Groundwater Modeling of a Deep
Coastal Aquifer System in Tanzania
Guided by Hydrocarbon Exploration Data
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Presentation overview

Use of oil/gas exploration data in a groundwater context;

* Numerical groundwater modelling in support of regional
aquifer development planning

* Conclusions/observations from deep groundwater

exploration a deep coastal aquifer setting

Kimbiji Aquifer Assessment Objective

“to undertake an in-depth integrated qualitative and
quantitative analysis of the Kimbiji aquifer for supporting its
sustainable development and management”

Dar es Salaam:
* Economic engine of Tanzania
« 2" Jargest port in East Africa

on growth rate ~6%
* Projected mega-city status 2030

Kimbiji Peninsula

]

Dar es Salaam: Water Demand >> Water Supply.
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Source: TPDC

Processed 1,140 km of Seismic Survey Data;
Reviewed Borehole Logs and Completion Reports
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Numerical Groundwater Model

Fully 3-Dimensional
Finite element

Recharge varied spatially based on rainfall, evapotranspiration,
and land cover

Simulates freshwater-saline water interaction

Calibrated to static heads (including artesian heads) and
drawdowns (during aquifer performance tests)

Extensively documented and independently reviewed

Calibrated model was applied as an investigation tool to support:

— Hydrogeological characterisation

— Scientific questioning and guidance
— Aquifer development planning

— Strategic environmental assessment

Model Calibration - Example

PW4 Constant Rate Test: Simulated vs Measured Drawdown
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Wellfield Development

ﬁ\h Modeling Code : DYNSYSTEM (www.dynsystem.com)
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Nicholson, S.E. (1996), A review of climate dynamics and climate variability in eastern Africa, in
The Limnology, Climatology and Paleoclimatology of the East African Lakes, edited by T. C. Johnson
and E. 0.0dada, pp. 25-56, Gordon and Breach, Amsterdam.




Saline Groundwater Position Wellfield Development ||

East Tan-Can

bbb e

Extended Wellfield — max. drawdown @ 100 years Extended Wellfield — drawdown at water table @ 100 years

o ¢ o
©  Aauttr Dovelopmont Atemasve 1 st [ L AT
(- tegend

©  Aaitr Development Aterratve 1 ieh [
LTy e—
| & oumwa

s

LA 9 g Ju
X
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< Benefits and challenges: bridging the oil and water sectors
« Qil/water — “deep/shallow”
* Hydrogeological discoveries are yet to be made
* 3D numerical model was invaluable (at relatively low cost):
— Framing of questions and focusing recommendations
— Explaining how the system works to client and funders
(also helped explain concepts of wellhead protection)

* Sharp interface modeling is appropriate for regional-
scale models

Thanks! Any Questions?

Kimbiji Aquifer Assessment Objective

“to undertake an in-depth integrated qualitative and
quantitative analysis of the Kimbiji aquifer for supporting its
sustainable development and management”,




* Confined, artesian‘aquifer system
* Potable (and untapped)

2006710741303 : 5 EM

) Numerical Model Domain

4i= Leakage w1 Confinement and Crossflows

Porwtiomeuic head - 2011

Potertiomenic head - 2006

Shallow unconfined
section {c. 200 m)

Deoper confined
sections (>700 m)

+————Primary contribution to well

Leakage contribution to well
se: Notes

o The model was run in steady-state, using present-day recharge and upwards fluxes

at the model base, and a sea level that is 125 meters below current conditions to A groundwater model is calibrated to data and observations. For the KAA project, the

establish an equilibrium saline water interface position from which historical groundwater model was calibrated to:

simulations could be started.

+ Average seasonal average conditions, based on average annual recharge (as

«  With the steady-state saline water i position in place as a starting condition, described in the CMR) to represent “steady-state” (static) conditions; and

the model was run in transient mode, using 100-year time steps, for 19,000 years, ) ‘ . . ) . X

varying the sea level based on estimates made by Woodroffe and Horton (2003). + Transient (time-varying) conditions, guided by the aquifer performance tests which

were carried out in each of the completed exploration wells,
*  As the sea level rose, the simulated saline water interface position moved closer to
the shoreline until a present-day, historically-based interface position was
established.

* The model was run in steady-state, using present-day recharge and upwards fluxes
as well as the current sea level elevation.

o This produced a saline water interface position that is significantly closer to the
shore and represents a conservative estimate of these conditions.
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Notes
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Figure 9: Rainfall and Surface Water Gauging Stations
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Table 4: Estimated Recharge, 1969-2010
Rainfall Recharge | Average Rechal
. Month | |
? Py {mm) (mm) %
rom 42
ipy January 70.05 0.00 0.0%
February 55.41 0.00 0.0%
March 14039 0.00 0.0%
AEril 253.34 53.75 21.2%
May 179.63 25.23 14.0%
June 40.02 0.00 0.0%
July 2263 0.00 0.0%
August 2288 0.00 0.0%
b 22,43 0.00 0.0%
October 62.12 0.00 0.0%
November 114.49 0.00 0.0%
December 108.12 0.00 0.0%
Annual 1091.59 78.98 7.2%
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