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INTRODUCTION

The Masai Project has completed its course and is
being phased out. A new village Development Project will
be starting soon and it will have a water component. This
report is written in the hopes that a hydrogeologist will
be a memkber of that project for its duration, that he will
be provided with the proper e¢quipment to do his work, and
that he will be encouraged to continue the collection of
basic data, the preparation of hydrogeologic maps, the
logging of boreholes, and the creation of an office for

ground-water investigation.

Any criticisms are intcendcd solely to be h~lpful and
to prevent as far as possible thosc things which might
prove harmful to the new project and to indicate avenues

by which future hydrogeologic work can be most productiva.
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ASSIGHMENT

Dates of Contract (with 2% months extcnsion):
16 February 1977 to 30 April 1979

Job descrirtion for Ground-watoer Hydrogcologist:
(given in Contract No. AID/afr-C-1279)

The hydrogecologist will be responsible to the Chief-
of Party for carrying out ficld investigations to dotecrmine
ground-water potcntial within the Ranching Association
areas. In closc day-to-day coordination with the Water
Development Specialist, Hcavy Equipmont Specialist, and the
Well Driller, he will:

a. llork with his 1anzanian céuntcrparts in conducting
such gcoloqgical surveys as arc rcquired to dcter-
minc the ground-water potential within the Ranching
Association arcas.

b. Doterminc in cooperation with the Range Managcment,
viell Driller, and Water Development Specialista the
sites where drilling is rcquired for the duvclopment
of water in support of the range managcment plans
developed for cach managcmunt unit.

c. Liaisc with thc other Tanzanian Government agencics
whosc resourccs arc nccessary to support tho project's
hydrogeological program, including thc Ceological
Survey Dcrpartment.

d., Compile data on ground-wator rotential for the deve-
lopmcnt of an overall magter plan for watcr davelopment
ir. Arusha Rcgion, first for the Ranching Association
arvas, nuxt for the other parts of Masailanud, and
finally, if feasiblc, for thc othor districts of thc

Arusha Rcglion,
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ACCOMPLISHMENTS

work Related to Job bDescription

Iter "a® of my job description never applied to me
because I had no counterpartg) and Ranching Assoclations
were inactive. The day I arrived in Arusha my “counterpart”
went on leave for a month. when he returned hu was sO
busily cngaged in preparing to lcave for four years of
hydrogeoclogy training in the U.S. that we had no opportunity
to work together. No othecr counturpart was provided go
I had no opportunity to train anyonc to carry on my work.
Also, the concent of ranching associations had been replacad

by that of Ujamaa villagces.

Under item "b" I madc scveral safaris with Mr. Martin
and Mr. Booth, Rangc Managemcnt and Wator Development Spaci-
alists, to c¢valuatc arcas as to typc of watcer development
neoded. Rangc man-gement plans never dcvcloped sufficiently

to rcquire locations of borcholcs as water points.

Under "c'. 1 wantued to contact Majl personncl in
Dar cs Salaam, and Profussors in the Geoloay and Geography
Dupartmunts at thc University of Dar us Salaam whuen I
arrived in the country. To my surprigse 1 wan dunied
that opportunity and rushed out of town to Arusha in lcss
than 24 hours. During visits to Dodoma I havou had contact
with thce Officc of Chicf Gecophynsicist and gathured boruholu

data from thoir filus. I found thouy arc¢ cquipped and



and staffed to make clectrical resistivity surveys so
I turned ovcr the project geophysical cquipment to them

and called on them when such ficld surveys were required,

Under "d", I heard from secveral sourccs that the
Government of Tanzania had requested the United States
to prepare a master water plan for Arusha Region but I
was acver able to get any USAID official to confirm this
or provide mc with USAID official vicw regarding such
work. Ellis Gordon and O'Rourkc had cach spent 3 months
in Arusha preparing a project proposal for a water and
soil project. Mr. Gordon, before I kft the U.S. furnished
me a copy of a lutter from the Maji Principal Sccretary
Mr. Lwegarulilla in which he rcquested the U.S. to delete
the soil aspucts of the proposal but I could never find

if any reply to this request was ever scnt,

Essentially all of my uffort during my tour has been
spent in gathcring and analyzing data to be able to deter-
mine the ground-watcr potential both for spccific sites
where borcholes might be needed and for Kituto District,

I realized that the span of two ycars would permit only

the preparation of onc detailed report along with compilation
of data for thc rugion. This restriction to Kitcto District
was donu on my initiative so that I would be able to leave
somothing in print to cstablish the valuc of hydrogeological

work.



Methods for determininag location

Even though Tanzania is blessed by having an excellent
gset of 1;50,000 topographic maps, it is mighty hard during
most safaris to know where one is. One method is to use
the car odometer and measurc the distance covered along the
road taken as shown on the map. With the new drought
roads being major routes for project travel, that methnd
becomes difficult becausce the roads are too new to appear
on the maps, and the odometer on my jeep underregistered

by 14 percent.

Resection on laying the maps on a flat surface and
orienting so that lines from each featurec interscct at
the point on the map where you are is next to impossible.
There is no flat place or plane table on which to lay the
map(s) and if there were, the wind is strong cnough that
the maps would not stay where you want them. To bypass this
problem I devcloped a calculator program to determinc
mathematically qrid coordirates by resection. Three or
morc compass azimuths are used with the grid coordinates
of thc points sighted. These are substituted into the
point- slopc equation of a line. The determinant of the
cquations for two lines is then solved to give the location

of thc point fror which the azimuths werce obsarved.

Another calculator program was developed to permit
rapid calculation of latitudu and longitude for any point
on a 1:50,000 Arusha lcoion topographic map. Only thrce

itums arc nuederi. map number, tho distance on the map from
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the top to the point and the distance from the west edge

to the point. This program was uscd =0 calculate gaographic
coordinates for borcholes and for watcr points sampled for
chemical analyscs. The need for such a program resulted
from extremely poor location data and from maps bo gencra-

lized that borcholcs were shown in thce ~rong quadrangle.

An attempt was made to write a procram to convert
latitude and longitude to Universal Trarsversc Mcrcator
grid coordinates and vice versa. This w~ould give a rapid
check to make surce that both dectorminations agreed.
Unfortunatcly I ncver was able to get th:s operational, but

it i3 still worth doing,

Office files

The map filcs are in far bettor shapa than when I
took over. Vhere needed, maps have been ordured to complote
coverage for Arusha Region. A master fil: contains one
copy of each topoqgraphic map for officu ust in recording
borchole, spring, dam, ctc., locations, Other drawers
contain maps for ficld usc or ns needed, All mape have
beon trimmod to fit in the drawers, aru filed in numorical

ordor and have rouh inventoricd, -

The air photon arce filed tn order by flight number,
The flight number and photo numburs have boeun put on an

indox map showing which photoa fall in cach map quadrangla.
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This permits thc data to he used in cither system and
makes it casicr tc check if data have been correctly

tranaCril. d.

Cecausce onc i3 faced with so many conversions going
from cnalish to metric and vice versa, I have compiled a
table of conversion factors uscful in hydrogcologic work.
The format is new but hopefully is casily undcrstood and

used,

Aquifoer hydraulics

A rnajor accomplishment in Tanzania has becen the
development of & program to calculate transmissivity from
drawdownm mcasured {n a pumped borchole. In the United
Statces, transmissivity i{s almost always calculated from
a pumping test using chscrvation wells, When I found how
difficult and ¢xpunsive it {8 ro drill just onc borchole
in Tanzania, I realized that observation wella are probably
an unaffordablce luxury beth here and in othur duvcloping
countries, My mothed requires the usce of a rather sophis-
ticatud calculator (uvither a Hewlett-Packard HP-67 or HP-97)
but I am go prcud of ny program I will bce glad to calculate
transminonivity for anyone in Tanzania who scnda me tho data
neewcd to make thoe calculation (borchole diameter, ytuld,

drawdown and lungth of pumping at time drawdown was muasurud).

Once tranmaminoivity is known a wide range of hydrolegic

probhlema can bh nolved,  For oexamplo:



Quantity of ground-wator (Q)is mcasured by
multiplyinq Transmissivity (T) by qgradint (I)
by length (L)

) =» TIL
I using transmissivitics that I have calculated, I have
gstimated the annual rate of around-water recharge in
Kitcto District, grcund-water flow that discharges into
Pangani River, qroundwater available fc£ development in
Kitctc District, °nd groundwatcer flow tntc Makami Dcpression.
Transmissivity can alsc be used to predict watcr-table
decline that would bc cauvsed by varicus rates of pumping,
minimum spacing f bcrenoles to proevent mutuanl intcurfoerunce,

and best sctting [ r a pump.

1 have compared rosultn of my mothods with thosc fron
claborate publishcd tents and find surprisingly closo
agreement.  Thin miken me belivve T have made a major advance
in ground-watur hydraulics and onu that will be cspccially

uscful in dovoeloping cocuntrivs.

tiaccllanccun

Writtcn borohcle site evaluations werc prepared for
14 lozaticns. Dri.l cuttings wurc lcgged for thu new bore-
holes. An ¢luctric log wan run in the borchole at ligwiso,
Humcrous visits wure madu to ovaluate ground-watcr possibi-

lities,

During a larou part of my tour . was in chargce of the

drilling -rogrem and @I am amazed that I was not cnly ablo



to discharge that responsibility but simultancously maintain
active hydrogeolcgical investigations. FElsewhere under
similar conditions, I have observed tho drilling program
consumc so much time and cffort that relatively nothing

could be accomplished on ground-water studies.,



ORGANIZATIONAL RELATIONS

Host Country

My main contact in the Governmuent of Tanzania has
been the Regional Water Enqgincer for Arusha Region,
Mr. 5.G. Hassanali. The support I have rcceived from
him has bcen excellent., He has coordinated tho drilling
requcsts and devoloped a sensible, logical program into
which it has bucn both casy and cnjoyable to fit my
offorts. Political decisions from time to timoe changod
prioritics but thosc produccd little if any disruption

in my work.

Evan though I was brought to Arusha to make hydrogeo~
logical surveys, no funds were provided spcecifically for
this purpusa. Neith r AID nor GOT had a fund that I
could draw upon for work that involved anyone other

than mysalf,

USAID

Pcrhaps my groatost frustrations resulted from mtions
and inactions within USAID. An AID cmploycc accompanied
m¢ to got ny air frouight and much to my aurprise told mu

how much I had to bribe cach ottficoe/porson in order to

gat my propurty.
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AID 4id not allow me to makue any profossional contacts
in Dar ¢a Salaam upon my arrival in Tanzania. In fact
1 was told that thc one man whom I askod to mect was a
nobcedy and I would be wastina my time. It turned out

that that uvaluation could not have been more wong,

Shortly after my arrival {n Arusha ar AID Official
requested members of the Masai tearm to submit ordors of
cquipmont neuded, 1 subnitted my liast and waitoed and
waitud, Aftur a year and a half I rocoived ono item,

T still do a0t know Lf the others woere vver ordered.
Somue of my woerk activitius never cnuld bu undertaken
because the cquipment I ardercd and nvedced never was
reccived, For uxamplu, because of no tapes, no dopths

to water couuld bu measured.

Paper that wan orfer~d for a USAID purchasoed cupying
machine ncver was rcceived. Tho machine has sat unused
in the officu for two yoars becauso tho paper order was
nuver procusscd., Iteme ordored by pecple unfamiliar
oithur with tho uquipment or with hydroqeology was

unusablu for projuct work when it did arrive,

My contract had no allowancue for transport of
profossional cquipment and rufurencu broks, HWithout the
vquipmunt and books 1 brought with ma, 1 would have been
unablue to accompliah =ny wirk of a hydrogeologic nature,
“hings I brought which were npot proviued othervise

included a brunton compass, programmable calculators,
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logarithmic and semilogarithmic graph paper, camera,
binoculars, boxwood rulers proportional dividers, pencils,
pens, triangles, microscope light, papercuttcr, stapler,
paper punch, but mocst important of all, my reference
books. These caused my shipment to be overweight but

I had to pay $700 transportation even though these were

essential for my work.

Through an unfortunate chain cf events neither any-
one from AID nor anyone from the project met me on my
arrival either in Dar es Salaam or at Kilimanjaro Inter-

national Airport.

Contractor

The Near East Foundation and Dr. Logwenstein have
handled all mattcrs cxpeditiously and with great attention
to details. The relations hiuve been extremely cordial
and it has been a joy to be cmployed by such a fine

organization and to work with such remarkable individuals.

Project Team

The men with whom I have been associated on the
Masai Project are as fine a group as any with whom I
hava ever worked. It has been a privilage and a

pleasurc to have been associated with them,

After writing that I would like to point out one
problem. The project documents dafine goals so ncbulously

that prograess toward them is difficult to measure and
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and even methods to aim the team towards the goals

are unclear. I feel that if the team had been asked

to do 8o, it could have ha@mereq,putxgoals that were
realizable;”pf&éticai, and tcward. which measurcbhle
progress could have been made, Furthermore, through

team planning we could have forged interdisciplinary links
. to. accomplish things as a team that would have transcended

?ghose-that we have been able to dccaplish as 1nd1v1d§als.

personal Evalua“icn

The resultsthat I.achievéa during my two-year tour
amaze me for they show that I have been singularly 1
productive. Much of my time and effort went into
developing methoclology suited to the needs of Tanzania.
Included in methodology ygglggyeloping and writing.Qf..-
;}oérams that enabled me“£6 maximize my production and
minimize the time needed for otherwisa time-consuming
calculations. One such program Aot mentioned esewhere
in this report converts water-analysis data from milli-
grams per liter (mg/l or ppm)to milliequivalents per
liter (ME/L), totals the anions and cationa, and calculates
the content. by percent for each of seven major constituents.
This and similar programs made it possible to accomplisf
. as much as I did.

’.’

The report that I have prepared on Kiteto District
"not.only describes the hydrogeology but includea description
of tha methods used so that it will.be casier for somecone

to -pick up where I had to leave 6ff due to time constraints.
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Prior to my arrival, the work of my éredecessor had
been remarkably restricted. He was expected to make
specific borehole site selections based solely on a
field visit plus an electrical resistivity survey and

be used as a driller the rost of his time.

The work I have done has broadened that perspective
to include:

(1) compilation and analysis of existing hydrogeologic
data,

(2) logging of borehole cuttings,

(3) electric logging of boreholes,

(4) making accurate pumping tests and analyzing
the data,

(5) preparation of watef-level contour maps,

(6) compilation and 1ht§rpretation of chemical
analyses of water, ;nd

(7) writing of reporté onproject investigations.

Even though I have had no counterparts, no funds
to support field investigations, and lacked equipment,
I feel that my two ycars have been remarkable productive,
enjoyable, and a proof that further hydrogeologic work
can be fruitful in furthering the aims of the host
country. Basic hydrogeologic work such as I have
started can show where maximum numbers of people and
stock can be watered at minimum cost. For a country with
limited resources such a program can pay for itsclf by
showing where water can be developed sconomically and by

warning where drilling will be costly and/or unproductive.



RECOMMENDATIONS

Training

During my tour here I have regretted having no one
to work with, uither as a counterpart or as arl employee.
I tried ineffcctually to get my assigned counterpart's
training in the United States postponed so that he would
have some practical field experience prior to starting
college work in hydrogeology. I failed in that but I
did succeed in making certain that he was shifted from
Agricultural Engincering, in which he was enrolled, to

hydrogeology for which he had been sent.

While working for AID in Libya I had been singularly
successfui in c¢stablishing a ground-water office, training
about 14 pecople, providing equipment and office space,
and in placing the unit within the Government so that
it has continued to operate effectively, even after expatriate
personnel have long been gone. My aim in coming to Tanzania

was to make similar progress in establishing nydrogeological

studies.

Here in Tanzania therce is a dearth of trained
personnel. Thc situation is so bad that counterparts are
not available. Looking back, I wonder if it would have
been possible to set up a coopetrative program with the
University of Da: es Salaam whercby a student would spcnd
3 months, 6 months or a year with the project and then

return to schcol while another dropped out to work with
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the project. This would provide students wich the much
needed feel fcr applying theory to probicms in the field
and for how field problems can be solved with the help

of theory. For encouraging and supporting undergraduate
training this arrangement might be far more productive
than sending participants tc the United States for under=-
graduate degrees. Also those who participate in such a
cooperative program cculd be previded the incentive to
do their best by assuring them that if they do well both
academically and on the job, they will be considered for

graduate work abroad.

Stateside Contacts

The U.S. Congress has put a ceiling on the number
of employees that can be on thc rolls of the Federal
Government. This has made Federal Agoncies reluctant
to loan perscnnel to other Agencies. Also AID scems to
be reluctant to utilize the expertisc or backstopping
that could be provided by agencies. In my casea, I
feel it would have been highly advantageous to have had
some form of backstopping from tle U.S. Ceclogical Survey
provided officially by USAID. Jany of thc problems could
be solved much morc cfficiently if one could call upon
the services of such an organization. When a professional
is sent abroad he neceds to be ablc to do thosc things
which are most important. If he has to work as an

individual unable to contact organizations with expcrtise
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in his field he is forced to wastc his time reinventing
the wheel, “hat is redoing things which have been done
before elsewhere. I have received scme help from the
Office of Intcrnaticnal Activities in the U.S. Geclogical
Survey on a pcrscnal basis. I was told that because

they received no support for backstopping that there

was a limit to which they could help re.

If AID were to cngage in any formal activities
rclated to a master watcr plan for Arusha Region, it
is imperative that somc provisions be made that those
working on the project be backstopped by the U.S.

Geological Survey.

Well drilling is fequently an activity of AID
programs and it always scvems to engender problems.,
Perhaps a ccnsultant should be brought into advise on
how to.set up an effective organization for drilling,
equip it properly, and train personnle. A person who
would be sufficiently knowledgable is Dr. Jay H. Lehr,
executive secretary, National Water Well Association, 500 W.
Wilson Bridge Rd, Suitc 130, Columbus Ohio 43085, He is

co-author of Water Woll Technology, the only book to review

all current drilling mcthods. 1 feol that he could give
some pertincnt advice tc stuur the drilling program tcwards
morc fruitful production, A few days hcre cn TDY might

be wull worth Lhu cost,
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Equipment

Upon taking the post of hydrogeclogist, I found
equipment much of which was unusable. A Leupold and
Stevens water-level recordcr had been purchased without
parts esscntial for its opcration. It camc with just
one chart when many wculd be nceded for any use at all,
There was no beaded cable, no flecat, and no counter weight.
Having the instrument without these items is like buying

a car without any whecels.

A Belmont water-level rucorder is a make that I
have never secn used by U.S. Agencies and I feel it is
a mistake to saddle a profcssional oversees with off-
brand products that use up prccious time learning how
to make thcm operate. This particular one has an
electric drive which does not function zad which cannot

be repaired locally.

A small size pcrtable seismograph had been purchased
to operate in tandem with a truck drawn thumper. This
combination is analagous to using a sledge hammer to

drive a tack.

My expericnce has buen that it is falsc¢ cconomy to
ordcr things from surplus propcrty lists. Spares are not
available and much proves to be nonstandard, unusable,

or unrepairable.
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Economics

The ratc of berehcle completicn has beun very slecw,
but cne cf the consolaticns has been knowing that the
country could nct afford a rapid rate. ®ach borchole now
costs around 123,000/-, hcadworks crsts ancther 136,000/-,
and the cost of an operator and fucl abcut 5,000/~ per
year. If bereheles had been completed at the rate of
one a week, well within thce capability of the cquipment,
the GOT would have had tc budget about 6,000,000/-. With
funds appropriated of enly 250,000/~ onc appreciates

what a financial strain "success” wruld have causudl

Driller Training

Local drillcrs have never been exposced te officient
drillinc opcrati_ons. Whilc in Libya I scnt three drillers
to the United States for training arranged by the U.S.
Geological Survey with American drillers, Thuy returned
to Libya and bucame far more effective that they had been

previously.

Transport

For a projcct to bao successful in a ccuntry whare
distances are grecat and roads arc wretched, adequate
transport is c¢sscntial., Surplying transport only for
American pursonncl is not cnough, To sulve this problem

requirus some nuew appruachos,
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needs the item shculd be inférmed immediately (not

6 months later as I was). Adequate and safc storage

space should be providcd. Filferage should be prevented,
items should bc issued formally so that responsibility
and accountability can b checked. There should also

be planninqg regarding the proper dispo-al of préject

cquipment.

Samplc Library for borehole cuttings

At Dodcma, cuttings from boreholes drillcd over
40 ycars arc stored awaiting study. Simultaneously
with logging thuse, they neced to be cut, filed in well
marked envelcpe:, and storcd in boxes. In other words
a sample library nceds to be organized and established

in conjunction +ith lo7ging of the cuttings.
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SICNIFICANT RESULTS

The Makami Depression in Kiteto District is an
arca where water is needed badly. Boreholes drilled in
the depression encountered water twice as salty as ocean
water, Because dug wells yicld some frcsh watcr, a
robile auger was scnt to drill a hole to only a few tens
of feet and a static level of 47 fcet. This indicatces
'that a lens of fosh water cverlies the salt water and
that with rcascnable development it can be a valuable

water supply for humans and stock.

At Ngwiso in Monduli District ncar the Tanzania-
Konya border tcwn of Namanga, a borehole site was picked
where ground-watcr flew is funncled through a valley cut
through a range of bedrcck hills. Three unproductive
bereholes had been drilled previously but at the new
sitec a good yielding becrehole has been drilled. A
pumping test oives a yield of 4500 gph with a draw-
down of 2 feet. This indicates a specific capacity

2 1

of 750 m day— , 16 times greater than for any borchole

previously tcstcd in Monduli District.

Three attempts to drill a borehole at Ng'abclo
in Kiteto District werc unsucccssful. lowever, tho data
obtained, when used in conjuction with a water-level map
that I had just prepared cnabled me to site thu fourth

borchole in which watur was struck.



‘A map shcwing water-level ccnours in Kitetc
District cnables dcpth to water to bc estimated prior
to dr:lling. Using it conc can pick sites where water
may bc cbtained and eliminate those where water may

be tco deep for drilling.



