MENENGAI GEOTHERMAL DRILLING PROJECT
ENVIRONMENTAL MONITORING REPORT 28th -30th October 2015
MONITORING TEAM
1. Jackson Raini-FOMEC
2. Irene Cheptum-GDC
3. Sheikh Johnpharse-GDC
4. James Lumbasi-GDC
The Environmental Monitoring team spent three days assessing several GDC sites in Menengai
and Nakuru town. These sites include; the Tree nursery, High lift water pump, Laydown area,
Central workshop, Base camp, Geothermal Direct Use Project (MW3), MW4 (Rig1), MW1,
MW20, MW21, MW18 (Rig7), MW9 (Rig 4), Rig 6, MW17A, Water tanks, H-Young camp, Water
Pipeline, Steam gathering, 2 Weather stations, quarries, GDC Clinic, and the GDC go-downs in
Nakuru (see appended Map1).
MAIN FINDINGS
1. Wanyororo Wetland
Wanyororo stream was dry. It is not clear
what caused the dry-out. However, we noted
with concern that the downstream wetland
was completely drained. In its place, GDC has
drilled a borehole.

Photo: Highly disturbed Wanyororo wetland

The main threats are habitat loss, habitat
fragmentation and isolation, and degradation
of habitat quality.
Wanyororo stream and wetland possessed
many important values and served as a
habitat for various forms of aquatic life in
Menengai. The stream was home to various
macro-invertebrates
including;
Beetles
(Helodidae,
Elmidae,
Dytiscodae
and
Hygrobiidae), Bugs (Corixidae, Notonectidae,
Gerridae and Naucoridae), Dragonflies
(Gomphidae, Libellulidae), Mayflies (Baetidae,
Caenidae,
Heptageniidae),
True
flies
(Chironomidae, Culicidae, Ceratopogonidae,
Simuliidae, and Dolicopodidae); Caddisflies
(Hydroptilidae),
that
have
now
all
disappeared.

Photo: GDC Borehole at Wanyororo wetland

Photo: Wanyororo wetland in 14th 3.2013
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The surrounding forest had a wide range of birds including the threatened Hemprich’s hornbill
that has disappeared as a result of habitat disturbance.
We recommend that wetland restoration is carried out using the huge amounts of water that
is allowed to go to waste. Interventions should be made to curtail the ongoing destruction of
the indigenous forest at Wanyororo wetland area to conserve ground water.
2. Water abstraction
Water is the major drilling fluid used in Menengai other drilling fluid include water based
bentonite mud, air and aerated water and foam.
Drilling water in Menengai is supplied
from 10 drilled boreholes and sometimes
brine from discharging wells. The water
from the boreholes is pumped to 4 tanks
of 4 million litres at an elevated ground.
The water is the supplied to the wells
through gravity. At the High lift Water
Pump, we were informed that Pump One Photo: Burst water pipe causing heavy water loss
pumps 290m3 /hr and Pump Two at
233m3/hr. This translates to a combined capacity of about 12,552 m3 per day or about
4,581,480m3 per year. We were informed that the pumps operate 24/7 unless there is a power
blackout or pump breakdown. With a 30% transmission loss, we estimate a water loss of over
4,000m3/day.
The formation in Menengai is highly fractured and drilling crew experience frequent long lost
circulation periods. This means that there should be a constant supply of drilling water in to the
drilling sites.
We recommend that the wastage through several burst pipes to be curtailed through quick and
timely response to repair the burst pipes.
3. Environmental Tree nursery
The tree nursery had only 10,000 of the targeted 100,000 seedlings this year. They are
comprised of Bamboos (2000), Pines (1000), Luceana spp (3000), Cupressus listunica (3000)
and 1000 assorted. Over 1,000 pots are ready for pricking. However, the tree nursery has only
three casuals and two GDC staff on site, hence reduced seedling production.
We recommend that GDC employs five more casuals to meet the target production since the
nursery is mainly used for raising tree seedlings for purposes of rehabilitation and donations to
the community members, institutions e.g. schools and staff among other roles.
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4. Central workshop & Laydown area
The main site activities are material laydown, cement silos, vehicle maintenance, vehicle
refueling, and business/office operations.
The workshop generates a variety of waste streams during activities such as replacing fluids
such as motor oil, radiator coolant, transmission fluid, brake fluid; replacing non-repairable
parts such as brake pads, oil filters, fuel filters, air cleaners, springs/shocks, batteries, belts,
hoses, electrical components, bearings & bushes; and repair of flexible parts such as brake
drums, alternators, fuel pumps, carburetors etc. The used parts are collected in one blue large
metal box for collection by the Supply Chain Department.
Environmental concerns are centred around potential pollution impacts from waste water and
effluent, waste oil and accidental spills, contamination of soil, surface and ground water, solid
waste, air pollution, site flooding and noise pollution.
We recommend as follows:
a) Environment & Supply chain Departments to put procedures in place to ensure all
hazardous substances & wastes are handled, stored, used, recycled or disposed of safely
and legally and ensure that during
auctions, waste is recycled or disposed of
only by businesses which hold the
correct, current permit or license to
undertake their work.
b) The Supply Chain Department should
work with workshop supervisors to
housekeep effectively useful spares yard
by removing all obsolete or non reusable parts & scrap tyres etc. to make
way for effective reuse recycling,
c) That all mechanics and section heads
undertake a one day training preferably
at Rongai Workshop Ltd to learn how to
keep the workshop clean, waste parts
handling and disposal. Ensure waste oils
reusers handle waste oil, sludge &
contaminated sawdust properly, label
waste bins with flammable wastes &
keep them emptied promptly to avoid
fire hazard in high risk area,
d) Continue training on waste handling,
chemical contamination & fire risk
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related to environmental concerns,
e) Where heavy machines are to be re-conditioned consider protecting the ground from
significant oily contamination,
f) Ensure all used/removed spares & metal waste is sorted at source (point of removal)
before removal to useful spares at the Go-down yard or disposed into scrap metal
storage,
5. Sewage Disposal & Sanitation
The GDC Base Camp in Menengai serves about 300 people has no sewage treatment plant.
Sewage is discharged into an overloaded
septic pit which currently overflows into an
open soak pit. The fence is broken and
very dangerous to livestock and people.
We recommend fencing and that proper
disposal of waste water through
constructing a bigger capacity Septic Tank
& Soak away pit or install a small scale
sewage treatment plant (STP) at basecamp
and septic tanks made from at-least 5000
lts water-tanks for the other staff camps
and drilling sites.
The function of the Septic tank or an STP is
for treating collectively any wastes of the
kind that are ordinarily discharged from
toilets, water closets, baths, showers, sinks,
basins and other sanitary and kitchen
figments. The main concerns of the FOMEC
on these small sewage treatment plant
relate both to the adequacy of the
treatment processes proposed and also to
the uncertainty in ensuring proper long
term operation and maintenance and
hence the possibility of discharge of
substandard effluent.

Photo: Foul open sewer soakpit at base camp

Photo: Sewer soakpit at MW20 collapsed

Sanitation interventions can be further
improved by avoiding dumping the broken
/unused sewer pipes within the drill sites. Photo: Sewer soakpit at MW4 (Rig1) completely full
All toilets for guards should have tissue paper, be cleaned and labeled “Male/Female”, have a
water stand for hygiene improvement.
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6.
Brine and Drilling Water Returns.
The brine pond linings at MW1, MW9 (Rig
4) MW20, MW21 are completely
dilapidated and leaking brine and drilling
water returns.
The GDC 1st quarter Report on waste
water quality shows results with very high
concentrations of Sodium (Na+) and
Potassium (K+) at all monitored wells. The
Na+ concentration was 5,660mg/l and
3,150mg/l in MW20 and MW 21
respectively. The K+ level was 124mg/l and
712mg/l in MW7 and MW20 respectively.
The mean TDS was 1,100 mg/l while the
Mean conductivity was 2,200µS /cm in
MW7 and MW 21, indicating hypersaline
effluent.
The Project ESIA identifies brine and drill
fluids as waste products that may contain
harmful chemical constituents such as
fluorides, arsenic and carbonates. Because
of this, all wastewater /brine is must be
contained in 6,000-10,000 m3 capacity
ponds lined with a 1mm thick High Density
Polyethylene
(HDPE)
to
prevent
percolation and ground water pollution.

Photo: Brine leakage-dilapidated pond liner at MW1

Photo: Drilling water returns leakage at MW21

Photo: Leaking brine pond at MW17A. Drilling
progressed to completion without HDPE pond liner

We recommend that the ranges of waste water monitoring variables are increased to include
heavy metals such as Boron, Zinc, Lead,
Manganese, and Silica.
We recommend that proper and timely
drilling practices such as closure and
capping of wells is done to reduce the
potential for drilling-related impacts.
The EMCA (Water Quality Regulations,
Photo: Leaking brine at MW9 (Rig4), collapsed liner
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2006) prohibit water pollution and sets standards for various water uses. All drilling water
returns and brine should be directed to
the HDPE lined brine ponds.
7. Oil spills and Waste Oil Storage
The
Central
workshop,
basecamp
generators,
MW9,
MW21,
MW20
geothermal drilling rig sites, compressors,
generators, fuel pump and the go-down
area had spillages of oil, grease and diesel.
These
substances
pose
serious
environmental problems when they leak.
At most sites, GDC has fabricated halfdrum oil traps to contain spillage from
generators at both rig sites and base
camp.
Base camp generators are fitted with oil
traps in the form of plastic, but the
containers filled long time back and have
never been replaced to properly contain
the oil.

Photo: oil spillage at the MW9 generators

Photo: oil spillage at the at MW17A

Waste oils are collected and stored at a godown in Nakuru Town are kept under a
tree. The drums are leaking and placed on
soil surface that is prone to getting
contaminated.
We recommend that waste oil drums are
stored in an area that has concrete slab,
properly bunded and that has a canopy /
roof installed for rain protection. GDC
should follow EMCA 1999 guidelines,
Second Schedule (Management of
hydrocarbons including-the storage of
natural gas and combustible or explosive
fuels, as well as have a n Oil/Fuel Spill &
Emergency Action Plan in Place.
We recommend that all the generators are
properly fitted polythene sheets, use drip
trays and plastic drums to control spillages.

Photo: oil spillage at the at Central Workshop

Photo: Poorly stored oil at MW17A drilling site
6

Preventing tank spills and leaks is especially important because oil can move rapidly through
surface soil layers and into groundwater particularly in areas with highly porous /permeable
soils such as Menengai.
Regulation 22, in the fourth and the fifth
schedule of the waste management
regulations categorize used oil as
hazardous waste and give specifications
for handling hazardous waste.
The

Energy Regulatory Commission

provides some General Guide to Pollution
Prevention Guidelines that if implemented
can minimize the impacts of generator oil
spills, fuel dispensing pumps, oil storage
areas and automotive repair facilities.
The Third schedule of the regulation
restricts effluent discharge from facilities
listed under the Fourth Schedule
(monitoring guide for discharge into the
environment) Schedule (standards for
effluent discharge into the environment).

Photo: Oil spillage at the Base camp generators

Photo: Oil spillage at the Base camp generators

They oblige operators of such facilities to
install pollution prevention systems such
as oil Interceptor or oil-water separator
where wastewater is contaminated with
oil and grease.
Photo: Poorly stored waste oil in drums at go-down

8. Solid Waste Management
Solid waste in Menengai is largely
composed of domestic and drilling waste.
The GDC Policy on Plastic Waste –‘throttle
the bottle’ that was put in place from 2012
in office & at Drillers canteen was futile.
The catering service provider still
generously distributes disposable half-litter
water bottles without having mechanisms

Photo: Waste wooden boxes at MW18 (Rig7)
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for collection and disposal. Many half-litre plastic water bottles seen in recycling pit.
There is no sorting of waste at all in the sites visited i.e. Laydown area, Central workshop, Base
camp, MW4 (Rig1), MW1, MW20, MW21, MW18 (Rig7), MW9 (Rig 4), MW17A, Water tanks, HYoung camp and along the roads. Most of the 10 new solid waste collection bins at Basecamp
have covers, but were found open, allowing feeding by birds e.g. Ravens and Pied crows.
We were informed that the responsibility for Waste management is currently under Property
Management Department. The camp & rig hygiene section is mandated to ensure collection,
segregation, transportation and disposal of discarded items from GDC operation sites to the
approved site -Gioto dumpsite in
Nakuru Municipality.
However,
the
Property
Management
Department
officials have no skills training on
Environment Management, no
budget, no departmental waste
collection vehicle and no casuals.
The available Canter is unreliable
hence
waste
normally
accumulates at the Basecamp and
Drilling sites. The accumulated
waste is dumped at the GDC
dumpsite near the Basecamp. We
were falsely informed that the
dumpsite near basecamp was
shut down.

Photo: Poorly disposed solid waste at Basecamp area

At the Water Tank area, we found
piles of assorted solid waste
mixed scrap metals. These waste
piles are supposed to be sorted
and collected by the Supply Chain
Photo: Poorly disposed solid waste at Water Tank area
Department.
There is evident confusion on what constitutes an environmental risk amongst the departments
of Environment, Property Management, Drilling Operations, Equipment Maintenance,
Infrastructure and Supply Chain.
We recommend that matters involving Solid and Liquid Waste management be handled by the
Environment Department to avoid confusion.
We further recommend training of GDC staff on Solid & Liquid waste management so as to
build their capacity on ways and means of safe handling of solid waste from generation pointsstorage-efficient and timely collection-transportation to final safe disposal. The training content
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should include waste reduction strategies, waste reuse and waste recycling activities with
emphasis on organic waste composting.

Photo: Vehicle parts waste dumped at go-down

Photo: A heap of heap waste at the go-down

Photo: Stockpile of rusty scrap metal at go-down

Photo: Heap of solid waste dumped at go-down

Photo: Heap of construction waste at go-down

Photo: Indiscriminately dumped Waste-godown

Photo: Assorted vehicle workshop oily waste
dumped at go-down (oil filters, fuel filters)

Photo: Solid waste dumped at MW 17A
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9. Degradation & Over-grazing
Menengai is facing serious degradation
from the impacts of infrastructure
development, civil works, and vegetation
destruction by the overspray from the
hypersaline steam condensate and
overgrazing by an estimated 2,000 heads
of cattle, 1,500 sheep and goats.
Livestock overgrazing, and dryland
Photo: Severely degraded site from MW20 and
degradation, loss of wildlife habitat, dust
MW21
formation,
deforestation,
bush
encroachment is a real threat. The
dominant trees include: Protea gaguedi,
Faurea
saligna,
Hymenodictyon
parvifolium, Agauria salicifolia and
Tarchonanthus camphoratus. Common
shrubs include Rumex usambarensis,
Conyza newii, Anthospermum welwitschii,
Lippia javanica and Rhus natalensis.
Common grasses include Themeda Photo: Severe degradation from overgrazing
triandra, Rhynchelytrum repens, Cenchrus
ciliaris, Sporobolus pyramidalis, Hyparrhenia sp., Cymbopogon nardus and Pennisetum
cladestinum. Sedges are common in wetter sites and include Cyperus laevigatus, Kyllinga sp.
And Fimbristylis sp. Annual herbs include Notonia petraea, Gerbera viridifolia, Fuerstia Africana
and Impatiens sodenii.
Overgrazing removes this protective vegetation, while livestock hooves trample exposed soils.
These soils are then vulnerable to wind and water erosion, which remove nutritionally rich
upper layers of the soil.
Increased incidents of charcoal burning, wildfires, quarrying and firewood scavenging is causing
the ecosystem severe ecological stress, threatening to irrevocably disrupt its functioning unless
remedial measures are urgently undertaken. Many gullies of various sizes have formed as a
result of soil erosion, which is generally getting severe.
We recommend that livestock numbers are reduced and that mitigation measures are
implemented to control soil erosion such as construction of terraces along the slopes; planting
grass and indigenous shrubs and bushes; regulation of grazing techniques and herd numbers.
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Degraded areas requiring rehabilitation should be identified mapped and inventoried. We also
recommend that localized denuded areas with minor erosion as result of overutilization should
be improved through reseeding and temporary protection by thorny woody material, ponding
and reseeding on sloppy bare areas.
10. Installation of a 3x 30 MWe Menengai Modular Power Plant and Steam gathering
An area of about 2km2 has been earmarked for clearing to allow for the construction of the
three Modular power plants,
including a buffer zone between each
plant. No major activity was noted at
the site.
Nearby the sites, Ketraco has
installed the Power Sub-Station which
is almost nearing completion. The
construction of Power Station control
room is also nearing completion. The
Steam gathering system by H-Young
is ongoing. Land clearance for the steam gathering system, the modular power plant and roads
should be minimized to make rehabilitation efforts easier.
11. Direct Use Experimental Plot near MW2
There are two direct use experimental plots in Menengai. This is an intensive process of
development of new technologies for direct application of low- temperature geothermal brine
in agriculture and aquaculture.
The Direct Use Project at MW3 was
officially commissioned on 28th August
2015 and contains a laundry, a milk
pasteurizer and experimental plots. The
greenhouse has 870 seedlings of
tomatoes which are grown by heating
using
hot geothermal drip brine.
Hydroponics is a method of growing
crops using mineral nutrient solutions in
water and without soil. Although
hydroponics relies primarily on water,
the system is efficient in managing the
resource. Studies have indicated that
hydroponics systems are at least 10
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Photo: Experimental hydroponics (tomatoes) MW3

times more efficient in water usage in comparison to field farming. The faster maturity rates of
plants grown hydroponically have been attributed to the fact that the plants do not have to
expend a lot of energy rooting out nutrients from the soil. Additionally, the farmer has near
total control over the nutrients the plant receives.
It will be interesting to see what
opportunities emerge from the experiment as this will greatly benefit the local community. In
addition, a separate greenhouse is experimenting the use of aquaculture with lots of Tilapia
fish.
12. Flooding
Most of the well pad sites, and
central workshop have very poor
drainange and are prone to flooding.
There is lack of a blue print to civil
engineers on how to lay the pad to
ensure all discharges flow into the
sump. We recommend that
drainages are constructed at each
well pad and central workshop and
laydown area.
13. Clinical waste and Health & Safety
General and clinical waste is generated from the clinic. Clinical waste is collected and
disposed/incineration at the Bahati Health centre.
The common ailments reported at the clinic include headaches, flue and stomachache. The
Clinical Officer refused to disclose the number of incidences in the past month. He also
refused to disclose number of accidents/incidents reported and advised that we write a
formal request.
Conclusion
1. The pace of GDC activities in Menengai has reduced significantly. Only two of the seven
rigs were drilling at the time of monitoring. An example is Rig 7 (MW18) that was
purchased in December. The Rig was set-up in April 2015, but is still awaiting inspection.
There were few operational sites since three other rigs were on rig move. A Rig engineer
explained that the operations have reduced due to challenges related to lack of funding,
lack of fuel, water shortages, fishing issues, inadequate plant and crane operators. The
GRD Rig has been lying idle for several months.
2. Routine compliance monitoring inspections were conducted by Environment
Department during the quarter in all operational sites. State of Environment reports are
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compiled and improvement notices issued to noncomplying departments.
Recommendations based on site findings are addressed to the Departments of Property
Management, Drilling Operations, Equipment Maintenance, Infrastructure and Supply
Chain. However, the objectives of each of these departments are at variance with the
environment management objectives. The Rig Engineers/Supervisors should be served
with Checklists of Environmental parameters that are subjected to monitoring. We were
turned away at the H-Young gate. Adequate notice should be given to all operational
sites that are subjected to the environmental audits.
3. Adverse environmental impacts are manifest mainly due to; lack of adequate
commitment by GDC management, lack coordination between Departments of Property
Management, Drilling Operations, Equipment Maintenance, Infrastructure and Supply
Chain & Environment department. Priority issues are; discharge of geothermal
wastewater into ponds that have dilapidated HDPE liners, poor solid waste
management, poor disposal of sewage & human excreta, wastage and over
consumption of water, uncontrolled vegetation clearance, oil spillage, soil erosion and
land degradation. In addition, most of the OSHA guidelines are not being strictly
adhered to hence increased number of accidents and incidents. Most rigs don’t have a
safety office and only three Health & Safety staff enforcement officers on site. It is no
longer mandatory for drilling crew on shift to stay at the basecamp.
4. This requires that the project is implemented in line with the GDC Environmental Policy
and the Management Plan (EMP) objectives of which are to; ensure that mitigation
measures are implemented; establish systems and procedures for implementation;
monitor the effectiveness of mitigation measures; and take any necessary action when
unforeseen impacts occur.
5. Solid waste collection is now a responsibility of the Property Management Department
and disposal of waste oils is under Supply chain Department. It is our view that the two
departments have no skills or capacity to respond to environmental challenges such as
solid waste and liquid waste management. Currently the department has no budget, no
departmental waste collection vehicle and no casuals. The priority environmental issues
should be addressed properly under the Environment Department otherwise it will be a
never ending catching-up game.
6. Most GDC staff are not aware of the nicely framed Environment Policy posted at various
places. We recommend awareness creation on the policy and undertake capacity
building on Environmental management (waste management) to improve on
compliance. We further recommend that in particular, the Central Workshop
mechanics/ section heads plan to undergo such field training at Rongai Workshop.
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Map of the Monitoring sites in Menengai
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