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Solution to Exercise 5 

WATR 404/604 

First Semester 2018 

 

Prepared by David R. Maidment 

Question 1 

To be turned in: Make a map of the observation wells over the Selwyn aquifer. How many wells are 

there?  How many observations have been made at these wells (Hint: Use the Reading_Count attribute).  

What is the average number of observations per well in the region? 

Solution 

Here is a map of the observation wells in the Selwyn Aquifer 

 

The statistics of the Reading_Count attribute of the Wells feature class are shown below. There are 189 

wells and a total of 132,414 observations, or an average of 700 observations per well. 
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Question 2 

To be turned in: Choose another observation well from the dataset and prepare a similar description of it 

like the one you’ve seen above for L36/2175.  How does your well compare with L36/2175? [Hint make 

sure this well is upstream of Te Waihora/Lake Ellesmere because this is important for Question 4]. 

Solution 

Well M36/5372 was drilled on 3/2/1998 and has 92 measurements from 11/13/2008 to 10/17/2017.  It 

is located at NZTMX = 1543870, NZTMY = 5159491. It is 59 meters deep and has a reference level (top of 

well) of 30.82m. Its diameter is 150 mm. 
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The well is screened from 56 to 59m below the reference level.  The ground elevation is 0.3 m below the 

top of the well, and the highest and lowest water levels are 0.81m and 11.08 meters below the top of 

the well, respectively.  This means that the water table is very near the ground surface in this location. 

 

The water level is consistently in the gravels at the top of the well zone, shown by the arrows below. 
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The average water level is 3.81 below the reference level. 

 

Compared to the well in the exercise text, L36/5372, the new well, M26/5372 is much deeper (59m vs 

18.3 meters.  It is located nearer to the coast at a lower elevation (30.82m vs 67.25m).  Its water level 

measurements are consistently closer to the land surface (average depth -3.81m vs -6.11m).  Both wells 

are of diameter 150 mm.  The well screen in the new well is 3m long (56m to 59m) compared to 1.5m in 

the well in the project text (16.8m to 18.3m).  The new well has a lot fewer measurements (93) 
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compared to the 407 in the well in the exercise text, and both are less than the 700 measurements that 

are the average for the region. 

 Well L36/2175 Well M36/5372 

Reference Level 67.25 m 30.82 m 
Date Drilled 4/23/2007 3/2/1998 
Depth of Well 18.3 59 m 
Diameter of Well 150 mm 150 mm 
Top of Screen -16.8 m -56 m 
Bottom of Screen -18.3 m -59 m 
Number of Measurements 407 93 
First Measurement 5/17/2007 11/13/2008 
Last Measurement 1/31/2018 10/17/2017 
Highest Level -1.39 -0.81 
Lowest Level -13.356 -11.08 
Average Level -6.11 -3.81 

 

Question 3 

To be turned in: Prepare an aquifer layer table like the one above for the Model_Grid cell that contains 

the observation well that you chose for Question 2.  Does your cell have a greater or lesser transmissivity 

than the one I selected? 

Solution 

The model cell containing well M36/5372 is cell I = 11, J = 11.  It has 25 layers in the Modflow model. 

 
 

Importing this table into Excel and coloring it in reveals that there are 7 hydrogeological layers with 

distinct properties. 
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Extracting the data from this table, and summarizing them produces the Aquifer Layer table for this cell, 

as shown below. 

 

Layer Top Bottom 
Conductivity 

(m/day) 
Thickness 

(m) 
Transmissivity 

(m2/day) 
% of 

Transmissivity 

A 30.83 18.59 28.43 12.24 348.0 2.4 

B 18.59 8.59 25.577 10 255.8 1.8 

C 8.59 -8 76.69 16.59 1272.3 8.8 

D -8 -28.622 67.72 20.622 1396.5 9.6 

E -28.622 -46.46 69.534 17.838 1240.3 8.5 

F -46.46 -88.489 89.623 42.029 3766.8 25.9 

G -88.489 -298.147 29.848 209.658 6257.9 43.0 

Total    329 14538 100.0 

 

Aquifer Layer Table for Model_Grid Cell (I,J) = (11,11) 

This layer has a total thickness of 329 m compared to 293 m in the cell used in the exercise text.  Its 

transmissivity is 14,538 m2/day compared to 24,020 m2/day., so although the aquifer is thicker here its 

transmissivity is smaller.  The average hydraulic conductivity of this cell is K = 14538/329 = 44.2 m/day. 
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Question 4 

To be turned in: Make a WaterLevelMap of the Selwyn aquifer and estimate the travel time to Te 

Waihora/Lake Ellesmere from the well you chose in Question 2. 

Solution 

The water level map is shown below along with the location of the selected well as the orange square. 

 

The measure distance to Te Waihora is 7851 m 

 

The piezometric head at the selected well is 26.98m and at Te Waihora on this flow path is 15.91m. 
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We can compute the slope of the WaterLevelMap along this line as 

𝑑ℎ

𝑑𝐿
=

26.98 − 15.91

7851
= 0.00141 𝑚/𝑚 

This means that the fall of the water level (dh) is about 1.4 meters per km of flow distance (dL). If we 

take this gradient and multiply it by an estimate of the average conductivity that we worked out earlier 

(44.2 meters/day), you get a measure of the Darcy Velocity 

𝑞 = 𝐾𝑎𝑣𝑔

𝑑ℎ

𝑑𝐿
= 44.2 ∗ 0.00141 = 0.0623 𝑚/𝑑𝑎𝑦 

and if we divide the Darcy Velocity by the average porosity, n, of about 0.1, we get an estimate of the 

actual seepage velocity Vs of water in this aquifer 

𝑉𝑠 =
𝑞

𝑛
=

0.0623

0.1
= 0.623 𝑚/𝑑𝑎𝑦 

This means that water seeping through the aquifer from the area of Well M36/5372, would reach Te 

Waihora/Lake Ellesmere: 

𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 =  
𝐿

𝑉𝑠
=

7851

0.623
= 12,597 𝑑𝑎𝑦𝑠 = 34.5 𝑦𝑒𝑎𝑟𝑠 

 

This is much longer than the 18.1 years that was computed in the exercise script for a well that is much 

further away from the lake than this one is.  This shows that what really governs the flow time to the 

lake is the composite of the hydrogeological properties along all the portions of the flow path and that 

this cannot be reliably estimated by looking at just one model cell as we have done in the simplified 

computation performed here.  This is what proper groundwater simulation models are needed to 

describe the flow behavior of aquifers like this one. 


