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FOREWORD 

In 1772, John Whitehurst developed the first known machine 
to utilize the water hammer effect to pump water. Whitehurst's 
device included a water supply tank, a 1% inch, 600 foot 
long drive pipe, a check valve, an accumulator and a delivery 
pipe. He used a hand-operated impulse valve, employing child 
labor to open and close the valve in continuous cycles. 

In 1776, Joseph Michael de Montgolfier invented a similar 
machine but replaced the hand operated valve with an automatic 
impulse valve which was opened and closed by the rebound wave 
inside the hydram itself. Montgolfier's machine was called 
"le belier hydraulique,V from which the term "hydraulic ram" 
was derived. (Because "hydraulic ram" can have more than 
one meaning, however, we prefer the British term "hydram" to 
describe these water pumping devices, and will use this term 
throughout this manual.) The invention was so simple and 
reliable, it has survived over 200 years with very little 
change. 

The technical information contained in this manual has 
been developed through experiments and experience. We have 
tried to present the fruits of our experience in such a manner 
as to be easily transferred to other situations and application 
The transfer cannot always be complete, however, and situations 
cannot always be predicted. The performance of a hydram is 
dependent on many variables. The information contained in this 
manual should therefore be regarded as guidelines based on 
past experience, rather than absolute rules. 

David Jessee 
Perennial Energy, Inc. 
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Introduction 

This training manual presents a comprehensive training design, 
suggested procedures, and materials for conducting a workshop in 
the design, construction, operation, maintenance and repair of 
hydrams, and planning and implementing hydram projects. It in
cludes sessions for the design and construction of modified and 
fabricated pipefitting rams and cement rams, and complete instruc
tions for a clear PVC demonstration ram. The training design 
incorporates a variety of active learning techniques and can be 
modified to fit the skills and needs of the participants. The 
workshop requires ten, eight hour working days. The activities 
have been designed for 15-20 participants with two trainers. 

The training design is only as effective as the trainers who 
are using it. Trainers must have skills and experience with 
hydrams as well as training. They may find it necessary to modify 
the design to accommodate participants'skills and needs, the 
amount of time available for training, actual conditions at the 
training site, the number of participants and their training 
style. The success of the design, however, depends on the amount 
of practice and application participants experience. 

This manual was produced under a Participating Agency Service 
Agreement between Peace Corps and the U.S. Agency for Interna
tional Development. The initial work, including the technical 
content and material was prepared by Perennial Energy, Inc., which 
has conducted pre-service training for Peace Corps Volunteers. 
David Jessee, Ted Landers, Jay Dick, Brad Jacobs and Pat Wiersma 
were Perennial's significant contributors. 

Trainers who participated in a selection and orientation work
shop offered insights for revisions. That group included: Jim 
Bell, Paul Jankura, Steve Joyce, Dale Krenek, John Leo, Jack 
McCarthy, Judith Oki, Christopher Szecsey, Chris Walters, Maurice 
Wells and Terry Whitington. 

The design was piloted in Costa Rica, by Dale Krenek, in 
Lesotho by Dale Krenek, Judith Oki and Terry Whitington; and in 
Fiji by David Jessee, Dale Krenek and Judith Oki. Those experi
ences completed the design revisions incorporated here. 

Ongoing design, editing and production has been the task of 
the entire Peace Corps Energy Sector: Paul Jankura, Ada Jo Mann, 
Prudence Merton, and Pat Riley. 

Judith Oki 
Energy Training Specialist 
Office of Programming and 
Training Coordination, 

October, 1981 
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GUIDELINES FOR USERS 

A. Training Objectives: By the end of the workshop, participants 
will be able to: 

survey and evaluate sites for potential hydram projects; 

articulate and apply hydram theory; 

use correctly basic water and distance measurement 
techniques and formulas for proper sizing of hydrams; 

select proper ram design and size; 

list tasks and resources necessary to develop a water 
source site for hydram operations, and 

design water distribution system including storage tank, 
stand pipe, supply lines, etc.; 

construct a pipefitting and/or concrete hydram; 

operate, maintain, troubleshoot and repair hydrams; 

identify issues in training local community members in the 
installation, operation and maintenance of hydrams; 

identify physical, social and institutional requirements 
for the successful application of this technology; and 

describe an action plan for using this technology in their 
real life situation. 

B. Training Activities: The workshop design requires the involve
ment of each participant, individually, in small groups, and 
the large group. The activities are designed to provide 
maximum opportunities for participants to practice the skills 
they're acquiring and consider issues specific to their sites. 

Activities include: 

• demonstrations 
• problem-solving (individually, small group, large 

group) 
• skill practice, guided construction (small group) 
• group discussion (small and large group) 

As the workshop evolves, participants are required to solve 
increasingly complex problems on paper and in skill practice. 
Throughout the workshop, participants are asked to identify 
key issues in hydram application and project development. 

1 



Manual Organization 

The training sessions each include learning objectives, recom
mended time, suggested procedures, and the specific tools, 
materials and resources required. Notes to the trainer are in 
the right hand "margin" and space is provided there for 
additional notes. 

All handouts appear twice in this manual. Once at the end of 
the session in which they are used and collectively as an 
appendix for easy duplication. 

Preparation for Training 

The following is a list of logistics and tasks that need to be 
completed during the planning process. Specific tasks that 
need to be completed before each session are listed within the 
session. 

1. Become familiar with the training design, sessions and 
materials in the manual. 

2. Gather information about the availability of skills, equip
ment and materials at or near the training location. The 
practical nature of this workshop requires the availabi
lity of basic carpentry, plumbing, and some metalworking 
tools, as well as parts and materials for the different 
ram constructions. A checklist is provided. 

3. Based on the information gathered, and proposed applica
tions, select the constructions that will be covered in 
depth. 

Note: The concrete construction is easier to understand 
after participants have acually constructed a simple ram, 
i.e., pipefitting or clear PVC. The concrete construction 
must take place over at least 6 days in order to cure 
enough to operate. 

4. Identify the training site. The ideal training site 
provides space for the full range of training activities 
within easy walking distance from each other: 

• classroom space for small and large group work; chalk
board, newsprint, slide projector, table space; 

• enough workshop space to accomodate all participants 
in construction activities; workbenches, tool storage, 
first aid station; 

2 



• field activities: 

1) a stream/springs nearby where participants can 
practice measuring water flow, distance, head; 

2) an area where participants can take a number of 
measurements to determine an ideal location for a 
hydram. The site must offer a range of choices; 

3) space where a demonstration ram can be installed 
easily, or proximity to an actual installation; 

4) experimentation: space must be available for 
participants to operate and troubleshoot hydrams. 
These activities represent 2-3 days of the 
workshop. The space must provide sufficient 
stations for constructed rams - 1 station per 3-4 
participants is recommended. The water source 
must supply a constant Q and variable H. An 
example experimental station is provided at the 
end of this section. 

If these facilities are not near each other, then 
travel time must be included in the schedule and 
transportation arranged. 

5. Determine number of trainers required. 1 trainer: 7 
participants is an ideal ratio, but with a strong tech
nical assistant trainer, a 1:10 ratio is manageable. The 
important thing is participant access to skilled resources 
during their practical work. 

6. Announce the workshop and identify participants. Send 
each participant information on dates, logistics, a set of 
workshop objectives and the site information worksheet, 
included here in appendix of handouts. (IB, 2E) 

7. With other trainers, develop norms for the training team, 
clarify roles and expectations, review status of steps 1-6 
to date, develop a final schedule, make training and 
preparation assignments; decide when to do review 
exercises, and mid-point and final workshop evaluations. 

8. Duplicate handouts. 

9. Finalize materials list, based on number of participants 
and decision on types of construction. Order materials, 
and arrange for transport to training site. 

10. Assemble handouts (pre-punch for ring binders if 
possible), chalkboard, chalk, newsprint, markers, tape, 
notebooks, ring binders, schedule. 
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Construct clear PVC ram if necessary for demonstration. 
The instructions are included here. Session 2 is readily 
understood with the assistance of this visual aid. If you 
determine that each participant should construct one, then 
schedule that early on in the workshop. 

Certificates of completion add a nice touch, and should be 
designed and printed. 

l* 



WORKSHOP: TOOLS, EQUIPMENT, MATERIALS 

Quantities vary according to training group size. 
Approximately 1 complete set per 4 trainees. 

Standard size 
buckets, e.g., 
20 liter, 5 gal 

2-3 55 gal 
drums 

3-6 21" pipes 
3/4" Diam 
diameter 

Lumber for 
molds, weirs, 
braces 

Sight levels 

Carpenters 
levels 

Measuring 
tapes 

Pliers 

Pipe 
Wrenches 

Hacksaw 

Hammers 

Shovels 

On hand at 
training 
site 

Can be 
borrowed 
from: 

Can be 
purchased 
from: 

Approx 
Cost: 
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Picks 

Saws 

Various 
size nails 

Misc. hard
ware , nuts, 
bolts, washers, 
etc. 

Gasket 
material: 
rubber, cork 

Rubber sheet 
3/16" - h" thick 
can be inner 
tube 

Steel plate 
3/16" - 1/4" 
thick 

Pipe joint 
compound or 
Teflon tape 

Access to metal 
working 
Facility for 
cutting, 
drilling, 
grinding stell 
plate 

On hand at 
training 
site 

Can be 
borrowed 
from: 

Can be 
purchased 
from: 

Approx 
.Cost: 
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HYDRAM CONSTRUCTION MATERIALS 

The specific construction materials vary, and there is a 
range of possible adaptations and variations. At a general 
level, we need to know what typical sizes of standard pipe 
and pipefittings are available and approximately what they cost, 

Please indicate: (yes or no) if the parts are generally 
available, i.e., one could find them readily in a plumbing 
supply/hardware store; if they can be specially ordered, 
how much time is required; approximate unit cost for the 
following: 

PART 

Steel pipe, standard 
length in/cm. 

Pipe Tees 

f^D 
Reducing 
Bushinqs J \ 

Sweep - 90° 

45° 

Female adapters 

Male adapters 

SIZE 
(DIAM) 

3/4" 

1" 

2" 

3/4" 

1" 

2" 

3" 

2"x 1" 

2"x 3/4' 

1" 

1" 

3/4" 

1" 

3/4" 

1" 

GEN'LLY 
AVAILABLE 

i 

SPECIAL 
ORDER TIME 

APPROX 
1 COST 
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Hydram Construction Materials - continued 

SIZE 
PART (DIAM) 

Clear PVC pipe 3" 

PVC cap 3" 

Gate valve %" 

Foot valve 2" 

Check valve 1" 

GEN'LLY 
AVAILABLE 

i 

SPECIAL 
ORDER TIME 

APPROX 
COST 

A cement ram can also be made, reducing the need for many of 
the above parts, so please indicate approximate cost of cement: 

$ / lbs. 

This list is by no means all inclusive but represents key 
items. Detailed parts lists will be developed prior to the 
workshop. 
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SAMPLE WORKSHEET FOR FINAL MATERIALS LIST 

Materials List 

Type of Ram 
No. of Rams "to be built 

QUANTITY DESCRIPTION SIZE USE 
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CONSTRUCTION OF A PVC HYDRAM Time: 4-5 hours 
(for Demonstration Purposes) 

OBJECTIVE: 

OVERVIEW: 

MATERIALS 

TOOLS: 

To construct a hydrant from clear PVC pipe-fittings 
and fabricated valves. 

The PVC hydram is an excellent training tool 
because it enables trainees to see the hydram 
components moving while the ram is in operation, 
and to observe the directional flow of water as 
shown by suspended solids in the water. The PVC 
hydram is of limited use for actual water pumping, 
however, as it will last only about one month in 
continuous use. For this reason, it is suggested 
that one or more PVC hydrams be constructed prior 
to the workshop, and used to illustrate the intro
ductory sessions (Session 1 & 2) on the first day 
of the workshop itself. The construction could be 
part of a pre-workshop staff training program, if 
desired. 

2 lh tees 

1 3/4" male adapters 

1 IV cap 

1 14 "x I V Pipe 

5 lV'x 3/4" reducing 
bushings 

1 I V coupling 

4 V #6 sheet metal screws 

2 l"x V x 20 bolts 

1 2"x V x 20 bolt 

6 k x 20 nuts 

assorted washers 
Handout 1 24"x 3/4" pipe 

PVC cleaner, PVC glue, 1/8" sheet rubber, TFE tape 

Heat source (such as propane torch, campfire, oven) 
%-20 tap, saw, miter box, electric or hand drill, 
1/8" drill bit, 13/64" drill bit, screw driver, 
7/16" wrench or adjustable wrench, knife, tape measure 

NOTE: This is presented in session format, in case it 
needs to be done with all participants, in addition 
to trainer preparation. 
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PROCEDURES NOTES 

1. Warm up the middle 12" of the 24" 
long 3/4" PVC p i p e , making sure i t i s 
heated evenly wi thou t scorch ing or 
b l i s t e r i n g . After PVC i s p l i a b l e 
bend i t i n t o a 90° angle with about 
a 5" to 6" r a d i u s . Allow i t to c o o l , 
then cu t 5" off each end. (See #3 
and #8 on Attachment A. 

2. Cut the I V PVC i n t o two p i e c e s , 
one 12" long (#6) and one 2" long 
(#19), making c e r t a i n t h a t t he ends 
a re cu t square and a re d e - b u r r e d . 

3. Cut the Ik" coupl ing (#13) i n t o two 
c y l i n d r i c a l p i eces j u s t t o one s ide 
of the l and . Cut of the bottom 
of one of the lV 'x 3/4" reducing 
bush ings , and sand i t smooth on both 
s i d e s to form a 3 /8" th i ck PVC wash
e r (#14) . Glue the washer i n s i d e 
the p i ece of coupl ing wi thou t the 
l and , f lush wi th one end. Discard 
the o the r ha l f of the coupl ing and 
the remainder of t he bushing . 

4. To make the v a l v e s , cu t two 
c i r c u l a r p i ece s of rubber to the 
same o u t s i d e d iameter as the I V 
PVC p i p e . Cut out of each round 
a horseshoe shaped p iece and a 
V hole as shown in Attachment A#7. 

5. Place four wraps of TFE tape around 
one end of the 2" p iece of lV 'PVC 
p i p e . Lay on top of t h i s one of the 
rubber va lves you have cu t o u t . 
Force t h i s i n t o the coupl ing ha l f 
t h a t has the PVC washer glued i n t o 
i t . Attach b o l t (#12) , nu t s (#10) 
and washers (#15 & #16) as shown 
in Handout. D r i l l two 1 /" ho le s 
(one on each s ide) through t h i s 
impulse va lve assembly and i n t o 
the 2" p iece of 1%" PVC. Then screw 
two shee t metal screws i n t o these 
h o l e s ( # 1 8 ) . 

Note the 2 types of stroke 
adjustment i l l u s t r a t ed in 
the handout. That labeled 
"a l ternate" i s s l ight ly 
more complicated to construct 
but provides easier adjustmer 
Materials required for the 
a l te rna te stroke adjustment £ 

\ x 20 bolt and nut 
Y' wide x 2" long piece 

cut from PVC pipe 
2 4" #6 sheet metal screw? 
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PROCEDURES - continued 

6. Cut V off the bottom straight 
through leg of one of the tees 
(#1), making certain the cut is 
square and de-burred. Place four 
wraps of TFE tape around the male 
end of a 1%" x 3/4" reducing 
bushing. Attach the 1" x V bolt 
with nuts and washers to the 
remaining rubber valve as shown in 
the handout. Then place this rubber 
valve inside the bottom of the 
tee you just cut off. Force the 
TFE wrapped reducing bushing up to 
the rubber valve. Drill two 1/8" 
holes into this assembly and secure 
with 2 sheet metal screws. 

7. Next, glue the rest of the pieces 
together as shown in the Attachment. 
Be sure to follow the instructions 
on the glue. 

8. Drill a 13/64" hole through one of 
the flats on the reducing bushing 
just below the check valve, making 
certain that you also drill through 
the 3/4" pipe as well. Drill a 
1/8" hole up from the bottom of 
this bushing, intersecting with the 
13/64" hole. Tap the 13/64" hole 
with a %-20 tap then insert a 3/4" 
?s-20 bolt with lock nut (#9 & #10) . 

9. After the hydram(s) have had time to 
dry, hook them up to a drive head 
and test them. 

• 
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A PVC HYDRAM 

ATTACHMENT A 

1. 
2. 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 

10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19. 

I V Tee (2) 
1 V X 3 A " Bushing (5) 
3/4" PVC Pipe 14" Long (1) 
3/4" Male Adapter (2) 
IV Cap (1) 
IV PVC Pipe (1) 
Valve (2) 
3/4" PVC b" Long (2) 
V20 Bolt 3/4" Long (1) 
V20 Nut (5) 
V20 Bolt V Long (1) 
V20 Bolt 2" Lony (1) 
IV Coupling (1) 
Washer Cut From Bushing (1) 
V Washer 1" Diameter (2) 
V Washer 3/4" Diameter (2) 
V Tender Washer (1) 
//6 V Sheet Metal Screws (4) 
2" I V PVC PIPE (.1) 

MOCE 

* ^ ^ $ 
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SESSION 1: INTRODUCTION TO TRAINING Total Time: lh hours 

OBJECTIVES: By the end of this session trainees will have 

• familiarized themselves with each other and 
training staff; and 

• identified and clarified their expectations and 
those of the staff. 

OVERVIEW: This session is designed to establish a climate of 
active participation and collaborative problem-solving 
in the workshop. The schedule should be reviewed and 
discussed, and expectations need to be shared and 
processed. 

MATERIALS: • Handout 1A: "What's in a Name" 

• Handout IB: Workshop objectives 

• Notebook or pad for each trainee (ring binder) 

• Flipchart/markers or chalkboard/chalk 

• Goals of workshop on a flipchart/chalkboard 

Workshop Goals: 

1. To design, construct, operate, maintain and repair hydrams. 

2. Identify issues in hydram project plannning and 
implementation. 

Note: "What's in a Name" is a recommended icebreaker. Trainer 
may use another that achieves the same objectives. 

21 



Session 1 

PROCEDURES NOTES 

Introduction 

1. Welcome the participants to the 
workshop and introduce the staff. 
Have each staff-member say a few 
words about him/herself. 

2. Introduce the "What's in a Name" 
exercise and divide the group into 
small groups of 4-6 participants. 

3. Distribute the handout "What's in a 
Name" and have the groups discuss 
their names using questions on the 
handout as a guide. 

4. As a large group have the partici
pants share some of the interesting 
"stories" that may have come out of 
their small group discussions about 
their names. 

Goal Setting 

5. Review goals listed on newsprint. 
Distribute the workshop objectives 
and ask participants to read them. 

Expectations 

6. Explain that one of the purposes 
of this session is to identify and 
clarify expectations of the training 
workshop. 

7. Ask the trainees to list their indi
vidual expectations of the workshop 
on a sheet of paper. 

8. Have the trainees form small groups 
of 4-5 people and ask them to share 
their expectations listing those 
they have in common on newsprint. 
Staff will do the same. 

9. Ask a reporter from each group to 
post their group's list and share 
it with the large group. 

10 min. 

Allow 30 min. for this. 

Trainer may want to join one 
of the groups as a participant. 
Be sure to give the groups a 
time check. 

10 min. Participants should 
already have copies of the 
objectives. Have additional 
copies on hand just in case. 
Answer any questions. 

5 min. 

15 min. 

20 min. 
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Session 1 

PROCEDURES NOTES 

10. Clarify which expectations can be 
met during the workshop and those 
which cannot. 

11. Distribute the schedule for the 
workshop and discuss the first day. 
Explain the workshop site procedure 
(mealtimes, facilities, etc.). 

12. End the session by summarizing the 
shared expectations of the group 
and mention that the list will be 
reviewed at the end of the workshop 
to determine how well the expecta
tions have been met. 
Ask participants Co bring 
"Participant Site Information 
Worksheet" to next session. 

5 min. 

5 min. 
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Session 1 
Handout 1A 

WHAT'S IN A NAME 

Our names are one of the most distinguishing characteristics of 
who we are. Share with the group some of the reasons why your 
name is special. 

Some things you might wish to share: 

• Do you like your name? Why or why not? 

• How did you get your first name? 

• Does your name(s) have any meaning? 

• What is the origin of your last name? 

• Famous (or infamous) ancestors? 

• Funny stories, incidents related to your name? 

• Anything else you may wish to share. 
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Session 1 
Handout: IB 

HYDRAM TRAINING WORKSHOP OBJECTIVES 

the end of Che training program, you will be able to: 

survey and evaluate sites for potential hydram projects; 

articulate and apply hydram theory; 

use correctly, basic water measurement techniques and 
formulas for proper sizing of hydrams; 

select proper ram design and size; 

develop a water source site for hydram operations; 

design water distribution system including storage tank, 
stand pipes, supply lines, etc.; 

construct a pipefitting and/or cement hydram; 

maintain, troubleshoot and repair hydrams; 

train local community members in the installation , operation 
and maintenance of hydrams; and 

identify physical, social and institutional requirements 
for the above. 
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SESSION 2: INTRODUCTION TO HYDRAMS Time: 3% hours 

OBJECTIVES: By Che end of this session trainees will be able to; 

• articulate basic issues of water supply 
in their communities and the implications 
for hydram projects; 

• approximate amount of water a system must 
deliver; 

• accurately describe how hydrams work; 

• articulate principles underlying how a 
hydram works; 

• determine amount of water that can be pumped 
from a hydram given the flow rate and the 
height of the source, and the height of the 
delivery point; and 

• use standardized notation/terms. 

OVERVIEW: Part I of this session is a technical introduction 
to the device, providing a basic understanding 
of how and why it works. It presents the rela
tionship between potential energy and the amount 
of flow that a hydram can deliver. Given that 
as a basis, trainees will follow the water flow 
from a source, through the ram (actual or 
demonstration) to a delivery point, develop an 
equation that describes the relationsip, and 
solve problems. Part II examines critical 
issues involved in the installation of a hydram 
system, including access to water, present systems, 
needs, use and demands for water, and establishes 
a context for the technical training. 

MATERIALS: Handouts 2A, 2£, 2C, 2D, 2E (2A and 2B reproduced 
on flipchart) 

A working hydram or hydram model 

A physical demonstration of potential energy 
e.g., a pegboard with movable pegs, colored 
string and weights. 

NOTE: Problems and examples should be written in appropriate 
units of measurement. 
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Session 2 

PROCEDURES NOTES 

Part I 

Introduce session with a brief state
ment about the general application 
and history of hydrams, including 
use and revival in the U.S. 

State the objectives of this session 
and rationale for two parts. 

Ask for definition of potential 
energy. Write it on the board. 

Using attachment 2A, or a peg board, 
demonstrate how a falling mass can 
be used to lift a mass to a higher 
elevation. 

Refer to attachment 2B on the flip 
chart, and demonstrate situation in 
which a hydram can be used. Show 
how potential energy relates to the 
amount of water that can theoreti
cally be pumped to a given height. 

Point out on the diagram, the 
following: drive pipe, delivery 
head, quantity of water entering 
the ram, and quantity of water 
delivered. 

Explain that to standardize notation 
all terms on drive side are capital 
ized, and delivery terms are in 
lower case, i.e.: 

drive head = H delivery head = h 

water 
entering = Q 

drive pipe 
diameter = D 

length of 
drive pipe = L 

water 
delivered = q 

delivery pipe 
diameter = d 

length of 
delivery pipe = 1 

See Foreword for 
historical background 

Use notation consistent with 
handout, i.e., Ep= m x h or 
E = w x h. 
If group seems unfamiliar 
with concept, the peg board 
will probably be better, and 
it should be passed around, 
so they can try it. 

The vocabulary and terms are 
important at this point; the 
notation is of less importance 
but should be introduced. 
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Session 2 

PROCEDURES - continued 

Refer trainees to 2B for complete 
list, and state that for purposes 
at this point, it's not necessary 
to know all of those terms. 

4. Now that the general parameters of 
a hydram installation are known, it 
is a good time to look at how a 
hydram works. 

5. Using attachment 2C describe the 
water flow through various parts of 
the ram. Point out that the impulse 
valve is open when it starts. Ask 
questions and bring out the 
following: 

- sufficient water coming into the 
impulse valve to close it 

- effect of water's movement being 
suddenly stopped ("water hammer") 

- moving through the check valve, 
into the accumulator 

- check valve closing, with 
sufficient water weight and air 
pressure to force water through 
the delivery pipe 

- vaccuum being created under the 
check valve, air suction, snifter 

6. Go to the actual installation. Have 
trainees play with the impulse 
valve, listen to the rhythm, 
describe water path again, based 
on what's heard. Take the valve 
apart, ask trainees to identify 
key parts (impulse valve, check 
valve, snifter, ram body, drive 
pipe, delivery pipe). If possible 
take the ram apart, to demonstrate. 

7. Return to classroom. Ask 1-2 
trainees to describe the movement 
of water and the principles. 
Clarify any misunderstanding, check 
use of terms. 

NOTES 

It might be useful to 
underline each part's 
name in a contrasting 
color, as you go through 
the description. 

This is easily done with a 
clear PVC pipe demonstration 
ram; which could be hooked 
up to an experimental stand. 

The PVC hydram could be 
helpful here also. 
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Session 2 

PROCEDURES - continued 

S. Return to the potential energy 
definition, and make the analogy to 
amount of water pumped, using 
QH = qh, as a starting point. State 
that, because of friction and a 
number of other factors involved 
in the construction of the hydram, 
it's unlikely that all of the water 
theoretically available will or 
can be pumped, but that some 
percentage of it will be pumped. 
The percentage of water pumped is 
called the efficieny of the hydram, 
and is designated by 'n'. There
fore, nQH = qh. Ask the trainees 
to solve the equation for 'q', 
since the interest is in knowing 
how much water can be pumped. 

NOTES 

10. 

Result: 

amount of 
water 
delivered 

drive water • „ 
head entering 

effi
cien
c y 

d e l i v e r y 
h e a d 

R e v i e w s t a n d a r d u n i t s o f w a t e r 
f l o w ; i . e . , i n w a t e r f l o w 
m e a s u r e m e n t s e s s i o n s , m e a s u r e m e n t s 
a r e i n g a l l o n s p e r m i n u t e ( g p m ) . 

T r a i n e e s now s h o u l d b e a b l e t o t e l l 
t h e a m o u n t o f w a t e r t h a t c a n b e 
d e l i v e r e d i n h y p o t h e t i c a l s i t u a t i o n s 
g i v e n an a s s u m e d e f f i c i e n c y . Ask 
t hem t o s o l v e t h e f o l l o w i n g p r o b l e m 

A s p r i n g i s f l o w i n g a t t h e r a t e o f 
20 gpm. The h y d r a m i s l o c a t e d 
20 f t . ( m e a s u r e d v e r t i c a l l y ) b e l o w 
t h e s p r i n g . The s t o r a g e t a n k i s 
100 f t a b o v e t h e s p r i n g ( m e a s u r e d 
v e r t i c a l l y ) a n d t h e a s s u m e d 
e f f i c i e n c y o f t h e h y d r a m i s 50%. 
How much w a t e r c a n b e d e l i v e r e d ? 

Ask o n e t r a i n e e t o p r e s e n t t h e 
p r o c e s s and s o l u t i o n on t h e b o a r d . 
Check t h e g r o u p t o s e e i f e v e r y t i n g 
i s c l e a r . Ask t r a i n e e s t o d e v e l o p 

Or r e f e r to e f f i c i ency 
as percentage of energy out ; 
use the d e s c r i p t i o n tha t bes t 
s u i t s the t echn ica l l e v e l 
of the group. 

If the a l g e b r a i c manipulat ion 
confuses the group, go 
through t h i s d e r i v a t i o n p rocess : fl 

nQH = qh 

nQH = ^ h 
h h 

nQH _ q 

h 

Answer: 2400 gallons per day (gpd) 

If the diagram from attachment 
2B is on the flip chart or 
chalk board, these figures 
can inserted in the 
appropriate places. 
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Session 2 

PROCEDURES NOTES 

Part II 

other hypothetical situations for 
the group to solve. Check to see 
that the process and units are 
correct. If the arithmetic is wrong, 
continue practicing or a calculator 
may be used. 

11. Wrap up by reviewing the session's 
objectives, and checking with the 
group to determine that everyone 
is comfortable with the concepts, 
vocabulary and the problem solving. 

Distribute the glossary and review 
key words and concepts. 

Ask participants to form groups of 
5-7, and assign one trainer to 
facilitate each group. 
Group Task: Distribute participant 
site information worksheet and have 
the trainees fill it out. Then as 
a group have them: 

a. Discuss responses to questions 
1-5. 

b. List problems with present water 
system the hydram would solve; 
problems/issues that would re
main the same and new problems/ 
issues that would be created. 

c. Each group is to select 2 major 
problem areas/issues in the 
development of the hydram system 
that will be critical to its 
success over time. 

Share (c) in large group. Ask for 
implications for their work in com
munities in introducing this tech
nology. 

Summarize as critical issues to keep 
in mind as they move through the 
workshop. 

If participants are having 
problems with the arithmetic, 
suggest that they form study 
groups. 

30 min. 

15 min. 

10 min. 

15 min. 
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Session 2 
Handout 2A 
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S e s s i o n 2 
Handout 2& 
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Handout 2C 
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Session 2 
Handout 2D 

Attachment 2-D 

GLOSSARY OF TERMS FOR SESSION 2 

Accumulator - (air dome) the air chamber on the hydram which 
cushions the water hammer, eliminating delivery pulsations and 
helps provide rebound. 

Check Valve - (non-return valve, secondary valve, internal valve) 
the internal valve in the hydram that prevents the delivery 
head pressure from forcing water back through the hydram body. 

Delivery head - the vertical distance between the hydram and the 
highest level of water in the storage tank that the hydram is 
pumping to. 

Delivery pipe - the pipe which connects the output of the hydram 
to the storage tank. 

Drive head - the vertical distance between the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of galvanized steel that 
connects the hydram to the source reservoir or stand pipe. 

Efficiency - (n) the ratio of the energy input to the energy 
output; a measure of how well a hydram functions; 

qh 
n = QH 

Frequency - (f) the number of times a hydram cycles in one minute. 

Hydram - (hydraulic ram, hydraulic ram pump, automatic hydraulic 
ram pump, ram) an ingenious device that uses the force of 
water falling through a drive pipe to pump water to a height 
greater than its source, making use of hydraulic principles 
and requiring no fuel. 

Impulse Valve - (clack valve, out-side valve, impetus valve, waste 
valve) the valve on the hydram that creates and controls the 
water hammer. 

Potential energy - energy derived from position or height; is 
equal to the height that a mass can fall times its weight. 

Rebound - the flow of water in the ram reversing direction due to 
the air pressure in the accumulator, closing the check valve. 

Settling basin - a small tank usually made of steel or concrete 
that is used in place of a stand pipe in an installation where 
additional settling is necessary. 
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Session 2 
Handout 2D 

Snifter valve - (air valve, spit valve) the small valve just belqw 
the check valve that allows air to enter the hydram. 

Spring box - a concrete box built around a spring to facilitate 
water collection and to protect the water source from surface 
contaminates. 

Stand pipe - an open-ended, vertical pipe sometimes used at the 
beginning of the drive pipe. 

Supply pipe - everything in a hydram system before the drive pipe, 
usually including some but not necessarily all of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Waste water - (Qw) the water coming out of the impulse valve and 
the snifter. 

Water delivered - (q) the rate at which water is delivered to the 
storage tank; Q x H x n 

q = h 

Water flow to the hydram - (Q) all the water used by a hydram 
which is equal to the waste water (Qw) plus the water 
delivered (q). 

Water hammer - the effect created when water flowing through a 
pipe is suddenly stopped. In a hydram this causes the closing 
of the impulse valve and opening of check valve. 
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Session 2 
Handout 2E 

HYDRAM TRAINING WORKSHOP 
PARTICIPANT SITE INFORMATION 

Hydram installations are extremely site specific. Although it's 
simple technology, it does require being properly designed and 
sized based upon particular characteristics of the site. It also 
requires a certain amount of follow-up and maintenance. In order 
to maximize your learning during the workshop, please begin to 
gather the following information. (You don't have to have all of 
the information prior to the workshop, but it will help if you 
begin to consider these factors at your site.) 

1. What water sources are available? 

2. What kinds of water systems are presently being used? Who is 
responsible for maintaining the systems? 

3. What are the present patterns of water use in your community? 
(e.g. potable water, irrigating home garden plots) 

4. What is the proposed purpose for the hydram installation? 

5. What kinds of skills and resources are presently available to 
support a hydram installation? 

- Community history of cooperative work on projects? 

- As existing community water distribution system? 

- Facilities and craftspeople in or near the community with 
metalworking, plumbing, and masonry capabilities? 
Vocational-technical schools, public works? 
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Session 2 
Handout 2E 

6. How do you rate your present knowledge/experience about water 
systems, pumps, hydrams? What do you need to refresh, what do 
you need to know? 

7. If you have a site in mind for a hydram, can you find out: 

a. approximate flow rate of the water source (gallons/minute) 

b. approximate "drive head," i.e., vertical distance from 
water source to where hydram will be installed? 

c. approximate "delivery head," i.e., vertical pumping 
distance from ram to point of delivery? 

d. amount of water desired/required? (gallons/day) 

NOTE: During the workshop, you will learn simple 
measuring techniques; knowing this information beforehand 
allows one to design a site specific ram during the 
workshop with guidance from the training staff. 

Please bring this sheet with you to the workshop. If it's easier 
to sketch your situation, feel free to do so. 
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SESSION 3: WATER MEASUREMENT TECHNIQUES Total Time hours 

OBJECTIVE: 

OVERVIEW: 

MATERIALS: 

TOOLS: 

By the end of the session, the trainees will be 
able to accurately measure the flow rate of 
moving bodies of water using a weir, a bucket 
and watch, or the float method. 

It is important during this session that the 
trainees gain experience in estimating flow rates 
and develop skills in measuring flow rates. 
Three methods of measurement shall be presented: 
1) the weir method, 2) the bucket and stop watch 
method, and 3) the fl oat method. Each method 
will entail "hands on" work, constructing a weir, 
channelling the stream, placing stakes in the 
stream, etc. The findings from these three methods 
will be compared. 

Handouts 3A - 3D 
lumber, nails, approximately 3' of pipe with 
a sufficient diameter for the expected flow, 
cKp<a t mot a 1 f n n f i n n a 1 ^ . h»r>t~f" 1 p u i t"h rm-W . r> sheet me 
float. Have 

lent diameter ior cne expeccea now, 
tal (optional), bottle with cork, or 
Have a set of materials for each team. 

watch with a seconds function, bucket of known 
capacity, saw, level, tape measure, hammer, 
pick or mattock, tin snips (optional), have 
one set of tools for each team. 

^TRAINERS NOTE:p Since the purpose of the activity is to learn 
to measure, not build, pre-construction of 
site levels, weirs is recommended. 

2) The weir table 
metric units; 

is provided in both English and 

3) the float method has limited applicability. 
Decide whether or not to spend time conducting 
the field activity. 

4) Identify site for field activity ahead of time, 
ensuring enough locations for small groups or 
pairs to work independently; stake out 
distances if necessary. 
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Session 3 

PROCEDURES 

1. Discuss the need for water measure
ment in hydram systems: 

- amount of water delivered 

- amount of water into ram 

2. State objectives for the session. 

3. Ask participants to approximate 
amount of water needed for: 

- irrigating an average garden 

- domestic use 

- potable water 

4. For each, ask participants to com
pute amount of water needed to 
enter the ram given H=10', 
h=30'. 

5. Distribute the handouts and make 
a transition to the task of measure-
ing water available. 

6. Describe the weir and what it is 
used for. 

7. Describe how to build and install a 
weir. 

8. Explain how to use the weir table. 

9. Go over the example in the hand
out and make certain everyone feels 
comfortable with their ability to 
use the weir table. 

10. Describe how to use the bucket 
and watch method. 

11. Describe the float method of 
measurement. 

12. Explain steps in determining cross-
sectional area of a stream. 

13 . Explain procedures in determining 
the velocity of the stream. 

NOTES 

This problem links and revi( 
Session 2. 

A desk top model would work well 
for this and could substitute 
for the real exercise if time 
and facilities aren't available. 

Use discretion as to how much deta 
to go into as this method is used 
on flows that would be considered 
infinite with a ram installation, 
(float method) 
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PROCEDURES NOTES 

14. Go over the example in the handout. 

15. With the trainees, go over the 
sequence of events involved in the 
remainder of this session and how 
much time is left. 

16. Divide the trainees into groups of 
three or four, giving each group an 
even level of total skills. 

17. Proceed to the creek or stream. 

18. Locate a section along the creek 
or stream where the flow is consis
tent and there is sufficient room 
for all the groups to work within 
sight of each other. 

19. Have each group select a site which 
they feel will be easily developed. 

20. Have each trainee make, a guess as to 
flow rate of the creek or stream 
they are measuring.. 

21. Note estimates of flow rate. 

22. Calculate flow rate by the float 
method. 

23. Select appropriate section of the 
stream or creek and determine cross-
sectional area. 

24. Place two stakes in stream at appro
priate spots and distance from each 
other. 

25. Place float in mid-stream and measur< 
time it takes for float to travel 
from one stake to another. 

26. Repeat measurement several times and 
average the flow rate. 

Use only if time allows and the 
water source is appropriate. 
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PROCEDURES - continued NOTES 

27. Note differences between original 
estimates and measurements of flow 
rates. 

28. From the measurements made, have 
each group decide on the size of 
their weir notch. 

29. The trainees next construct their 
weirs and install them in the creek, 
making certain that the weirs are 
well supported and sealed against 
leakage around the bottom and sides. 

30. After the weirs are constructed, 
readings should be taken periodically 
while the water is seeking its new 
level and while flow rates are being 
interrupted by the other weir instal
lations. Once the readings become 
consistent, they should be considered 
reliable. 

31. Using the weirs as partial dams, in
stall the short lengths of pipe and 
seal around them in the same manner 
that the weirs were sealed. 

32. With all the water flowing through 
the pipe and into the bucket, time 
how long it takes to fill the bucket. 
Again readings should not be consid
ered reliable until they are consis
tent . 

33. At this point, review what has been 
done thus far in the session. 

34. Back at the classroom, list the 
readings from each group and dis
cuss the reasons for the variations. 
If different materials were used 
for the weirs, discuss the advantages 
and disadvantages of each. 

35. Ask participants which method 
they would use, given resources at 
their site. 

It may be a good idea to have 
each group build their weir 
out of different materials so 
that the construction techniques 
can be compared. 

Point out need to measure 
seasonal variations of water flo 

1+8 



Session 3 
Handout 3A 

HANDOUT 3A 

USING A WEIR 

A weir may be defined as an overflow structure built across 
an open channel, usually to measure the rate of flow of 
water. Weirs are acceptable measuring devices because, for 
a weir of a specific size and shape (installed under proper 
conditions) only one depth of water can exist in the upstream 
pool for a given discharge. The discharge rates are deter
mined by measuring the vertical distance from the crest of 
the overflow portion of the weir to the water surface in the 
pool upstream from the crest, and referring to tables which 
apply to the size and shape of the weir. For standard 
tables to apply, the weir must have a regular shape, definite 
dimensions, and be set in a bulkhead and pool of adequate 
size so the system performs in a standard manner. 

Whenever the flow from a creek is too great to be measured 
in a bucket and yet is small enough to be dammed by a board, 
the weir method of measurement should be used. 

Determine the dimensions to be used for the weir notch. 
The width of this notch is related to the measurement of the 
flow rate by the height of the water in the pool formed behind 
the weir. This height is measured in inches and by using a 
weir table, the inches can be converted to gallons per minute. 
A number of notches of different widths and height can 
accommodate a stream's flow. A rule of thumb is to make the 
width of the notch 3 times the height-

From your estimate of the flow of the stream, look at the 
weir table and guesstimate what size notch will accommodate 
your flow. Keep in mind that the whole stream must pass over 
the notch and that the pool formed behind the weir should become 
deep enough for you to easily get a decent height measurement, 
i.e., 2 V vis a vis 1/16". Example: you estimate the stream 
is flowing at 150 gal/min. If you made a notch 12" wide and 
4" high, at full flow this weir would read approximately 
290 gal/min. (4"— 23.936 gal/min. x 12" = 286.89 gal/min). 
This weir would fit your stream if an actual weir reading of 
2 V water height were obtained, it would indicate a flow rate 
of 11.818 gal/min/inch of notch or 141.8 gal/min (11.818 x 12") 
for the stream. 

Once you have determined the dimension of che notch, cut 
the notch in the board and place the weir board in the stream 
making certain that it is kept level and seal off the stream 
completely. Support it with stakes and large rocks. 

1*9 



Handout 3A 

Measure 2 feet upstream from the weir board and drive a 
stake. Using a level, put a mark on the stake even with the 
top of the weir board. Next, measure down from this mark to 
the water level, subtract this measurement from the depch 
of your notch and that will give you the height of the water 
level above the bottom of the weir notch. 

Using the weir table attached, locate"the integer on the left 
hand column and the fraction on the top column. Where these 
two rows intersect is the amount of gallons per minute flow
ing past the weir for every inch of width. Next multiply 
this figure by the width and this gives you the total flow of 
the creek. 

Example: 

Water is flowing through a creek three feet wide and about 
3 inches deep. It looks like about 30 gallons per minute. 
After looking at the weir table we decide that a notch 6" 
wide and 2" deep would probably work. After cutting the notch 
in a 4 foot 1x6 piece of lumber, the weir board was placed 
in the stream. Two feet upstream a stake is driven in the 
water in front of the notch. A level is used to place a 
mark on the stake level with the top of the weir board. 
The water level is then measured to be V down from this 
mark. 

We now know by subtracting this measurement from the depth of 
the notch that the water level is IV above the bottom of the 
notch. Now looking at the weir table we find 1 on the left 
hand column and h on the Cop row. These two rows meet at 
5.46. We multiply this by the width of the notch (6M) to 
find that the flow rate was 32.76 gallons per minute. 
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HANDOUT 3D 

THE FLOAT METHOD OF MEASUREMENT 

The float method of measurement is a simple procedure for 
obtaining a rough estimate of the flow of the stream. 
It will give a ball park figure for looking at the stream's 
potential. It should not be used for final determination of 
the hydram system to be used unless the flow rate needed for 
the ram is such a small percentage of the stream's total 
flow that what's taken from the stream, for all practical 
purposes, amounts to a minimal portion of the stream. 

The float method is based upon two aspects of the stream: 
it's cross-sectional area and the velocity of the stream. The 
cross-sectional area should be determined at some accessible 
spot in the stream, preferably in the middle of a straight 
run. Measure the width (w) of the stream. Then, using a 
stick, measure the depth at equal intervals across the width 
of the stream (see figure below). Record the depth at each 
interval and calculate the average depth (d). Now multiply 
the width (w) by the average depth (dj to get the cross-
sectional area (A). 

FIGURE A 
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Example: The width of a stream, at the point of making depth 
measurements, is 4 feet. The average, depth is 1.1 feet. 
Therefore, the cross-sectional area (A) is: 

A = w x d 
A = 4 feet x 1.1 feet 
A = 4.4 square feet 

The stream velocity can be determined by choosing a straight 
stretch of water at least 30 feet long with the sides approxi
mately parallel and the bed unobstructed by rocks, branches 
or other obstacles. Mark off points along the stream. On 
a windless day, place something that floats in midstream, up
stream of the first marker. A capped bottle partially filled 
with water works well because it lies with a portion of the 
bottle submerged and doesn't just ride the surface of the 
water. Carefully time the number of seconds it takes the 
float to pass from the first marker to the second. Repeat this 
process several times and average the results. 

Example: The average time for a float to travel between 
two markers placed 30 feet apart is 30 seconds. The 
velocity (V) of the float is therefore: 

V = 30 feet 
30 seconds 

V = 1 foot/second 
V = 60 feet/minute 

The flow rate of the stream can now be calculated by multiplying 
the cross-sectional area (A) by the stream velocity (V). 
The usable flow (F) can then be determined by multiplying the 
stream flow rate by a fraction representing the portion of the 
stream flow that you can or want to use. 

Example: If you will be using 257„ of the stream flow, the 
usable flow (F) is: 

F = A x V x .25 
F = 4.4 square feet x 60 feet/minute x .25 
F = 66 cubic feet per minute 

This flow in cubic feet per minute can then be converted to the 
appropriate units by multiplying by the correct conversion factor: 

cubic feet/min x 7.48 = gallons/min 
cubic feet/min x 28.3 = liters/min 

SOURCE: Micro-Hydro Power, National Center for Appropriate 
Technology (1979). 
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SESSION 4: MEASURING HEADS AND DISTANCE Total Time: 2-4 hours 

OBJECTIVE; 

OVERVIEW: 

MATERIALS: 

TOOLS; 

By the end of this session the trainees will 
have demonstrated skills in measuring heads by 
using sight levels, hose levels, pressure gauges, 
and in measuring distances using their stride 
and sight levels. 

At a potential hydram site trainees will perform 
a series of measurement procedures for determining 
the head of a stream/spring, using sight levels, 
hose levels and pressure gauges (where applicable). 
In addition trainees will measure the distance 
from the point where water will be taken from the 
stream/creek to where the ram will be installed 
using tape measures and their stride. 

• Handouts 4A - 4E 

• 15 ft of 1x2 lumber (or something similar 
which is straight) and string. 

• sight levels: 1 per pair of trainees; calibrated 
before session 

• tape measures 

• clear hose or tubing 

• pressure gauges 

*TRAINERS NOTES: 

1. Distances and heads for trainee practice must be 
identified and measured ahead of time. 

2. 3-4-5 triangle sight level should be pre-cut, since 
purpose of this activity is to measure not construct. 

3. Pre-construction of site levels, weirs is recommended. 

4. Time and available materials may make some techniques 
impractical. Select techniques ahead of time. 
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PROCEDURES NOTES 

1. Distribute the handouts and go over 
the objective of the session. 

2. Describe the total activity and the 
techniques the trainees will be using 

3. Divide the trainees into pairs making 
certain the total competency of each 
group is about the same. 

Part I: Head Measurement 

1. Start by demonstrating how to cali
brate sight level and then have the 
trainees calibrate their sight levels 
and measure the height of their eyes. 

2. Give the trainees the task of measur
ing the drive head and the delivery 
head of either an existing or a 
future hydram using a sight level. 

3. The trainees should next compare 
measurements and any measurements 
that seem out of line should be re-
checked along with the sight level 
calibrations. 

4. The trainees should build sight level 
from indigenous materials using a 6 
foot, 5 ft., and a 4 ft. 1 x 2 , 
nails, string, and a rock. The three 
boards should be nailed together to 
form a right triangle. The string is 
attached to the 90° corner of the 
triangle with the rock attached to 
the other end (see handout 4C). With 
the triangle held so the string 
remains parallel to the longer leg, 
one can sight down the shorter leg 
perfectly horizontally. These indi
genous sight levels are now used to 
measure the same heads. 

5. Measure the same head using a clear 
plastic hose or tube filled with 
water with one end of the hose 
attached to a stick of known length 
(see Handout 4D). 

It may be best to simply 
describe how this simple 
sight level works. If 
necessary to construct, trainer 
should pre-cut lumber. 

This is a very accurate 
technique, but cumbersome 
to practice. 
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PROCEDURES NOTES 

6. If there 
the site, 
to the dr 
give the 
lating th 
readings, 
storage t 
then fill 
attach a 
readings 
delivery 

is a hydram installed at 
attach a pressure gauge 
ive and delivery side and 
trainees the task of calcu-
e heads from the pressure 

If this is a potential 
ank to the hydram site, 
the pipe with water and 

pressure gauge. Pressure 
should be taken and the 
head calculated. 

7. If the sight levels are of the kind 
that have more than one horizontal 
cross hair, explain to the trainees 
how to use these levels for distance 
measuring. 

8. With the help of their partner, each 
trainee will measure ten normal paces 
using the tape measure and then 
divide by ten to determine their 
pace. 

9. Give the trainees the task of 
measuring a distance using their pace 

10. Have them then measure a distance 
using a tape measure; compare the 
two measurements. 

11. The groups should then be given a 
task of measuring the drive and/or 
the delivery pipe distance. 

12. Back in the classroom, discuss any 
variations of the readings taken and 
the degree of accuracy that can be 
expected with each method used. 
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ATTACHMENT 4-R 

CRLIBRftTING- ft SIG-HT LEVEL 

L © 
1 

TO FIND OUT IF THE SIGHT LEVEL NEEDS TO BE 
CALIBRATED, SIGHT FROM POINT "A" ON TREE 
(OF OBJECT #ONE) TO TREE (OBJECT #TWO) AND 
MAKE A MARK, POINT "B". THEN SIGHT FROM 
POINT "B" BACK TO ORIGINAL TREE (OBJECT #ONE) 
AND MAKE A MARK AT THIS POINT "C". IF THE 
SIGHT LEVEL IS PROPERLY CALIBRATED POINTS *'AM 

AND "C" SHOULD BE THE SAME AND AT THE SAME 
LEVEL AS POINT "B". IF THEY ARE DIFFERENT, 
THE POINT MIDWAY BETWEEN "A" AND "C" (POINT "D") 
SHOULD BE LEVEL WITH "B". CALIBRATE YOUR 
SIGHT LEVEL TO THIS LINE. 
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RTTftCHMEHT 4~C 
ALTERNATE WAYS OF MEASURING- HEADS 

B SIGHT-LEVEL MfiPE 
FROM INDIGENOUS 
MBTERIHLS 

STRING WITH 
ROCK ATTACHED 

T 
4 

NOTCH CUT WITH FVCKET 
KNIFE THE SAME DISTANCE 
FROM VERTICAL LEG /7S 
POINT® 
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SESSION 5: REVIEW EXERCISE #1 Total Time: 2 hours 

OBJECTIVES 

OVERVIEW: 

MATERIALS: 

By the end of this session trainees will have 
described how a hydram works, in their own 
words, solved review problems independently and 
clarified any misunderstandings to date. 

This session provides an opportunity for participants 
to review and synthesize material to date. 

Handout 5A 
Pencil, paper 
Chalkboard/chalk or flipchart/markers 

PROCEDURES NOTES 

Encourage questions on any infor
mation that has been presented 
thus far and try to get trainees 
to answer for each other. 

Distribute the review exercise, and 
ask individuals to complete it on 
their own. 

After everyone has completed the 
review exercise, have them discuss 
answers with one other person. 

Ask for volunteers to share 
answers to individual problems. 

30 min. 

30 min. 

20 min. 

30 min. 
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Session 5 

Handout 5A: Review Exercise 1 

Name; 

1. How does a Hydram work? 

2. In a hydram installation where the hydram is located 20 feet 
below the spring box, how much water could be pumped in a day to a 
storage tank 100 feet above the springs' box if the spring is 
flowing 10 gpm and the hydram efficiency is 50%? 

3. What is the flow rate in gpm through a weir, four inches wide, 
when the water level is 5 3/8" above the bottom of the weir slot 
when measured two feet upstream? 

4. What is the height of your eye level? 

5. What is the length of your pace? 
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Session 5 

Answers to Review Exercise #1 

The hydram is located below the source of water and is used to 
pump the water to a storage tank which is higher than the 
source. The water accelerates as it flows down hill through 
the drive pipe and out the impulse valve until it reaches such 
a velocity as to slam the impulse valve shut. This causes a 
water hammer effect/ forcing water and a few air bubbles 
sucked in through the snifter from the previous cycle, through 
the check valve and into the accumulator filled with air. 
This movement of water into the accumulator causes the air to 
compress until the forward momentum is stopped. At this point 
the water in the accumulator bounces back because of the 
spring effect of the air in the accumulator. This rebound in 
the opposite direction causes the check valve to suddenly 
close, causing negative pressure in the hydram before the 
check valve. Because of this negative pressure, air is sucked 
in through the snifter and the impulse valve is caused to open 
again at which point water starts exiting through the impulse 
valve and the cycle starts again. 

H = 

h = 

Q = 

n = 

q = 

20 

100 

10 

. 5 0 

Q x 

+ 

H 
h 

20 

x n 

20 
q = 10 x 120 x ,5° = «8333 gpm 

min 
.8333 gpm x 1440 aay = 1 2 0 0 9Pd 

5 3/8" on the weir table is 37.25 gpm. This times four equals 
149 gpm. 

Any answer within reason is OK. 

Any answer within reason is OK. 
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SESSION 6 HYDRAM THEORY Total Time 2-3 hour. 

OBJECTIVES 

OVERVIEW: 

MATERIALS: 

By the end of this session trainees shall be able to: 

• articulate hydram theory, and 

• develop basic guidelines for preliminary sizing 
and design. 

This lecture/problem-solving session explores in 
depth the relationship between basic theory and 
design/sizing of ram installation. 

flip chart or chalkboard 
Handouts 6A, 6 B, 2B 
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Session 6 

PROCEDURES NOTES 

Introduce the session by summariz
ing what has been learned so far, 
i.e., basic principles, how a ram 
works, how to measure water flow 
and heads, how to calculate amount 
of water to be pumped. Explain 
that next step is to take a more in-f 
depth look at all of the factors 
affecting the amount of water a ram 
can deliver and what that means in 
terms of design and sizing. State 
objectives of the session. 

Present general information on 
pressure, including: 

- review of the basic definition: 
force 

pressure = area 
and the standard units: 

psi = pounds/square inch 

- definition of gauge pressure and 
atmospheric pressure, including 
the relationship between the two. 

Describe, using handout 6A, amount 
of pressure per foot of water, i.e. 
.433 psi = 1 ft and application to 
measuring heads with a pressure . 
gauge. Ask participants to solve 
the following problems: 

- If the pressure gauge reading 
is 75 psi, how high is the head? 

- To simulate a 200 ft head, what 
should be the psig? 

This material can be presented 
at a number of levels of technical 
complexity. The trainer, by now 
will have a sense of the group's 
level. This manual is written 
from a basic technical level. 

Limit the amount of time spent 
on pressure to 10 min. and link it 
directly to the ram. 

Write on board: 
.433 psi = 1 ft. water 

1 psi = 28" water or 2.3 ft. 

answer = 173.1 ft 

answer = 86.6 psi 

Recall that the concept of the hydram 
is based on the concept of potential 
energy; and the relationship of poten
tial energy to kinetic energy. Ask 
for a definition of kinetic energy 
and write on the board or flipchart: 

E k = Jjmv2 
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Session 6 

PROCEDURES NOTES 

5. Show that maximizing velocity 
optimizes kinetic energy. 

6. Ask/explain how maximum velocity 
is affected by or affects: 

- drive pipe diameter 

- drive pipe length 

- frequency of impulse valve 

- maximum delivery head 

7. Ask how stroke and weight affect 
frequency of impulse valve, and how 
frequency affects: 

- amount of water delivered 

- amount of water used by the 
hydram 

- overall efficiency of ram 

8. Ask participants for the formula 
of the amount of water delivered. 
Write it on the board/flip chart 
Ask/explain effect of H ratio on: 

h 
- quantity of water delivered 

- efficiency 

9. Discuss how the length of drive 
pipe is affected by: 

- drive head 

- drive pipe diameter 

- topographical limitations 

- cost 

10. Ask p a r t i c i p a n t s t o determine b e s t 
L for D = 1", and H = 10• 

If t h i s concept i s d i f f i c u l t 
use an example: 
m = 2 4 2 
v = 6 6 12 
ke = 36 72 144 
Doubling mass has less effect 
than doubling velocity. 

q = nOJH 
h 

Generally increases as 
H:h increases. 
Increases as H:h decreases. 

Refer to glossary for L:D 
and L:H ratios. 
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Session 6 

PROCEDURE - continued 

11. Explain the importance of rigidity 
in the drive pipe and in the hydram 
before the check valve. 

12. Review the role of the air cushion 
in the accumulator and explain how 
the amount of air in the accumulator 
affects hydram efficiency. 

13. Discuss the role of the snifter. 

14. Distribute Handout 6B; point out 
that it includes some additional 
terms. Ask participants to look 
at the flow rate range table on 
the second page. Explain that flow 
rate (Q in gpm) is preliminary 
indicator of ram size. There are 
two general ways to estimate size: 

1) table 

2) Q = 3D2 or D2= Q 
3 

Ask participants for appropriate 
D for Q = 30 gpm. 

15. On the board/flip chart, present the 
size relationships relative to the 
drive pipe diameter: 

- impulse valve = 2D 

- delivery pipe (d) = %D 

- check valve = ID 

- accumulator 
diameter = 3D 
height = 18" 

16. Summarize by asking trainees to 
size all components in the 
following situations: 

NOTES 

These are "rules of thumb 
not necessarily precise 
indicators. 

1) table: D = 3" 
2) formula: D = 3.16" 
Since pipe is, in basic 
sizes, D = 3". 
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PROCEDURES NOTES 

16. - cont inued 

a. Given: 4 garden beds, each 
1.5m x 12m. Need 5cm water 
twice a week. Ram site is 
40m below. Q unlimited, maximum 
possible H is 6m. 

Determine size ram, and instal
lation details. 

b. Given: House needs 700 liters 
per day. It is located 30m abovo 
stream. The stream rises lm 
every 30m length. 
Q = 10 liters/min. 

Design system, size the ram. 

c. Given: Community of 50 people. 
Each person needs 40 liters/day. 
Ram site is 5m below stream. 
Community storage is 95m below 
stream. Size ram and all parts. 

17. Ask for volunteers to present 
solutions. Ask participants to 
verify or present their alterna
tives. ^ 

I 

Participants may work together 
it's important to'emphasize the 
process of sizing, not right 
answers only. Trainers should 
circulate, ask and answer clarifying 
questions and encourage participants 
to solve problems on their own. 
allow 20-30 min. 
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Session 6 
Handout 

ATTACHMENT 6-A PRESSURE ANALYSIS 

I FT2 0fr Mff7&?r <£?.« US, ^ 

/VA/ ' - ^ - - . v ^ y ^ s 

28 

24 
,, i> 

"4> 
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Session 6 
Handout: 6B 

Attachment 6-B 

GLOSSARY OF TERMS FOR SESSION 6 

Atmospheric pressure - the pressure at sea level caused by the 
weight of air; atmospheric pressure = 14.7 psia, and 0 psig 

Force - (delivery to drive head ratio) the ratio of lift to fall. 
The inverse of this ratio times the efficiency of the hydram 
will determine the percentage of water that the hydram will 
pump. The higher the h:H ratio, the lower the hydram 
efficiency (n). The usual range of the h:H ratio is from 2:1 
to 20:1, but h:H ratios have been measured up to 60:1. 

Hydram capacity - the maximum amount of water that a hydram can 
use. This is determined by the drive pipe size and length, 
the drive head, and the impulse valve size and design. 

Impulse valve stroke - the distance the impulse valve travels 
during a cycle. 

Impulse valve weight - the total weight or downward force of the 
impulse valve and its springs or weights. 

Kinetic energy - active energy, h the mass times the velocity 
squared 

E k = ij mv 2 

Pressure - force applied over a surface measured as force 'per unit 
of area such as pounds per square inch (psi) (a head of 28" of 
water develops a pressure of 1 psi) or a pascal (Pa) which is 
equal to 1 newton per square meter (a head of 1 cm = 98 Pa) 
28" of water equals 71.1 cm of water equals 1 psi = 6895 Pa. 

psia - (pounds per square inch absolute) the total real pressure 
as if the atmospheric pressure is not present. Atmospheric 
pressure at sea level is 14.7 psi, so if a pressure gauge 
reads 100 psi (psig) the absolute pressure is 114.7 psia. 

psig - (pounds per square inch gauge) the pressure that a gauge 
reads, actually the pressure above atmospheric. 

Static head - a column of water without motion. The static drive 
head of a hydram can be measured with a pressure gauge but 
only when the ram is stopped and the drive pipe is full of 
water. 

Time of cycle - (t) the time it takes for a hydram to complete one 
cycle, such as the time lapse between the impulse valve 
closing twice. 
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Handout 

Velocity - speed usually measured in feet per second or meters per 
second. 

Water used - (Q) the amount of water that flows through the drive 
pipe during a unit of time (as in gallons per minute or liters 
per second) which is equal to the water pumped (q) plus the 
water wasted (Qw). 

The flow rate range of hydrams are as follows: 

Drive pipe 
diameter 

mm 

19 
25 
32 
38 
50 
63 
75 
100 
125 

in 

3/4 
1 

H 
l* 
2 
?h 
3 
4 
5 

U.S. ga. 

0.8 -
1.5 -
1.5 -
2.5 -
6.0 -
10.0 -
15.0 -
30.0 -
40.0 -

1/min 

2 
4 
7 
13 
20 
45 
50 
125 
150 

Flow rate 

Imperial gal/min 

0.6 -
1.3 -
1.3 -
2.0 -
5.0 -
8.0 -

13.0 -
25.0 -
33.0 -

1.7 
3.3 
5.8 
10.8 
17.0 
38.0 
42.0 
104.0 
125.0 

liters/min 

2.8 - 7.6 
5.7 - 15.0 
5.7 - 26.0 
9.4 - 49.0 

23.0 - 76.0 
38.0 - 170.0 
57.0 - 189.0 
113.0 - 473.0 
151.0 - 567.0 
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S e s s i o n 6 

At tachment 6B - c o n t i n u e d 

D e t e r m i n i n g Dr ive P ipe L e n g t h , L: 

1. C o n s i d e r d r i v e h e a d , H 

L:H r a t i o - d r i v e p i p e l e n g t h t o head r a t i o , whenH i s l e s s t h a n 
15 f t . (4 .5m) L:H s h o u l d e q u a l 6 . 

When H i s g r e a t e r t h a n 15 f t ( 4 . 5 m ) , bu t l e s s t han 2 5 ' (8m) 
L:H s h o u l d e q u a l 4 . 

When H i s g r e a t e r t han 28 f t . ( 8m) , b u t l e s s t h a n 50* (16m) 
L:H shou ld e q u a l 3 . 

When H i s g r e a t e r t han 50 f t . (16m) L.:H r a t i o s h o u l d e q u a l 2 . 

2 . C o n s i d e r d r i v e p i p e d i a m e t e r , D 

L:D r a t i o - d r i v e p i p e l e n g t h t o d i a m e t e r r a t i o , s h o u l d be k e p t 
between 150 and 1000. 

A r u l e of thumb: maximum number of p i p e i e n g t h s = 4D 
( b a s e d on c h a r t be iow, and 2 1 ' p i p e l e n g t h ) 
Opt imal number of p i p e l e n g h t s = 2D 

D L = 150D L = 500D L = 1000D No of p i p e s 

V 6 .25 2 0 . 8 4 1 . 6 2 
3 / 4 " 9 .3 3 1 . 2 5 6 2 . 5 3 
1" 1 2 . 5 4 1 . 6 8 3 . 2 4 
U " 1 5 . 6 5 2 . 0 104 .0 5 
I V 18 .6 6 2 . 5 125 .0 6 
2 2 5 . 0 8 3 . 2 166 .4 8 

IMPORTANT NUMBERS TO REMEMBER 

1440 minutes in a day 
.433 psi per foot (measured vertically) of water column 
28 inches of a water column produces 1 psi 
14.7 psi atmospheric pressure 
7.48 gallons per cubic foot 
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SESSION 7: BASIC PLUMBING TOOLS AND MATERIALS Time: 1-1% hours 

OBJECTIVES: By the end of this session trainees will have 

o learned and demonstrated basic plumbing 
skills necessary for constructing and 
installing a hydram. 

OVERVIEW: The session should familiarize participants with 
all commonly used plumbing tools and pipe 
fittings, although project-specific skill 
requirements may vary with the type of hydram 
construction foreseen and the availability of tools 
at the worksites. Participants learn: 

to identify tools and fittings (including 
host country language names, where possible); 

to use the tools properly and competently; and 

to explain and demonstrate safety precautions 
necessary in use of plumbing tools, espcially 
torches and power tools when used. 

MATERIALS: o Pipe joint compound or TFE tape 

o Cutting oil and rag 

Miscellaneous pipe 
and PVC 

fittings and pipe, galvanized 

TOOLS: 

o PVC cleaner and glue 

o Handout 7A 

Pipe vise, two pipe wrenches, chain wrench, 
pipe threader, spud or monkey wrench, etc. (the 
quantities may increase depending upon the number 
of trainees but basically all the tools needed 
for all the exercises should De present and 
discussed), pipecutter or hacksaw. 
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Session 7 

PROCEDURES 

1. State the objective of this session 
and explain tiat the skills the 
trainees are expected to develop are 
necessary for hydram installations. 

2. Show the fittings one at a time to 
all the trainees explaining their 
purpose and nomenclature. 

3. Demonstrate the use of pipe joint 
compound or TFE tape. 

4. Demonstrate the use of all the tools 
and any necessary safety precautions. 

5. Set up 2 or 3 workstations, one with 
pipefittings laid out and labeled, 
another with a threader and cutting 
and/or joining station. Have one 
trainer at each station and the 
participants revolving to each 
station. Allow the trainees to 
practice using all the tools until 
they and the instructor are confi
dent with their ability to properly 
use them. 

NOTES 

Be certain to mention that 
on a lxlxV tee, the V -
dimension refers to the arm 
of the tee. 

It is important to stress that 
their purpose is three-fold; 
to seal, to facilitate easier 
installation, and to facilitate 
easier removal. 

If at all possible, actual 
fittings and tools should be 
demonstrated and practiced on. 
Attachment 7A can be used to 
describe the fittings if lack, 
of time or facilities prevent 
"hands-on" practice. The 
handout is more useful as a 
learning reinforcement and as 
an aid for the trainees to 
use in describing and acquiring 
fittings at a plumbing supply 
house. 

Names of materials and tools 
may be different from what 
is used in the U.S. It is 
important to find out what 
each are called and call 
them by the local name. 

94 



Session 7 
Handout 7A 

ATTACHMENT 7A> 

PIPE FITTINGS BASIC PLUMBING 

PLUG REDUCING BUSHING CAP UNION 

90° STREET ELBOW 90° ELBOW 45° STREET ELBOW 45° ELBOW 

^wuvvwum 

COUPLING BELL REDUCER CROSS .TEE 

tun 

EXTENSION PIECE FLOOR FLANGE REDUCING TEE 
(AxBxC) 

NIPPLE 
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SESSION 8 : HYDRAM CONSTRUCTION - PIPE FITTING Time; 4 - 6 he 

OBJECTIVE; To build a hydram out of plumbing parts, with 
modified and/or fabricated valves. 

OVERVIEW: This session provides the opportunity for 
participants to build two variations of the pipe-
fitting hydram. The first, a modified pipe-
fitting hydram, is made exclusively from parts 
usually found in a plumbing supply house, with 
minor modifications to the check and foot (impulse) 
valve. The second hydram is made from pipe 
fittings, with valves constructed by trainees using 
simple steel fabrication. The finished hydrams are 
installed on a test stand or other water source and 
set in operation. 

MATERIALS NEEDED FOR MODIFIED PIPE-FITTING HYDRAM 

Handouts 8A, bB, 8C 

4 1" nipples 

1 1" tee 

1 l"x l"x V tee 

1 2"x 1" reducing bushing 

1 3"x 1" reducing bushing 

1 2 " foot valve 

1 1" check valve with tapped holes 

1 V plug 

1 1/8" gas cock 

1 1" 90 sweep 

1 1 " union 

1 h" union 

2 V nipples 

1 V gate valve 

1 3" female adapter 

1 3 " cap 

1 3"x 18" metal pipe 

pipe joint compound or 
TFE tape 

assorted washers 

TOOLS NEEDED FOR MODIFIED PIPE-FITTING HYDRAM 

two pipe wrenches, two pair pliers 
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Session 8 

MATERIALS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

Handouts 8B . 

pipe joint compound or TFE tape 

1 3 " cap 

2 3" tees 

3 3"x 1" reducing bushings 

1 3"x V reducing bushing 

1 3"x 18" nipple 

1 %"x 4" nipple 

1 1" 90° sweep 

6"x 8"x V sheet rubber 

6"x 6"x V steel plate 

3"x l"x 1/8" angle iron 

TOOLS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

30" 3/8-16 althread 

4 3/8-16 nuts 

1 ^-20x1" bolt (drilled out) 

1 *s-20 x 3/4" bolt 

1 ?s-20 x 4" althread 

1 2V OD washer 

6 iy OD washer 

4 %-20 nuts 

1 3/4" OD washer 

5 8-32 x 3/4" screws 

2 8-32 x 3/4" bolts 

two pipe wrenches 

electric or hand drill 

drill bits (3/8, 13/64, and 1/8) 

2" hole saw 

^-20 and 8-32 taps 

screwdriver 

access to metalworking shop 

knife 

flat file, half round file 

hack saw 

1" pipe threader 

tape measure 

adjustable wrench 

sandpaper (medium & fine) 

*N0TE: Consider "charging" trainees for parts they use 
to determine on site cost. 

Post parts, price list and ask trainees to price the 
rams they're constructing. 
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PROCEDURES 

1. State the objective of this session. 

2. Distribute Handouts g^ and 33 

3. Describe the advantages and disad
vantages of the modified and 
fabricated pipe-fitting hydrams. 

NOTES 

The two pipe-fitting hydrams 
are quite similar. If it is 
likely that trainees will be 
constructing hydrams from 
plumbing parts in their 

projects, it may be useful to have the group build both types; if concrete 
or manufactured hydrams are planned for the projects, trainers may choose 
to introduce only one. The modified valve ram requires considerably 
less time, but experience in fabricating valves may be helpful for 
trainees building a concrete ram. 

Some advantages and disadvantages of each hydram are: 

MODIFIED FABRICATED 

one hour constuction time 

efficient operation 

fairly inexpensive 

easy to service/replace 
parts 

valves last approx 1 yr 

valves may be hard to find 

maximum practical size 11/4" 

fittings difficult to remove 

3 hours construction time 

efficient operation 

inexpensive 

impulse valve easily removed 

excellent longevity 

requires ability to drill and 
tap sheet metal 

maximum practical size 1" 

check valve difficult to 
remove when rusted 

when rusted (especially 
larger sizes) 

Divide the trainees into groups 
of two or three to work on designs & 
responsibilities. 
Ask the groups to build the hydrams 
using the following sequence: 

Try to make sure that the 
skill levels of each group 
are roughly equal. 
If you wish, have each group 
build a different size hydram. 

Allow 45 minutes to desig 
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PROCEDURES - continued 

(FOR MODIFIED PIPE-FITTING HYDRAM) 

5. A. remove the spring from both the 
foot valve and the check valve; 

B. add washers in the foot valve 
for both the weight and stroke 
adjustment; 

C. assemble all the fittings as 
shown in Handout A using either 
pipe joint compound of TFE tape. 

6. Have each group install their hydram 
on the test stand or another 
source of water and start the hydram 
working. 

7. Discuss the applicability of the 
modified pipe-fitting hydram. 

NOTES 

See Handout 8A» detail A 

Discussion should include skills 
of community.availability of 
materials, financial resources 
available. 
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Session 8 

PROCEDURES - continued 

(FOR FABRICATED PIPE-FITTING HYDRAM) 

6. Impulse Valve 

A. Sand, grind or file the aim of a 
3" tee (#3) until it has a smooth 
surface. 

B. Bend two pieces of 3/8 x 15" 
althread (#27) around the body 
of the tee so that the 4 ends 
extend 1" above the arm. 

C. Drill a 2" hole in the center of 
a 6"x 6" piece of steel (#14), 
then drill 3/8" holes in the 
corners of the steel where the 
althread goes through (approx. 
4h" apart). Be certain to sand 
smooth and round off all edges. 
Drill and tap two 8-32 holes in 
plate as shown in Handout 9BV de
tail A #14, and attach the stroke 
adjustment bracket (#22). 

D. Cut out a piece of rubber (#15) 
with the same outside dimensions 
and hole pattern as the steel 
plate but with a horseshoe-
shaped hole in the middle as 
shown in Handout 9B (#15). 

E. Assemble the impulse valve as 
shown in Handout 9B, Detail A. 

7. Snifter 

Extend the thread on one end of a 
1" 90° sweep (#7) to extend through 
a 1 x 3" reducing bushing (#4). 
Drill and tap a %-20 hole near the 
extended end of the sweep and 
assemble the snifter as shown in 
Handout 9B, Detail C, so that the I 
air hole can be covered and uncovered 
by the lock nut. I 

NOTES 

The instructions describe 
the building of a 1" hydram 
If you wish, have each group 
build a hydram of a different 
s ize . Allow 3-4 h o u r s f o r 
c o n s t r u c t i o n , o r g a n i z e 
p a r t s ahead of t i m e . Time 
c o n s t r a i n t s may r e q u i r e 
t h a t t r a i n e r have impu l se 
v a l v e p l a t e s p r e - c u t , and 
c u t s h e e t r u b b e r i n t o c o r r 
s i z e s q u a r e s . 
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Session 8 

PROCEDURES NOTES 

8. Check Valve 

A. Drill and tap two holes in the 
bottom and one in the side of a 
1 x 3 " reducing bushing for 
8-32 screws as shown in the 
Handout, detail B. 

B. Cut out a piece of rubber (#20) 
for the check valve, bolt 
washers to the rubber and screw 
the valve to the 1 x 3 " reducing 
bushing. 

C. Drill and tap a hole in the 
bottom of the bushing opposite 
the 2 previously drilled holes. 
When a 8-32 screw is inserted 
the head will overlap the check 
valve, creating an adjustable 
stroke. (See Detail B) 

9. Body of the Ram 

Attach a l l the f i t t i n g s as shown 
in Handout 8B, using e i the r pipe 
j o in t compound or TFE tape . 

10. Have each group i n s t a l l t h e i r 
hydram on the t e s t stand or another 
source of water and s t a r t the 
hydram working. 

11. Discuss the app l i cab i l i t y of the 
fabricated p i p e - f i t t i n g hydram. 

The hole in the side should 
be located so that the 8-32 
screwhead wil l be 1/16" above 
the check valve rubber. 

Discussion should include s k i l l s 
available in community, ava i lab i l i ty 
of mater ia ls , f inancial resources. 
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ATTACHMENT 

PIPE FITTING HYDRAM 

WITH MODIFIED FACTORY 

VALVES. 

T^@ 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

1" Nipple 
3" PVC Pipe (clear) 
l"xl"xV' Tee 
2"xl" Reducing Bushing 
3"xl" Reducing Bushing 
1" 90- Sweep 
1" Union 
V Union 
H" Nipple 
V Gate Valve 
2" Foot Valve 
1" Check Valve with taped holes 
V Plug 
1/8" Gas Cock 
Assorted Washers 
3" PVC Female Adapter 
3" PVC Cap 
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ATTACHMENT 8 B PIPE FITTING HYDRAM WITH FIELD-MADE VALVES 

15 VfilUF ZUBSEX 

"jB* 

"C* 
nA\\ 

o./ 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

3" cap 
3"xl8" nipple 
3" tee 
3"xl" reducing bushing 
3"xV reducing bushing 
V'x4" nipple 
1" 90' sweep 
1" %-20 bolt (drilled out) 
1" nipple 

10. ^-20 nut 
11. k-20xti" piece of althread 

or bolt u/ith 1/8" hole in 
12. 2%" diameter vi/asher 
13. 1%" or smaller washers 
14. impulse valve plate 
15. impulse valve rubber 
16. ^-20 nuts 
17. k-20xh" bolt 
13. V-20 nuts 

19. 3/4" washer 
20. check valve rubber 

it 21. 8-32x3/4" screws 
22. stroke adjustment 

bracket 
23. 8-32x3/4" 
24. ^-20x3/4" bolt 
25. l%» washer 
26. 3/6-16 nuts (4) 
27. 3/8-16 althread 
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HANDOUT rfC 

MATERIALS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

Handouts 9-B, 

pipe joint compound or TFE tape 

1 3" cap 

2 3" tees 

3 3"x 1" reducing bushings 

1 3"x h" reducing bushing 

1 3"x 18" nipple 

1 V'x 4" nipple 

1 1" 90° sweep 

6"x 8"x h" sheet rubber 

6"x 6"x V steel plate 

3"x l"x 1/8" angle iron 

TOOLS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

30" 3/8-16 althread 

4 3/8-16 nuts 

1 ^-20x1" bolt (drilled out) 

1 ?a-20 x 3/4" bolt 

1 ^-20 x 4" althread 

1 2*5" OD washer 

6 IV OD washer 

4 Jj-20 nuts 

1 3/4" OD washer 

5 8-32 x 3/4" screws 

2 8-32 x 3/4" bolts 

two pipe wrenches 

electric or hand drill 

drill bits (3/8, 13/64, and 1/8) 

2" hole saw 

h-20 and 8-32 taps 

screwdriver 

access Co metalworking shop 

knife 

flat file, half round file 

hack saw 

1" pipe threader 

tape measure 

adjustable wrench 

sandpaper (medium & fine) 
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Session Q 
Handout 

PROCEDURES - continued 

(FOR FABRICATED PIPE-FITTING HYDRAM) 

6. Impulse Valve 

A. Sand, grind or file the aim of a 
3" tee (#3) until it has a smooth 
surface. 

B. Bend two pieces of 3/8 x 15" 
althread (#27) around the body 
of the tee so that the 4 ends 
extend 1" above the arm. 

C. Drill a 2" hole in the center of 
a 6"x 6" piece of steel (#14), 
then drill 3/8" holes in the 
corners of the steel where the 
althread goes through (approx. 
4 V apart) . Be certain to sand 
smooth and round off all edges. 
Drill and tap two 8-32 holes in 
plate as shown in Handout 9B, de-
caii a ffi<+, and attach the stroke 
adjustment bracket (#22). 

D. Cut out a piece of rubber (#15) 
with the same outside dimensions 
and hole pattern as the steel 
plate but with a horseshoe-
shaped hole in the middle as 
shown in Handout 9B (#15). 

E. Assemble the impulse valve as 
shown in Handout 9B, Detail A. 

7. Snifter 

Extend the thread on one end of a 
1" 9 0° sweep (#7) to extend through 
a 1 x 3" reducing bushing (#4). 
Drill and tap a *s-20 hole near the 
extended end of the sweep and 
assemble the snifter as shown in 
Handout 9B, Detail C, so that the 
air hole can be covered and uncovered 
by the lock nut. 

NOTES 
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Session g 
Handout 

PROCEDURES - continued 

8. Check Valve 

A. Drill and tap two holes in the 
bottom and one in the side of a 
1 x 3 " reducing bushing for 
8-32 screws as shown in the 
Handout, Detail B. 

B. Cut out a piece of rubber (#20) 
for the check valve, bolt 
washers to the rubber and screw 
the valve to the 1 x 3 " reducing 
bushing. 

C. Drill and tap a hole in the 
bottom of the bushing opposite 
the 2 previously drilled holes. 
When a 8-32 screw is inserted 
the head will overlap the check 
valve, creating an adjustable 
stroke. (See Detail B) 

9. Body of the Ram 

Attach all the fittings as shown 
in Handout 9B, using either pipe 
joint compund or TFE tape. 

10. Have each group install their 
hydram on the test stand or another 
source of water and start the 
hydram working. 

11. Discuss the applicability of the 
fabricated pipe-fitting hydram. 

NOTES 

The hole in the side 
should be located so that 
the 8-32 screwhead will be 
1/16" above the check 
valve rubber. 
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SESSION 9: HYDRAM DESIGN THEORY AND PARAMETERS Time: 2 hours 

OJBECTIVES: to examine the basic design guidelines for hydrams; 

to apply the guidelines to pipefitting, welded 
and/or concrete rams 

OVERVIEW: This session is included here, as an option, 
primarily for use in locations where welded hydrams 
can be used. The purpose is to provide the basic 
parameters for designing fabricated valves, seat widths, 
and backing plates for valves. At this time, the sizes 
to be used will be taken from the concrete design theory, 
which will be somewhat oversized for metal. In time, 
specific charts may be developed for welded steel. 

PREPARATION Trainers will have made a decision about the type 
NOTES: of constructions to be included in this training 

workshop. If a welded ram is to be constructed, 
i.e., if it has been decided that the expertise is 
available, the welded ram parts should be completed 
by this time. It is not the purpose of this workshop 
to teach welding skills. 

At least one hydram construction must be completed 
at this point so that measurements of seats can 
be taken. 

MATERIALS: Handouts 10B - 10F 
Previously constructed rams 
Chalkboard/chalk; flipcharts/markers 
Welded ram design , Attachment 9A 
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Session 9 

PROCEDURES 

Introduce session by recalling any 
problems participants may have had 
with pipefitting ram operation. Ask 
trainees to share any possible causes 
of these problems, and what might 
be done to avoid them. 

Explain that the rams constructed to 
date can be used in a range of situ
ations, and that the purpose of this 
activity is to look at the maximum 
h:H ratios for the rams, based on 
their construction, and the general 
sizing guidelines for rams. 

Have trainees, in groups, measure the 
following parts of the constructed 
rams : 

a) D, impulse valve opening, impulse 
valve plate thickness, rubber 
thickness, backing plate thick
ness, and seat width; 

b) check valve diameter, backing 
thickness, seat width. 

Distribute handouts 10B-F. Ask 
participants to determine optimal 
range of h and H for the measure
ments they've taken. Ask if there 
are any irregularities in the pro
portions of the drive pipe diameter, 
impulse valve opening, etc., from 
design guidelines presented in 
Session 6, and how that might 
affect performance. 

Present design of welded steel rams, 
using same design parameters and 
sizing charts. Allow trainees to 
examine components prior to final 
welding, and check sizes. 

In small groups, design a welded ram 
for one participant's site. Allow 
1-1^ hours for the design, present 
and critique. 

NOTES 

Generally, valves 
not seating quite 
or are too small. 

are 
right 

Walk through the use 
of each chart, for each part. 
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Session 9 

ATTACHMENT JLO B 

THICKNESS OF THE IMPULSE VALVE PLATE IN INCHES 
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ATTACHMENT 
Session 9 
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S e s s i o n 9 

ATTACHMENT 1Q-C 

IMPULSE VALVE STEEL BACKING 

CKNESS J 
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VALVE PLATE 
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S e s s i o n 9 

ATTACHMENT iop -

IMPULSE VALVE SEAT WIDTH IN INCHES 
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ATTACHMENT 

IMPULSE VALVE SEAT WIDTH IN MILLIMETERS 
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ATTACHMENT 1 0 £ 

CHECK VALVE BACKING THICKNESS IN INCHES 
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ATTACHMENTLOF 

CHECK VALVE SEAT WIDTH IN INCHES 
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S e s s i o n 9 
Handout 9A-1 

rm I rm jrn irrn, 

WELDED HYDRAM: SIDE VIEW 
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Handout 9A-2 

WELDED HYDRAM: EXPLODED VIEW 
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Session 9 
Handout 9A-3 

WELDED HYDRAM, IMPULSE CAVITY: EXPLODED VIEW 
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Handout 9A-4 

WELDED HYDRAM, ACCUMULATOR: 

EXPLODED VIEW 
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Handout 9A-5 

WELDED HYDRAM 
20' Drive Head 

1 Accumulator Top Diameter 

Accumulator Top Thickness 

2 Accumulator Pipe Diameter 

2 Accumulator Pipe Length 

3 Delivery Sockel 

4 Accumulator Base Ring Thickness 

4 Accumulator Base Outside Daimeter 

6 I V Check Valve Stroke Limiter bolts 

7 Check Valve 2" bolt diameter 

8 Check Valve Backing Plate Thickness 

8 Plate should be larger than hole by: 

9 Stroke Limiter Metal strip 

10 Stroke Limiter Rubber Strip 
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25 Stroke limiting adjustment bolt 
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S e s s i o n 9 
Handout 9A-6 

26 Length of Accumulator Bolts 

27 Accumulator Base Plate Diameter 

27 Accumulator Base Plate Thickness 

28 Hydram Base (same as #27) 

29 Impulse Valve Cavity Inside Diam. 

29 Impulse Valve Cavity Height 

30 Socket 

31 Impulse Valve Ring Thickness 

31 Impulse Valve Ring Diameter 

32 1" Support Pipe Length 

33 4" Diameter Support Base Thickness 

34 Snifter Bolt 
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9 A- 7 

WELDED HYDRAM 
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Session 9 
Handout 9A-8 

26 Length of Accumulator Bolts 

27 Accumulator Base Plate Diameter 

27 Accumulator Base Plate Thickness 

28 Hydram Base (same as #27) 

29 Impulse Valve Cavity Inside Diam. 

29 Impulse Valve Cavity Height 

30 Socket 

31 Impulse Valve Ring Thickness 

31 Impulse Valve Ring Diameter 

32 1" Support Pipe Length 

33 4" Diameter Support Base Thickness 

34 Snifter Bolt 
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SESSION.AO- HYDRAM CONSTRUCTION - CONCRETE Time 18 hours over 
a 7 day period 

OBJECTIVES: 

OVERVIEW: 

PREPARATION 
NOTES FOR 
TRAINER: 

• to design and build a concrete ram 

• to demonstrate a knowledge of ram component 
relationships; 

• to work with concrete and f orms. 

The session provides participants with an opportunity 
to use the knowledge gained earlier in the training 
program to assess site potential, determine an 
appropriate hydram size and design and then construct 
an inexpensive, long lasting concrete hydram. 
While building a concrete hydram necessitates 
scheduling a lengthy session over at least seven 
days, the advantages of this technology (i.e., low 
cost, excellent longevity, likely availability 
of materials) make this one of the most useful 
parts of a hydram training program. 

When possible, the concrete hydram(s) should be 
built at a site where it can be of use after the 
training program is over. Trainers should there
fore gather data about community need, end-uses 
etc. unless extensive time is available for 
trainees to do this. 

The timing of the various construction phases 
will be somewhat dependent on the mixture of the 
concrete and the ambient temperature. In general, 
the building of a concrete hydram will require 
four segments of time with a minimum of 2 days 
between segments. The first phase requires 
approximately 4 hours for steps 1-9 (planning) 
and 4 hours for steps 10-19 (base form construction 
and the first pour). The second phase should 
occur at least 48 hours later and should take 
about 4 hours for steps 20-27 (accumulator form 
construction and 2nd pour). After another 48 hours 
or so, the concrete should be sufficiently set up 
for steps 28-35 (fabrication and attachment of 
valves, bolting the hydram together). In general, 
the hydram should be ready for steps 36-38 
(installation and operation) after 2 more days, 
or four days from the last pour. 

Trainer should check porosity of concrete prior to 
this activity. 

Hand outs B-F are in metric and English units. 

Use of slides greatly enhances concrete construction 
preparation session. 
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Session 10 

MATERIALS: gravel, sand, cement, water, form lumber, plastic 
pipe, bowl, fittings, material for vapor barrier 
something to mix cement in. 
Size and quantity of materials is dependent upon 
the hydram to be constructed. Following is an 
example of a typical list of materials for a 
1" hydram. 

1" CONCRETE HYDRAM MATERIALS LIST 

1 l"x 12"x 8' iumber for body 8 3/8 althread 36" 
form 

1 l"x 12"x 8' lumber for accumu- 26 3/8 lock washers 
lacor forms 

1 V'x 7" diameter steel plate 26 3/8 flat washers 

1 3" PVC pipe cap 26 3/8 nuts 

1 4" bowl 1 1" pipe plug 

1 l'x l'x J3 belting 1 1 " pipe tee 

1 7 " diameter x V belting 1 V pipe plug 

1 l"x 2" angle 1" long 1 h" pipe tee 

1 rubber stop bumper 1 h" pipe plug 

1 %" gas cock 1 V pipe tee 

1 1" PVC pipe 2' long 2pcs. V pipe 2" long 

1 V nipple IV long 1 1 " PVC male adaptor 

2 2h" washer with 3/8" hole 1 h" PVC pipe 22' long 

2 lh" washer with 3/8" hole 1 1 " PVC coupling 

5/16" wing nut h lb 6d nails 

1 5/16 x 2 V bolt form oil 

2 h *h bolt 2h gal water 

3 5/16 nut 32# cement 

1 3/8 bolt 1" long 1 1/3 cu.ft. gravel 

1 3" PVC pipe 18" long 1 1/6 cu.ft. sand 

Handouts 10A-10N shovels 
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Session 10 

PROCEDURES 

Phase I; Part One 

1. State the objective of this session. 

2. Have the trainees gather all pertinent 
information concerning the hydram 
installation including drive head, 
delivery head, flow rate at source, 
demand, future needs, and potability. 

3. Describe the concrete hydram concept 
and the design parameters involved. 

4. Review the advantages and 
disadvantages of this design. 

5. Walk through design steps, using 
handouts 10A - I. Write on board/ 
flipchart as developed. 

Sequence: 

A. Concrete: (handout 10A) 

1. Compute D. 
2. Compute impulse v a l v e c a v i t y 

d i a m e t e r . 
3 . Compute wa l l t h i c k n e s s . 
4 . Top and bot tom t h i c k n e s s . 

B. S i ze Impulse Valve Opening (2D) 

1. Use a t t a c h m e n t 10B t o 
d e t e r m i n e t h i c k n e s s of v a l v e 
p l a t e . 

2 . Use 10A t o d e t e r m i n e b o l t a r e a 
and number of b o l t s . 

3 . Use IOC t o d e t e r m i n e back ing 
t h i c k n e s s . 

4 . Use 10D t o d e t e r m i n e s e a t 
w i d t h . 

C. S ize check v a l v e 

1. Use 10E for back ing t h i c k n e s s . 
2. Use 10F to d e t e r m i n e s e a t 

w i d t h . 

Trainer should plan how 
Co d i sp lay t h i s on chalkboard. 

Remind t r a i n e e s tha t t h i s i s 
r e l a t e d to d r ive head, fo rce . 

Rela te t h i s to d r ive pipe s i z e 
as b a s i s for c a l c u l a t i o n s . 
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PROCEDURES NOTES 

6. Have the trainees each desiyn a 
hydram, using the design paramenters 
listed in Handouts A through I. Have 
the participants solve the problem in 
attachment/handout 10M. 

7. Compare designs and discuss the 
differences. 

8. Depending on how many hydrams are to 
be made, the trainees should choose 
the best design(s) and explain why 
they have made their choice. 

9. Give an overview of construction 
process and scheduling in the 
workshop: 

Phase I; 

A. Build forms, using pipes, cups, 
form lumber, as in Handout 11H-J. 

B. Note where/why sleeves are 
inserted; where # comes from. 

C. Make sure snifter is included. 
D. Mix and pour concrete. 
E. Protect and let it set up for at 

least 2 days. 
F. Draw pattern for impulse valve 

plate. 

Phase II: 

A. Construction of accumulator form. 
B. Pour accumulator. 
C. Let i t s e t up. 

Phase I I I - I V : 

A. Cut check v a l v e , assemble and 
i n s t a l l . 

1 0 . D i s t r i b u t e p r o c e d u r e s fo r Phase I . 
Ask t r a i n e e s t o read t h rough . C l a r i f y 
any q u e s t i o n s . 

1 1 . Have the t r a i n e e s make up a m a t e r i a l 
and t o o l l i s t fo r the hydram(s) 
s e l e c t e d . 

This may be hard for t r a i n e e s 
to v i s u a l i z e . A model would 
be h e l p f u l ; s l i d e s are a l so 
e f f e c t i v e , and may be procure 
through the Energy Sec tor , 
Peace Corps. 
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PROCEDURES NOTES 

12. With all the tools and materials 
gathered, begin construction. 

Phase I - Part Two 

13. Start by constructing the hydram base 
form. (See handout 10J) 

14. Next, bend the PVC pipe and cut to 
proper length and angles. Be sure to 
glue a coupling to the check valve end 
to increase the seat area. 

Notch out bottom of plastic bowl to 
fit upon the PVC pipe: with the bowl 
and pipe held together, mark where the 
pipe touches the inside of the bowl; 
then, using coping saw, cut along this 
line. Attach male adapter and the 
plugged tee to input end of pipe. The 
plugged tee serves to prevent the pipe 
from turning within the concrete. 
Welding a piece of metal onto the 
coupling would also work. 

16. Drill holes in the bottom of the form 
for the bolt pattern around the 
impulse valve and the accumulator. 

17. Center accumulator form pipe on the 
inside of the form and draw a circle 
around it. Drive three 6d nails 
one-half way in, 120 degrees apart 
through the circle, making compen
sation for the thickness of the 
accumulator form pipe. 

18. Drill hole in PVC pipe for snifter. 
Drill another hole in form for the 
other end of snifter. Snifter pipe 
should have a plugged tee in the 
middle or a piece of metal welded to 
the side of it to eliminate turning. 

An elliptical rubber washer should be 
cut out and nailed where the check 
valve end of the PVC pipe comes in 
contact with the form. This is to 
recess the concrete around the check 
valve seat to insure a good seat. 

15. 

19. 
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PROCEDURES 

20. Bolt sleeves to form using althread, 
nuts and washers. 

21. Tie PVC pie down to form using 
tie-wire. 

22. Pour the base of the hydram using the 
following concrete formula: 8 parts 
gravel, 7 parts sand, 2 parts cement, 
and water to proper consistency. Tap 
on the form sides while pouring to 
prevent air pockets. Cover concrete 
with a vapor barrier such as visqueen, 
then cover entire pour with insula
tion. Draw pattern for impulse valve 
plate and send to metal shop. 

Phase II 

23. After the hydram base has had suffi
cient time to set (usually about 2 
days), remove form and place hydram 
base right side up on blocks so that 
the bolt holes on the bottom can be 
reached. 

24. Place a sheet of plastic or wax paper 
or anything that will prevent a con
crete marriage and that won't wrinkle 
on top of the accumulator end of the 
hydram. 

25. Place althread and sleeves through 
bolt pattern at accumulator with nuts 
and washers on both ends. Tighten 
until sleeves are rigid. 

26. Build form for accumulator as shown in 
Handout 10J. 

27. Place accumulator form pipe over the 
three nails sticking up through the 
concrete at the check valve. Pack 
with sand to prevent pipe from float
ing up in concrete. Cap end of accu
mulator form pipe with tape or PVC 
cap. 

NOTES 
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PROCEDURES 

28. Place accumulator form on top of 
hydram base and install the delivery 
pipe connection between this form and 
the accumulator form pipe. 

29. Pour accumulator form full of concrete 
using the same mixture ratio as used 
in step #22. 

30. Cover with a vapor barrier such as 
visqueen and insulation. 

Phase III 

31. After concrete has had sufficient time 
to set up (about one to two days), 
remove form. 

32. Using a large piece of paper, make a, 
pattern from the hydram base for both 
the impulse valve rubber and the 
accumulator check valve rubber. 

33. Cut out the rubbers according to the 
pattern. If the rubber is too thick 
to allow free movement of the valves, 
a v-notch may need to be cut into the 
rubber at the flex point of the valve. 

34. Drill and cut out a piece of sheet 
metal for the impulse plate and 
attach stop bracket. 

35. Install althread, bolt, nuts and 
washers on both pieces of rubber as 
shown in the attachment. 

36. Bolt accumulator to base with check 
valve rubber for a gasket. 

37. Bolt impulse valve rubber and plate to 
hydram base. 

38. Install stroke adjustment bolt locknut 
and rubber bumper. 
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PROCEDURES 

Phase IV 

39. Install ram to drive pipe and delivery 
pipe. Start up. Adjust for amount of 
flow available. 

40. Have the trainees determine the flow 
rate into and out of the hydram and 
determine the efficiency. 

41. Discuss with the trainees what they 
feel the advantages and disadvantages 
of this ram might be and when they 
might be important. 

NOTES 
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Handout 10A 

CONCRETE riYDRAM DESIGN PARAMETERS 

CAVITY WALL THICKNESS DOME COVER THICKNESS NUMBER OF BOLTS AND SIZE 

The side wall thickness (T ) in a concrete Hydram without reinforcement 

shall be equal to the diameter of the cavity (D ) in inches times the 

drive head (H) in feet divided by 10 or shall be equal to the cavity 

diameter, whichever is greater. 

The top or bottom wall thickness (T.) should be 1.25 times the cavity 

diameter. 

1 
T 
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The total bolt area (TBA) should equal the drive pipe diameter (inches) 

squared times the drive head in feet divided by 50 or TBA = 

If D in mm. and H in meters then TBA = 

2 
D̂ H 

P?H 
50 

9677.4 

To determine the proper number of b o l t s , . f ind the area o f the b o l t 

s ize you wish to use and d iv ide i t in to the t o t a l bo l t area. 

Diameter of b o l t : 

mm. 6.3 8 

i n . 1/4 5/16 

Area of bolt: 

.027 .045 

9-5 11 12.7 14.2 15.8 19. 22.2 

3/8 7/16 • 1/2 9/16 5/8 3/4 7/8 

.068 .093 .126 .162 .202 .302 .419 
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Handout 106 

THICKNESS OF THE IMPULSE VALVE PLATE IN INCHES * 

in 
UJ 

x 
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UJ 
in 
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2.5 

3 
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5 

6 

8 

12 

16 

10 

1/4 

1/4 

5/16 

5/16 

5/16 

3/6 

3/Q 

7/16 

1/2 

1/2 

DRIVE HEAD 
20 

3/8 

3/8 

3/8 

7/16 

7/16 

1/2 

1/2 

1/2 

5/8 

5/8 

IN FEET 
30 

7/16 

7/16 

1/2 

1/2 

1/2 

9/16 

9/16 

5/8 

11/16 

3/4 

40 

1/2 

1/2 

9/16 

9/16 

9/16 

5/8 

5/8. 

11/16 

3/4 

13/16 

50 

5/8 

5/8 

5/8 

5/8 

5/8 

11/16 

11/16 

3/4 

13/16 

7/8 

inPULSE 
< - VALVE OPENING- » 

RUBBEFt 

THICKNESS 
OF IMPULSE 
WLVE PLPlTE 

* These fiqures also apply to accumulator plate thickness. 
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S e s s i o n 10 
Handout: 10B - raeCric 

THICKNESS Or THE IMPULSE VALVE PLATE IN MILLIMETERS* 

DRIVE HEAD IN METERS 
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IMPULSE VALVE STEEL BACKING 

DRIVE HEAD IN METERS 
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IMPULSE VALVE SEAT WIDTH IN INCHES 
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IMPULSE VALVE SEAT WIDTH IN MILLIMETERS 
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CHECK VALUE BACKING THICKNESS IN INCHES 
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CHECK VALVE BACKING THICKNESS IN MILLIMETERS 

DELIVERY HEAD IN METERS 
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CHECK VALUE SEAT WIDTH IN INCHES 

DELIVERY HEAD IN FEET 
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EXPLODED VIEW OF 2 - PIECE CONCRETE HYDRAM 

B 01* 
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ATTACHMENT iOJ 

TWO FlECE CONCRETE HYD#/?M FZ>f?N\ 
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ONE-PIECE CONCRETE HYDRAM 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
2D. 
21. 

Hydram body 
gasket 
impulse plate 
check value 
impulse valve and gasket 
stop bracket 
rubber stop bumper 
gas cock-shifter valve 
PVC pipe 
delivery pipe 
check valve stop 

- N/A -
impulse back-up washer 
impulse washer 
check valve back-up washer(large) 
check valve washer (small) 
stop wing nut 
stop adjusting bolt 
stop bracket bolts 
check valve stop nuts 
check valve stop bolts 

22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

check valve nut 
check valve bolt 
aithread bolt (accumulator) 
althread bolt (impulse plate) 
aithread bolt (impulse valve) 
impulse valve hex nut 
flat washer 
hex nut 
pipe plug (drive pipe size) 
steel pipe tee (drive pipe size 
pipe tee (delivery pipe size) 
pipe plug (delivery pipe size 
pipe plug (snifter pipe size) 
pipe tee (snifter pipe size) 
snifter pipe 
snifter pipe 
PVC male adapter 
accumulator sleeve 
PVC coupling 
impulse sleeve 
accumulator plate 
accumulator plate gasket 
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ONE ?\tC£ CONCRETE HYDR/ihA rORM 
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ATTACHMENT 10M 

A community of 100 people requires 20/gal/day/person, and 30 
gpd/cow for 3 5 cows, and wants to use a concrete hydram. 

h = 90' 
H = 20' 

A weir 2" wide and 4" deep has been put in the stream; 2' upstream 
from the weir, the distance form the mark on the stake, level with 
the top of the weir, to the water level is IV'. Assume an 
efficiency of 50%, determine the following: 

Q 

D 

d 

Accumulator diameter 

L 

Check valve opening 

Impulse valve opening 

T. s 

TL 

Impulse valve thickness 

Impulse valve seat width 

Impulse valve backing thickness 

Check valve seat width 

Check valve backing thickness 

Number and size of bolts 
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MATERIALS; gravel, sand, cement, water, form lumber, plastic 
pipe, bowl, fittings, material for vapor barrier 
something to mix cement in. 
Size and quantity of materials is dependent upon 
the hydram to be constructed. Following is an 
example of a typical list of materials for a 
1" hydram. 

1" CONCRETE HYDRAM MATERIALS LIST 

1 l"x 12"x 8' iumber for body 8 3/8 althread 36" 
form 

1 l"x 12"x 8' lumber for accumu- 26 3/8 lock washers 
lator forms 

1 h"x 7" diameter steel plate 26 3/8 flat washers 

1 3" PVC pipe cap 

1 4" bowl 

1 l'x l'x H belting 

17" diameter x V belting 

1 l"x 2" angle 1" long 

1 rubber stop bumper 

1 k" gas cock 

1 1" PVC pipe 2' long 

1 V nipple l̂ s" long 

2 2V washer with 3/8" hole 

2 IV washer with 3/8" hole 

5/16" wing nut 

1 5/16 x 2h" bolt 

2 h xJj bolt 

3 5/16 nut 

1 3/8 bolt 1" long 

13 " PVC pipe 18" long 

Handouts ^Q A _ IO L 

26 3/8 nuts 

1 1" pipe plug 

11 " pipe tee 

1 V pipe plug 

1 V pipe tee 

1 y pipe plug 

1 y pipe tee 

2pcs. y pipe 2" long 

11" PVC male adaptor 

1 y PVC pipe 22' long 

11 " PVC coupling 

h lb 6d nails 

form oil 

2h gal water 

32# cement 

1 1/3 cu.ft. gravel 

1 1/6 cu.ft. sand 

shovels 
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PROCEDURES 

12. With all the tools and materials 
gathered, begin construction. 

Phase I - Part Two 

13. Start by constructing the hydram base 
form. (See handout 10J) 

14. Next, bend the PVC pipe and cut to 
proper length and angles. Be sure to 
glue a coupling to the check valve end 
to increase the seat area. 

15. Notch out bottom of plastic bowl to 
fit upon the PVC pipe: with the bowl 
and pipe held together, mark where the 
pipe touches the inside of the bowl; 
then, using coping saw, cut along this 
line. Attach male adapter and the 
plugged tee to input end of pipe. The 
plugged tee serves to prevent the pipe 
from turning within the concrete. 
Welding a piece of metal onto the 
coupling would also work. 

16. Drill holes in the bottom of the form 
for the bolt pattern around the 
impulse valve and the accumulator. 

17. Center accumulator form pipe on the 
inside of the form and draw a circle 
around it. Drive three 6d nails 
one-half way in, 120 degrees apart 
through the circle, making compen
sation for the thickness of the 
accumulator form pipe. 

18. Drill hole in PVC pipe for snifter. 
Drill another hole in form for the 
other end of snifter. Snifter pipe 
should have a plugged tee in the 
middle or a piece of metal welded to 
the side of it to eliminate turning. 

19. An elliptical rubber washer should be 
cut out and nailed where the check 
valve end of the PVC pipe comes in 
contact with the form. This is to 
recess the concrete around the check 
valve seat to insure a good seat. 

NOTES 
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PROCEDURES 

20. Bolt sleeves to form using althread, 
nuts and washers. 

21. Tie PVC pie down to form using 
tie-wire. 

22. Pour the base of the hydram using the 
following concrete formula: 8 parts 
gravel, 7 parts sand, 2 parts cement, 
and water to proper consistency. Tap 
on the form sides while pouring to 
prevent air pockets. Cover concrete 
with a vapor barrier such as visqueen, 
then cover entire pour with insula
tion. Draw pattern for impulse valve 
plate and send to metal shop. 

Phase II 

23. After the hydram base has had suffi
cient time to set (usually about 2 
days), remove form and place hydram 
base right side up on blocks so that 
the bolt holes on the bottom can be 
reached. 

24. Place a sheet of plastic or wax paper 
or anything that will prevent a con
crete marriage and that won't wrinkle 
on top of the accumulator end of the 
hydram. 

25. Place althread and sleeves through 
bolt pattern at accumulator with nuts 
and washers on both ends. Tighten 
until sleeves are rigid. 

26. Build form for accumulator as shown in 
Handout 10J. 

27. Place accumulator form pipe over the 
three nails sticking up through the 
concrete at the check valve. Pack 
with sand to prevent pipe from float
ing up in concrete. Cap end of accu
mulator form pipe with tape or PVC 
cap. 

NOTES 
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PROCEDURES NOTES 

28. Place accumulator form on top of 
hydram base and install the delivery 
pipe connection between this form and 
the accumulator form pipe. 

29. Pour accumulator form full of concrete 
using the same mixture ratio as used 
in step #22. 

30. Cover with a vapor barrier such as 
visqueen and insulation. 

Phase III 

31. After concrete has had sufficient time 
to set up (about one to two days), 
remove form. 

32. Using a large piece of paper, make a 
pattern from the hydram base for both 
the impulse valve rubber and the 
accumulator check valve rubber. 

33. Cut out the rubbers according to the 
pattern. If the rubber is too thick 
to allow free movement of the valves, 
a v-notch may need to be cut into the 
rubber at the flex point of the valve. 

34. Drill and cut out a piece of sheet 
metal for the impulse plate and 
attach stop bracket. 

35. Install althread, bolt, nuts and 
washers on both pieces of rubber as 
shown in the attachment. 

36. Bolt accumulator to base with check 
valve rubber for a gasket. 

37. Bolt impulse valve rubber and plate to 
hydram base. 

38. Install stroke adjustment bolt locknut 
and rubber bumper. 
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PROCEDURES NOTES 

Phase IV 

39. Install ram to drive pipe and delivery 
pipe. Start up. Adjust for amount of 
flow available. 

40. Have the trainees determine the flow 
rate into and out of the hydram and 
determine the efficiency. 

41. Discuss with the trainees what they 
feel the advantages and disadvantages 
of this ram might be and when they 
might be important. 
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SESSION 11: HYDRAM COMPONENT DESIGN CRITERIA Time: 1-1*5 hours 

OBJECTIVES: By the end of this session, trainees shall be 
able to: 

• describe how each hydram component is or 
can be made, and the advantages and dis
advantages of each design, including 
longevity, serviceability, reliability; 

• describe how the configuration of the components 
affect their function and the overall 
efficiency of the hydram; and 

• select hydram component 
their sites. 

appropriate for 

OVERVIEW: Trainees will examine advantages and dis
advantages of manufactured and fabricated ram 
components, and configurations. Combining 
this information with information about locally 
available materials and skills, they will 
determine ram construction that is most applicable. 

MATERIALS: • flipchart/chalkboard 

• slides, slide projector 

• actual parts, as available (see trainer note) 

NOTE: The handouts for this session will be very helpful 
in presenting the information on the individual 
components but having the actual components available 
would greatly increase the effectiveness of this session. 
If in the country that the trainees will be working 
there is one brand or type of hydram predominantly 
being used, it would be most advantageous to have a 
hydram of that type at the training site. The 
types and brands of the components the trainees will 
most likely encounter are the ones that the greatest 
amount of attention should be given to. 
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PROCEDURES NOTES 

1. Review the purpose of this activity. 

2. Ask the trainees to list the compo
nents of the hydram and write them on 
the flipchart/board. It should 
include the drive pipe, impulse 
valve, snifter, check valve, accumu
lator and delivery pipe. 

3. Distribute Handout 11A. 

4. Using handout 11A, ask the trainees 
to point out any problems or advan
tages of each of the components. 
Fill in any information the trainees 
leave out. 

5. Repeat steps 3 and 4 using handouts 
11B and 11C. 

6. Once the trainees have a good under
standing of the components, discuss 
with them all the possible config-
rations of the components and how 
the placement of a particular compo
nent affects the overall efficiency 
of a hydram. The configuration 
possibilities should at least include 

- the location of the impulse valve 
(either before or after the 
accumulator); 

'- the angle of the impulse valve 
(on the top, side, or bottom of 
the hydram); 

- the placement of the snifter and 
how it affects its function; 

- the possibility of more than one 
impulse valve (as in the case of 
larger Blake Hydrams); and 

- the angle of the check valve 
(either vertical, horizontal, 
or up-side down), 

Slides can be used very 
effectively as well. 
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PROCEDURES NOTES 

7. 

- the size and shape of the 
accumulator, and 

- how the configuration affects the 
water's path. 

Make a transition to Session 12, 
indicating that this information 
will also be used to consider 
choices among hydram designs. 
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Session 11 
Handout 11A 

TYPICAL IMPULSE VALVES 

BLAKE RUBBER WASHER 
STYLE 

PLUNGER TYPE 

RIFE 

SKOOKDM 

PERENNIAL STYLE 

MODIFIED FOOT VALVE 
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TYPICAL CHECK VALVES 

Session 11 
Handout HB 

BLAKE BDBBKB HASHER TYPE PERENNIAL TYPE 

PLUM2EB TIPS MODIFIED CHECK VALVE 
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Session 11 
Handout 11C 

TYPICAL SHIFTERS 

standard plumbing 
sn i f te r 

gas cock needle valve 

orifice bolt snifter rubber flap 
check 

nail check 

grooved bolt snifter external drilled 
bolt snifter 

internal drilled 
bolt snifter 
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SESSION 12: HYDRAM SELECTION Time: ifc _ 3 hours 

OBJECTIVES By the end of this session, trainees shall 
be able to: 

OVERVIEW: 

MATERIALS: 

• identify factors involved in selecting hydrams; 

• describe advantages and disadvantages of 
various ram construction, including 
manufactured rams; 

• identify factors which will support/impede 
the development of a hydram system. 

This session pulls together much of what has 
been learned to date, and organizes most of 
the issues to De considered in the installation 
of a hydram. 

chalkboard or flipchart, chalk or markers 
Handout 12A 

TRAINERS 1. Key issues that have been raised in other 
NOTES: sessions include: 

- funding sources for projects (Sessions 9, 11) 
- types of rams currently being used (Session 2) 
- available materials and costs (Sessions 9, 11) 
- transport available (Session 2) 
- existence of local industry capable of 
fabricating parts or complete rams 
(Session 2) 

2. The advantages of manufactured rams will be 
discussed during this session. The trainer 
should identify brands available in-country, 
collect and duplicate literature. 
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PROCEDURES; 

1. Identify the objectives of the 
session. 

2. Ask the trainees what factors need 
to be considered in selecting a 
hydram and write these factors on 
flipchart. As in handout they 
should include cost, serviceability, 
availability, simplicity of design, 
ease of transportation, longevity, 
and efficiency. 

3. Review manufactured rams available 
in-country. List all the types of 
hydrams the trainees might have to 
choose from. The list may include 
concrete, factory made, modified 
pipefitting, fabricated pipefitting, 
and welded steel. 

4. Ask participants to discuss each 
type of ram and how its character
istics lend themselves to the 
factors previously discussed; fill 
in chart. 

5. Summarize by asking the trainees what 
type of hydram they will most likely 
be installing and any other inform
ation which is pertinent such as 
funding sources for hydram projects, 
where to buy pipe and fittings and 
where there might be some local 
industries that should be involved 
in the faorication of parts or 
whole hydrams. 

6. Ask participants what other factors 
support/impede/affect selection. List 
on flipchart. 

7. Ask the trainees to form groups of 
six and as a group determine the ideal 
ram construction and configuration 
for their site. Instruct them to 
consider: 

- manufactured rams available, 

- limitations of componenc parts, 
manufactured or built, 

20l» 



Session 12 

PROCEDURES: NOTES: 

9. 

- local skills available for 
construction, repair and 
maintenance, 

- maintenance schedule and respon
sible parties, 

- volume of water to the pump, and 

- cost. 

Allow the groups 25 minutes for this. 

Design should De critiqued, accord
ing to the criteria. If all informa
tion is not available, ask partici
pants how they would get it. Discuss 
the implications of craftmanship. 

Ask participants if there is anything 
else they need to know before they 
begin construction. Answer any 
questions. 
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HANDOUT 12A - HYDRAM COMPARISON 

Scale: 1 (best) Co 6 (worst) 

CONCRETE t ODIFIED IPE FITTING 

Cost 1 
inexpensive 

Serviceability 

inexpensive 

hard to 
repair the 
concrete 

Darts are 
nard to 
repair and 
usually 
requires 
replacement 

FABRICATED 
PIPE FITTING 

inexpensive expensive 

sometimes 
difficult 
to get to 
check valve 

MANUFACTURED 
HYDRAM WELDED STEEL 

noderate 

1 . 
Darts easily 
made or 

thereplaced 

requires a 
i/elder 

PLASTIC 

2 
cheap 

poor 

Availability 

Simplicity of 
Design 

Ease of 
Transportation 

requires the 
greatest 
amount of 
time to 
construct 

1 
parts just 
screw 
together 

Longevity 

6 
extremely 
heavy 

small and 
not very 
heavy 

most parts 
screw or 
bolt together sometimes 
but requires the rubber 
some metal 
working 

Efficiency 

if it does 
not freeze 
it should 
last as 
long as a 
mfg. ram 

will last 
about 1 yr. 

small A not 
very heavy 

most parts 
are cast & 

parts are 
field 
fabricated 

no longevity 
studies done 
yet, but 
should last 
a long time 

vdry little difference if built properly 

heaviest of 
the ferrous 
hydrams 

history of 
up to 25 yr. 
without 
service 

requires 
welding but 
no unique 
metal shapes 

4 
heavy & 
bulky 

2 
easy to 
build but 
requires 
glueing 

very light 

should l a s t 
about as 
long as a 
mfg. ram 

w i l l l a s t 
about one 
month 

* t r a i n i n g d e v i c e o n l y 
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SESSION 13: INTER-RELATIONSHIPS WITHIN THE HYDRAM Time: 11-15 hours 

OBJECTIVES; 

OVERVIEW: 

MATERIALS: 

TOOLS: 

The trainees will verify by experimentation 
the inter-relationships within a hydram 
including: 

1) the effects of the h:H ratio on efficiency, 

2) frequency on maximum h:H, 

3) frequency on efficiency and q and Q 

4) amount of air in accumulator on efficiency 

5) drive pipe length on efficiency, 

6) drive pipe diameter on efficiency, 

7) snifter on efficiency, and 

8) drive pipe material on efficiency 

The trainees will describe the extent to 
which they can vary the factors that affect 
efficiency, and produce an acceptable amount 
of water. 

A series of 8 experiments will be conducted by 
groups of 3-4 participants. The number of 
experiments each group conducts will depend 
on the size of the total group and the amount 
of time available. This activity is key in 
providing participants with experience and 
confidence in understanding and manipulating 
hydrams, and understanding the range of skills, 
materials, tools and equipment involved in a 
hydram project. 

Handout 13, exercises 1-8 
a water source with sufficient head to operate 
one or more hydrams, enough working hydrams for 
one to each group, drive pipes (all steel except 
one PVC) 

pipe wrenches, stop watches or watches with a 
seconds function, buckets of known capacity, 
means of measuring drive head such as transit 
or sight level, pressure gauges, pressure relief 
valves 
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TRAINER NOTES ON TIMING FOR EXPERIMENTS 

The time it should take for each series of experiments is 
as follows: 

1) h:H ratio's effect on efficiency 2 hours 

2) frequency's effect on maximum h:H 1*5 hours 

3) frequency's effect on efficiency, Q and q 2% hours 

4) volume of air in accumulator's effect 2 hours 
on efficiency 

5) drive pipe length's effect on efficiency 4 hours 

6) drive pipe diameter's effect on efficiency 2\ hours 

7) snifter's effect on efficiency 1^ hours 

8) drive pipe material's effect on efficiency 2 hours 

Allow 1% hours for the introduction to this session 
(procedure steps 1-4) and 2-3 hours for the groups to 
analyze their findings (step 6) and 3 hours for the group 
presentations and discussion. 

The number of experimental stations available and the time 
an experiment actually takes, may mean that each group 
does 2-3 experiments each. It's a good idea to have more 
than one group run an experiment to verify results. 
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PROCEDURE: 

1. 

5. 

6. 

Describe the objectives of this 
session. 

Divide the trainees into groups of 
3-4, making sure each group contains 
a cross-section of technical abili
ties . 

Give each group the task and proce
dure sheets for the experiments 
which you want them to perform. 

Assign groups to work spaces and 
ask them to take 15 minutes to 

- decide how they will work to
gether, 

- get clear about procedures, task, 

- make assignments for presenta
tion, write-up. 

The groups follow the procedures on 
the task and procedure sheets. 

NOTES 

After the experi 
the trainees mee 
for 2-3 hours to 
collected, to pi 
their experiment 
provided in the 
for the snifter 
needs no graph), 
generalizations 
and the applicat 

ments are finished, 
t with their groups 
analyze the data 
ot the results of 
s onto the graphs 
handout (all except 
experiment which 
and to define the 
that can be made 
ions. 

A representative from each group 
presents the task, procedure, 
results, generalizations, and 
applications for the experiments 
performed. 

A discussion follows about what has 
been learned and what wasn't 
learned that perhaps should have 
been learned. 
Ask participants to describe how 
start up of ram might be different 
at actual installation vs. this 
experimental arrangement. 
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Each group of 3-4 should possess 
a range of t e chn i ca l a b i l i t i e s . 

Each group wil l need to assign 
r e spons ib i l i t y for timing the 
experiment, measuring Q , 
maintaining pressure gauge, 
recording data , report ing out , 
analyzing data . 

The t r a i n e r s must be a v a i l a b l e 
to p a r t i c i p a n t s as necessary to 
respond to q u e s t i o n s , ensure 
t h a t procedures and conclus ions a re 
c l e a r and on t a r g e t . Tra iner should 
encourage groups to review t h e i r 
work a t the end of the f i r s t 
block of work t ime. 

See Guide to Users for s e t t i n g 
up experimental s t a n d s . 





Handout 13 

Exercise 1 - Part I 

TASK: DETERMINE THE EFFECT THE h:H RATIO HAS ON EFFICIENCY 

Variables: efficiency (n) , water delivered (q), water used (Q)., 
time of experiment, water wasted (Q ) 

Controlled 
Variables: 

Constants: 

Range: 

PROCEDURE: 

vw 

Delivery head (h) 

Drive head (H), frequency (f), volume of air in 
the accumulator 

2:1 to 20:1 

1. 
2. 
3. 

4. 
5, 

6, 
7, 

8, 
9. 

Install a hydram to a drive head. 
Accurately measure the drive head. 
Attach and set an adjustable pressure relief valve and 
a pressure gauge to the discharge. 
Start the hydram. 
Open the snifter in order to fill the accumulator with 
air and then close the snifter for the duration of the 
experiment. 
Calculate the impulse valve frequency. 
Simultaneously measure the time of the experiment, water 
delivered (q) and water wasted (Qw)• 
Calculate the efficiency (n). 
Repeat the experiment making sure to keep the drive head, 
frequency and the volume of air in the accumulator the 
same and change the delivery head in order to develop a 
new h:H ratio. 
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Exercise 1 - Part II 

I ASK: DETERMINE THE EFFECT THE h:H RATIO HAS ON EFFICIENCY 

I xpor.iinonl 1! 

h:H r a t i o 

II 

h 

Qw 

q 

Q 

f 

5 

W 

t 

n 

N
o

tes: 
I 
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Hand 

Exerc ise 1 - Pa r t I I I 

THE EFFECT OF THE DELIVERY HEAD TO DRIVE HEAD RATIO ON EFFICIENCY 

^ 2 3 ^ S & 7 8 ? 10 a /2 /3 /? <S/6 /? if i?*Q 
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Handout 13 

Exercise 2 _ Part I 

TASK: DETERMINE THE EFFECT OF THE FREQUENCY ON THE MAXIMUM 
DELIVERY HEAD TO DRIVE HEAD RATIO 

Variables: delivery head (h), water used (Q), water wasted(0 ) 
water delivered (q) 

Controlled 

Variables: amount of air in the accumulator, frequency (f) 

Constants: drive head 

Range: high frequency to low 

PROCEDURES: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator and then 
6. Set the frequency to as fast as possible. 
7. With delivery valve shut measure the maximum delivery head 

with a pressure gauge. (Make certain that the hydram 
that is used is designed for the pressures that will be 
encountered.) 

8. Repeat the experiment while slowing down the frequency 
by even increments making certain that the volume of air 
in the accumulator remains the same. 

9. From the pressure reading calculate the delivery head and 
the h:H ratio. 

TOOLS AND MATERIALS NEEDED: 
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Exercise 2 - Part II 

A'-K 
Determine the effect of the frequency on the maximum delivery head 

to drive head ratio 

1 X p l ' l ' 1 l l l l ' l l t /.' 

l i :H ru t i ' j • 

i 
| 

i 

'1 

' • 

i 

u f 

1 1 
i 

" i 
b 
•T. 

• 

. 

• 

1 

i » 

1 

1 
i 
1 
1 
1 

j 

i 

i — 1 
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Exerc i se l - Pa r t I I I 

THE EFFECT OF THE FRBJUJSCY OH THE MAXIMUM DELIVERY HEAD TO DRIVE HEAD RATIO 

o 

% 
w 
xs 

MIR 

7 < ? i — I — 

4>0 

— 

-

d 
HO 

Sol 

2o 

id> 

• • ' 

FREQUENCY MAX 
i i i i i i i i i 
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Handout 13 

Exercise 3 Part I 

TASK: DETERMINE THE EFFECT OF FREQUENCY ON EFFICIENCY, 
QUANTITY OF WATER ENTERING THE HYDRAM AND QUANTITY 
OF WATER DELIVERED. 

Variables: time of the experiment, efficiency (n), water 
used (Q), water delivered (q), water wasted (0..) 

Controlled 
Variables: frequency 

Constants: drive head (H), delivery head (h), volume of air 
in the accumulator 

Range: slow to fast 

PROCEDURE: 

1, 
2, 
3. 

4. 
5. 

6. 
7, 

8, 
9. 

Install a hydram to a drive head. 
Accurately measure the drive head. 
Attach and set an adjustable pressure relief valve and 
a pressure gauge to the discharge. 
Start the hydram. 
Open the snifter in order to fill the accumulator with 
air and then close the snifter for the duration of the 
experiment. 
Calculate the impulse valve frequency. 
Simultaneously measure the time of the experiment, water 
delivered (q) and water wasted (Qw)« 
Calculate the efficiency (n). 
Repeat the experiment making certain to keep the volume 
of air in the accumulator, drive head, and delivery 
head the same while changing the frequency. 
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Handout 13 

Exercise 3 - Part I.I 

,«,-,, DETERMINE THE EFFECT OF FREQUENCY ON EFFICIENCY, QUANTITY OF WATER 
ENTERING THE HYDRAM AND QUANTITY OF WATER DELIVERED 

Lxpo r i merit H 

h:H r a t i o 

II 

li 

(Ju 

<t 

U 

f 

s 

w 

L 

n 

z o 
r i 
al 
•Si 

rr. : 
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E x e r c i s e 3 - P a r t I I I 

THE EFFECT OF FREQUENCY ON EFFICIENCY, QUANTITY OF WATER ENTERING THE 
HYDRAM AND QUANTITY OF WATER DELIVERED 

MIN FREQUENCY MAX 

H 

10 

,0 

so 

40 

50 

20 

i i i i i i i i 
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Handout 13 

Exercise 4 - Part I 

TASK: DETERMINE THE EFFECT OF THE VOLUME OF AIR IN THE 
ACCUMULATOR ON EFFICIENCY. 

Variables: time of the experiment, efficiency (n), water 
wasted (0 ), water pumped (q), water used (Q) 

Controlled 

Variables: volume of air in the accumulator 

Constants: drive head (H) , delivery head (h), frequency (f) 

Range: no air - 24" of air 

PROCEDURES: 

1. 
2, 
3, 

4. 
5, 

6, 
7, 

8. 
9. 

Install a hydram to a drive head. 
Accurately measure the drive head. 
Attach and set an adjustable pressure relief valve and 
a pressure gauge to the discharge. 
Start the hydram. 
Open the snifter in order to fill the accumulator with 
air and then close the snifter for the duration 
of the experiment. 
Calculate the impulse valve frequency. 
Simultaneously measure the time of the experiment, water 
delivered (q) and water wasted (0 ). 
Calculate the efficiency (n). 
Repeat the experiment making certain to keep the drive 
head, delivery head and frequency the same while changing 
the volume of air in the accumulator. 
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Exerc i se A - Par t I.I 

I ASK: Determine the effect of the volume of a ir in $he eccumulwtoi 
on efficiemcy 

I xpc>|- itnoriL 1! 

h:H r a t i o 

II 

h 

CJw 

q 

Q 

f 

j ; 

Ml 

t 

n 

N
o

tes: 

i 
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Handout 13 

Exerc i se 4 - Pa r t I I I 

THE EFFECT OF THE VOLUME OF AIB IN THE ACCUMULATOR ON EFFICIENCY 

%0 

0 V 8" 12" 16" 20" 2V» 
i i i i i i i i i i i i t i i 

60 

" 

50 

8 

40 

50 

20 
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Handout 13 

Exercise .5 - Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE PIPE LENGTH ON EFFICIENCY 

Variables: efficiency (n) water wasted (0) water used (Q) 
water delivered (q), time of trie experiment 

Controlled 
Variables: length of the drive pipe 

Constants: frequency (f), drive head(H), delivery head (h) 
volume of air in the accumulator 

Range: 10' 80' 

PROCEDURE; 

1. 
2. 
3. 

4. 
5. 

6. 
7. 

8. 
9. 

Install a hydram to a drive head. 
Accurately measure the drive head. 
Attach and set an adjustable pressure relief valve and 
a pressure gauge to the discharge. 
Start the hydram. 
Open the snifter in order to fill the accumulator with 
air and then close the snifter for the duration of the 
experiment. 
Calculate the impulse valve frequency 
Simultaneously measure the time of the experiment, 
water delivered (q) and water wasted (Q ). 
Calculate the efficiency (n). 
Repeat the experiment making certain to keep the volume 
of air in the accumulator, drive head(H), deliveryhead (h) 
and frequency the same while changing the length of the 
drive pipe. 

229 



Handout 13 

TASK: 

Exercise .5 - Part II 

DETERMINE THE EFFECT OF TEE DRIVE PIPE LENGTH OH EFFICIENCY 

Lx p e r i men I 1! 

h:H r a t i o 

H 

h 

Qw 
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o

te
s
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E x e r c i s e 5 - Part I I I 

THE EFFECT OF THE DRIVE PIPE LENGTH OF EFFICIENCY 

10' 20' 30' kO' 50' 60' 70' 80' 90' 100' 

$0m li I I ' ' ' L 

70 

bO 

50 

o 

w 

40 

30 j ' 

20 

i i i i 
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Handout 13 

Exercise 6 _ Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE PIPE DIAMETER ON 
EFFICIENCY. 

Variables: water wasted (C")* water used (Q), water delivered (q), 
time of the experiment 

Controlled 
Variables: drive pipe diameter (D) 

Constants: drive head (H), delivery head (h), frequency (f), 
volume of air in the accumulator 

Range: h, 3/4, 1" 

PROCEDURES: 

1. Install hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of 
the experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, 

water delivered (q) and water wasted (CO« 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head, delivery head, 
length of drive pipe, and frequency the same while 
changing the diameter of the drive pipe. 
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E x e r c i s e 6 - Part I I 

lASK: Determine the effect of drive pipe diameter on efficiency 

1 xporimont 1! 
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Handout 13 
Exerc i se 6, - Par t I I I 

EFFECT OF THE DRIVE PIPE DIAMETER ON EFFICIENCY 
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Handout 13 

Exercise 7 - Part I 

TASK: DETERMINE THE EFFECT OF THE SNIFTER ON EFFICIENCY 

Variables: time of experiment, water wasted (0 ), water 
used (Q), water delivered (q), efficiency 

Controlled 
Variables: Snifter open, snifter closed, one way snifter 

Constants: drive head (H), delivery head (h), volume of 
air in the accumulator 

Range: sucking air and spitting water 

PROCEDURES: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve 

and a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with air. 
6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, 

water delivered (q), and water wasted (Q-J* 
8. Calculate the efficiency. 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head (H), delivery head (h), 
and frequency the same while changing the snifter from 
an open snifter, a one way snifter to no snifter at all. 
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• Exerc ise 7 - P a r t u 
Handout 13 

ASK: DETERMINE THE EFFECT SNIFTER HAS ON EFFICIENCY 

Experiment /.' 

h:H r a t i o 
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Exercise 8 - Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE MATERIAL ON EFFICIENCY 

Variables: efficiency (n), water wasted (0 ), water used (Q), 
water delivered (q), time of the experiment 

Controlled volume of air in the accumulator, 
Variables: delivery head (H), frequency (f) 

Constants: frequency (f), drive head (h), delivery head (h), 
volume of air in the accumulator 

Range: 5:1, 10:1, 15:1, 20:1 for both steel and plastic 
pipes. 

PROCEDURE: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of the 
experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, water 

delivered (q) and water wasted (CO-
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the drive head 

frequency, volume of air in the accumulator, and drive 
pipe material the same until you have accurate efficiency 
calculations for h:H ratios of 5:1, 10:1, 15:1, 20:1. 

10. Repeat the series of experiments after changing the 
drive pipe to a different material making certain that 
everything else stays the same. 
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Exerc i se 8 _ P a r t 1 * 

1 A i i K . Determine the effect of the drive pipe material on efficiency 

I xpeririient II 
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E x e r c i s e s - Par t I I I 

THE EFFECT OF THE DRIVE PIPE MATERIAL ON EFFICIENCY 
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SESSION 14 REPAIR AND MAINTENANCE Time: 2-4 hours 

OBJECTIVES: 

OVERVIEW: 

MATERIALS: 

TOOLS: 

By the end of this session the trainees will 
be able to: 

• predict malfunctions and problems in the 
operation of a hydram over time; 

• accurately diagnose malfunctions and causes; and 

• develop skills and experience in repair and 
maintenance of hydram systems. 

Participants identify potential malfunctions, 
describe symptoms and prescribe cures; practice 
repairing; and develop strategy for long term 
preventive maintenance and routine service. The 
activity described below can be adapted for 
actual installations, if available. 

Handouts 14A (3 pp), 14B, 14C 

All basic plumbing tools used to date in workshop 

Spare parts 

Enough hydrams for each experimental station 
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Session 14 

PROCEDURES NOTES 

1. State objectives of the session. 

2. Ask participants to generate a list 
of possible malfunctions and 
symptoms based on their construction 
experience, inter-relationship 
experiments, and what they've 
learned so far to date. 

3. Divide participants into 3 groups, 
and assign each group approximate
ly 1/3 of the listed malfunctions. 
Distribute Handout 14B. 
Group Task; for each malfunction/ 
symptom listed, complete columns 
2 and 3 of handout 14B, and write 
on flip chart for presentation. 

4. Groups report out; check for 
accuracy and completeness of 
possible cures. 

5. Ask each group to select one mal
function, go to an experimental 
station, and simulate malfunction. 
Allow 20 minutes. Ask group to 
listen to the ram, write down the 
sound and record its deviation 
from a well functioning ram. 

6. Each group moves to another station 
and listens to ram, records 
description of sound, diagnoses 
problem, determines solution and 
and repairs it. 

7. Each group will report on: 

- sound 

- diagnosis 

- success in repa i r ing 

- implicat ions for preventive 
maintenance. 

8. Repeat steps 5-7, t h i s time 
groups to combine 2 malfunctions/ 
symptoms. 

List should include a l l 
items on i4A, t ra iner should 
add any that are not 
mentioned. 

Alternat ively, groups work on 
a l l symptoms, af ter groups 
finish, post f l ip charts on wall 
with each symptom. Individuals 
complete. Large group reviews, 
cor rec ts , discusses. Trainers 
should be available if a group 
gets stuck. 1 hour. 

30 minutes. 

Trainers could also simulate 
to save time. 

2U8 



Session iA 

PROCEDURES - continued NOTES 

9. Ask. participants to complete 
worksheet, Handout 14B, columns 
4 and 5. 

10. In a large group, discuss implications Trainers will circulate 
for long term preventive maintenance. to ensure that lists are 
Have the group brainstorm a list of complete, time frames 
preventive maintenance tasks, routine accurate, 
servicing tasks. Individuals complete 
worksheet, handout 14C for their site. 
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SESSION 15: Review Exercise #2 Time: 2 hours 

Objectives: By the end of this session trainees will have 
demonstrated their ability to: 

• determine maximum drive and delivery heads for a 
given ram; 

• describe key interrelationships in a hydram; 

• accurately describe at least 5 factors affecting 
efficiency in a hypothetical ram installation. 

Overview: Work to date in the three areas described above has 
been primarily group work. This activity provides the 
opportunity to apply this information individually, 
and clarify any misunderstandings. 

Materials: Handout 15A 

TRAINERS NOTE: 

Specifications for problem #1 need to be provided, using the 
charts from Sessions 9 and 10. Alternatively, participants 
can take actual measurements from the pipefitting rams they 
constructed, and solve the problem for those rams. 
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Procedures 

1. Explain purpose of session, resolve 
any hanging questions from previous 
session. 

2. Distribute handout, instructing 
participants to solve problems 
individually. 

3. Participants to compare answers in 
groups of 2-4, coming to agreed upon 
solution(s). 

4. For each problem, ask for volunteers 
and provide group answers. Check with 
other groups for variation/difference. 
Discuss rationale for answers, and/or 
differences. 

Notes 

Allow 30 minutes for t h i s . 

30 min. 

45-one hour 
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Handout 15A 

REVIEW EXERCISE 

1. What are the maximum recommended H & h in a 2" hydram where 
the impulse backing plate is thick, the impulse seat 
area is , has impulse valve bolts " in diameter, 
has a check valve backing plate " thick, and a check valve 
seat width of "? 

Answer the following with a graph if you wish: 

2. How does the amount of air in the accumulator effect "n"? 

3. How does the h:H ratio effect "n"? 

4. How does the frequency effect "Qw"? 

5. How does the snifter effect "q"? 

6. Tomorrow you are going out to an existing hydram site 
where there is only 100 gpd being delivered, there is a 
reliable supply of 3 gpm and an h:H ratio of 10:1. The 
ram works consistently but the efficiency is so low that 
only h the water needed is being pumped. Do you feel 
200 gpd can be pumped if the hydram and/or installation 
is corrected to improve the efficiency to a reasonable 
level? If yes, what are you going to look for as a 
possible reason for low efficiency? (At this point you 
know nothing else about the hydram or the manner in 
which it is installed) list as many factors as you can 
think of. 
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SESSION 16; Use of Multiple Rams Time; 1% hours 

Objective; By the end of this session trainees will describe how 
multiple rams, in series or parallel can be used in 
situations where h:H ratio,1 L:D ratio, or D make 
single ram unpractical or impossible. 

Overview; In small groups, trainees will solve problems to 
determine that single ram is impossible, and describe 
and size multiple system for meeting water need. 
Large group will discuss advantages/disadvantages of 
these systems, including cost efficiency. 

Materials; Handouts 16A, 16B, 16C, 16D 
Problems 16A, 16B, 16C on flip chart 
Flip charts, markers 
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Procedures: 

1. Introduce session by reviewing 
limitations of hydram in terms of: 

- maximum h:H 
- L:D ratios 
- cost of galvanized pipe in large 

sizes 

State objectives of session. 

2. Form 3 small groups and assign each 
group one problem form Handout 16D. 
Distribute the relevant diagram (16A, 
B, or C) to the appropriate group. 

The group task is to: 

- solve problem 
- determine why single ram will not 
work 

- study diagram and determine why the 
multiple ram arrangement will work 

- size the multiple ram system 
- plan 10 minute presentation to the 

large group 

3. Representatives from each group 
present and answer questions. 

4. Ask large group to describe any 
additional advantages/disadvantages of 
multiple ram systems, any other 
situation they might be used in. 

5. Ask participants what application 
series/parallel rams have at their sites. 

Notes 

10 min. 

Allow 30 minutes for this. 

30 min. 

10 min. 
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Handout 16D 

ATTACHMENT 16D 

Problem 16A; 

How much water can be pumped to a delivery head of 200 feet, 
when there is a drive head of 2 feet, a supply of 50 gpm, and 
an assumed efficiency of 50%? 

Problem 16B; 

A community of 200 people, with 70 cows, needs 5 gpd per 
person and 15 gpd per cow. A spring flows at a rate of 15 
gpm, H = 10',...h = 100*, n = 50%, L:D = 960. How can the 
community's needs be met? 

Problem 16C; 

How much water can be delivered to a supply tank 50 feet above 
a hydram when the drive head is 5 feet, the hydrams efficiency 
is 50%, the flow rate of the water is 30 gpm, and the largest 
drive pipe available is 2"? 
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SESSION 17; Site Development Time; 2 hours 

Objective; At the end of this session, participants will be able 
to; 

• describe various construction techniques for the 
major components of a hydram system, i.e., take o 
from the source, hydram box, storage facility and 
necessary piping, and 

• develop cost estimates for total systems. 

Overview; During this session, participants will describe 
present construction techniques at their sites and 
compare them. If participants have little/no 
experience in water development, simple techniques 
will be described. This session is not intended to 
provide construction skills for ram components. 

Materials; Handouts 
Costs lists developed prior to workshop, especially 
PVC and galvanized pipe, concrete 
Approximate costs developed during construction of 
hydrams in workshop. 
Chalkboard, chalk or flipcharts and markers 
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2. 

Procedures: 

Introduce the session with a brief 
statement that so far the workshop 
focus has primarily been the hydram 
itself and that we now want to look at 
a bigger picture, i.e., the system. 
State the objectives of the session 
and review Handout 2B. 

Take off from source. 
Ask participants to describe methods 
they're familiar with for taking water 
off a stream and/or catching springs. 
Generate a list of design issues and 
write these on board/flip chart. 

If participants are not familiar with 
systems, trainer should describe 
settling basin, spring catchment, and 
group should identify in-country 
resources for developing water 
sources. 

4. 

Ask participants how to protect hydram 
itself: keeping drive pipe rigid, 
free of bends, providing adqequate 
drainage, avoiding damage by animals, 
vandals, or to curious people/children. 
Develop guidelines for construction of 
hydram box, per Handout. 

Storage Facility. Repeat Step 2 for 
storage facilities. 

Have participants size a ram for their 
application, and cost out the entire 
system, using the workshop estimates, 
their knowledge of skilled labor 
rates. If participants do not have a 
specific application in mind, develop 
a sample problem, using information 
generated in workshop to date, i.e., 

o cost of rams built 
o maximum h:H for these rams 
o approximate 1 and L 
o provide hypothetical q 

Check computations to ensure that all 
components accounted for. 

10 rain. 

10 min, 

10 min. 

45 min. 
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PROCEDURES 

6. Ask participants what, if any, 
additional issues are raised by these 
site development considerations in 
terms of costs to community, current 
systems that hydram could run off of, 
existing storage systems, costs for 
reticulation. 

7. Summarize by stating that all of these 
must be considered in overall hydram 
system. Distribute Handouts 17 C, D, 
and E. 

NOTES 
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SETTLING AREA - TAKE-OFF SYSTEM 
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Handout 17c 
Session 17 

GL'IDELINES/CHECKLIST 

Take-Off from Source: 

materials: pipe or proper soil 
drum or tank 
plumbing parts (connectors, flanges, etc.) 
trash rack 
fine mesh screen 

concerns: negative slope from source to drum or pond 
pipe or channel well into stream 
good foundation for durm or pond 
means to shut off flow to basin when necessary 
keeping trash, debris, sediment out of line 
protection from: raging waters 

flood 
animals 
sun (ultra violet rays) 
erosion 

Hydram: 

materials: cement, aggregate, sand 
metal pipe and plumbing parts 
hydram 
metal or wood for cover to box 
hinges, screws, etc. 
stakes, wire 

concerns: support for pipes - drive, delivery 
pipe course straight as possible - no 90 bends 
anchoring of pipes 
drainage for waste water 
drive pipe entering settling basin 1/3 way up 

from bottome of basin 
protection box for hydram 
drainage for waste water 
coverage for all plastic pipes 
clear marking of pipeline if buried 

Storage Facility: 

materials: adequate soil 
cement, aggregate, sand 
reinforcing bar 
paint 
pipe 
plumbing parts (connectors, faucet, standpipe) 
fencing material 
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GUIDELINES/CHECKLIST - continued 

Storage facility - continued 

concerns: best match of size, materials and costs 
closeness to final usage 
durability of tank - strength, seal 
protection from animals 
safety for users, children 
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Handout 17D 

SITE DEVELOPMENT 

After the siting of the components for the hydram system has 
been completed, it becomes necessary to design the components in 
detail. This session will discuss how to develop them and will 
allow for a better estimation of the money, labor and time needed. 

The components of the system that are of concern here are the 
take-off from the source, the hydram, the storage facility, and 
all necessary piping. Variations for developing the components 
and factors that influence their design will be presented. The 
attachments to this session will give further guide lines and will 
give references for those topics that will not be covered in this 
manual/workshop. 

TAKE-OFF FROM THE SOURCE 

As was mentioned before, the water for a hydram system is not 
taken directly from the stream; a take-off component must be 
installed. Its purposes are to protect the system from the poten
tial damage by floods, to keep sand and debris out of the system 
and to make maintenance of the system easier. The two basic parts 
to the take-off area are a settling basin and a transmission 
channel from the stream to the basin. 

The size of the basin has to be just large enough to insure an 
uninterrupted flow of water to the hydram while trapping sediment, 
sand, and debris. If the hydram system is small - that is, it 
uses a 2" drive pipe or smaller, a 55 gallon drum or small tank 
may be used. If the soil at this site has a good clay content, a 
small pond can be constructed to serve as the basin. A rough way 
to determine the size of the basin is to determine the volume of 
water contained in the drive pipe at any point in time and have 
the basin be large enough to allow 3-4 times that volume of water 
standing above the drive pipe, e.g., if the drive pipe contains 10 
gallons (area of the inside diameter of the drive pipe times its 
length), then a basin with 30-40 gallons above the drive pipe 
inlet will be sufficient. The inlet of the drive pipe should be 
positioned at least 1/3 of the way up from the bottom of the 
basin. A fine mesh screen must cover the inlet of the drive pipe 
(keeps frogs, etc. out). 

The second part to the take-off is the channel or pipe that 
takes the water from the source and directs it to the basin. If a 
drum or tank is used as a basin, a pipe is more suitable as the 
inlet channel in that the pipe lends itself to an easier attach
ment to the drum/tank. If a pond is used, a dug channel can be 
used. The channel however, may need to be lined with clay to 
minimize seepage loses through the soil. The channel or pipe 
should be placed well into the stream to be able to pick up suffi
cient water during the dry season. The pipe needs to be anchored 
to the streambed for protection from being swept away by raging 
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waters during the rainy season. A channel also will need to be 
protected. In both cases, large rocks placed on each side of the 
channel/pipe should be sufficient. 

The channel will need more regular maintenance than a pipe to 
keep the sediment and weeds from blocking the passage. The pipe 
will need a trash rack in front of it's stream opening to keep 
debris, fish, etc. out of it. 

The channel/pipe will need to have a slight negative slope to 
it - 1% or so to allow the water to naturally feed into the basin. 
Both the channel and the pipe should have some means of blocking 
the flow of water to the system when that becomes necessary. If a 
plastic pipe is used, it will have to be covered to protect it 
from the sun; the ultraviolet rays of the sun will eventually 
destroy the plastic. 

One last note: if the stream under consideration has excellent 
year round flow rates, but not an adequate head to run the hydram, 
a small dam may need to be constructed. This is a costly under
taking - in terms of money, time, skill and labor. This 
manual/workshop cannot provide the necessary information for 
working with a dam. You will need more information to help decide 
if further consideration of the project is worthwhile. 

The Hydram 

The hydram component consists of the drive pipe, the hydram 
itself, the delivery pipe and a protection box/foundation for the 
hydram. Details about development and construction of the hydram 
are covered in this manual. 

The drive pipe needs to be made of metal to withstand the 
pressures and pounding that develops in running the system. It 
should be positioned in the settling basin about 1/3 the way up 
from the bottom. The pipe should be well supported along its 
length and protected from outside disturbances. If stakes can be 
driven into the ground, the pipe can be anchored to them; this 
will help minimize vibrations and keep it from being bumped off 
its supports. The pipe should transverse as straight a course as 
possible. In no case should sharp bends (90°) be used; 45° bends 
or less should be used. If they are used, support must be pro
vided at each bend to keep the sideway thrusts that will develop 
inside the pipe at that point from destroying the line. 

The delivery pipe can be made of plastic. The same care in 
supporting, anchoring and protecting the drive pipe should be 
applied also to the delivery pipe. The course of the pipe should 
be as straight as possible, avoiding all sharp bends. An addi
tional concern with plastic pipe is protection from the ultra
violet rays of the sun. The pipe needs to be covered. One way to 
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do this is to bury it. However, if this is done, the channel 
should not be covered up until the system is working and the pipe 
checked for leaks. 

The delivery pipe, because of its length, may raise additional 
concerns. It must be adequately protected any place it has to 
cross a trail or road, or in other ways is subject to possibly 
being run over by a cart or vehicle. If it crosses cultivated 
land, it's course must be adequately marked so that it is not 
accidently damaged during cultivation operations. 

The hydram itself must be well supported and protected from 
accidental disturbances. In addition the waste water needs to be 
directed away from the support foundation. The best way to 
provide this protection is to build a concrete foundation with 
drain outlet and a concrete or cement block box around it. The 
box should be large enough to allow enough room for a workman (or 
two) to comfortably move around the hydram. If a concrete hydram 
is used, the accumulator and/or the body may weigh a couple of 
hundred pounds. If it has to be removed for some reason, there 
must be enough room in the box to allow workers to get in there 
and lift it out. 

The final part to the box should be some type of cover that 
can be locked; this offers protection from vandals or people 
tampering with the hydram out of curiosity. A final note on the 
construction of the box: the foundation should be poured and the 
hydram installed. After the hydram is working like it should, the 
walls to the box should be constructed and the cover installed. 

The Storage Facility 

The construction design of this component of the system is 
dictated by its size, the available materials, and physical char
acteristics of the site. A few examples may highlight some design 
considerations for the storage facility: 

Let's say your calculations for. the system indicate that 1000 
gallons of water a day needs to be delivered. To store this 
amount of water, the facility will need to be about 12 feet on a 
side and 12 foot high. (1 cubic foot of water equals 7.48 gal
lons) If you want to have a 3-day supply of water (1 day's use 
and 2 days in reserve) the facility will need to be at least 12' x 
12' x 3'. It may be economically reasonable to construct this out 
of concrete and block. 

Now let's say the system will be used for irrigation and will 
need to store 100,000 gals and use it every 8 days. The size of 
this facility will need to be approximately 40 feet on a side and 
3 feet high. To construct this structure out of concrete may be 
too costly; a pond would have to be constructed. (Incidently, a 
system needing 2100,000 gallons every 8 days will need to pump 
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about 10 gals a minute, all day, every day. 100,000/8days/24 
hours/60 minutes.) 

This manual/workshop can not go into all the details and 
procedures necessary to construct these storage facilities. 
However, some reference materials are listed in the attachments 
that can assist in this work. In addition, assistance can be 
obtained from the agriculture department and technical donor 
groups/agencies. 

Irrespective of the design of the facility, there are basic 
concerns for the protection of the system and for safety to the 
individuals using it. A pond almost assuredly will have to have a 
fence around it to keep animals and little children out of it. 
The walls of a tank will have to be reinforced with metal bars and 
the inside of the tank plastered with cement and painted to pre
vent leaks. 

Cost and Labor Considerations 

The labor for and the costs of this system can be quite a 
burden for the rural farmer or village; this is why the siting and 
the design of the system are so important. When both are done 
with care and skill, the costs for a completed system will be as 
low as possible. It should be obvious that with ample free/cheap 
labor and proper soil available the system can be kept within 
reasonable limits. It should also be obvious that the amount of 
labor needed and the length of time to do it all can be extensive. 

It may be useful to take an example and see what a system 
might cost. Prices for everything are different everywhere, but 
for the sake of this example, let's say: 

• Cement costs $7/bag - 1 bag can make 20 blocks 
16" x 8" x 8"; can plaster 50 sq. ft. of surface 
can bond 35 blocks together; can produce 6 cu. ft. 
of concrete 

• Reinforcing bars for the total system costs $75 

• Metal pipe costs $8/foot 

• Additional plumbing parts $75. 

• hydram can be built for $100 

• Plastic pipe costs $4/foot 

• 55 gal drum costs $10 

• welding work on drum costs $15 
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• Pipe lengths are: inlet line to drum 20* 
Drive pipe 40", delivery pipe 2001, supply pipe 300' 

• Hydram box needs to be 6* x 5' and 4 courses high 
foundation - h foot thick 

• Storage facility needs to be 15' x 15' x 4' 
foundation - 1 foot thick 

• Paint $50 

• standpipe and faucet at final use point $100 

• Transportation costs $200 

• no labor costs 

What will this system cost? (round off fractions to next 
highest whole number.) 

If the storage facility will be a pond with no material costs, 
what will the system cost? (Transportation costs are cut in half; 
no reinforcing bar is needed.) 

If, in addition, the supply line isn't needed, what will the 
system cost? 
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GLOSSARY OF TERMS FOR SESSION 17 

Battery of hydrams - (or parallel hydrams) a hydram installation 
where two or more hydrams are connected to the same source 
with different drive pipes, but usually with the same delivery 
pipe. This type of installation is used where the size of the 
hydram is limited. 

Holding tank - (storage tank) the means of storing water once it 
has been pumped to the desired head. 

Ram box - the small structure usually made out of concrete and/or 
wood which houses a hydram, protecting it from freezing, 
weathering, and possibly from vandalizing. 

Series hydram - a hydram installation where two or more hydrams 
are used in series to pump water higher than one hydram could 
alone. 

Spring box overflow pipe - a pipe placed in the wall of a spring 
box near the top for unused water to exit through. 

Waste water drain - the drain in the bottom of a ram box which 
allows the waste water from the hydram to drain out. 

Waste water series hydrams - a hydram installation where one 
hydram uses the waste water from another as a source to pump a 
higher percentage of the water. 
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SESSION 18; Hydraro System Site Selection Time: 2-4 hours 

Objective; At the end of this session trainees will have selected 
a site for a hydram system from a range of possibili
ties, based on the technical, social and economic 
factors involved in the decision. 

Overview; This session pulls together several issues that have 
been identified over the course of the workshop: 
technical feasibility, water need, access, skills, 
cost, community responsibility, maintenance and 
repair. 

There are two possible activities described here: 

1) a hypothetical exercise, with a hillside full 
of springs as possibilities 

2) a field activity in a pre-selected location 
which presents several options for siting the 
system. 

Note: Activity 2 is optimal and requires site 
identification by the trainer, concurrence for 
using the area (from local residents, 
officials, etc.). It takes much more time and 
makes a richer activity. 

For hypothetical activity, Handout 18A 

For actual field activity: site levels, tapes, 
weirs or estimated flow rates for source 

Materials; • 
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Procedures 

1. 

2. 

3. 

4. 

5. 

State objectives of session and 
overview of activities. 

Ask what are the major components of a 
hydram system that needs siting, and 
what are the major factors that 
influence the selection of a site. 

Ask what information should be known 
about the project before site 
selection can be made. List on flip 
chart. 

Ask what factors and components should 
be looked at, xn what order. 

Present actual or simulated situation 
and instruct participants that they 
will have to select a site. 

Actual; 

• Divide into groups of 4-5. Ask 
groups to spend 30 minutes 
organizing their tasks, responsi
bilities for gathering data at the 
site, and decision making process. 

• go to site, gather data, make 
decision and prepare 
presentation/recommendation 
including rationale, need, cost. 

• Each group presents, and large 
group critiques based on factors 
listed above. 

Especially if field activity 
is used. Note any concerns 
raised during this discussion. 

15 min. 
Head needed for system, flood 
boundaries of stream, ownership 
of land, cost of pipe of different 
materials and in different sizes. 
1. hydram & head should be first 
then flood consideration 
2. Take off point and distance 
D to hydram; flood considerations 
3. Social factors for hydram and 
take off system 
4. Storage facility and distance 
5. above with social factors 
6. Cost of above system 
7. Distance, d and costs 
8. Maintenance responsibilities, 

access. 

30 min. 

1^-2 hours. Trainers should 
monitor time. 
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6. 

Simulated 

• Individually, using handout 18A, 
and given spring flow rates, 
distances, select site for 
locating hydram, to deliver 1500 
gpd. Solve for single ram first 
then consider series installation, 

• Develop approximate costs. 

• Ask for responses; differences. 
Ask 1-2 participants with 
different answers to share 
rationale 

Ask participants which issues are of 
major concern at their sites. 

In this situation, its difficult 
to consider all social factors 
30 min. 

20 min. 

20 min. 
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HYDRAM SYSTEM SITE SELECTION 

There are three main components to a hydram system that re
quire site selection: 1) the take off from the stream, 2) the 
hydram itself, and 3) the storage facility. 

The Take Off System; The water for a hydram is never taken 
directly from the stream. Sand and debris would enter the drive 
pipe and destroy the hydram. Therefore a settling area for the 
water must be included in the system. The characteristics to look 
for are a relatively flat area near the stream but out of the way 
of the rainy season's floods. 

The Hydram; The first important factor here is to choose a 
site that will give sufficient head to run the pump. Basically, 
the higher the head, the greater the amount of water that can be 
pumped. As a general rule of thumb, the site should give at least 
3m (10 ft) of head. Systems can be run with a smaller head, but 
the flow rate needs to be that much larger. If there are a number 
of places along the stream where sufficient head can be generated, 
then the spot where the distance from the water source to the hy
dram is the shortest will be the best. The drive pipe (from 
source to hydram) must be made of metal to withstand the pressure 
and pounding of the system. Metal pipe is usually more expensive 
than plastic pipe (which can be used for the delivery line). So 
even though the delivery line may be longer than at other poten
tial sites, the costs for the total system may be less. 

The hydram can be situated in any safe/stable area that will 
give the proper head and distance mix. An added consideration is 
convenient access to this site to do repairs and maintenance. It 
is advisable to build a box to enclose the hydram - to protect it 
from animals and vandals and to minimize erosion to the hydram's 
foundation. This usually means that cement needs to be carried 
and mixed nearby, and this may influence your selection of the 
site. One last concern is that the waste water from the hydram 
will need to find its way back to the stream. If in doing so, it 
transverses cultivated land and that could cause a problem, then 
this factor must be considered in the selection of the site. 

The Storage Facility; The third major component of the system 
is the site to which the pump will deliver. The delivery 
point/storage facility should be at some convenient location that 
allows the water to gravity flow to where it is needed. The major 
determinants of the site for the storage facility are the delivery 
head the system can accommodate and the length of the delivery 
line. The delivery head must be within the range of the systems' 
capabilities, and the length of the delivery pipe must be within 
reasonable cost constraints. The distance from the storage 
facility to the point of use (see handout 18B, d3), should be kept 
to a minimum. But this distance, d3» is secondary to the needs of 
the hydram system. 
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Session 18 
Handout 18A-3 

The factors that influence the siting of these components are: 

1) flood considerations, 

2) available head, 

3) distances/pipe length between components, 

4) cost factors, 

5) convenience of location, 

6) social factors. 

1) Flood Considerations; The seasonal variations of the 
stream must be taken into consideration - this is particularly 
true of flood conditions. Each component of the system must be 
placed outside the potential flood area. 

2) The available head and that necessary for the system is 
the key factor in siting the system. There are three heads in
volved here: the drive head, the delivery head, and the supply 
head. The most important of these is the drive head, H. This H 
basically determines what the capabilities of the system are. The 
delivery head, h, is next in importance; it is however limited by 
the constraints placed on the system by the size of the drive 
head. The least important of the heads is the supply line head, 
h. Basically this head just needs to have a negative slope - that 
is, sufficient drop to let the water run down hill. 

3) Distances or pipe lengths are the next major consideration 
in selecting a site for the system. Pipes are usually the most 
costly items of the system. There are three distances that must 
be taken into account: the length of the drive line, the length of 
the delivery line, and the length of the supply line. The most 
crucial of these is the drive line because this piping is usually 
the most expensive per foot and because the size of the pipe is 
influenced by the distance it must transverse. As a rule - the 
shorter the drive pipe line the better (considering that it deli
vers the necessary head). The length of the delivery line is next 
in order of importance. It is constrained by the capacity of the 
system and by costs. However plastic pipe can be used here. The 
supply line is constained by cost factors only. It can be run as 
far as the terrain and the budget allows. 

4) The cost of a system may be the final determinant as to 
whether or not it is implemented. Pipes and plumbing components 
are the main expense, with cement and possibly labor second. The 
hydram itself is a lowly third. If care is taken in the siting 
and the design of the system, the costs can be kept to their 
minimum. 
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Session 18 
Handout 18A-4 

5) Convenience of location of the hydram and the storage 
facility is another siting factor. Basically the components of 
the system should be sited in a location that allows for ease of 
construction, repairs and maintenance. 

6) Lastly, the "best" site for the system may not be the one 
that the villagers want - it may be on the wrong persons land, or 
whatever. Remember that they are responsible for maintaining the 
system, and their concerns must be honored. 

Presented below is a handy table to keep the components of the 
system and the siting factors in mind as the survey work is being 
done. 

SITING 
FACTORS 

FLOOD 
CONSIDERATIONS 

HEAD 

DISTANCES 

COSTS 

CONVENIENCE 

SOCIAL 
FACTORS 

. 

COMPONENTS 

TAKE OFF HYDRAM STORAGE 
FACILITY 
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Handout 18B 

DIAGRAM OF HYDRAM SYSTEM FOR SITE SELECTION 
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SESSION 19: PROJECT PLANNING Time: 2 hours 

OBJECTIVES: By the end of this session, participants will 
have completed a pLan for a hydram project 
at their site. The plan will include problem 
definition, an articulation of why a hydram 
is the most appropriate solution, goals, 
activities, resources, responsibilities, 
monitoring and evaluation. 

OVERVIEW: The key issues in hydram project implementation, 
and therefore planning, have been raised through
out the workshop. During this session, participants 
pull it all together, to begin applying what 
they've learned to their sites. It may even 
be the case that what they've learned is that 
hydrams will not work at their sites. 

TRAINERMS NOTE: Remind participants to bring along 
Site Information Worksheet, Cost Calculations, 
Repair and Maintenance Worksheets, and 
Site Selection worksheets. 

MATERIALS: Flipchart/markers 
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Session 19 

PROCEDURES NOTES 

1. Introduce session by stating 
goals and rationale. 

2. Ask participants to spend an hour, 
individually, developing a plan 
that includes the following: 

A. Statement of water problem 
at the site: 
- who needs water, why, how 
much 

- who perceives the problem 
- what is current situation 

B. Evaluate current situation: 
- where is there water? 
- how much? what quality? 
- accessibility? ownership? 
- current and future needs? 
- community structure, 
social, political, skills 

C. What are the possible 
solutions? 
- hydram 
- others..diesel pumpt, 
gravity pump etc. 

D. Evaluation of solutions for: 
- cost 
- longevity 
- feasibility 
- material needs 
- availability of skills 
- local technical support for 
repair and maintenance 

- time to install 
- social responsibility 
- reliability 
- results 
- community involvement 

E. For the selected s t ra tegy: 
Develop a schedule of tasks , 
a c t i v i t i e s , r e s p o n s i b i l i t i e s , 
ma te r i a l s , resource requi re 
ments and time frames. 

F. Develop a plan for monitoring 
progress . 

Remind group chat much of 
t h i s i s in Sice Information 
Worksheet used in Session 2 . 

I t ' s important tha t p a r t i c i p a n t s 
are c l e a r about hydrams being 
one s o l u t i o n , and tha t they 
eva lua te i t aga ins t a l l c r i t e r i a 

Link t h i s to c r i t e r i a tha t have 
been developed in o ther sess ions 
in the workshop. 

The t a sks and a c t i v i t i e s should 
include any fu r the r data to be 
c o l l e c t e d ; o ther groups to be 
included in planning and 
implementation. 
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PROCEDURES 

3. Ask participants to share their 
plan with at Least one other 
person, for critique, additions. 

Alternatively ask someone to 
volunteer to present plan to the 
whole group. 

4. Ask participants if they feel 
comfortable about the next steps 
they need to take to implement 
their learning. If not, it's 
likely that plan needs revising. 
Ask if specific parts of the plan 
require rethinking. 
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Session 20 

SESSION 20: WRAP UP AND EVALUATION Time: 2-4 hours 

OBJECTIVES: • evaluate workshop activities 

• provide closure to workshop 

OVERVIEW: This session will vary with the actual situation. 
At a minimumj evaluation forms should be completed, 
and workshop sponsors should have the opportunity 
to "close the workshop' with a restatement of their 
intent re: the development and use of this technology 
and the skills of the participants. 

TRAINER The disposition of constructed rams is 
PREPARATION: an issue that has probably come up by now. 

This is a good time to give them away, or 
announce the decisions. Suggestion: ask 
interested parties to submit proposals for 
the rams. 

Determine whether or not certificates will 
be given, and make sure they're printed and 
ready. 

Develop an evaluation form. A sample is attached. 

MATERIALS: Depending on above decisions. 

Evaluation form, pens, pencils, 

Participant roster if one has not yet been distributed. 
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PROCEDURES NO 

1. State the purpose of the activity. 
Ask participants if they have any 
loose ends that need to be tied up. 
If so, List these on a flipchart 
developing an agenda of sorts. 

2. Distribute evaluation forms. Allow 
about 20-30 minutes to complete. 

3. Ask workshop sponsor to close, 
perhaps with certificates, if 
appropriate. 
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GLOSSARY OF TERMS 

Accumulator - (air dome) the air chamber on the hydram which 
cushions the water hammer, eliminating delivery pulsations and 
helps provide rebound. 

Atmospheric pressure - the pressure at sea level caused by the 
weight of air; atmospheric pressure = 14.7 and 0 psig. 

Battery of Hydrams - (or parallel hydrams) a hydram installation 
where two or more hydrams are connected to the same source 
with different drive pipes, but usually with the same delivery 
pipe. This type of installation is used where the size of the 
hydram is limited. 

Check Valve - (non-return valve, secondary valve, internal valve) 
the internal valve in the hydram that prevents the delivery 
head pressure from forcing water back through the hydram body. 

Delivery head - the vertical distance between the hydram and the 
highest level of water in the storage tank that the hydram is 
pumping to. 

Delivery pipe - the pipe which connects the output of the hydram 
to the storage tank. 

Drive head - the vertical distance between the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of galvanized steel that 
connects the hydram to the source reservoir or stand pipe. 

Efficiency - (n) the ratio of the energy input to the energy 
output; a measure of how well a hydram functions; 

<n = QH 

Force - to move something against resistance, pressure times the 
area measured in pounds, newtons or dynes. 

Frequency - (f) the number of times a hydram cycles in one minute. 

h:H ratio - (delivery to drive head ratio) the ratio of lift to 
fall. The inverse of this ratio times the efficiency of the 
hydram will determine the percentage of water the hydram will 
pump. The higher the h:H ratio, the lower the hydram 
efficiency (n). The usual range of the h:H ratio is from 2:1 
to 20:1 but h:H ratios have been measured up to 60:1. 
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Holding tank - (storage tank) the means of storing water once it 
has been pumped to the desired head. 

Hydrant - (hydraulic ram, hydraulic ram pump, automatic hydraulic 
ram pump, ram) an ingenious device that uses the force of 
water falling through a drive pipe to pump water to a height 
greater than its source, making use of hydraulic principles 
and requiring no fuel. 

Hydram capacity - the maximum amount of water a hydram can use. 
This is determined by the drive pipe size and length, the 
drive head, and the impulse valve size and design. 

Impulse Valve - (clack valve, out-side valve, impetus valve, waste 
valve) the valve on the hydram that creates and controls the 
water hammer. 

Impulse valve stroke - the distance the impulse valve travels 
during a cycle. 

Impulse valve weight - the total weight or downward force of the 
impulse valve and its springs or weights. 

Kenetic energy - active energy, h the mass times the velocity 
squared 

EK = ^mv^ 

L:D ratio drive pipe length to diameter ratio, should be kept 
between 150-1000. 

L:H ratio - drive pipe length to head ratio, when it is less than 
15 ft. L:H should equal 6. 

When H is greater than 15 ft, but less than 25 should = 4 
When H is greater than 20 " ' 50 " = 3 
When H is greater than 50 L:H ratio should equal 2. 
(see Glossary, Session 6 for metric equivalvents) 

Potential energy - energy derived from position or height; is 
equal to the height that a mass can fall times its weight. 

Pressure - force applied over a surface measured as force per unit 
of area such as pounds per square inch (psi) (a head of 28" of 
water develops a pressure of 1 psi) or a pascal (Pa) which is 
equal to 1 newton per square meter (a head of 1 cm = 98 Pa) 
18" of water equals 71.1 cm of water equals 1 psi = 6895 Pa. 

Ram box - the small structure usually made out of concrete and/or 
wood which houses a hydram protecting it from freezing, 
weathering and possibly from vandalizing. 
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Rebound - the flow of water in the ram reversing direction due to 
the air pressure in the accumulator, closing the check valve. 

Series hydram - a hydram installation where two or more hydrams 
are used in series to pump water higher than one hydram could. 

Settling basin - a small tank usually made of steel or concrete 
that is used in place of a stand pipe in an installation where 
additional settling is necessary. 

Snifter valve - (air valve, spit valve) the small valve just below 
the check valve that allows air to enter the hydram. 

Spring box - a concrete box built around a spring to facilitate 
water collection and to protect the water source from surface 
contaminates. 

Spring box overflow pipe - a pipe placed in the wall of a spring 
box near the top for unused water to exit through. 

Stand pipe - an open-ended, vertical pipe sometimes used at the 
beginning of the drive pipe. 

Static head - a column of water without motion. The static drive 
head of a hydram can be measured with a pressure gauge but 
only when ram is stopped and the drive pipe is full of water. 

Supply pipe - everything in a hydram system before the drive pipe, 
usually including some, but not necessarily all, of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Supply system - everything in a hydram system before the drive 
pipe, usually including some but not necessarily all of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Time of cycle - (t) the time it takes for a hydram to complete one 
cycle, such as the time lapse between the impulse valve 
closing twice. 

Velocity - speed usually measured in feet per second or meters per 
second. 

Waste water - (0W) the water coming out of the impulse valve and 
the snifter. 

Haste water drain - the drain in the bottom of a ram box which 
allows the waste water from the hydram to drain out. 
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Waste water series hydrams - a hydram installation where one 
hydram uses the waste water from another as a source to pump a 
higher percentage of the water. 

Water delivered - (q) the rate at which water is delivered to the 
storage tank; Q x H x n -( 

<3 = h 

Water flow to the hydram - (Q) a l l the water used by a hydram 
which i s equal to the waste water (Qw) p lus the water 
de l ive red ( q ) . 

Water hammer - the e f f e c t created when water flowing through a 
pipe i s suddenly s topped. In a hydram t h i s causes the c lo s ing 
of the impulse valve and opening of check va lve . 

Water used - (Q) the amount of water t h a t flows through the dr ive 
pipe during a un i t of time (as in ga l l ons per minute or l i t e r s 
per second) which i s equal to the water pumped (q) p lus the 
water wasted (Qw 

The flow r a t e range of hydrams are as fol lows: 

Drive pipe 
diameter 

mm 

19 
25 
32 
38 
50 
63 
75 
100 
125 

in 

3/4 
1 

H 
l* 
2 
1\ 
3 
4 
5 

U.S. ga. 

0.8 -
1.5 -
1.5 -
2.5 -
6.0 -
10.0 -
15.0 -
30.0 -
40.0 -

1/min 

2 
4 
7 
13 
20 
45 
50 
125 
150 

Flow rate 

Imperial gal/min 

0.6 -
1.3 -
1.3 -
2.0 -
5.0 -
8.0 -

13.0 -
25.0 -
33.0 -

1.7 
3.3 
5.8 

10.8 
17.0 
38.0 
42.0 
104.0 
125.0 

liters/min 

2.8 - 7.6 
5.7 - 15.0 
5.7 - 26.0 
9.4 - 49.0 

23.0 - 76.0 
38.0 - 170.0 
57.0 - 189.0 
113.0 - 473.0 
151.0 - 567.0 

IMPORTANT NUMBERS TO REMEMBER 

\ki\{) minutes in a day 
.63.5 p;;i per foot (measured v e r t i c a l l y ) of u/ater column 
2H inches of a water column produces 1 psi 
14.7 ps i a tmospher ic p re s su re 
7,h\\ gallon?; per cubic foot 
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English-Metric Units Conversion Table 

Physical This In Equals, in Metric' 
Quantity "English" Units Spelled out Symbolic Reciprocal^ 

DISTANCE 

AKBA 

VOLUME 

VKI.OCITY 

1 inch 
1 foot 
1 yard 
1 mile 

1 square inch 
1 square foot 

1 square yard 
1 acre 

1 square mile 

1 cubic inch 
I pint (liquid) 
1 quart 

1 gallon 
1 cubic foot 
1 cubic yard 
1 acre-foot 

1 foot per hour, 
minute or second 

1 mile per hour 
1 knot 

2.54 centimeter 
0.3048 meter 
0.9144 meter 
1.609 kilometer 

6.-152 square centimeter 
0.0929 square meter or 

929 square centimeters 
0.836 square meter 
4,047 square meters or 

0.4047 hectare 
2.590 square kilometers 

or 259.0 hectares 

16.39 cubic centimeters 
473.2 cubic centimeters 
946.4 cubic centimeters 

or 0.9464 liter 
3.785 liters 
0.0283 cubic meter 
0.765 cubic meter 
0.1233 hectare-meter 

0.3048 meter/hour, min
ute, or second 

0.4470 meU>r per second 
• 0.5145 meter per second 

2.54 cm 
0.3048 m 
0.9144 m 
1.609 km 

6.452 cm1 

0.0929 m ] 

929 cm2 

0.836 m ! 

4.047 m ' 
0.4047 h 

259.0 h 

16.39 cm' 
473.2 cm' 
946.4 cm1 

0.916 1 
3.785 1 
0.283 m1 

0.765 m3 

0.1233 h m 

0.4470 m/s 
0.5145 m/s 

0.3937 
3.281 
1.094 
0.6215 

0.155 
10.76 
0.001076 
1.196 
0.000247 
2.47 

0.00386 

0.0610 
0.002113 
0.001057 
1.057 
0.2642 

35.3 
1.308 
8.11 

3.281 

2.237 
1.944 

•Multiply quantity known in British units by this number to gut metric equivalent. 
tMulUply quantity known in metric units by this number to get British equivalent. 
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ENC.I.ISH-MKTRIC UNITS CONVERSION TAHLR 

Physical 
Quantity 

ENERGY (OK WORK) 

POWER 

TEMPERATURE 

SPECIAL COMPOUND 

UNITS 

M A S S 

TonquE 

PRESSURE 

„ 

1 

1 
1 
1 
1 
1 

1 

1 
1 

1 

1 

1 

1 

This In 
-English " Units 

watt-second 

foot-pound 
13 tu 
watt-hour 
horsepower-hour 
kilowatt-hour 

horsepower 

joule per second 
Btu per hour 

degree 
Fahrenheit 

Btu per cubic 
foot 
Btu per pound 
of mass 
Btu per square 
foot per hour 

1000 gallons per' 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

acre 
pound of mass 
per cubic foot 

ounce 
pound 

ton (short. 
2000 pounds) 

inch pound 

pound per square 
foot 
pound per square 
inch 
millimeter of 
mercury 
foot of water 

atmosphere 

* Equals, in Met 
Spelled out 

1.000 joule = 1.000 
newton-metcr 

1.356 joule 
1.055 kilojoule 
3.60 kilojoulcs 
2.684 megajoules 
3.60 megajoules 

745.7 watts or 0.7457 kilo
watt 

1.000 watt 
0.293 joule per second 

5/9 degree Celsius (Centi
grade) for each Fahrenheit 
degree above or below 
32°F 

37.30 joules per liter 

2.328 joules per gram 
3.158 joules per square 

meter 

0.0935 centimeters depth 

16.02 grams per liter 

28.35 grams 
453.6 grams 

or 0.4536 kilogram 
0.907 megagram 
or 0.907 metric ton 
or 0.907 tonne 

0.1130 metcr-newton 

47.88 newtons per square 
meter 

6.895 kilonewtons per 
square meter 

133.3 newtons per square 
meter 

2.989 kilonewtons per 
square meter 

0.1013 moganewton per 
square meter 

ric* 
Symbolic 

1.000 J 
1.356 J 
1.055 kJ 
3.60 k J 
2.684 MJ 
3.60 MJ 

745.7 W 
0.7457 kW 
1.000 W 
0.293 J/s 

5/9 X (TF - 32)°C 

37.30 J/1 

2.328 J/g 

3.158 J/m l 

16.02 g/1 

28.35 g 
453.6 g 

0.4536 kg 
0.907 Mg 
0.907 t 
0.907 t 

0.1130 m-N 

47.88 N/m l 

6.895 kN/m' 

133.3 N/m l 

2.989 kN/m» 

0.1013 MN/m' 

Reciprocal^ 

1.000 
0.7375 
0.948 
0.2778 
0.3726 
0.2778 

0.00134 
1.341 
1.000 
3.41 

1.8 degree 
Fahrenheit 
for each Cel
sius degree 
plus 3 

0.0268 

0.4296 

0.3167 

10.70 

0.0624 

0.03527 
0.002205 
2.205 
1.102 
1.102 
1.102 

8.851 

0.02089 

0.11240 

0.0075 

0.3346 

9.87 
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Physical This In Equals; in Metric* 
Quantity "English" Units Spelled out Symbolic Reciprocal^ 

PLOW 1 gallon per day 0.04381 milliliters per 0.04381 ml/s 22.824 
second 

1 gallon per minute 63.08 milliletcr per second 63.08 mL/s 0.01585 
1 cubic foot per 

minute 0.4719 liter per second 0.4719 1/s 2.119 
1 cubic foot per 

second 28.32 liters per second 28.321/s 0.0353 

FORCE 1 ounce 0.2780 newton 0.2780 N 3.597 
1 pound 4.448 newtons 4.448 N 0.2248 
1 ton (2000 

pounds) 8.897 kilonewtons 8.897 kN 0.11240 
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Intermediate Technology 44 pp. 

The Automatic Hydraulic Ram; Its Theory and Design, by J. Krol, 
12 pp., American Society of Mechanical Engineers 

Building a Hydraulic Ram, By Don Marier, 6 pp. 

Appropriate Technology Source Book, Volumes I and II, by Ken 
Darrow, Kent Keller, Rick Pam, Volunteers in Asia Publication 

"Hydraulic Ram Forces Water to Pump Itself," Popular Science, 
October, 1948, pp. 231-233. 

"We built our own Hydraulic Ram Pump," by Bill and Kathy Hyslop, 8 
pp., Rodale Press. 

"Mother's Hydraulic Ram Pump," Mother Earth News, May-June 1979, 

Other Sources of Information 

Information Collection Exchange, Peace Corps, Washington, D. C. 

ITDG's publication on ferrocement, 
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A PVC HYDRAM 

ATTACHMENT A 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
in. 
n. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

IV Tee (2) 
lVx3/4" Bushing (5) 
3/4" PVC Pipe 14" Long 
3/4" Male Adapter (2) 
IV Cap (1) 
IV PVC Pipe (1) 
Valve (2) 
3/4" PVC 5" Long (2) 

Bolt 3/4" Long (1) 
Nut (5) 
Bolt V Long (1) 
Bolt 2" Long (1) 
Coupling (1) 

^-20 
h-2i) 
k-20 
H-20 
IV 
Washer Cut From Bushing (1) 
V Washer 1" Diameter (2) 

Washer 3/4" Diameter (2) 
Fender Washer (1) 

Sheet Metal Screws (4) 

IV 

V 
V 

2" 
V 





Session 1 
Handout 1A 

WHAT'S IN A NAME 

Our names are one of the most distinguishing characteristics of 
who we are. Share with the group some of the reasons why your 
name is special. 

Some things you might wish to share: 

• Do you like your name? Why or why not? 

• How did you get your first name? 

• Does your name(s) have any meaning? 

• What is the origin of your last name? 

• Famous (or infamous) ancestors? 

• Funny stories, incidents related to your name? 

• Anything else you may wish to share. 
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Session 1 
Handout IB 

HYDRAM TRAINING WORKSHOP OBJECTIVES 

By the end of the training program, you will be able to: 

• survey and evaluate sites for potential hydram projects; 

• articulate and apply hydram theory; 

• use correctly, basic water measurement techniques and 
formulas for proper sizing of hydrams; 

• select proper ram design and size; 

• develop a water source site for hydram operations; 

• design water distribution system including storage tank, 
stand pipes, supply lines, etc.; 

• construct a pipefitting and/or cement hydram; 

• maintain, troubleshoot and repair hydrams; 

• train local community members in the installation , operation 
and maintenance of hydrams; and 

• identify physical, social and institutional requirements 
for the above. 
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Session 2 
Handout 2A 
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Attachment 2-D 

GLOSSARY OF TERMS FOR SESSION 2 

Accumulator - (air dome) the air chamber on the hydram which 
cushions the water hammer, eliminating delivery pulsations and 
helps provide rebound. 

Check Valve - (non-return valve, secondary valve, internal valve) 
the internal valve in the hydram that prevents the delivery 
head pressure from forcing water back through the hydram body. 

Delivery head - the vertical distance between the hydram and the 
highest level of water in the storage tank that the hydram is 
pumping to. 

Delivery pipe - the pipe which connects the output of the hydram 
to the storage tank. 

Drive head - the vertical distance between the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of galvanized steel that 
connects the hydram to the source reservoir or stand pipe. 

Efficiency - (n) the ratio of the energy input to the energy 
output; a measure of how well a hydram functions; 

3h 
n = Q H 

Frequency - (f) the number of times a hydram cycles in one minute. 

Hydram - (hydraulic ram, hydraulic ram pump, automatic hydraulic 
ram pump, ram) an ingenious device that uses the force of 
water falling through a drive pipe to pump water to a height 
greater than its source, making use of hydraulic principles 
and requiring no fuel. 

Impulse Valve - (clack valve, out-side valve, impetus valve, waste 
valve) the valve on the hydram that creates and controls the 
water hammer. 

Potential energy - energy derived from position or height; is 
equal to the height that a mass can fall times its weight. 

Rebound - the flow of water in the ram reversing direction due to 
the air pressure in the accumulator, closing the check valve. 

Settling basin - a small tank usually made of steel or concrete 
that is used in place of a stand pipe in an installation where 
additional settling is necessary. 
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Snifter valve - (air valve, spit valve) the small valve just below 
the check valve that allows air to enter the hydram. 

Spring box - a concrete box built around a spring to facilitate 
water collection and to protect the water source from surface 
contaminates. 

Stand pipe - an open-ended, vertical pipe sometimes used at the 
beginning of the drive pipe. 

Supply pipe - everything in a hydram system before, the drive pipe, 
usually including some but not necessarily all of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Haste water - (Qw) the water coming out of the impulse valve and 
the snifter. 

Water delivered - (q) the rate at which water is delivered to the 
storage tank; Q x H x n 

q - h 

Water flow to the hydram - (Q) all the water used by a hydram 
which is equal to the waste water (Qw) plus the water 
delivered (q). 

Water hammer - the effect created when water flowing through a 
pipe is suddenly stopped. In a hydram this causes the closing 
of the impulse valve and opening of check valve. 
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HYDRAM TRAINING WORKSHOP 
PARTICIPANT SITE INFORMATION 

Hydram installations are extremely site specific. Although it's a 
simple technology, it does require being properly designed and 
sized based upon particular characteristics of the site. It also 
requires a certain amount of follow-up and maintenance. In order 
to maximize your learning during the workshop, please begin to 
gather the following information. (You don't have to have all of 
the information prior to the workshop, but it will help if you 
begin to consider these factors at your site.) 

1. What water sources are available? 

2. What kinds of water systems are presently being used? Who is 
responsible for maintaining the systems? 

3. What are the present patterns of water use in your community? 
(e.g. potable water, irrigating home garden plots) 

What is the proposed purpose for the hydram installation? 

5. What kinds of skills and resources are presently available to 
support a hydram installation? 

- Community history of cooperative work on projects? 

- As existing community water distribution system? 

- Facilities and craftspeople in or near the community with 
metalworking, plumbing, and masonry capabilities? 
Vocational-technical schools, public works? 
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How do you rate your present knowledge/experience about water 
systems, pumps, hydrams? What do you need to refresh, what do 
you need to know? 

7. If you have a site in mind for a hydram, can you find out: 

a. approximate flow rate of the water source (gallons/minute) 

b. approximate "drive head," i.e., vertical distance from 
water source to where hydram will be installed? 

c. approximate "delivery head," i.e., vertical pumping 
distance from ram to point of delivery? 

d. amount of water desired/required? (gallons/day) 

NOTE: During the workshop, you will learn simple 
measuring techniques; knowing this information beforehand 
allows one to design a site specific ram during the 
workshop with guidance from the training staff. 

Please bring this sheet with you to the workshop. If it's easier 
to sketch your situation, feel free to do so. 
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HANDOUT 3A 

USING A WEIR 

A weir may be defined as an overflow structure built across 
an open channel, usually to measure the rate of flow of 
water. Weirs are acceptable measuring devices because, for 
a weir of a specific size and shape (installed under proper 
conditions) only one depth of water can exist in the upstream 
pool for a given discharge. The discharge rates are deter
mined by measuring the vertical distance from the crest of 
the overflow portion of the weir to the water surface in the 
pool upstream from the crest, and referring to tables which 
apply to the size and shape of the weir. For standard 
tables to apply, the weir must have a regular shape, definite 
dimensions, and be set in a bulkhead and pool of adequate 
size so the system performs in a standard manner. 

Whenever the flow from a creek is too great to be measured 
in a bucket and yet is small enough to be dammed by a board, 
the weir method of measurement should be used. 

Determine the dimensions to be used for the weir notch. 
The width of this notch is related to the measurement of the 
flow rate by the height of the water in the pool formed behind 
the weir. This height is measured in inches and by using a 
weir table, the inches can be converted to gallons per minute. 
A number of notches of different widths and height can 
accommodate a stream's flow. A rule of thumb is to make the 
width of the notch 3 times the height. 

From your estimate of the flow of the stream, look at the 
weir table and guesstimate what size notch will accommodate 
your flow. Keep in mind that the whole stream must pass over 
the notch and that the pool formed behind the weir should become 
deep enough for you to easily get a decent height measurement, 
i.e., 2V vis a vis 1/16". Example: you estimate the stream 
is flowing at 150 gal/min. If you made a notch 12" wide and 
4" high, at full flow this weir would read approximately 
290 gal/min. (4"~ 23.936 gal/min. x 12" = 286.89 gal/min). 
This weir would fit your stream if an actual weir reading of 
2V water height were obtained, it would indicate a flow rate 
of 11.818 gal/min/inch of notch or 141.8 gal/min (11.818 x 12") 
for the stream. 

Once you have determined the dimension of the notch, cut 
the notch in the board and place the weir board in the streariK. 
making certain that it is kept level and seal off the stream 
completely. Support it with stakes and large rocks. 
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Measure 2 feet upstream from the weir board and drive a 
stake. Using a level, put a mark on the stake even with the 
top of the weir board. Next, measure down from this mark to 
the water level, subtract this measurement from the depch 
of your notch and that will give you the height of the water 
level above the bottom of the weir notch. 

Using the weir table attached, locate the integer on the left 
hand column and the fraction on the top column. Where these 
two rows intersect is the amount of gallons per minute flow
ing past the weir for every inch of width. Next multiply, 
this figure by the width and this gives you the total flow of 
the creek. 

Example: 

Water is flowing chrough a creek three feet wide and about 
3 inches deep. It looks like about 30 gallons per minute. 
After looking at the weir table we decide that a notch 6" 
wide and 2" deep would probably work. After cutting the notch 
in a 4 foot 1x6 piece of lumber, the weir board was placed 
in the stream. Two feet upstream a stake is driven in the 
water in front of the notch. A level is used to place a 
mark on the stake level with the top of the weir board. 
The water level is then measured to be V down from this 
mark. 

We now know by subtracting this measurement from the depth of 
the notch that the water level is IV above the bottom of the 
notch. Now looking at the weir table we find 1 on the1 left 
hand column and h on the top row. These two rows meet at 
5.46. We multiply this by the width of the notch (6") to 
find that the flow rate was 32.76 gallons per minute. 
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HANDOUT 3D 

THE FLOAT METHOD OF MEASUREMENT 

The float method of measurement is a simple procedure for 
obtaining a rough estimate of the flow of the stream. 
It will give a ball park figure for looking at the stream's 
potential. It should not be used for final determination of 
the hydram system to be used unless the flow rate needed for 
the ram is such a small percentage of the stream's total 
flow that what's taken from the stream, for all practical 
purposes, amounts to a minimal portion of the stream. 

The float method is based upon two aspects of the stream: 
it's cross-sectional area and the velocity of the stream. The 
cross-sectional area should be determined at some accessible 
spot in the stream, preferably in the middle of a straight 
run. Measure the width (w) of the stream. Then, using a 
stick, measure the depth at equal intervals across the width 
of the stream (see figure below). Record the depth at each 
interval and calculate the average depth (d). Now multiply 
the width (w) by the average depth (d) to get the cross-
sectional area (A). 

FIGURE A 
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Example: The width of a stream, at the point of making depth 
measurements, is 4 feet. The average depth is 1.1 feet. 
Therefore, the cross-sectional area (A) is: 

A = w x d 
A = 4 feet x 1.1 feet 
A = 4.4 square feet 

The stream velocity can be determined by choosing a straight 
stretch of water at least 30 feet long with the sides approxi
mately parallel and the bed unobstructed by rocks, branches 
or other obstacles. Mark off points along the stream. On 
a windless day, place something that floats in midstream, up
stream of the first marker. A capped bottle partially filled 
with water works well because it lies with a portion of the 
bottle submerged and doesn't just ride the surface of the 
water. Carefully time the number of seconds it takes the 
float to pass from the first marker to the second. Repeat this 
process several times and average the results. 

Example: The average time for a float to travel between 
two markers placed 30 feet apart is 30 seconds. The 
velocity (V) of the float is therefore: 

V = 30 feet 
30 seconds 

V = 1 foot/second 
V = 60 feet/minute 

The flow rate of the stream can now be calculated by multiplying 
the cross-sectional area (A) by the stream velocity (V). 
The usable flow (F) can then be determined by multiplying the 
stream flow rate by a fraction representing the portion of the 
stream flow that you can or want to use. 

Example: If you will be using 257» of the stream flow, the 
usable flow (F) is: 

F = A x V x .25 
F =4.4 square feet x 60 feet/minute x .25 
F = 66 cubic feet per minute 

This flow in cubic feet per minute can then be converted to the 
appropriate units by multiplying by che correct conversion factor: 

cubic feet/min x 7.48 = gallons/min 
cubic feet/min x 28.3 = liters/min 

SOURCE: Micro-Hydro Power, National Center for Appropriate 
Technology (1979). 
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ATTACHMENT 4-R 

CALIBRATING- Pi Sl&HT LEVEL 

TO FIND OUT IF THE SIGHT LEVEL NEEDS TO BE 
CALIBRATED, SIGHT FROM POINT "A" ON TREE 
(OF OBJECT #ONE) TO TREE (OBJECT #TWO) AND 
MAKE A MARK, POINT "BM. THEN SIGHT FROM 
POINT "B" BACK TO ORIGINAL TREE (OBJECT #ONE) 
AND MAKE A MARK AT THIS POINT "C". IF THE 
SIGHT LEVEL IS PROPERLY CALIBRATED POINTS "A" 
AND "C" SHOULD BE THE SAME AND AT THE SAME 
LEVEL AS POINT "B". IF THEY ARE DIFFERENT, 
THE POINT MIDWAY BETWEEN "A" AND "C" (POINT "D") 
SHOULD BE LEVEL WITH "B". CALIBRATE YOUR 
SIGHT LEVEL TO THIS LINE. 
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ATTACHMENT 4-C 
ALTERNATE WftYS OF MEASURING- HERDS 

h- 3 -^ . 

ft SIGHT-LEVEL MAPS 
FROM INDIGENOUS 
MRTERIHLS 

STRING WITH 
ROCK ATTACHED 

NOTCH CUT WITH POCKET 
KNIFE THE SAME DISTANCE 
FROM VERTICAL-LE& /?S 
POINT® 
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Session 5 

Handout 5A; Review Exercise 1 

Name: 

1. How does a Hydram work? 

2. In a hydram installation where the hydram is located 20 feet 
below the spring box, how much water could be pumped in a day to a 
storage tank 100 feet above the springs' box if the spring is 
flowing 10 gpm and the hydram efficiency is 50%? 

3. What is the flow rate in gpm through a weir, four inches wide, 
when the water level is 5 3/8" above the bottom of the weir slot 
when measured two feet upstream? 

4. What is the height of your eye level? 

5. What is the length of your pace? 
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Session 5 

Answers to Review Exercise #1 

The hydram is located below the source of water and is used to 
pump the water to a storage tank which is higher than the 
source. The water accelerates as it flows down hill through 
the drive pipe and out the impulse valve until it reaches such 
a velocity as to slam the impulse valve shut. This causes a 
water hammer effect, forcing water and a few air bubbles 
sucked in through the snifter from the previous cycle, through 
the check valve and into the accumulator filled with air. 
This movement of water into the accumulator causes the air to 
compress until the forward momentum is stopped. At this point 
the water in the accumulator bounces back because of the 
spring effect of the air in the accumulator. This rebound in 
the opposite direction causes the check valve to suddenly 
close, causing negative pressure in the hydram before the 
check valve. Because of this negative pressure, air is sucked 
in through the snifter and the impulse valve is caused to open 
again at which point water starts exiting through the impulse 
valve and the cycle starts again. 

H = 

h = 

Q = 

n = 

q = 

20 

100 

10 

. 5 0 

Q x 

+ 

H 
h 

20 
q = 10 x 120 x *50 = «8333 gpm 

nun 
.8333 gpm x 1440 day = ^200 gpd 

5 3/8" on the weir table is 37.25 gpm. This times four equals 
149 gpm. 

Any answer within reason is OK. 

Any answer within reason is OK. 
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Sess ion 6 
Handout 6A 

ATTACHMENT 6-A PRESSURE ANALYSIS 

/ FT2 or WjTSX* 62. t JJS. 

. < > . fT^r^ 

25" 
«« ll ft 

/X/ X?8* 
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Session 6 
Handout 6B_i 

Attachment 6-B 

GLOSSARY OF TERMS FOR SESSION 6 

Atmospheric pressure - the pressure at sea level caused by the 
weight of air; atmospheric pressure = 14.7 psia, and 0 psig 

Force - (delivery to drive head ratio) the ratio of lift to fall. 
The inverse of this ratio times the efficiency of the hydram 
will determine the percentage of water that the hydram will 
pump. The higher the h:H ratio, the lower the hydram 
efficiency (n). The usual range of the h:H ratio is from 2:1 
to 20:1, but h:H ratios have been measured up to 60:1. 

Hydram capacity - the maximum amount of water that a hydram can 
use. This is determined by the drive pipe size and length, 
the drive head, and the impulse valve size and design. 

Impulse valve stroke - the distance the impulse valve travels 
during a cycle. 

Impulse valve weight - the total weight or downward force of the 
impulse valve and its springs or weights. 

Kinetic energy - active energy, % the mass times the velocity 
squared 

Ek = \ mv2 

Pressure - force applied over a surface measured as force per unit 
of area such as pounds per square inch (psi) (a head of 28" of 
water develops a pressure of 1 psi) or a pascal (Pa) which is 
equal to 1 newton per square meter (a head of 1 cm = 98 Pa) 
28" of water equals 71.1 cm of water equals 1 psi = 6895 Pa. 

psia - (pounds per square inch absolute) the total real pressure 
as if the atmospheric pressure is not present. Atmospheric 
pressure at sea level is 14.7 psi, so if a pressure gauge 
reads 100 psi (psig) the absolute pressure is 114.7 psia. 

psig - (pounds per square inch gauge) the pressure that a gauge 
reads, actually the pressure above atmospheric. 

Static head - a column of water without motion. The static drive 
head of a hydram can be measured with a pressure gauge but 
only when the ram is stopped and the drive pipe is full of 
water. 

Time of cycle - (t) the time it takes for a hydram to complete one 
cycle, such as the time lapse between the impulse valve 
closing twice. 
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Session 6 
Handout 6B-2 

Velocity - speed usually measured in feet per second or meters per 
second. 

Water used - (Q) the amount of water that flows through the drive 
pipe during a unit of time (as in gallons per minute or liters 
per second) which is equal to the water pumped (q) plus the 
water wasted (Qw). 

The flow rate range of hydrants are as follows: 

Drive pipe 
diameter 

mm 

19 
25 
32 
38 
50 
63 
75 
100 
125 

in 

3/4 
1 
H 
U 
2 
2h 
3 
4 
5 

U.S. g 

0.8 
1.5 
1.5 
2.5 
6.0 
10.0 
15.0 
30.0 
40.0 

al/min 

2 
4 
7 

- 13 
- 20 
- 45 
- 50 
- 125 
- 150 

Flow rate 

Imperial gal/min 

0.6 - 1.7 
1.3 - , 3.3 
1.3 - 5.8 
2.0 - 10.8 
5.0 - 17.0 
8.0 - 38.0 

13.0 - 42.0 
25.0 - 104.0 
33.0 - 125.0 

liters/min 

2.8 - 7.6 
5.7 - 15.0 
5.7 - 26.0 
9.4 - 49.0 

23.0 - 76.0 
38.0 - 170.0 
57.0 - 189.0 
113.0 - 473.0 
151.0 - 567.0 
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Session 6 
Handout 6B-3 

Attachment 6fl - continued 

Determining Drive Pipe Length, L: 

1. Consider d r ive head, H 

L:H r a t i o - d r i v e p ipe l ength to head r a t i o , whenH i s l e s s than 
15 f t . (4.5m) L:H should equal 6 . 

When H i s g r e a t e r than 15 f t ( 4 . 5 m ) , but l e s s than 25 ' (8m) 
L:H should equal 4 . 

When H i s g r e a t e r than 28 f t . (8m), but l e s s than 50 ' (16m) 
L:H should equal 3 . 

When H i s g r e a t e r than 50 f t . (16m) L:H r a t i o should equal 2, 

2. Consider d r ive pipe d iamete r , D 

L:D r a t i o - dr ive pipe l ength to diameter r a t i o , should be kept 
between 150 and 1000. 

A ru le of thumb: maximum number of pipe lengths = 4D 
(based on char t below, and 2 1 ' pipe length) 
Optimal number of pipe l engh ts = 2D 

D 

v 
3 / 4 " 
1" 
I V 
I V 
2 

L = 150D 

6 .25 
9 . 3 

12 .5 
15 .6 
1 8 . 6 
2 5 . 0 

IMPORTANT NUMBERS TO 

L = 500D 

2 0 . 8 
31 .25 
4 1 . 6 
5 2 . 0 
6 2 . 5 
83 .2 

REMEMBER 

L = 1000D 

41.6 
62.5 
83.2 

104.0 
125.0 
166.4 

No of p ipes 

2 
3 
4 
5 
6 
8 

1440 minutes in a day 
.433 ps i per foot (measured v e r t i c a l l y ) of water column 
28 inches of a water column produces 1 ps i 
14.7 ps i atmospheric p ressure 
7.48 ga l lons per cubic foot 
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Session 7 
Handout 7A 

ATTACHMENT 7A. 

PIPE FITTINGS BASIC PLUMBING 

PLUG REDUCING BUSHING CAP UNION 

90* STREET ELBOW 90" ELBOW 45° STREET ELBOW 45' ELBOW 

COUPLING BELL REDUCER CROSS TEE 

EXTENSION PIECE FLOOR FLANGE REDUCING TEE 
(AxBxC) 

utu 

NIPPLE 
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ATTACHMENT 

PIPE FITTING HYDRAM 

WITH MODIFIED FACTORY 

VALVES. 

>-© 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

1" Nipple Handout 8A 
3" PVC Pipe (clear) 
r'xl"xV' Tee 
2"xl" Reducing Bushing 
3"xl" Reducing Bushing 
1" 90- Sweep 
1" Union 
H" Union 
V Nipple 
V Gate Valve 
2" Foot Valve 
1" Check Valve with taped holes 
H" Plug 
1/8" Gas Cock 
Assorted Washers 
3" PVC Female Adapter 
3" PVC Cap 





ATTACHMENT gfi ?I p E FITTING HYORAM WITH FIELD-MADE VALVES 
handout 82 

DFT/ltL "C 

"C" 

?*f--\ IH mvf rMTF )5 mi/? *tm* 

^SEFDFTML V 

1. 
2. 
i. 
4. 
5. 
6. 
7. 
8. 
9. 

3" cap 
3"xl8" nipple 
3" tee 
3"xl" reducing bushing 
3"xV reducing bushing 
V'x4" nipple 
1" 90' sweep 
1" H-20 bolt (drilled out) 
1" nipple 

10. k-20 nut 
11. ^-20x4" piece of althread 

or bolt with 1/0" hole in it 
12. 2%" diameter washer 
13. IV or smaller washers 
14. impulse valve plate 
15. impulse valve rubber 
16. ĵ-20 nuts 
17. h-20xH" bolt 
18. ̂ -20 nuts 

371 

19. 3/4" washer 
20. check valve rubber 
21. 8-32x3/4" screws 
22. stroke adjustment 

bracket 
23. 8-32x3/4" 
24. H-20x3/4" bolt 
25. IV washer 
26. 3/6-16 nuts (4) 
27. 3/8-16 althread 





Handout 8C-1 

HANDOUT dg 

MATERIALS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

Handouts 9-B, 

pipe joint compound or TFE tape 

1 3" cap 

2 3" tees 

3 3"x 1" reducing bushings 

1 3"x H" reducing bushing 

1 3"x 18" nipple 

1 V'x 4" nipple 

1 1" 90° sweep 

6"x 8"x h" sheet rubber 

6"x 6"x h" steel plate 

3"x l"x 1/8" angle iron 

TOOLS NEEDED FOR FABRICATED PIPE-FITTING HYDRAM 

30" 3/8-16 althread 

4 3/8-16 nuts 

1 Jj-20xl" bolt (drilled out) 

1 %-20 x 3/4" bolt 

1 %-20 x 4" althread 

1 2H" OD washer 

6 IV OD washer 

4 %-20 nuts 

1 3/4" OD washer 

5 8-32 x 3/4" screws 

2 8-32 x 3/4" bolts 

two pipe wrenches 

electric or hand drill 

drill bits (3/8, 13/64, and 1/8) 

2" hole saw 

^-20 and 8-32 taps 

screwdriver 

access to metalworking shop 

knife 

flat file, half round file 

hack saw 

1" pipe threader 

tape measure 

adjustable wrench 

sandpaper (medium & fine) 
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Session & 
Handout 8C-2 

PROCEDURES - continued 

(FOR FABRICATED PIPE-FITTING HYDRAM) 

6. Impulse Valve 

A. Sand, grind or file the aim of a 
3" tee (#3) until it has a smooth 
surface. 

B. Bend two pieces.of 3/8-x 15" 
althread (#27) around the body 
of the tee so that the 4 ends 
extend 1" above the arm. 

C. Drill a 2" hole in the center of 
a 6"x 6" piece of steel (#14), 
then drill 3/8" holes in the 
corners of the steel where the 
althread goes through (approx. 
4V apart) . Be certain to sand 
smooth and round off all edges. 
Drill and tap two 8-32 holes in 
plate as shown in Handout 9B, de-
caii A #14, and attach the stroke 
adjustment bracket (#22). 

D. Cut out a piece of rubber (#15) 
with the same outside dimensions 
and hole pattern as the steel 
plate but with a horseshoe-
shaped hole in the middle as 
shown in Handout 9B (#15). 

E. Assemble the impulse valve as 
shown in Handout 9B, Detail A. 

7. Snifter 

Extend the thread on one end of a 
1" 90° sweep (#7) to extend through 
a 1 x 3" reducing bushing (#4). 
Drill and tap a %-20 hole near the 
extended end of the sweep and 
assemble the snifter as shown in 
Handout 9B, Detail C, so that the 
air hole can be covered and uncovered 
by the lock nut. 

NOTES 
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Session 9 
Handout 8C-3 

PROCEDURES - continued 

8. Check Valve 

A. Drill and tap two holes in the 
bottom and one in the side of a 
1 x 3 " reducing bushing for 
8-32 screws as shown in the 
Handout, Detail B. 

B. Cut out a piece of rubber (#20) 
for the check valve, bolt 
washers to the rubber and screw 
the valve to the 1 x 3 " reducing 
bushing. 

C. Drill and tap a hole in the 
bottom of the bushing opposite 
the 2 previously drilled holes. 
When a 8-32 screw is inserted 
the head will overlap the check 
valve, creating an adjustable 
stroke. (See Detail B) 

9. Body of the Ram 

Attach all the fittings as shown 
in Handout 9B, using either pipe 
joint compund or TFE tape. 

10. Have each group install their 
hydram on the test stand or another 
source of water and start the 
hydram working. 

11. Discuss the applicability of the 
fabricated pipe-fitting hydram. 

NOTES 

The hole in the side 
should be located so that 
the 8-32 screwhead will be 
1/16" above the check 
valve rubber. 
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S e s s i o n s 9 & 
Handout lOii 

ATTACHMENT J.0 B 

THICKNESS OF THE IMPULSE VALVE PLATE IN INCHES * 

1.5 

g* 
^ 2-b 

i 3 

c 

* 5 

5 6 

£ 8 
C-

£ 12 

16 

10 

1A 

1/4 

5/16 

5/16 

5/16 

3/0 

3/G 

7/16 

1/2 

1/2 

DRIVE HEAD 
20 

3/8 

3/8 

3/8 

7/16 

7/16 

1/2 

1/2 

1/2 

5/8 

5/8 

IN FEET 
30 

7/16 

7/16 

1/2 

1/2 

1/2 

9/16 

9/16 

5/8 

11/16 

3/4 

40 

1/2 

1/2 

9/16 

9/16 

9/16 

5/8 

5/8. 

11/16 

3/4 

13/16 

50 

5/8 

5/8 

5/8 

5/8 

5/8 

11/. 

11/. 

3/4 

13/ 

7/8 

IMPULSE 
<- VALVE OPENING-

RUBBER, 

THICKNESS 
OF IMPULSE 
VALVE PLATE 

* Thpse figures also apply to accumulator plate thickness. 
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METRIC 

ATTACHMENT 
Sess ions 9 & 10 
Handout 10B-metri. 

40 
LU 
t— 
UJ 

a: 
_ j 
— j 

3j_ 

— 

^Z 

"~ 
T' 

— 
~̂ 
o 
=» 
<r 
> 
u_-
i/-. 

r-1 

— 

SO 

60 

/t) 

10G 

12b 

150 

200 

300 

4GG 

THICKNESS OF THE IMPULSE VALVE PLATE IN MILLIMETERS* 

DRIVE HEAD IN METERS 
3 6 9 12 15 

16 

16 

16 

16 

16 

18 

18 

19 

21 

22 

6 

6 

8 

0 

f. 

9.5 

10 

11 

13 

13 

10 

10 

10 

11 

11 

13 

13 

13 

16 

16 

11 

11 

13 

13 

13 

14 

14' 

16 

18 

19 

; trtPULSE 
^-V/»<.V£ OPEHIN&- — 

13 

13 

14 

14 

14 

16 

16 

18 

19 

21 

i 
— * - . 

^ X 
v///'///-v7//| r 

OF IMPULSE 
VALVE PLATE 

S£*T x 

RUBBER. 

•, mitm/h 

ST£EL 
BACKING 

PLATE 
TH/CKNESS 

These f i g - j r e s a l so apply t o accumulator p l a t e t h i ckness 





ATTACHMENT 1Q-C 

IMPULSC VALVE STEEL BACKING 

S e s s i o n s y & 10 
Handout IOC 

• 
HICKN£SS J 
V IMPULSE 
VALVE PLfiTE 

1.5 
IT. 

Z 

r 2.5 
t= 3 
z 

E ^ 
Q. 

C 

g 6 

5 8 
a 
£ 12 

16 

10 

DRIVE HEAD IN FEET 

20 30 40 50 

1/8 

1/8 

3/16 

3/16 

1/4 

5/16 

3/8 

1/2 

13/16 

1 1/16 

1/G 

3/16 

3/16 

1/4 

5/16 

7/16 

1/2 

11/16 

1 

1 5/16 

1/8 

3/16 

1/4 

5/16 

3/8 

1/2 

9/16 

3/4 

1 1/8 

1 1/2 

3/16 

3/16 

1/4 

5/16 

7/16 

1/2 

5/B 

13/16 

1 1/4 

1 11/16 

IHPUlSZ 
k-VWiVe OPEHING-

3/16 

1/4 

1/4 

5/16 

7/16 

9/16 

11/16 

7/8 

1 5/16 

1 13/16 

RUBBER. 





ex 

i." 

— 

5 
'-; 

= 
c~ 
c 
!—' 
*̂ 

> 

V • 

£: 

40 

50 

ec 

75 

100 

125 

150 

2CC 

30C 

4CC 

3 

•> 

c 

5 

6 

8 

10 

13 

21 

2? 

METRIC 

ATTACHMENT 

IMPULSE VALVE STEEL BACKING 

DRIVE HEAD IN METERS 

6 9 12 

3 

5 

c 

6 

8 

11 

13 

18 

25 

33 

3 

5 

6 

8 

10 

13 

14 

19 

29 

38 

5 

5 

6 

8 

11 

13 

16 

21 

32 

43 

S e s s i o n s 9 & 10 
Handout IOC-metr ic 

15 

5 

6 

6 

8 

11 

14 

18 

22 

34 

46 

OF IMPULSE 
VALVE PLATE 

4-VALVE OPEHIHG- * » 

5E/J7 \ 

RUBBER. 

STEEL 
BKHINCr 
PLATE r 
TH/CKHBSS 





ATTACHMENT I Q D -

IMPULSE VALVE SEAT WIDTH IN INCHES 

Sessions 9 & 10 
Handout 10D 

3/4 

1 

IK 
IT. 

S 2h 

I 3 

Q. 

^ 6 

LJ 

K 8 

10 15 

DRIVE HEAD IN FEET 

20 25 30 35 40 45 50 

1/0 

3/16 

1/4 

5/16 

3/8 

1/2 

5/0 

3/16 

5/16 

3/8 

7/16 

9/16 

1/4 

3/8 

7/16 

9/16 

3/4 

5/16 

7/16 

9/16 

3/8 

1/2 

5/8 

11/16 3/4 

7/8 1 

7/16 

9A6 

3/4 

7/8 

1/2 9/16 3/8 

5/8 11/16 3/4 

13/16 14/16 1 

1 1 1/16 1 '3/16 

1 3/16 1 5/16 1 7/16 i 9/16 

11/16 15/16 1 1/8 1 5/16 1 7/16 1 5/8 1 13/16 1 15/16 

7/8 1 1/0 1 5/16 1 9/16 1 3/4 1 15/16 2 3/16 2 5/16 

13/16 1 1/8 1 7/16 1 3/4 2 1/16 2 3/8 2 5/8 2 7/8 3 1/8 

1 3/16 1 11/16 2 3/16 2 5/8 3 1/8 3 1/2 3 15/16 4 5/16 4 11/16 

1 11/16 2 1/4 2 15/16 3 9/16 4 1/8 4 11/16 5 1/4 5 3/4 6 1/4 

IMPULSE: 
K-V/JZ.VE OPENING-

THtC«N£S5 
OF IMPULSE 
VALVE PLATE 

RUBBER, 





METRIC 
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WELDED HYDRAM: SIDE VIEW 
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WELDED HYDRAM: EXPLODED VIEW 
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WELDED HYDRAM, IMPULSE CAVITY: EXPLODED VIEW 
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WELDED HYDRAM, ACCUMULATOR: 

EXPLODED VIEW 
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WELDED HYDRAM 
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27 Accumulator Base Plate Diameter 

27 Accumulator Base Plate Thickness 
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WELDED HYDRAM 
40' Drive Head 
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CONCRETE riYDRAM DESIGN PARAMETERS 

CAVITY WALL THICKNESS DOME COVER THICKNESS NUMBER OF BOLTS AND SIZE 

The side wall thickness (T ) in a concrete Hydran, without reinforcement 

shall be equal to the diameter of the cavity (D ) in inches times the 

drive head (H) in feet divided by 10 or shall be equal to the cavity 

diameter, whichever is greater. 

The top or bottom wall thickness (7,) should be 1.25 times the cavity 

diameter. 
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The total bolt area (TBA) should equal the drive pipe diameter (inches) 

squared times the drive head in feet divided by 50 or TBA = 

If D in mm. and H in meters then TBA = 
2 

D H 

5 
P£H_ 
50 

9677.4 

To determine the proper number of bolts, find the area of the bolt 

size you wish to use and divide it into the total bolt area. 

Diameter of bolt: 

mm. 6.3 8 

in. 1/4 5/16 

Area of bolt: 
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Session 10 
Handout 1.0K 

ONE-PIECE CONCRETE HYDRAM 

1. 
2. 
3. 
4. 
b. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
10. 
19. 
20. 
21. 

Hydram body 
gasket 
impulse plate 
check valve 
impulse valve and gasket 
stop bracket 
rubber stop bumper 
gas cock-shifter valve 
PUC pipe 
delivery pipe 
check valve stop 

- N/A -
impulse back-up washer 
impulse washer 
check valve back-Lip u/asher (large ) 
check valve washer (small) 
stop wing nut 
stop adjusting bolt 
stop bracket belts 
check valve stop nuts 
check valve stop bolts 

22. 

24. 
lb. 
26. 
27. 
28. 
29. 
30. 
31. 
JL . 

33. 
34. 
33. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

check valve nut 
i_liei_K udj. uc uG.it 

althread bolt (accumulator) 
althread bolt (impulse plate) 
althread bolt (impulse valve) 
i_fTir-»̂ji_oo vslvs h°y n*'t 
flat washer 
hpx nut 
pipe plun (drive pipe size) 
steel pipe tee (drive pipe size 
pipe Lee vJe±ivei"y pipe SiZfc / 
pipe plug (delivery pipe size 
pipe plug (snifter pipe size) 
pipe tee (snifter pipe size) 
snifter pipe 
snifter pipe 
PVC male adapter 
accumulator sleeve 
PVC coupling 
impulse sleeve 
accumulator plate 
accumulator plate gasket 

417 
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ONE PlECf CONCRETE HYDR/lKA F&RPA 
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Handout 10M 

ATTACHMENT 10M 

A community of 100 people requires 20/gal/day/person, and 30 
gpd/cow for 3 5 cows, and wants to use a concrete hydram. 

h = 90" 
11 =20' 

A weir 2" wide and 4" deep has Deer, put in the stream; 2' upstream 
from the weir, the distance form the mark on the stake, ievel with 
the top of the weir* to the water level ic 1%". Assume an 
efficiency of 50%, determine the following: 

0 

D 

d 

Accumulator diameter 

L 

Check valve* opening 

Impulse v-.aive opening 

TL 

Impulse valve thickness 

Impulse valve seat width 

Impulse- valve backing thickness 

Check valve seat width 

Check valve backing thickness 

Number and size of bolts 

U21 
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Handout j.ON-1 

MATERIALS: gravel, sand, cement, water, form lumber, plastic 
pipe, bowl, fittings, material for vapor barrier 
something to mix cement in. 
Size and quantity of materials is dependent upon 
the hydram to be constructed. Following is an 
example of a typical list of materials for a 
1" hydram. 

1" CONCRETE HYDRAM MATERIALS LIST 

1 l"x 12nx 8' iumber for body 8 3/8 althread 36" 
form 

1 l"x 12"x 8' lumber for accumu- 26 3/8 lock washers 
la tor forms 

1 V'x 7" diameter steel plate 26 3/8 flat washers 

1 3" PVC pipe cap 

1 4" bowl 

1 l'x l'x H belting 

1 7 " diameter x y belting 

1 l"x 2" angle 1" long 

1 rubber stop bumper 

1 V gas cock 

1 1 " PVC pipe 2' long 

1 h" nipple I V long 

2 2h" washer with 3/8" hole 

2 IV washer with 3/8" hole 

5/16" wing nut 

1 5/16 x 2 y bolt 

2 h xh bolt 

3 5/16 nut 

1 3/8 bolt 1" long 

1 3 " PVC pipe 18" long 

Handouts i ( W - LO L 

26 3/8 nuts 

1 1 " pipe plug 

1 1 " pipe tee 

1 y pipe plug 

1 y pipe tee 

1 y pipe plug 

1 y pipe tee 

2pcs. y pipe 2" long 

1 1 " PVC male adaptor 

1 y PVC pipe 22' long 

1 1 " PVC coupling 

*5 lb 6d nails 

form oil 

2h gal water 

32# cement 

1 1/3 cu.ft. gravel 

1 1/6 cu.ft. sand 

shove 1s 
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Handout 1QN-2 

PROCEDURES 

12. With all the tools and materials 
gathered, begin construction. 

Phase I - Part Two 

13. Start by constructing the hydram base 
form. (See handout 10J) 

14. Next, bend the PVC pipe and cut to 
proper length and angles. Be sure to 
glue a coupling to the check valve end 
to increase the seat area. 

NOTES 

15. Notch out bottom of plastic 
fit upon the PVC pipe: with 
and pipe held together, mar 
pipe touches the inside of 
then, using coping saw, cut 
line. Attach male adapter 
plugged tee to input end of 
plugged tee serves to preve 
from turning within the con 
Welding a piece of metal on 
coupling would also work. 

bowl to 
the bowl 
k where the 
the bowl; 
along this 

and the 
pipe. The 
nt the pipe 
crete. 
to the 

16. Drill holes in the bottom of the form 
for the bolt pattern around the 
impulse valve and the accumulator. 

17. Center accumulator form pipe on the 
inside of the form and draw a circle 
around it. Drive three 6d nails 
one-half way in, 120 degrees apart 
through the circle, making compen
sation for the thickness of the 
accumulator form pipe. 

18. Drill hole in PVC pipe for snifter. 
Drill another hole in form for the 
other end of snifter. Snifter pipe 
should have a plugged tee in the 
middle or a piece of metal welded to 
the side of it to eliminate turning. 

19. An elliptical rubber washer should be 
cut out and nailed where the check 
valve end of the PVC pipe comes in 
contact with the form. This is to 
recess the concrete around the check 
valve seat to insure a good seat. 

k2k 
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PROCEDURES NOTES 

20. Bolt sleeves to form using althread, 
nuts and washers. 

21. Tie PVC pie down to form using 
tie-wire. 

22. Pour the base of the hydram using the 
following concrete formula: 8 parts 
gravel, 7 parts sand, 2 parts cement, 
and water to proper consistency. Tap 
on the form sides while pouring to 
prevent air pockets. Cover concrete 
with a vapor barrier such as visqueen, 
then cover entire pour with insula
tion. Draw pattern for impulse valve 
plate and send to metal shop. 

Phase II 

23. After the hydram base has had suffi
cient time to set (usually about 2 
days), remove form and place hydram 
base right side up on blocks so that 
the bolt holes on the bottom can be 
reached. 

24. Place a sheet of plastic or wax paper 
or anything that will prevent a con
crete marriage and that won't wrinkle 
on top of the accumulator end of the 
hydrara. 

25. Place althread and sleeves through 
bolt pattern at accumulator with nuts 
and washers on both ends. Tighten 
until sleeves are rigid. 

26. Build form for accumulator as shown in 
Handout 10J. 

27. Place accumulator form pipe over the 
three nails sticking up through the 
concrete at the check valve. Pack 
with sand to prevent pipe from float
ing up in concrete. Cap end of accu
mulator form pipe with tape or PVC 
cap. 
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Handout 10N-4 

PROCEDURES NOTES 

28. Place accumulator form on top of 
hydram base and install the delivery 
pipe connection between this form and 
the accumulator form pipe. 

29. Pour accumulator form full of concrete 
using the same mixture ratio as used 
in step #22. 

30. Cover with a vapor barrier such as 
visqueen and insulation. 

Phase III 

31. After concrete has had sufficient time 
to set up (about one to two days), 
reraove form. 

32. Using a large piece of paper, make a 
pattern from the hydram base for both 
the impulse valve rubber and the 
accumulator check valve rubber. 

33. Cut out the rubbers according to the 
pattern. If the rubber is too thick 
to allow free movement of the valves, 
a v-notch may need to be cut into the 
rubber at the flex point of the valve. 

34. Drill and cut out a piece of sheet 
metal for the impulse plate and 
attach stop bracket. 

35. Install althread, bolt, nuts and 
washers on both pieces of rubber as 
shown in the attachment. , 

36. Bolt accumulator to base 'with check 
valve rubber for a gasket. 

37. Bolt impulse valve rubber and plate to 
hydram base. 

38. Install stroke adjustment bolt locknut 
and rubber bumper. 

1*26 
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Handout 10N-5 

PROCEDURES NOTES 

Phase IV 

39. Install ram to drive pipe and delivery 
pipe. Start up. Adjust for amount of 
flow available. 

40. Have the trainees determine the flow 
rate into and out of the hydram and 
determine the efficiency. 

41. Discuss with the trainees what they 
feel the advantages and disadvantages 
of this ram might be and when they 
might be important. 
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Handout 11A 

TYPICAL IMPULSE VALVES 

BLAKE ROBBER WASHES 
STYLE 

PLUNGER TYPE 

RIFE 

SKOOKDM 

PERENNIAL STYLE 

MODIFIED SOOT VALVS 

1+29 
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Handout 1 1 B 

TYPICAL CHECK VALVES 

BLAKE RUBBER WASHER TIPS PERENNIAL TYPE 

puroaER TIPS MODIFIED CHECK VALVE 

431 





TYPICAL SKITTERS 

S e s s i o n 11 
Handout 11C 

SBfti 

standard plumbing 
snifter 

gas cock needle valve 

orxfice bolt snifter rubber flap 
check 

i 
nail check 

grooved bolt snifter external drilled 
bolt snifter 

internal drilled 
bolt snifter 

3̂3 
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HANDOUT 12A - HYDRAM COMPARISON 

Scale: 1 (best) Co 6 (worst) 

Cost 1 | 4 
inexpensive inexpensive 

ServiceabJ J i t y 

A v a i l a b i l i t y 

CONCRETE 
10DIFIED 
IPIPE FITTING 

hard to 
repair the 
concrete 

parts are 
hard to 
repair and 
usually 
requires 
replacement 

FABRICATED 
PIPE FITTING 

inexpensive expensive 

sometimes 
difficult 
to get to 
check valve 

1 
parts easily 
•nade or 

thepeplaced 

MANUFACTURED 
HYDRAM WELDED STEEL 

noderate 

requires a 
i/elder 

PLASTIC 

2 
cheap 

poor 

S i m p l i c i t y of 
Deiiiqn 

6 
requires the 
greatest 
amount of 
time- to 
construct 

1 
parts just 
screw 
together 

most parts 
screw or 
bolt togetheb 
but requires 
some metal 
working 

most parts 
are cast 4 
sometimes 
the rubber 
parts are 
field 
fabricated 

requires 
welding but 
no unique 
metal shapes 

easy to 
build but 
requires 
glueing 

Lfisr of 
1 rynspt3rtt.it.l on extremely 

heavy 
small and 
not very 
heavy 

small & not 
very heavy 

heaviest of 
the ferrous 
hydrants 

heavy & 
bulky 

very light 

Longevity 
if it does 
not freeze 
it should 
last as 
long as a 
mfg. ram 

will last 
about 1 yr, 

no longevity 
studies done 
yet, but 
should last 
a long time 

1 
history of 
up to 25 yr. 
without 
service 

should last 
about as 
long as a 
mfg. ram 

Efficiency , ve ry l i t t l e d i f ference i f b u i l t properly 

w i l l last 
about one 
month 

* t r a i n i n g d e v i c e o n l y 
1*35 
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Handout 13 

Exercise 1 - Part I 

TASK: DETERMINE THE EFFECT THE h:H RATIO HAS ON EFFICIENCY 

Variables: efficiency (n), water delivered (q), water used (Q). 
time of experiment, water wasted (Q ) 

Controlled 
Variables: Delivery head (h) 

Constants: Drive head (H) , frequency (f), volume of air in 
the accumulator 

Range: 2:1 to 20:1 

PROCEDURE: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of the 
experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, water 

delivered (q) and water wasted (Qw)• 
8. Calculate the efficiency (n). 
9. Repeat the experiment making sure to keep the drive head, 

frequency and the volume of air in the accumulator the 
same and change the delivery head in order to develop a 
new h:H ratio. 
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Exercise 1 - Part U 

1 ASK: DETERMINE THE EFFECT THE h:H RATIO HAS ON EFFICIENCY 

I xpcriincnl B 

h:H ratio 

(Jw 

2? 
O 
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Exerc ise 1 - Pa r t I I I 

THE EFFECT OF THE DELIVERY HEAD TO DRIVE HEAD BA'PIO ON EFFICIEHC7 

Wu* 
2 3 *J 5 6 7 $ ? 10 ii /2 i3 /¥ iS/4 /? if i?X> 

bO 

so 

M 

"1 
30 

20& 

iHMfa 

smmssi&*isxs^jr!!8^s33sqxs!s?£!ii4-
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Exercise 2 _ Part I 

TASK: DETERMINE THE EFFECT OF THE FREQUENCY ON THE MAXIMUM 
DELIVERY HEAD TO DRIVE HEAD RATIO 

Va riables: delivery head (h), water used (Q), water wasted(0 ) 
water delivered (q) 

Controlled 
Variables: amount of air in the accumulator, frequency (f) 

Constants: drive head 

Range: high frequency to low 

PROCEDURES: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator and then 
6. Set the frequency to as fast as possible. 
7. With delivery valve shut measure the maximum delivery head 

with a pressure gauge. (Make certain that the hydram 
that is used is designed for the pressures that will be 
encountered.) 

8. Repeat the experiment while slowing down the frequency 
by even increments making certain that the volume of air 
in the accumulator remains the same. 

9. From the pressure reading calculate the delivery head and 
the h:H ratio. 

TOOLS AND MATERIALS NEEDED: 

UUl 
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Exerc ise 2 - Part I I 

I A-*. Determine the effect of the frequency on the naxinum delivery head 
to drive head ratio 

I x|)(>riniottt II 

Iv.H r a t i o 
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Exerc ise ^ - P a r t I I I 

THE EFFECT OF THE FREQUENCY ON THE MAXEMDM DELIVERY BEAD TO DRIVE HEAD RATIO 

MIR 

10 | , I ! 

<£0 

— 

SO 

HO 

EH 

« 
A 

Sol 

- \ 

2o 

10 

FREQUENCY 
1 1 1 

HAI 

UU3 





Handout 

Exercise 3 - Part I 

TASK: DETERMINE THE EFFECT OF FREQUENCY ON EFFICIENCY, 
QUANTITY OF WATER ENTERING THE HYDRAM AND QUANTITY 
OF WATER DELIVERED. 

VariabLes: time of the experiment, efficiency (n), water 
used (Q), water delivered (q), water wasted (Q) 

Controlled 
Variables: frequency 

Constants: drive head (H), delivery head (h), volume of air 
in the accumulator 

Range: slow to fast 

PROCEDURE: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of the 
experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, water 

delivered (q) and water wasted (0 ). 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head, and delivery 
head the same while changing the frequency. 

U5 
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Exercise 3 - Part I.I 

iA,K. DETERMINE THE EFFECT OF FREQUENCY ON EFFICIENCY, QUANTITY OF WATER 
' ' ENTERING THE HYDRAM AND QUANTITY OF WATER DELIVERED 

Lx|H:r.iinnnt it' 

h:H r a t i o 

II 

h 

Uu 

'1 

IJ 

/ 

cJ 

w 

t 

(. 

c 

1" - = ? — 

" • 

. 
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Exercise 3 - Part III 

THE EFFECT OF FREQUENCY ON EFFICIENCY, QUANTITY OF WATER ENTERIHa THE 
HIDRAM AND QUANTITY OF WATER DELIVERED 

MIN FREQUENCY MAX 

kkl 





Handout 

Exercise 4 - Part I 

TASK: DETERMINE THE EFFECT OF THE VOLUME OF AIR IN THE 
ACCUMULATOR ON EFFICIENCY. 

Variables: time of the experiment, efficiency (n), water 
wasted ( 0 ) , water pumped (q), water used (Q) 

Controlled 

Variables: volume of air in the accumulator 

Constants: drive head (H), delivery head (h), frequency (f) 

Range: no air - 24" of air 

PROCEDURES: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration 
of the experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, water 

delivered (q) and water wasted (0 ). 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the drive 

head, delivery head and frequency the same while changing 
the volume of air in the accumulator. 
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E x e r c i s e 4 - P a r t U 

1 ASK: Determine the effect of the volume of air in $he accumulator 
on efficieacy 

i xpiM'iii ioriL /' 

h:H r a t i o 

h 

Uu 

c 
a 

kjo 
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Exe rc i se A - Par t I I I 

THE EFFECT OF TEE VOLUME OF AIB HI THE ACCUMULATOR ON EFFICIENCY 

0 V 8" 12" 16" 20" 24" 

W I I I I I I 

10 

hO 

SO 

r-i 

£ so 
• * 

10 

20 
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Exercise .5 - Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE PIPE LENGTH ON EFFICIENCY 

Variables: efficiency (n) water wasted (0 ) water used (Q) 
water delivered (q), time of the experiment 

Controlled 
Variables: length of the drive pipe 

Constants: frequency (f), drive head(H), delivery head (h) 
volume of air in the accumulator 

Range: 101 - 80' 

PROCEDURE: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of the 
experiment. 

6. Calculate the impulse valve frequency 
7. Simultaneously measure the time of the experiment, 

water delivered (q) and water wasted (Ci )• 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head(H), deliveryhead (h) 
and frequency the same while changing the length of the 
drive pipe. 
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TASK: 

Exercise .5 - Part I I 

DETERMINE THE EFFECT OF THE DRIVE PIPE IINQTH OH EFFICIENCY 

l.xperiiwMit i' 

h:H r a t i o 

h 

<J 

(J 

f 

c 
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Exercise 5 - Part I I I 

THE EFFECT OF THE DHIVE PIPE LDWTH OP EFFICIENCY 

o 

10' 20' 30' *K>' 50' 60* 70' 80' 90» 100' 

"/'_ ' ' ' 1 ' ' ' ' | ' ' ' ' | ' ' '—'—' 

70 

bO 

£0 

</D 

yj 

20 
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Exercise 6. - Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE PIPE DIAMETER ON 
EFFICIENCY. 

Variables: water wasted (Ci)> water used (Q), water delivered (q), 
time of the experiment 

Controlled 
Variables: drive pipe diameter (D) 

Constants: drive head (H), delivery head (h), frequency (f), 
volume of air in the accumulator 

Range: k, 3/4, 1" 

PROCEDURES: 

1. Install hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of 
the experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, 

water delivered (q) and water wasted (Q). 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head, delivery head, 
length of drive pipe, and frequency the same while 
changing the diameter of the drive pipe. 
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E x e r c i s e 6 - Part I I 

ASK: Determine the effect of drive pipe diameter on efficiency 

I xjxrr imnnl /.' 

h:H r a t i o 

h 

(Jw 

«l 

Q 

( 

c 

4 
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•Exercise 6. - Pa r t I I I 

EFFECT OF THE DRIVE PIPE DIAHETEB ON EFFICIENCY 

o 
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Exercise 7 - Part I. 

TASK: DETERMINE THE EFFECT OF THE SNIFTER ON EFFICIENCY 

Variables: time of experiment, water wasted (0 ), water 
used (Q), water delivered (q), efficiency 

Controlled 
Variables: Snifter open, snifter closed, one way snifter 

Constants: drive head (H), delivery head (h), volume of 
air in the accumulator 

Range: sucking air and spitting water 

PROCEDURES: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve 

and a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with air. 
6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, 

water delivered (q), and water wasted (0 ;. 
8. Calculate the efficiency. 
9. Repeat the experiment making certain to keep the volume 

of air in the accumulator, drive head (H), delivery head (h), 
and frequency the same while changing the snifter from 
an open snifter, a one way snifter to no snifter at all. 
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Exercise 7 - P a r t u 
Handout 13 

A ' . K : DRLKMINL THE EFFCC1 SNIFTER HAS ON EFFICIENCY 

Lxper imenl I! 

h:H r u L i u 

h 

Uw 

<\ 

(J 

f 

c 
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Exercise 8 - Part I 

TASK: DETERMINE THE EFFECT OF THE DRIVE MATERIAL ON EFFICIENCY 

Variables: efficiency (n), water wasted (0 ), water used (Q), 
water delivered (q), time of the7 experiment 

Controlled volume of air in the accumulator, 
Variables: delivery head (H), frequency (f) 

Constants: frequency (f), drive head (h), delivery head (h), 
volume of air in the accumulator 

Range: 5:1, 10:1, 15:1, 20:1 for both steel and plastic 
pipes. 

PROCEDURE: 

1. Install a hydram to a drive head. 
2. Accurately measure the drive head. 
3. Attach and set an adjustable pressure relief valve and 

a pressure gauge to the discharge. 
4. Start the hydram. 
5. Open the snifter in order to fill the accumulator with 

air and then close the snifter for the duration of the 
experiment. 

6. Calculate the impulse valve frequency. 
7. Simultaneously measure the time of the experiment, water 

delivered (q) and water wasted (C> ). 
8. Calculate the efficiency (n). 
9. Repeat the experiment making certain to keep the drive head 

frequency, volume of air in the accumulator, and drive 
pipe material the same until you have accurate efficiency 
calculations for h:H ratios of 5:1, 10:1, 15:1, 20:1. 

10. Repeat the series of experiments after changing the 
drive pipe to a different material making certain that 
everything else stays the same. 
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Session 15 
Handout I5A 

REVIEW EXERCISE 

What are the maximum recommended H & h in a 2" hydram where 
the impulse backing plate is thick, the impulse seat 
area is , has impulse valve bolts " in diameter, 
has a check valve backing plate " thick, and a check valve 
seat width of "? 

Answer the following with a graph if you wish: 

2. How does the amount of air in the accumulator effect "n"? 

3. How does the h:H ratio effect "n"? 

4. How does the frequency effect "Qw"? 

5. How does the snifter effect "q"? 

6. Tomorrow you are going out to an existing hydram site 
where there is only 100 gpd being delivered, there is a 
reliable supply of 3 gpm and an h:H ratio of 10:1. The 
ram works consistently but the efficiency is so low that 
only -i the water needed is being pumped. Do you feel 
200 gpd can be pumped if the hydram and/or installation 
is corrected to improve the efficiency to a reasonable 
level? If yes, what are you going to look for as a 
possible reason for low efficiency? (At this point you 
know nothing else about the hydram or the manner in 
which it is installed) list as many factors as you car. 
think of. 
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ATTACHMENT 16D 

Problem 16A: 

How much water can be pumped to a delivery head of 200 feet, 
when there is a drive head of 2 feet, a supply of 50 gpm, and 
an assumed efficiency of 50%? 

Problem 16B; 

A community of 200 people, with 70 cows, needs 5 gpd per 
person and 15 gpd per cow. A spring flows at a rate of 15 
gpm, H = 10', h = 100', n = 50%, L:D = 960. How can the 
community's needs be met? 

Problem 16C: 

How much water can be delivered to a supply tank 50 feet above 
a hydram when the drive head is 5 feet, the hydrams efficiency 
is 50%, the flow rate of the water is 30 gpm, and the largest 
drive pipe available is 2"? 
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SETTLING AREA - TAKE-OFF SYSTEM 
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'1DELINES/CHECKLIST 

lake-Oil from Source: 

materials: pipe or proper soil 
drum or tank 
plumbing parts (connectors, flanges, etc.) 
trash rack 
fine mesh screen 

concerns: negative slope from source to drum or pond 
pipe or channel weLl into stream 
good foundation for dufm or pond 
means to shut off flow to basin when necessary 
keeping trash, debris, sediment out of line 
protection from: raging waters 

flood 
animals 
sun (ultra violet rays) 
erosion 

Hydram: 

materials: cement, aggregate, sand 
metal pipe and plumbing parts 
hydram 
metal or wood for cover to box 
hinges, screws, etc. 
stakes, wire 

,̂:.̂ c.r;v: support for pipes - drive, delivery 
pipe course straight as possible - no 90 bends 
anchoring of pipes 
drainage for waste water 
drive pipe entering settling basin 1/3 way up 

from bottome of basin 
protection box for hydram 
drainage for waste water 
coverage for all plastic pipes 
clear marking of pipeline if buried 

Storage Facility: 

materials: adequate soil 
cement, aggregate, sand 
reinforcing bar 
paint 
pipe 
plumbing parts (connectors, faucet, standpipe) 
fencing material 
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GUIDELINES/CHECKLIST - continued 

Storage facility - continued 

concerns: best match of size, materials and costs 
closeness to final usage 
durability of tank - strength, seal 
protection from animals 
safety for users, children 
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SITE DEVELOPMENT 

After the siting of the components for the hydram system has 
been completed, it becomes necessary to design the components in 
detail. This session will discuss how to develop them and will 
allow for a better estimation of the money, labor and time needed. 

The components of the system that are of concern here are the 
take-off from the source, the hydram, the storage facility, and 
all necessary piping. Variations for developing the components 
and factors that influence their design will be presented. The 
attachments to this session will give further guide lines and will 
give references for those topics that will not be covered in this 
manual/workshop. 

TAKE-OFF FROM THE SOURCE 

As was mentioned before, the water for a hydram system is not 
taken directly from the stream; a take-off component must be 
installed. Its purposes are to protect the system from the poten
tial damage by floods, to keep sand and debris out of the system 
and to make maintenance of the system easier. The two basic parts 
to the take-off area are a settling basin and a transmission 
channel from the stream to the basin. 

The size of the basin has to be just large enough to insure an 
uninterrupted flow of water to the hydram while trapping sediment, 
sand, and debris. If the hydram system is small - that is, it 
uses a 2" drive pipe or smaller, a 55 gallon drum or small tank 
may be used. If the soil at this site has a good clay content, a 
small pond can be constructed to serve as the basin. A rough way 
to determine the size of the basin is to determine the volume of 
water contained in the drive pipe at any point in time and have 
the basin be large enough to allow 3-4 times that volume of water 
standing above the drive pipe, e.g. , if the drive pipe contains 10 
gallons (area of the inside diameter of the drive pipe times its 
length), then a basin with 30-40 gallons above the drive pipe 
inlet will be sufficient. The inlet of the drive pipe should be 
positioned at least 1/3 of the way up from the bottom of the 
basin. A fine mesh screen must cover the inlet of the drive pipe 
(keeps frogs, etc. out). 

The second part to the take-off is the channel or pipe that 
takes the water from the source and directs it to the basin. If a 
drum or tank is used as a basin, a pipe is more suitable as the 
inlet channel in that the pipe lends itself to an easier attach
ment to the drum/tank. If a pond is used, a dug channel can be 
used. The channel however, may need to be lined with clay to 
minimize seepage loses through the soil. The channel or pipe 
should be placed well into the stream to be able to pick up suffi
cient water during the dry season. The pipe needs to be anchored 
to the streambed for protection from being swept away by raging 
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waters during the rainy season. A channel also will need to be 
protected. In both cases, large rocks placed on each side of the 
channel/pipe should be sufficient. 

The channel will need more regular maintenance than a pipe to 
keep the sediment and weeds from blocking the passage. The pipe 
will need a trash rack in front of it's stream opening to keep 
debris, fish, etc. out of it. 

The channel/pipe will need to have a slight negative slope to 
it - 1% or so to allow the water to naturally feed into the basin. 
Both the channel and the pipe should have some means of blocking 
the flow of water to the system when that becomes necessary. If a 
plastic pipe is used, it will have to be covered to protect it 
from the sun; the ultraviolet rays of the sun will eventually 
destroy the plastic. 

One last note: if the stream under consideration has excellent 
year round flow rates, but not an adequate head to run the hydram, 
a small dam may need to be constructed. This is a costly under
taking - in terms of money, time, skill and labor. This 
manual/workshop cannot provide the necessary information for 
working with a dam. You will need more information to help decide 
if further consideration of the project is worthwhile. 

The Hydram 

The hydram component consists of the drive pipe, the hydram 
itself, the delivery pipe and a protection box/foundation for the 
hydram. Details about development and construction of the hydram 
are covered in this manual. 

The drive pipe needs to be made of metal to withstand the 
pressures and pounding that develops in running the system. It 
should be positioned in the settling basin about 1/3 the way up 
from the bottom. The pipe should be well supported.along its 
length and protected from outside disturbances. If stakes can be 
driven into the ground, the pipe can be anchored to them; this 
will help minimize vibrations and keep it from being bumped off 
its supports. The pipe should transverse as straight a course as 
possible. In no case should sharp bends (90°) be used; 45° bends 
or less should be used. If they are used, support must be pro
vided at each bend to keep the sideway thrusts that will develop 
inside the pipe at that point from destroying the line. 

The delivery pipe can be made of plastic. ' The same care in 
supporting, anchoring and protecting the drive pipe should be 
applied also to the delivery pipe. The course of the pipe should 
be as straight as possible, avoiding all sharp bends. An addi
tional concern with plastic pipe is protection from the ultra
violet rays of the sun. The pipe needs to be covered. One way to 
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do this is to bury it. However, if this is done, the channel 
should not be covered up until the system is working and the pipe 
checked for leaks. 

The delivery pipe, because of its length, may raise additional 
concerns. It must be adequately protected any place it has to 
cross a trail or road, or in other ways is subject to possibly 
being run over by a cart or vehicle. If it crosses cultivated 
land, it's course must be adequately marked so that it is not 
accidently damaged during cultivation operations. 

The hydram itself must be well supported and protected from 
accidental disturbances. In addition the waste water needs to be 
directed away from the support foundation. The best way to 
provide this protection is to build a concrete foundation with 
drain outlet and a concrete or cement block box around it. The 
box should be large enough to allow enough room for a workman (or 
two) to comfortably move around the hydram. If a concrete hydram 
is used, the accumulator and/or the body may weigh a couple of 
hundred pounds. If it has to be removed for some reason, there 
must be enough room in the box to allow workers to get in there 
and lift it out. 

The final part to the box should be some type of cover that 
can be locked; this offers protection from vandals or people 
tampering with the hydram out of curiosity. A final note on the 
construction of the box: the foundation should be poured and the 
hydram installed. After the hydram is working like it should, the 
walls to the box should be constructed and the cover installed. 

The Storage Facility 

The construction design of this component of the system is 
dictated by its size, the available materials, and physical char
acteristics of the site. A few examples may highlight some design 
considerations for the storage facility: 

Let's say your calculations for the system indicate that 1000 
gallons of water a day needs to be delivered. To store this 
amount of water, the facility will need to be about 12 feet on a 
side and 12 foot high. (1 cubic foot of water equals 7.48 gal
lons) If you want to have a 3-day supply of water (1 day's use 
and 2 days in reserve) the facility will need to be at least 12* x 
12' x 3'.. It may be economically reasonable to construct this out 
of concrete and block. 

Now let's say the system will be used for irrigation and will 
need to store 100,000 gals and use it every 8 days. The size of 
this facility will need to be approximately 40 feet on a side and 
3 feet high. To construct this structure out of concrete may be 
too costly; a pond would hatfe, to be constructed. (Incidently, a 
system needing 2100,000 gallons every 8 days will need to pump 
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about 10 gals a minute, all day, every day. 100,000/8days/24 
hours/60 minutes.) 

This manual/workshop can not go into all the details and 
procedures necessary to construct these storage facilities. 
However, some reference materials are listed in the attachments 
that can assist in this work. In addition, assistance can be 
obtained from the agriculture department and technical donor 
groups/agencies. 

Irrespective of the design of the facility, there are basic 
concerns for the protection of the system and for safety to the 
individuals using it. A pond almost assuredly will have to have a 
fence around it to keep animals and little children out of it. 
The walls of a tank will have to be reinforced with metal bars and 
the inside of the tank plastered with cement and painted to pre
vent leaks. 

Cost and Labor Considerations 

The labor for and the costs of this system can be quite a 
burden for the rural farmer or village; this is why the siting and 
the design of the system are so important. When both are done 
with care and skill, the costs for a completed system will be as 
low as possible. It should be obvious that with ample free/cheap 
labor and proper soil available the system can be kept within 
reasonable limits. It should also be obvious that the amount of 
labor needed and the length of time to do it all can be extensive. 

It may be useful to take an example and see what a system 
might cost. Prices for everything are different everywhere, but 
for the sake of this example, let's say: 

• Cement costs $7/bag - 1 bag can make 20 blocks 
16" x 8" x 8"; can plaster 50 sq. ft. of surface 
can bond 35 blocks together; can produce 6 cu. ft. 
of concrete 

• Reinforcing bars for the total system costs $75 

• Metal pipe costs $8/foot 

• Additional plumbing parts $75. 

• hydram can be built for $100 

• Plastic pipe costs $4/foot 

• 55 gal drum costs $10 

• welding work on drum costs $15 
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• Pipe lengths are: inlet line to drum 20' 
Drive pipe 40', delivery pipe 200'/ supply pipe 300' 

• Hydram box needs to be 61 x 5* and 4 courses high 
foundation - % foot thick 

• Storage facility needs to be 151 x 15' x 4' 

foundation - 1 foot thick 

• Paint $50 

• standpipe and faucet at final use point $100 

• Transportation costs $200 

• no labor costs 
VJhat will this system cost? (round off fractions to next 

highest whole number.) 

If the storage facility will be a pond with no material costs, 
what will the system cost? (Transportation costs are cut in half; 
no reinforcing bar is needed.) 

If, in addition, the supply line isn't needed, what will the 
system cost? 

H99 





Session 17 
Handout 17E 

GLOSSARY OF TERMS FOR SESSION 17 

Battery of h yd rams - (or parallel hydrants) a hydram installation 
where two or more hydrams are connected to the same source 
with different drive pipes, but usually with the same delivery 
pipe. This type of installation is used where the size of the 
hydram is limited. 

Holding tank - (storage tank) the means of storing water once it 
has been pumped to the desired head. 

Ram box - the small structure usually made out of concrete and/or 
wood which houses a hydram, protecting it from freezing, 
weathering, and possibly from vandalizing. 

Series hydram - a hydram installation where two or more hydrams 
are used in series to pump water higher than one hydram could 
alone. 

Spring box overflow pipe - a pipe placed in the wall of a spring 
box near the top for unused water to exit through. 

Waste water drain - the drain in the bottom of a ram box which 
allows the waste water from the hydram to drain out. 

Waste water series hydrams - a hydram installation where one 
hydram uses the waste water from another as a source to pump a 
higher percentage of the water. 
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HYDRAM SYSTEM SITE SELECTION 

There are three main components to a hydram system that re
quire site selection: 1) the take off from the stream, 2) the 
hydram itself, and 3) the storage facility. 

The Take Off System: The water for a hydram is never taken 
directly from the stream. Sand and debris would enter the drive 
pipe and destroy the hydram. Therefore a settling area for the 
water must be included in the system. The characteristics to look 
for are a relatively flat area near the stream but out of the way 
of the rainy season's floods. 

The Hydram: The first important factor here is to choose a 
site that will give sufficient head to run the pump. Basically, 
the higher the head, the greater the amount of water that can be 
pumped. As a general rule of thumb, the site should give at least 
3m (10 ft) of head. Systems can be run with a smaller head, but 
the flow rate needs to be that much larger. If there are a number 
of places along the stream where sufficient head can be generated, 
then the spot where the distance from the water source to the hy
dram is the shortest will be the best. The drive pipe (from 
source to hydram) must be made of metal to withstand the pressure 
and pounding of the system. Metal pipe is usually more expensive 
than plastic pipe (which can be used for the delivery line). So 
even though the delivery line may be longer than at other poten
tial sites, the costs for the total system may be less. 

The hydram can be situated in any safe/stable area that will 
give the proper head and distance mix. An added consideration is 
convenient access to this site to do repairs and maintenance. It 
is advisable to build a box to enclose the hydram - to protect it 
from animals and vandals and to minimize erosion to the hydram's 
foundation. This usually means that cement needs to be carried 
and mixed nearby, and this may influence your selection of the 
site. One last concern is that the waste water from the hydram 
will need to find its way back to the stream. If in doing so, it 
transverses cultivated land and that could cause a problem, then 
this factor must be considered in the selection of the site. 

The Storage Facility: The third major component of the system 
is the site to which the pump will deliver. The delivery 
point/storage facility should be at some convenient location that 
allows the water to gravity flow to where it is needed. The major 
determinants of the site for the storage facility are the delivery 
head the system can accommodate and the length of the delivery 
line. The delivery head must be within the range of the systems' 
capabilities, and the length of the delivery pipe must be within 
reasonable cost constraints. The distance from the storage 
facility to the point of use (see handout 18B, d3), should be kept 
to a minimum. But this distance, d3» is secondary to the needs of 
the hydram system. 
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The factors that influence the siting of these components are: 

1) flood considerations, 

2) available head, 

3) distances/pipe length between components, 

4) cost factors, 

5) convenience of location, 

6) social factors. 

1) Flood Considerations; The seasonal variations of the 
streum must bo taken into consideration - this is particularly 
true of Llood conditions. Each component of the system must be 
placed outside the potential flood area. 

2) The available head and that necessary for the system is 
the key factor in siting the system. There are three heads in
volved here: the drive head, the delivery head, and the supply 
head. The most important of these is the drive head, H. This H 
basically determines what the capabilities of the system are. The 
delivery head, h, is next in importance; it is however limited by 
the constraints placed on the system by the size of the drive 
head. The least important of the heads is the supply line head, 
h. Basically this head just needs to have a negative slope - that 
is, sufficient drop to let the water run down hill. 

3) Distances or pipe lengths are the next major consideration 
in selecting a site for the system. Pipes are usually the most 
costly items of the system. There are three distances that must 
be taken into account: the length of the drive line, the length of 
the delivery line, and the length of the supply line. The most 
crucial of these is the drive line because this piping is usually 
the most expensive per foot and because the size of the pipe is 
influenced by the distance it must transverse. As a rule - the 
shorter the drive pipe line the better (considering that it deli
vers the necessary head). The length of the delivery line is next 
in order of importance. It is constrained by the capacity of the 
system and by costs. However plastic pipe can be used here. The 
supply line is constained by cost factors only. It can be run as 
far as the terrain and the budget allows. 

4) The cost of <z system may be the final determinant as to 
whether or not it is implemented. Pipes and plumbing components 
are the main expense, with cement and possibly labor second. The 
hydram itself is a lowly third. If care is taken in the siting 
and the design of the system, the costs can be kept to their 
minimum. 
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5) Convenience of location of the hydram and the storage 
facility is another siting factor. Basically the components of 
the system should be sited in a location that allows for ease of 
construction, repairs and maintenance. 

6) Lastly, the "best" site for the system may not be the one 
that the villagers want - it may be on the wrong persons land, or 
whatever. Remember that they are responsible for maintaining the 
system, and their concerns must be honored. 

Presented below is a handy table to keep the components of the 
system and the siting factors in mind as the survey work is being 
done. 

SITING 
FACTORS 

FLOOD 
CONSIDERATIONS 

HEAD 

DISTANCES 

COSTS 

CONVENIENCE 

SOCIAL 
FACTORS 

COMPONENTS 

TAKE OFF HYDRAM STORAGE 
FACILITY 
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DIAGRAM OF HYDRAM SYSTEM FOR SITE SELECTION 
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GLOSSARY OF TERMS 

Accumulator - (air dome) the air chamber on the hydram which 
cushions the water hammer, eliminating delivery pulsations and 
helps provide rebound. 

Atmospheric pressure - the pressure at sea level caused by the 
weight of air; atmospheric pressure = 14.7 and 0 psig. 

Battery of Hydrams - (or parallel hydrams) a hydram installation 
whore two or more hydrams are connected to the same source 
with different drive pipes, but usually with the same delivery 
pipe. This type of installation is used where the size of the 
hydrain is limited. 

Check Valve - (non-return valve, secondary valve, internal valve) 
the internal valve in the hydrain that prevents the delivery 
head pressure from forcing water back through the hydram body. 

Delivery head - the vertical distance between the hydrain and the 
highest level of water in the storage tank that the hydram is 
pumping to. 

Delivery pipe - the pipe which connects the output of the hydram 
to the storage tank. 

Drive head - the vertical distance between the hydram and the 
highest level of water in the supply system. 

Drive pipe - a rigid pipe usually made of galvanized steel that 
connects the hydram to the source reservoir or stand pipe. 

Efficiency - (n) the ratio of the energy input to the energy 
output; a measure of how well a hydram functions; 

3h 
n = QH 

Force - to move something against resistance, pressure times the 
area measured in pounds, newtons or dynes. 

Frequency - (f) the number of times a hydram cycles in one minute. 

h:H ratio - (delivery to drive head ratio) the ratio of lift to 
fail. The inverse of this ratio times the efficiency of the 
hydram will determine the percentage of water the hydram will 
pump. The higher the h:H ratio, the lower the hydram 
efficiency (n). The usual range of the h:H ratio is from 2:1 
to 20:1 but h:H ratios have been measured up to 60:1. 
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Holding tank - (storage tank) the means of storing water once it 
has been pumped to the desired head. 

Hydram - (hydraulic ram, hydraulic ram pump, automatic hydraulic 
ram pump, ram) an ingenious device that uses the force of 
water falling through a drive pipe to pump water to a height 
greater than its source, making use of hydraulic principles 
and requiring no fuel. 

Hydram capacity - the maximum amount of water a hydram can use. 
This is determined by the drive pipe size and length, the 
drive head, and the impulse valve size and design. 

Impulse Valve - (clack valve, out-side valve, impetus valve, waste 
valve) the valve on the hydram that creates and controls the 
water hammer. 

Impulse valve stroke - the distance the impulse valve travels 
during a cycle. 

Impulse valve weight - the total weight or downward force of the 
impulse valve and its springs or weights. 

Kenetic energy - active energy, \ the mass times the velocity 
squared 

EK = ^mv
2 

L:D ratio drive pipe length to diameter ratio, should be kept 
between 150-1000. 

L:H ratio - drive pipe length to head ratio, when it is less than 
15 ft. L:H should equal 6. 

When H is greater than 15 ft, but less than 25 should = 4 
When H is greater than 20 " ' 50 = 3 
When H is greater than 50 L:H ratio should equal 2. 
(see Glossary, Session 6 for metric equivalvents) 

Potential energy - energy derived from position or height; is 
equal to the height that a mass can fall times its weight. 

Pressure - force applied over a surface measured as force per unit 
of area such as pounds per square inch (psi) (a head of 28" of 
water develops a pressure of 1 psi) or a pascal (Pa) which is 
equal to 1 newton per square meter (a head of 1 cm = 98 Pa) 
18" of water equals 71.1 cm of water equals 1 psi = 6895 Pa. 

Ram box - the small structure usually made out of concrete and/or 
wood which houses a hydram protecting it from freezing, 
weathering and possibly from vandalizing. 
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Rebound - the flow of water in the ram reversing direction due to 
the air pressure in the accumulator, closing the check valve. 

Series hydram - a hydram installation where two or more hydrams 
are used in series to pump water higher than one hydram could. 

Settling basin - a small tank usually made of steel or concrete 
that is used in place of a stand pipe in an installation where 
additional settling is necessary. 

Snifter valve - (air valve, spit valve) the small valve just below 
the check valve that allows air to enter the hydram. 

Spring box - a concrete box built around a spring to facilitate 
water collection and to protect the water source from surface 
contaminates. 

Spring box overflow pipe - a pipe placed in the wall of a spring 
box near the top for unused water to exit through. 

Stand pipe - an open-ended, vertical pipe sometimes used at the 
beginning of the drive pipe. 

Static head - a column of water without motion. The static drive 
head of a hydram can be measured with a pressure gauge but 
only when ram is stopped and the drive pipe is full of water. 

Supply pipe - everything in a hydram system before the drive pipe, 
usually including some, but not necessarily all, of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Supply system - everything in a hydram system before the drive 
pipe, usually including some but not necessarily all of the 
following; spring box, supply pipe, stand pipe, settling 
basin. 

Time of cycle - (t) the time it takes for a hydram to complete one 
cycle, such as the time lapse between the impulse valve 
closing twice. 

Velocity - speed usually measured in feet per second or meters per 
second. 

Waste water - (Qw) the water coming out of the impulse valve and 
the snifter. 

Waste water drain - the drain in the bottom of a ram box which 
allows the waste water from the hydram to drain out. 
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Waste water series hydrams - a hydram installation where one 
hydram uses the waste water from another as a source to pump a 
higher percentage of the water. 

Water delivered - (q) the rate at which water is delivered to the 
storage tank; Q x H x n 

<3 = h 

Water flow to the hydram - (Q) all the water used by a hydram 
which is equal to the waste water (Qw) plus the water 
delivered (q). 

Water hammer - the effect created when water flowing through a 
pipe is suddenly stopped. In a hydram this causes the closing 
of the impulse valve and opening of check valve. 

Water used - (Q) the amount of water that flows through the drive 
pipe during a unit of time (as in gallons per minute or liters 
per second) which is equal to the water pumped (q) plus the 
water wasted (Qw> 

The flow rate range of hydrams are as follows: 

Drive pipe 
d lameter 

mm 

19 
25 
32 
38 
50 
63 
75 
100 
125 

in 

3/4 
1 

H 
H 
2 
2h 
3 
4 
5 

U.S. ga. 

0.8 -
1.5 -
1.5 -
2.5 -
6.0 -
10.0 -
15.0 -
30.0 -
40.0 -

1/nin 

2 
4 
7 
13 
20 
45 
50 
125 
150 

Flow rate 

Imperial 

0.6 -
1.3 -
1.3 -
2.0 -
5.0 -
8.0 -

13.0 -
25.0 -
33.0 -

gal/min 

1.7 
3.3 
5.8 
10.8 
17.0 
38.0 
42.0 
104.0 
125.0 

liters/it 

2.8 -
5.7 -
5.7 -
9.4 -

23.0 -
38.0 -
57.0 -
113.0 -
151.0 -

lin 

7.6 
15.0 
26.0 
49.0 
76.0 
170.0 
189.0 
473.0 
567.0 

IMPORTANT NUMBERS TO REMEMBER 

l<Vi() iniiiuU'!; in ;J cj;iy 
.Ui!/ pi.i per foot (inoosured v e r t i c a l l y ) oT wcjter column 
2H JiicheL. of a water column produces 1 psi 
14.7 ps i atmospheric p res su re 
7.411 (j.'illons per cubic foot 
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English-Metric Units Conversion Table 

I'hysicul 
Quantity 

D I S T A N C E 

A UK A 

VOLUMK 

VKI.OCITY 

1 
1 
1 
1 

1 
1 

1 
1 

1 

1 
1 
1 

1 
1 
1 
1 

1 

1 
1 

77ns In 
"English" Units 

inch 
foot 
yard 
mile 

square inch 
square fool 

square yurd 
acre 

square mile 

cubic inch 
pinl (liquid) 
quart 

gallon 
cubic foot 
cubic yard 
acre-foot 

foot per hour. 
minute or .second 

mile per hour 
knot 

Equals, in Meti 
Spelled out 

2.54 centimeter 
0.3048 meter 
0.9144 meter 
1.609 kilometer 

6.452 square centimeter 
0.0929 square meter or 

929 square centimeters 
0.836 square meter 
4,047 square meters or 

0.4047 hectare 
2.590 square kilometers 

or 259.0 hectures 

16.39 cubic centimeters 
473.2 cubic centimeters 
946.4 cubic centimeters 

or 0.9464 liter 
3.785 liters 
0.0283 cubic meter 
0.765 cubic meter 
0.1233 hectare-meter 

0.3048 meter/hour, min
ute, or second 

0.4470 meter per second 
• 0.5145 meter per second 

He* 
Symbolic 

2.54 cm 
0.3048 m 
0.9144 m 
1.609 km 

6.452 cm' 
0.0929 m> 

929 cm' 
0.836 m' 
4.0-17 m' 
0.4047 h 

259.0 h 

16.39 cm' 
473.2 cm' 
946.4 cm' 

0.946 1 
3.785 1 
0.283 m' 
0.765 m' 
0.1233 h m 

0.4470 m/s 
0.5145 m/s 

Reciprocal^ 

0.3937 
3.281 
1.094 
0.6215 

0.155 
10.76 
0.001076 
1.196 
0.000247 
2.47 

0.00386 

0.0610 
0.002113 
0.001057 
1.057 
0.2642 

35.3 
1.308 
8.11 

3.281 

2.237 
1.944 

•Multiply quon ity known in British units by this number to gut metric equivalent. 
fMultiply quuntity known in metric units by this number to get British equivalent. 
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ENC.USHMKTK1C UNITS CONVKItSION TAHLR 

Physical 
Quantity 

ENLIIUY (OK WOKK) 

POWKR 

TKMPKUATUKK 

Sl'KCIAI. COMPOUND 

UNITS 

MASS 

TonyUK 

PlU.'SSUHK 

This In 
"English" Units 

1 watt-second 

1 foot-pound 
1 Htu 
1 wutt-hour 
1 horscpowcr-hour 
1 kilowott-hour 

1 horsepower 

1 joule per second 
1 Htu per hour 

1 degree 
Fahrenheit 

1 Htu per cubic 
foot 

1 Htu per pound 
of mass 

1 Htu per square 
foot per hour 

1000 gallons per ' 
acre 

1 pound of mass 
per cubic foot 

1 ounce 
1 pound 

1 ton (short, 
2000 pounds) 

1 inch pound 

1 pound per square 
foot 

1 pound per square 
inch 

1 millimeter of 
mercury 

1 foot of water 

1 atmosphere 

Equals, in Meti 
Spelled out 

1.000 joule = 1.000 
newton-meter 

1.35G joule 
1.055 kilojoule 
3.60 kilojoules 
2.684 megajoulcs 
3.GO megajoulcs 

745.7 watts or 0.7457 kilo
watt 

1.000 watt 
0.293 joule per second 

5/9 degree Celsius (Centi
grade) for each Fahrenheit 
degree above or below 
32° F 

37.30 joules per liter 

2.328 joules per gram 
3.158 joules per square 

meter 

0.0935 centimeters depth 

16.02 gTams per liter 

28.35 grams 
453.6 grams 

or 0.4536 kilogram 
0.907 megagram 
or 0.907 metric ton 
or 0.907 tonne 

0.1130 metcr-newton 

47.88 newtons per square 
meter 

6.895 kilonewtons per 
square meter 

133.3 newtons per square 
meter 

2.989 kilonewtons per 
square meter 

0.1013 meganewton per 
square meter 

nc* 
Symbolic 

1.000 J 
1.356 J 
1.055 kJ 
3.60 kJ 
2.684 MJ 
3.60 MJ 

745.7 W 
0.7457 kW 
1.000 W 
0.293 J/s 

5/9 X (TF - 32)°C 

37.30 J/1 

2.328 J/g 

3.158 J/m J 

16.02 g/1 

28.35 g 
453.6 g 

0.4536 kg 
0.907 Mg 
0.907 t 
0.907 t 

0.1130m-N 

47.88 N/mJ 

6.895 kN/m' 

133.3 N/mJ 

2.989 kN/m» 

0.1013 MN/m' 

Reciprocal^ 

1.000 
0.7375 
0.948 
0.2778 
0.3726 
0.2778 

0.00134 
1.341 
1.000 
3.41 

1.8 degree 
Fahrenheit 
for each Cel
sius degree 
plus 3 

0.0268 

0.4296 

0.3167 

1Q.70 

0.0624 

0.03527 
0.002205 
2.205 
1.102 
1.102 
1.102 

8.851 

0.02089 

0.11240 

0.0075 

0.3346 

9.87 
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Physical This In Equals, in Metric* 
Quantity "English" Units Spelled out Symbolic Reciprocal^ 

FLOW 1 gallon per day 0.04381 milliliters per 0.04381 ml/s 22.824 
second 

1 gallon per minute 63.08 millileter per second 63.08 ml/s 0.01585 
1 cubic foot per 

minute 0.4719 liter per second 0.47191/s 2.119 
1 cubic foot per 

second 28.32 liters per second 28.321/s 0.0353 

FOIICE 1 ounce 0.2780 newton 0.2780 N 3.597 
1 pound 4.448 new tons 4.448 N 0.2248 
1 ton (2000 

pounds) 8.897 kilonewtons 8.897 kN 0.11240 
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Since 1961 when the Peace Corps was created, more than 80,000 U.S. citi
zens have served as Volunteers 1n developing countries, living and working 
among the people of the Third World as colleagues and co-workers. Today 
6000 PCVs are Involved 1n programs designed to help strengthen local capa
city to address such fundamental concerns as food production, water supply, 
energy development, nutrition and health education and reforestation. 

Peace Corps overseas offices: 

BELIZE 
P.O. Box 487 
Belize City 

BENIN 
BP 971 
Cotonou 

BOTSWANA 
P.O. Box 93 
Gaborone 

BURKINA FASO 
BP 537-Samandin 
Ouagadougou 

BURUNDI 
c/o American 
Embassy 
Bujumbura 

CAMEROON 
BP 817 
Yaounde 

CENTRAL AFRICAN 
REPUBLIC 
BP 1080 
Bangu i 

COSTA RICA 
Apartado Postal 
1266 
San Jose 

DOMINICAN REPUBLIC 
Apartado Postal 
1414 
Santo Domingo 

EASERN CARRIBBEA 
Including: Antigua, 
Barbados, Grenada, 
Montserrat, St. 
K1tts-Kevis,St. 
Lucia, St. Vincent, 
Dominica "Erin 
Court" Bishops 
Court H111 
P.O. Box 696-C 
Bridgetown, Barbados 

ECUADOR 
Casilla 635-A 
Quito 

FIJI 
P.O. Box 1094 
Suva 

GABON 
BP 2098 
Libreville 

GAMBIA,The 
P.O. Box 582 
Banjul 

GHANA 
P.O. Box 5796 
Accra (North) 

GUATEMALA 
6a Avenida 1-46 
Zona 2 
Guatemala 

HAITI 
c/o American 
Embassy 
Port-au-Prince 

HONDURAS 
Apartado Postal 
C-51 
Tegucigalpa 

JAMAICA 
Musgrove Avenue 
'Kingston 10 

KENYA 
P.O. Box 30518 
Nairobi 

LESOTHO 
P.O. Box 554 
Maseru 

LIBERIA 
Box 707 
Monrovia 

MALAWI 
Box 208 
Lilongwe 

MALI 
BP 85 
Box 564 

MAURITANIA 
BP 222 
Nouakchott 

MICRONESIA 
P.O. Box 336 
Salpan, Mariana 
Islands 

MOROCCO 
1, Zanquat 
Benzerte 
Rabat 

NEPAL 
P.O. Box 613 
Kathmandu 

NIGER 
BP 10537 
Niamey 

PAPUA NEW GUINEA 
P.O. Box 1790 
Boroko 
Port Moresby 

PARAGUAY • 
c/o American 
Embassy 
Asuncion 

PHILIPPINES 
P.O. Box 7013 
Man 11 a 

RWANDA 
c/o American 
Embassy 
Kigali 

SENEGAL 
BP 254 
'Dakar 

SEYCHELLES 
BP 697 
Victoria 

SIERRA LEONE 
Private Mail Bay 
Freetown 

SOLOMON ISLANDS 
P.O. Box 547 
Honiara 

SRI LANKA 
$0/5 Siripa Roac 
Colombo 5, 
Sr1 Lanka 

SWAZILAND 
P.O. Box 362 
Mbabane 

TANZANIA 
Box 9123 
Dar es Salaam 

THAILAND 
42 Soi 
Somprasong 2 
Petchburi Road 
Bangkok 4 

TOGO 
BP 3194 
Lome 

TONGA 
BP 147 
Nuku'Alofa 

TUNISIA 
BP 96 
1002 Tunis-
Belvedere 
Tunis 

WESTERN SAMOA 
P.O. Box 880 
Apia 

YEMEN 
P.O. Box 1151 
Sana' a 

ZAIRE 
!P~T9"7 
Kinshasa 


