Notes on the Harare Groundwater Situation – October, 2012

T.J. Broderick

Underground water in Harare, and everywhere, is a finite resource.  Its presence is dependent on the hydrological cycle, which is climate related.  It depends on rainfall for its recharge to groundwater storage.   The means to store and transmit underground water is controlled by the geological formations that prevail.  Figure 1 is a simplified geological map of Harare based on the mapping of Tyndale-Biscoe (1957). Baldock (1991) with others remapped the geology around Harare, and it is this work that has provided an increased understanding of the city’s lithological variation and its structural deformation.  The geological map and its explanation are available from the Department of Geological Survey, Maufe Building, Fifth Street and Selous Avenue.  
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As can be seen the geological expression across the city is highly variable, but what is certain is that all rocks are of either igneous or metamorphic origin, which makes most of them massive and crystalline in nature.  That is we class them in the category of ‘hardrock’, which effectively means that in their fresh and unaltered state the rocks are impervious and are unable to store water in a primary sense ie. between the mineral grains that make up the rock.  Therefore, any aquifer that we have in the city is referred to as being ‘unconfined’ as it is open to the elements, and in consequence the available groundwater is superficially stored.  This storage is in what we refer to as ‘secondary porosity’.  That is the groundwater storage depends on the degree of fracturing and weathering that the bedrock has been subjected to.  Some rock-types are more susceptible to weathering than others due to their mineral make-up, the degree of imposed shear, and the intensity of jointing and fracturing, all of which may provide open space to facilitate the ingress of recharge water and its subsequent storage.  Therefore the main area for groundwater flux is at the highly fractured interface between completely weathered, and often silty, bedrock and the highly weathered to weathered fracture zone.  This interface profile, which also responds to topographic gradient, is hugely irregular in shape, and it is the more deeply weathered and fractured pockets that sustain the more effective boreholes.  Stress and strain on the bedrock mass has introduced fracturing, which tends to describe linear traces relating to the attitude of the introduced planes of weakness in the ground.  These features may be evident due the presence of say a dolerite dyke or a quartz reef infilling.  They effectively create the targets for groundwater development, but are by no means ubiquitous in their distribution.    

Much of the southern portion of Harare is underlain by massive granite, extending from Amby and Msasa through Hatfield and Waterfalls to Highfield and the western suburbs.  Most of this area is notoriously poor for the development of groundwater from boreholes due to the massive and resistant nature of the bedrock.  The available groundwater tends to be perched at high level, and is often only exploitable by means of hand-dug wells.  It is over the granites that most of Zimbabwe’s classic dambo or vlei features develop across our regional watershed.  These have recently been defined by Government Notice as the Cleveland, Mabvuku, Greengrove, Prospect, Budiriro and Manyame wetlands in Harare, all of which play an essential function in the control of rainfall runoff to the Mukuvizi, Ruwa and Manyame rivers together with countless others in the catchment that feeds to Lake Chivero, our prime water source for which the function of the seasonal wetlands is to attenuate the base flow of our rivers beyond the cutoff of the rains.  The granite terrain may not be the most appropriate for groundwater development from boreholes, but it is important that the defined wetlands are protected and managed for the sake of our extended surface water supply.  That management includes the control of inappropriate agricultural practices, the restriction of imposed drainage to make way for construction development, and encouragement in the construction of artificial wetlands in order to rehabilitate the function of these natural features.  The water table over granite generally remains perched and high due to annual direct precipitation, but the ravishes of the 1987 and 1992 droughts were telling, judging from the frequency of stressed complaints from those people dependent on shallow wells, notably in the Ruwa area, when the available groundwater then became severely depleted.  

So, the groundwater cycle is dependent on rainfall of which Harare receives on average 850 mm per year in a season lasting from November to April in any one year.  There appears to be a cycle with a number of years when above average rainfall, say in excess of 1000 mm, is achieved followed by a succession of years when below average rainfall is realized.  Less than 400 mm of rain fell over Harare in the 1987 drought year, and in other years the adverse distribution of rainfall plays havoc with groundwater recharge potential.  Thus in the 2010-2011 rainfall season we received close on an average total, but whereas January was wet, February, March and April were dry months.  This created chaos with groundwater availability in Harare such that groundwater levels depressed rapidly and people with marginal boreholes set in shallow weathered and fractured ground profiles suffered water draw down to pump intake as early as June 2011, a situation that introduced a great deal of stress to a water-starved city.  This year the same impact is making itself felt as we speak in October, following a more normal rainfall distribution during the critical months.  

The chaotic drilling of private boreholes in response to a failure in the regular supply of Municipal water, notably across the northern suburbs of Harare, peaked through the years 2007 to 2009.  There would seem to be no doubt that the increased abstraction of groundwater through this dense array of borehole use is aggravating drawdown of the water table.  This may have been further aggravated by the localized large-scale abstraction of groundwater for commercial purposes, an additional response to the unsatisfactory water supply in the city. When one considers that the greater percentage of rainfall is accounted for in runoff to the river system and evapotranspiration to the atmosphere, the average recharge to groundwater might only be in the range of 2 to 5% of that rainfall in any one year.  Groundwater is also lost in its discharge to base flow in the river systems through the season to provide a water balance.  The static water level that relates to the water table behaves elastically, being at its lowest ebb in say December and highest in May or even June in any one season.  Excessive groundwater abstraction occurs when more water is drawn out than can be replaced by natural recharge.  This may be referred to as ‘groundwater mining’, and the result is a progressive depletion of the water table.  This undesirable state of affairs can only be rectified by collective appreciation of the problem and conscious management and control of groundwater abstraction.  If borehole water users cannot recognize the excesses of their use of this delicately balanced resource through say the over irrigation of gardens and road verges, then it is up to the Sub-Catchment Councils to earn their keep, provided for in the payment of quarterly ‘monitoring fees’ on registered boreholes, by enforcing the sound management principles provided for by the water law, regulations and standards that exist.  

Referring again to Figure 1, the west, central, northern and eastern suburbs of Harare are underlain by a variety of rock types, which make up what is collectively known as the Harare Greenstone Belt.  The trends of these rocks are generally orientated to the north-east, becoming folded to the north, west of the City.  The basic building blocks comprise ancient basaltic and felsic lavas, interspersed by metasedimentary rocks of a shaly to sandy consistency that include ironstone and in places limestone, and which have been intruded by masses or sheets of later porphyry, gabbro or dolerite.  These rocks respond differently to the influences of weathering and deformation, and those that are compact and resistant tend to control the topographic expression.  A regional watershed traverses Harare by following Arcturus Road to Pockets Hill, then crossing the Borrowdale racecourse to follow the Domboshawa Road to the north.  This crest separates those streams rising to the Manyame catchment in the west from those directed north and north-east to the Mazowe and Nyagui rivers.  Due to regional tectonic responses, the latter streams are more aggressive in their backward erosion into the landscape, hence the more pronounced topographic expression relating to resistant bedrock say in the Glen Lorne, Kambanje, Greystone Park, Helensvale, Borrowdale Brooke, Shawasha Hills and Glen Forest areas.  It is often said that views and water do not go together, and yet it is these suburbs where the greatest demand for borehole drilling is perceived.  It is also here that the greatest number of dry, marginal or seasonal boreholes are sunk, which is not to say that many sustainable boreholes are also in existence.  This outcome is a direct reflection of the generally adverse hydrogeological environment that might prevail in relation to resistant bedrock, notably the felsic volcanics and the dolerite intrusions, the more pronounced topographic setting, the accelerated rainfall runoff, a retarded groundwater recharge potential and a consequent depression of the water table.  The reducing availability of groundwater therefore is a response to the stresses brought about by variable rainfall, its runoff, restricted recharge potential, evapotranspiration, the adverse geology underfoot, excessive borehole pumping, and a failure to respect the hydrological cycle and realize that the water resource is not infinite.  

Groundwater across the Manyame catchment is also under stress, and drawdown problems in marginal boreholes become seasonally apparent.  This is most marked in the elevated parts of Greendale, and Highlands, in Newlands, parts of Borrowdale and in a zone that transgresses through parts of Pomona, Vainona and Mount Pleasant to Emerald Hill.  The massive felsic volcanic rocks and dolerites of Monavale, Mabelreign, Bluff Hill and Marlborough are generally not friendly, and the so-called University Porphyry in Groombridge is distinctly negative in terms of groundwater development.  Locally there are symptoms of severe seasonal drawdown in the basaltic greenstones, felsics and adjacent metasediments, a situation that is aggravated by excessive groundwater abstraction.    

A little history of the development of the groundwater resource in and around Harare may put this in perspective.  Tanser (2011) in his history of Highlands describes the wetlands as vleis, which restricted the expansion of the town in the 1890’s.  “In the marshes, tall reeds and bulrushes grew, and on the land immediately around the vlei, water-logged each year during the rainy seasons, there was grass, but no trees.  Only on the higher slopes below the ridges and above the grassy areas were there trees.  The water from the north-eastern slopes drained into two streams, the Chiripagura and the Nyarangwa.  The source of the Chiripagura is the Borrowdale racecourse.  Though the Chiripagura is now a dry ditch except after heavy rains, an examination of its course shows that it had, before modern drainage systems and plots and buildings interfered with the runoff, many deep water holes which retained water throughout the dry season so that the stream flowed throughout the year, even though in July it was only a foot or so wide and an inch or so deep.  During the rains, however, when the stream was in flood it became impassable; the water over-flowed and, joining that of the Nyarangwa, converted the area into a wide lake.  It was this obstacle which compelled the early tracks leading from Salisbury to follow the Hartmann Hill ridge, route of the present Borrowdale Road.”  And beyond this road to the north-west the same can be said of the Borrowdale Vlei, an important source to the Gwebi River.  Both wetlands are now under further threat of inappropriate development.  

The first drinking water in the infant settlement that is now Harare was from two springs on either side of the ‘Kingsway’ vlei (now Julius Nyerere Way) that was forded by the ‘Causeway’.  This source was supplemented by the collection of water from roofs and, from 1891, by the digging of wells (Wurzel, 1972).  The town continued to depend upon such sources (and there are some 20 metre-deep wells along Orange Grove Drive for instance that are now dry) until 1913 when Cleveland Dam was commissioned and a reticulated system was introduced.  Groundwater continued to be of importance, especially in the peripheral settlements, but it was not until after the Second World War that the availability of underground supplies exercised its most profound influence of the development of Salisbury.  The influx of migrants coupled with several poor rainy seasons (notably 1947) created a severe water crisis.  

The city could only expand if the housing developer could provide his own water and manage his own waste.  Hence plot sizes were regulated to be an acre or more in extent and the 1954 bye-law (still applicable today) prohibited the drilling of a borehole within 10-metres (15 metres in the case of a well) of a boundary, septic tank or sewage line.  In many instances this simple management tool has been flouted, and continues to be ignored.  Also the tendency towards smaller plot sizes and the need for an owner to supplement his water supply by drilling a borehole has meant that the bye-law cannot be universally applied.  Vainona and Pomona, for instance developed in this way during the 1960’s.  Prior to that borehole drilling had been a combination of shot drilling, which produced a core, and cable tool drilling.  Whitehead and Jack, and other companies, then used cable tool or jumper rigs exclusively and most new plots in Vainona reported boreholes, sometimes no more than 27 metres deep, which produced in the order of 1100 to 2200 gallons (5 to 10 cubic metres) of water per hour.  There were even pilot water reticulation schemes to houses based on supplies from boreholes managed by the Municipality.  Everyone was happy, and they could wait for the formal water supply from the Hunyani Poort Dam (Chivero) built in 1956.  My own groundwater consultancy had its origins in 1947, along with Whitehead and Jack, based on geophysical methods developed by the 42nd (Geological) Unit of the South African Army Engineers in East Africa, Abyssinia, the Western Desert and the Middle East.  A first for the Allies.  

The drilling technology graduated to down-the-hole hammer rigs using air-flush rotary bits that allowed for rapid borehole completion. New company’s emerged and borehole drilling proliferated past Independence and into the 1980’s and 1990’s.  These years were characterized by drought years and the shortage of Municipal water increased the demand for boreholes.  The local rigs were supplanted by a number of visiting crews from South Africa, and chaos crept into the equation as the demand for drilling service accelerated.  The shallow boreholes in Vainona and elsewhere dried up as a consequence of the successive drought years with retarded groundwater recharge.  The water level became depressed in places to below 30 metres from surface.  The effective fracture-related storage was left high and dry, and increased groundwater mining aggravated the situation.  The stifled base flow from wetlands to streams ceased or took its main source of recharge supply from septic tanks.  A cycle of above average seasons allowed for recovery of the groundwater.  The foundation investigations for Kunzvi Dam on the Nyagui River were completed in 1996 and plans were in place for that supply to augment the ever-growing Harare by 2004.  Those plans were stalled, and the population still waits and expands.  Then the disastrous move to take water supply responsibility from the Municipal authority and give it to Zinwa, coupled with power woes, consequent pumping problems, an unchecked pollution of Chivero and Manyame waters, and our economic crash through into the new millennium put renewed demand on an overtaxed and basically unmanaged groundwater system.  Many of the established drilling companies had gone into liquidation, new companies mushroomed, and many of these were based on a shoestring under the umbrella of middlemen.  Drilling standards dived along with ethics, and chaos prevailed.  New regulations and a revamped Water Act were introduced in 2001, which recognized the hydrological cycle and the need for management of water use in all its forms.  With the Dollar-crash the law was ignored, monitoring fees were charged as a money-spinner rather than to fuel the management of the water resource, and respect for the process was not there.  The regulations for permitting for borehole drilling and abstraction, and the registration of consultants, drilling contractors, pump fitters and suppliers are now mandatory.  National standards for the siting, drilling, construction, testing, fitting and rehabilitation of boreholes are now in place.  The principles are sound, but the willingness and need for all involved to comply must come into play.  The time has come for all concerned to enter into the spirit of groundwater and surface water conservation, through its managed and proper use.  The resource is limited and taxed.  It is up to the user population, both domestic and corporate, and the appropriate authorities to play their part in this process for an equitable solution.  There will always be borehole users, and those who do not have access to a groundwater supply.  The latter have as much right to such water, so the water suppliers have a role to play.  They too require to be registered with Zinwa, and the abstraction from boreholes must be regulated both in its quantity and quality.  

The stream heads that overlie rocks in the greenstone belt usually occur across wide valley bottoms where the surface water drainage is restricted.  They may not be characterized by a high groundwater table, but they do represent important zones for runoff accumulation and groundwater recharge.  The surface flow is attenuated and downstream where a channel develops, base flow to the river system is regulated.  The soils do not require to be represented by ‘black cotton soils’ in the lower catena.  The presence of so-called ‘gleyed’ and ‘mottled’ sub-soils in the profile is sufficient to indicate periodic saturation on a seasonal basis.    Historically the open grassed extent of the Borrowdale Vlei has been seasonally inundated, and as such has been protected as open space in Harare’s town planning.  The periphery to the vlei, bounded by Borrowdale Road, Whitwell Road, Teviotdale Road and New Alexandra Park, with its schools, old-age condominium and the Celebration Centre has been encroached upon.  New corporate development adjacent to the racecourse and housing in Borrowdale West has been created.  New boreholes now encircle the vlei area, itself the focus for informal cultivation.  As there is no rock outcrop through the vlei, it was mapped as being underlain by shaly phyllites that give rise to silty clay soils.  The boreholes have shown that the subsurface geology is more complex and that fractured felsic rocks are intruded by a north-east extension of the Harare Gabbro, itself sheared and displaced by the Umwindsi Shear Zone before giving way towards the Teviotdale Road to more resistant felsic rocks, an extension of the massive University Porphyry and interbanded phyllites.  It is known that some large-yielding boreholes have been developed in the gabbro and felsic volcanic rocks adjacent to the racecourse and in Borrowdale West, and that drawdown of the water table is a feature.  The area leading up to Teviotdale Road is less favourable for groundwater development, but downstream where the Mount Pleasant stream is channeled, base flow is fed from groundwater, supplemented by surrounding septic tank recharge.  

The fate of the Borrowdale Vlei has come under contention with the intent to change its designated land use as open space for construction of the Millennium Mall and adjacent projects.  The water supply for such a major development with its associated water features must have to come from groundwater.  Excessive abstraction from this important groundwater recharge zone must impact on its balance and it can be anticipated that the water table will be lowered, base flow will be reduced, runoff will accelerate due to the imposed drainage, hard standing and roof cover, and increased flood peaks can be expected down the Gwebi River.   The rehabilitation of these vlei areas can be achieved through their protection and construction of artificial wetlands.  The commendable conservation work of COSMO on the Monavale Vlei is a case in point, and is a positive step towards preserving the true function of our wetlands in their supply of water and all that depends on them.  Most importantly our City and you.  

Harare,

15th October, 2012  
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