factor: 3.

g{ Explain the necessity of providing drop manhole in sower line with aneat sketch.

s;ffiescribe the procedure of BOD in laboratory.
--!)zlf the 5 day BOD at 37oC is 200 mg/lif,ond if the rate of deoxygenation is 0.17/ day,

calculate the ultimate BOD and BOD {paining after 5 days.

6. What *" ,*ious methods of sewage disposal? Describe with their advantages and
disadvantages.

7. a) What is hicking filter? Why it is used? pxplain the construction of tricking filter wittr
a neat sketch.

b) Design a sedirnentation tank and oxidaf{pn pond for a town with the following data:

Population: 10,000 I i
Sewage flow = 100lpcd
BOD of incoming sewage = 250 mg/l
BOD in the effluent of oxidation pond should be less than 30 mg/l

. c)zDesign a grit chamber for the following data:v 
Discharge=5MLD
Size of the grit particles : 0.2 mm
Sp. gravity of grit particles :2.65 at temperature 20"C

8. Design a sludge digestion tank to treat sludge of primary sedimentation tank'from the
following data:

Capacrty of sedimentation tank: 812.5 mr :

Detained time in Sedirnentation - 3 hrs.
Suspended Solids in raw sewage = 250 mg/lit
Wbter.contertt in foesh sludge = 95Yo :

Water content i1t di.gestetl sludge ".. 80o4

Specific gravity of sludge = 1.02

Digesthn period in digester - 2 months
Primary sedimentation tank rernoves 55% of suspended solids

9. Design the septic tank and dispersion trenches in Nepalese perspectives for 20 users.

10. Write short notes on sanitary landfill'of solid waste. What are its advantages and
disadvantages? 

+r:r

t4l

t4l

t8l

t4l

t4l

t4l

t8I

f'

t8I
t8I

tE

t8I

t8l

t41
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r' Candidates are required to give their answers in their own words as far as practicable.
/ Attempt All questions.
r' Thefigures in the margin indicate Full Marks.
{ A.ssume suitable data if necessary.

,)z'Descibe the components of solid waste management methods.

j,zDiffercrrtiate dry weather flow and we weather flow. Briefly describe various sources of
sanlury sewage.

3.Tbesigtra circular section of combined sewer from the following data:

Area to be served = 60 ha
Population = 65,000
Maximum permissible velocity = 3.2 m/sec
Time of entry = 5 minutes
Time of flow: 18 minutes
Rate of water supply:235 lpcd
Overall runoffcoefficient = 0.55

Assume suitably any other data required.

,/Dex:rlbe street inlets and catch basins rvith neat sketches.

,S/Descibe briefly the physical characteristics of wastewater. I{ow the decomposition ofv 
wastewater takes place? Explain the processes.

OR

Define BOD and COD and explain their significance in wastewater examination. Derive
BOD equation showing relation between ultimate BOD and BOD remaining at any

[ime, t.

Jrl A wastewater treatment plant.disposes off its effluents into a stream at a point A.
Characteristics of the stream at a location upstream of point A a.nd of the effluent are as

follows:

Item Effluent Stream

Flow Rate, m'lsec 0.35 0.60
Dissolved Oxyeen. ms/l 2 7

TemDerature, "C 29 .22

BODs at}O"C.me/l r5s 2

Assume that the deoxygenation constant at?OoC (base e) = 0.2 per day and the reaeration
constant at20"C (base e):0.35 per day. Forthe mixture, equilibrium concentration of
dissolved oxygen for the freshwater is as follows:

Temperature, oC 2t 22 23 24 26 28
DO, mpll 8.99 8.83 8.68 8.53 8.22 7.92

The velocity of stream downstream of the point A is 0.25 m/sec. Determine the critical
oxygen deficit and its location.

14l

t4l

I2+Sl

t4I

t8I

t8l

I8I
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7. a),.Designa gdt chamber for a wastewater flow of 180 l/s with SOR: 1.5 cm/second and
"/ detenlion period of 50 seconds. Specific gravity of organic and inorganic particles are

1.2 anaZ.OS respectively. Assume the size of both organic and inorganic particles as

0.25,mm. Take k:0.06 and f = 0.03.

b/A municipal wastewater having a BODs of 190 mg/l is to be treated by a two stage

trickling filter. The desired BODs,20"C of the final effluent is to be 25 mgll.If both
the filter's depth is to be 1.85 m and recirculation ratio for both filters is 0.5,

determine the required filter diameters. Assume the wastewater flow rate of 7665
m3/day,ail35% BOD is removed in primary sedimentation tank.

,/
.c/ Wtrat is meant by activated sludge? Describe with sketches the treatment process of

wastewater by activated sludge process.

OR

Describe the theory of oxidation pond. Design an oxidation pond for treating domestic
sewage of 2500 persons supplied wtth225lpcd of water. The BODs of the wastewater
is 250 mgll. Perrnissible organic loading for the pond is 550 kg/ha/day and the
detention time is 12 days. Assume the width to length ratio of the pond as I :2 and the
operational depth as 1.25 m.

, S/Why treatment of sludge is necessary? Explain the method of dewatering of sludge by\-/ sand drying bed.

J('Descibe the purpose, constnrction and design criteria of VIP latrine with neat sketch.
Differentiate it \4,ith pit latrine.

,gWrite a short note on incinelation of solid waste.

***
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Subject: - Sanitary Engineering (C8656)

/ Candidates are required to give their ansuers in their own words as far as practicable.
/ Attempt All questions.
/ Thefigures in the margtn indicate Full Marks.
/ Assume suitable data dnecessary.

l. Compare between water carriage and conservancy methods of sewage disposal with
merits and demerits of each method.

2. T\e catchment area of a city is 45 hectares. Assuming that the surface on which rain falls
is classified as follows:

Type of Surface o/o Area Runoff Coefficient
l. Forest and Wooden Area
2. Open ground * Unpaved street
3. Parks * Lawns + Gardens
4. Gravel Road
5. Asphalt Pavements
6. Water tieht Roof Surfaces

l0
t0
15

20
20
25

0.15
0.20
0.15
0.25
0.85
0.90

Calculate the quantity of storm water if time of entry is 20 minutes and time of flow is 10

minutes.

3. With the help of neat sketches, describe in detail the various steps of sewer construction.

4. With the help of neat sketch, describe the purpose and construction of a drop manhole.

5. a) Describe in detail about BOD and COD with their significances.

b) 2.5 ml of raw sewage is diluted to 250 ml. D.O. concentration of the diluted sample at
the beginning was 8.0 mgA and 54.0 mgfl after 5 days of incubation at 20"C. Find 5-
day B.O.D. of raw sewage and kg. B.O.D. contained in 5 million liters of sewage.

6. The population of a town is 30,000 and domestic sewage is 175 lpcd. The per capita BOD
is 50 gmlday. The dairy waste of the town is 2.2 x 106literdday with BOD of 5000 mg/l
and the waste from other industries is 1.80 x lOs literVday with BOD of 2200 mfi. DO
of both domestic and industrial wastes are zero. The effluent from the sewage fieatment
plant is to be discharged in the natural river having minimum discharge of 8000 liters/sec,

a dissolved oxygen content of 8.0 mgA and BOD of zero. The minimum DO content in
the river. to be maintained is 4.5 mgll. Determine the degree treatment required to the

sewage. Assume saturation DO in the river after mixing with waste is equal to DO
content of river before mixing. Assume any other data not given-

7. a) Design a gnt chamber for a sewage flow of 200 liter/sec with SOR =,2 cm,/sec and

detention time = I min. Specific gravity of organic and inorganic particles are 1.2 and

2.7 respectively. Assume size of both organic and inorganic materials as 0.21 mm.
Takek=0.06andf:0.03.
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b) With the help of neat sketch, explain the activated sludge process. What are its

c) A sewage having BOD of 180 mg/l is fed to a tlvo stage trickling filter u,ith a flow of
5 million liters per day. The BOD required in the final effluent is <30 mg/I. The
effrciency of the first stage trickling frlter is 2 times the efficiency of the second stage

trickling filter. If depth and recirculation ratio of both first stage and second stages are

1.2 m and 2 respectively, determine the diameters of t}e first stage and second stage

trickling filters.

8. a) Describe the purpose and methods of sludge thickening.

b) A sedimentation tank treats 6 mld of sewage containing 300 mgA of suspended solids.
The tank removes 65Yo of the suspended solids. Compute the volume of the sludge
produced yearly if the moisture content of the sludge is95%.

9. a) Describe the purpose and consfruction of an evapo-transpiration mound.

b) Design a double pit VIP latrine for a family of 15 users. Assume the necessar,v data
suitably.

10. Describes briefly the various methods of solid waste disposal.
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{ Candidates are required to give their answers in their own words as far as practicable.
{ Attempt All questions.
{ Thefigures in the margin indicate Full Marks.
{ Assume surtable data tf necessory.

l. Why waste water management is important for civil society. State the objectives of waste
water disposal.

2. Calculate the diameter of combined circular sewer with following data: water supply
rate : 100 lpcd, population density : 100 personslhec, peak factor : 2.7, area : 35
hectares, rainfall intensity : l5mm/tr, slope : 11750, Manning's coefficient of
rugosity : 0.011. The coeffrcient of run-off = 0.4. The sewer should run 0.6 depth full
during peak flow.

3. State the steps envolved in construction of sewers in urban area. Briefly describe the
testing of sewer line.

4. With the help of neat sketch, explain the necessity and construction of drop manhole.

5. If one day BOD of a sewage sample at23"C is 105 mg/l. What will be its five day BOD
at 30"C? Assume Kzo:0.1 per day.

6. An industry is going to be established in an urban area near to the river side. The river
water and industrial effluent characteristics are as follows:

t4l

t8l

l4l
t4l

t8l

l8l

Flow (m3ls)
DO (mg/l^)

BODs,20o

Industrial effluent
1.8

0
350

River water
22
8.7
6.0

ka, 20":0.25 d'l
kr, 20":0.11 d-l
DO saturation: 9.1 mg/l

At what location in the river critical DO deficit would occur if the flow velocity in the
river is 0.20 m/s. Also find out DO at the end of I and 3 days.

7. a) With neat sketch, describe briefly about the skimming tank. Also enlist differences
between grit chamber and sedimentation tank. [5+3]

b) What do you mean by suspended and attached growth process? Explain the principals
of biological treatment. t8l

OR

The effluent from PST is applied to a standard rate Trickling Filter at the rate of 1.2

million liters/day having BODs of 200 mgA. Determine the depth and volume of filter
considering surface loading of 1200 liters/m2 day and organic loading of 250 gm/m3.

day. Also, calculate the efficiency of fiter using NRC equation. [5+3]

c) A town discharges sewage at the 55x106 Vd. The specific gravity of gift particles in
that sewage is found from an experiment as 2.65 and the temperature as 27"C. Design
grit chamber for removal of grit particles of 0.21 mm. Use: K:0.06 and f = 0.03. t8]

8. Briefly describe about the methods of sludge treatment with its functions. t8l
9. With a neat sketch describe the working and design procedure of ventilated improved pit

latrine. t8I

10. Describe sanitary landfill with its advantages and disadvantages. t4]



05 TRIBHWANIJNIVERSIry

INSTITUTE OF ENGINEERING

Examination Control Division.
2069 Bhadra

Exam. Ilegular (2066 & Lnter llatclt)
Level BE Full Marks 80

Programme BCE Pass Marks 32

Year / Part m/r Time 3 hrs.

t

Subject: - Sanitary Engineering (CE6S6)

r' Candidates are required to give their answers in their ovun words as far as practicable.
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l. Compare the separate and combined systems of sewerage in a tabtrlar form.

2. Define sanitary sewage. Describe various factors affecting quantity of sanitary sewage.

3. Design a circular sewer nrnning 0.70 full at maximum discharge for a town provided
with the separate system serving a population of 100000 persons. Water is supplied from
the water works at a rate of 200 liters per capita per day. Take a constant value of n :
0.013 at all depths of flow.'lh-e permissible slope is I in 600. Take apeak factor of 2.25.

4. What are sewer appurtenances? Explain brief the necessity of sewer appurtenances.

5. How sewage sampling is done? Explain the method of BOD determination in the
laboratory by dilution method.

OR

Why examination of, wastewater is necessary? Describe in detail the procedure of
determining fixed, volatile and total solids in the laboratory.

6. A stream saturated with DO has a flow of 2m3ls, BOD of 3mdl mdrate constant (K1 to
base l0) of 0.1 per day. It receives an eflluent discharge of 0.5m3/s having BOD of 200
mgll and DO of Zmgn.The average velocity of stream is 0.2mls. The average depth of
stream is 1.2m. Calculate DO deficit 60km downstream of outfall. Assume temperature
of 20"C tlroughout and saturation DO at 20"C is 9.l7mgll.

7. a) With neat sketches, describe the theory, construction, design criteriq commissioning
and maintenance of an oxidation pond with its advantages and disadvantages.

OR
What do you understand by suspended growth and attached growth processes in
wastewater treatnent? Explain in detail the principles of biological wastewater
treatnelrt.

b) Determine the sizepf a high-rate single stage trickling filter for the following data:

i) Sewage flow: 5MLD (ii) Recirculation ratio: 1.5 (iii) BOD of raw
sewage :Z5}mgllit(iv) BOD removal in primary clarifier = 30o/o (v) Final
eftluent BOD desired = 3Omg/lit

c) What is a grit chamber? Describe with the help of neat sketches the construction and
design criteria of a grit chamber.

OR
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Why recirculation is necessary in trickling filters? Compare the low rate and high rate

trickling frlters.

8. Sewage with a suspende4 solid content of 200m1 flows continuously in a

sedimentation tank of 500mr capacity. Sewage is detained in the sedimentation tank for
4 hours. Sixty percentages of solids are removed in the sedimentation tank during its

: detention. The sludge produced in the sedimentation tank has moisture content of 98%
and specific gravity of 1.02. The sludge from sedimentation tank is fed to digestier for its
digestion. The volume of sludge is reduced to 40Yo of its original volume during
digestion. Calculate the diarneter of digester if its effective depth is 6m. Assume
detention period in the digester is 30 days.

9. Design a septic tank and soak pit to dispose the sewage generated from a household of 8
persons. The sewage is generated at the rate of 100 literVperson/day. Assume that septic
tank is cleaned once in 3 years and infiltration rate of soil is 50 literVm'/day

10. Describe the methods of composting for solid waste disposal.'
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/ Canclidates are required to give their answers in their own vrords as far as practicable. ,

i i:f;:;{"H ?l,i*,y1, i ndicate rur! u a *
{t .4ssume suitable dara d necessqry.

:

l. a) Wastewaler and solid waste managernent are lhe major issues in metropolitan citics.
Discuss it briefly with respect to their importance and rypes of sanitation systenrs.

b) A rvastewater sample was incubated at 25oC"and follorving observations were marJe:.

.5 day BOD of sanrple = 200mgll,1l day BOD of sample = 268m11y'1. Calculate rate

reaction constaflt and 6 day BCD at 30'C.

7.. a) ll'you were appointed as a sauritary engineer, how would you cletermine (luar)iiry ol'

h. n.7A{1 stonn water for a high.ly populated sub-urban area. What type of limitations exist in
( ' " ' " '.. storur water quantity determination for such area? Discuss in detail.
r - s.lnml\
fu,f 

'/ b/ 
-Cot.ulate 

the rjiameter and velocity of a circular combined server at ir slope ol' 1 in

',,. , o.n I50 when it is running just full at a discharge of 1.05m3/sec. The valuc oi'n in
) / r I " Maruring's f<rfmula is 0.01i. \Mhat will be the discharge and velocity when llo,"ving at

I '- L79f nq{5 depth of pipe for the same slope?

'Bl. a1ffirot tlo you unclerstand about the Dorrco aeration rnetlrod; briefll,clescribe its

,o iAoqg 
Dfd"tntio, with neat sketch.

b) Ttre raw sew?ge tras ultimate BrJD of 215 mgil. The primary treatrnetri rernoves 3091,

BOD. The required effluent BOD should be equal to or less than 32 rngll. Does a

single high rate trickling filter having volume oiSSO*I which receives a ilorv ol'4.1
MLD is enough to attain required eflluent BOD level? What u,ill be the recirculation
ratio required.{or a single/two stag0 high rate trickling filter?

' 4. a) ln what cases natural metbocls of sewage disposal systems aue applieci and rvhat are

the nccessary condition for irnplementation of tlrose methods? l)iscuss.

OR

Dcscribe the purpose and working of sludge drying bed rvith a neat skeich,

[r) A small tow-lr with a popuiation oi 12000 is to be designed u,rth a sewagc trcatntel]t
plant [o handle botjr its industrial and domestic wastewatcr. A sanitarv slrrvev reveals
ihe ibllowir:g: rlairy waste of ?.7*106 //d rvith BOD oia4rJO mgii. sugar mill rvzrste u.l'

2.2*106//d rvith tX)D of 2200nrg//. and domestic sewage is 200 /pccl traving tlOD 88
gnir*day. DO r:f Lroih i;ri.li.rstrial aurd clomestic waste are zero. 'l'lte efiluent iioll tirc

reatrncnt pltnt is to be discharged into a strezrnl with a inini;nunr llc;rv r.if 70iitj liUscc.
and dissolvccl oxygen content oi'8.U rngil. It is necessarv to ntainiain a DO cr-rntcnt oI
4.0mg/1. Find the degree o1't-reatrnent requireci [or.the p]anr? Assuir:e K; =. 0.4 day''',
Kl ='0.fr rla1,'l rt',oth to the basc l0) itnd saturation DL) in lhe rir,cr after irriritrS rviiir

: o a7/X'x
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. ',/,,.r-C?4d.i4alp.*af,q*g,quiradrte.givs'theiransarrs'in lheir.owf,words as far as practicahle;rlr.:-.:i. :r,'r.: r']i;rirr.sr!,/ Attempt any Five questions.

.'/ Thefrgares in the margin indicate Fult Marki.
/ Assume suitable datg if niecessary.

I

l. a)

b)

2. a)

.b)

3. a)

b)

4. a)

b)

Describe in detail the objectives of sewage disposal. t6l
Calculate the diameter and velocity of a circular sewer at a slope of 1 in 400 when it is
running just fall at a discharge of lm3/sec. The value of n in.Manning's formula is
0.012. Will the self cleansing velocity.be maintained in the sewer when flow drops to
0.6m3ls? tlol
As a designer for a highly populated urban core area how would you determined
quantity of storm water? Discuss. t6l
The BODs of a sewage incubated for one day at 30oC has been found to be 170mg/1.
What will be the 5 day BOD at20"C? Assume K = 0.12 per day (basel0) at2}bc. tl0l
Explain the necessity of providing a manhole in a sewer line. Describe, with the help
of a neat sketch the cornponents of a manhole. t6l

The sewage of a town is a mixture of domestio sewage and industial sewage. The
sewage is to be treated at the sewage fr.eabnent plant before discharging into river.
Determine the degree of tueahnent required for the following data: [10]

Population':40000
Domestic sewage : 175lpcd
BOD of dom"rti" r"*"g" = S0gm/rcapitalday
Flow of industrial waste: 4 x 106 liten;/day
BOD of induskial waste:4000rng/l
DO of both domestic and industrial sewage = 0
River discharge: 8500 literVsec
BOD of river watetr: 0
Do of riverwater:8mgA
k1 : 0.1/day and kz = O.-tlday.

Assume other data as required.

With neat sketches, describe the purpose and conskuction of a grit charnber. t6]

The effluent from a primary sedimentation tank is applied to a standard rate filter at

the rate of 3 million liters per day, having a BODs of 175m-g/1. Determine the depth
and volume of filter, adopting a surface loading of 150grr/mr/day. Also determine the
efficiency of such filter,unit, using NR"GdmnulaaAssunae recirculation ratio : 1.:2. [10]

5. a) Explain the necessity of sludge treatnaent. Draw a sketch of sludge digester and

_-*xplainitsworking. .l,.
b)",;pesign a doubleplit VIP latrine fora family of 15 users. , j

't

L2+61

t8l

Pxa)6. Wtite short notes'on: (any four)

a), Typ€S of sewerage system

',. ...., ,. ,... . ;,,;, i.9)r.,Incineration of solid,waste

b) Catch basin
,,',ar.d):rBacteria-algal-synrbiosis process

i-'.t .r:l-l.ijii'.'ir''i:.i:1 :'i

***
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'/ Candidates are required to give their answers in their own words as far as practicable.
'/ Auempt any Five questions.

'/ All questions carry equal marks.
,/ Assume suitable data if necessary.

1. a) Compare separate and combined systems of sewerage in a tabulax from.

b) As a designer for rural with scattered populated area how would you detennined the
quantity of storm water? Discuss in detail.

2. a) The BOD5 of sewage sample at 20 C is 300mgfl. If K:0.23(base e), what is the
ultimate BOD? Calculate BOD3 at 15oC.

b) Design a septic tank and soak pit for the following data.

No. of persons: 100
S ewage/Cap ital day : I 20 liters
Sludge cleaning period = I Year
Soil infiltration : 40 Vr* n

3. a) Calculate the diameter and velocity of a circular sewer at a slope of 1 in 400 when it is
running just full at a discharge of 0.85m3/sec. The value of n in Manning's formula is
0.011. What will be the discharge and velocity when flowing 0.6 depth of pipe for the
same slope

b) With a neat sketch, describe the purpose and constnrction of a drop manhole.

4. a) In what cases natural methods of disposal systems are applied and how, discuss.

b) Design an oxidation pond ior a town with the following data:

People: 10,000
Sewage flow: 135 lpcd
BOD of incoming sewage =250mgll
Organic loading: 100Kg BOD/ hectare/day
Detention time: 30 days

5,a)Withneatsketches;.deseri'be.theaetivateds1udgeprocess.

b) The volume of fresh sludge obtained from PST and trickling filter humus tank is
85.1m3 atgSYomoisture content. After sludge digestion, the moisture content redrrced' to 83%. What will be its volume and design a sludge digestion tank for it? Assume
specific gravity remains sarne before and after dilution.

6. Write short notes qn (any four):

a) Inverted siphon
b) Sewage sampling
c) Bacteria-algal-symbiosis process i

d) Composting of solid waste
e) Overland flow and rqpjd.infiltration

{: {. d.
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Discuss the relative merits and demerits of the separate and combined system of
sewerage. AIso give .the conditions favourable for the adoption of each one of them.
Describe how time of concentration is found out graphic{Jf L4+2+21

In a thickly built up residential area, the average surface coverage are 40Yo roofs and
pavements havrng run off sssffielient of 0.8 and 6A% laWns and gardens having run
off coeflicient of 0.2. lf the population density per hectare is 2000 and rite of water

supply is 125 {pcd and time of concentation (t) is 30 min, calculate the required size
of the combined sewer. t8l

Draw a neat sketch of manhole, showing its components. Wiere apd why drop
manhole is to be provided? t6l

A town discharges 120 cumec of sewage into a river having. a rate of flow 1600
cumec, during lean period with a velocity of 0.1 m/sec. The 5 day BOD of sewage at
the given temperature is 250 mylit. Find the amount of critical DO deficit and when
and where it will occur in the downstreain portion of the river. Assume deoxygenation
constant K as 0.1 day-' and coefficient ofielf purification f .as 3.5. Saturation DO at
grven temperatur e is 9.2 mg/lit. t10l

Draw ltt stage and.2.nd stage BOD curye and indicate its salient features. Define grab
sanrple and composite sample. Describe the factors affecting self pwification of river.[3+1+4]

A rectangular primary sedimentation tank is to treat 1 MLD sewage per day. If
detention period is 1.5 hrs, the velociiy of flow is 10 cm/miri, depth of sewage and
sediments is 3.5m, calculate t8]
i) Dimension of tank ii) Overflow rate of the tank

What are the principles of biological ffeatnrent? Draw the figures of any one tlpe of
grit chzirnber and skimmiug.tank. What are the working principle of those units? - l7l
Determine the dimensions of a high rate trickling filter for.the following data: t9l
1) Sewage'flow.- 3.0 MLD ii) Recirculation.ratio : 1.5
iii) BOD of raw sewage : 250 mgllit iv) BOD removal in the primary settling tank = 25%
v) Final effluent BOD desired = 30 mg/lit
vi) By what percent the diameter of the filter will have to be modified if it is to be

designed as a standard rate frickling filter for the above requirements.

What is septic tank and soak pit? Debcrib'e about design procedure of septic tank and
.soak pit. Ul
What is primary and secondary sludge? List out the necessity of sludge heatrnent.
Assuming 30% solid ma[ters iu a sludge (containing g}Yowater)'is composed of fixed
mineral solids with sp.gr. of 2.5 aad70% composed of volatile solids with sp.gr. of !,
Find specific gravity of sludge. W2+57

1. a)

b)

2. a)

b)

3. a)

b)

4. a)

b)

5. a)

b)

. 6. Write short notgs on: (any four)
a) Evapotranspirationmound
d) Solid.waste ana its hrpes

b) Sewage sickness
e) Testing of sewer

!f {.tf

.c) Street inlets

r[4x4]
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i

Exanr. Reeular/Back
BE Full Nlarks 80

Programme BCE Pass Marks 32
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Subject: - Sanitary Engineering
,/Candidatesarereqrrired.togivetheiranslversintheirorvnwordsasfaraspracticable'
/ Attenrpi any Five questions.
'/ The.figures in the margin indicate Futl Msrki.
/ Asstnte suitable data if necessary.

,
, / ?) Discuss the relative merits and demerits of the separate and combined sy'stem of

serverage, Also give the conditions favourable for the adoption of each one of them.
Describe how time of concentration is tbunri out graphically- t1+2+21

,b) In a thickly built up residential area, the average surface coverage are 4Oo/o roofs and
pavements having run off coefficient of 0.8 ard 60% lawns and gardens having run
off coefficient of 0.2. If the poprrlation density per hectare is 2000 and rate of water

supply is 125 4pcd and time of concentration (t.) is 30 min, calculate the required size
of the combined sewer. t8l

2. fi Drarv a neat sketch of manhole, showing its components. Where and why drop
manhole is to be provided? t6l

,/
t.VY L towr discharges 120 cumec of servage intc ariver having,arate of flow 1600v 

cumec, during lean period with a velocity of 0.i m/sec, The 5 day BOD of servage at

the given temperature is 250 mg/iit. Find the amount of critical DO deficit and w'hen

and where it will occur in the downstreain portion of the river. Assume deoxygenation
constantK as 0.1 dayl and coefficient of self purification f as 3.5, SaturationDO at

given temperaf.ire is 9.2 mg'lit. [i0]

t ?! r\ Draw l't stage and 2.nd stage BOD curv'e and indicate its salient features. Define grab\'/ ' sample and composite sample. Describe the factors affecting self purification of river.[3+1=4]

$ A rectangular primary sedimentation tank is to treat 1 MLD sewage per day. If
. detentionperiod is 1.5 hrs, the velocity of flow is 10 cm/min, depth of sewage and

sediments is 3.5m, calculate

., i) Dimension oitank ii) Overflow rate of the tank
,/

\t4. a) What are the principles of biological treatment? Draw the figures of any one tlpe of
grit chamber and skimming tank. What are the working principle of those units?

pl D"t"r*ine the dipensions of a high rate trickling filter for the following data:

I8l

i) Sewage flow.= 3.0 NILD ii) Recirculation ratio = i.5
iii) BOD of raw sewage = 250 mg/lit iv) BOD removal in the primary settling tank = 25%
v) Final effluent BOD desired:30 mg/lit
vi) By rvhat percent the diameter of the f,rlteruill have to bc moriified if it is to be

desigrred as a standard rate trickling filter for the above requirements.

t?l

tel

,4'
v

What is septic tank and soak pit? Describe about clesign procedure of septic tank and

soak pit. l7l

!

:

i

i

i
I

I

I

I
I

I

I

I
I

What is primary and secondary sludge? List out the necessity of sludge treatment.

Assuming 30% solid matters in a siuy'geltontaining 90% water) is composed of fixed
mineral solids rvith sp.gr. of 2.5 and 7002 composed of volatiie solids with sp.gr. of 1-

Find specific gravity of sludge. t1+2+51

6. Write short notes on: (any four) [axa]
a) Evapotranspiration mound b) ' Sewage sickness c) Street inlets
d) Solid.waste and its types e) Testing of sewer

:

' *"'l'

i\'

I .. .---:...-.-.-._--------r,.- .
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e

il

l,

/ Candidates are required to give th'eir answeis in their own words as far es practicable.
/ Attempt any Five questions.
'/ Thefigures in the margin indicate Fu'll Marks.
r'' Assume suitable data if necessary.

l. a) , Describe the systems of sanitation with their advantages and disadvantage.s. .Why
water-carryrng system of sanitation is popular than conservancy system? i

l,i If the se'i,en-day BOD at 20oC is 280 mg/l and one day BOD at 20oC is 35 myl.
Caiculate the rate reaction constant k' 20"C and five-day BOD at 25"C.

:. ir) Desigr a combineci server section t'crr a 45-hector residential area haviDg runoff
coefficient0.40.0.70,0.25,0.80,0.lCforareaof l-i,20,25, l0and309'0respectively'
'*ith altogether 1500 population? Avei-ase rainfail duration is 2l-rnirr. S.:lf-cleansing
leldcity is 0.88 rilsec. -A.ssume"rvater su;:ply'ra:e - i0(l lpcd and time of ioncentratiort
- 20 min.

'., With a neat si:etch, describe the consiruutron o!'l manhoie.

Su-egest suitable dimensions of a circtilr:; ser',age sedimentation tank for an indusrnal
:'e: li,rvin,: i-,or:rilaticn of 480tlr 'l'he at.eraqe rvater de::rand is 150 lpcC. .{ssume that
-,i9'6 rvrtei reaches at Eeatment piant. j

't'hat clo vou understand b1'st:llpr.rri iicaliox oistrgilnr.) Describe the var-iotis tactbrs

;tfecring sc I f pirritication.
.:-.\\:hat rl'ill be tire recirculatiorl ratrLr ieqrirreci oi a single stage trickling iiiter havtn,e
','olume of 550nri i.lt flory of 3.7 \'lLD. The rarv sewage has BOD of i80 mg'I. The

primary treatment removes 33% BOD. The effluent BOD is to be equal or less than

-15 mdl.

Describe activated'sludge treatmenr process rvith schematic diagram. Also describe
the principle ol'BOD reduction in the treatment'process.

A raw sewage having suspended solids content of'250 mg/l is passed through primary
sedimentation tank at a flow of -i MLD. The sedimentation tank removed 550,/o

suspended solids. Determine the volume of sludge produced per day if moisture
content anci specific gravity of sludge are 98%o and 1.02 respectively. What rvill be the

volume if its moisture content reduces to 8t,.5% aftei.digestion?

Describe the various methods of solid waste composting.

:, Write short notes on (any four):

a) Time of Concentration
b) lncineration of Solid Wdste
c) lntermittent Sand Filter*
d) Inverted Siphon
e) Bacteria-Algal-Symbiosis Process

_ _:r_+

t
.i

'a

t!

.iii

.i

t6l

[10]

; ! ,!
i !,, j

i'61

Iri;j
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ll0l
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I l0]

t6l
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Sani

/ Candidates arc required to give their answers in their own words as far as practicable.
'/ Attempt any Five questions.
'/ The/igures in the margin indicate Full Ma,iks.
{ Assume suitable data if necessary.

..

1. a) Explain water carriage system. What are its meiits and demerits? Why is it not
suitable to adapt water carriage system in nual areas?

b) A sewage sample.incubated for one day at 30oC has BOD of 150 mgA. What will be
its 5 day BOD at 20'C if the value of the de-oxyge,nation constant is.0.l3 per day
(base 10) for 20oC?

2. a) Discuss briefly the methods of land treatment. How sewage sickness occurs?

b) Determine the volume of sludge produced in a sewage sedimentation tank for the
following data:

Suspended solids content in iaw sewage = 250 mgfi
Sedimentation tank removes 60% of susparded solids
Specific gavity of sludge = 1.02
Moistnre content of sludge :95Yo

3. a) Draw a neat sketch ofmantrole and describe it withnecessary labeling.

b) Design a sewer for a population of 100,000 persons with water supply per capita of
120 Vd.It is expected that 80% of the water is converted into sewage. The DWF
eslimated will be l/3d of the maximum discharge in this separate sewer. The
permissible slope is 1:1000 and rugosity coefficient is taken as 0,012. For the self
purpose at least 0.75 m/s velociiyneed to be developed in the drain.

4. a) Discuss the working of trickling filter with neat sketch.

b) Design a conventional activated sludge plant to treat settled domestic sewage with
diffused air aeration system for the following data:

r) Populationserved:90,000
ii) Per capita sewage contibution: 100 Vd
iii) BOD5 of settled sewage =220mgll
iv) Effluent BODs allowed: 30 mg/l
v) F/IvI ratio:0.2
,il MLSS:3ooo mgA

5. a)r Discuss the principles of oxidation pond. Why is it believed that they are better

alternatives to small towns ofNepal?

_--+fDesign a circular sewage sedimentation tank for a population gfJ$p00. The per

capita sewage contribution is 80 lpcd. Assume necessary data suitably.

6. Write short notes on any for:r of the followings:

a) Coistnrction of septic tanks b) Inverted siphon
c) Crravity thickener d) Double pit pour flush latrine

' e) Soak pits

***

t8l

I
I

t8l

t6l

[10]

t6l

tl0l
t6l

ll0I

t8l

t8l

Iaxa]
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Subject: - Sanitary Engineering

,/ Candidates are required to give their answers in their own r,vords as far as practicable.
,/ Attempt any Five questions. . .

'/ Thefignres in the margtn indicate Full Marks.
,/ Assume suitable data if necessaty.

l. a) As a designer for a highly populated urban area how would you determine quantity of
storm water? Discuss in detail. ,

b) If the five-day BOD at 20oC is 280 mg/l and one day BOD at 20"C is 111.80 mg/l.
Calculate the rate reaction constant k at 20oC and 7-day BOD at 25"C.

2. a) Determine the diameter and velocity of a circular sewer at a slop of I in 500 when it is
running just full at a discharge of lm'/sec. The value of n in lvlanning's formula is

0.012. What w-ill be the discharge and velocity r,vhen florving half full for the same

slope?

b) Describe the purpose and r,vorking of sludge drying bed r,vith a neat sketch.

3. a) Design a grit chamber from the maximum flow of sewage:40*105 l/d, Sp. gr. of"
grit : 2.7, Size of grit particle to be removed = 0.25mm. Assume temp T : 20oC.
Asdume other necessary data suitably. I

b) Deigribe the purpose, construction and working of a manhole.

4'a)Ca{ctr1ateeffluentBoDoftr,vostagetricklingfilterforthefo1lorvingdata:
., a

'lSewage flow: 2m3lmin,
BOD of servage after primary treatment = 300 mg/I,
Volume of both filters = 900 m3 and
Recirculation ratio for both filters = 1:5.

Assume necessary data suitably.

b) What do you understand by self purification of streams? Describe the factors affecting
self purification of streams.

5. a) The volume of fresh sludge obtained from PST and trickling filter humus tank is
84.1m3 al9794 moisture content. After sludge digestion, the moisture content reduced
to 83%. What will be its volume after digestion? Also design a sludge dieestion tank
for it. Assume sludge digestion period as 30 days.

b) Horv does an oxidation pond rvork? Describe its construction nith a neat sketch.

6. Write short notes on (any foul):

a) Evapo-transpiratiorimound
b) Skimming tank
c) Catch bas-in

d) Composting of solid 'vvaste

t6l

[10]

l10l

l6l

t10l

l6l

i10l

't6l

[10]

t6l

Iaxa]

t.t

i'.!t



Level BE Full Marks 80

Programme BCE Pass Nlarks 32

Year / Part m/II Time 3 hrs

INSTITUTE OF ENGINEERING

, Examination Control Division
2064 Shrawan

- Sani a (ox
./ Candidates are required to give their answeis in their own words as far as practicable.
'/ Attempt any Ftve questions.

{ Assume suitable data if necessary.

1. a) Discuss the various methods of sewage disposal by land treatment with their merits
and demerits. .

Calculate 5-day biochemical oxygen demand of a sewage at 20oC. Its sample analysis'
shows 180mg/1of BOD after 3 days at 30'C.

What is dry weather flow? Discuss various factors affecting quantity of dry weather
flow. Justify why we need to consider peaking factor.

A sewage sample has suspended s'olid-contents of 240 mg/I. The sed.imentation tank
removes 65% of the suspended solids. If the water content of the sludge is 95%
determine volume of sludge prod.uced in a sedimentation tank after treating 8 .5 x 1 06 1

of sewage. Assume specific gravity of the sludge as 1.02.

With a neat sketch of describe the process of sludge thickening. 
.

A newly added ward of a municipality with 40,000 populations covers aii area of
50 ha. The projected surface of the area is given as follows:

oh of.total surface Type of surface Runoff coefficient
t) Hard pavement 0.8s
35 Roof surface 0.80
15 Unpaved street 0.30
25 Gardens and iawns 0.1s

The time of concentration is 30 minutes. Use US Ministry of Health formula for the
intensity of the rainfall. The average daily water consumption of the area is 180 liters
per capita out of which 80% turns into waste water. The peak flow is three times the
dry weather flow. Determine the discharge of the waste water from the area. .

Explain principles of activated sludge process with neat sketch. Elaborate why
food/micro-organism ratio is important in this process.

Sewage from Primary Settling Tank is discharged. to Standard-rate Trickling Filter at

the rate of 4 MLD havirig 150 mg/l of 5-day BOD. Determine the depth and velocity
of the filter adopting surfEce load.ing of 2400 llrt-day and organic loading of 160

g/m3-day. Also detErmine the efficiency of the Trickling Filter. Assume necessary
data ifnecessary.

What is'oxidatibn pond? Elaborate various physical and biochemical processes 'that

take place in oxidation pond..

Design a septic tank for a house in Kathmandu with 12 inhabitants. The rate of
se*age disp6sal is IOO lts@ De-sludging is expected every 2 years. Make
assumptions for necessary data. Draw a plan and cross section of the septic tank with

6. Write short notes on atly fou of the follofrings
a) VIP latrine b) Testing of sewer lines
c) Composting of solid wastes d) Grit chamber
e) -.\4anhole f; Seif purification <if streams

6'

b)

2. a)

b)

4. a)

b)

5. a)

b)

t&l

t6l

l10l

l6l

[10]

i6l

[10]

t6l

[10]

$xa)

I

I

i

t.
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b)
t
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,S

/.' Candidates are required to give their answers in their own'words ?s. far as practicable.
'/ Attempt any zu.questions. ,' .

,/ Thefigures in the rnargin indicate Fyll Marks.
,:,/ Assume suitable data if,necessary.

l. a) Define sewage, sullage, sewer a1d garbage. Compare
systems of sewerage. ,

between separate and combined
:, 

_.

b) Calculate the diameter and velocity in a circular sewer at a slope of I in 400 when it is '

running just full at a discharge of Zn3lsec. The Manning's coefficient n: 0.013. What
will be the discharge and velocity when flowing one third full?

2. a) What is dry weather flow? Discuss the various factors affdcting the dry rveather flow. . t6l

b) A strearn saturated with DO has a flow of 1.5m3is, BOD 4 mg/l andrate constant (Kr)
of p.3 per day. It receives an effluent.discharge of 0.5 rif/s having BOD 20 mg/l and
,DO 5 mg/l. The average velocity of flow of stream is 0.20 m/s. Thb ayerpge depth of
,,stream is 1.2m. Calculate DO defidit at 30 km and 50,lsn downstredm. Assrune
'temperature throughout 20"C anct BOD is,measured ir.r 5 days. Take saturation DO at

[10]

20"C as9.l7 mg/l.

3. a) 
.'.::Wilh 

neat sketches, describe the working of em activated sludge process.

b),'tf BOD3 at 15oC is220 nrg/l,frydBODz,at 25oC.

4. a) State and explain the following terms

i) aerobic decomposition \.!

ii) BoD ,

iii) coD
iv) anaerobic decomposition . ', '

b) A sedimentation tank treats 8 Mtd cgntaining 200 mg/t of suspendecl solids. The tank
removQs 60% of the suspended solids. Compute the weight ancl volume of sludge
produced daily if the moisture content of the sludge is (i) 95% (ii) 90%.

5. a) What is oxygen sag curve? Descripe the self purification of streams. :

b) Calculate the BOD removal effrciency foi the single stage high rate trickling filter.
BOD loading is 750 glmskJay and recircula,tion ratio is 0.6.

ll0l
t8l

t8l-

t8l

r{.
tl

t8l

t8l

t8l

[axa]

a) Soak Pit
b) Pour Flirsh Latrine
c) Ivlanhole
d) Composting of Solid Waste
e) Flushing Device

{.rFt
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,/ Candidates are required to give their answers in their own words as far ds practicable.
'/ Attempt any zuquestions../ The figures in the margin indiiate F4t Marks../ Assume suitable data if necessary.

1. a)

b)

2. a)

b)

3a)
b)

4. a)

b)

5. a)

b)

Discuss principles of VIP latrine and its construction with neat sketch. 
,

If 3 ddy BOD of a sewage sample is 200 mg/l at25"C, calculate its 5 day BOD at 20'C.

Describe that the tirne of concentration is an important factor while determining storm water
discharge. Elaborate on time of concentration and time area graph.

A grit chamber is provided to remove grit particles up to 0.2mm from a sewage of a town of
population 800,000 producing 100 line waste water per capita per day. Working at 20oC
temperature, the specific gravity of the grits may be taken as 2.6. Determine the size of grit
chamber. Assume necessary data.

Describe the various methods of land treatment.

D*:e,irrine'ilie size of combincd ciicular sclver fur a discharge'cf 1 -< rr,3/s running half fu!!.
Assume a gradient of 1 in 2000 and Manning's rugosity coefficient N = 0.013 (constant for all
flows). tn the dry season if the flow drops to 0.5 m3/s, does the flow rnaintain desired self-
cleaning velocity of 0.6 m/s?

Discuss the principles of oxidation pond. Do you agree that this method is suitable for waste

water teitrnent in Terai towns of Nepal? Give your opinion lvith reasons.

A single stage tickling filter receives sewage flow of 4 million litres per day containing raw
sewage BOD of 300 mg/l. A primary settling tank is provided whose efficiency is 35%.

Detenirine the recirculation ratio reqdired to meet the maximum effluent BOD connection of
60 mg/f? The effective volume of filter is 300 m3.

What are the differences between high rate hickting filters and low rate trickling filters?

Determine storm water discharge for a town of 200 ha. The catchment surface and

corresponding runoff coefficients are provided below. The maximum intensify of rainfall is

40 rnm/hour.

Type ofsurface Yo area Runoff coeff.
Vacant plots
Unpaved roads
Gardens and open spaces

Built up surface

40
10
20
30

0.15
0.40
0.r 5
0.90

l8l

t8l

I8I

It is expected that after 20 years the built up area will be 60Yo of the total by
additional 30Yo area of vacant plots. What will be the storm water pischarge a!
after?A@?

Write short notes on any four ofthe follorvings:

a) Street inlets b) Testing of sewer lines
c) Sludge digestion processes d) Composting of solid lvaste
e) Septic tanks :

convertlng

Present and

.-

t8l

t6l

ll0l

t6l

[10]

t6l

u0l
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s
/ . Candidates are required to give their ans'wers in their own words as far as practicable

,/ The figures in the margin indicate Full Marks.
,/ Assume suitable data if necessary.

l.'a)

b)

2a)
b)

3. a)

b)

4. a)

b)

5. a)

b)

What are the differences between separate and combined systems of sewerage? Discuss the

factors considered tb select combined and separate systems.

A wastewater sample is taken from a sewer. The 5-day BOD was fourld to be 180 mg/l at

20oC which is 70% of the ultimate BOD. What will be 4-day BOD of the wastewater at

30'c?

Discuss with sketch the Oxygen Sag Curve in natural streams.

A perennial river is receiving waste water from a town with a discharge of 200 m3/s. The river
water fully saturated with oxygen is flowing at the rate of 1500 m3/s at a velocity of 0.15 m/s.

If the 5-day BOD of the sewage is 250 mg/l, frnd out where the critical dissolved oxygen will
occur in tho river. The BOD of the river water is z'ero. The DO of the river water and

wastewater are 8.0 and 0.1 mg/l respectively. The deoxygenation co-efficient is 0.1 
'per 

day
and self purification constant is 5. The dissolved oxygen in the river at saturated condition
may be taken as 9.17 mg/lite. Assume necessary data.

List the steps followed in sludge treatment. Discuss the anareobic digestion principle in a

conventional sludge digester.

Design a circular sewage sedimentation tank for a population of 80,000. The rate of water
gupply is 150 lpcd. Assume necessary data suitably.

lVhat is land treatment of waste water? Discuss briefly the methods of tand treatment. How
does sewage sickness occurs?

Population of 100,000 is living in a town. A separate se*er system for the town is to be

constructed. The water consumption rate is 125 lpcd. 80% of the water consumed is

discharged as waste water. The topography do not allow the slope of the sewer line more than
1:1000. The self cleaning velocity can be achieved at 0.60 m/s. The dry weather flow may be

taken as li3d of the maximum discharge. Design an outfall sewer with RCC hume pipe
having Manning's coefficient of 0.013.

What is sloughing? Disctss the biological process that takes place in trickling filters.

Design a two-stage high rate trickling filter for the following data.

t6l

[0]
t6l

[0]

l6l

ll 0l

t6l

u0l
t6l

[10]

Organic loading of filter
Flow
BOD of sewage
BOD removal in primary settling tank
Recirculation ratio
Max. BOD aHsWdin finaleffluent

= 10,000 kg BODs/hectares/day
= 4.5xl06litreVday
:280 mg/litre
= 30%o

= 1.4 for both filters
= 35 mg/litre

b) Manhole with neat sketch
d) Skimming tank

Assume an intermediate sedimentation tank. Assume appropriate data where required.

6. Write short notes to any four-of the following.

a) Chemical Oxygen Demand
c) Design considerations of septic tank
e) Working of oxidation pond with neat sketch

**,1.

laxal


