
Michigan Technological University Michigan Technological University 

Digital Commons @ Michigan Tech Digital Commons @ Michigan Tech 

Dissertations, Master's Theses and Master's 
Reports - Open 

Dissertations, Master's Theses and Master's 
Reports 

2015 

A SUB-BASIN WATER RESOURCE QUANTIFICATION AND AQUIFER A SUB-BASIN WATER RESOURCE QUANTIFICATION AND AQUIFER 

PRODUCTIVITY ASSESSMENT FOR THE NORTHWEST BOREHOLE PRODUCTIVITY ASSESSMENT FOR THE NORTHWEST BOREHOLE 

SCHEME NEAR OPUWO, NAMIBIA SCHEME NEAR OPUWO, NAMIBIA 

Lucas C. Moilanen 
Michigan Technological University 

Follow this and additional works at: https://digitalcommons.mtu.edu/etds 

 Part of the Environmental Engineering Commons, and the Water Resource Management Commons 

Copyright 2015 Lucas C. Moilanen 

Recommended Citation Recommended Citation 
Moilanen, Lucas C., "A SUB-BASIN WATER RESOURCE QUANTIFICATION AND AQUIFER PRODUCTIVITY 
ASSESSMENT FOR THE NORTHWEST BOREHOLE SCHEME NEAR OPUWO, NAMIBIA", Master's report, 
Michigan Technological University, 2015. 
https://doi.org/10.37099/mtu.dc.etds/991 

Follow this and additional works at: https://digitalcommons.mtu.edu/etds 

 Part of the Environmental Engineering Commons, and the Water Resource Management Commons 

http://www.mtu.edu/
http://www.mtu.edu/
https://digitalcommons.mtu.edu/
https://digitalcommons.mtu.edu/etds
https://digitalcommons.mtu.edu/etds
https://digitalcommons.mtu.edu/etd
https://digitalcommons.mtu.edu/etd
https://digitalcommons.mtu.edu/etds?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/254?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1057?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.37099/mtu.dc.etds/991
https://digitalcommons.mtu.edu/etds?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/254?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1057?utm_source=digitalcommons.mtu.edu%2Fetds%2F991&utm_medium=PDF&utm_campaign=PDFCoverPages


 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 

 

 
 
 
 



















0%

10%

20%

30%

40%

50%

60%

70%

1991 2001 2011 2021*

Pe
rc

en
t o

f P
op

ul
at

io
n 

in
 U

rb
an

 A
re

as

Year
Projected Urban Population Urban Population Growth Trend Potential



































































0
10
20
30
40
50
60
70
80
90

100

Av
er

ag
e 

Pr
ec

ip
ita

tio
n,

 m
m

Month

KNMI Avg NMS avg NMS adj avg





64%

85%
99%

36%

15%
1%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.14 0.18 0.22

Pe
rc

en
ta

ge
 o

f T
ot

al
 P

re
cip

ita
tio

n

Field Capacity, m3/m3

Surplus
Available
for
Recharge

Loss to ET







0

2

4

6

8

10

12

14

16

18

0

2

4

6

8

10

12

0 5 10 15 20 25 30

Pr
ec

ip
ita

tio
n,

 m
m

ET
 R

at
e,

 m
m

/d
ay

Day of Month
Precipitation, mm ET rate



84%

15% 1%

Evapotranspiration Surface Runoff Aquifer Recharge

0

10

20

30

40

50

60

70

80

90

100

Eq
ui

va
le

nt
 D

ep
th

, m
m

Annual Calculated Runoff and Evapotranspiration

Net Precip., mm ET, mm Average Precipitation, mm



0

100000

200000

300000

400000

500000

600000

700000

800000

Pr
od

uc
tio

n 
Vo

lu
m

e,
 m

3 /
yr

Year

Net
Production
WW22864

WW23137

WW29045

WW29046

WW29047



15

20

25

30

35

40

45

50

55

2000 2002 2004 2006 2008 2010 2012 2014

De
pt

h 
bg

s, 
m

Year
WW22864 WW23137 WW29045 WW29046 WW29047

















1045

1050

1055

1060

1065

1070

1075

1080

1085

1090

1095

WW22864 WW29045 WW29047 WW29046

PW
L,

 m
 A

M
SL

Borehole
2013 Avg. PWL Abst. = 2444 m³/d Abst. = 3260 m³/d





Location 2013  Calculated Values 2030 Projected Values 

  
PWL, m 

bgs 

Submerged 
Screen 

Length, m 
PWL, m 

bgs 

Submerged 
Screen 

Length, m 
WW22864 37.3 39 64.9 17 
WW29045 31.9 18 57.5 3 
WW29047 28.8 36 50.1 16 
WW29046 31.4 16 48.4 12 



0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

1 2 3 4 5 6

Cu
m

ul
at

iv
e 

De
pt

h,
 m

m

Day

Precipitation,
mm

PET = 9.3
mm/day

PET = 7
mm/day

PET = 4
mm/day

TEW, mm



0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

Ne
t P

re
cip

ita
tio

n,
 m

m

fc= .14

fc=.18

fc= .22



Number 
of 

Rainfall 
Events 

Average 
Precipitation, 

mm 
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6 87.6 14.6 2.2 
5 87.6 17.5 16.4 
4 87.6 21.9 30.6 
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Appendices 

Appendix A: Cultural Attributes 







 



Appendix B: Pumping Test Data 
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Appendix C: AQTESOLV Results 







Appendix D: Water Quality Classification Criteria 



 



Appendix E: Additional Water Balance Calculations 





Appendix F: Field Photographs 











Appendix G: Example Soil Moisture Change Calculations 
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