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Y Atempl All questions. 
All questions carry equal marks. 

V Assume suitable data if necessary. 

5 

Subject: -Simulation 

Candidales are required to give their answers in (hei 
OWn words as far Tas 

practicable. 

Rainfall Intensity (1), 
mm/h 

80 

Exam, 

70 

Level 

60 

M.Sc. 

Programme MEWRE Year / Part 

3 

1. Find the first estimation of ü." (provisional velocity) using following 
staggered grid while 

solving Navier-stokes equation using Marker-cell method. Take Pwaner 
1000 

kg/m' and 

Kinematic viscosity (Vwater ) = 10"m/s. 1ake, ax =Ay= 10 m and At =5 seC. 

3 

.....4.. 

Laboratory 

lax ay\ar? 

15 

2'5 

2. Develop finite difference molecules for( 
3. kelaionship between Rainfall Intensity (). mmh and Duration (t), min is I = k (t+ a). 

For he following set of observed data of I and t find the value of parameters k and b, if 

a= 10. 

Duration (t), min 

30 

Regular 
Full Marks 

45 

Pass Marks 30 
3 hrs. 

Time 

20 

60 

u(4) 

Update the value of parameters using recursive procedure if new information| = 55 mm/h 
for t = 90 min is available. 

4. Write down the source code for Recursive LST with sub-programs for matrix transpose, 
matrix inversion and matrix multiplication. 

5. Wite and explain each statement of source code which plots the axis (with title) with 
ticks (with label) in appropriate intervals and values given below covering the whole area 
Of the screen using Window coordinates. 



Tine 

12 MN 
2 AM 

4 AM 
6 AM 

8 AM 

10 AM 

12 Noon 

Siage 
m 

212,85 
212.80 
213.60 
214.75 

218.4 
217.4 

216.1 

dz dy 

Tne 

2 PM 

6-..._ 

4 PM 

6 PM 

8 PM 

10 PM 

12 MN 

Stage 

21545 

0 

21495 

21435 

213.75 

6. Using numerical approximation of u 4 write down the equation in matrix fom 

which determine the functions in blank grid in the figure below. 

21325 

213.0 

10_.10._10_L. 10.j.10_.i._10._i-. 0. 

.-;.--.�. 
-.-.-..-.-.t.-.-.--. 
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V Assume suitable data if necessary. 
The figures in the margin indicate Full Marks, 

/ Candidates are required to give their answers in their own words as far as practicable 
Attempt All questions. 

st 

Subject: - System Mathematics 

b) Solve the following LP problem using simplex method. 
Max Z = 0.5x, +6 Xt 5 X} 

S.t.: 

4x1 + 6x, +3 X S 24 

s.t.: 

1. a) Define Operation Research in Water Resources Engineering. List any three objectives of 
Operation Research. 

X + 1.5 x) +3 x,S 12 

3 X + x2 t X 

S..: 

XI, X2, X3> 0 

Time Required Additional Capacity 
End of 5th Year 
End of 10h Year 
End of 1sh Year 
End of 20th Year 
End of 25lh Year 

2. a) Define Fibonacci Numbers. Explain its relation to the Dynamic Programming. 

20 

40 

60 

3. Solve the following NLP problems. 

b) A city w/s project has to be expand for the storage system from existing 100 units 
capacity to 200 units capacity, in next 25 years of each 5 years revision in expansion. The 
discounted present worth for additional capacities are as follows: 

80 

100 

-4x, - 5x2 2 41; 

4 x, +3 x, =40; 
Sx +7 x 72; 

b) Optimize f(X) = -3 x-5 x+8x, + lIx2 

Exam, 
Level 

5 

3 x +4 x S 31; 

Year / Part 

Max f(X) =5 x + 11 x 
X +3 x s 14; 
3x -2 xs9; 
4x + 3 X 28; 

a) Maximize f(X) = -10x1 -8x + 13 x X - 3x, +8 x+ 10 

5. Write short notes on: (Any Three) 

Solve the capacity expansion problem using Dynamic programming. 

b) Dual Simplex Method to solve LPP 

t, Periods (years) 

2 

Additional Capacity o 20 40 

3 

4 

M.Sc. 

X, X >0 and, x and x, are integers 

1-5 

a) Network analysis using Dynamic Programming 

6-10 

11-15 

16-20 

4. Using Gomory's Cutting Plane Method solve the following ILP problem. 

d) Branch and Bound Method of solving ILPP 

21-25 

Regular 
Full Marks 60 

Pass Marks 

0 80 

Time 

0 

0 140 I70 220 270 320 
0 100 130 150 170| 230 

100 120| 130| 
o 40 50 70 

20 40 

c) Mathematical definition of Global minimum and Global Maximum 

30 
3 hrs. 

60 80 100 

[3] 
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(3] 

[9 

(6] 

(6) 

[12] 
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Exam. 
Level 

Year / Part 

Subject: - Hydrological Analysis 

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

M.Sc. 

V Candidates are required to give their answers in their own words as far as practicable. 
Attempt All questions. 

1.) Are physical science and system approaches 'mutually-exclusive' or 'complementary' 
to cach otlher? Please justify your answer with appropriate reasoning and examples. 

b) You are asked to perform hydrological analysis to a hydropower project at an 
ungagged location in a catchment that has one hydrological station at other location. 
How do you perform that analysis with scientifically convincing way? Please 

elaborate steps as well as key outputs. 

Regular 

2. a) How two general approaches for overland low estimation differ from each other? 
Please elaborate with appropriate illustrations. 

Time (h) 03 6 

Full Marks 

Pass Marks 

Time 

b) For a soil with infiltration capacity at time t as f(t), initial infiltration ra'e as fo' and 
final (constant) infiltration rate as fc', please derive an cxpression for esümating 
Horton's constant k. 

3. a) How can we differentiate bct veen small catchment and medium-sizcd catchment? 

What methods are used to estimate responses from small and medium-sized 

catchments? 

Time (h) 0123 4 s67S 

2-hr UH ordinates (m'/s) 0 |25|50|75|150|125|50|25| 0 

12|15|18 

Inflow (m/s) 613|23| 19 12 9 6 

Time (h) 

b) Please derive a 3h UH from a 2h UH given in the following Table using appropriate 
method. 

60 

30 

4. a) What are different types of response functions in a linear system? How a lincar 

system is comparable with unity hydrograph? 

3 hrs. 

b) Route the following hydrograph (using Muskingum method) through a river reach 
with K=6 hrs and X-0.15. Take the outflow discharge at the start of the infilow as 

6m'/s. Also estimate attenuation and lag of peak. 

S. a) Discuss diffusion wave equation for channel routing and its applicability. 

0-1|1-2|2-3 3-4 4-5s| 5-6| 
Efective rainfall (cm/h) 0.5 1.02.0 1.51.0|0.5 

JArea (km' 

b) A catchment with 100 km area has 4-h time of concentration. Area derived from 

time-area histogrm and 6-hr storm at 1-hr interval is shown in the Table below. 

Calculate outflc:v hydrograph. 

1030 20 40 -

(71 

[3+2] 

[71 

[2+3] 

[7] 
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/ The figures in the margin indicate Full Marks. 

Time (hrs) 
Q(m''s) 

Subject: - Advanced Hydraulics 

Reservoir 

Exam. 

JCandidates are required to give their answers in their own words as far as practicable 
/ Atempt All questions. 

Level 

1 

Node l 

Year / Part 

H,= 100 m 

2 3 

V Apply the first order Kinematic Wave Routing method (Finite difference Scheme) to 
predict the outflow hydrographs at 25 Km downstream. The inflow hydrograph is oiven 
below The channel is 100 m wide, So =0.003 and n =0.02. Use wide rectangular channel 
assumption. Take dt = 30 mins, dx = S km 

Plofentatively the inflow and outtlow hydrograph together on the same figure. Are these 
likely to be realistic? Why or why not? 

M.Sc. 

1.512 m 

4 

Po=2.632 ms 

Pipeline (steel) 

1000 12003000 5500 5500| 3000| 1200 1000 1000 

Lp=4,800m, a= 1,200 m/s,f= 0.022, 
A=3.14 m 

6 

Caleulate the pressure head at Node 1 and Node 2 in due to sudden closure of valve 
which resulted in the decrease of discharge to 10% of original at the valve in next nossihle time step using method of Characteristics. Assume suitable value if necessary. 

Regular 
Full Marks 

Ah, Valve 

’0m'3 

Pass Marks 

7 

Node 2 

Time 

hydraulically long 
slope =0.001 

8 

60 
30 

Elevation =0 m 

B 

3 hrs. 

3. Explain types of grids in CFD with pros and cons. Sediment deposition is computed numerically in a sand trap. The water flow is uniform with a velocity U-4 m/s and a 
water depth H=Sm. The fall velocity of the sediments is w = 0.2 m/s. The orthogonal grid cells has sizes dx=lm and dy-0.1m in the horizontal and vertical directions, respectively. The Manning-Strickler's value is M=l/n=25. Compute the values of the anb coefficients for the SOU scheme. 

4. a) Derive an expression for Saint Venant momentum equation forwarded by Manz (1985). 
b) A lake discharges into a 10m wide rectangular channel with manning's n = 0.014 a shown. Show that the discharge in the channel is 30 m'ls. 

[8] 

[8] 

[2+8] 

[6] 

[6] 



V The one-dimensional flow through the nozzle is described by Continuity Equation. 
a(uA) 

dx 
=0 

X- Momentum Equation 
d (puA.u) 

Ox 
=-4 

Where A is the cross-sectional area of the nozzle? Consider the following data: 

p=1000 kg/m, A=5 m', Ag= 4 m', Pl = 300 kPa, P3= 100 kPa. Show discretization 

cquation for velocity and pressure and use the SIMPLE algorithm to compute velocity 

and pressure at the nodes (uA, ug, P2). Assume negligible momentum of fluid upstream of 

point 1. 

6. Derive an expression for unknown depth and velocity using diffusive finite difference 

scheme. 

b) Water flows at a depth of 3 m and a velocity of 1.5 m/s in a iectangular channel into a 

large lake. The level of water in the lake is initially the same as that in the channel but 

suddenly starts falling resulting in an increase in velocity at the junction with the lake 

at a rate of 0.5 m/s per hour for a period of three hours. 

i) Determine how long it takes for the velocity in the channel at a distance of 2 km 

from the lake to increase to 2.5m/s. Assume frictionless horizontal channel. 

ii) If the depth at the junction with the lake start falling at the rate of 0.3 m per hour, 
find how long it takes for the water level in the channel to fall by 0.6 m at a 

section 3 km upstream of the junction? 

[8] 

[6] 

(4] 

[4] 
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Exam. 
Level 

Subject: - Sedimentation and River Engineering 

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

Town- X 

E 

Programme MSWRE 
Year /Part 

Lare 

F 

Candidates are required to give their answers in their own words as far as practicable. Attempt Al questions. 

M.Sc. 

Reach 

1. You are working as a river engincer in a river basin management authority of a river system with a catchment area of about 1000 km which is draining into a lake. The schematic diagram of this river system is shown in figure below. Upstream of the lake, the river, flows through a Town-X, the largest settlement in the catchment, in a meandering planfom (between point C and D) and is fully alluvial. The average characteristics of tuhis river reach is also provided in the schematic figure. 

B-C 

What are the distinct reaches, generally, in a river systems? Explain with their characteristics. How would river characteristics: bed slope, bed material size, discharge, average channel width and flow velocity, change along point A to E? 

C-D 

D-E 

Length 
(km) 

1 

1 

Regular 

(m 

Full Marks 

50 

50 

Pass Marks 30 
Time 

Width Slope 
(6) 

50 

0 

60 

0.5 

0.5 

3 hrs, 

Figure: A schematic representation of the river system as reference to Ql-Q6 

[4] 

2. The river basin authority requests you to estimate the fine sediment supply from the 
catchment into the lake. Which formula would you use for the estimation? Explain each 
factors in the formula. [4 



3. The authority also wants to build a sediment trup upstream of the lake to minimize bed 

load deposits in the lake. Obviously, the first task is to estimate the bedload transport 
in he river during a high low scason. The river reach from point B to point E cd assumed as transporting rench with a rectangular cross-section. The authority also carried 
out a bulk sediment sampling at the reach, which is provided in the table below e average river low during high flow season, which is about 3 months, is 100 m?s 
Compute the volume of bed load transporting along the river reach during the high 0 scason, assuming Do as the representative particle size for the bed deposits. Some of u sediment transport formula are provided in the supplementary information. Explain you choice of sediment transport formulac for this problem. 
Table: Bulk sediment samples carried at the river reach (from point B to point D) 

Sicve Weight Sicve 
Size Retained 

(mm) 
129 

00 

75 
S0 

45 

reasons. 

31.5 
22.5 

16 

12.5 

(Kg) 
196.3 
140.2 

61 

130 

38 

31 
18.6 
17.4 

Size 

(mm) 
8 

4.5 
2.36 
1.6 
0.5 
0.3 

0.18 

0.063 
Fine 

Weight 
Retaincd 

(Kg) 
25.6 
15.7 
30.1 

8 
47.4 
36.5 
13.8 

8.3 
170 

4. What type of bars would you expect along the meandering river reach flowing through the Town-X? How would you classify these bars? What is the main factor influencing the bar formation? 

5. The authority is also conducting a feasibility study of a Run-of-River (ROR) hydropower project in a tributary at location F that has a gross head of 500 m. The authority requests you to advise him/ her in planning for the suspended sediment sampling of the project. 
i) What are the main parameters that you would recommend to obtain from the 

suspended sediment sampling and why? 
ii) The river at the headworks location is about 20 m wide and has a bed slope of 15%. 

Which sediment sampling method would you apply? 
ii) Considering the seasonal variation in river discharge, describe the suspended 

sediment sampling frequency that you would suggest for a yearlong sediment 
sampling program. 

iv) Define Isokinetic sampling. Why is it important in suspended sediment sampling? 

6. Town-X is rapidly expanding due to the recent immigration from the villages in the river 
basin. The planners of town are planning to construct a straight river channcl between 
point C and D, which would be 50 m wide and 1.5 km long, to accommodate more houses 
in the flood plain. What would be the short-term and long-term morphological response 
of the river in the reach? Explain with appropriate sketches. What would be your 
recommendation for the town planners? You may assume rectangular river cross-sections, 
long-tern mean discharge of 50 m'/s and a constant water level in the lake throughout the 
year. The non-linearity of sediment transport can be assumed as 4. 

7. What are the different paradigms of designing a reservoir? Which one would you chose 
while designing reservoir projects in Himalayan region? Explain with appropriate 

8. What are the sediment handling strategies in RoR hydropower projects? What are the key 
considerations for bed load handling at the headworks of the RoR projects? 

[8] 

[3) 

(8] 

[13] 



You are operating a RoR plant in a river with seasonal flow shown in figure below. The 
Suspended sediment concentration variation shows the similar trend as that of the river 
ow. The turbine experiences wear and tear while operating during the high flow season 
and thus have to be maintained annually., Explain the turbine mainternance strategy which 
you would adopt to maximize the generation. 

350 

300 

250 

200 

pischar 

160 

100 

8 

50 

1 

Formula 2: 4, = 

flushing and drawdown flushing? 

Supplementary Materials: 

2 

Ws = Particle fall velocity (m/s) 
Ds = Particle size (mm) 

10. Draw a typical sedimentation patten in a reservoir. What are the diferences between 

Sediment Transport Formula 

Average annual hydrograph 

Particle Fall velocity can be estimated using the following relationship 
Ws= 0.097x DAsim 

1 

4 

Eomula I: qb =13.3/agDao No-0.047) 

5 

u= flow velocity (m/s) 

Dso = Median diameter of sediment (m) 

C= Chezy roughness (m"Is) 

q - Sediment transport per unit width (m/s/m) 
0= Shiclds number (-) 

Monthe 

A=relative specific density of sediment (-) 

10 11 12 
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