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The relevance of groundwater use in the Chongwe catchment is marginal so far. 

The only moderately yielding aquifer is the carbonate lense south-east of 
Chongwe town. This aquifer shows a very high level of direct recharge with 
extremely short lag times above a threshold of unsaturated zone storage 
capacity. This results in a high degree of vulnerability. 

Overall, the water quality in the Chongwe catchment is good, but as described 
above can quite easily be put at risk. Findings from stable isotope analysis 
suggest a groundwater recharge process that includes direct recharge but is not 
ultimately clarified. Further sampling is suggested. 

If population and economic growth continue in Chongwe, groundwater resources 
will play a more important role in future. To prevent pollution and overextraction, 
landuse planning has to consider results from future pumping tests in the 
carbonate aquifer and the limitation of risk factors like unsafe sanitation facilities 
or industrial water polluters. 

 



 



-4- 

Table of Contents 
Groundwater Resources for Lusaka and selected Catchment Areas ............... 1 
Summary ......................................................................................................... 3 
Abbreviations ................................................................................................... 6 
List of reports compiled by the project in Phase III ........................................... 7 
Executive Summary ......................................................................................... 8 
1. Introduction ............................................................................................... 9 
2. Physiography .......................................................................................... 11 

2.1. Topography ....................................................................................... 11 
2.2. Climate .............................................................................................. 13 

3. Geology .................................................................................................. 14 
4. Hydrology ................................................................................................ 16 
5. Landuse .................................................................................................. 20 
6. Groundwater Resources ......................................................................... 22 

6.1. General Overview ............................................................................. 22 
7. Guideline on Groundwater Permitting for Chongwe catchment .............. 28 
8. Groundwater Quality ............................................................................... 29 

8.1. Parameters ....................................................................................... 29 
8.2. Laboratory Analysis .......................................................................... 30 
8.3. Results .............................................................................................. 30 

Inorganic Species ................................................................................... 30 
Stable isotopes ....................................................................................... 34 

9. Groundwater Monitoring ......................................................................... 41 
10. Outlook ................................................................................................... 42 
11. References ............................................................................................. 43 
Annex 1 .......................................................................................................... 45 
 



-5- 

List of Figures 
Figure 1: Administrative boundaries and district centres in the Chongwe catchment 10 
Figure 2: Digital elevation map of the Chongwe catchment ....................................... 12 
Figure 3: Rainfall for season 2014/15 in Chongwe, District Agricultural Office. ......... 13 
Figure 4: Geological map of the Chongwe catchment. .............................................. 15 
Figure 5: Subcatchments and main rivers within the Chongwe catchment. ............... 17 
Figure 6: Gauging station 5-024 on Chongwe river after Ngwerere confluence ........ 18 
Figure 7: Rainfall-runoff graph of Chongwe river at gauging station 5-025 ................ 19 
Figure 8: Landuse map of the Chongwe catchment. ................................................. 21 
Figure 9: Hydrogeological map indicating aquifer categories and hydrochemical 
sampling locations. ..................................................................................................... 22 
Figure 10: Drawdown levels at Shamboshi World Vision “pumping test” in 2013. ..... 23 
Figure 11: Locations of loggers installed in monitoring boreholes in 2015. ............... 24 
Figure 12: Recorded groundwater levels at Kampekete and Chilyabale. .................. 25 
Figure 13: Recorded groundwater level at Palabana University. ............................... 25 
Figure 14: Rainfall-runoff-groundwater level timeline. ................................................ 26 
Figure 15: Overview of hydrological sites (scale 1:38,500). ....................................... 27 
Figure 16: Correlation of nitrate (NO3-) and electrical conductivity ............................. 30 
Figure 17: Piper diagram of Chongwe water samples ............................................... 31 
Figure 18: Map showing the sampling locations referred to in the Stiff diagram. ....... 32 
Figure 19: Stiff diagrams comparing 12 sites sampled in December and March. ...... 33 
Figure 20: Weekly samples and weighted monthly rainfall for Chongwe. .................. 35 
Figure 21: Sampling locations for stable isotopes ...................................................... 36 
Figure 22: Sampling locations for stable isotopes. ..................................................... 36 
Figure 23: Groundwater samples from Chongwe catchment in relation to rainfall 
isotopic signature. ...................................................................................................... 37 
Figure 24: Correlation of deuterium values, rainfall amount and time. ....................... 38 
Figure 25: Stable isotope samples taken from Kampekete handpump ...................... 38 
Figure 26: Surface water, groundwater and spring isotope samples from Chongwe 
catchment. .................................................................................................................. 40 

 

 

 
 
List of Tables 

 

Table 1   Analysis Methods applied by BGR laboratory. 30 

 



-6- 

 

A B B R E V I A T I O N S  

 
BGR Bundesanstalt für Geowissenschaften und Rohstoffe (Federal Institute for 

Geosciences and Natural Resources) 
D Deuterium 
DE Deuterium Excess 
DO Dissolved Oxygen 
DWA Department of Water Affairs 
EC Electrical conductivity 
EH Redox potential referring to the standard hydrogen electrode 
E-LMWL Emmasdale Local Meteoric Water Line 
EPSG European Petroleum Survey Group 
ET (Actual) Evapotranspiration 
Fm Formation 
GC-MS Gas Chromatography Mass Spectrometry 
GIS Geographic Information System 
GMWL Global Meteoric Water Line 
GReSP Groundwater Resources Management Support Project 
GRZ Government of the Republic of Zambia 
HR-ICP-MS High Resolution Inductively Coupled Plasma Mass Spectrometry 
ICP-OES Inductively Coupled Plasma with Optical Emission Spectroscopy 
LWSC Lusaka Water and Sewerage Company 
m asl Meters above sea level 
MAR Mean annual rainfall 
MEWD Ministry of Energy and Water Development 
ORP Oxidation Reduction Potential 
QGIS Quantum Geographic Information System (Eigenname, mit rein?) 
SLAP Standard Light Atmospheric Precipitation 
T Temperature (water) 
T air Air Temperature 
TDS Total dissolved solids 
UNZA University of Zambia 
UTM Universal Transversal Mercator 
VSMOW Vienna Standard Mean Ocean Water 
WARMA Water Resources Management Authority 
WHO World Health Organisation 
ZDWS Zambian Drinking Water Standard 

 



-7- 

L I S T  O F  R E P O R T S  C O M P I L E D  B Y  T H E  P R O J E C T  I N  
P H A S E  I I I  

 
Date Authors Title Type 

    
May 2015 Megan Jenkins; 

Andrea Nick; 
Dickson Mwelwa; 

Timothy Simwanza 

Impact of Small Scale Farming on the 
Chongwe River. 

Survey on Land Use and Water 
Abstraction from Chongwe River 

Report No. 1 

    
September 

2015 
Andrea Nick The Chongwe Catchment: A 

hydrological, hydrogeological and 
hydrochemical characterization for the 

establishment of a catchment 
management plan 

Report No. 2 

    
Nov. 2013 Tewodros Tena & 

Tobias El-Fahem 
Survey on the Technical Forum Advisory Report No. 01 

    
March 
2014 

Andrea Nick; Tobias 
El-Fahem & Roland 

Bäumle 

Groundwater quality and vulnerability in 
the area of Lusaka West 

Advisory Report No. 02 

    
May 2013 Martin Blümel IT-Infrastructure GReSP Technical Note 01 

 



-8- 

E X E C U T I V E  S U M M A R Y  

The Groundwater Resources Management Support Programme (GReSP) is a 
bilateral cooperation project between the German Federal Institute for 
Geosciences and Natural Resources and the Zambian Water Resources 
Management Authority (WARMA) under the Ministry for Energy and Water 
Resources (MEWD). This report is the result of a geoscientific assessment of the 
Chongwe catchment between May 2014 and October 2015. 

Data on groundwater in the Chongwe catchment is very scarce and various in 
quality. The relevance of groundwater use in the Chongwe catchment is marginal 
so far. In the Chongwe catchment the prevailing lithologies are schists, quartzites 
and basement complex rocks (gneiss and granite mainly). 

The only moderately yielding aquifer is the carbonate lense south-east of 
Chongwe town. This aquifer shows a very high level of direct recharge with 
extremely short lag times above a threshold of unsaturated zone storage 
capacity. This results in a high degree of vulnerability. 

The Chongwe catchment is part of the Middle Zambezi catchment. It covers a 
total area of 5,150 km2. It consists of the following subcatchments: Upper 
Chongwe, Kanakantapa, Ngwerere, Chalimbana, Middle Chongwe, Luimba, and 
Lower Chongwe. The rivers which are mainly used for agricultural purposes are 
the Ngwerere, Chalimbana, as well as the Upper and Middle parts of Chongwe 
river. There are several dams along these rivers, Ray’s Dam on the Upper 
Chongwe reach being the largest. In comparison to the agricultural dams, the 
LWSC water supply dam for Chongwe town is very small. It was not mapped on 
the remote sensing based landuse map (Hahne & Shamboko 2010) and is barely 
visible on the satellite images.  

Annual average rainfall for a thirty-year period in Chongwe provided by World 
Meteorological Organization is 930 mm while the 2014/15 season delivered 772 
mm of rainfall. 

The main river gauging station 5-025 is on the western bank of Chongwe river at 
the Great East Road bridge. It has been equipped with an automatic pressure 
logger in March 2015 and three flood events were recorded. 

Two water quality sampling campaigns were conducted, one during dry 
conditions and the other at the end of the rainy season. Overall, the water quality 
in the Chongwe catchment is good, but can easily be put at risk. Findings from 
stable isotope analysis suggest a groundwater recharge process that includes 
direct recharge but is not ultimately clarified. Further sampling is suggested. 

If population and economic growth continue in Chongwe, groundwater resources 
will play a more important role in future. To prevent pollution and overextraction, 
landuse planning has to consider results from future pumping tests in the 
carbonate aquifer and the limitation of risk factors like unsafe sanitation facilities 
or industrial water polluters. 
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1 .  I N T R O D U C T I O N  

The Chongwe catchment drew the attention of the public in the dry seasons of 
2012, 2013 and 2014 due to the emergency water supply required in Chongwe 
town (GRZ 2012, 2013, 2014). The utility’s dam on the Chongwe river which 
usually supplies most of Chongwe’s residents had fallen dry in these years, 
letting thousands of people face drought conditions in years with average rainfall 
amounts. According to the records of the Department of Water Affairs reaching 
back to 1968 (with merely a few gaps), Chongwe river – at the gauging station 5-
025 near Chongwe town – had previously recorded extremely low or no flow in 
very few years, namely in 1995, 1998 and 2005. 

The Groundwater Resources Management Support Programme (GReSP), a 
bilateral cooperation project between the German Federal Institute for 
Geosciences and Natural Resources and the Zambian Water Resources 
Management Authority (WARMA) under the Ministry for Energy and Water 
Resources (MEWD), decided in May 2014 to direct its geoscientific focus onto the 
Chongwe catchment. The catchment had already been part of the work package 
in 2010-2012 (see Bäumle et al. 2012, Bäumle & Kang’omba 2012, Bäumle & 
Kang’omba 2013) but the persisting low water level situation caused WARMA to 
extend the evaluation period. For some topics, such as geology, this report refers 
to the publications of GReSP Phase 2, as they have not been reassessed. 

Data on groundwater in the Chongwe catchment is very scarce and various in 
quality. This study therefore cannot offer answers to all hydrogeological questions 
and should rather be understood as a guideline for future reassessments when 
more data is available through a longer monitoring period. 

 

All maps in this report were produced with the open source software QGIS. They 
are drawn in the Zambian reference datum and projection, Arc 1950 / UTM 35S, 
EPSG code 20935, which is based on the Clarke 1880 Spheroid. The scale of 
each main map is 1:650,000 while the overview inset maps are approximately 
1:6,800,000. 

 

The Chongwe catchment covers the districts of Lusaka (Ngwerere and 
Chalimbana subcatchments), Chongwe (all subcatchments, at least partially), 
Chibombo (Upper Chongwe and Kanakantapa) and Kafue (Lower Chongwe and 
Luimba). A very small fraction of the Luangwa district is inside the Lower 
Chongwe subcatchment. Under the late Zambian President Michael Chilufya 
Sata a number of new districts were created and some of the boundaries of old 
districts shifted, but the effects on the Chongwe catchment are marginal. The 
map published by the Surveyor General in early 2015 contains the new district 
boundaries as shown in Figure 1. 
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Figure 1: Administrative boundaries and district centres in the Chongwe catchment. 
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2 .  P H Y S I O G R A P H Y  

2.1. TOPOGRAPHY 
The Chongwe catchment can be divided into the mountainous lower part 
dominated by the Zambezi escarpment and the relatively flat upper part 
comprising all subcatchments but the Lower Chongwe (see Figure 2). The upper 
part ranges between an elevation of 1000 and 1300 meters above sea level while 
the Lower Chongwe reaches from approximately 1300 m (with peaks up to 1500 
m) to the Zambezi River at 330 m asl. 
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Figure 2: Digital elevation map of the Chongwe catchment (values in the legend are classes 
in meters above sea level). 
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2.2. CLIMATE 
The Lusaka area including the Chongwe catchment has a tropical continental 
highland climate.  

Annual average rainfall for a thirty-year period in Chongwe provided by World 
Meteorological Organization is 930 mm while the 2014/15 season delivered 772 
mm of rainfall. Estimations of actual evapotranspiration (ET) range from 412 mm 
to 739 mm per year for Lusaka (Von Hoyer et al. 1978, YEC 1995, Maseka 1994, 
Nkhuwa 1996) with a potential ET of 1500 to 1600 mm/year (YEC 1995). 

At the Chongwe Government Complex the District Agricultural Office runs a fully 
equipped climate station for the Meteorological Service. With the help of UNDP 
the data from this station is available online in real-time with daily values.  

 

 
 

Figure 3: Rainfall for season 2014/15 in Chongwe, District Agricultural Office. 

 
 

Figure 3 shows the rainfall data from this station for the rainy season 2014/2015. 
The first rains of the season occurred around November 17th. Between 17th / 18th 
of November and 11th of December no rainfall was recorded. Mid December, 
several days of strong rainfall occur including the heaviest event of the entire 
season with 77 mm on December 14th. After another strong event on the 19th of 
December yielding 69 mm the rains fall more evenly distributed until beginning of 
March when dry periods start occurring between single or multiple events. The 
rainfall events of April are of special interest in this report as runoff and 
groundwater levels were recorded since end of March. The strongest events of 
April occur on the 1st (28 mm), the 6th (13 mm) and the 16th (41 mm) and will be 
discussed in the relevant context in the following chapters. 
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3 .  G E O L O G Y  

In the Chongwe catchment the prevailing lithologies are schists, quartzites and 
basement complex rocks (gneiss and granite mainly). The Lusaka area contains 
strongly folded overthrusted metasedimentary rocks of Katanga (Neoproterozoic) 
age which have been intruded by granitic and basic bodies. The 
metasedimentary cover dominating the south-western half of the Chongwe 
catchment comprises mainly of the Cheta formation’s schists and carbonates. 
The north-eastern half as well as the Zambezi escarpment dominated eastern 
(downstream) part of the catchment dominated by the Zambezi Escarpment is 
underlain by the basement complex with Muva quartzites and schists. The 
geology of the catchment with the major faults is shown in Figure 4. 

. 
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Figure 4: Geological map of the Chongwe catchment (adjusted and simplified after Simpson 
et al (1962, 1963), Cairney (1967) and Garrard (1968)). 
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4 .  H Y D R O L O G Y  

The Chongwe catchment is part of the Middle Zambezi catchment. It covers a 
total area of 5,150 km2. It consists of the following subcatchments ( 

Figure 5):  

Upper Chongwe  1,234 km2 

Kanakantapa    483 km2 

Ngwerere    299 km2 

Chalimbana    654 km2 

Middle Chongwe   762 km2 

Luimba    590 km2 

Lower Chongwe  1,131 km2 

 

The rivers which are mainly used for agricultural purposes are the Ngwerere, 
Chalimbana, as well as the Upper and Middle parts of Chongwe river. There are 
several dams along these rivers, Ray’s Dam on the Upper Chongwe reach being 
the largest. In comparison to the agricultural dams, the LWSC water supply dam 
for Chongwe town is very small. It was not mapped on the remote sensing based 
landuse map (Hahne & Shamboko 2010) and is barely visible on the satellite 
images. 

According to DWA, there are five (5) gauging stations in the Chongwe catchment 
(Figure 5), of which three stations are along the Chongwe river (5-013, 5-024 and 
5-025) and one is situated on the Chalimbana river (5-029). The stations on the 
Upper Chongwe 5-013 and 5-024 are not serviced or read by gauge readers. If 
only one of the stations can be sustained in the long run, station 5-024 is better 
accessible and also records the Ngwerere river runoff as it is situated directly 
after the confluence. 

The gauging station at the mouth of the Chongwe has not yet been established 
(labelled “New” in Figure 5). The site is located close to the gate of Lower 
Zambezi National Park. During the dry season it can be reached by car and 
during the rainy season by boat. Due to shallow water depth it is not possible to 
go further upstream by boat and there are very few roads or tracks and all of 
them are only accessible during the dry season (Krekeler 2015). During dry 
season the water levels of the Chongwe river are very low, and it is unclear if dis-
charge measurements can be carried out from a boat at such low flow conditions. 
It might be necessary to use a wading instrument like the Acoustic Digital Current 
meter (ADC). However, so close to a National Park crocodiles and elephants are 
abundant and jeopardize the safety of measurements. Despite the scientific 
interest of measuring the total Chongwe runoff at such a station, it is not seen as 
a priority to build a gauging station at the mouth of the Chongwe. 

If another gauging station can be built along the Chongwe, it should be situated 
just after the confluence of the Luimba River. The runoff monitored at such station 
would integrate all current anthropogenic activities on the Chongwe flow. As was 
found during field trips in March 2015, there is however no suitable site for a 
gauging station on the Chongwe on this reach of the river (Krekeler 2015). DWA 
continues to search for a suitable site. 
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Figure 5: Subcatchments and main rivers within the Chongwe catchment. 
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Figure 6: Gauging station 5-024 on Chongwe river after Ngwerere confluence, March 2015. 

 

Gauging station 5-025 is on the western bank of Chongwe river at the Great East 
Road bridge. It is being read by a gauge reader three times a day and has been 
equipped with an automatic pressure logger in March 2015. In the beginning of 
July 2015 the logger, which is attached to the lowest gauge plate at 1 m water 
level, fell dry and was subsequently removed to prevent theft. 

As Figure 7 shows, the heavy rainfall events that took place late in the rainy 
season, which were recorded at Chongwe District Administration, could very well 
be linked to the runoff graph recorded by the water level logger at gauging station 
5-025.  

The rainfall event on the 1st of April 2015 yielded 28 mm but only sparked a 
response in the river on the 2nd of April at noon of 9.3 m3/s. As the preceding 
major rainfall event had already been on the 10th of March, it is assumed that 
most rainfall infiltrated, causing direct groundwater recharge. Rainfall on the 4th of 
April of 4 mm and on the 6th of April of 13 mm were then enough to evoke a spike 
in the Chongwe runoff starting in the night from 5th to 6th of April reaching 17.8 
m3/s on the 9th of April. When the last major rainfall event of the season yielded a 
41.2 mm on 15th of April, the system was well saturated and rainfall developed 
quickly into runoff, flooding the gauge station with 23.6 m3/s on the 18th of April. 

The lag time of 2-3 days suggests that the midsized catchment is relatively quick-
responding to rainfall events. As the gauge station is downstream of the LWSC 
supply dam, a buffer effect from the dam also needs to be considered. The event 
of April 1st probably filled up the dam, and the events of April 6th and 16th caused 
a spill over which resulted in the flood waves recorded downstream at 5-025 
station. To prove this assumption as correct, dam water level records from LWSC 
would be needed, but were unavailable at the time of this study.  
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Figure 7: Rainfall-runoff graph of Chongwe river at gauging station 5-025 between March and 
June 2015. 

 

After the end of the rains, the system drains quite quickly. Between 20th of April 
and 13th of May, base flow reaches a level of 1 m3/s. 

1.4. 

6.4. 

16.4. 
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5 .  L A N D U S E  

The Chongwe catchment can be divided in an upper half in which agriculture as 
landuse prevails and a lower half which lies in the Zambezi escarpment. Here, 
slopes are too steep for the common agricultural practices and no major 
settlements exist. A part of the lower eastern catchment is taken up by the Lower 
Zambezi National Park. Figure 8 shows the landuse in the catchment. 

 

Commercial agriculture is hosted mainly in the Ngwerere and Chalimbana 
subcatchments. A total area of 200 km2 was found by Hahne & Shamboko (2010) 
in relation to the Chongwe catchment. Commercial agriculture uses 
approximately 30 Mm3/a in Upper Chongwe, Chalimbana and Ngwerere 
catchments (Siwale et al. 2012).  

The size of the cultivated area used by small scale farmers in the Chongwe 
catchment is approximately 300 km2. This results from digitizing the farmed areas 
from satellite pictures (google satellite) of 2014. The digitized areas were checked 
against the mapped commercial agricultural areas, which had been published in 
the landuse map (Hahne & Shamboko 2010) to prevent overlaps.  

Water permits for the catchment are currently under review. As of September 
2015, there were no granted water permits for commercial agriculture as the 
transfer procedure from water right to water permit within WARMA was still 
ongoing. Pending were 26 permits with a total of 90 l/s in the application process 
(personal communication WARMA, December 17th, 2015). 
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Figure 8: Landuse map of the Chongwe catchment. 
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6 .  G R O U N D W A T E R  R E S O U R C E S  

6.1. GENERAL OVERVIEW 
There are only few aquifers in the Chongwe catchment as such, the most 
productive ones in the far western (Lusaka) area. These aquifers have been 
described in depth by Kang’omba and Bäumle (2013). 

 
Figure 9: Hydrogeological map indicating aquifer categories after Struckmeyer and Margat 
(1995) and hydrochemical sampling locations. 
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The calcareous rock lens cropping out south-east of Chongwe town (Figure 9) 
has an area of 140 km2 and an estimated thickness of more than 50 m, but no 
deep drillings have been done. It is known from the carbonate aquifers in the 
Lusaka area that the abundance of cavities is drastically reduced below 50 m 
depth. Hence the productive part of the aquifer is assumed to be between 5 and 
50 m depth.  

The aquifer is being tapped into only by rural water supply boreholes equipped 
with handpumps. Many of these boreholes have been drilled by the non-
governmental organization World Vision which employs their own drilling team. 
Reports were made available, but pumping test data was not good enough for 
analysis (example is given in Figure 10).  

The expected yield of the 15 tested boreholes averages at 0.4 l/s which is quite 
low yielding for a carbonate aquifer. It is sufficient for rural water supply, but it 
does not confirm the mapped aquifer category assumption of the carbonate 
lense. In this regard, it must be considered to reclassify the C-D category to E, 
limited groundwater potential, if professionally conducted pumping tests return 
similar results. 

 
Figure 10: Drawdown levels at Shamboshi World Vision “pumping test” in June 2013. 

 

No pumping tests for production boreholes have ever been carried out. Lusaka 
Water and Sewerage Company has planned to construct and pump test several 
production boreholes in the aquifer as a back-up water supply for Chongwe town. 
The planned site for the drilling was Chalimbana University, south-east of 
Chongwe town. The works however did not start within the project’s lifespan. 

Groundwater recharge has been calculated by various authors in the past and 
figures for carbonate rock areas in the Lusaka area range from 5 % of MAR (von 
Hoyer 1978) to 80% (Mpamba 2008). Hennings (in Kang’omba & Bäumle 2013) 
calculated a recharge of 16% of MAR for non-carbonate parent material (schists, 
quartzites and basement rocks) using pedo-transfer functions. 
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In March 2015 automatic data loggers were installed in 3 monitoring boreholes in 
the catchment, namely Palabana University, Chilyabale and Kampekete (see 
Figure 11). 

  
Figure 11: Locations of loggers installed in monitoring boreholes in 2015. 
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The groundwater level line at Kampekete (green line in Figure 12) shows two 
sudden increases in water level, both on or shortly after days with heavy rainfall 
(8th and 16th of April, 2015). On April 16th, the water level increases by 14.5 cm 
within 9 hours. In comparison: At Palabana University monitoring borehole during 
the time of recording the water level changed by 62 cm over the course of six 
weeks (Figure 13) and showed no sudden peaks.  

 
Figure 12: Recorded groundwater levels at Kampekete and Chilyabale. 

 

 
 

Figure 13: Recorded groundwater level at Palabana University. 

s. Fig. 14
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The hydrochemical analysis of the handpump situated less than 50 m away from 
the Kampekete monitoring borehole does not show any difference between dry 
and rainy season in chemical water composition.  

If there was a hydraulic shortcut in the set-up of the monitoring borehole causing 
local surface runoff/sheet flow to enter into the annulus, it would be expected that 
water level rises faster than within 9 hours. 

The behaviour of the Kampekete borehole can be explained with the karstic flow 
concept. The first two heavy rainfall events (1st and 6th of April) are needed to fill 
up the unsaturated zone with water while the comparably small rainfall event on 
the 8th of April gives the additional volume of recharged water to activate the void 
into which the borehole apparently is drilled. Hence the sudden increase in 
groundwater level on the 9th of April (while the river runoff needs another day to 
reach its peak) with only one day lag time. After the 41 mm rainfall event on the 
16th of April the borehole water level increases very rapidly and almost instantly 
within 3 hours after it started raining. 

To get an idea of the very short reaction times to rainfall of the Chongwe 
limestone area, rainfall, runoff and Kampekete groundwater level, were plotted in 
Figure 14. 

 

 
Figure 14: Rainfall-runoff-groundwater level timeline. 
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Figure 15: Overview of hydrological sites (scale 1:38,500). 
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7 .  G U I D E L I N E  O N  G R O U N D W A T E R  P E R M I T S  
F O R  C H O N G W E  C A T C H M E N T  

Up to the completion of this report, there was no commercial user of the 
groundwater resource in the carbonate aquifer, south-east of Chongwe town. If 
commercial use of groundwater in the Chongwe catchment is planned, an 
assessment of the water balance would be needed. Due to the lack of data and 
short monitoring time span, there are only assumptions that can be made on the 
conceptional model of the hydrological processes in with regard to groundwater. 

So far it can be stated that presumably no significant flow from the surrounding 
Katanga schists and quartzites into the carbonate aquifer takes place, as 
drainage pattern is dense and dendritic. Hence groundwater recharge on the 
schists and quartzites is assumed to be minimal, while on the carbonate lense 
recharge is high, inferring from the lack of surface runoff. 

Once Lusaka Water and Sewerage Company (LWSC) starts abstracting water for 
Chongwe town from the carbonate lense aquifer, there is need for them to get a 
permit for the amount they will be allowed to pump. In order to allocate a sensible 
amount to them, it is indispensable to receive proper pump test data from LWSC, 
including both a step test and a continuous 48 hours test. WARMA should 
request for an independent hydrogeologist to supervise the pump testing and to 
analyse the data.  

In order to allocate a yearly water permit to LWSC or other groundwater users, 
the following aquifer parameters have to be established: 

- Area and thickness of aquifer (see chapter 6.1) 

- hydraulic conductivity and transmissivity (pumping tests)  

- groundwater flow direction (water level measurements at several 
boreholes and on two defined dates) 

- current assessment of aquifer productivity (low yielding) 

In the absence of a reliable estimate of recharge rates, groundwater monitoring is 
essential. Thus, WARMA is recommended to keep groundwater monitoring in 
place in the monitoring boreholes at Kampekete and Chilyabale as well as 
requesting LWSC to build at least one monitoring borehole at their production site 
as well. 

In Chalimbana and Ngwerere catchments the commercial farms that use 
groundwater for irrigation, abstract less than 2 million m3/a (per catchment), as 
found in 2010 by Mayerhofer et al. In comparison, commercial farmers in 
Ngwerere catchment used 10 million m3/a of surface water in 2010 (Mayerhofer 
et al 2010). 

For the permitting of groundwater abstractions it is necessary to look at the 
aquifer from which the water is taken. This aquifer might – and in the case of the 
Lusaka area often does – stretch over more than one surface water catchment. 
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8 .  G R O U N D W A T E R  Q U A L I T Y  

Two sampling campaigns for water quality were conducted in December 2014 
and March/April 2015, respectively. The December campaign reflects the 
hydrochemical situation at the end of the dry season. This must be well noted as 
December is often considered a wet month already, while in 2014, the area 
experienced a very late onset of the rains. The March/April campaign then 
pictured wet conditions after approximately 660 mm of the season’s rainfall. As 
shown in Figure 9, the campaigns covered 41 sampling points, comprising of 36 
groundwater, one spring and four surface water sampling locations. The 
groundwater wells were mainly handpumps for rural water supply (either village 
use or private use), two out of which were situated close to two of the DWA 
monitoring boreholes in the Chongwe catchment. A complete list of sampling 
locations is given in Annex 1 and locations are shown in Figure 9. 

 

8.1. PARAMETERS 
The parameters analysed comprise in-situ measurements of physico-chemical 
parameters, inorganic compounds, and stable isotopes (18-O and 2-H).  

- In-situ parameters  
Electrical conductivity (EC) 
Water temperature (T) 
Air temperature (Tair) 
pH 
Dissolved oxygen (DO)   for most locations 
Operational redox potential (ORP, [EH]) for most locations 

- Inorganic parameters 
Major species: Cl, SO4, HCO3, NO3, K, Na, Mg, Ca, SiO2 
Minor species: PO4, NO2, F, Br, Fe, Mn, NH4  
Trace elements: Al, As, BO2, Ba, Be, Cd, Co, Cr, Cu, Li, Ni, Pb, Sc, Sr, Ti, 
V, Zn  

- Stable water isotopes 
δ18O   
δ2H   
 

For analysis of anions, 250 ml bottles were filled. For cations, a 100 ml pre-
acidified bottle was filled with filtered sample water (using a 0.45 µm filter). 50 ml 
wide neck bottles were used for isotope sampling, which were filled to the top to 
prevent evaporation effects in the bottle. In-situ measurements were taken using 
a beaker and handheld WTW probes.  
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8.2. LABORATORY ANALYSIS 
Inorganic components were analysed by the BGR water laboratory in Germany. 
The applied analysis methods are summarised in Table 1. Detailed analysis 
procedure descriptions are given in Nick et al. (2010). 
 

Table 1 Analysis Methods applied by BGR laboratory. 

Parameter Analysis Method 
Br, Cl, F, NO2, NO3, SO4 Ion chromatography 
HCO3 Titrimetry 
NH4 Photometry 
Al, Ba, B, Ca, Fe, K, Mg, Mn, Na,  
P (PO4), Si (SiO2), Sr, Zn 

ICP-OES 1) 

Other metals and trace elements HR-ICP-MS 2) 

 
1) Inductively Coupled Plasma with Optical Emission Spectroscopy 
2) High Resolution Inductively Coupled Plasma Mass Spectrometry 

 

8.3. RESULTS 

Inorganic Species 

The inorganic species comprise the major ions as well as the trace elements.  

Overall the water quality is very good in the whole catchment with no raised trace 
element concentrations and no values above the Zambian drinking water 
standard. The plot of nitrate and electrical conductivity (EC) shows that the 
parameters are not correlated and concentrations remained below the 44 mg/l 
maximum permissible value for nitrate in drinking water, although in some 
samples high EC values were found (Figure 16). 

 
Figure 16: Correlation of nitrate (NO3-) and electrical conductivity for all samples taken. 
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In the Piper diagram (Figure 17) the samples were grouped according to their 
geological origin. Most of the samples plot as calcium-magnesium bicarbonate 
(Ca-Mg-HCO3) type, with only three showing increased SO4

2-, NO3
-, Cl- contents. 

These are two samples from Mukankaulwa village and one from Saili and the 
increased nutrient contents are assumed to stem from excreta disposal in pit 
latrines. 

Palabana Spring and Sable Farm both plot in the HCO3
- dominant corner of the 

Piper diagramme which is where most of the unpolluted samples from the Lusaka 
dolomite aquifer plot (Nick et al. 2010). For the spring this is not surprising, as it 
presents a contact spring that drains the local Cheta limestone lense. Sable Farm 
however is situated in the Muva quarzite rocks, less than 10 km north of the 
Chongwe catchment boundary (the only sample taken outside catchment 
boundaries). The quartzites show high numbers of faults and it is possible that 
groundwater from the higher lying carbonates on the northern boundary of 
Chongwe catchment drain into these faults. 

 

 
Figure 17: Piper diagram of Chongwe water samples (December 2014 and March/April 2015). 

 

16 groundwater sites and one surface water site were chosen to be sampled in 
both campaigns, allowing for comparison of dry and wet conditions.  
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Figure 19 displays 12 groundwater and the one surface water samples in 
comparison. The four sites that were left out showed the least variation between 
the seasons and are considered to be reflected in the displayed analyses.  

Figure 19 stiff diagram gives sampling IDs of the individual samples as well as 
site names (mainly the village names). The two columns compare each site at the 
two sampled seasons, in which December 2014 presents dry conditions and 
March 2015 presents wet conditions. 

Hardly any variation occurs between dry and wet conditions (with the excemption 
of Saili). In the granitic and quarzitic geological environments the ion content of 
the groundwater is naturally low and does not get altered much by the rains as 
can be seen from the examples of Luimba, Kasolo, Mwalumina and Chamulimba. 
At the Secondary School, Mwachilele and the Chongwe river sample there is a 
slight increase of hydrocarbonate in the March/April sample, which in the case of 
the river is more pronounced than the general increase in ion load caused by 
surface water runoff and particle intake.  

 
Figure 18: Map showing the sampling locations referred to in the Stiff diagram. 
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Figure 19: Stiff diagrams comparing 12 sites sampled in December and March. 
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Stable isotopes 
Stable isotope samples for δ2H (delta 2H, deuterium, heavy isotope of hydrogen) 
and δ18O (delta 18O, heavy isotope of oxygen) were analysed at the Stable 
Isotope Laboratory of the BGR in Hannover. All values are given as δ-values in 
per mil (‰) against a standard as defined by equation (1), 

 

 10001 





















ST

SA

R

R
     (1) 

 

where RSA (-) denotes the isotope ratio of 2H/H or 18O/16O of a sample and RST (-) 
of the standard respectively. The analyses were done using a Picarro cavity ring 
down spectrometer (CRDS) connected to a vaporizer and equipped with a CTC-
PAL auto sampler. The measurements were normalized to the VSMOW/SLAP 
(Vienna Standard Mean Ocean Water/Standard Light Antarctic Precipitation) 
scale, where values of 0 ‰ and -428 ‰ for δ2H and 0‰ and -55.5 ‰ for δ18O 
were assigned to VSMOW and SLAP, respectively. The external reproducibility 
(standard deviation of a control standard during all runs) is better than 1.0 ‰ and 
0.20 ‰ for δ2H and δ18O, respectively.  

Samples were taken from rainfall in Chongwe next to the meteorological station 
at the District Agricultural Office between December 2014 and April 2015, i.e. for 
one complete rainy season. As shown in Figure 20 the weighted monthly means 
for the Chongwe rainfall relate very well to the weighted monthly means of the 
rainfall samples taken at the Department of Water Affairs offices in Lusaka, 
Emmasdale which were gathered since 2012. The trendline for the Emmasdale 
data has a slope of 7.4 and an intercept value of 9.5, which is quite close to the 
Global Meteoric Water Line (GMWL) with a slope of 8 and an intercept of 10. As 
the five weighted data points for the Chongwe rainfall sampling station were not 
seen fit for yielding a trendline, in the following graphs the GMWL and the 
Emmasdale trendline (E-LMWL) are shown for orientation together with the 
weighted monthly mean isotopic values for Chongwe rainfall. 
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Figure 20: Weekly samples and weighted monthly rainfall for Chongwe, compared to Lusaka. 

 

 

Between June 2014 and May 2015 a total of 78 samples for stable isotopes were 
collected from surface water, groundwater (mainly handpumps) and springs in the 
Chongwe catchment. During the two sampling campaigns isotope samples were 
always collected alongside the hydrochemical samples, and in some places 
isotope samples were collected outside these campaigns and with no 
accompanying hydrochemical sample (see Figure 21 and Figure 22). 
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Figure 21: Sampling locations for stable isotopes, June 2014 and May 2015, northern part. 

 
Figure 22: Sampling locations for stable isotopes, June 2014 and May 2015, southern part. 

All groundwater samples are shown in relation to the isotopic composition of 
rainfall in Figure 23. Apart from three samples, all data points conglomerate very 
close to the E-LMWL and around the GMWL. Three samples showing more 
positive values indicating evaporation effects, which can be referred to influences 
of evaporated surface water (more detailed discussion below). 
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There is a strong indication for direct groundwater recharge happening all over 
the Chongwe catchment. The samples occur between -40 ‰ and -50 ‰ δ2H and 
-6 ‰ and -8 ‰ δ18O with an arithmetic mean of -7 ‰ δ2H and -45 ‰ δ18O. In 
relation to the weighted mean values per month of the sampled rainy season the 
groundwater samples are relatively depleted. In fact they are lighter than the 
arithmetic mean of all rainfall samples (Lusaka and Chongwe). This can only be 
explained by mixing with a lighter end member (around -8 ‰ δ2H and -55 ‰ δ18O) 
which hasn’t been identified yet, or with an amount effect, which would imply that 
only rainfall events with relatively depleted values contribute to groundwater 
recharge.  

Large rainfall events are often marked by more negative isotope signatures due 
to the amount effect. However, correlating the Lusaka and Chongwe rainfall δ2H 
values with the rainfall amount per event along the timescale of two rainy 
seasons, does not show a clear amount effect (Figure 24). From the diagram in 
Figure 24 it can only be derived that events with more than 50 mm have δ2H 
values of less than -20 ‰, but this does not explain the negative groundwater 
signatures. The <10mm sample with -102 ‰ for δ2H was taken at the end of an 
event of which the first and larger part of precipitation had already been sampled 
beforehand. Hence the remaining part and sample rainwater was depleted as 
expected caused by condensation. The diagram also does not show a seasonal 
effect (e.g. signatures become more negative during the colder season). The 
isotope composition of rainfall events seem to be quite equally distributed 
throughout the months. 

 
 

 

Figure 23: Groundwater samples from Chongwe catchment in relation to rainfall isotopic 
signature. 
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Figure 24: Correlation of deuterium values, rainfall amount and time. 

 
Figure 25: Stable isotope samples taken from Kampekete handpump (within 20 m from 
monitoring borehole). 

 

Looking at the Kampekete area (samples were taken at the handpump about 20 
m from the monitoring borehole) five samples were taken between September 
2014 and March 2015 (see Figure 25). 
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Samples taken toward the end of the rainy season (March 2015) are enriched in 
heavy isotopes relatively to those samples taken during the dry season and at the 
onset of the rains (September and December 2014, respectively). Although five 
samples and a single year as observation period may not allow a final conclusion, 
it can be seen that there is variation in the groundwater isotopic composition so 
there are short-term processes that influence the groundwater. It is yet not clear if 
isotopic composition of the rainfall gets more enriched towards the end of the 
rainy season or if mixing of direct recharge with depleted values of recharged 
groundwater from elsewhere dominates at the end of the season; this needs to 
be further investigated. So far there is no indication to either of the two. 

When comparing the two samples gained at Palabana spring to the groundwater 
samples (Figure 26), there is no deviation. The groundwater sample at -5.5 ‰ 
and -35 ‰ for δ18O and δ2H, respectively, is slightly enriched in comparison to the 
bulk groundwater samples. Close to the borehole (at the Secondary School in 
Chongwe) a dambo probably contributes isotopically enriched water to the 
groundwater.  

One surface water sample was taken from Chalimbana river and the isotope 
signature is quite close to the groundwater samples and in line with the meteoric 
water lines. Only a slight evaporation effect is visible for this surface water 
sample. Most surface water samples were taken from the Chongwe river. The 
results can be divided into several groups.  

The sample which is labelled with its sampling date in Figure 26 was taken at the 
bridge over the Chongwe near Mwachilele village on the 23rd of December, 2014. 
The sample plots clearly above the E-LMWL and GMWL which could render it as 
an outlier. An alternative explanation could be that the runoff in Chongwe river 
consisted for a large part of rain water. In the night before the sampling, recorded 
by the rain gauge as 22nd of December, a 28 mm event took place. Potentially the 
system was highly saturated after the two large storm events of December 13 
and 19 with about 70 mm each, and rainfall developed quickly into runoff. 

The sample with the most positive (heaviest) isotope signature (A) originates from 
the large Ray’s dam at the ZRC Farm. The groundwater sample next to it was 
taken from a borehole some 50-100 m from the dam. The infiltration of 
evaporated dam water into the local groundwater resource is obvious. The other 
sample in group A was taken in September at the Chongwe River Great East 
Bridge and also clearly show evaporation effects, either due to ponding 
conditions in the river or from evaporated baseflow with slow flow velocities. 

The second group of surface water samples (B) also show the evaporation effect. 
The two samples were taken in June and September 2014 at different locations 
on the Chongwe River, i.e. in the dry season when the river water consists of 
baseflow which evaporates and gets enriched in heavier isotopes. 

The third group consists of four surface water samples (C) between the 
evaporated samples and the GMWL and one groundwater sample. The SW 
samples were taken at different locations along the Chongwe on two consecutive 
days, namely the 30th of March and the 1st of April 2015, towards the end of the 
rainy season when the river water consisted mainly of direct runoff which 
consequently had evaporated slightly. The groundwater sample originates from a 
household borehole which is situated near the dambo that also feeds the 
borehole at Chongwe Secondary School. It is assumed that evaporated water 
from the dambo wetland contributes to the groundwater yielding in the borehole. 



-40- 

The last group of surface water samples (D) plots on the GMWL. These five 
samples were taken along the furthest downstream reach accessible, near 
Mwachilele village, four of the five on the 10th of March and the fifth sample on 
the 18th of March. In this area small scale farmers irrigate tomatoes and maize 
plants year round (Jenkins et al. 2015). This should however not influence the 
isotopic signature (as irrigation water is pumped directly from the river at the very 
site of the farm plot where it then reinfiltrates and possibly rejoins the river). 
Possibly surface runoff at that time of the season was dominated by rainfall, or a 
mix of more negative groundwater values or baseflow and more positive, 
evaporation influenced runoff. 

 

 
 

Figure 26: Surface water, groundwater and spring isotope samples from Chongwe catchment. 

A 

B C D 
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9 .  G R O U N D W A T E R  M O N I T O R I N G  

It is proposed that water resources in the Chongwe catchment are monitored 
continuously for a period of 3-5 years. After establishing a reliable water balance 
based on this monitoring data, a quarterly monitoring of groundwater levels and 
surface water gauging can be established. 

The water level of the Chongwe river at its main gauge, the Great East bridge 
station 05-25, is recommended to be continuously measured by an automated 
pressure logger. The gauge readers at the other three gauging stations in the 
catchment should be reactivated and checks should be carried out regarding the 
correctness of readings every three months. 

Groundwater loggers can remain in two of the three monitoring boreholes 
currently equipped, preferably Palabana University and Kampekete Health Post. 
In case Lusaka Water and Sewerage Company completes its planned water 
supply production boreholes near Chalimbana University (south-west of Chongwe 
town), they should be obliged to drill a separate monitoring borehole and equip it 
with an automated logger. 

The abstractions by small-scale farmers using submersible pumps along the 
Chongwe river need to be measured ideally by water meters. It should be a 
requirement to the renewal of water permits that meter readings are submitted on 
a yearly base with a prescribed reading schedule. Farmers using groundwater 
should be obliged to either install meters or automatic groundwater level loggers 
in their borehole with the same requirement to hand in the data (Jenkins et al. 
2015). 

In addition to this quantitative monitoring approach, water quality should also be 
examined routinely in both surface and groundwater. A sampling campaign on 
pesticide is proposed in the areas where the effects of farming on the ecosystem 
is completely unknown so far. Such campaign will inform the authorities if 
pesticides need to be reviewed consecutively or if other, easier detectable, 
substances can serve as indicators. As for major ions there is no acute 
monitoring need as in all sampled locations the critical values are below Zambian 
drinking water standard’s limits. An annual check of major ions is nevertheless 
recommended for the following boreholes: 

- Kasisi Primary School 

- Mukankaulwa 

- Saili 

- Chongwe Secondary School 

- Kampekete Health Post 

As Kasisi Primary School and Mukankaulwa showed higher nitrate values than all 
other samples, it is suggested to check for microbiological indicators (Total and 
Fecal Coliforms) there. 
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1 0 .  C O N C L U S I O N S  A N D  O U T L O O K  

The relevance of groundwater use in the Chongwe catchment is marginal so far. 

The only moderately yielding aquifer is the carbonate lense south-east of 
Chongwe town. This aquifer shows a very high level of direct recharge with 
extremely short lag times above a threshold of unsaturated zone and matrix 
storage capacity.  

This implies a high degree of vulnerability of the groundwater in the carbonate 
aquifer. If onsite sanitation facilities connect hydraulically to karst cavities, 
microbial pollution will reach drinking water wells very quickly.  

Overall, the water quality in the Chongwe catchment is good, but as described 
above can quite easily be put at risk. 

If population and economic growth continue in Chongwe, groundwater resources 
will play a more important role in future. To prevent pollution and overextraction, 
landuse planning has to consider results from future pumping tests in the 
carbonate aquifer and the limitation of risk factors like unsafe sanitation facilities 
or industrial water polluters. 

Findings from stable isotope analysis suggest a groundwater recharge process 
that includes direct recharge but is not ultimately clarified. Further sampling is 
suggested. 

Monitoring activities are also proposed to be continued, both quantitatively and in 
five boreholes with regard to water quality. 

Regarding water scarcity in the supply dam of LWSC, it is assumed that the dam 
capacity is lower than the water supply demand from the expanding number of 
customers. To further investigate this, volumetric figures on dam storage and 
supply rates are needed from LWSC. 
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Annex 1 
A. Sampling locations and in-situ parameters 
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B. Major and minor constituents 
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C. Trace elements (in mg/l, negative value: concentration is below detection limit) 
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D. Stable isotopes 

 




