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January 17, 1979 

ACTION ~ffiMORANDUM FOR THE DEPLTY ASSISTANT ADMINISTRATOR, DSB 

THRU: ~r 
FROM: ,~D. 

Problem: To approv for development of a low-cost PVC 
well screen in less developed countries. 

Discussion: A satisfactory well screen is necessary for efficient operation 
of either manually OL mechanically operated water pumps. Operation without 
a screen allows sand and silt to enter the pump mechanism leading to ex
cessive wear or clogging and failure of the pump. The use of an improperly 
designed screen causes a 10s.5 of efficiency in the pumping operation and 
wastes human or other energy used to pump the water. 

Well screens are currently made mostly from metal or plastics and are too 
expensive for widespread use in LDCs. Additionally, current manufacturing 
techniques are complicated and costly with the result that most screens 
are made in developed countries and must be imported by LDCs, kepresenting 
a foreign exchcmge drain and resulting in either few screens being used or 
no replacement parts being imported. 

Dr. Sternberg's project (summary attached) propos,'::: to develop a 10\'l-cost, 
low technology method to produce well SC1"eenS fran standi.l.rd plastic (PVC) 
pipe which is readily available in most LDCs. The proposed manufacturing 
technique would use si~ple machinery which would ~llow production by very 
small LDC industries with relatively low technical skills. Dr. Sternberg 
estiJr.ates, 'olle believe realistically, that this technique could praGue e 
s~tisfactory screens for a cost of about $2.50 per foot. This compares 
with presently available screens w1'.i(;h cost from $30 to $157 per foot. 

The research is divided into two phases. The first theoretical and experi
mental phase will determine the optimum design for the screen to balance 
the requirement for 01-";:1'. space tc allow maxinum water intake \'lith the I.·eeO 
to retain solid mate!:ial for strength. In the second phase, the broach:~ng 

tools and machinery to produce the screen will be developed and tested. At 
the end of the project, AID will receive 125 feet of screen and three sets 
of the broachin0 tools for field testing. The kegional burcilus and missions 
enthusiastically support this proposed activity. 

Dr. Sternberg and his colleague, !'~r. Ynight, have ur.deltaken two previous 
smal] pr.)jccts far I~ID, and several for the World Bank, for development of 



low-cost water supply equipment. Results in all cases have been outstanding. 
They have demonstrated a good knowledge of and sensitivity to the needs of 
LOCs for locally manufactured, low-cost, low technology yet efficient devices 
for smal~ scale water supply systems. 

Dr. Sternberg and his research team have pl:eviously been awarded thp. lI:W 
small research project, "Development and Testing of the Robovalve," AID 
co. ltract AID/ta-c-1461. During the proje:ct Dr. Sternberg stayed on time 
and money track through:mt the project. The final report was of exception
ally high professional quality. The project manager was very pleased with 
the project output, detailed designs of operating and functioning Robovalves 
that really work. The Robovalve was a low-cost, locally manufacturable 
appropriate technology device. It has been met with co~siderable interest 
and enthusiasm among the international community. This new type of well 
screen and broaching device will undoubtedly nleet with similar success if 
funded. On a scale of I - 10C of probability of success for the new Robo
screen project, the project manrqer notes it at a 95% success probability. 
The LOCs need a screen like this. 

Recommendations: (1) That you approve up to $40,000 for a small activity 
to fund a contract with Dr. Sternberg to carry out the work in the attached 
proposal. 

Appro'1ed, 8b~.~_ 

Disappr:::::	 r/~ 
I~---

(2) That you sign the attached memorandum to Gerald Gold 
requesting non-competitive procurement. 

Attachments: 

1. Hemo to Gerald Gold 
2. Dr. Sternberg's proposal 

DRAFTERS:DS/HEA:~e~n~~ROyer:l/17/79:pjn:X58929 
~:' 

311:f
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The sub
unsolicited proposal. 

I:11I l 

J~~uary 17, 1979 

lv'.lEz.10RANDUH 

TO:	 CM/COD/PE, Mr. Gerald Gold 

FROM:	 DAA/DSiHRD, Stephen C. Joseph, M.D.~~~~~~~~ 

SUBJECT:	 Justification for Non-Competitive ement of Unso~icited 

Proposal, lIDevelopment of Broached Plastic Well Screens for 
LDes ll 

The s ~roposal is an unsolicited proposal. The substance of the 
propo. ot available to the Government without restriction from another 
sourCE: oes it resemble any pending competitive solicitation. 
stance b suf:iciently unique to justify acceptance as an 

The project officer certificat~on with reference to A.I.D. Pr Notice 78-4 
fol10\oIS: 

I certify that neither I ncr, to the best of my know

ledge and belief, any other A.I.D. employee solicited 

the proposal or had any prior contact with the proposing 

institution, other than to convey interest in the field 

of small scale water supply technology, relative to the 

efforts described in the unsoli~:;o~l~a~., 
1\ t~ JJ..t 
Victor t'iehrnan, 

I request that you award this contract on a non-competitive basis to 
Dr. Yaron Sternberg without consideration of other sources. 

Clearance: ~I /
DS/HEA, L. Howard \..~ ~ 
DS/PO, R. Simpson ~ ~ 
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 118. Type o~ Action end Governing AID Handbook
 11 b. Contract/Grant/PASA/RSSA 
Reference Number (If this 15 an 
.'~mendment)~	 AID Contract 0 PASA/RSSA 0 AID Grent o Other 

(HB 14) (HB 12) (HB 13)Mn_ 

9 12. Estimated Financing (A detailed budget In support of column (2) is attached as attachment no. j 

m	 (4) Total to Date(2)	 Increase (3) Decrease 

I- 0 -
Maximum $ 40 ,000 .00 

9. Authorized Agent 10. This PIOIT Is in full conformllnce with PRO/AG

AID/W CM/COD	 Dete 

(1) Previous Total

A. Dollars

AID
Financing B. U.S.-Ownec1

I.ocal Currency 

$ 40,000. 00 

13.	 Mission 14a. Instructions to Aut:'orlzed Agent 
References 

CM/COD is requested to negotiate a contract with Dr. Yaron M. Sternberg, 
to carry out the act~v:ity described in the attached unsolicited proposal. 

.J,. 
~ 
I ~ 

5 
.~ 

14b. Address of Voucher Paying Office 

~	 DS/HEA/EH 

-
15. CI.arances-1 nclude typed nem., office symbol, telllPhon. number and date for all cl.arences. 

A.	 The project officer ce"lfles ~at the specifications 
In the statement of work ar 

DS/HEA r V. Wehman 
c. 

DS/HEA, J. Royer 

E. 
j~ 

DS/HEA/EH, 'k~·F. 

are hereby agreed to 

Signature 

16. For the cooperating country: The terms and condltlonl set forth herein 

_ Date _ 

t~c! nl,ally adequate 

)1 

A.ID ' 35Q..1 X 
\1-78) 

PIOIT 

DISTRIBUTION 

·
 
DE~RTMENT OF STATE 

AGENCY FOR 
INTERNATIONAL DEVELOPMENT 

PROJECT IMPLEMENTATION
 
ORDERITECHNICAL
 

SERViCES
 

5. Appropriation Symbol 

7~-// 9/C' ~/, t 
7. Obligation Status 

~ Administrative Reservation 

Worksheet 
1. Cooperating Country 

DSB Interregional Page 1 of 5 Pages 

2. PIO/T No. 

931-1 (}(10'-309~O 7'3 
3. ~ Original or 

Amendment No. 

4. Project/Activity No. and Title 931- u{';,D7 
Small Activity- Program - Development of 
Broached Plastic Well Screens 

6. Allotment Symbol and Charge 

Cf¥-6- 36"0 9'q._[i {J .':Q.a,..q II
a. Proiee} Assistance Completion Date 
(Mo., Day. Yr.1 3/15/79o Implementing Document 

Title	 Title Chief, Prcg. Div., DS/PO 



AID UIIO-IX 

,(g"iO) ~ 

PIOIT 

Cooperating Co~~ry • PIO/T No. 
DSB Interregional 931___ Page 2 of 5 Page~ 

Project/Activity No. and Title 931-001 
Small Research Program - Development of Broached Plastic Well Screens 

SCOPE OF WORK 

19. Sco... of Technical Services 

A. Objective for which the Tecflnlcal Services ore to be Used To develop a plastic well screen which can be 
produced by broaching standard PVC pipe and to develop simple tools and techniques 
for the broaching operation. 
8. De.crlptlon 

The contractor will carry out the tasks described in paragraph 5, "Research Project 
Design and Methods" of the attached proposal. 

C. Technicians 

(1) (a)~ (b) S...clallzed Field (c) Grade and/or Salary 

(d) Duration 
of A.slgnment 
(Alan.Alontlls ) 

(see illustrative budget r page 5) 

(2) Duty P08t and Duration of Technician.' Servlus 

N.A. 

None
 

None
 

(5)~""". o Will o Will Met Be Pe""ltteti te Acc_pony Technlclon N •A. 

D. 'I_c'n, ef Technical Servlc.. 

(1) .y AID· S 40. 000. 00 (2) Iy C.....ratln. Country _ 



Cooperating CountryAID 13S0·\X 

lo 

I:'agesofPage J 

(4) Speci 01 In structions 
(3) Estimated 

Cost 

2) By Caaperaling Country _ 

DSB Inter:re ional 
Project/Actiyity No. and Tille 931-001 

Small. Research Program - Development of Broached Plastic Well Screens 

B. Financing 01 Equipment and Supplies 

(1) By AID - S 

(See illustrative budget, page 5) 

A. (\) Quanti ty (2) Description 

IikC. Except a. specifically authorized by AID/W. the purchase 01 commodities authorized under this PIOIT will be limited to the U.S. under 

Geographic Code 000. 

21. Special Proyisions 

20. Equipment and Supplies me/o,edto the services described in B/ocle 19 and to be procured outside the Cooperating Coun,ry by ,he supplier 
of tllese se",ices) 

o D. Other (specify): 

QS] A. This PIO/r is subiectlo AID (contracting) (PASA implementation) regulation •• 

,19.701 , 

PIO/T 

iii B. Except as .pecilically authorized by AID, or when local hire is authorized under ,he terml 01 a contract with a U.S. Supplier, services 

authorized under this PIOIT must I:e )btained Iram U.S. sources. 



C_...,a'inv Coul\try	 PIOIT No.A'O 11aO-IX 
DSB Interregional 931~	 Pago.c of 5 Pago.(11·':'0), 
roioct/Acti~ No. and Tillo 931-001Pw/T 
Small .Research Program - Development of Broached Plastic Well Screens 

22.	 Roport. by Contractor or ~artlcipatlnv Avoncy (Indicate type, content and fo,mot of reports required, including language to be u.ed if other 
than Ef19/1sh, frequency 0' tlmlf19 01 report., and any .peclal requirements) 

Contractor shaJl submit three copies of the final report to the documentation 
coordinator r DS/DIU or his designee. No interim reports (other than phone calls 
or visits to the DS/HEA project manager's office for informal discussions of pro
gress) will be required. Final report will be in English and include at least: 
(1) Summary of successes and failures during development of the product; (2) des
cription of procedures actually followed versus those originally contemplated; 
(3) a projected cost estimate for LDC manufacture of the screens, including 
estimated cost of specialized equipment required: and (4) design/working drawings 
suitable for reproduction and distribution. 

A draft of the final report shall be reviewed with the DS/HEA project manager 
prior to final printing. 

(In
30 copiesA~ one reproduci~le master of the 

sub 
prepared abstract, shall be admitted to the 

fi~al report including an author 
IS/EEA Project Hanager withi~ 15 days 

after .. contract termination. 

23. Background Information (AtlJltl_' IniOmtOtlon u.eful to Authorlrred Apnt onJ Pro.pectlve Confnlctor. or Portlclpotlf19 Agency; If 
_ee••ory CrN' re(eNtlce Bloclc J9.C(4) ohGVe.} 

2~. Relotlonshlp of Controctor M Participating Agertey to Caopo,otlng Country and to AID 

A. Relatlon.hlp. 0",1 Ro.pon.,blllt'e. 

N.A. 

B. Coop_otlf19 Country Llal.on Official 

N.A. 

C. AID Llaf ••, Official. 

DS/HEA, Victor Wehman 
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DEPARTMENT OF STATE 

PAGE ~OF 5 PAGES[]) Warksheet Dissua~ceAGENCY FOR 
CONTINUAT1'JN INTERNATIONAL DEVELOPMENi 

SHEET 1. Caoperating County 2.a.	 Cod~ No. 
DS~	 Interregional 

FORM SYMBOL 

Indicate block 
;'umb.rs. 

2.b. Effective Date 2.c. Amendment 
TITLE OF FORM ffi]OriglnalOR No: 

3. Praject/Activity No. and Title 931--. 

Small Research Program - Development of Broachec 
Plastic Well Screens 

Use this form to CO/llplilte the information required In any black of a PIO or PA/PR form. 

BUDGET 

A.	 'Salaries and Wages: 

Dr. Y.M. Sternberg 105 days @ $135 per day $14,175.00 

Mr~ R. Knight 112 days @ $110 per day 12,320.00 

Secretarial Assistance 10 days @' $40 per day 400.00 

Part~time Assistance 500 hours @ $3.00 per hjur 1,~CQ.CO' $28,395.00 

B.	 Tooling: 

'Drills,	 milling cutters, grinding' wheels, heat treatment, '5,000.00 
expanding mandrels, slitting. saws. 

C.	 Materials and. Supplies: 4,250.00 

Tool steel, PVC pipe, frame materials, hydraulic jacks. 

D.	 Drafting and Duplicating, etc.: 1,250.00 

Reports, photographic, etc. 

E.	 Space Rental. 1,500.00 

To	 include use of equipment and utilities 

TOTAL $40,395.09 



DEVELOPMENT OF BROACHED PLA~TIC WELL SCREENS FOR LDC'S
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Submitted to
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by 
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A. PROJECT SUMMARY
 

1.	 Basic Identification and Fiscal Data 

Project Title: Development of Broached Plastic Well Screens for LDC's 

New or Extension: New 

Contractor and Address: Dr. Yaron M. Sternberg 

11905 Vi ewcrest Terrace 

Si Iver Spring, Maryland 20902
 

Principal Invest.igator: Dr. Yaron M. Sternberg
 

Duration: 12 months
 

Total Estimated Cost: $40,395.00
 

A.I.D. Project Manager and Sponsoring Office: Mr. Victor Wehman, Jr. 

Office	 of Health 

Developmer.t Support Bureau 

2.	 Abstract 

Various plastic pipes such as PVC, ABS, etc., are used for well casings 

and screens. Commercial plastic screens are produced by either winding c 

coil of plastic material around an arrangement of support beads, or stiffeners, 

then welding the two materials together to form a screen, or by changing a 

sol id plasti c pipe to a screen by various slotting techniques. Commercial 

plastic screens are expensive and offer limited open area; spirally wound 

screens have an open area of approximately 8-10%, while slotted ones vary 

from 1-5%. A new approach to screen manufacture has been investigated, 

which is inexpensivf;, (approximately one-fifth of I'he cost of commercially 

available plastic screens) rugged, with an open area of 20-25%. The new 

screen can be produced from any commercially avai lable plasti c pipe using a 

broaching technique. The slotting operation requires the use of simple and 

commonly avai lable tools. In phase I the optimum dimensions of the screen's 

webs will be determined. Phase II will include the development of the 

broach, the broachi ng fi xture, and the accompanyi ng hardware. 



B. EXPANDED NARRATIVE STATEMENT 

1. General Background and Rationale 

In many regions throughout the world, alluvial aquifers of great 

extent are used for water supply. These aquifers are composed of un

consolidated alluvial materials that rang~ from silts, clays and fine 

sand to gravel and boulder8. In aquifers v7here fine sand is the pre

dominant constituent, screens must be provided to Drevent the sand from 

entering the pump. Well screen is a recognized and accepted technique to 

control the migration of soil particles carried by the water fr~m the 

aquifer, through the various well components, and into the discharge 

side of the pump. 

,later will pass more freely through a screen with a large total open 

area than one with a small open area. A large open area also insures low 

inlet velocities which results in smaller head losses and lower drawdown. 

Commercial screens are manufactured from either metal or plastics. 

Metal screens have a range of openings from 0.006 inches to 0.25 inches, 

exhibit a large open area (20 - 35%), and are rugged. Commercial metal 

screens are expensive (3 inch stainless steel screen costs approximately 

$30.00 per foot) and, therefore, have only limited applications in LDC's. 

In addition, very few LDC's have capabilities of producing good quality 

metal screens and therefore, have to utilize foreign exchange for the 

purchase of metal screens. 

Conmercial plastic screens are less expensive than metal ones, (4 

inch continuous slot ABS screen costs approximately $17.00 per foot) but 

also have smaller open area (8-10%). Commercially available plastic 

screens are produced by either perforating aplastic pipe by cutting 

slots or drilling holes into it, or by winding and spot welding a continuous 



'filament of plastic material around a set of fixed stiffeners. The former 

is used by a number of small manufacturers and requires relatively simple 

production machinery. TIle latter requires sophisticated equipment and is 

produced by a few large manufacturers (Johnson screens). Spirally wound 

plastic screens aI'e strong but their high cost coupl..ed with their relatively 

low open area limits their wide spread use for LDC's. 

Perforated or slotted screens are inexpensive but in general exhibit 

low open area (1-5%). Because of the difficulties encountered in sawing 

the plastic pipe to produce the slots, the minimum slot size is about 0.05 

inches. The slots are not uniform and attempts to increase the open area 

by providing additional slots results in a weak scree~l that may collapse 

under normal operating conditions. Perforated screens are produced by 

drilling a plastic pipe. This type of screen has limitations on the 

minimum size hole, strength and intake efficiency. 

Initial development of a new type of well screen, Broached Roboscreen, 

has been conducted by Dr. Sternberg and Mr. Knight. 

A ten inch length of 3" P.V.C. pipe was machined to produce the 

cross section shown in figure 1. This machining was a time consuming and 

painstaking process. It did, however, prove that an ordinary piece of 

P.V.C. pipe could be transformed into an excellent well screen. The goal now 

is to develope a broaching technique which will be simple and inexpensive. 

Thus, lending itself to "cottage industry" applications. The new screen 

will be inexpensive (3 inch P.V.C. screen will cost approximately $2.50 

per foot assuming the cost of 3 inch P.V.C. pipe at $2.00 per foot), rugged, 

and provides an open area of 20-25% depending on the selected slot width. 

The raw material for Robo5creen is a standard P.V.C. pipe which is produced 

in most LDC's. 



Discussion with representatives of various international orga~izations 

confirm that PVC pipe is available in almost all areas in LDC's. Samples 

obtained indicate that the gage of PVC pipe produced in LDC's is somewhat 

lighter than standard. However, the extrusion is generally good with 

concentricity between the outside diameter and base equal to, or better 

than, PVC pipe produced in developed countries. The manufacturing of a 

screen from a standard pipe will include two operations. The first will 

involve the use of a broach to remove predetermined segments of plastic 

material from the inner circumference of the pipe, forming webs. This 

operation will use a standard jack (1-1/2 tons), a broach, and a jig to 

hold the pipe. ~he second operation will include the cutting of a 

continuous slot using a simple lathe. 

The screen, in addition to its use as well screen, can also be used 

as efficient and economical intake device in rivers, lakes and reservoirs. 

Broached Roboscreen can successfully replace timber cribs, concrete caissons 

and other inefficient and costly intake structures. 

Roboscreens can be produced by LDC's by small cottage industries. The 

machining operations do not require large investments in equipment or 

materials. In addition, the process of making the screen is simple and 

does not require a high ~egree of skill. It is estimated that a two man 

operation will produce about 5 feet of screen per hour. 

2.	 Research Purpose and Expected Results 

a.	 To further develop the manufacturing technique, and test the 

Broached Roboscreen and its application and utilization fur 

wells, infiltration galleries and surface water intake. 

b.	 The final products of this study will include a complete set 

of dra\~ings and instructions on how to set up and fabricate the 



Roboscreen. In dddition, 125 feet of 3 inch Roboscreen, 3 broaches, 

and 3 holding jigs will be produced to be used for future field 

utilization. 

3. Relevance and Significance of Proposed Work to A.I.D. 

At the present time millions of wells throughout the world lack proper 

screens, thus permitting sand to enter the pump assembly. Sand and other 

soil particles act as abrasives leading to rapid wear of the pump, early 

failure and, consequently, and inoperative well. In wells equipped with 

inadequate length of plastic screen (a common phenomenon because of the 

high cost of such screens) necessary to provide the required open area, the 

operation is inefficient. For a given energy input the discharge of such 

wells is less than anticipated. To realize the discharge desired, additional 

energy inputs must be provided - a condition which is not compatible with the 

present day high energy costs. 

Efficient plastic screens are also required for millions of hand pumps 

in use throughout the world. Lack of screens causes early failure of the 

cylinder and frequent replacement of the leather cups and other components. 

Most users either do not have access to readily available spare parts or 

do not have the money to purchase them. The results are inoperative hand 

pumps. The lack of appropriate screens is also responsible for the continuous 

loss of human energy and diminishing discharge rate. A dug well equipped 

with an adequate screen can provide a larger discharge for a given human 

energy input than one without a screen. 

Commercially available steel and plastic screens are suitable materials 

but are too expensive for general use in LDC's. Resorting to inexpensive 

but inadequate locally produced plastic or metal screens wastes energy and 

often leads to the rapid wear of the pump. Under such conditions, the well 



will either be abandoned or the pump be repaired, or replaced. Unless a 

proper screen is installed, the new or repaired pump will not last longer 

than the old one. 

Groundwater development projects are planned or are underway in many 

LDC's. Aquifers in many of these countries are predominantly fine sand 

and silt indica.ting that scre~ns must be employed if wells are to function 

properly. The new Broached Roboscreen will be rugged, inexpensive, with 

large open area; the same characteristics good metal screens have. Broached 

Roboscreens can be manufactured in almost all LDC's, requiring little capital 

inv~s'~mcnt and when installed as well screens or surface water intake, will 

insure a sand free water and long pump life. 

4. Relation to Existing Y~owledge 

There are no kno~l stud~es on development of well screens for use in 

LDC's. Dr. Sternberg and Mr. Knight were engaged in development work for 

an extruded plastic screen with support of IBRD. This type of screen re

quires manufacturing extrusion capabilities as the proposed design of a 

solid pipe, webs and stiffeners must be extruded in one single operation. 

Slotting of the extruded material is don~ on a lathe. 

No additional development and/or laboratory testing of the above screen 

will be funded by IBRD. For the last 12 months. IBRD, WHO, and UNICEF have 

attempted to locate a site for field testing of the screen. At the present 

time no site has been located, and the likelyhood of locating one in the 

near future is slim. U.S.A.I.D. Development and Support Bureau has 

purchased ISO feet of the above screen for preliminary testing in a number 

of LDC's. 

Since 1975, Dr. Sternberg was the principal investigator of a number 

of successfully completed projects for improving water resources supplies in 



LDC's. A project on hand operator bamboo slotter (IBRD) resulted in a 

prototype model currently manufactured in Assam, India. Development of 

PVC valve (AID/ta-c-146l) was successfully completed on time. Presently, 

U.S.A.I.D.	 Development and Support Bureau is planning to purchase 300 

'Robovalves" for field testing in a number of LDC's. A user activated water 

neter project (AID/ta-c-146l1resulted in a working prototype. Interest in 

such a device has been expressed by numerous representatives of inter

national lending agencies and national governments of LDC's. 

5. Research Project Design and Methods 

The requirements for a good screen are hydraulic efficiency, strength, 

ease in manufacturing and installation, and low cost. A hydraulically 

efficient screen implies that the screen must have a large enough open 

area to be compatible with the hydraulic conductivity of the aquifer, and 

the desired discharge. Operation of a screen can also be viewed as pre

venting the migration of fine particles into the well while allowing 

groundwater to enter the well with minimum energy loss. In practice one 

attempts to achieve a balance between the percent of particles retained 

by the screen and the energy loss associated with the constricted openings. 

The idea of a broached Roboscreen was investigated by Dr. Sternberg 

and Mr. Knight in response to requests from various representatives of 

international lending institutions for a low cost screen. The process of 

manufacturing a screen from a standard PVC pipe will include two phases, 

broaching and slotting. 

The tooling for broaching the PVC pipe will consist of a support 

fixture which holds the workpiece and provides guides for the broach. 

The broach, shown in figures 2 and 3 will be a convential type with six or more 

cutters as required and will be powered by a hydraulic jack. The broaching 



operation will include loading the workpiece into the support fixture or 

jig and driving the broach one complete stroke using a hydraulic jack. 

Slotting of the above workpiece following the broaching operation is done 

on a convential lathe equipped with a grinding head. The grinding wheel is 

replaced with a slitting saw of the desired thickness. The ribs of the 

screen will be located on an arbor while the outer shell is firmly suspended 

and ready for slotting. The revolving cutterf set to the helix angle of the 

desired spacing, is fed into full depth and the lathe put into motion as 

per conventional screw threading operation. 

The fabricated pilot model of the broached Roboscreen has been subjected 

to only limited tests for strength. The hydraulic characteristics of the 

screen and its behavior under continuous operation has not been investigated. 

The	 basic objectives of this study are: 

1.	 Optimize the design of the screen in terms of the number and 

dimensions of webs as a function of strength for a screen with 

slot sizes of 20, 30, and 40. (Slot size 20 means 20 thousands 

of an inch.) This phase of the investigation will be theoretical 

and experimental. The numbers and dimensions of the webs formed 

by the broach and the slot size selected will determine the 

strength of the screen. A number of different configurations 

of webs and slots will be tested for strength. The results of 

this phase will suggest what configurations are required to 

sustain a given load. 

2.	 Based on the above results a number of broaches and jigs will 

be fabricated and tested. The goal of this phase of the investi 

gation is to design and fabricate a simple broaching unit that 

could be duplicated in LDCts with locally available 'materials 



and equipment. The majur problem anticipated in the develop

ment of the broach is to minimize the amount of heat generated 

in the P.V.C. due to friction caused by the numerous cutting 

edges working simultaneously. This can only be resolved by 

experimentation. Optimizing the cutting angles, clearances, 

distance between blades,and speed of tra~el etc, can only be 

evaluated experimentaly. Supporting the workpiece will be a 

problem of lesser magnitude. Theproposed closed loop loading frame 

is shown in figure 4. 

3.	 Using the jig developed under objective 2, fabricate a number of 

3 inch PVC screens using a lathe equipped with cutters of various 

widths. The pipe will be slotted using a simple technique which 

can be employed in LDC's as it requires only a standard lathe. 

4.	 Provide a complete set of drawings, broach, broach jig and 125 

feet of slotted screen, and all other information and materials 

necessary to demonstrate how to manufacture Broached Roboscreens 

in LDC's. 

6.	 Research Competence and Resources 

Dr. Sternberg and Mr. Knight resumes are enclosed. Since 1975 the 

above were involved in various research and development projects, funded 

by AID and thw World Bank, dealing with the application of "appropriate 

technology" rural water resources projects. Those projects include the 

development of a bamboo slotter, testing of wooden pump handles and pivots, 

development of a water valve (AID-ta-C-146l), and water meter (AID-ta-C

1460). The Broached Roboscreen is an inovation of. Dr. Sternberg and 

Mr. Knight. The Broached Roboscreen will be a non-proprietory device 

and will not be patented. 



'Management Considerations 

Work on this project will be conducted at the International Rural 

Water Resources Development Laboratory, College of Engineering, University 

of Maryland, College Park, Maryland 20742. 



BUDGET
 

A.	 Salaries and Wages: 

Dr. Y. M• Sternberg 105 days @ $135 per day $14,175.00 

Mr. R. Knight 112 days @ $110 pe'r day 12,320.00 

Secretarial Assistance 10 days @ $40 per day 400.00 

Part-time Assistance 500 hours @ $3.00 per hour 1,500.00 $28,395.00 

Bo Tooling: 

Drills, milling cutters, grinding wheels, heat treatment,
 
expanding mandrels, slitting saws. 5,000.00
 

C.	 Materials \.md Suppli es: 

Tool steel, PVC pipe, frame materials, hydraulic jacks. 4,250.00 

D.	 ~rafti ng and Dupli cati ng, etc.: 

Reports, photogrc:;phic, etc. 1,250.00 

E. Space Rental 

To	 include use of equipment and utilities 1,500.00 

Total ••••••••• $40,395.00 
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RESUME 

YARON M. STERNBERG 

Present Position: Professor of Civil Engineering, and 
Director of International Rural Water 
Resources Development Laboratory 

Address: Uni versi ty of Maryland 
Dept. of Civil Engineering 
College Park, Md. 20742 

301-454-2438 

Education: PhD, 1965, Engineering (Hydrology) 
University of California 
MS, 1963, Engineering (Hydrology) 
University of California 
BS, 1961, Agricultural Engineering 
University of Illinois 

Distinctions and Fellowships: Tau Beta Pi (National Engineering 
Honorary Fraternity) 
Chi Epsilon (National Civil 
Engineering Honorary Fraternity) 
Alpha Epsilon (National Agricultural 
Engineering Honorary Fraternity) 
Sigma Xi 

Professional Affiliation: American Society of Civil Engineers 
American Geophysical Union 
American Society of Petroleum Engineers 

Professional Record: 

1977 - Present Director, International Rural Water 
Resources Development Laboratory 

1976 - 1977 Research Scholar, Office of Water Research 
and Technology, U.S. Dept. of Interior 

1974 - Present Professor of Civil Engineering 
(Water Resources) 
University of Maryland 

1970 - 1974 Associate Professor of Civil Engineering 
(Water Resources) 
University of Maryland 



1969 - 1970 

1965 - 1969 

Academic Experience: 

Professional Experience: 

Publications: 

Associate Professor of Geology 
Indiana University 

Assistant Professor of Geology 
Indiana University 

Director of a number of research projects; 
Maryland subsurface drainage study (1970 
1974), Migration of pollutants in ground 
water (1973 - 1975), Environmental impact 
studies (1974 - 1976), Spray irrigation 
of effluent (1974 - present), Ground water 
modeling (1975 - present). 

Consultant to various private, govern
mental and international organizations 
on surface and subsurface hydrology. A 
partial list of projects and clients is 
attached. 

See attached list. 



YARON M. STERNBERG 
WATER RE!:iOURCE!o EI~GINEE~ING 

11 gOS VIEWCREST TE"RACE 

SIL.VER S~RING. M"RYL."NO ZOl102 

301.681.7747 

Partial List of Projects and Clients 

1.	 Availability of ground water, city of Russell ~prings, Ky. 

2.	 Sources and direction of ground water which flooded a mine, U.S. Gypsum
 
Co., Indiana.
 

3.	 Drainage of 3000 acre for a planned community, Washington Gas, D.C. 

4.	 Flood plain studies, Ben Dyer &Assoc., Md. 

5.	 Development of a stormwater management model, Department of Natural
 
Resources, Md.
 

6.	 Development of ground water for industrial use, Stewart Petroleum Co., Md. 

7.	 Development of ground water for a planned community, Leisure Technology Co., 
N.J. 

8.	 R&D of a bamboo slotter for tube well screens, (Assam, India) World Bank,
 
Washington, D.C.
 

9.	 R&D of hand-pumps for water supply, World ~ank, Washington, D.C. 

10.	 Evaluation of hand-pumps, International Development Research Center (IDRC), 
Canada. 

11.	 Zarqa irrigation project, Jordan, U.S. A.I.D., Washington, D.C. 

12.	 Land application for Queen Anne Co., Justin &Courtney, Md. 

13.	 Review of small water supply projects, Nigeria, IITA. 

14.	 Development of efficient well screens, World ~ank, Washington, D.C. 

15.	 Surface and subsurface drainage problems in areas of high water table, 
Mystic H~bour, Ocean City, Maryland. 



PUBLICATJONS 

1.	 Yaron M. Sternberg and Verne H. Scott·, The Hele-Shaw Model 

A Research Device in Ground Water Studies, Gr?und Water,
 
Volume 2, No.4, October, 1964, pp. 33-37.
 

2.	 , Mutual Interference of 
Water Wells, Journal of the Hydraulics Division, ASCE, Volume 
93, No. HY4, July, 1967, pp. 169-181. 

3.	 Yaron M. Sternberg, Transmissibility Determination fr'om Vari
able Discharge Pumping Tests, Ground Water> Volume 5, No.4, 
October, 1967, pp. 27-29. . 

4.	 , Analysis of Sprinkler Irrigation Losses, 
Journal of the Irrigation and Drainage Division, ASCE, Volume 
93, No. IR4, December, 1967, pp. 111-124. 

5.	 , Simplified Solution for Decreasing Flow to 
Wells, Journal of the Hydraulics Division, ASCE, Volume 94, 
HY1, January, 1968, pp. 177-180. 

6.	 Yaron M. Sternberg and Allen F. Agnew, Hydrology of Surface
 
Mining - A Case Study, Water Resources Research, Volume 4,
 
No.2, April, 1968, pp. 363-368.
 

7.	 Yaron M. Sternberg, Nonsteady Two-Layer Radial Flow to Wells, 
International Association of Scientific Hydrology, Publication 
No. 77, 1968, pp. 329-342. 

8.	 W. G. Meinschein, Yaron M. Sternberg, and Ronald W. Klusman,
 
Origins of Natural Gas and Petroleum, Nature, Volume 220,
 
No. 5173, December, 1968, pp. 1185-1189.
 

9.	 Yaron M. Sternberg, Some Approximate Solutions for Radial Flow 
Problems, Journal of Hydrology, Volume 7, 1969, pp. 158-166. 

10.	 , Flow to Wells in the Presence of Radial 
Discontinuities, Ground Water, Volume 7, No.6, December, 
1969, pp. 158-166. 

11.	 Lawrence A. Lewis and Yaron M. Sternberg, Changes in the 
Configuration of Stream Channels Resulting from the Con
struction of Dams, Proceedings of the Indiana Academy of 
Sciences, Volume 80, 1971, pp. 351 - 355. 

12.	 Yaron M. Sternberg, Parameter Estimation for Aquifer Evalua
tion, Water Resources Bulletin, Volume 7, No.3, 1971, pp. 
447-456. 

13.	 Roland Thomere, Paul E. Potter and Yaron M. Sternberg, 
Permeability, Cementation and Grain Size: A Deductive Inquiry, 
Society of Petroleum Engineering Paper No. 3606, October, 1971. 



14.	 Yaron M. Sternberg, Well Efficiency and the Skin Effect, 
•	 Journal of the Irrigation and Drainage Division, ASCE,
 

Volume 99, No. IR2, June 1973, pp 203-206.
 

15.	 , Efficiency of Partially Penetrating 
Wells, Ground Water, Volume 11, No.4, 1973. 

16.	 , Theory and Application of the Skin Effect 
Concept to Ground Water Wells, proceedings of the International 
Symposium on Development of Ground Water Resources, Madras, 
India, Vol. 2, pp. 23-32, Nov. 1973. 

17.	 T. Tagamets and Y. M. Sternberg, A Predictor-Corrector Method 
For Solving The Convecticn-Dispersion Equation F'or Adsorption 
In Porous Media, Water Resources Research, Vol. 10, No.5, 
pp. 1003-1011, 1974. 

118. 1 Moynahan and Y. M. Sternberg, Effects on Highway Subdrainage• 

of Gradat5.on and Direction of Flow Within a Densely Grated Base 
Course Material, Transportation Research Board, No. 497, pp. 
50- 59, 1974. 

19.	 Y. M. Sternberg, An Assessment of Potential Ground Water 
Pollution ~ssociated with Land Application of Domestic Effluent 
in Drinking Water Quality Enhancement Through Source Protection, 
R. B. Pojasek, ed., Ann Arbor Science, Ann Arbo~, Michigan, 
1977~ pp. 235-255. 

20.	 _ _, Testing of Wood Bearings for Hand PtmJps, International 
Ear..d for Reconstruction" and D2ve1oprrent, Report No. RES 13, POD, Feb., 1978. 

Y. M. Sternberg and Robert Knight, D2velopm:mt of PVC Well Screens, IDeal 
Fabrication in D9veloping Countries, International Bank for Reconstruction 
and Development, Report No. RES 1.4, PUD, M:u-ch, 1978. 

22.	 Y. M. Sternberg, R. Knight and S. Alllson, Well Casings and 
Screens from Single Stalks of Bamboo, and a Manually Operated 
Slotter, Appropriate Technology, Vol. 5, No.1, May, 1978. 
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Birth: Au~'u~.t 11, 1927 Telephol~e:
 

176 Ibs. Address: 7706 fdmOl1$ton /wenu= Busine;;:: 45/~<':'=')
 

College Pork, !'/lcrylancJ 207~0 Home: 3~5-2772 

EDUCAilON 

'Q44 High S~hco! Graduation, Dunfermline; Scotland 
1949-51 Louder Techi1i cal College, Dunrermli ne, Scotland (evening classes) 
;958-61 iechnical College, Kirkcald,', Fife, Scotland (evening classes) 
1966-68 Electronics I and II, University of Maryland 
1975-77 S:)anish I and II, Perkdale. High ,Sch,oi.(. Riv~rdale, Moryland 
1976 Photograph,. I, Parkdale HI gh Sc.-.co!, i<1 verdale, Maryland 

EXPEF,IU-.JCE 

1944-1949 Lamond and Murray, Inverkeithing, Scotland - Apprentice Machinist 
and Toolmaker 

1949-1S50 British Aluminium Company, Burntisland, Scotland - Machinist 
1950-1954 Roy:;] I Naval Aircraft Repair Yerd, Fife, Scotland - Machinist 
1954-1959 A.M. Carmi chael, Bui Iding and Civi I Engineeri ng, Edinburgh, 

Scotland - Site Technician 
1959-1961 Beckman Imtrumer.ts Ltd., Glenrothes, Scotland, a subsidiary or 

Beckman Instruments, Inc., Fullerton, California - Machine 
Shop and Tool Room Supervisor 

1961-1963 Costain (V'Iest Africa) Ltd., Lagos, Nigeria, West Africa - Picnt 
Engi neer 

1~63-1964 General EI ectri c Company, Pererbc·rcugh, Ontario, Canada 
Tool and Die Maker 

1964-1965 Thermal ink, Laurel, Maryland - Tool and Di e Maker 
1965- Civil Engineering Department, University of Maryland - Research 

Associate 

MILITARY SERVICE 

1946-1945 Royal Air Force - Flight Mechanic 

CORRESPOi~DENCE COURSE 

1970-1972 National Technical Schools - Electronics 

SEM!NARS ATTENDED 

1960 3-day Machi ne Tool, London, England
 
1961 1 wee', Carbide Tool APFli cations, Coventry, En91and
 
19.5 1 iranspcrtation (he~vy eq'Jipment) Faden !'Aotor Works, St:lTTordshire, Er:?lo;1d 


