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: aééiéﬁ, construction, operation, maintenance, and repair of hydrams,
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pipef1tt1ng and cewent rams, éﬁd,téﬁp;été,iﬁgtrﬁCtiéﬁg for a clear
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problem-solving, skill prattice and guided construction, and large o
and small group discussions. Guidelines for users (1nc1ud1ng lists of

training objectives, pre-workshop tasks, and tools, eguipment, and -

materials needed) are provided in an introductory section. The ent1re
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$> In 1772, John Whltehurst developed the first known machlne
' to utilize the water hammer effect to pump . water. Whitehurst's
device included a watey supply tank, a 1% inch, 600 §foot
1ong drive pipe, a c ck valve, an accumulator and a delivery
pipe. He used a hand-operaped impulse valve, employing child
labor to open and close the\yalve in continuous cycles.

In 1776, Joseph Michael de Mcntgcifiér invented a similar

1mpulse valve which was opened and closed by the rebound wave
“inside the hydram 1tself Montgolfler § machine was called
. "le belier hydraulique," from which thé term "hydraulic ram"
was derived. (Because "hydraulic ram" can have more than
one meaning, however, we prefer the Brltlsh term "hydram" to
déscribe these water pumping deviceés, and will use this term

throughout this manual.) The invention was so.simple and’ <
réliable, it has survived over 200 years with very little
change. C » ;

- The technlcal 1nformatlon contalned in this manual has -
been developed through experiments and experlence. We have
trled to presernit the fruits of our experierice in such a manner

as to be easily transferred to other situations and applications.

The transfer cannot always be complete, however, and situations

cannot always be predicted.- The performance of a hydram is -

dependefit on many variables. The information contained in, this
" manual should therefore be regarded as guidelines based on
past. exper;ence, rather than absolute les.

’

bavid Jessee

Perennial Energy,; Inc::

-~
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This tralnlng manual presents a comprehens1ve tralnlng des1gn,

suggested procedures, and mater1als for cpnducting a workshop in
the des1gn,7construptlon, 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 needg¢ of the participants. The

workshop requires ten; eight hour working days: The activities
have been designed for 15-20 pait1c1pants with two tra1ners.

o The traInInq deSIgn 1s only as effective as the tralners who
-are using it.: Trainers must have skills and experience with o

hydrams as well as training: They may find it necessary to modify
the design to accommodate partig ipants' skills and needs, the

amount of time avatiabie for trdining, actual conditions at the

training site; tne number of participants and their training

style: The success of the design; however; depeﬁds on the amount

of practice and appiIcatIon partICIpais experience:.

irticipating Agency Service
Agreement between Peace Corps and the S; Agency for Interna-
tional bevelopment. 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,,Téd Lahders, Jay chk ~Brad Jacobs and Pat Wlersma

shog offered 1ns1ghts for revisi NS, 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 wds piloted in Costa Ricad, by Dale Krenek, in
Lesotho by Dale Krenek, Judith Oki and Terry Whitington; and in
Fiji by David Jessee, Dale KRrenek and Judith Oki. Those experi-
ences completed the design revisiohs incorporated here.

On901ng des1gn, ed1t1ng and productlon has been the task of
the entire Pegce Corps Energy Sector: Paul Jankura, Ada Jo Mann,
Prudence Merton, and Pat Riley. ;

" Judith Oki
Energy Training Spe01a11st
Office of Programiiing and
- Training Coordination,

- October, 1981



GUIDELINES FOR USERS

A

\

Training Objectives: By the end of thg workshop, participants -
will be able to: , i

o ,éurvéy'éﬁa'évéiuaté sites fof’potéﬁtiél hydram projects;

. art1cu1ate and apply hydram theory, ) - —

& use correctly basic water and d%stance measurement

technlques and formulas for proper sizing of hydrams;

s “ S . Y
Select proper ram desxgn and size;

® llSt tasks and resources necessary tordevelop a water

source Site for _hydram operations, and

[ ]
..

nes; etc.; -

de51gn water d;strl?ution system including storage tank,
stand pipe, supply 1i
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o identify issues in tra1n1ng local community members. in the
‘ installation, operatlon and malntenance of hydrams; :

1

° identify phy51ca1, social and 1nst1tut1ona1 requirements

“for the successful application of this technology; and

® describe an action plan for u51ng this technology 1n the1r
real life situation. :

Training Activities: The workshop design requires the involve-
ment of each participant, individually, in smattl groups, and
the 1arge group. The activities are designed to provide

maX imum opportunltles for part1c1pants to practxce the skllls/

thevlre [acquiring and consider issues specific to their sites.

~

1

Activities include: . <
e demonstrations |
L problem—solv1ng (1nd1v1dually, small group, large
‘ group)ﬁfi
o skill practice, guided constriction {small group)

e - group dlSCUSSlOn (small and large group)

— b '
As the workshop evolves, part1c1pants are requ1red to soive
increasingly comp%egiproblems on paper and in skill practice.

Throughout the workshop, part1c1pants are asked to iderntify
key issues in hydrim.appilcatlon and prgject development

{
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(
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C. Manual Organization

The training sessions each include learning objectives, recom-

mended time, suggested pfrocedures,; and the sPec1f1c tools,

K materlals and resources required. Notes to the trainer are in
the right hand "margin" and space is provided there for

e dddltlonal notes. -

a";J ; e ’ .
All hand0uts appear twice in this manual. ‘;0nce at tﬁe end of s

the session in which they are used and collectively as an

appendlx for easy dupllcatlon. F
[Editor's Note: Appendix of duplicate

D: ‘Ereparatloncfor Training handputs deieted from this document ]

The foilowxng is a list of 1oglst1cs and tasks that need to; be
completed during the plannlngVPFOCGSs. fSpecific tasks” thaE(

need to be compieted before each session areg 11sted within the
se551on.

1. Become familiar with the tra1n1ng de51gn, 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 tor the different

ram constructiohs. A checklist is.provided..

3. - Baged on the information gathered, and proposed applica-
®ions;. select the constructions that will be covered in

depth. . 7 . < .!‘
Note: The concrete cchstg£Ctioh is eéasier to understand
after participants have acually constructed a simple ram,
i.e.; pipefitting or clear PVC. Thé concrete construction
- must take place over at least 6 days in order to cure
L enough to pperate. . . .

/ 4. Idehtlfy the tra1n1ng 51te. AThe ideal tra1n1ng site S =
provides space_for the full,range of training act1v1t1es
within easy walklng distance from each other: )
e <classroom space for small and large group,work: chalk—
board, newsprint, slidé projector, table space; Y

enOugh'WOrkshOp space to accomodate all part1c1pants ‘ i'? >~
in coﬁstructlon activities; workbenchgﬁ, tool storage,

first 'aid station;’

N
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Vo . 4 .
e, fleld act1v1t1 es: ' s

i) a stream/sprxngs nearby wbere part1c1pants can

2) an area where part1c1pants can take a number of

hydram: The site must: offer a range of  choices;
. \
* 3) space where a demOnstratlon 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
o _ "stations for constructed rams - ! station per 3- 4
' = participants is recommended. The water source
must SuppPly a consStant Q and variable H. An ;
example experimental Station is prov1ded at the-.
end of this section. . )

If these fa01g1t1es are not near each other, tben
travel time must be 1ncluded in the schedule and
transportatlon arranged.

_ «’
5. Determlne number of tra1ners requlred. l tra1ner° 7

nical assi'stant trainer, a 1: 10 ratio is manageable. The
lmgortant thing 1s participant access to skilled resources
during their practical work.

6- AnnounCe the workshop and 1dent1fy part1c1pants. Send
a set of

InciUded here in appendlx of handouts. (1B, 2E)

7. With. Other trainers, develop norms for the training team,
ciarlfy roles and expectattons, review status of steps 1- 6

A Y

to date, develop-a final schedule, make tra;n}ng and

Preparagtion assignments; decide when to do review

.exertises, and mid-point and f1nal wor kshop evaluatlons.

8. Dupllcate.handouts; .

9. Finalize materials list, based on number.of partxcrpants

and decision’on types of construction. Order;materials;

and arrange for transport to traxnxng site.

10. Assemibla handouts {({pre-— punch for ring binders If_
possible); chalkboard, chalk; newsprint, markers, tape,
notebooks, ring blnders; schedule.

SR



ii.-Construct clear PVC ram’ 1f necessary for demonstration.
The instructions are included here. Session 2 is readl;y”
understood W1tb the assistance of this visual ald. if ‘you .

schedule that early on 1n the workshop.

12. Certificates of completion add a nice touch, and should be
-designed and printed.
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Quantities vary

Approximately 1

according to training .group size.

WORKSHOP: ‘TOOLS, EQUIPMENT, MATERIALS

complete set per 4 trainees.

| on hand at |.can be

training borrowed

site from:

| can be

from:

' Approx .

Standard size

buckets, e.g.; |-
20 liter, 5 gal|

-

Cost: ——

2-3 55 gal ; |
drums _ '
3-6 21" mipés

© 3/4" Diam

diameter
Lumber for [ | K
molds, weirs,; - '
braces -
- j —

Sight levels
Carpenters
levels
Measuring
tapes
pliers .
Pipe
Wrenches
Hacksaw
Hammers N :

Shovels

R
[T
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On hand at | Can be |Can be
training | borrowed | purchased |Approx
site - | £rom: from:  Cost:

4]
v
T
g\
[}

size nails

Gasket E | ¢

materiail:

.- — — - __

rubber; cork ;

iy

Rubber sheet
3/16" - %" thick
. can be inner
~"" tube

Steel pilate S D -~
3/16" - 1/4"
thick

Pipe joint
compound or
Teflon tape

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

-~ 13




HYDRAM CONSTRUCTION MATERIALS

_ The spec1f1c construction materlals vary, and there is a B
range of p0351b1e adaptatlons and varlations At a general

'Please indicate: (yes or no) if the parts are generally
available, i.e., one could find them readily in a p umbing

supply7hardware store,fif they can be spec1a11y ordered,
how much time is required; approximate unit cost for the

following:

SIZE |GEN'LLY SPECIAL___ | APPROX,
PART - -~} (PIAM) |AVAILABLE | ORDER TIME COST
Steel pipe, standard] 3/4"
length - in/cm. — — —
- 1"
b
2 .
3/3"
iﬁ <
éﬁ AN
3 , v
Reducing —, . 2"x 1"
Bushings | |
sweep - 90° | 1"
459 1"
Fefiale adapters 3/4" k
i
Male adapters 374" i
\1 iii
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Hydram Construction Materials - continued
, o N o C
o ‘ s1zE | GEN'LLY |  SPECIAL_ APPROX
PART _ (DIAM) AAVAILABLE ORDER TIME COST
Clear PVC plpe 3" 7 T
PVC cap S L
Gate valve L
Foot valve 2+
Check valve 1"
- -

-

the above parts; so please 1ndxcate approximate cost of cement:

s - / 1bs.

~

items. Detailed parts lists will be developed prior to the
workshop. .
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SAMPLE- WORKSHEET FOR F.INAL MATERIALS LIST

Materials List .

‘Type of Ram

o

QUANTITY DESCRIPTION SIZE USE

P~

1¢

No. of Rams to be bullt



SUSGESTED: SCHEDULE FOR HYDRAM woakéﬁoé

Dy Oné

Day Two

F

-

‘Day Fiwe,

s

Sesston 't
Sesston 2

Session 3 & &
Theory

; o
Sesstons 3 & &4
Field
Activity

Session )

Sessioh 6

Session 9

Session 7

Session 8

rw,

Day Three JK Jay Four-

Session 10
Part I, II

Session 11

Session 12

Mid workshop
evaluation
- ; -\
Session 13,

Day Six

Day Eight

Day Nine

Day Ten

-

Session 10;
Part II - cont
session L3 -
present
results

4

Session 14

Session 15

Session 16
Session 17

Session 18

Session 10
Assemble,
Uperate Con-
crete ram

Session 19

Session 20

1
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1

ERIC

Full Tt Provided by ERIC.



MATERIALS :

TOOLS :

Hea

%=20 tap, saw, miter box, electric or hand drill,

178" drill bit, 13/64" drill bit, screw driver,;

/16" wrench or adjustable wrench, knife, tape measure
NOTE: This is presented in ses oni format, in case it

-12=
o - L R A
CONSTRUCTION OF A PVEC HYDRAM Time: 4-5 hours

(for bemonstration Purposes) RS
i .

and to observe the dxrectlonal flow of watar as
shown by suspended solids .in the water. The PYC

hydram is of limited use for actual water pumping,
however,™ag it will last only about one month in

contxnuous use. For thls reason, 1t 1s suggested

to the workshop; and used to 1;lustrate the intro-

ductory sessions (Session 1l & 2) on the first day
of the workshop itself. The construction could be
part of a pre-WOrkshop staff training program, if

desired: :

3 1% tees | 1 1%" coupling
1 3/4" male adapters 4 %" #6 sheet mesal screws
1 1%" cap | 2 1k k0 ox éd;ﬁcits |
1 14"x 1%" pipe . 1 2"x %"x 20 bolt
5 1%"x 3/4" reducing 6 % x 20 nuts

- bushings. :

I assorted washers
1 24"x 3/4" pipe 'Handout
pVC cleaner, -PVC glue, 1/8" sheet rubber, TFE tape

t solrce (such as propane torch, campfire, oven)

needs to be done with all partlcipanCG, in addition
*to trainer precparation.

N
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PROCEDURES . . NOTES

e 1 _

1. @Warm up. the middle 12" of theg 24"
long 3/4" PVC pipe; making sure it is .
heated evenly without scorching 6% ‘
blistéring. After PVC is piliabile',
bend it into.a 90 angle with about. ; s

a 5" to 6" radius. Allew it to cool;
then.cut 5" off each end.: {See #3
aﬁg #8 on Attachment. A,

2. Cut the 1%" PVC into two pieces,; of

' - oné& 12" long (#6) and one 2" 16ng- jﬁ
(#19) , making éérgaln that the ends -
are cut square and are de-burred:

3. Cut the 14" couplihg (#13) into two
cyllndrlcal pieces just to one side -
of the iand: Cut of the bottoii o
of one of the 1%"x 3/4" reduc1ngl
bushings, and sand it smooth on both
sides_to form a 3/8" thick PVC wash- ,
er (#14). Glue the washer inside
thée piece of coupling without the
land, flush with one end. Discard
the other ‘half of the. coupllng and .
the remainder of the. bushlng. !

4, To make the valves, Cj.it two ‘< ) R
circular pieces of rubber to the
same outside diameter as the 1%" '
PVC pipe. Cut out of each round
a _horseshoe shaped piece and a
%" hole as shewn in Attachment A#7

wl

5. Place four wraps of TFE tape around | Note the 2 types of stroke

one end of the 2" piece of 1%" PVC. adjustment illustrated in

pipe. Lay on top of this one of the | the handout. That labeled

rubber valves you have cut out. .| "alternate" is slightly

Forcé this into the coupling half more complicated to construct

that has the PVC washer glued into but provides easier .adjustment.

it. Attach bolt (#12), nuts (#10) Materials required for the ;

and washers (#15 & #16) as shown | -alternate stroke adjustment~ard:
- 1in Handout. Drill two 1/" holes : % x 20 bolt_and nut{f

{one on each - sidej through this ' wide x 2" long piece

impulse valve assembly and into _ cut from PVC pipe

the 2" piece of 1%" PVC. Then screw 2 5" #6 sheet mctal screws

two sheet metdl screws 'into tlese
holes (#18).

' | \

20
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PROCEDURES = continued

6.

. through leg of one of the tees

v B

(#1) ; making certain the cut is
square\and de burred Place four

Attach the 1" % ;" bbit

tee you just cut off. Force the
TFE wrapped reducing bUShihg up_ to
the rubber valve. Drill two 1/8"
holes into this assembly and secure

with 2 sheet metal screws.

Next, glue the rest of the pieces _
together as shown in the Attachment.

oh,the glue.
i1 a 13/64" holeé through one of

thé flats on the réducing bushing

’.

certaln that you also drlll t?rough
the 3/4" pipe as well. Drill

l/8" hole up from the bottom of
this bushlng, intersecting with the
13/64" hole. Tap the 13/64" hole
with a %- 20,tap then insert a 3/4"
%-20 bblt with lock nut (#9 & #10).

After the hydram(s) have had time to

dry,,hook them up to a drive. head
and test them.

21
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A PVC HYDRAM -
ATTACHMENT A
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l‘” Tee (2) >
‘”xB/H” Bushing (5) ,
3/4" PYC Pipe 14" Long (1)
3/4" Male Adapter (2)

15" Cap (1) -

1%" PVC Pipe (l)

Valve (2)

3/4% PVC 5" Long (2)

;- %-20 Boit 374" tong (1)

: 5-20 Nut  (9) . B
620 Bolt & Long (1) (:j) VALVE
%-20 Bon”z”'f Long (1) — ACTUVAL SIZE

P AN B LI B A L A AV N AW L B L
h
\

- ?” Washer 1" Diameter (2) .

. %" Washer "3/4" Diameter (2) , -
. 4" Fender Washier (1) ' ‘

#6 L' Sheet Metal Screus (4) ,jii

19. 2" 1%" PVC PIPE (1) ]
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SESSION 1: JINTRODUCTION TO TRAINING Total Time: 1% hours
- = —
OBJECTIVES: By the end of this session trainees will have
P B ]
T e famlllarlzed themselves with each other and
training Staff; and )
\ ) :

‘@ identified and clarified their expectations

_those of the staff.

This sesé;oﬁ is designed to establish a climate of

active partxcxpatxén and collaborative problem—soivxng

in the worksHop. The schedule should be reviewed and °

dIScussed, and expeétatxons need to be shared and

processed. ; _ . ,

e Handout iAi;’WﬁéE‘é in a Name" .

e Handout 1B: Workshop objectives | |

® Notebook or pad for each trainee (ripg binder)
Flipchart/markers or chalkboard/chalk _ .

@ Goals of workshop on a flipéhétt/cﬁaikbbata ‘

Workshop Goals:

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

2. Identlfy 1ssues in hydram progect plannnlng ahd .
implementation. : .

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

“ ~

' 23
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Session 1

Introduction - - :
1. Welcome the partlclpants to the 10 min. - ;;

workshop and introduce the staff.
RHave each staff-member _say a few

words abolit him/héerself. -
Introduce the "What's in a Name" Allow 30 ;§E~iofthis;
exercise and divide theé group into.

small groups of 3-6 participants.

_to join one
participant
he groups a

Distribute the handout "What's 'in a | Trainer may want
Name" and have the groups discusSs of the groups as )a
their names” using questions on the Be sure to glye~
handout as a guide. time check.

4. As a large grbup have the part1c1-

"stories" that may have come out of ,
their small group discussions about kK
their ndmes. ‘ -

Goal setting -
5. Review goals listed on newsprint: 10 min. Participants should
Distribute the workshaf objectives |already have copies of the
‘and ask part1c1pants to read them. .| objectives. Have additional
o copies on hand just in case.
ExpeCtatxonS : Answer any questions.

6. Explain that one of the purposes

of this session is to identify and.

clarify expectations of the traxnlng
workshop. |
i e

7. Ask the trainees to-list their indi~|5 min:

vidual expectations of the workshop

on a sheet of paper. 7 _ ‘ S A

8. Have the trainees form smali droups {15 min: . ' -

of 4-5 people and ask them to share i .

their eXpectations listing those : G

they have in common on neWSprlnt. k
Staff will do the same. .

9. ASk a reporter from,each group to 20 min.
post their group's list and share
it with the }arge group.

24
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2
PROCEDURES
10. Clarlfy whlch expectations: can be

11.

12.

met during the workshop and those ;
which cannot. :

Distribute the schedule for Bme
workshop and discusg the first day.
Expldin. the workshHop site procedire
fnealtimes, facilities, etc.).

shared expectations |[of the group
and mention that the| list will be
reviewed at the end 5f the workshop
to determlne how well the expecta-
tions have been met.

Ask| participants to bxing.
"Paxticipant Site Infoymation

Work t" to next ses 1on.

25
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-19- ' Handout 1A

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. ™ R - . - ~

-

Sonie things you might wish to share:

Do you like your name? Why or why not?

I

How did you get ycqr?first name?

Does your .name(s) have any meaning?

What is the origin of your last name?

Famous (or infamous) ancestors? ' o1

a7

.

(@ \ Fanhy stories,; incidents related to your name?

.anything else you may wish to share: . -
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-26- - Handout 1B
i 2

HYDRAM TRAINING WORKSHOP OBJECTIVES

"By the end of the training program; you will be able to:

@ survey and evaluate siteés for potential hydram pro jects;

e articulate and apply hydram theory;

® use correctly, basic water measurement techniques and
formulas Tor proper Sizing of hydrams;

e selegt proper. ram design and size;
e develop a water source site for hydram operations;

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

° 'haiﬁﬁaig, troubleshoot and repair hydrams;

e train local community members in the installation ; operation
and maintenance of rhydrams; and

e identify physical, social and institutional requirements

)

for the above.
[

/
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SESSION 2: INTRODUCTION TO HYDRAMS ' Time: 3% hours

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

] artlculate basic issues of water supply
in their communities and the lmplicatloné

for hydram prcjects;

approx1mate amount of water a system must

°
deliver;

e accurately describe how hydrams work;

e articulate principles underlying how a
hydram works ;

e determine amount of water that can be pumped

irom 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 thls session is a technical introddéEion

of how and why it works. It preseiits the rela-
tionship_ between poternitial 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

vdemonstratlon) to a dellvery pOLnt develop an

2

solve problems. Part II examines crltlgal
issues involved in the installation of a hydram

system,, lncludlng access to water, present sy§§e@s,

~

needs, use and demands ifor water, and establishes

a context for the technlcal training.

MATERIALS: Handouts 24; 28; 2€; 2D; 2E (24 and 2B reproduced

on 1llpchart)

A workxng hydram or hydram model

A physxcat demonstratton oL_potentlai energy ;
e.g:; a pegboard with movable pegs,; colored

NOTE: Problems and. examples should be written in appropriate
units ol’éfasurement.
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. PROCEQURES

Introduce seéssion 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 l1ift a mass to a higher
elevation. .

Refer to attachment 2B on the flip
chart, and demonstrate situation in
which a hydram can be used. W
how potential energy relates to the

amount of water that can theoreti-

cally be pumped to a given height:

pPoint out on the dlagram( the =
following: drlve pipe, dellgegz
head,

the ram,

delivered.

and quantity of water -

all terms on drive side are capitai—

ized, and dellvery terms are in
lower case, i.e.:

drive head = H delivery head = h
water ' water ' |
enterlng =0 delivered =;g
d;;ygiggpe N delivery pipé
diameter = D diameter = 4
length of length of ,
drive pipe = L delivery pipe = 1

Session 2

handout, i.e.,

E.= w x h.
IE group seems unfamiliar

with concept, the peg board
will probablyipgipgtgggiignd

it should be passed around,

so they can try it:

Ep— m X h or

The vocabulary and terms are
important at this point; the




PROCEDURES - continued

5.

-

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:

Now that the general parameters of

a hydram installation are known, it

is a good time to look at how a

</¥dram works.

Using attachment 2€ 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

foliowing:

- sufficient water coming into the
impulse valve to close it

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

into the accumulator

—'check valve closing; with
suffxcxent water wexght and air-.

i
G
.
Q.
el
C:
o8
-1
Neg
(R
e
3.
LQ
-0
il
0.
T,
rf
()
Q.;
C‘:
]
Qu
o
"1
rf
oy
m

check valve, air suction; snifter
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, éék,tréinééé to idéhtify
key parts {impulse valve; check
valve, snifter, ram body, drive _
pipe, delivery pipe). 1If pessible
take the ram apart, to demonstrate.

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

30

Session 2

NOTES

It might be useful to
underline each part's
name in a cantrasting ~
coior, as you go througﬁ‘
the description:

This is easily done with a

clear PVC pipe demonstration
ram; which could be hooked .
up to an experimental stand.

-

The PVC hydramteould be
helpful heére also.
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‘measurement sessions,

deflnltlen, and make the analogy to
amount of watergpumped, using _
QH = gh, as a sé?%ting point. State
that, because of friction

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-
fbre, nQH = qh Ask the trainees

Result: o ) effi-

] ) drive water cien-
amount of head entering cy
water = delivery
delivered head

Beviéw,standard units of water
flow; i.e., in water flow
measurements
are in gallons per minute (gpm).

Trainees now should be able to tell
delivered in hypothetlcal situations
given an assumed efficiency. Ask

them to solve the following problem:

20 gpm The hydram is located
20 ft easured Vertlcally) below

the spring. The storage tank is .

100 ft above the spring (measured
vertically) ahd the assumed -

efficiency of the hydram is 50%.

A sprinjzis flowing at the rate of

‘How much water can be deixvered°

Ask one trainee to

process and solution ‘on

Check the group to see’ if everytingi

is -clear: , Ask tfainees. bo develop

‘XS o 1]

- Session 2

NOTES -

Oor refer to efficiency

ds perceritage of energy out,
use the description that best
suits the technical level

of the group.

=

1f the aigebraic manipuiation

confuses the group; go

through this derivation process:

L 1
~nQH = gh '
‘ngH - gh

h h
o q

Answer: 2400 galilons per day (gpd)
-If the diagram from attachment

2B is on the flip chart or

chatk board; these figures

can inserted in the

appropriate places.
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Part II

PROCEDURES

11.

-:correct if the arlthmetlc is _Wrong ;

other hypothetical situations for
the group to solve. Check to see

continue pract1c1ng or a calculator

may be used

Wrap up by reviewing the session's
objectives, and checking with the
group to determine that everyone
is comfortable with the concepts,
vocabuldary and the problem §61Vihg.
. 14
Distribute the glossary and review
key words and concepts.

/i

Ask pafticipants 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:

e _

a. Dlscuss fesponses to questlons
1-5.

b. List problems with present water
AY

system the hydram gouid solve;

problems/issues that wouid re-

main the same and new probiems/(‘

issues that would be created:

c. Each group is to seiect 2 major
" problem areas/issues in the
development of the Rydram system
that will be critxca' to its

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. '

NOTES * = = . reE

. . ,
P : “%;
B .

problems with ;he axithmetié{; -
suggest that théy form study
groups.

. X

30 min.

15 min.

106 min:

15 min.
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ATTACHMENT 2-B HYORAM INSTALLATION |

,,,‘

- STAND PIPE

il

ié{.

S
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oEl
~
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1
1
i

hi

5] o

15

ULy FipE

]‘l
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DEFINITION OF VARIABLES

D = Dlameter of Drive Pipe d = Dlameter_of_DéliVéty Pipe
H = Head of Drive Pipe . h = Head of Delivery Pipe

© I = Length of Drive Pipe 1= Length of the Delivery Pipé

Q= Quantlty of Water Enterlng q = Quantity of Water Delivered

o Hydram n = efficiency
Q= Quantity of Water Wasted S = Length of the Impulse Valve Stroke
" from Imppise Valve F = Frequency of the Impulse Valve Stroke

W = Weight of the Inpulse Valve
l‘ |

36
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Session 2
Handout 2D

' At tachment 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.

head pfessute from forc1ng water back through the. hydram body.

pumping to.

A

ﬁélivety pipé = the plpe whlch connects the output of the hydram
to the storage tank. q -

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

Drive pipé,: a rlgld pipe UsUally made of galvanlzed steel that
connects the hydram to the source reserv01r or stand pipe. -

Eff1c1ency = (n) the ratioc of the energy input to the energy
output; a measure of how well a hydram functions; ROV

f‘é

= DH

Frequency = (f) the numper of times a hydram cycles in one minute.

Hydram - (hydraulic yAm, hydraulic ram pump, automatic hydraulic
ram pump; ram) jn 1ngenious dev1ce that uses the force of

and requlrlng no fuel.

Impulse valve .~ (clack valve, out—slde‘valve,rlﬁ%etus valve, waste
valve) th’ valve on the hydram that éreates and contrdls the .

ﬁéteht;al 7ﬁéf§§ - enetgy derived from p051t19hfgg helght; is
equal;

to the helght that a mass can fall times its welght.

Rebound - the flow of water in the fam reversing d;rectlph due to
the air pressure in the accumulator; ciosxng the check valve:

Settling baszn - a small tank usually made of steel or concrete

that .is used in piace of a stand pipe in an installation where

additional settling is necessary.
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-30- _ Handout 2D
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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. :

| gpring box - a concrete box built around;a spring to facilitate
water collection and to protect the water; source from 'surface
;  contaminates. T : o
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. S | o ‘
Waste water - (Q,) 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; @ xHxn ' :
P : g9 h

i

Water flow to the hydram - (Q) all the water used by a hydram
™ which is egual to the waste water {Qy) plus the water .
delivered (q). * o
Water hammer - the effect created when water flowing through a
pipe is suddenly stopped. 1In.a hydram this causes the closing
of the impulse valve and opening of check valve. = '

S

1




| - .
g
- ‘- ) . E '
.
. ; . v
) ) - <
- - - !
. .
. ' i i » )
.
- N - .
)
]
]
1 e
:
4
.
Pl
:
% - .
‘ .
. ’ E
~ A ’ ‘
, _
o 2

o
ERIC

Full Tt Provided by ERIC.



53 Session 2
. - Handout 2E

HYDRAM TRAINING WORKSHOP
PARTICIPANT SITE INFORMATION

Hydram installations are extremely site specific. ' Although it's a

simple technoiogy, it does require being properly designed and

., sized based upon particular chgracteristics of the site. It also

requires a certain amount of follow-up and maintenance. In order

to maximize your learning durlng the workshop, please begln to

gather the foliowxng information. (You don't heve to have all of

1. What water sources are available?

2. What kinds of water systems are presently being used? Who is

responsible for maintaining the systems’

s —

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

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?
- Communlty history of cooperative work on prOJects?

- As existing community water'dlstrxbutlon,system?

metalworking; plumbing, and masonry capabllltles?

- Facilities and craftspeople in ;or near the communlty with

Vocational-technical schools; public works?

- e
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-32-- _ " Handout 2E

s

-

6. How do you rate ycur'prege't kinowledge/experience about water .
éYétémé, pumpé, hydrémé? What do you need to refresh, what .do

{

7. If you have a site in m1nd for a hyaram, can you find out:

a. approx1matt flow rate of the water source (gallons/mlnute)

b. approximate "drive ‘head," 1.e.,,vert1ca1,d;stance from
water solrce to where hydram will be installed?

9i

c. approximate “aeiivery ’h'ea"d”ii i'e;; verticai pumping

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 éituatlon, feel' free to do so.

42
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SESSION 3: WATER MEASUREMENT TECHNIQUES Total Time: 3 hours

OBJECTIVE: 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 flbét method.

OVERVIEW: It is lmportant during this session that the
trainees gain experlence in estimating flow rates
- and develop skllls in measuring flow rates. _

1) the weir method, 2) the bucket and stop watch

method, and 3) the float method. Each method . .

will entall "Hands on'' work, constructing a weir,

channelllng the stream, placxng stakes in the

stream, etc. The flndlngs from thesé three methods
will be compared..

lumber, nails, approximately 3' of pipe with

MATERIALS: Handouts 3A - 3D

" a sufficient diameter for the expected flow;

sheet metal (optional), bottle with cork,; or

float: Have a set of materials for each team

TOOLS: watch Wlthf@fseconds function,; bucket of known
o S ‘capacity, saw, level, _tape measure, hammer;
. N pick or mattock, tin snips (optional), have

one set of tools for each team:

¥

*TRAINERS NOTE :1) Since the purpose of the ~activity is to learn
to measure, not build; pre-construction of

5ite levels; weirs is recommended.

V- 2) The weir table is provided in both English and
e metric unlts,

3) the float method has limited applicabxlxty

Decide whether or not to spend'time conducting
the Tield activity:.

T : 4) Identiiy site for field activity ahead of time,

;// ensuring enough locations for small groups or
pairs. to work independently; stake out
distances il necessary.
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PROCEDURES NOTES
] o o ) ) o o g 1Y
1. Disciiss the need for water measure- X

ment in hydram systems: —

- amount of water delivered

_ amount of water into ram ;
2. State objectives for the session.
3, Ask participants t& approximate

amount .of water needed for:

- irrigating an éveragiagardeh

- domestic use

- potable water

4. For each, ask participants to com- This problem tinks and reviews
pute amount of water needed to : Session 2.
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 B e [ -
7. Describe how to build and install a | A desk top model would work well
weir. ' for this and could substitute
T . for the real. eXerCise if time
8. Explain how to use the weir table. and facilities aren't available.

9. Go over the example in the hand-=
out and make certain everyone feels
comfortable with_their ability to

0. Describe how to use the bucket % |Use discrecion a;/co'ﬁow much detail
and watch method. to go into as ahis method is used

: - o ) o . o ) } oii flows thz woutd be considered
11. Describe the float method of : infinite with ) ram inscallation.
P (fioat meth/)a -

measurement . &

12. .Explain steps in determining cross-

sectional area of a stream.

13 . Explaln procedures in determining
the velocity of the stream.
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:35_

17.

18.

19.

20.

21.

22.

23.

24 ;

Go over the example in the handout:

three or four, giving each group an
even level of total skills.

Proceed to the creek or stream:

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 w1th1n
sight of each other.

Have each group select a site which
they feel will be easily developed.
Have each trainee maké a guess as to
flow rate of the creek or stream"
they are nmeasiurings. -

Note estimates of flow rate.

Calculate flow rate by the float
method.

Select approprlate section of the
stream or creek and determlne cross-—

sectional area. .
-~

Place two gtakes in stream at appro-
priate spot{s and distance from each
other.
Place float in mid-stream' and measurg

time it takey float to travel
from one stakesto another:

severail tlmes and
ate:

Repeat measur¥g
average the f10

[ Y

Use only if time allows and the

water source is appropriate.

— e

»
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PROCEDURES - continued . NOTES ‘

. 27. Note differences between original 7
estimates and measurements of flow [N
rates: ‘

28. From the measurements made, have , L
each group decide on the size of | e

theit weir notch:

29. The trainees next construct their * It may. be a good idea to have

weirs and install them in the creek, each group build their weir |
making certain that the weirs are out of different materials so. °
well supported and sealed against that the construction:techniques

" 'leakage around the bottom and sides. | can be compared. -

3Q¢;ﬁétéf the weirs are constructed, =
readings should be taken periodically
while the water is seeking its new
level and while flow rates are being
inferrupted 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 Elowing through

the pipe and into the bucket; Lime
how long it takes to fill the.bucket.
Again readings’ should not be consid-
ered reliable untit they are consis-
tent. :
N, 33. At this point; review what has been .| -
done thus far in the session. . %
34. Back at the classroom, list the Point out need to measuré.

readings from each group and dis- seasonal variations of watdr flows.
cuss the reasons for the variations.. S o S

35. Ask participants which method ;7 , - <
" they would use, given resources at : e
their site.

- U
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USING A WEIR

)

-

Session 3

Handout 3A

A weir may be defined as an overflow striicture built acros®

an open channel,
water.

usually to measure the rate of flow of
Weirs are acceptable measuring devices becaise; for

a weir of a specific size and ‘shape (1nstalled under proper
conditions) only one depth of water can exist in the upstream
pool for a given discharge. The dischatge rates aré deter—
mined by measuring the vertical distance from the crest of

,the overflow portion of the weit to the water surface in the

pool upstream from the crest, and re¢err1ng to tables which

For standard

. completely.

apply to the size and shape of the weir. ]
tables to apply, the weir must have.a regular shape, - deflnrteﬁ

dimensions, and be set in 2 bu}khead and pool of adequate
size so the system performs in 3 standard manner.

Detetrmine the dlmen51ons to be u§ed for the weir notch.

The width of this notch is relatéd to the measurement of the,
hin

flow rate by the height of the water in the pool formedioei
the weir. This height is measured in inches and by using a

d

we1r ‘table, the inches can‘be converted to gatlons per minute.

accommodate a stredm's flow. Av¢rule of thumb'is to make the
width of the notch 3 times the height.

From your estimate of the flow ©f the stream, look at the

weir table- and gnesstlmate what. size notch will accommodate.
your flow. .
the notch and that the pool. formed,behlnd the weir should become
deep enough for you to_easily get a decent height measurement;

i.e.; 2%" vis a vis 1/16". Examplé: you estimate the stresm
is flOWlng at. 150 gal/%in. If you made a notch 12" wide aZﬁ
4" high, at full flow is weir would read- approx1mately

290 gal/min., (4"-- 23.936 gal/mln. x 12" = 286.89 gal/min),
This weir would fit your stream if an actual weir reading of
2% water height were obtained, it weuld indicate a flow rate

of 11:.818 gal/mlnflnch of notch or 141;8 gal/mln (11 818///}2”)

for the stream.

Once you have determlned the dlmensron of’ che notch; cut-
the notch in the board and place e weir Boardfrnftbe stRgam”
making certain that it is kept:le: ei-and seal off the stream

Support it with stakés and large’ rocks.
‘ s
B
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It

Measure 2 feet upstream from thg weir board and drive a
stake. Using a level, put a mark on the stake even. with the

top of the weir board. Next, measirée down from this mark t
the water level, subtract this measurement from the depsh
. vf your notch and that will give you the height of. thé ‘water

level above the bottom of the weir notch:.

Using the weir table attached, locate thé integér on the left
hand column and the fraction on the top column. Where these
two raws intersect is the amount of gallons.per minuté flow-
ing past the weir for every inch of width. Next multiply .
this figure by the width .and this gives yQu 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 ‘decids”that a notch 6'F ,
wide and 2" deep would probably work: jAfter 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'ndétch:. A level is used to place a

mark on the stake level with the top of the weir board.

The water level is<then mecasured to be 3" down from shis.
mark. : . : o
We now know by subtracting this measurement from the depth of

the notch that the water level is t%'" above the bottom of the
notch. Now looking at the weir taBle we find 1 on the left

..~ hand column and % on the top réw. : 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.
| - e o

. C » o

by

L S
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HANDOUT _ 3D

THE FLOAT METHOD OF MEASUREMENT

ht

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 loocking 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 _percentager 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
¢ross-= =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 & -
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)

Y + e oy
SRR G | aevms pers @)
| STRIV’:M WIDTH .
.HGﬁREA | ‘ : . b




Vo -4 ; ‘ Handout '3D

4

Example: £;he 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=wxd
A = 4 feet x 1.1 feet
A = 4.4 square feet

The stream VéldCity can be determined by choosing a straight
StrétCh df ~water at 1ééét 30 féét 1ong Wlth thé §1dé§ apprcxi:
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 B
N two markers placed 30 feet apart is 30 seconds. The
d velocity (V) of the float is therefore:
V = 30 feet -
N 30 seconds
'V = 1 foot/second
V 'z 60 feet/minute

“

the cross-sectional area (A) by the stream velocity (V):
The usable flow (F) can then be determined .by multiplying the

The fgow rate of the stream can.ncw be calculated by multtplylng

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 25% of the stream flow, the
usable flow (F) is: :

"F=AxVx .25 .

. F = 4.4 square feet x 60 feet/minute x .25

§:,,F‘ = 66 cubic feet per minute ‘ 7
converted to the

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

gallons/min
liters/min -

Micro-Hydro Power; Nationalieenﬁgrfor Appropriate
fTEChnology_(1979); ob o
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SESSION 4: MEASURING . HEADS. AND DISTANCE Total Time: 2-4 hours

have demonstrated skills in measuring heads by
using sight levels, hose levels; pressure gauges,

OBJECTIVE: By the end of this session the trainees will ;

and in measuring distances using their stride
and sight levels. '

OVERVIEW: At a potential hydram site trainees will perform
a series of measurement procedures for determining

a1

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

e S . U

using tape measures and their stride. ‘

MATERIALS: e Handouts 4A - 4E

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

TOOLS: e sight levels: 1 per pair of trainees; calibrated
- before seéssion

® tape measures

e clear hose or tubing

-

*TRAINERS NOTES:
is Distances and hHeads 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.

Ca
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e

AN
s

Distribute the handouts and go over

the objective of the session.

Describe the total activity and the

techniques the trainees will be using}

r
N
J
-

bivide the traxnees into palrs making

cﬁrtaln the total competency of each .

group is about the same:

e _2

Head Measurement -
' L

Start by &éﬁéﬁéfféfiﬁé how to cali-

leezkhe trainees the task of measur-
ing &he d‘fve head and the delivery
head of either an existing or a
future hydram using a sight level. o
The trainees should next compare |
that,seem,out,of llne should be re-
checked along with the sight level
calibrations. ,

The trainees should build sight level Itnmytw best to &hmly
from indigenous materials using a

foot; 5 ft.; and a 4 ft. 1 x 2, sight level works. If

nails; string; and a_rock. The thréeé| necessary to construct,; trainer
boards should be nailed together to. should pre-cut lumber. .
form a right triangle. The string is 2
attached to the 90° corner of the
triangle with the rock attached to
the other end (see handout 4C): With
the tridngle held so the string _
remains/parallel to the longer leg, | e

one can sight down the shorter leg. .
perfectly horizontally. These indi- e B
genous sight levels are now used to
measure the same heads. . |

Measure the same head using a clear This is a ve‘ry acciirate
plastic hose or tube fllled with techniqué, but cumbersome
water with one end of the hose to practice. ?
attached to = Stlck of known length B

(see Handout 4D)
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PROCEDURES

6.

9.

10.

11:

12.

'If there is a hydram installed at
the site, attach’ a pressure gauge .
to the drive and delivery side and

give the trainees the task of calcu-

lating thef heads from the pressure
readings. If this is a potential

storage tank to the hydram site; _

then fill the pipe with water and

attach a pressureigauge. Pressure -
readings should be taken and the

delivery head caicuiated E

If the sight levels are of the kind

that have more than one horizontal

cross halr, expiaxn to the trainees

how to use these levels for distance
measuring. .}

With the help of their partner, each-

tralnee will measure ten normal paces|

using the tape measure and then

divide by ten to determine thelr <
pace. :

Give tbe trainees the task of
measurxng a dlstagbe\gilng their pace
/

using a tape measure; compare the

WO measurements.

The groups should then be given a
task of medsuring the drive and/or
the detivery pipe distance.

Back in the classroom, discuss any _

variations of the readings taken and
the degree of accuracy that can be
expected with each method used.

-

3

—~r

&l



Session &4 -

—47- ' Handout 4A

ATTACHMENT 4-R
CALIBRATING A SIGHT LEVEL

- - i 7 -

:

— —

— e — mu— —

2

TO FIND OUT IF THE SIGHT LEVEL NEEDS_TO BE
CALIBRATED, SIGHT FROM. POINT '™A" ON TREE _

(OF OBJECT #ONE) TO TREE (6BJECT #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 '"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.

LI

Ca
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o ‘Handout 4C

!

ﬁffﬁﬁﬁMfNT 4-C

ﬁLfE;%WATE WAYS OF MEﬁSUﬁ/NG HEADS
¥
N Lo Y .
‘i;,‘j- g lJ-'>.; -

A SIGHT- LEVEL MADE
FROM INDIGENOUS |
MBTERIALS

.NGTCH CuT WITH Paekf;r

“Srrine wirk FROM VERTICAL LEG A5
' ROCK ATTACHED POINT B

F
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SESSION 5: REVIEW EXERCISE #1 Total Time: 2 hours

deScrlbed how a hydram works, ‘in «their own
words, solved review problems 1ndependently and
clarlfled any mlsunderstandlngs to date.

‘ -
\

OVERVIEW: ThlS SESSlOH prov1des an opportunlty for part1c1pants

to review and ~synthesige material to date. .
 MATERIALS: Handout S5A S L
S ~ . . Pencil, paper - . ' . . .
'.Ghaikboard/chalk or fllpchart/markers T o
- PROCEDURES ' _NOTES -
1. Encourage questions on any infor- |30 min:
mation that has been presented ‘
thus far and try to get trainees
-to answer _for each other:
e B R a
2. Dlstrlbute the review exercise,; and|30 min:
ask individuals to complete it on
their own. . . B '
‘3."'After everyone has completed the ~ |20 min: S L T
. 'review exercise, have them discuss : o S
angwers with one other person.: L o
oomwemwmm one omer meen | Lt
4. Ask for voliunteers to share 30 min. -
- . answers to individual probl¥ms. . . v
<
; ~ Qr.
2
SR &
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Handout 5A: Review Exerciéé i

2, In a hydram 1nstallat10n where the hydram is located 20 fect .
below the spring box, how much water could be pumped in a day to a .=
storagé;iank 100 feet above the springs' box if.the spring is:

flowing %0 gpm and the hydram efficiemcy is 50%2 -~

;g ;J. -what is the flow ratg.in gpm through a weir, four inches wide,

~~? when the water level is %=3/8" above the hottom of the weir slot .
when measured two feet upstream° . _ :

-

..1




- Any answer within reason is OK-:

*Session 5

a

AnSwers tg Review Exercise #1

AN

pump the water to a storage tank which is hlgher than the
source. The water accelerates as it flows down hill through
the drive pﬁpe and._out the impulse valve untit 1t reachesg such

water hammer effect; forclng water and a few air bubbles
sucked in through the snlfter from the prev1ous cycle, through
Thls movement of water into thevaqgumulatoricauses the air to
compress- until the forward momentum is stoppgd. At thjs point
the water in the accumulator-bounces back because of\ the . |
spring effdct of the air in the accumulator. . This rebound in
the oppoélte dlrectlon causes the check valve to suddenly

. close, causing negative pressure in the hydram before the

check valve., Because of this negat;we pressure, air is sucked

ndthrough the snifter and the impulse valve {s caused to open
again at Whlch point water starts exiting through the inipulse
valve arid the cycle starts agains .

W= 30 o o

h = 100 + 20 = 120 L

n= .50 “ .
i—i < ';q;,
95 Q0xhxn
7; - 20 ) - ”.‘3'7 - ‘
g =10 x 320 X <50 = 28333 gpm - &
5 . 4
o  SH
s “ ,

'.8333 gpm x 144ﬂ,EE§ = 1200 gpd

5 3/8% on the weir £3ble is 37.25 gpm: This times four equals

B 149 gpm.

Any answer within reason is OK;

I R
A

l

70 .
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>
' SESSION 6: HYDRAM THEORY o Total Time: 2-3 hours .
o B o 7 7 o ‘ B o~ ) .
‘ OBJECTIVES: By the end of this session trainees shall be able to:
e articulate hydram theory, and Y . s
AN
e develoup ba51c guldelxnes ifor DrElelnéry sizing =
and design ) .
. (4
OVERVIEW: This 1ecture/prob1em so}y;ngi§e5510n exoicres Ain
' : depth the re1atlonshlpigggwe§g7§§sxc theory and
de51gn/5121ng ‘of ram installation:
T MATEPIALS*ﬁ' fllp chart or chalkhoard
e B e ‘Handouts. 6$§ 6 B, 2B
o ‘;:x.;-: - r
Y ) ;, « .
.;-"J, : .
5
. .
W E)
. : '
< '
J <
Sﬁf i f :
R e
- : >
lb\ -t *
o
v . . v
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PROCEDURES

1.

ned so far,

ba51c principle how a ram
asure water flow

and heads, how #o calculate amount
of water to be pumped Explain
that next step is to take a more in-
ipth look at all of the factorsf

Introduce the se551onjby summarlz—

i.e.,
works, hHow to me

can dellver and what that means in
terms of de51gm and s1zlng. State .
objectives of the sess1on.

Present general information on
pressure, including:
1

- review of the basic- deflnltlon-.

as L

area -

7 pressu;e7=‘
and the

4

standard units:

psi

]
o
0
s
3
o
0
N
-0
Q|-
c
o
a]
o
B
m “%
o

- definition of gauge pre ure and -
. atmospheric pressure, inctuding
the relationship between the two.
BescrIbe, usiﬁg'hahaéut 6A; amount
of pressure per foot of water; i.e.;
;433 p51 = 1 ft and appllcatJOn to
measuring heads with.a pressure
gauge: Ask participants to solve

the folloylng problems: .

- If the préssuréi, uge reading .
is 75 psi,;: how hlgh is the head?
e v )' L

- To - s1mulate a 200 ft head whag
- should beL%he _psig? :

RéCéll thét
is based on
energy; and
tial energy to kl'etlc energy. ‘'Ask
for a definition oY klnetlc energy

and write on the board or flipchart:

L]

the concept of potential
the' re

= %mvz. .-

‘| directly to the ram

the &orncept of the hydram

dionship of. poten-

-

Session 6

A

K

ThIs materIal can be presented
at a number of levels of technicai.
complexlty The trainer, by npw
will have a sense of the group 5
level. This manual is written
from a basic technical level.

Limit the amount of tIme spent )
on pressure to 10 mIn. and IInk it

erte on board . )
1 ft. water .

:433 ps1 =
-1 psi = 28" water or 2.3 ft.
LeR PR T \
PR . -
answer = 173.1 ft o
o \‘-.‘ff;'
answer = B6.6 psi .. . 7 i

Pd
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é PROCEDURES o e _ "NOTES *,
S,i Show that maxl\fﬁ’"21ng Veloc1ty If this concept ‘is dlfflcult
'optlmlzes klhetlc energy | use an example:
o m=2 42 '
6. Ask/explaln how ma ximum veloc1ty V=66 12
is affected by or affects- . .. Jke = 36 72144
T Doubling mass has less effect
» = drive pipe dlameter | than doubling velocity. :
- . \’ . - N : ,d ?.
- drive pipe length ,
l' - frequernty of :impulse valve Sk
. _ a
; 4~ maximum dellverg @ead ’
7.. Ask how stroke and weight affect
.  frequency of.impulse valve, and how
. -*frequency affects: :
.~ amount ef water delivered R ’ .,

% amount of water used by the
’ hydram

- overall efficiency of ram

8. Ask part1c1pants for the foymula

EA of the :»unt of water deliverxed.

E Write -~ >n the board/flip chart

y .

Ask/- sgrdln effect of H ratio on: : :
h
- quantity of ﬁétér detivered , Generally Inereases as

i o . .o H:l Increases. .

- effrcxency T Increases as H:h decreases
9. BisEﬁss)how .the 1ength of drive ' |~ L
/

7
e
He
9!
M.
e
w0
.
Hy
5
0.
Q.
t
0.
Q.,
O‘
‘<

2

b .

- drive head R&er to glossary for L:D
' ' and L:H ratios. .

»,

5 ‘= drive pipe diameter
topographical limitations  * o .
. . A

N : 5 ~ L
= t Ch
FOS | | V@%

pértic1pants to determlne west
r D=1", and H = 10" o

= o _ i

I

;-
]

e
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PROCEDURE - continued

- 11. Explain the importance of rlaldlty

<N,

in the drive pipe and in the hydram

before the check valve.

o

i?g Review the role of the air cushion

iﬁ'Eﬁé accumulator and explaln how

9 affects hydrarP eff1c1ency

’ -
13 DISCUSS the role of the snlfter.

that it ‘includes some addltlonal

terms. Ask parti€ipants to look-

at the flow rate range table on

the second,pagé. Explain that flow

rate (Q i my¥is prellmlnary

indicator of ram size. There are

two genpral ways to estimate size:

1) table

* 2) 9 =302 or %= ¢
) 3
Ask participants for appropriate
D fdr Q = 30 gpm.
.,n the board/Fllp chart, oresent the
' size relationships relatlve to the
drive pipe diameter:

- impulsé valve = 2D

delivery pipe (d) = %D

" ' - check valve = 1D
- accumulator
diameter = 3D
helght = ig"

v

- l? Summarlze by asklna tralnees to

-slzerall comgonents in the
~ following situations:
# ,

£

-

F

0N
]
)]
0l
H.‘
0.
o}
N

o+

s
a

These are "rules of thumb",

not necessarily precise
indicators.
[

1) table: D = 3"

2) formula: D =.3:16"
Sincée pipe is in basic
sizes, D £ 3

N
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i PROCEDURES ' : ' NOTES
"~ 16. - continued . 5, . |participants may work togethér
. _ . R e , - lgt's important to emphasize the
¥ a. Given: 4 garden beds, each process of sizing, not right
1.5m x 12m.° Need 5cm water J(,-answers only. Trainers should
twice a week. Ram site is circulate, ask and answer clarifging
40m below. Q unlimited, maximum|questions and encourage participants
possible H is 6m. . : to_solve problems on their own. j
. ) ) o allow 20-30 min.
‘ .." Determine 51zevram, and instal-
‘%, lation- detalls ' :
-7 ) | 7 - )
b. Given: House: needs 700 liters .- )
per day.. It is located 30m above &
stream. . The stream rises Im ) o
every 30m length :
Q = 10 llters/mln. » ,
- { .
- . o
Design system; size the ram.
c. Given: Community of 50 people.
Each person. needs 40 llters/day
Ram site-is 5m_below stream. ' S
Community storage is 95m belod S
streamx{¥81ze ram and all parts.v ,
17. Ask' for volunteers to presént = °
: ‘ solutions. Ask participants to
verify or present their alterna-
tives.
! “ -
. : =
- * : :
S . 7 L
5 . | . B; i N
k] ‘i_ . ~‘
o {
g .
7 p e 2 i
- .
' _,r .
! N
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o . Attachment 6-B

GLOSSARY OF TERMS FOR SESSICN .§

‘ Atmospheric pressure - the pressure at Sea level caused by the

weight of air; atmospheric pressure = 14.7 psia, and 0 psig
:( - e

Force - (delivery to drive head ratio) the ratio of 1ift to fail:
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

ﬂ;l 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

dsexy This, is determined by the drive pipe size and length;
the driv:(%ead, and the impulse valve size and desjgn. |
. Impulse valve stroke - the distance the impulse valve traveis

during a cycle.:. 3 , . S
: Impulse valve weight - the total weight or downward force of the

impulse valve and its springs or weights.

 Rinetic energy - active energy, § the mass tines the veloeity
squared 4 i . o ) S

E, = % mv2 ' A o “

§Eé§§6§é - force éép}iéa,dver a surface measured as:force per unit

of area such as pounds per square inch (psi) (a head of 28" of O
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 eguals 71.1 cm of watgr equals 1 psi = 6895 Pa.

psia - (pounds per square inchabsolutei{ﬁé% total real pressure
as if the atmospheric pressure is not ‘present. Atmospheric -
pressure at sea level ‘is 14.7 psi; so if.a pressiure gauge
reads 100 psi (psig) the absolute pressure is,114.7 psia.
. _ : T
PSig - (pdunds’Per square inch gauge) the pressure that a gauge
reads, éCtUéﬂly the pressure above atmospheric: - T

Static head - a column of water without motion; . The static drive .

head of a hysfram 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 tak
cycle, such as the time’lapse be
closing twice. ' o

e . o . o
¢ .

fof a liydram to é@ﬁélgﬁé:oQg -

en the impulse valve”

¥
S
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g CvEu : - ) : , Handout
i | i —62- | o
- . \ i Lo )
o !
= SR

_;; second .
Wﬁter used = (0) the amount Of water that flows through the drive
pipé 'during a'unit of time (as in gallons per minute or liters
per ‘second) whlch is equal to the water pumped (q) plus the

water .wasted (Qw) ] _ ’*/‘
. . ;
. The flow rate range of hydrams are as follows: ; ‘
" Drive pipe o S ”,,”’W,;;_,} -
diameter  Flowrats~ . 5
777777 . ¢ 77777;1.77,7\:17 - 7':‘-‘ 4 B .
mm in U.S. gal/min Imperial gal/min Iiters/min
19 3/4 '0.8 - 2 0% - 1.7 2.8 - 7.6
25 1 1:5 - .4 173 -7 3:3 ' 527 - 15:0
32 1% 1.5 = 7 1:3 = _5:8. 4 5.7 = 26.0 U
38 1% 2.5 - 13 . 2.0 - *10.8 7\* 9:4 = 49.0
50 2 6.0 - 20 5.0 - 17.0 N 23.0 = 76.0
63 2% 10:0 - 45 ¥+ 8.0 - 38.0 38.0 - 170.0 -
75 3 '15:0 - 5@ 13:0 - 42.0° 57.0-- 189.0
100 . 4 30.0-=.125 |  25.0 - 104:0 © 113:0 -7473:0.
125 5 } 40.0 = 150+ ~+33:0 - 125:0 151.0 =.5674:0
- . : L
- SSUR
\_J‘ ' *
i ) ' Y
! v 3
= ; : | ’
PRE .
) , C Y
= .0
i 5

LN
A g

R 1
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Attachment 6B~ continued
Determining Drive Pipe Length, L:
1. - consider drive head, H DR

L:H r?tid - dr
| 15

-

Session-6&
: x

~

"

ive pipe length to head ratlo when}i is less than

ft. (4.5m) L:H should equal

)

) B
When H is gfeatéf than 15 fc (4. Sm) “but Fess than 25' (Sm)

S8 . L:

H should €qual 4.

Whéh H is greater than 28 fe. <8m), but Less than 50' (16m)

L:

L\‘Yhen H is greater than SO'ft. (16m) L: H ratio should equal 2

2. Conslde“r dryf pi‘pe dlametv D

/7?\&§\\_ X ?é' be

" t'-

A é;le 01 thumb max&mum nnmbqr 01 plpe Lengths

(based on

1o

H should efual 3. L

cween 150 and 1050.

~

J ; £ e

°

-

B

"""" = 4D
®hart below; ‘and 21 pipe length) =~
umber ol plpe lenghts = 2D ,
L;=7566ﬁ; .."L = 1000D ﬂ,ﬁdfdf pipes

3 6.25 ° .. .20%8 , x4i_6

. 3/4" 7 9.3 31.25 ¢ 62.5
e g0 b 41.6 83.2
14" S 15.6 - T '52.0.  104.0
L% 18.6 62.% 12500

2 25.0 "83.2 . 166.4 -
IMPORTANT NUMBth 70" _REMEMBER - - D e

. ,‘ & .

'1a40 mlnutvs
.433 psi per

tn a day

Toot (measur%d vertrcaiiy) of water column

L4.7 psi atmospheric pressure;

~ 7.48 gallodns

e .
4

per cubic fobot

28 inches of a water column produces 1 psx

e

at.

@l



;o STORAGE |+ ",
R COUTA
o , AR §
A o po ;
R S v
: 4 w-'tr.,i,,
SUPPLY PIPE R
; T
iy ) "‘v, | &
- ' e e i y ‘
\ . Co y‘( 1
o - R S )j> Y S
: i A" \ N S \ ‘ . !
. Il% X 4' § a . | :-'./l ‘-
a _ i }
, - | R (.
. D= Digneter of ﬁrive Piéév /5 ‘hgger gf Del very Plpe R
) H = Head of Drlve Pipe .l ='Head of Dellverg Pipe. A
' L = Length of Drive Pipe '~ 1= Length of the Delivery’ Plpe R _
Q= Quant1t¥ of Water Enterlng q = Ouantlty of Watet Dellvgred ST
Hydram ~ - n = effigiency ¢ o ) L ‘\

Q.= Quantity of Water Wasted S = Lepigth 'of the Impulse Valve Stroke -

from Impulse Valve F = Fnequqncy of tha Impulse Valve Stroke i

. \ '
& 0 '

. ; ‘ ) ‘
2 Y . ) al v , :
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' SESSION 7: BASIC PLUMBING .TOOLS AND MATERIALS ?iﬁ&:elil% hours
¢ . ‘ . E S ' _ . ‘-".ﬁxf T
OBJECTIVES: By the end of this sdssion trainegs will have
o Learned and demons'rated basic plumblng
skillg necessary foy constructlng and ,
R installing a hydram. , .
. 0 ’ , e .
OVERVIEW: The session should familiarize participants with
att commonly used plumbing tools _and pipe’
tittings, atChough project-specific skill
. requirements may vary with the type. of hydram L
. construction foreseen and the avaLLaDLLLCy 01 tools
at the worksites. ParC1c1panCS learn: -
- to 1denC11y tools and 1Ltt1ngs (including
‘host country Laﬁguage names, where poss1ble)
. - to use the tools properly and competently, and
o " 8
R o . -~ to expLaln and demonscrate saiety precauclons
) © . .necessary in*use of plumbing tools, espc1aLLy
. torches and power tools when used
MATERIALS: o ‘Plpe joint compound or TFE tape
‘ﬁj_ - e LuCCLng 01L and rag »-' o C
o MLsceLlaneous plpe 11CCLngs and plpe, galvanized
. and PVC
5 PVC cleaner and glue _ , ¢
. . o Handout JA T
* TOOLS : . Pipe vise, two pipe wrenches, chain wrench,

pipe. chreader, spud or monkey wrenéﬁ _etc: (the

S , af tralneés but bas;cally alt th?,ﬁoeﬁs needed . _ ;
for all the exercises shouid bpe present and ) t

} .

"discussed), plpeCUCCer or hacksaw.

") '
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PROCEDURES 7

State the opjective of this session
and explain thiat the skills the ;
trainees are expected to develop arg
neceésary for hydram installations.

1.

Qhow the 1LCthgs one at a t1me to
alk the traineec

compound or TFE’tape

Demonstrate the iuse of all the tools
essa S

o
and any mecessary f
one with
pipefittings laid out and abeled,
another with a threader,and cutting
and/or joining station. @’Have one
trainer at -each statLon "and the
part1c1pants revolving to each
sgation. Allow the trainees to,
practice using all ‘the tools until

they and the instructor are confi-

Set upt2 or 3 work§tat1@ms

4

dent with their ability to properly
use them. ‘ ]

e

-

¥

O

ERIC

Aruitoxt provided by Eic:

4

NOTES™

.@,

afety precautions.™

Session 7 %

¥

.o e
&
L4

0,8
3

Be certain to mention that
on a Ix1x%" tee, the %"
dimension refers to the arm
of the tee:

v

lc is meortant to streSS that

al; to facilitate easref'

1er removal. _ 5‘

if at ail possible; dctual-

fittings and toedls zshould be

demonstrated and practiced.on.
Attachment 7A can be_used to
describe the flttlngs if fck
of time ot faciliti®s prevent
"hands—on' practict. The
handout is more useful as a
téé?ﬁlﬁg reinforcement and-as
an.aid for the trainees to

use in descrLbLng and acquiring
fittings at a plumbing®supply
house.

Names of materlals and tdbls

each are called and call .
them by the local name.

e -

llatlous and to, faC[IItaLE’ J“

i

i
L

*
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PORE S

ATTACHMENT - 740 - * e
PIPE FIffiNéé R N BASIC PLUMBING , '&,’3* L

. PLUG REDUCING BUSHING

3

-
A

90° STREET ELBOW  _ 90° ELBOW

-

"EXTENSION PIECE = FLODR FLEWNGE, |

e . ;”
““REDUCING TEE

L _ o U f. i
’ y A - )
, LT , ) .
Y R A P & : - . -
- -‘.

\@
i
N
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.
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SESSION 8 HYDRAM CONSTRUCTION - PIPE FITTING +™ :nme,” Zg;_. 6 hours
- S —a IR
o o " T
To bu1ld é hydram out of plumblng ﬁa;rts, w1th . .;q ';‘
modlfledqand/or fabricated valves. , 3 Coe .
€ Thls\oe551on prov1d? the opportunlty for t. ué e
b . par 1pants to build two wariations of .the pIpew. '
" fittfnig. hydram. -The first,_g@amodified; pipe-'- S
: .fit¥ing hydram, 'i§ made excl vely from parts T
> usually found in a plumbing supply house, with P N
' . minor modifications to thg check ‘and foot (Impuise) "ﬁ' %
. valve: The: second hydram is, made from pipe - .- R
’ fittings, with valves const;ucted by tra}geigsagsingr .
simple steel. fabfication. The finished hydrams are ‘s i
. installed.on a test gtand or other water source and - .+ L
set 1n operatlon. '.; , < . L e
' ‘ e = : . e . ' ,
MATERIALS J@DED Eoﬁ M()Bif‘iéﬁ PIPE-EI G_HYDRAM L S
’ ¥ .
e :l ‘ : . o i ' oo = P
o s Handouts B T ,é‘ ! l b BO sweep .
i Stk e T ‘- O
5 «4 1" nlpples B P S a." unJ;on % ol
- 1 1" tee_ . \ r},\,“g "'S"{ o1 l{‘"union ‘ . . ot
- . . . g e ) L L Tes
= 1 1"x ;5" o ? S 2»_};‘" nipples §
3 L & ANt L . -
o 1= "x 1" Qreduolng bushlr;g R - 1 35" éé—f:é Vaii’ié -
S . ;
s 0 13"k §?eddc1ng bushlng - o
. - - L RO B . - ) 2 -
1 2".-foot valagy. . L e F
oA (T sheck vajd with, tappéd holes - 1 37 ﬂ;s" metal pipe> 7
AR E e P S
Ni 154" _.plu?; — S w pIpe joint compound or
P 77” . : i ) x : »‘;’ . A B o
81/? gas cock - I * S
.- L S sorted washers - //
~ & h
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" ' . B i . % ' ‘l '
"2 - e Y . <ok

~

g MATERIAisgﬁﬁEﬁEngORAFABRICATED PIPE~FITTING HYDRAM o " %
. I . R RS S -\f‘;

. ‘1 < andoutc\B ;'\' T 0" 3/8- 16 althread ’
?1"”4} Ll - . T ; P -
j‘i‘: > 5; plpe JOIrIt compound or TFE tape « ) 3/8-16 nuts cT ; , ,
: . "/— . @ /lg"’
‘1_ 3% cap - oo L -1 %-20x%1" bdlt (drliled out)
PO $ 3 ‘tées " S} %-26 X 374" bou’\ \" .
> X i - B - LT ; - “Z- D ! B ‘ B
93 3"x ﬁ“'iéaﬁéiﬁg bushings . o ;‘14%—20 x 4" hlthréad ' «
- - i AR , .;.' a3
e : n " b : s n o
..(5 ‘>*;l 3 x % reduc:ng LE§§}ﬁgf Y o7 2% OD washer )
&J ! 1 3%& 18" hIppie. ) o '¢;r§; R‘E l%W OD washer P
e I ST L,V
! R | S%X'qi,nipgiﬁg ‘. Oy by 4 %20 nuts i b
T im0 7 T T Noq o
AR 1Y 90° sweep Tl 0 L ‘ l‘i’3/4"' oD washer R ‘
PV SR BT o0 A S A L , N
* &6'x_8ﬂx B _ ’ﬂ_' ;ﬂf?-, "5 8-32 x 3/4" scre%é
: * T g R ‘ : 5 . ,
T 7 - "X 6")( ;.u .J g el pe - . , b ~ g
. . " "{ﬁ Chas s ; '7 ) ' e . ‘\ oo . ‘ } ¥ : ;7 Ad
Cup 3"x l"x 178} an 1ev rom. ... o oo o A P > ’
;f;ii < / J /—) ERE L A P _ )
) \4; - :'"77 7 R - . - va
LI TodLs NEEﬂED Eéﬁ, ' PIPEFFITTlgg“HYDRAM S
% oy e o ' ¥ {
¢ ﬁitwo plpe.WrencheS' g;y, Fglfe R ~ ,& f
‘ s o Y < T
éléctrlc ‘or han drﬂi O I -~ flat file; half gunvd file~

< 'agill bits (378, 13/5&;'355 178y T
S :‘ . °
= 2 hole saw =~ S

o

%ﬁ% "Charglng" 'tra-i:ne - : .47‘777 _
‘totde ermlne on Slte Cost. 7
7'-,'

E_' ast partS* pr} CE‘ll
;ﬂrams they re [ stru

&
N B I

v r o ‘z? :
L o]
o



i § {' ) ’ R .
> o :
PR@GE&&RES = R etz NOTEE - ’ Low
' 1: Sitate the ob;;ectlve of thlé sessuan@ © . LB v
2. D:Lstribute Handouts 8A and BB < \? _ o
, i o - S
o R pg§cr1be % Thez)\two pipe fitting hydram¥ ; P
, [vantaqes 's) | -4re .guife similar If it: is < T
) ) fabr}:l;ated S~ ,aiil , tticg}y that. traipees will be = ,
) o . - . AT ﬁnstructﬁ@g WYydrams Prow -
5 R ¢ 7}‘7 . _ IS plumbing parts in their : o
’ “proj¥cts; it have the group build both types;: if c@ncrete ~
g or, manufactured iy lamed ‘for the projects, trainers may choose - o
' tgjntl{oduce ol one.- “Ph mgc‘lifie valye ram requires considerably LA
Iess time,; but e.;tp’rience in f/ ci valves ‘may be h, ful for 40
: trainees building af = ram " S .
’ ; 7 ] ¢ ges of each hydrpam are: e« s :
Rl B PN I e
s el v ’ﬁODiFIED o R FABRICATrm \% - j;
7,,1 > ;' : 7.. ‘ ’

“"'3 hOLl.I'S conﬁruc;ti#‘ tx?ﬂe

S(ficie-nt operatioq . ;' 7:
g MO 7_/ K % '." -
mexiséﬁ's;w’" e o
A g‘ﬁ' [ <

- [impulse vatve eisﬁily removed e f;* |

- ,L, L 7 d{llent 1ong&;1:y e -
’7+rk\ A e g o ) - T
AL N '; T i - ~ ~ j R Q ' ‘- t\’. -
gaive '1'ast approx 1 4 re'qtiires abillEy to drxi;r and o
? : —f’ * |tap sheet metal LT g -
va ves may be-hard to Lgd m%*é i 2
ﬁ 77777777 e RS mum pract1ca1 51ze 1 B PR N
4 maximpr vr.act:ca,l size /2'6 Uy B
LAl s W AR
_+v .e. fittings di cglt to remov . - )
) - — ‘when rusted (éépeciaif < Lo < o0t .
3 s larger smzes) R e L L
PO —— ff s N 5. .
Y v ?' . - - ’a - N
= 4(—_ D:Lvsggié the tralnees;lnto groups \T,r’yrc'ojﬁiéé surg that the v ]
T /o 03 three to wc?rk on deSLgns & | skiil levels of Bach group
: resSpun'y ilities. * _are roughly eqt 1 '
5.. Ask i"'ll‘d athyhydrams Jf you wishy have “&ach’ g'r‘o"up'
usi ng the follow1ng sequeénce : ¥1ld a different si'*»
- \ p .
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. %ﬁ PROCEDURES - .continued . %
#  (FORY MODIFIED PIPE FITTING ﬂ?DRAM)

57

1

6:

7{

©Ca.

A. remove the® sprlﬂg from both_ the~

,{’jootvlve and the check valve;
B 4

4&dd washers- in the footlvalve
- ¥ for both

) adjustmen
assemble all thé;flttlngs as .
shown in Handout -A using either
ﬂg plpe 301nt~compound of TFE tape.

the welght and stroke

Havé?each group 1nstall}ihe1r hydram
on’ the test stan® or, another

source of water in& start the

Worklng , ) .

<

ﬁ:scuss the\éppllcablllty of ‘the.

modlfled pipe- flttlng hydram.

- Session g

hyérém ,

845

8ee Handout

P

A
S

A»;

‘t

of commyni
materials,
available.
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\PROCEDURES - continued

" (FOR' FABRICATED PIPE-FITTING HYDRAM)
. L y -
6. Impulse Valve < P =

A.. Sand, gr17  cr,;@ié;fhé aim of a

: B «
* .  Session 8
3 .
5' “;; i
‘\ iy _
i e
NOTES > .

The hlatr(u t fons «h Her lhx

the building of a 1" hydram .
if you wish, - have each group/ 4
build a hydram of a differént '

size. Altow 3-4 houxs fpoi

I’ T 3" tee (#3, VUhtil.@t has a smooth|construction,; orggnjge i '.,..
surface. ‘& . parts ahead of timp¥"Tige
. { constraints md&iyrqqire. a‘

B. Bgid two - .pieces of.3/8 x 15" thal trainer ave impulse ’

) althread (#27). around the body
*+ of the tee so that thg 4 ends \\

:ext ;1" q?bve the arm.

o ;1’
s

rners of steel where the .
thread goes through {approx.._ *

Q hé'ﬁ' drill \S,g;“ holés in the
% t

o ;-&, oéEEfggdﬁ und off ‘al] edges.'.
TN Bl Brlﬂ:i and-tap two 8-32 holes “in.

" apart)ig Be certain to sand?
o)

:,:K,' ' plaﬁé 2s_shown .in’ "Handout 9B; de-|
5&5 - tait A" #{4, and attach the strbker
At ' adjugtment bracket (#22) “

A T @;- ok out aigggce of rubber (#15)

& - h' the s me outglde dlmen51ons

P ™ and. hole pdtterp#s the Steel
AT plate_ but w1§ﬁ£§’r orseshoe- *
_the mlddle as

o 5
~£he 1mpulse valve as

o — _ =77

andout 9B, Detail A.

“,\thread on one- end of -a

-

to extend thrihgh

 w.em 1 3 rEfucing bushing . (#4) .
_'igéggsﬁﬁ}’=-ndtap a L—26 hpie ﬂéar the
L .. ”, Y A

A

Handont’ga,_
i éé. alr hole can

We pitat®s preacut, apd

cuc sheet rubber intd correct

Qme squaresy g
y . : /f.;
3 .
5 ;
. 3
i T S 7E

R R I
'52¢\> ¢ - ' :f

. ey

Coe




<. Qession 8-

v :,PROGEBURES~ p' o jf\;;QA.

] v A. brlll and tap two hél in thi

R X bottom and ohe in the 51dé_g f

. : 1 x 13" rodu01ng bushlng for -

e - 8-32 :screws as_shown in the

~ _ Handout, detail B. ' t

B. Cut out a piece of rubber (#20) C S

for the check valve; bolt ' '

e washers to .the rubber and screw ' oL : 3
: .« .° the vyalve to the/l x 3" reducing : 2 e

? L E bushlng.wh . p,l )

S IDf&Il "and tap a hole *in. the )
. N Ej bottom ‘'of the bushingsepposite
he 2°prev1ously drilled: holes.

hen.a 8~32Jscrew 1s 1nSErted

valve, creatifig anwadjustable : 7 o . , _

L.stgoke.. (see Detall B) e Poer 'iﬁsgnj : ~ -
R . . “..‘.' -~ e . - ]

a = N R ’ o ® N - X
Aach" 1 the;flttlngs as shown\ A : ’ : -

g R - ””d ut: 8B, 'using ejither,; plpe__ 1 - I R
> L 3olnt compound or, TFE tape. ' co ' :

A . V- - ’ N RO v ) °
A ) .‘Have eachégroup %nstall th61rv \ ' : _

pinniin e b - . wy N

le test stand or

O
-

¥

af i ‘water and start tﬁe
B - hydramrworkapg. , .

11 Dlscuss 3§?* lIdbelIty of theg

fabrlcat 7ifi€tiﬁg hyﬂfam@fk

materlals, flnadﬁlal resources.
g ‘;f wa‘
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ATTArHMéViiﬁA
© WITH MODIFIED FACTORY
&
W VALVES.
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74~

i

i

1
2.
3
4
5.
6
7
8
9

M
12:
-13.
14 1/8" Gas Cock

4 -%é;iéifgrted Washers
16

. 1"

L}"
3. l"xl"x%" Tee

; 2"

I 3I‘xl'l Rg
7; 1"
7. 1"
8. %"
777; %"
10.

5"
2n
1"
}‘u

+

N;pple
PUC-Pipe (clear)

1" Reducing Bushing
ing Bushing
907" Sweeb

Unspn ’ :
Unzgg“{ . :
NIpple ) “

6; Valvé

Fodt Valve o

Check Valve with taped holes
Plug ’

13}

VC Female Adaptér

iy _ 17:.3" PVC Cap
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s . U.ATTIACHMENT gg PIPE FITTING HYDRAM WITH FIELD-MADE VALVES* -

R
.

T g N Ut .' S oo . 9—; R O U

- .

\ ——— - N = -'. — - ¥
- ~ o :q") S .

-"- ! . ) (R

;E’- - \ ,. s e \ }L 5_; ," f
_ g ’{ ‘_I.ialg—;.;‘.—"—i-‘v— SEF&W é '{ [ ';l

S (2 = ) W= : —
PR S . ’ — AR § | | . / . ;;i- o
. : - ) . ' IT' S . P L : R
-l S . . . \. +: V , -] l I ||- It - K , ‘:3517 g Lo ‘-;

] . - ! ‘ | k - s ;
: . — . ’ . T 5, Q 7 < W _ A ~ o v .

]

k

0. %=20 nut) e . % 19. 344" washerg -
1. %=20x4" piece of althread £ 20. check" vg\,_lvgiggb!ger
ror_bdHpPuit 3/8" hole in it 21: 8-32x3/4"-screws ~ . .
,\\1275 2%" diameteq washer . 22. stroke -agjustment _—
© I3. 15" ow smaller vashers, \l . bracket 0N

777777 [ s "“: 1yte . 2 R §-32x¥4" g ~3

R rlsg%valv; cobfer ~ * - fM. %-20x3 bolt DR

4: %-20,rigts 7 ¢ 1 O «25. 15‘" iua he o

Yooty sl TN g

=%-20 nutsg vt L e
S u*?&aﬁ; N "
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fon R J
’ ‘ .
R F § TR

. ‘_.- HANDOUT“$u

MATERIALS NEEDED FOR FABRICATED PIPE FITTING' HYDRAM v f”

hd -~
? ‘
J .
. A - had
4 .
'
.
'
N
N
5

M

N

TR -
i n :

R 5
& jolnt compound g}}ﬁ%B tape

i i | #
) ool 3" cap . &;Z’

.

"ftges

3'x 1" reducing’ bushings

”
W,

1‘3"x %" redqc1ng bushlng i
nlpple

1 3"x ‘18"
' §
ﬁf%"x 4" nlppie

;o

oz !hﬁ'i" 960 sweep,"
ot ;.;-' N l ’
G 6"x 85% %" sheet rubbe¥
N ' .
% . 6"x 5vax L" 'steei-’p%te A

- 30" 3/8 lé?althread
3 3/8—16‘ﬁut§-_? e

¢ £

v

1 %-20x1" bolt (drilled out)

[y

1 %-20 x 3/4" bolt
1 %-20 x{i" élthféaa o
1 25 o wéshef o)
i %350 nu¢sff . o
SR EZ2L db’;_:;gf S
t58-32 x /374" scre e
- 2 8-32 x 3/4° .
7, f

;. two pipé w
electric, ok
; drlii bIts (-/8,
U L

e
13784,

;F;;; 2"§hoie §aW»," ,
Q;’t .8 x»—ze and 8-g2 taps

Ty
- -

;@,:ifr screw@rlver '

and 1/8)

x"‘pxpe threader = %
P B :
. tape. measure , ' o - Y i

ad}nbtable wfgnch '
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T A S & S Session 8
B o R _ g . e s H'an’d'o'\ut

gsxzw_fwg - continued - &

%@:wi;'S:, Impulse Valve ~;i1 'M,, : * p )
A Sand, grind or . file ' éhe iim of a L . EI j:
" 3" tee (#3) untll 1t ha 'a smooth EA : .
surface. . : : ' I \ .
. ‘ s ' . 'l' . # ! . . "
B. Bend two pleces of 3/8 X 15" . ' .
althread (#27). around" qbe dey . . i(
of the tee :so that the 5 ends o ) )
exténd: 1" above the anm. . S ~‘>;HQI

By

C. Drlll a 2" hole in the center of S o
-a 6"x 6"+piece of steel (#fﬁ), e
. N then drill: 3/8" "holes in the > : T
ol ' corners of the: steel ‘whete ‘the | . .o
O ;\1 althread goes through (approx‘, T B i

+* 4%".apart). Be certain to sand | - ST “y

L
A

sﬁooth and round off all edﬁes. e

_ s Drlii and tap two 8- 32w__
- € €7 plate.as: shown\ ndoy
o .cari A ﬁlﬂ_ and-

and ho;gipattern .as tﬁg
plate ‘bat with a” horsﬁshb-

shaped 'hoié in. -the middle as‘“ ﬁ T - s ~. o

g 2
L IR

TR o shown zn* a\ 'out 5B (#15)-
ey s
Assembie the impulse Walve asi R
'Qshewn in Han&out 9B)\Beta}1 ALz
. ‘ . v _ .

- g T
© R, S > TSI
. .
. i v ~

|
¥

-

.

> e
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" PROCEDURES - continued '

8. Check Valve
i A. Drill and tap two hgies in the
bottom and one in the side of’a
1°x 3" reducing bushing, for
: 8-32 screws as shown in the '
v o Handout, Detali B. 4;'

B. Cut out a piece of’ rubber (#20)
for thé’check vaive, bglt
washers "to the riibber and. screw

‘ - the.valve to the 1 x 3" reducing
“. . - : bushing;. ~ , .

C. britl and tap a hole in the  °
bottom of the bushing. opposité
the 2 prej&ubusly drilled holes.
When a 8-32 screw-id inserted
. the; head will ovenlap the check’
valve, creating an adjustable

_ \ﬁtroke (See Detail B) o
g Body_af ti*e Rarn L ' ‘EZ. _' B
. A ﬁgg aii the 1tt;ngs as’ shown
in an&éﬁt 9B, using-rei 'plpe
301nt compund or TFE‘tape.
g ;
10. Have each groupflnstall their 5y, .
I hydram on the test stand/or another
%« # sourre of water and-start.the '
\hydram worklng.lr - R u.,.
li: Discuss the applxcabll;tgﬂgg he
fabr1cated p%fe—flttlng hydra
- ‘ Va 7 )
B ' ) ¢
S e
, —N T
{‘,_S\Q 3 ] f:'* Al
7 ’ :
- . i . § .
‘ v 7 .

-+ ,.- . session @

. .=Handout

The hole in: the 51de )
should be locateﬁ so that .
the B8-32 screwhead: will

'1/1%" above the qbeckrp'

valve rubber. : G

> i
w]\
.
J .
& s
, ¥
. ¢
- e ‘
. " ;
s

..“ 4 B

e
v
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'SESSION o HYD RA&‘ IGN THEORY AND. PARAMETERS ” Tlme- 2 hours
- T . .. . : - A

- - o~

' e T o )
35©JBECTI E ® to examlne the ba51c dé$1gn'guidelines for ‘hydrams;-
¥ 3

e

i ‘toﬁapply the gu1dellnes to plpeflttlng, welded
NS an@/qr concrete rams _

N

St

. % S ,
OVERVIEW: ' This" bess;on is includéd here, as ‘an option,
:primarily’ for use in locations where welded- hydrams

can be used. The purpose is to provide the basic
. parametexrs for designing fabricated valves, seat W1dths,
,and backing plates for.valves. At this ‘time ; the sizes g
to be used will be takén from the concrete design theory, .
which will be sofiewhat oversized for jmetal. In time, " ‘
specific charts may be.developed £Jt, welded steel
PREPARA%ION'T:élnéFE will: have _made a decision about the type
“NOTES:... ~.  of -cor ructlons to be included in this tralnlng
g o - workshb ~ If a weIded ram is to be constructed,

e ey, ice.; 1 f 1t has:been decided . that the expertise 1s'

,

e

ol
\

5t B o vallablé, théawelded ram parts.should be completed .

'?A v by thas‘tlme * ¥t is not the ﬁurpose of this workshOp CoL
' ‘ %o~ tegeg welding. sklils.

© - . o —
. - - &

Doaa : _ . g Loy ’ O T Y
,"ﬁ' : b . At 1east one hydram ‘cons uctlenimust he¥99mgieted¥

- R © at this point so that m asd&e .seats can’ | =
T be taken. . " e ' AP

[N

Previously constructed g§@§7 B

Chalkboard/chalk- fllpcharts/mafkersi
Welded ram design , Attachmenc 9 *

Handouts 10B — 16F. . - w0t o

2

' d
'\
: ]

.8
-

N : A
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an S Session 9

¥ ; -

PROCEDURES , NOTES

1. Introduce session by recalling any Gererdally; vilves dre
problems partxcxpahts may have had | not seating quite right
with pipefitting ram operation. Ask | or are too small:
traitees to share any possible causeﬁ

. of these problems, and what mxghc

be done to avoid them. <14 . .

2. Explain that the rams constructed to R
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 Jm

their Coanruchon, and the generat
sizing guidelines for rams- . _
. k4

3. Have trainees,; in groups; ‘measure the ‘ . : .
tollowing parts of the construgted
rams: . ; i ;
\ . ' 5 ¥ .
a) D, impulse vatvé‘opentng, impulse
valve plate thickness, rubber Ny - ‘
thickness,; backing pltate thick- ‘
ness,; and seat width; S )
'b) check valve diametér; backing - ‘ .
thickness; seat width. O
Distfibute hahdouts 108-F. Ask | Walk through the use
participants to determine optimal - 6f each chart; foreachparm
’ range of ‘h and R 6t the measure-
ments they've taken. Ask ii there

are ¥ny irregularities in the pro-~

portions of the drive pipe diameter;
tmputse valve openlng, etc.,,lrom o {

FouR

&

- 5. Pré’éht desxgn of welded steel rams, _
usiﬁg same design. parameters and ) ’
sizing charts. Allow trainees toO
examine components prior to tinal
welding, and check sizes. 7 .

.

6. In smaLL groups, desxgn a welded ram

for one pdrticipant’'s wite: Allow

' 1-1% hours for the d951gn, present
and crlclque.

-

i
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LVE OPPNING IN INCIKS.

oN )
. K

IMPULSE . vaA

~81-

ATTACHMENT 1O B

Session 9
- )

* THICKNESS OF THE IMPULSE VALVE PLATE IN INCHES *

.

DRIVE _HEAD
20

IN FEET
30

4B

50

[o ol

[a—
N

—
S

lf|

T1/2

t
t
|
1
:
!

THICKNESS _\
oF |MPULSE
LVE FLATE

378

3/8
3/8
7716,
7/16
1/2
172
"2
578

)

bl
o> .
- -

. 5/8. 7

1 a4+ JMPULSE. -
] VALVE OPENWNG ——»

»

;7716
/16
1/2

172
172
9/16 -
9/16
578
11736
3/4

€|

Py

1/2
/2
916
9/16
9/16
5/8
5/8?
1116
3/4
13716

L%?/é'
pre
578
5/8
5/8
11/1
11/16
374
13/16
/8

\

RUBBER.

— s 0

[ .

1

PLATE
THICKNESS

* These fiqures also apply to accumulator plate thickness.

O

98




o . 82— RETRIC Session 3
e & ’ : . ATTACHMENT : -
| THICKNESS OF THE. wmm;m;uum MILLIMETERS®
" : : | --7 DRIVE HEAD IN METERS N o
' | L3 6.9 12 15
] . I .
LU TR 10 oL 13 1s
S S0 o, 6 . 0 -1 1316
?: i | . . ,_‘u_i. N R o ) -
S 60 | A 10 13 . 13 Ll -
= | WU e ; : o o LA
EYE 2 11 13 14 16 ‘
< 100 | R S B S T
= ! o : -
= 125 1+ . 9% 137 7z te 16« 1e
= - . X
, = 150 | 10 13 Ao e Y4
) = 200 11 13 16 18 ., 19
. Z 300 12 16 . 18 \\1{9/ 21
= eo0 | 13 16 19 21 22 1
: IMPYLSE
<= VALVE OPENING —\:—b-
T i
; \
%
i <
; FUBRER.
1
THICKNESS |
OF I MPULGE [
BACKING

VALVE PLATE
. PLATE
THICKNESS

Bl
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Session

/ AUIACHMENT -t

IMPULSE VALVE STEEL BACKING

’

10°

. DRIVE HEAD IN FEET
20 . 308 0 50

¢
IMPULSE VALVE DPENING' IN IN@IF.S;
4

12 |-

1“; e [

/

178
| 178
\ f 3/16
3/16
174
- S/16
- 3/8
172
13/16

11716

%,,Jﬁﬁﬂi-isi,;g, o
VALVE OPENING —

e :

v

|
|"
' ’ : :
|
I
[

178 1/8 3/16 . 3716
5 : - ~

3/16 . 3716 3/16 " 1/4.

3/16 174 174 1/4

176 . S/16 5/16 5/16

- - - ‘ - - - e
5716 3/8 7716 7/16

7/18 172 " 172 9416
172 9/16 5/8 11716

H716 . 374 13716 - 7/8

) 11/8  11/4 . 15716
15/16  11/2 111716 1 13/16

LY

I
! ST
| musser
i .
]

14

N <NESS
1MPULSE
VALVE PLATE

2 %]j[////f/ //J‘_r

"



METPIC Session 9

o ‘ | RTTACHMERT  TO%4T 7
IMPULSE VALVE STEEL BACKING ’
i - s BRIVE HEAD IN METERS ‘
7 3 6 9 12 15
N ? /‘
! . _ R
=40 3 3 3 5 ., 5
= 50 2 5 5 5 6
= g0 : : 6 3 5
PR C 5 6 g 8 8
= 100 g g 10 11 3
w 5 o | ) B o B 7
o125 g 11 13 13 16
== ;‘ - i - ’
T 150 10 13 14 16 18
<2 z00. 1 13 18 19 21 22 o
= B o . N
300 | ALY 25 29 32 ¢34 |
265 | 27 . 33 38 4z 46
. , IMPULSE i
' “— VALVE OPENING —
Y
3
5 RUBBER ..
I
1
" , \i
1 ,
i 1!
o
X -
—
_T5ICKNESS L )
IMPULSE STEEL 7
ALVE PLATE BACKING "
- . PLATE-
R THICKNESS
o . 101 |




R 7 Session 9
T > g -85=

i - . . ATTACHMENT jop - . -
. ' IMPULSE 'VALVE SEAT WIDTH IN INCHES *,
/ ' T

] 4
DRIVE HEAD INFEE:?
e 0 - 15 g 25 30 35 . 40 | 45 50
3/% 178 3716 174 5/16 378 7716 172 9/16  3/8

- 1 3e spte 3 el 916 _5/8 11716 3/4
Lol ve s e sns sl s 13 e 1
i | s/l /16 9/is ¢ Wi 376 978 1 1/16 173716

2 | s snet s s 1 o 3/16 15/16 17/16 1 9/i6

S - o - - T L
24 2172 - 11716 15716 1 1/8 1 5716 7/16 1 .5/8 1 13/16 1 15716

-

& |

(=]

3 5/8 < 1/8° " 1.1/8°.1 5716 1 9716 3/4 1 15/16 2 3/16 2 5/i6 -

: 4 13786 11/8 1 7718" 1374 3 yle 23/8 25/8 27/8 31/8
. 6, C 13716 111/16 273716 2 5/8 = 31/8 3 172 3 15/1c 4 5/16 4 11716

DRIVE PIPE DIAMATER INTINGQHES

[ v

8, 111716 2 1/4 2 15/16°'3 9/16 4 1/8 4 11/1¢ s /4 53/6 6 174

_ JMPULSE . .
VALVE OPENING ——S
. S

|

| =" i s ,
= _ 1 oL

l 4%;“ V/, .

I

|

]

L J

1
A

al

THICKNESS
OF 1MPULSE.
VALVE. PLATE

O




ATTA

METRIC

CHMENT

7

* IMPULSE VALVE SEATeWIDTH IN MILLIMETERS

'DRIVE HEA

s
D.IN METERS

¢

Session 9

13:5° 15

10
11
14,
19
24"
29

55

ITHNT:

18 19

22 25

29 . 33
33 39
44 52
66 79

#|

14 16
8 - 19
22 ¢ 5
27 30

36 39 -
46T 49

55 58

¥

- 72 79

100 169

A

419’
4

.74 89 . 104 119. 130 158

. : N
\ - . _JAPhLsE

<~ VALVE | OPENING —— >

!

)

. . 1
e '
|

#

FUBBER

'/c KNESS
W /MPULSE
VALVE PLATE
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i N © 87~ e -
| ' ATTACAMENT LOE |

CHE CK UALV[ BACKING IHICKNgssgluglNEHES : _ .,

. : P : )

S - DELIVERY HEAD IN FEET ©  ° _
.25 5975, 100 125~ 150 175 ° 200

» ~ o T - 7 — - - -

574 16 I8 116 W /16 160 116 116 /04

b | 116 116 116 116 116 126 1716~ 1/ie’
| e wie 1M6 116 1716 1716 116 1/16
P i/i6  1/16 /16 _1/16 176 /8 1/8  1/8
Y Y RNV IRV SV RV R RV

ST IN TN

2% e 18 - 18 1/8 3% 3/16  3/16 3/16 - -

3 18 1/8 3/16  3/16  3/16 3716  3/16  1/4

o ey ™ - o L L L
(. 174 5716 378 7716 7/16 172 172 172

4 3/16  3/16 1/t 174 1/4 5/16  5/16  5/16

DRIV PP

f 3/6 . .1/2 9/16  ,5/8 5/8 11716 11716 3/4°

>

CHECk VALVE BﬁCK?’NG—
PLATE THICKNESS —

,%f/;qgt?fﬁi: —
< \ < \\\—\\X\\
CHECR’ VALVE 7 AN\
SEAT THICKNESS \\\\\




DRIVE PIPE SIZE INiMILLIMEIERS. . .

7

-~

METRIE
ATTACHMENT

EHELK VALVE BACKING THICKNESS IN MILLIMETERS

L]

-* |

7.5 15

'DELTVERY HEAD IN METERS

23 30.5

38

30
40
56 | 2 3
60 3 3
753 3
o | s g

150 - 6 8

200 10 13

b

s
Sl
ST
/ .

2 2

2 2

10 11

14 16

»|

5L

16

»m o W oW N R

(o ]|

13

18

[o- NRENINS, RIS NI P

—i

P

,/‘,l,}
/’. vy
N ."\
NN N
N -\ ) \,\\ ‘L \7,

EHECK VALVE

SEAT THICANESS \

AEARNAR

-

“\-’ Y SR VI VI 9 T\
SANIARARSZANN

13

19

-
\“

14

[ 4



Session 9

L 1

CHECK_VALVE SEAT WIDTH IN INCHES

-

LA

DELIVERY HEAD IN FEET

25 . 50 75 -100 125 150 175 200

504 WE, I8 1B 178 176 1/8 3716 3716
1 S we 18 18 1/8 |

.

1/8 3/16 —1/4 176 &

1 178 178 178 178 3716 . 37i6  1/4 378

INCHES

Voo W8 1/8 0 1/8 0 1/8 3716 1/ 5/16 - 1/16
2 S V8 1/8 /B 3/16 /4 5/i6  7/i6 9716

/6 1/8 316 1k, s/16 1716 9716 11/16

PIPE DTANETER 1N,

; /8 1/8  3/16  S/6  3/8- 1/2 5/ 13/16

: s 36 wa 3/ w2 nie e 1/

DIEERYE

6 | 170 1/4 3/8 9/16 374 1 114 1578

/16 5716 9716 374 1 15/16 1 11716 2 3/16

h Y
ey

s ' - - ~
'

)

CHECK VALVE BACKING
PLATE THICKNESS —

BN
CHECK VALVE =~ \\\\ }
SEAT THICKNESS \\ \ \




i v " METRIC o - ~ Session 9
'ATTACHMENT ¢ —90-

CHEEK VALVE SEAT WIDTA IN MILLIMETERS

‘  DELIVERY HEAD IN METERS
7.5 15 23 30 38 45 53 60 .-

20 3 3. 3 3 3 3 5. 5
s | 3 3 3033 5 6 6
Wl o3 33 30 s 5 6 10
a0 | 3 3 33 5 6 8 11
50 | 30 73 3 5 6 : o 14
60 3 3 5 . 6 8 ir . 14 18
75 |3 3 5 & 10 13 16 21

100 |. 3 5 . 6 10 . 13 18 22 27 ~

DRIVE PIPE DIAMETER LR MILLINE TLRS

150 |3 6 10 .14 19 2 30 41

200 5 8 14 © 19 25 33 - 43 55 .

CHECK VALVE

 SEAT THIEKNESS \\\

[ Y
S
~d
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Session 9
Handout 9A-2

EXPLODED VIEW

WELDED HYDRAM:

109




-93-.

WELDED HYDRAM, IMPULSE CAVITY:

T :

EXPLODED VIEW

Session 9
Handout 9A-3




\
~ Session 9
' Handout 94-4

WELDED HYDRAM, ACCUMULATOR:

EXPLODED VIEW
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WELDED HYDRAM
20" Drive Head

— Si2E ] J% Iél'. -2

Session 9
Handout 9A-5

* b 23 4 6p

1 Accumulator Top Diameter 3915 1£]9 1z]r]ey
Accumutator lop Thickness % | Ye [ % [ % % %%

2 ____Accumulator Pipe Diameter 31415169 |izlieled
2 Accumutator_RLpe Length _ Jzo |zo 2o |z |zl |2z |2 |28
3—4&1:;\&.1) SUCKel [ ) Y2 3/7’ 3y /%4 Z |3 V;

4 Accumulator Base Ring Thickness i s % %‘ ¥/ 7z | ’Ziji Ye
A—Accumulator Base Outstde_Dalmeter 1819 lio 1Y | /6 |22 28\
613" Check Valise Stroke Limiter boits | 74| %4 A ARARAARA|
7 - Check Valve 2" bott diametew yf/ '/7 5{&4%5/? % % 7%

5 Check Valve Backing Plate Thickness|/¢|'%¢|7e |'% | W | % ||

Ve |5 % /%

8 JLaLe should bé larper than_hoJre by : f

9 Stroke Limiter Metalgstr;p

. 10 Stroke Limiter Rubber Strip -

11 % to % thick Rubber. with Valve saiie as the #8 backing nd p.D.=4
1 Check valve washer’ out51de diam: |z 5’)/ /y/ (3 ?
15 Check valve nut - ’/y ]/? 7/‘ /3
14 Connecting pipe inside Diameter 7%7/ 7’ é,
14 —Counecting pipe length % n% 32) 4
13 4" Impulse Valve ‘Bolt. %j/f ? | 7/ I/z’ﬁﬂ
36,‘5&k1n5 Plate Diameter 3;; 3% 7 |16% é%b}
16 Backing Piate Thickness Yie |3e | 7&] 7 /;
"7 = tu 3 Thick Rubber w/ valve same as the #16 bac e & 0.D. = 4
15 Impulse Plate = 4; thickness= ¥s 34? % s/—é J
15  Impulse Plate 1.D. , 2 |2k /2| 76
19 __ Impulse Valve Washer Outside Diam. 4 |2 1| 767
20 impulse Valve nut Y | % % %
. RUbLLC ¥ Bu.’npci‘ P 7 i
S/ Lock nut . % | Yy 4%
23 2Mx2 gk ahglé iron limiter Bracket

24 Length Impulse Plante Bolts |22 3L 7*.—
25 Stroke limiting adjustment bolt . Vy H 7 %l %
26 No. of Accumulator Bolts - 6|e | 6| /ol76
26 Diameter of Accumulator Bolts . e | Ve | Vi J 1/

112
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' e T (;

76 Lenpth of Accumulator Boits ZAZ AN AL SEZ IR
27¢ Accumulator Base Plate Diameter 8 |2 /o {19/t |22]28
27 Accumbilator Base Plate Thickness 7% | 7| Y2 | Vo | 5%

28 Hydram Base (same as #27) '

29  Impulse Vaive €Cavity Inside Djam. 5|6 |/0(12]¢ 2y

29 Impulse Valve Cav1ty Height 3&# é ? h 76 /
30 - Socket - Gl |3 AT
31\ Impulse Valve Rlng Thlckne557, %A%‘ﬂ"f 72 % %
31 Impulse Valve RIngJJLam'eter ? 70 /fl /612228
32 1" Support Pipe Lerngth SZ ? Z /3(7 z/
33 4" Diamfter supp’bft Base Thickness . %% %t f/é ;[/i qf 73
34 SnllterI\BoLtf— L | Y 6 77 ﬁ/ 3/9 7 % '7;—

x A . <
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___________________________________________________________________ ‘WELDED-- HEYBRAM: -t~ hed oo oo e Lo
i: 40" Drive Head o ) _
S —————— _ ’ S'ZE & "l'{i/;”?f_,*:;__s_ L/ é . 8
I Accumulator Top Diameter L I3 gL 9 iz1m|ed
1 Accumulator Top Thickness S Ye | Y | V1 V|3 e
2 Accumulator Pipe DLM - 3 f 5 Fé ? (7278 24
2 Accumulator Pipe Length i jJZolco | 2oiezb | 2l|2e Zf 24
2 Dellvery Socket I — '/% % Yy Li 7}5‘ z|3 77
h—AecumulaCOr Base RL% Thickness V2 Y | Ye ;T‘f/;o 5/8 ’///2 ;2 Ve
4 Accumulator Base Outside Daimeter 17 |ipjjell6)/% 26|32
6 14" Check Valvé Stroke Limiter bolts /QL]»ALI/V 7] ?/? % % /7—
7 Check Vatve 2" boLC_cLLamet:er /9/ /}/ e e ¥e | % 7‘ 7/;4
8 - _ _Check Valve Backlng Plate Tthkt‘IESS /é Yie //.A,’ VS’ 7/ % 7& ;?\,
8 Plaje should be targer Chau%ty Yz ‘7{/ 3 /35’ 12 3//? ???' 7%)
9 ——SC—E@—R—LLLmicer Metal strip i
10 ] Stroke LLmLCer Rubber Strip i — | 1 .
tt % to & thick Rubber wich Valve samé as the #8 backing plate and piD:=4
12 Check valve washer cutside dram |~ J/t/ 3// 7/ /% 21319
13 Check valve nut _ ___ Yy ,V;/ Sie 1 s 79 % %‘ %e
14 Connecting pipe inside Diameter Y9 |1 iy lik Z 3 Y16
14  Conmecting pipe length S T uay 752 1Y 116% 223 254’/ X3 Rz
15—&"_Lnﬁ\;ise Valve Bolt » 3/3 % /8 % g/f 72« 7 /z,

3K |75

5

16 Ba(.klnj Plate Diameter - 7%
16 _Backing pFate Thickness . ‘3//6 Y 1 Ye )//(»Js./é’ /%tff /%]
17 Y to % 7Ithck Rubber w/ valve sameis_cheﬁ#16 baciiing" place & 0.D: = 4
18 Impulse Plate 0:D. = 4; chlckness— Yz q]l ‘7_//6 ?%'t. Sﬁgqf’,z; 3/5/,%
18 Impulse Plate I.D. z Lé S/ﬁé 8 /12|76
19 Impulse Vatve Washer Outside Diari. 15 1.z |24 3z {JE;' 12 ” s
20 Impulse Valve nut UAPPIE L/ AL/ R A AR
21 Rubber Bumper - SN
2" rock nur o | %[5 % | % | e
23 21x2" " angle ifron timiter_ Bracker il _‘4 oA
2%‘;:;&3%?‘:*_,_.“*1mm’]vi‘."_f‘_]-:'l te bolts ! é é_. w,é_ é " ,? - {V+Zi§gi
2 Diametor of Labulse Plate solis v q,ﬁ"/g_lf"yhj/gi"?/’g} N ANRYA
2+ lenprh of Impulse: Valve Boltes 3 zZ| 2 é}isi ﬁafj ?7
25 Strukd limiting ad justinent polt 'f‘{ iéf - %" if?% , % % ’/i
26 Npmbe r ()1 Ai;gumi_{lZiitir Bolts - _F__d_;é_ é’ é 6 ‘5’ Igfé ij
26 Dldm( Lcr _or Accuniilator Bolts o 7?71_;;{/? 3/7 7/5) %)Iﬁ’zhj {]
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..............................................................................

e Diameter L

Accumulator Base Plate Thickness °

z
9 |0z /i 1eleela2]
AV ALGALIE R
Hydram Base (same as #27) , - $
, | & |72 )74 |22 )28
Y16 | g lrz|16]

4 2 |3 | 4|
Ve \ Ve (Y |5 1% 13| ' %
? | |712]76 |/F (26 |32
|¢ |28l 2 |# |13 ]272]|27
V| Y| Ve | Ye | | W | k| -

~ I~ O
X
(o]
0l
a.
=l
(o
—_
[V
iy
QI
la 8l
o
[Vl
w
M
o
-
[V}
(g

S

Impulse Valve Cavity) Inside Diam.
Impulse Valve ;Cavity Height
Socket ’

Impuise Valve Ring Thickness

OO | 0o

B L3R U | NSRRI T ST F NS

w
O

P

Valve Ring Diameter

w. |
— [
—
3
o
c
'—4
w
o

ag

Thickness—

32 1" Support Pipe Length

34  Snifter Bolt Oy

BRSNS o NN R S
‘ " ‘
o

.

¢ o 115
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SESSION 16: HYDRAM CONSTRUCTION - CONCRETE Time: l8,h9urs over .
] C ] . a 7 day period

& i “ . @

OBJECTIVES: @ tq design and build a. concrete ram

to. démcnstréte a knowledge of ram component

e to work widgh concrété and f.orms.

)

OVERVIEW: The sesslon prov1des partlclpants w1th an Opportufﬁty
- to use the knowleédge, gained earlier in the tralnlng
v program to assess site thentlal, determine an &
., appropriate hydram size and design and then construct
L i an inexpensive, long lasting concrete hydram. :
_— : While building a cbncrete hydram flecessitates
W - 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.:

PREPARATION . o
NOTES FOR when possible, the concrete hydram(s) should be
TRAINER: bu1lt at a site where it can. be of use after the
training program is over. Trainers should there-
fore gather ddta about community need, end-uses
etc. unless extensive time is available for
trainees to do this.

The tiging of the various construction phases

somewhat dependent on the mixture of the

te and the ambient temperature. 1In general,

uilding of a concrete hy§r§m7w1ll reﬁu1re :
nts of _days .

between segments. The first phase requ1xes

ur segments of.t#fe with a minimum of 2

}approxrmateiy 4 hours forgsteps 1-9 (planning

'rand 4 hours for steps 19=<19 (base form constr#ctlon

The second phase should

"\
0
=3
%
bt
=g
Ll
H\
T
R
O
-
T
0
-3
ol

y ~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 sge 28~-35 (fabrication and attachment of -
valves, bolting the hydram together). In general,

the hydram should be ready for steps 36-38

or four days from the last pour.

Trainer should check porosity of concrete prior to
this éCtiVity

Use of slides greatly enhances concrete construction
preparation session.

Q ‘ *iii?
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v
MATERIALS: gravel, sand, cement, water, form lumber, plastic

pipe, bowl, flttlngs, material tor vapor barrier

\§ something to mix cement in.  °
. Size d@md*guantity of materials is dependent upon
s the hydram to be:constrycted. Following is an |,
) example of a. typlcal llSt of materlais for a
1" hydram. 5 “y
: % S — -4 '
N ' 1" CONCRETE HYDRAM MATERIALS LISH : <
1 1"x 12"% 8' lumber for body ¥ 8 3/8 althread 36"
; I form e
. h 1l 1"x 12"X 8| lumber for Accuifii- 26 3/8 lock washers
L tator folms o
1 %"x. dlameter steel plate 26; 3/8 fiat washers
1 3" pvC pipe cap : 26»ﬁ/8 nuts
1 4" bowl = .+ 11" pipé piug
. 1 1'% 1'x % belting.- 1 1" pipe tee
1 7" diameter x %" belting 1 5" pipe plug
1 1"x 2" angle 1" long 1 %" pipe tee
. ’ T
: . 1 rubber stop bumper 1 %" pipe plug
1 %" gas cock 1 %" pipe:tee
I 1" PVC pipe 2' long 2pcs. %" pipe 2" iong
1 %" nipple 1%" long - 1 1" PVC male adaptor
L I N o .
2 2%" washer with 378" hole 1 %" PVC pipe 22' long .
2 1%" wasHer with 3/8% hole 1 1" PVC coupling
5/16" wing nut %X 1b 6d nails
1 5/16 x 25" bolt ~ form oil
2 % x% bolt 2% gal water
3 5716 nut 324 cement
1 3/8 bolt 1" long - ; 1 1/3 cu.ft. gravel
1 3" PVC pipe 18" iong 1 1/6 cu.ft. sand
Handouts 10A-10N ) shovels
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PROCEDURES 7 v -

Phase I: Part One .

1 -

2.

;1

- - -

~

State ‘the objective of this session.

Have the.trainees-gather all pertinent
information concerning the hydram
installation including. drive head,
delivery head; «flow rafe. at source,
""""" nd potability.

Review the advantages and

disadvantages jof this design.,

Walk through design steps; using
handouts 1PA =/I. Write on board/
flipghart:’s eveloped:

Saquence:

A Concrete: {handout 10&)

1. 'Cémpute D. -
. Compute impulse valve cavity

] diameter. _. S

3. Compute wall thickness.

B. Size Impulse va{gé Opening (2D)
1: Use attachment 10B to 7
determine thickness of valve
plate. e - __

2. Use 10A to determine bolt area
and number of bolts.

3. Use 10C to determine backing
thickness: : :

width:

Size check valve

[oF

1. 'Use 10E for backing thickness:
2. Use 10F to determine seat

width. w\

“_

LY

2

-Session 10

-, .

51“71':héi' should ptan how
to display this

<<;:halkboard.

-~

\

N

A

Remind.trainees that this is -

-

r

Relate this to drive pipe size

as basis for calculatians.

; -

A%
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PROCEDURES ’ ‘ ; NOTES .
6. Have the tralnees each desiyn a 7
hydram,,uslng the design paramenters :

llsted 1n Handouts A through I. Have

attachment/Handout 10M.

7. Compare designs and discuss the :
- differences. . 7 -

8. Deponding on how many hydrams are to

. .be made, the trainees should choose

‘**t deslgn(s) and explaln why

5} Give an overview of constructign., This may be hard for trainees

process and schedullng in the fio visuvalize. A model would
be helpful; slides are also
B ] : effective;- and may beprocured
Phase 1: . through the Energy Sector,
- - Poace Corps.’ -
A. Build forms, u51ng pipes, cups,; .

form lumber, as in Handout 11H-J: 7

B. Note where/why sleeves are

B inserted; where # comes from. . ‘
C. Make sure snifter is included: L
D. Mix and pour concretes '

E. Protect and let it set up for at

workshop: .

— least 2 days.
F. Draw pattern for Impuise valve
plate.
Phase II: \ . ;

A: Construction of accuiilator forii.

B. Pour accumulator; oo .
C. Let it set up. o

L 4

Phase III-IV:

A. Cut check valve; assemble and

instali:. 7 ~

10. Distribute procedures ‘for Phase I. ,

Ask trainees to read through. . Clarlfy

any questlons.

.11. Have the trainees make up a material
and tool list for the hydram(j)

selected: {

-
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5 PROCEDURES -  NOTES - .

12..With all the tools and materials
athered, begin constructiorl.

pPhase I. --Part Two ) x;

Ai3a Start by constructlng the hydraim b ¢ ,
form. (See handout lOJ)‘

pfopét length and~angles. Be sure to L
giug a cogpling to the check valve énd :
to JIncrease .the deat area.

15: Notch oUt bcttom cf pléétio bowi to

: pqpe touches the 1n51de of the bowl
then, using cop1ng saw,,cut along this

plugged tee to input end of pipe. The ' g
plugged tee serves to prevent the pipe.|. .
from turning within the concréte. a

Welding %a piece of metal ©nto the .o

jcoupling would also work. -

16. Drill holes in the bottom of the form
for the bolt pattern around the
ifipuilse valve and the agcumulator.

17. Ceénter 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.

B4l

18. Drill hole in PVC pipe ‘for snifter.

Drill. another hole in form for the-

other end of snifter: Snrfter‘pxpe

should have a plugged tee in the;
middle or a pIece of metail weided to

the side of it to eliminate turnigfg:

19. An elliptical rubber washer should be

- cut out and nailed where the check ;
valve end of the PVC pipe comes in

contact w1th the form. ThlS 1s to

129
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PROCEDURES ; NOTES

\ |

.20. Bolt sleeves to form- u51ng althread,
nuts and washers.

21. Tie BVC p1e down to form us1ng
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 siuch as visqueen,
then cover entlire pour with insula-
tion. Draw pattern for impulse valve

plate and send to metal shop.
Phase II

23: fter the hydram base has had suffi--

cient t1me 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 anythlng that will prevent a con-—

crete marrlage and ‘that won't ernkie

hydram.

25; Place althread and sieeves through
bolt pattern at acCumulator with nuts
and washers on both gnds. 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

ing up in concrete. Cap end of accu-
mulator form pipe with tape or PVC
- cap S

>l

124
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PROCEDURES

28.

29,

30

Place accumulator, form on top of
hydram base and instail the detivexy

pipe connection between this form and

the accumulator form pipes

Pour accumulator form fuit of c0ncrete

u31ng the same mixture ratio as, used

in step #22

Cover w1th a vapor barrier. such as
visgueen and 1nsulat10n. i ‘

Phase III

337
‘metal for the impulse plate and
attach stop. bracket

31-

32:

33.

35,

36.

37.

38,

After concrete has had. sufficient time
to set up (about one to.two days),
remove formn: I R

-

Using a large piede of paper, fake a

pattern from the hydram base for both

‘the ;impulse:valve rubber and the

accumulator check valve rubber.

‘Cut out. the rubbers accordlng to the

pattern. _If ‘the rubber is too th1ck
to allow free movement of the valves,
a v-notch may. neéed to be cut into the

)

Drill and cut out a piece of sheet—

rubber at the flex point of the viizj;,

Install althread bolt, huts,and
washers on bq,h pleces of rubber as
shown in ,the attathment

Bolt atcumulator to base with check
valve rubber for a gasket.

Bolt - 1mpulso vnlve rubber and plate to
hydram basec. :

and rubber bumper,

NOTE

L~
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PROCEDURES ‘ " NOTES
Phase IV . . ;

7 39.. instail ram to drive pipe and delivery
plpe. Start up. Adjust for amount of

40. Have th/ tralnees determlne the Eicw
“rate into and out of the hydram and
determine the eff1c1ency.

\"

i1. Discuss with the trainees whét _they
of this ram mlght be and when they
might be important.

<
N

A:K/ .

/ |

) o 'f1i23
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" CUNCRETE HYDRAM DESIGN PARAMETERS

CAVITY WALL THICKNESS DOME COVER THICKNESS NUMBER OF BOLTS AND SIZE
The side wall thickness (T$§ 4n a concrete Hydram without reinforcement

sha]] be equa] to the diameter of the cav1ty (D ) in 1nches t1mes the

diameter; whichever is greater.
THe top or bottom wall thickness (T_) should be 1.25 times the cavity

diameter:

— i}”
T\. 1
—-T’S::—i-\" ;
...ﬁ: i
' 1 1 < Agﬁiﬁz:i—ﬁ;iii_
N7 |
i 7
T
— %

2,
If D inmm.and H in meters then TBA = 527;——

To determine the' proper number of bolts, find the aréa of the bolt
si%e you wish to use and divide it into the total bolt area.

D1ameter of bolt: . ~
. -§f§ 8 9.5 11 2.7 14:2 5.8 19. 222 25.4
in: 176 5716 .3/8 7716 2172 9716 578 /4 7/8 .1
Area of bolt:

;027 045 .068 .093 .126 - (162

-

202 .302 .419 .551%

- 124
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~N [ toment -
__ THICKNESS OF THE IMPULSE VALVE PLATE IN INCHES *
‘ v ~ DRIVE HEAD IN FEET ) -

) 1o 28 30 40 0
15 e s e .z [
2 1/4 3/8 7716 1/2 5/8

2.5 5/16 3/8 172 9/16  5/8
3 5/16 7716 1/2 9/16 5/8
4 5/16 7716 172 9/16 5/8
s | 378 172 9/16 5/8 11/16
6 3/8 1/2 - 9/16 5/8. 11/16
8 /16 172 s/8 11716  3/4

8 11/16 374 13/16

IMPULISEl VALWE OPENING IN INCHES. -

~N.

12 172 5

16 1/2 5/8 3/4 13/16 7/8

— . JMPULSE /

‘ & VALVE OPENING ——>

N

I

~

b 4

I

il

I

¥ I

THICKNESS
OF 1MPULSE

VALVE PLATE 4
¢
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- THICKNESS OF THE IMPULSE VALVE PLATE IN MILLIMETERS*

i DRIVE HEAD IN METERS //

6 9 12 15.

i

-’

1o 11 13 16

N

40
50 6. , 10 11 13 16
60 8 10 - 13 14 16
75 8 11 R e ¥ Y

100 g8 11 13 14 16

*

125 9.5 13 14 16 18
150 10 - 13 14 16 18
200 11 g; i6 18 19

300 13 16 18 19 21

IMPULSE VALVE OPENING: [t M LLIMETERS:

400 13 16 19 21 22
B | _IMPULSE )
VALVE OPENING ——]

THICKNESS ,
OF IMPULSE ]
aVALVE PLATE BaEL
i PLATE .
THICKNESS

* These fiqures also apply to accumulator plate thickness.
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N T N e e N e e it R el i e % f A A Y M TTie - e n v T o be

IMPUL SE VALVE STEEL BACKING

DRIVE HEAD IN FEET S

18 28 30 40 50

[S
W

178 178 178 3/16 3716
1/8 3/16 3716 3/16 174

N

3716 3/16 174 174 174

N
.
\n

3 3/16 174 5716 5/16 5/16

4 1/4 5716 3/8 7716 77186 .
s | se s w2 w2 sis

6 3/8 1/2 9/16 5/8 11/16

g 172 11716 3/4 13/16 778

IMPULISEl VALVE OPENING INi INCHES

12 . 13/16 1 11/8 1174 1 5716

i 16 11716 15/ 14/2 111716 1 13/16

__IMPULSE
VALVE OPENING —>

7

1
t

D’HICKNESSE'

OF AMPUESE. .=  I\:\ \ \ \
VALVE PLATE &

B R R e e e R I




¢

40
50
60
75
100
125
150
200

IMPULISEl VALVE' OPENING [N, MILLIMETERS: = -

300

400

“111-

6

‘s

9 12

Séséiah 10

[0} o

10
13
21
27

11
13
18
25
33

10 1
13 - 13
14 16
19 21
29 32
B 43

H_ _ IMPULSE
VALVE OPENING ——

ICKNESS
1MPULSE

LVE PLATE

[ oK
S
[
L
[

Handout 1§DC - metrlc ‘2
.-'.'.;:,.!'....-'._'5,,._' U S S
: '-i et \ LI
. E o ’ T
15 . o
B L T
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10 15 . 20 25 30 35 40 &S 50

34 | 18 316 14 5/l 38 1/t 12 9/l 3/8
. i 3/16  S/16 3/8  1/16 12 9/16° S5/8 11716 374

.
N

&

174 3/8 7/16  9/16  5/8 3/4 13716 14716 i

=
W
e, .
AR

' 5/16 . 7716 9716 . 11716 3/4 7/8 1 11716 13716
3/6. 9716 374 7/8 1 13716 15716 1 7/16 1 9716

N,

172V,_ 11716 15/16 11/8 1 5/16 17716 1 5/8 1 13716 1 15/16

W\

VORI N1}

5/6. 778 11/8 15/16 19/16 13/4 115/16 2 3/16 2 5/16

~

13716 11/B 17/16 -1 3746 2 1/16 2 3/8 2'5/8 2 7/8 ..3 1/8

&

oN

L 13716 111/16 2 3/16 25/8 3'1/8 3 1/2 3 15/16 4 5716 & 11/16
s 14

W
N
~
f ¥
o

DRIVE PIPE DIAMETER -INIINCHES -

--r

111716 2,176 2 15/16 3 9/16 & 1/B & 11/16'5 1/4

 JMPULSE
VALVE OPENING ———>

v
ﬁ i
WV VWV VN

<

I

El

T
X
S
n
- .‘N

irﬁz”cfmvsss
OF :1MPULSE _
VALVE PLATE

O




;_._....-.._..,..WAUZ%»l\.;?r.“V.W.A. Sl e ewdl

Session
Handout

IMPULSE VALVE SEAT WIDTH IN MILLIMETERS

o

DRIVE HEAD IN METERS

6

7.5

5

10.5

1o
10D - metric

e

i5.

20
25
30
40
50
60
75

100

DRIVE PIPE DIAMETER IN MELLIMETERS

| THICKNESS 2
OF 1MPULSE

VALVE EZﬂTE'.»<\

10
13

16

130,

21

18

36

g

11

14

18

22

29

33

'\44

| 55

74

66
89

. _JMPULSE _ _ o
ke~ VALVE OPENING ——>

10

13

16

19

.25

33

39

52.

79

104

11
i
g
22
30
36

44

89 1
119 1

49
66
00

30

18

109
146

16

19

119
158

PLATE
THICKNESS

130
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CHECK VALVE BACKING THICKNESS IN INCHES
=]

DELIVERY HEAD IN FEET -

75 100 125 150 375 200

i
a
|

25

374 l6 116 1716 1/16  1/16 1716 1716 1736
1 /16 116 1716 1/16 1/16  1/16  1/16 1716
v | 11e 1716 1716 1716 /16 1/16 /16 1716
1% 1716 1/16 1716 1716 1718  1/8 1/8 1/8
2 ie - i/6  1/8- /8 1/8 18 1/8  1/8
25 1/8 178 1/8 1/8 3/16  3/16  3/16 3716
s | we e e e 316 316 316 1/
4 . 3/16  3/16 174 1/4 174 5/16  5/16  5/16

DRIVE PIPE SIZE IN INCHES.

6 176 5/ 3/8 1716 1/l /2 12 172
g s/8 172 916 5/8 5/8 11716 11/16  3/4

CHECK VALVE BACKING TP
PLATE THICKNESS — ’ )5

CHECK VALVE = \\\ \
SEAT THICKNESS \\\\
EEERARRAANN
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CHECK VALVE BACKING THICKNESS IN MILLIMETERS

. DELIVERY HEAD IN METERS
7 5 15 23 38:5 38  45.5 53.5 68
™ 2 2 2 2

20 2 2 2

25 2 2 2
30 2 . 2 2 2 2 2 2. 2
40 2 2 2 2 2 3 3 3

(O8]

L
W
(o8]

50 2 3 3 3

(82
(84
(S, 0
wn

60 3 3 3 3

|
|
6,]
o
U
(2]

75 3 3 5 5
100 5 5 6 6 6 8 8

DRIVE: PIPE SIZE: IN/MILLIMHTERS

150 6 8 16 . 11 11 13 13 13

200 10 13 14 16 16- . 18~ 18 19

3

PLATE THICKNESS — | zéf:_,

[

| t '\\\\\.\‘\\\\\\\\

cAECK VALVE 7 \N\\ '\
SEAT THIEANESS \\\ N
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/cné'ék VALVE SEAT: WIDTH IN INCHES

\\3 ; DELIVERY HEAD IN FEET”
25 ' 50 7s°  1@0- 125 150 175 200

_ . ° . ' o

ean
S
el
AN

3/4 /8 1/8 /8 1/8 /8 1/8 Y TR VIT S
1 /8 1/8 18 1/ 1/ 316k 1/6% 174
% /e 18 18 1/8 3/16  3/16 L s 378
oo | e we s B e 4 516 /16
2 Ve 18 i/ 38 & 516 116 916

s | e we. wie 1 sne- 116 sle 11716
3 178 18 316 5718 ‘38 172 5/8 13718
o | s osne ws o.m 2z e 18 1771

DRIVE PIPE DIAMETER IN. INCHES

6 186 /6. 38 916 34 -1 11/4 15/8
8 3716  S5/16 ° 9/16  3/4 1. 1.5716 1 11716 2 3716

. CHECK VALVE BACKING
PLATE THICKNESS —
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; : L 1 ] SeSSLOn 10
_117_ ’ Handout 1OF - metric
CHECK \?ALVE SEAT WIDTH IN MILLIMETERS : A ‘ o
" DELIVERY HEAD IN METERS -
75 15 23 30 3 45 53 - g0 .
p 20 5 3 k 3 3 3 3 5 5
= 2 3 3. 3 L3 3 s 6 6 -
S 30 | 03 3 L3 3 5 % s 6 10
= 140 3 -3 3 3 5 6 8 ' 11
V2 50 3 3 3 5 6 8 1
V2w | s s : s 8 1 18
\ fom) - P B B N B o
}‘:‘Li 75 -,3 3 8 10 13 ; 16 21
=100 | 3 5 %100 13 18 2 27
Z150 | 3 6 10 1@ 19 25 30 a
200 | s 8 \ 14 19 25 3 a3 .

CHECK VALVE B/?CK/NG'
PLATE THICR’NESS —

ck VALVE 7 \\\\
55/17’ THICKNESS \\\\
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P

Handout 104

EXPLODED VIEW OF 2- PIECE CONCRETE HYDRAM

|




T~ \H. l\u. i—-

5

10,

11,
12.
13,
I
- 1

: 16;
B T F
18,
. Stop Bracket Bolts .
. Check Valve- Stop Nuts
1. Check Valve Stop Bolts
. Check Valve Nut

Hydram Budy
. Acounolator
. Impulse Plate

. Check Valve & Gasket
Impulse Valve & Gasket. -
. Stop Bracket o
. Rubber Stop Bumper

. Gas Cock-Snifter Valve

. PVC.Pipe _.
Delivery Pipe
Steel Check Valve Stop

Rubbier” Check Valve Stap -

Inpulse Back-p Washer

nipiilse Washer
Chetk Valve Rack-Up Washer

(Large)

Check Valve Washer ( Small)

stop Wing fut
Stop Adjusting Rolt

TACHEN -1

23;
2
25.
26,

Cleck Valoe Bolt
Althread Bolt (Accumulator)

Althread olt (Impulse Plate)
Althread Bolt (Impulse Valve)
yin

- 28;
2.
30,
3.
3
33
34,
35:
36.
3.
30
19,
4,
- 41, Imoulse Sleeve

Impulse Yalve Hex Nut

Flat- Wééhéﬁ

Hex Nut -

Pipe Plug {Drive P1pe Slze)

Steel Pipe Tee (Drive Pipe Size)
Pipe Tee (Delivery Pipe Size)
Pipe Pjug (Delivery Pipe Size)
Pipe Plig (Sniftet PIpé Slié)

Snlfter P1pe
Snifter Pipe
PYC Male Adapter

Accumalator Sleeve

PVC Coupling
Impuise Steeve

42 Accunulator Base~bleeve

SIDE UIEW 2-PIECE CONCRETE HYDRAT

JOT aInopueH|
- TOT uoTssag.

oy .

. TeRYT
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ATTACHMENT. 0

FORM ' -

DRAM

TWO FIECE . co‘ﬁé?f?‘; ﬁ?j‘




’ ONE-PIECE CONCRETE
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Session 10

Handout 10K

HYDRAM

N

ok 112 v &
Jiﬂiﬁa!!§2= ﬁ?i———__JgL_ ‘fés

Hydram body
1mpulse plate
check valve
impulse valve and gasket
stop bracl®et
rubﬁer stop bumper
. gas cock-shifter valve
PVE pipe
delivery pipe
check valve stop
- N/A .=

O D O AN N =

1mpulse waqher,

. check value washex

stop wing nut

stop adjusting bolt
1 stop bracket bolts

0. ctieck valve stop nuts
21. check valve stop bolts

impulse back-up Washer///r

o

42
43.

22 check valve nut

23. check valve bolt

24. aithread boit (accumulator)
'25. althread bolt (impulse plate)
'26. althread bolt (impulse valve)
27. impulse valve hex nut

28. flat washer

29. hex nut :

30. nipe plug (drive pipe size)
31. steel pipe _tee (drive pipe size)
32. pipe tee (delivery pipe size)
33. pipe plug (delivery pipe size
34. pipe plug (snifter pipe size)
35. pipe tee (snifter plpe size)
36. snifter pipe

37. snifter pipe

38. PVC male adapter

39. accumulator sleeve

40. PVC coupling

41 impulse sleeve

accumulator plate :
accumulator plate gasket

139
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—121A- . '~ Handout 10L

ONE PIECE CONCPETE MHYDRaM FoORM

140
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' jﬂ ot S . Handout 1OM gj
) S © ATTACHMENT 10M |

i . )

a d%%munity of 100 @éé@lé requ:res~bO/gai/day/person? and . 30
gpd/cow fQr 35 cows, and wants to use a coﬁcrete hydram.

L B

h = 90" ™
H = 20' -0 .
A weir 2" wide and 4" deep has been . put in the stream; 2' upstream
from the welr, the distance ﬁ@g@ the mark on thé stake, level with
the top of the weir, to the water level is 1%": Assume an
eff1c1ency of 50%; determlne the following: : :

e © “ :

e D o

e d .

™ Accumulator diameter -

e L , I - o : ;

e check valve opening_

° Impuise vaive épéhihg,

PR » e HRTR "5
. s
s - ‘

o T 5\;;/“' _

e iImpulse valve thiﬁij?ss ol

e  Impulse valve seat width

e Impiulse valve backing thickness =

e Check valve sedt width

° Chéék valve baing t:'hlckness 3 2

e  Number and 51ze.ofvbolts . S

\’ ‘ -
, : :
v : S
i v . Fo)




—_—

fl" hydram.

o : SN
Séééidﬁ_ib

=123= ession 10
Handout 10N

"gravel, sand, cemernt, water, form lumber,,plastlc

plpe, bowl, flttlngs, materlal for vapor barrier

N A S ,‘,,,,
- 1" CONCRETE HYDRAM MATERIALS LIST ;-

-1 1"x 12"x 8' lumber for body 8 3/8 althread 36“

o form L : ,
1 1"x 12"x 8' lumber for accumu- 26 3/8 16ck washers .

) ___lator forms =
1 %"x 7 dlameter steel plate 26 3/8 flat washers
&

1 3" pve ﬁiﬁe cap , 26. 3/8 nuts
1 4" bowl e . 11" pipe plug
1 1'x i'x % belting | 1 1" pipe tee
1 7" diameter x %" belting 1 %" pipe plug"
1 1"x 2" angle 1" long 1 %" pipe tee
1 rubber scop bumpkr ; . 1 %" pipe plug =
1 %" gas cock . Y %"/pipe tee
1 1" PVC plpe 2' long 2pcs %" pipe 2" long
1 %" ripple l%" 1?5@ ' ;; _‘i 1"‘Pve male §3§§E6f; 
2 25" washer with 378" hole 1 %" BVC pipe 22' long ’
2 15" washer with 3/8" Hole 1 1" BVC ééﬁ@;;ﬁg
5/16" wing nut | % 1b 6d nails ¥
1 5/16 % 2%" bolt | . form oil
2-% %% bolt . ,‘_' . 2% gal water
35/16 nut 324 cement
1 3/8 bolt 1% long  *11/3 cu.ft. gravel
13" BVC pipe 18" long 117 cu‘ft. sana

Handouts jga - 10 L shovels

s

LAl
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Phase I - Part Two

13.

114.

15.

18;

19,

éenEEr accumulator form,plpe_on,the,.
inside of the form and drav a_circley.
around. it. Drive three 6d nails /

one-half way in; 120 degrees apart
through the circle,. making compen-

.brill another hole in form for the

e 124

éﬁﬁég@ﬁﬁﬁs

12. W1th all the tools -and materials

gathered; begin constructlon.

Start by constructing the hydram base
fcrm,'(Séé haﬁaéut 163}

Neéxt; bend the PVC pipe and cut to

proper length and angles. Be sure to
glue a coqpitng ‘to the check valve end
to increase the seat area. :
Notch out bottom of piastic bowl to

and plpe held together, mark where the

pipe - touch&s the inside of the bowl;

then, using coping:saw; cut -along this

line. _Attach male ‘adapter and the

pPlugged tee to input end of pipe. The| .

plugged tee Serves to prevent the pipe’
from turn1ng W1th1n the concrete.

sation- for the thlckness of the

accumulator form® plpe.

Brlll "hole 1n pve plpe for sn1fter.

dther end of snifter: Snifter pipe

middle or a piece of metal welded to .

the sxdefof it to ellmlnate turning.

An elliptical .rubber washer should be

cut out and . nalied where the check

contact wlth the forh This is to
recess the concrete around the. check

valve seat to insure a good seat.

"

dandout 1ON 2

NOTES

-

Vi

cd
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Handout 10ON=3

-125=
) PROCEDURES -
20. Bolt sleeves to form using althread,; o

nuts and washers.,

21. Tie PVC ple down to form usxng
j t1e~w1re.

22. Pour theé base of the hydram using the
- following concrete formula: 8 parts
gravel, 7 parts sand, 2 parts cement,
and water to proper. con51stency. Tap /

on the form sides while pouring to
prevent air pockets. Cover concrete
with a vapor barrier Such as visgueen,
then cover entire pour with 1nsula—
tion. Draw pattern for impulse valve

plate and send to metal shop.
Phase IT
R

23: After the hydram base has had suffi-

days), remove form and place hydram

base right side up on blocks so that

. the bolt hoies on the bottom can be
-reached. 7 .

24. Place a sheet of plastlc 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

Q@dram.

25. Place ‘althread and. sleeves through'

and washers on both,ends. Tighten 5 o ;~ N
until sleeves are rigid. - i

26. Bu11d form for accumulator as shcwn in N . L
Handout 10J. ) : R :

27. Place accumulator form pipe.ower the ;
three nails sticking up through the . -
concrete at the check valve. Pack 7
with sand to prevent pipe from float- I
ing up in concrete. Cap end of accu- ¥

mulator form plpe w1th tape or PVC :
cap. " . , i .

s

Pt |
a
o
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-126- ol Handout 10N-#4

gt
' PROCEDURES ' NOTES

28. Place ad¢cumulator form on top of - .\ .
hydram base and install the delivery ’ '
pipe connection betwegh this farm and ¥
the accumulator form pipe. ' A

- _ | - ,

29; Pour accumulator. form full .of concrete : A by

in step #22. | -?

30. cover with a vapor barrier siich as
visqueen and 1nsu1at10n. :

phase IIL , ‘ 7
31. After concrete has had sufficient time
to set up (about one to two days),

remove form.

«

32. Using a large p1ece of paper,,make a .
pattern from the hydram base for both C
" the impulse valve rubber .and the
éccumulétor check valve rubber;

33, Cut out the rubbers accordlng to the

pattern. If the- rubber is too thick ) \:

to élldw,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 th pieces of rubber as

shown 1n the ‘attachment: “

36. Bolt accumulator to base with check

valve rubber for a gasket.

;37; Bolt Impulse valve rubber and plate to ‘ N
hydram base. .

»3@; Install stroke adjustment bolt locknut ’
and rubber bumper. ‘ N




127 Sesston 10
- Handout 10N-5

[\

>

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 |a

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. -

L4l

Y
(I
ok

1Y
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SESSION. 11: HYDRAM COMPONENT DESIGN CRITERIA Time: 1-1% houts

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

- . - ® " describe how each hydram component is or L
t E can be made, and the advantages and dis— « :
: advantages of each design, including v

. .longevity, serv1ceab111ty, -reliability;

) éég'rlbe how the conflguratlon of the\cempéﬁeﬁtSf
i ) affect their .function and the overall: )
.f : ! ~effigiency of the hyaram; and

e select hydram component ' épprapriaté for =
"“their 51te;w ‘ .

OVERVIEW: Tralnees w111 examlne advantages and dlS— )
components, and configurations. Comblnlng -
~ . this information with information about . locally

- avallable materlals and skllls, they w1ll

MATERIALS: ® fllpchart/chalkboard—‘
_— €

slides, slide progector

e actual parts, as available (see trainer note)

’ _;{ -
&ﬁéﬁﬁ The7§§§§§§§§if9§7thls session wxi;ipef§§fi7§e1pful 7
Tl 'in presenting the information on the igdividuail : i

components but having the actual compoMents available

- would greatiy increase the effectiveness of this session.
7 If .in the country that the trainees will be working
o ' there is one brand or type of hydram predominantly
PR 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 encountegX® are the ones -that the greatest
amount of attenti hould be glven to. - .

o~
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PROCEDURES ’ : NOiES

1. 'ReVIew the purpose of thlS act1V1ty.

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

vaive; snifter; check valve; accumu-

. . : o

lator and delivery pipe:

3. BIstrIbutg Handout 11A:

4; Using handout 11A, ask the trainees |[Slides can be used very

to point out any problems or advan- effectively as well.

v o tages of each of .the components.

Fill in any information the trainees

v,,ieave out. - . .j
. 5; Réééat steps 3 and. 4 usxng han&oﬁté
- ~ 11B and 1ic.
6: ence the traxneeg?ﬁaVé a good ”:éei- 3 ¢

géahaiﬁg of the’'components, dit
with them all the possibile coang—
rations of the components and how
. bhe placement of a particular compo-
3 nent; affects the overall éffioiénéy
. of a hydram. The oonflguratlon

35?> - the location of the 1mpulse valve
. {either before or after the
* accumulator),“

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

‘I“‘

- the piéééﬁehﬁ of the snifter and
_hoy 1t affects its function;

- the 90551b111ty of more.than ‘one {
impulse valve - (as in. the case" 6f
larger Blake Hydrams) and

- the angle of the check valve

(elther vertical, horizontal,

or up-sxde down) ;
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PROCEDURES S

- the size and shape of the

accﬁmhiatdr; and
- ﬁ6ﬁ7§ﬁ§.§§§fi§ﬁféfi6ﬁ affects the

"water's path:

7. Make a transition to Session 12,

indicating that this information
will also be used to consider

choices among hydram designs.

‘e
I3
»
. "
-
o R
P 4 ‘vf‘.y
Ve \
. -
S ¢
,
-l o
t T
>
K
; .
v
a
“~ Ly
S
RO

-~

3

NOTES
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» Handout 11C

standard plumbing

. : needle valve
snifter . - :

.//..

G oo

orifice bolt snifter rubber fiap nail check °
check

external drilled internal drilled
bolt snifter bolt snifter

w

grooved bult shnifter

{

&

|
«
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SESSION 12:

- -134=
HYDRAM SELECTION Time: 1% - 3 hours

OBJECTIVES:

OVERVIEW:

MATERIALS :
~_

-

By the end of this session; trainees shall

be able to: ] .

° "iQéﬁtifé facgbrs inwolved in selecting hydrams;

e describe advantages and disadvantages of ,
various ram construction, including —
manufactured rams; f

e identify factors which will support/impede

: the development of a hydram system. ~

This session pulls together much of what-Ras
been learned to date, and organizes most of™
;the issues to pe considered in the installation
of a hydram.

chalkboard or flipchart, chalk or markers

* Handout 12A

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

- funding sources for projects (Sessions 9, 1t1)

- 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 L
(Session 2%' , SR

The advantages of)manufactured rams will be

discussed during this session. The trainer

shouid identify brands available in-country,

collect and dupticate literature:

‘ B
s 4
R J -
TR
a; .
. Z \ o
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PROCEDURES:

1.

flipchart. As in han

Identify the ob_]ectlves of ;ggm\’

sessions 7,

aat factors need
¢electing a
factors on
yut’ they .
shoutd inciude cost, serviceability
availabitity, srmpitctty of design;

""""" 1

ease of transportation; longevity;

and efficiency.~

A-
Ask the trainees

to be consrdered in

hydram and write thes

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

Ask part1c1pants to discuss each

‘type of ram and how its character-

istics lend themselves to the
factors previously dLscussed fill

in chart. [

Summarize by asking.the ‘trainees what

type of hydram they will most llkety

.be installing and any other inform-

dtion 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 faprication of parts or

whole hydrams.

Ask part1c19ants what other factors

support/impede/affect selection. List

on flipchart.

Ask the Cralnees to ;Qfﬁ;é%éﬁﬁs o;

six and as a group determine the ldeal

ram construction and configuration

for their site. Inscruct them to
consider: : :

- manufactured: rams available;

- limitations of component parts;

manufactured or built;,

P

N el
- L)
"

X"
a
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-

PROCEDURES : T . © _ NOTES: i

- local skills available for
construction, repair and
maintenance;

7

- maintenance schedule and respon- - .
sible parties; .

_ volume of water.to the pump , and

- cost.

Allow the groups 25 minutes for this. | .7

8. Design should be critiqued, accord-

ing to the criteria. If all informa-
tion is not available, ask partici- ;
pants howythey would get it. Discuss .

the implilacibﬁg of craftmanship: ) >

else they need to know before they
begin construction.” Answer any o
questions. . "

-

. - - ," N - \,, N
9. Ask participants if there ;is anything

-
4y

\!
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HANDOUT 12A - HYDRAM COMPARISON

gbest) to 6 (worst)

Session 12 B

— ‘ 4
- IFIED | FABRiEATED ANUFAETURED A
- aN >IPE FITTIN AjﬁEEAEjIIjNE,HYBRAM ELDED STEEL JPLASTIC
— . - - 1o 5 -
“Cost 1 1 1 6 i 3 . L A 2 :
' inexpensive [inexpensive Jinexpensive pxpensive — fmoderate cheap )
-Sé}biéééﬁiiiiy 5 A ?W;, 1 , ”,;;i)l, 6
: o hbard to parts are gsomet imes »parts e9311y equires a | poor;. -
repair the jard to JJdifficult jrade or - ;_91455-‘ L
» §6ﬁéfété epair and |to get ta thereplaced ; o B B 1
‘ I isyally . |check valve ST o T
requires . % . s REre) e :
X teplacement |t - - - . 77_" %‘”
¢ ‘ : . ? . P ‘
AvaxIéElllt) 5 ) )
A v ' R
o _ _ , [ . K ¥
A : . : , - ; R R
CSimplicity .of 6 -1 3 IR 5 2
. Design .Jrequires ‘the| parts Just most parts @ggtipggtsr requires  |[eaSy to.
Voo greatest screw ‘screv or ‘are cast & |welding but |build but
amount of together bolt together sometimes {no unique |requires
time to ' but requireg the rubber metal shapes glueing
construct some metal béfté ,are '
o working field -
: Fabricated
. Ease of 6 | 2 *3 | 5 4 1
Transportation | extremely smali and 'small & not |‘hgaviest of |heavy & very light
) heavy nggkyery very heavy the ferrous |bulky
C S heavy hydrams
44{;444,W . i
Longevity 3 CLs . 4 1 2+ 8y
]if .it dees | wilk. last no,iongev;ty history of [should last [will last [V
not freeze | about 1lyr. g:dles done| up to 25.yr.|about as about one .|
it should | yet; but without long 'as a mont h
last as should last | service - mfg. ram :
. long -as a a, long time
— mfg: ram
.. R , i
_ 7 i o ] o if o -
’ Efficiency -issiaviovgry little diffference if bulilt properly.f.....ciiiaiafiaans
—— . _

| vy
Qan
)]
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OBJECTIVES:

XN

| OVERVIEW:

oy

TOOLS :

~'%  SESSION 13

%

‘INTER RELAEiONSHIPs WIEHiuemﬁE,HYBRAM Time: 11-15

The trainees will verify by experlmentatlon

the 1nter-relatlonsh1ps within a- hydram -

1) the effectéz of the h:H ratio on efficiercy, .

©2) frequency on maximum. h H, T )

3) frequency’on eff1c1enc%;and q and Q,
ii amount of air- 1n accumuiator on eff1C1ency

5) drive pipe: 1ength on effloibncy,

6) drive pipe dlameter on eff1c1ency,

;—\

AN

7) .snifter on efficiency, and® '_

8) ‘drive pipe ﬁaEéfiai on éfficié'cy ag

""" )

wh1ch they can vary . the factors that affect

efficiency, and produce an acceptable amount
of water: ~
r‘".;'

A serles o 3 experlments w111 be conducted by

- groups of -4 participants. The number of

experiments each group conducts will depend B
on the size of the total group and the amount :
of time available. This activity is key in -
providing part1c1pan££ with experience and
confidence in wynderstanding and manlpuiatxng
hydrams, 4nd understanding the range of skills;

materials; . tools and eguipment involved in a

hydram progect. l , S
S
ses 1-8 '

Handout 13, exerc R :
a water source with sufficient head to operate

one or more hydrams, enough working hydrams for .,

one to ‘each group, drive pipes (aii steel except

means of measur € drlve head: such as tran51t

or_ sight level, ressuif gauges, pressure rellefag

valves ? ; el

hours



LAV

Rt "

- as follows: -

9

_139- ¥ . session 13

- . | N » . -
N ) - S

TRAINER NOTES ON TIMING FOR EXPERIMENTS ' .&
The time it shtuld take for each series of experiments is

-

"« 1) hiH ratic's effect on efficiency 2 hours

2) frequency's effect on maximum h:H 1% hours
3) frequency's effect on efficiéncy; Qand g 2% hours

'4) volume of air in accumulatdrf;~effect 2 hours

.on efficiancy : o W :
5y drive pipe length's; effect on efficiency 4 hours

’

L 4

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

'7) snifter's effect on: efficiency ' 1% hours
S T ) e .
8) drive pipe materialis effect on efficiency 2 hours
A178w 1% hours for the introduc
{procedure steps 1-4) and 2-3 ho
analyze their findings (step 6) g
presentations and discussion.

B
ion to thils session
rs for the groups to

o~

The number of experimental stations available and the tim

an experiment actually takes, may mean that each group
does ‘2-3 expeyiments each. It's a good .idea*to have more

than one group run an experiment to verifly results.

7 . )



PRGGEDURE-

Describe the obJectives of this

session. ) ] v
, . : : &
.(,?

3 4, making sire each group ¢

f

ta ns
a cross-section oﬁ’technical gg

ties. ;.

ie ) . "z \ﬁ
Give each -group the task and prgbe—
dure sheets for the experimentsy)

which you want them to perform.{ %

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

g ’
decide how they w111 work to-

gether, _ , L )

ﬁ

— L

AR

get ‘clear about'procedures; task,

= make a551gnments for. presenta—
tion, write- up. " -S

" After the experiments are flnrshed

the trainees meet with their groups

for 2-3"hours to analyze the data

collected;

their experxments ‘onto the graphs

provided in the handout (all except:
for the snifter experiment which
needs no graph); and to define the
generaixzatxons that can be made

- - PR
A representative,from each group

presents the task, procedure,

results, generalizations,; and
applications for the experiments

~

Ask part1c1pants tordescribe "how

_start up of ram might be different

at actual 1nstal1ation vs. this

experimental arrangement.

-nw."

¢

‘Session 13

>

a ranpe of ,'té'ciinical abilities.

L4l

Each group will need to assign
responsibility for timing the
experiment, measuring 53
maintaining pressure gauge,

recording dafta, reporting out,

anaiyZLng data. : e

>

.i . - -

The trainers.must be: available‘

to ‘participants as necessary to-
respond to questions; enstire
thatxprocedur s and conclusions are
clear and on izrget. Trainer should
encoliyage groups ‘to review their
workHEt the end of the first

block: of work time.

w

See Guide to Users fdr sétting
up experimental stands.
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Exercise 1 = Part I

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

‘ .

3

variables:C efficiency (n), water delivered (q), water used (Q),
time of experiment,; water wasted ?Q ) i ;

Controlled = = . ,

Variables: Delivery head (h) ‘ N

Constants: Drive head (H); frequency (f); volume of air in
the accumulator

Range: . ' 2:1 to"20:1

L4

Start the hydram ;

1.

2. v

3. Attach and set an}adjustable pressure rellef valve and
4

5 Open _ the snifter in order to fill the accumulator with

) the %ischarge. -

. air and then close the snifter for the duratloﬁ of the
‘ , experiment. -
5\;' 6. Calculate the impulse valve frequency -
7. Simultaneously measure the time of the experiment; water

LA

3 v
. . ",

delivered (q) and water wasted (Q ) (;

Calculate the efficiency (n):,
Repeat the experlment ‘making - sure to keep the drxve head

\D, OO

new h H ratlo.

,.y'; ~

4
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- GETCRMINEY THE EFFEET THE h#Nl RATIO HAS ON EFFICIENCY
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% EFFICIENCY

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

)

[

v

o

aQ

~
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‘Exercise 1 = Part IIl
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Exercise 2 - Part I

TASK: DETERMINE THE EFFECT OF THE FREQUE!

DELIVERY HEAD TO DRIVE HEAD RATIO

‘Variables: delivery head (h), water used

- . water delivered (q)

1

Contmolled - o
Variables: amount of air in the accumulat

. constdmts: drive head,

Range: high frequency to low
Range q _

PROCEDURES : N o -

N W

8.
"
9.

_encountered.)

‘the h:H ratio:

“‘Install a hydram to a drive head:

Accurately measure the drive head.
Attach and set an "adjustable pressure
a pressure gaugeto the discharge.
Start the hydram.

Open the snifter in order to fill the
Set. the frequency to as fast.ag possit
With delivery valve shut measuie the n
with a pressure gauge.  (Make.certain
that is used is designed for the.press

‘Repeat the expefiment iy slowing dc

by even increments making certain that
in the accumilator remdins the same.
From the pressure reading calculate th
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Exercise2: - Part II

o

Determine the effect of the frequency on the maximum delivery head

[ IR
to drive head ratio

INTR RN | ]
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TASK: DETERMINE THE EFFECT OF FREQUENGY ON EFFICIENCY; o
~ ° QUANTITY OF WATER ENTERING THE HYDRAM AND QUANTITY
¥~ OF WATER DELIVERED.

P
) )

Variables: time of the exp&rlment efficiency (n) water

4 ! used (Q) water dellvered'(q) water wasted Q)
Controlled R,
Variables: frequency. ‘

A

Constants: drive head (H), dettvery head (h), volume of 4air

in the accumutator : _ » R
‘¥  Range: slow to fast B
S ' ~ -
ERQCEﬁUREE .
1. /Install a hydram to a drive head. o o
25 Accuratety measure the drive head. L 4 , ’
3. Attach and set an adjustable pressure relief valve and
" a pressure gauge to the discharge. o
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 - ~ -ii
) experiment. _ L, Ny
6. Calculate the 1mpulse valve frequency P ‘
7 qugitaneously measure  the time of the experlment water.
deitvered ¥gq) and water wasted,(Qf) A ' AN
8. Calculate the efficiency (n). d/;;«/“ '
9. Repeat the experiment making certaln to keep the volume
,of aitr in the accumulator; drive head, and delivery -
head the same while changing the frequency. -
X S =
] @
. ) v
b ¢ oos
¢ . s
A3 % ° . .
*
. " ’ "ii

1 Bb

.
I
. 1
®
L2
i
3
T
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Exercise 3 - Part IL o, e
\xy. DETERNINE THE EFFECT OF FREQUENCY ON EFFICIERCY, QUANTITY OF WATER
IR " ENTERING THE HYDBAM AND QUANTITY: OF WATER DELIVERED - )

Lxper inent # : -

heH ratio o " :
<
T % | <

ti

3
bl
-

-

Lo
|
'

-
L]

e
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~

THE EFFECT OF FREQUENCY ON E'FIG}HCY. QURNTITY OF WATER MHG THE

' atmml AND qmi’irn QF wtm DELIVERED

r 1l

MIN - | FREQUENCY MAX
; .
&
§ g
(&)
E
®
O
R

1
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\ 7 Exercise 4 - Part 1°

g ; ( ;}uu:fv
TASK: DETERMINE THE EFFECT OF THE VOLUME OF AIR IN THE
ACCUMULATOR ON EFFICIENCY. ‘

o -

Vafiaﬁieéz time of the experlment eff1c1ency (n)iigater

: wasted (Qw) water pumped (q) water used (§9 Lo
Controlled -~ - : L
Variables: volume of air in the aceumulator o

- s
) o - " ' . . o T
Constants: dtrive head (H), delivery head (h), frequency (£)

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 dlscharge

4. Start the hydram.

5. Open the snifter in order to ftll the accumulator with

air and then close the snrfter for the duration

of the experiment. _
Calculate the impulse valve frequency o :

6.

7. Simultanequsly measure the time of the experlmeﬁt water
- delivered (q) and water wasted (QW '

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.

S A | 1

<~
~
»
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., Exercise & — Part LI

FAGK 2 ﬁcttnmxne the effect of the volume of air in the uccunuI-»

on efficiemcy ) —

o lxp(‘[ Unf‘ul l’ ' S S
"\& :
h:H rdtm . ' R N
e * | '
o _ — 11
3 -
h ’
. Uy
|
q ’
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1
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F

v,

% EFFICTENCY

THE EFFECT OF THE VOLUME OF AIR IN THE ACCUMULATOR ON EFFICIERCY

o 4
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| . - £
) | Exercise 3 — Part I S-S &
- - N R S

TASK: DETERMINE THE EFFECT:bF;THE*BRfVé PIPE LENGTH ON EFFICIENCY

Variables: efficiency (n) water wasted (Q.) water ‘used (Q)
water dellvered (q), time of t e experiment
controlled o7

Variables: length of the drlve pipe

*

Constants: frequency (f),,drlve head(R),; delivery head (h)
volunie of air in the. accumulator )

Range: 10' - 80!
PROCEDURE: D | o

IR R
Install a hydram to a.drive head

1.
2.. Accurately measure the drive head.
3. Attach and set an adjustable pressure rellef valve .and
T a pressure: gauge to the dtscharge. t
4. Start the hydram. 5t
5. Open the snifter in orger to fi¥f the, accumulator chh :
- -air and-then close theﬁﬁhlfter for the duratlon of the®* == -

experiment;
6. Calcwtzte the meulse valve frequency
1

~ oy

Simulltaneously measure the tlme of the experlment

water-delivered (q) and water wasted (Q DI
Calculate the éfficiency (n).
. . Repeat the experiment making certain to k ep the voiume

of alr in the accumulator, drive head(H),; §eliveryhead. (hs

and frequency the same while changing the 1ength of the

drive p1pe : . o <

NeXo o

N - B
. * ¢
v — L
] = £y
7 i
L i
< Cemeae Y
~ LN .
y - ;
"
. .
b -
’ ) »
; s
. - ~ .
- .
) ¢ - o ~ s -
: . = . -
- - N é
\ '/ ! % -
’ - N B o
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Exercise .5 - Part LI ‘

i : ot

5

; i;v_‘...
,PASK:’  DETERMINE THE EFFECT OF THE DRIVE PIPE LENGTH ON EFFICIENCY.

M

[ xperiment if " F , I 7_,
_ — 7 7 - I .7 — : .‘
hiH ratio | " ; L

b

"

h

v

q

[
1 G3Y0N
L
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'fHE EFFECT OF THE DRIVE PIPE LENGTH OF EFFICTENCY i
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1 |
< o . :
JEgcerc15e6 — Part 1 . 3
5 ¥ - . N : _'
: DETERMINE THE EFFE T OF THE DRIVE PIPE BIAMETER ON
EFFICIENCY , T _
) t : 4"5-* . ‘ [ :
_Variables: water wasted (Qg?;iwater “used (Q); water delivered (q),
' ‘ time of the Yexpé&riment . 7 P

Controlled: | W .

Variables: (klvepfpe diameter (Bk‘ ,,t" S ‘

' drive headffh)} deilivery head (h), frequency (f)a e

volume of air in the accumulator R S
2 S ‘7 ' . T .
Toae Range: ¥, 3/4, 1" - ; . T S ( :
A o [N : .
Pﬁoceouaes ‘ )
1. Install hydiam to a drive head. :
=l 2. Accurately measure the.drive head. s A

3. Attach and set an ~ad justable pressure rellef;valaé"aﬁd T,

- a pressure, gauge:to the dtscharge. oo 7 .o
4. Start thg hydram: : P .
v 5. Open the snifter in order to. Fill the;accumu ator with , o

) -air and ‘then closé the snifter for the duratlonaof - / ’ 7

~ the- exper . Bt ' .

6., Calculat h,j-:;'txlse valve frequency. S ] -

7.” Simul tapoREigh éasure- ‘the’ tine 2T the experiment, B

' water daf{ivefed“(q) and water wasted (Qh) S . g

- 8. Calculate tbe‘eEEICLency (n). ‘ N -
9. Repeat the’ experiment making certain’ to keep the volume Y
Ix ‘of air . in the accumlilatory drive head delivery head, = W
- .length. .of drive pipe; and frequendy the same- Whlle ;i RN
- ‘changing the diameter of the drive pipe. K - .y :
v ‘ . [ ' g
s : n NS,
o ; .o
N & y ) // " .
< = 5
| )
o ; ' ‘ * ',‘ .
@ e ’ . f P
<7 - X e
+ 2
7 S~ ;
< ol '
IS PO -
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.Exercise6 - Part II

' EFFECT OF THE DRIVE PIPE DIAMETER ON EFFICIENCY
i ’ ;. Ti‘

A
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3
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% EFFICIENCY
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Exdrcise 7 - Part I

TASK: DEJERMINE THE EFFECT OF THE SNIFTER ON EFFICLENCY

.Variabiég: t1me of experlment water wasted ( ) water«
used (Q), water delivered (), effl iency

. Controlled s
Variables: Snifter open, snifter closed, one yay snrfter
Constants: ;’ ead (H) de;;yery head” (h), votume-of iy
- ’ " the aacumulator T g . p LA
. Range: sucking‘gir and'sthtlng;ﬁéteEﬁ» ) e
Bt N S -7 7 3 bl
éggocs:bms : ’ 7
&i. Install a hydram to a drive head? ’
; 2. Accurately measure the drive head:y - -
3. Attach and set an adjustable’ pressure refiéf valvé@
] and a pressure gauge to. the dxscharge.* :
4. Start the hydram;
. 5. Open the snifter in order to f111:§he accumulator with air.
6. Calculate the 1mpu1§gyelyefreqdﬁﬁcy
. 7.. Simultaneously meagure the ‘time of the ex er1ment,
~ water delivered (q); and water wasted (ng
#8. Cialculate the efficiency:
9. Repeat the experiment making certain to keep the volume , o
of air in the accumulator; drivé head (H)y delivery he%d (h), X
and frequency the same-while changing the snifter #rom ' T
an open snifter; a one way snifter to no snifter a; all- . .
f‘..'; ‘ . . ) " v
; v e : :‘;aa;.. ~
A ,‘; =
T R /-
9 - . g ‘. . '\
- . i . r
- T I
: N iﬁ?_ NG, o n
- : v oo
) ! . . R4
r?
/ A
v ) i - . //£,- 'g: -;Q/‘j .
_ t e . N 3‘;)--",>' A
- : L4 . _: - .'7" , - _;,-;:,‘ he
K . » % \:' %
oy o ;/ : R .-..5_ » b ) . .
- 5 hy d
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IASK: . DETERMINE THE EFFECT SNIFTEREMS, ON EFFICIENCY

>,

| : S R
R — — jfé==x==j!li ‘ . :] :
Experiment fl e : s , . ﬁl : f
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A ek .
e e Exe tise. 8 = Part: I~
S .
; . /‘: N . ) o R . .» i ;
L Variables: effic1ency (n); water wast:e‘d (Eg);, water used (Qh 57 .
;f ‘ water dellVered (q)s t:ime of:t expeylme.nt: B
i~ Controlled. volume of ‘air in the accumulator, : - l A L 4
Variables:v dellvery head (H), fi“eq;;ency (£), - R 7
. Consf;anés fr"'uenC§7 (f), drive. head (h)s- del“lverj head (h), % .
- Volume of air in the accumulhtor‘ L ;_DF:> _
’ Range: ~ - 5:1; 16 1* 15:1, 20*1, for both -steel and plastf?‘ *
* 1. ihstall a hydrar to asdrive head., . - o3
27 Accurately feasure the drive head.; .  '- * 7 ' LT A
o 3. -"Attach and set an adluscablgfpressmxre rellef valve* and .
R afprjgmugefggugé to the’ dlscharge. - e
- #% . % “Starc the ‘hydram. * : RN 4
e 75_;~":’0pehfglje snifter: in_ ord r to flll t:he gccumulatar wit:h B ,
Loooagr, and then’ Q;‘ose the: sruft:er for- t:l%e’auratlon {)f tfe " & Lo i
2..; experiment: B B
% 6. "~ Calculate the. lggglsgfv%%‘veffgequency e B S g
7£j‘3mu1tan§ousty mgasure €he time of the experlment: watere . . Lige
¥ getivgred (q) and water wasted (Qd: 7 o v,,).;‘ o
8." Calcutate the efffciency (n). e
. 9. REPEAt tHe expdrimént making certain tg keep the drive head. —
e frétji;iéncy, votume of air in the accumulator, and drive - ] A
l pipe material the same until you have- accurate effpciency
culations Fox h:H raties of 5:1, 10%1; 15:1; 20:1:« .
10: Repeat the’ serieﬁ of experiments after changxn { the
~drive pipe-to a different materjal maktng certain that

o'l everything else stays the same.’ ° ¢ n ?
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{Atk: Determine the effect of the drive pipe material on effigiency
Lqﬁﬁ&ﬁkﬁt‘ﬂ | 1 L

.beH ratio [ - : I
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oo 1 & 'Exerciseg - Part III = e

' b - ; - : " - : : { A

THE EFFECT OF THE DRIVE PIPE MATERIAL ON EFFICIENCY - . "ﬁ'c i B
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SESSION 14: REPAIR AND MAINTENANCE - - Time: 2-4 hours ‘
OBJECTIVES: By the end of thls sesalon the trainees will ’

: be able to: , ,
g 4 . N < Siﬁ
e predict malfunctlons andwproblems in: -
operation of a hydram‘ever t1me~ 5
o accurateiy diagnose»malfunctlons aff._ Sés;-aha,
S ® _develop skxll’ experlence in repalr énd N
Ny maxntenancera' ram systems. . ”#&
IETT y . L=
OVERVIEW: Participants 1& ' potent;al malfuﬂbtieﬁé,i -
- describe symptoH prescribe cures; practice ;; .
.« ’repairing; and deW¥Top strategy for long term L |
: . preventlve-malntehance and routine service. The , T
" aéth}ty e*scrlbed below can be adapted ﬁor* e
. aétgags staPiathns, if available. ) ) .
) - ~. ' A o N - "" ,f.';'
MATERIALS:  Handoutl 148 (3 pp)}_ 148, e _ N ﬁ\,
- TOOLS: '.A{} ba;;c pluﬁﬁing tGols used to date 1n5workshbp L{T
: Ty . - IR { « /
‘ Spare parts v - F7
i L;f Enﬁugh hyﬁrams for each experl ntal s tqtlon .
LW AN
vl ° . . B - N - ‘ I
. ; . ‘) Lo . - T,\l,, . \v Ai;;;
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Ask part];c1pants to: generate a list'|List shiould tncixg

E v 2167- B :Session 1%

v " A 1;' -
; %

. : R o & ? - T
F, . PROCEDURES . ‘ . o ‘ ,
X ~ oo . _,r’ R _ ’ '7'

J;SEate objective’s of the’ session; s-iL-';

s

of ‘possible malfunctions and - : items on' i4A, traf¥
symptoms based on their construttion| add any that are not  -&
experience, iﬁterirelatlonshlp mentioned. S
experiments, and what they've =3 W :
learned so far to date. , : =g K o

, s o ’ 7.

3. Divide partro}pants 1nto 3 groups, Alternatively; groups work on

and assign each. §roup approximate- 'a, Bymptbms, after groups

problenty. determlnes solution and.
and repalr Fit. :

- ly 1/3 of the listed malfunctions. ° 11sh post flip charts on wall
Distribute Handout 14B. 'withfeach Symp t Qi “tndividuals
_Group Task: for each»malfunct}gn/ | complete, Largeigroup reviews,
symptom listed,; complete colgn}ps corrects, discusses. Trainers
’ 2 and 3 of I’iai‘iaéﬁt 14B; 4nd write :|should be available if a group
on fiip' chart for i@ntation; > gets Sctuct( 1 hour:;; T -
s 4. .Groups ;x:éport out- .check for L '3Q umutes.' e -
LI accuracy- and comp&ét ne§s of ) ' o . " o
poss.’ible cures; . < '
\ -« . -
V5. Ask each group' ‘to select\pne mal- Trainers could also simulate® =
' . function, go-to an experimental | to save time: g -
o ¢ <. " gtation, and simulate malfunction, | - , 5
\i »~ . Allow 20 mlnutes. Ask group- to v : S :
N@ listen to the gam, write down the o R o
¥ %ound and_recor 1ts'dev1agi@n -l S hid s
‘ from a well functioning ra ) RS RN
B} P I : . . _;.’ . P
.. 6. E%.Ch group mQves to another statlon A, & - o :
‘ ' ahd listens o ram, records ~ & ;.« Ay R TR '
descrlptlon of sound; diagnoses \ F‘ o

°

7. ‘Each grou \53.\11 repofiﬂ ox;

1mpllcatlons for preventlve 4

malntenance . . . !
, . N
®Repéat §1:eps,§, 7, ‘this’ time
- growps ‘to -gombing-2 lfunctlons/ =p
symptoms. A L el T
Sl T & : R 7{‘ r\)
< k}~/ ' l:-; ‘\‘T’. . ;4}. ‘;’3
_ LS o !
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Aruitoxt provided by Eic:

. PROCEDURES = continued ;

WL
9.

B .
o

4

10t

_168-

Ask participants tg complete .
worksheet; Handout - 4B, columnps

oy . - . .0

4 and 5. B 4

iﬁfé,iérgé;grbup;_discuss impli;atidﬁ§/

for long term preventive maintenance.
Have the group, brainstorm a list of
preventive maintenance tasks, routine.
servicing tasks. 7IndividuaB§:

Ry

complete |

L2

| . - . v
| Trainers will circulage
to, ensure that lists are
complete, time frames
accurate;

worksheet, handout 14C for :their site.
o ¥ L o
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I v . MTAEHMENT LdA s ‘
4 y REPAIR AAD; MAiNTENANCE
G ,f;fq—:éms*t /: ooy i o
— e
1mpulse valve stops i-n_s__c_u_f_gfcient worn, tracked or dtrty cledn, repm, [ replaée chvck
in the clgst | rehound check value -valve - li\"*
position v - o Vs
\ ; Insufflmentwelght o increase inpulse valve: st'{%kn or
| stroke-on impulse valee 5 weight | r
‘Q . B ‘»4
Y. N
| 1nsuff lclent Fiow of | 'check for leaks or nbstructmm in
. into the drive pipe . [ the supply sys@emz JIZiK the avail-,
: _ ) able vater ES going to the haypam,
- - h_f/"\_' " | -re-adjust- t e hydran for this floy
v . , ! I .
pu Jatmq Flov in f(ack nof 811‘ i | h\iccumulator _ Eépéir 1é§i& e
‘the. delivery pipe the accumulator A ; e
. , S| Anifter valve not aEn - | dpen alie Fiifther a 3
‘ ; . - o : , |
‘7 | ’: enouqh - | e '”
" | clogled ‘snifter valie cleant snifter valve L
¥ A S ﬁ“*‘ s e
reductign in vater too much air snifter valve ﬁhéﬁ Eod‘h far i cloqe down the smft@r va'lve shqhtly ]
delivered and-alr’, | entering they o UAT T o
bubbles td , accunulator . leak i the hydram body '« r Epair, the leak ‘“ A I
|deliveryipipg R I betueen. the impulse and.  HRY. ‘ '
TR e chetk ‘vadves fu 1. o a4
4 : S e O
._;A;_'t'. _‘ &’%- L " W s L § ) :
inpulse Walve stips. - 1nsuff101ent Ve hck of vater entertnfj the - thigeor leaks oﬁstruotmns in -
mn-the apen position . locity around drrve plpe o -the' pply. syqte If all_ available "‘7’
Ce U athe impulse - AT | wetghis quing to the hydran; re- | b
72 S 4 valve : | S Q " adjust inpulse valie fur this flow  [o ]
A R RS o] et 1o
e . /\ . bexcessive ippilse valve | Either she@en the stroke o or it T
I F . x ..I;wethtdur ‘strolfer . th; W '/\\/ : '2
; ‘ \ ’é ' ', :!! ! ! it ’ : s ' :' ‘v
:.aljﬂ"iiiliii L """. b ,
/ : ! . ;‘? - ( . | ; '%‘; v ;'}
R . S Ly
| 190 A S ’i' | ST
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L A ATTACIMENT 14 A g ; Y
" REPAIR AND MAINTENANCE R
SHPION (SE REASN R .
hydran won't Start inisulficient theck valve not seating properly| clean; repair or replace check valve \-.?;
-t biick proiym . v o ' %
” " -] enifter vl open too faf close snifter until hydram starts
;| insificient gater i th contine to cycle hydran'nanually .
, A delivery pipe litil suff icient dellvery head IS
2 | e developed, - .
. poor impulse . . | worn, cracked, dll‘ty or ' clean, repair, replace or alig = §|
valve seating 'mlsall" ed valve g imulse valve o
*lack.of vater -supply insufficient for hydram [re-assess instaitation; possibly ie
entering the ' o L *linstall smaller hydram and/or 0
drive pipe ' {drive pipe | |
Jeaks ot obstuctions JUpply cleah ot tapair the Supply sjsten
, systei . L S
‘. ) .
inproper inpulse | ot adjusted correctly . Jeither change strdke or ueight
| valve stroke. ST ] |
; L;g ._.\‘ ot et _\,5_;( ' s )
a— '§___._ . ‘.’ : - v
hydram runs S but ob"tructed .| closed delivery vale open the valve
does not pump delivery tie Y| . e
anything o " | frozen delivery tme apply suffigient hiat to thay
clogged delivery pipe. 'c'lé'rap ot or back Flush- g
' T ‘ - ()]
yater hammer air pecunulat ion under the cyfe t?e hydean several tines by ey
R, : ' o]
; pressure pulse check yalve because of over~ | haqd allowing the vater to reach ‘B
~  absorbed before -1 Snifting \Ejlmum velocity befﬂfé\allowmq =
the theck valie ,‘ - MNb impiilse valve to close. | &
o
G
‘ .
oo i ' ; v 100
| | .‘ \ 193
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ATIACHAENT 14 A

" REPAIR AND FAINEZNANGE

|
SO T MO R
hydean runs Bilt the | leak in the lop e flttlnq or a hoie in p1pe Lightgn all loose flttlnqs and/or
amount of water being { delivery pipe - . repait any holes - ;)

| delivered is.fiich, Jess

Bthan r‘huuld b txpect(di

;“; P )

low hidran

’

| worn; cracked; difty; or mis-

cledn, repalr or replace Impulse

.« | efficiency aligoed check valve valve o
: A vorny cracked, dirty or mis-  [clean; repair or replace check
¢ 1| “aligned chieck valve valve ]
yp | obstruction indrive pipe - {clean drive pipe
e excessive check valve stroke  [adjust or replace check value
. oS stroke Jiniter
/ _ 'y
- ﬂg{gﬁ’fgjy | paor LD ratio change either the drive pipe
i | dianeter or length
e . _ -
. ; poor f;ﬁ rat i .‘; chanqe exbher the: drxve ﬁlbe !
. i Jength or the drrvc head
¥+ 7
1
; \
T

frequency very

“\ air in the drive

| hUlF in the hydram body

e

iiteti 8l Koles ard/et tighten

erratic " | pipe "or & Joose fitting near a[l loose, fittings
| , the drive pipe connection o
1 " to the hydran R , :
i _ .
] l \ | - -
: \ Jﬂ N -

—TLT—
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HANDOUT L6B: * REPAIR AND MATNTENANCE | WORKSHEET
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syPTON .| CAUSE | CURE TDOLSZSKLLLS 'PREVENTIVE | TOOLS/SKILLS

: NEEDED FOR | MAINTENANCE | NEEDED &R -

REPAIR |  REQUIRED 1 PREVENYIVE

- i} . MAINTENANCE
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RANDOUT 14 - NAINTENANCE/SERVICE WORKSHEET

’h .
;

)

/i

o ——

r ~ CN s M
TASK " TINEFRANE WHO'S RESPONSIBLE ~ | 'SKILLS/RESOURCES
_ ~ |yt NEEDED |
\ :

Y
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-
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' SESSION 15: aeueuxemsm’”" : : Time: 2 hours
) . -
) Qg}gcttﬁéé. By the end of thlS se581on tralnees W1ll=héVe“ )
demonstrated their ab111ty to:
® determine max imum drive and dellvery hééds for a
s given ram;
¢ describe key Interrelationships in a hydram;
, * accuratﬁly desoribe at least 5 factors ‘affeasting
(’ . * efficiency in a hypothetical ram installation.
. . i
Overview: Work to date in the three areas described above has .
: i ‘been primarily group work. This activity provides the
opportunity to apply this information individually,
and clarify éi’iy misunderstandings.
 Materials: Handout 15A
i o
ii - ’ . ‘ l\; -
TRAINERS, NOTE: //*/' o
. Spec1f1cat1Qns for problem #1 need to be pr0v1ded using the
{ charts from Sessions 9 and 10. Alternatlvely, part1c1pants

can take actual measurements from the pipefitting rams they
~\\&/ . constructed, and solve the pgghlem for those rams.

d

%




and provide group answers. Check with
other groups fbf‘Vétiatiéh/aifféiéﬁéé.
Discuss rationale for answers, and/or

differxences. - .

[
¢

-1'75-
2 _ 2 .
i * y b

Procedures ' - . ~_, Notes

1. Explaln purpose of se551on, resolve :
any hanging questions from prev1ous
session. _

2. Distribute handout; instructing
participants to solve problems
indiviqually. . _ .

3. Part1c1pants to compare aﬁéWéfé in 30 min.
groups of 24, coming to agreed upon
solution(s).

4. For each problem, ask for volunteers 45-one hour

.
/
J
N
P

A

-~ “ )

'
o
-

l

\

-

1

Attow 30 miﬁutés for this:

»

on T

- |

Cdl



-176- e Session 15 =
6 : : - HandoutrlSA
]

) | REVIEW EXERCISE » o
R What are the maximum recomménded H & h in a 2" hydram WAL£>
the impulSe backing plate is thick, the impulse seat
area is. * ; has _ . impulse e valve. bolts - " in diameter;

hHas a check eck valve backlng plate " thick, and a check vaive
seat w1dth of "97 7 . - - . g
_— B - : : .

‘Answer the following with a graph.if you wish:

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

[ -

3. How does the h:H ratio effect *a"? Y.

-

4. “How does the freguency effecé-“éwﬁé

5. How does thée snifter ‘effect "g"?
6. Tomo%row you dare going out to an ex1st1ng hydram site
where there is- only 100 gpd being delivered, there is a
. reliable supply O6f 3 gpm and an h:H ratio of 10:1. The
ram works con51stently but the eff1c1ency is s&-1low ‘that
only % the water needed is belng pumped 'o'you feel.

»

is corrected to improve the eff1c1ency to a reasonable
level° If yes, what are you going to look for as a
possible reason for low efficiency? (At. this. p01nt you -
know nothlng else about the hydram, or the manner, in

which it is 1nstalled) list as mén¥ffactors as you can

‘thlnk of. : PR : v
¢ N > - . '
7 § _ ™~ é, /
i
* ’
N - 4
- : ’ ¢
s <
Y\
~ - ,
1]
d L4 !
N
L ‘? ‘ v
- . N
B '
i ' k
. ; -
: i T e
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SESSION 16:

i O L177-

4l

/

" Objective:

T

Overview:

" Materials:

Use of Multiple Rams Time: 1% hours

By the end of this session trainees:will describe how

- multiple rams, in series or parallel can be used in

situations .where h:H ratig- L:D ratio, or D make

single ram‘ﬁnpractlcal or 1mp0551b1e. Z

. e ~ '
In small groups,'tralnees will solve problems to
determlne that 51ngle ram 1s 1mp0551b1e, and descrlbe

these systems, includlng cost efflclency. _ . :
Handouts 16A,; 16B, 16C, 16D

Problems 164, 416B; 16C on flip chart ' ) .
Flip charts, markers L X

LY

) H
. <
- - & ;
i
N *
. »
@f
, .
| ; . L
R Ya
' o
Pl
7 .
| -
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‘ Session 16

Procedures: ' : Notes .
1. Introduce SEéélon by review1ng _ 10 min.
limitations of hydram in terms of: .
= maximum H:H \ :
- L:D ratios R
-~ cost of galvanlzed pipe in. largé
sizes

3

State objectiVéé ”E'géééibh. : ;

group one problem,form,ﬂandout 169,7~ R
. Distribute the relevant;diagram (164,
B, o¥ C) to the appropriate group.
The group task is to: ' Allow 36 minutes for this.
- solve problem S
- determine why single ram will nogzﬁ&{"-

g

work . o2kt I )
- study diagram and determine why éhe ; =
multlple ram arrangement will work

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

large group

3. Representatives from each group |30 min.

present and answer questions.

47 Ask large group to describe any TR 10 min.

additional advantages/dxsadvantages of

multiple ram systems, any other’

situation they might be used in. f

5. Ask participants what application Y

serxes/paraiiei rams have at their sites:

°

f
a
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ATTRCHYENT 68 ~ Ste Develgpment

Series ﬂyd'('am' Trstallation

Hydrans may be used in series
vhen the delivery head tg
drive head ratio exceeds

the capabilities of gne
hydran.

Orive bead £ ydran 1 is 2t
Drive bead to hydram 12 is 20 ft.
Delivery head is 200 ft.

206

—6 LT

anopuealy
VOTSSaIG -

LT
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ATTRCHMENT 6B Site Development
VASTE WRTER SERIES. HYDRAM ISTALLATiow

1T one hydren can't ponp enaugh
vater Lo satisfy the rieeds of :
comunity; & second hydran con . l
be installed to pum the vaste
vater fron the first hygran;

‘ R

DELIVERY Pick —

e e .

sPRiG Box”

- DA’/VEPIP?\:: A
T T

O

3]

RAn o N

A= N
mns’ S

WASTE WATER  DRIVE PIPE
DRAIN

g9 Inopuely:
97 UVOISSsag;
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ATTACHMENT 16-C Site Deveig’oment S
| C A i -

WHERC 1115 IWPRACTICAL T0 BUILD ONE CARGE HVORA,
TV O MORE HYORAMS MAY BE USED IN PARALL A

.V.‘

LY

mw STORAGEJ

—TIReT—

'~ D91 Snopuey




—~182= ) Session 16.
. _ Handout 16D -

: o
AEEACHMENT 160

Problem 16A: :

- /
N

How much water can be punped to a dellvery head of 200 feet,
when there' is a drive head of 2 feet,

n_the a supply of 50 gpm; and
an assumed efficiency of 50%? : : .

o - '_?

E

A community of 200 people, with 70 COwS, needs 5 gpd per

‘person-and 15 gpd per cowr A spring flows at a rate of 15
gpm; . H = 19';7b,- 100', n = 50%, L:D = 960. How can the
- community's needs be met?

How @ggb Water can be delivered to a supply tank 50 feet above

a hydram when the drive head is 5 feetl the hydrams efficiency

;§7§9%17;be flow rate of the water is 30 gpm, and the largest
drive pipe available is 2"?

“

O
| S
.




" SESSION 17:

4

Objective:

Overv1ew -

Materials:

I

AR

. Time: 2 hours .

At the end of this session;, participants Wiii be ablg
to: ~ - ] y

o descrlbe varxﬁus constructxon technlques for t 

. major compgpggts of a hydram system, i.e., take “Nff

from  the, source, hydram box, stbrage fac111ty and
'necessary piping; and ;

.

<

e develop cost estimates for total systenms.
¥

Durlng thlS se551on, participants will descrlbe':,

present constructlon techniques at their sites.

. compare them. If participants -have little/no o

experience in water development; simple. techniques (*
will be described. ' This session is not intended to N\

-

provide construction .skills for ram components. i

Handbuts—

Costs lists deVeloped prior to workshop, espec1a11y

. PVC and galvanized pipe; :concrete!

Approxlmate costs developed during construction of
hydrams in workshop.'

Chalkboard, chalk or fiipcharts and markers

-

Pt



«

focug has primarily been the hydram
itsd

st&:gment that so, far the worggbqpﬁ

f and that we _now want to look at

a bigger pxctpre, .e., the §y§tem.

2. Take off from:séurce. ' <« . . =
Ask participants to déScrIbe methods

they're familiar with for taking water

off a stream and/orﬁeatghxng springs.

~Generate a list of design isgues and
write these on board/flip ch rt. '

If part1c1pants are not fam:i:ar w1th
systems; trainer should describe
settling basin; spring catchment; and
group should identify in-country
resources for developln? w

sources.

e

3. Ask part1c1pants how to p-otect hydram

itself: keeging drive pipe rigid,.
free of ben?i,prOVIGIng adgequate
~drainage, a¥oiding damage by animals;
vandals, or_to carious people/children:
Develop. guidellnes for constructlon of
hydram box, per Handout.

1, Storage-Faclllty. Repeat Stép 2 for
storage facilities. / ' .

5. Have part1c1pants size a ram for thelr
appllcatlon, and cost_out the entire
system, using the workshop estimates,
thelir knowledge of skilled labor
rates. If part1c1pants do not have a

speciflc appllcatlon in mind, de,e}opi
a_sample problem, using information
generated in workshop tc date, i.e.,
cost of rams bullt

maxlmum h:H for these rams

approximate 1 and L

provxde hypothetlcal q

C.ci0I0

Check computations to ensure that all

"o E .

components accounted for:

.

R

Session 17
i

P

10 min.

10 min.

10 min:

45¢gin.

Lol

]



session 17

6: Ask participants. what; if any,

additional isspes are raised by these

site developmenticonsxderatlcns in

terms of costs to community; current
systems that gydram could run off of,

existing storage systems; costs for .
retlcuiatlon. , e .

L4l

7. Summarize by statlng that‘wli of these

must be considered in overall hydram

systeh. Distrpibute Handouts 17 €, D, o

and E.

Lal

¢




' =186= ' Session 17 s
T ' . Handout 17A

. s . S
. SETTLING AREA - TAKE-OFF SYSTEM

DRIWVE PiPs

}l
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' Handout 17C

- -188- - "~ SesSsion 17
Y S B 3
CUIDELINES/CHECKLIST — + .
Take-Off from Source:. - ' _ S
" materials: pipe or proper soil & N

plumblng parts (connectors, flanges, etcs )
: trash rack . .

x fine mesh screen

'

concerns: negatlve blope from source to drum or pond

pipe or channel well into stream - ?
good -founddtion for durm or pond .
means to shut off flow to basin when necessary,

keeglng trash, debris,; sediment out of line

,protectlon from raging waters
' 7 flood
animals ®
sun (ultra violet rays)
.erosion & ' . ‘
/.

Hydrdm: - - o . &W
ot materials: cement, aggregate, sand .
' -t metal pipe and plumbing parts
o o "~ hydram
T - metal or wood for cov €6 box
) hingesy screws; etc.;f‘r
Stakes, wire '

&

IS

pipe course stralght as p0551b1e - no’ 90 bends

.coﬁE%:esz : support for pipes = drive, delivery S ‘)

draxnage for waste water
-drive pipe entering settllng ba51n 1/3 way up

: pfbtectlon box for hydra -
oy drainage for waste waterm\ﬁ\\,

coverage for all plastic. plpes
clear marking of pipeline if baried

/

Storagse Facility: £,

| ﬁé materials: adequate. soil -
. cement, aggregate, sand

pipe L
plumbing* parts (connectors, faucet, standpipe)
fenc1ng material

-

¢






S g Session 17
-189- - *ﬁkHandout 17¢c =2

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

_Q\

¥




e ~ Session 17
190~ | Handout 17D

-

N 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

dllow for a better estimation of the money, labor and time neceded.

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. 1Its purppses 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 constriucted 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, €.9.; if the drive pipe contains 10
gallons (area of the inside diameter of the drive pPipe 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: & 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 o 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 channeil 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

3
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waters durIng the ra{pngeason. A Chéhhéi éiéd wiii hééa to be .

protected. In both cases, large rocks placed on each side,of the

channel/pipe should be sufficient. .

keep the sediment and weeds from blocklng 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 plastlc. .

é small dam may need to be constructed. This is a costly under-
taklng Z 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 worthwhlle. -
R o . \— "
The Hydram

The hydram comp0nent 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 thls manual.

pressures and . poundlng that develops in running the system. It

should be positioned in the settling ba51nab0ut}%3 tbgwway up
from the bottom. The pipe shpuld be well supportedq along its
length and protected from outside disturbances. 1If 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 stralqgi a course as.
us

possible. - In no case should sharp bends (90°) be usé&d; 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

1n51de 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 plastlc pipe i1s protection from the ultra—

violet rays of the sun. The pipe needs to be cot];ed. One way to
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do this is to bury it: Hé&ever;rif'thfs’is done; the channel
should not be covered up until the system is working and the pipe
checked for leaks.

The dellvery pipe, because of its length, may raise additional
concerns, It must be. adequately protected any place it has to
cross a trall 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 sppportedland 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 llft it out. .

.

The final part to the box should be some type of cover that

can be locked; this offers protection from vendals or people

tampering witﬁ the hydram out of curiosity. A final note on the

construction of the box: the foundatioh should be poured and the

hydram installed. After the hydram is working like it should, the
walls to the box shouild be constructed and the cover 1nstal1ed.
. ; a
+ The Storage Facility . . . : i
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 hmghllght some design

considerations for the storage faglllty.‘

T Let's _Say. your calculations for the Sy s}em 1nd1cate that 1000
gallons of water a day needs to be delivered To Store this
amount of water, the facility w1ll need to be about 12 feet on a
Side and 12 foot hlgh {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 facilitydwill need to be at least 12' x
12" x 3'. It may be ecqngmlcally sonable 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 w1ll 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 evefy 8 days will need to pump :

221
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about 16 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
However, some reference materlals are 11sted in the attachments
that can assist in this work. In addition, assistance can be
obtained from the agrlculture department and technical donor
groups/agencxes. -
| 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. w111 have to have a
fence around 1t to keep an1ma1s and 11tt1e ch11dren out of 1t.

the inside of the tank plastered with cement an? painted to pre-

vent leé‘ks. } .

Cost and Labor Considerations

: The labor for and the costs of this system can be qu1te 1
burden for the rural farmer or village; this is why the siting and
the design of the system are So 1mportant. When both are done

with care and Sklll, the costs f a completed system will be as
low as poss1b1e. It should be ob lous that with ample free/cheap

reasonable 11m1ts., It should also be- obV1ous that' the amount of

It may be useful to take an example and see what a system

might cost. Prices for everythlng are dIfferent everywhere, but

for the sake of thls example, let's say:

® Cement costs $7/bag -~ 1 bag can make 20 biocksiff
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

or $100

. ‘e Additional plumbing parts $75.
hydram can be built;ﬁ

® Plastic pipe costs $4/foot

55 gaivdrum costs $10 .

e welding work on drum costs $15

Handout 17D-4

'
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supply pape 300"
® Hydram box needs to be 6 x 5' and 3 courses hlgH\V/
. , * foundation - foot thlck ,_;’ . L
® Storage facility needs to be 151 X lS'i 4' '»', —_
foundation - 1 foot thlck o : , ? .
® paint $50 S S
° standplpe and faucet at flnal use p01nt $100 AR -
) L ﬂkanspertation costsfﬁﬂﬂk ; u
e no labor costs .
What will this system cost? (round off fractions ié.ﬁektf
highest whole number.) : L
If the storage fac111ty will be a pond w:thfgoimgterlalrcosts,:
what w1i17§ﬁewsystem costfii(TranSportatIOn costs are cut in half;
no rexnforc:ng bar is needed )
if; in additlon, the supply line isn't needed; what will the
system cost?
2
\ A )
¢ :
7 C \) | 223
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GLOSSARY OF TERMS FOR SESSION ‘17

-
Battery of hydrams - (or parallel hydrams) a hydram installatiom’

where two or more hydrams are connected to the same source

with different drive pipks; but usually with the same delivery
"""" This type of installation is used where the size of the

- hydram 1is limited.
Holding tank - (Storage tank) the means Of stéring water once it
has been pumped to the de51red head. ~ :
Ram box = the small structure usually made out of Concrete and/or
wood which houses a hydram, protecting it from freezing;
weatherlngy and p0551b1y from vandallzlng.

vSeflég hyaram - a hydram 1nstallat10n where two or more hydrams

-

alone.

'iSprlng box overﬁlow p;pe - a plpe placed in the 'wall of a spr:ng

‘ box near the top for unused water to exit through.

the dra1n 1n the bottom of a ram box WEiéH

Waste\water drain -

‘Waste ﬁater series hydrams - a hydram 1nstallat10n where one
hydram uses the waste water from another as a source to pump a

hlgher percentage of the water.
~ )

4l
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SESSION 18: Hydram System 8ite Selection ii§ét 2-4 hours j

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 1nvolved in the decision. .

< technical fea51b111ty, water need, access, skllls,
cost, community respon51b111ty, malntenance and
. repalr. : Do

There are twc'pcésible activities described here°;
.
. 1) a hypothet1ca1 exercise, with a hlllside ‘full
of springs as possibilities

% Note: Activity 2 is optimal and requ:res 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. .

Materials: e For hypothetical activity; Handout 18A
& For actual field acttvtty- site 1eveis, tapes,

weirs or estimated flow rates for source

.

i
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’ Procedures A
l._ State objectives of session and -
" overview of éétiﬁitiéé;
¢ .

2. A&k what are Zthe major components of a Especially if field activity
hydtam system that needs siting, and is ised. Note any corcerns
‘what ‘are the major factors that raised during this discussion.

i pinfluence the selection of a site. ) :

3. Ask what information should be known 15 min.
about the project before site ( Head needed for system. flood -
-selection can be made. List on flip boundaries of stream, ownership
chart. of land, cost of pipe of different

7 S - - méEéfiais and in different sizes.

4. Ask what factors and components should t: hydram & head should:be first
be looked at, 1n what order. then flood consideration

‘ ¢ ' ‘2. Take §:f point and distance
. D. to hy am; ftood ConSldEIatlonS
3. Social factors for hydram and
take off system
4. Stordge facility and digtance
5 above with socrai factors

. Cost of'above systém

Distance; d- ‘and costs: .

) _ " S S o . Maintenance responsib Iities,
5. Present actual or simulated situation access. .
and instruct participants that they

m\ ~ O u:‘

will have to select a site. 30 min.
e Divide 1nto groups of 4-=5. Ask
grobtps to spend 30 minutes
organizing their tasks, responsi-
bxiitiggifggigggggring data at the -
L™

site; and decision making process.

go to site, gather data, make 1% = 2 hours. Trainers should

°
decision and prepare monitor time.
presentation/recommendation ' .
including rationale, need, cost. . 7
° Each group presents; and large

group critigues Based on factors

listed above. : .
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Simulated
e Individually, using handout 18A,

’

and given spring flow rates,

distances, select site for o
locating hydram, to deliver 1500
gpd. Solve for single ram first

then consider series installation.

 Develop apprcximété ccsts.

Ask for responses, dlfferences.
Ask 1-2 participants with

different answers to share
rationale

6. Ask participants which issues are of

major concern at their Bites.

- -

L

In
to
30

20

20,

'

Session 18

this sifﬁéEiéﬁ‘ its difficale

consider ail sociat factors

imri. : 7

min. A

min.

i
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i HYDRAM SYSTEM SITE SELECEJOL

_ Ther€ 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 fa0111ty. .

The Take Off System: The water for a hydram is never taken
d1rectly from the stream. Sand and debris would ehter the drive
pipe and destroy the hydram., Therefore a settling |area for the

water must be 1nc1uded in the system. The charactéristics to look-

of. the ralny season's floods. \

am-: The first important factor here is to choose ‘a

site that will give sufficient head to run the pump. Basxcaily,m

\the hlgher the head; the,greater the amount of water that can be
ped.  As a general rule of thuymb; the. Site should give at least

pupped. A4S & general ruie o
3m (10 ft) of head: Systems can be run with a smaller head; but
he flow rate needs to be that much larger. If there are a number s

of places along the stream where sufficient head can be generated SR

then the spot where

-and §6u5§;a§ 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 thé totai system may be less:

-

give the proper head and distance mix: An added consideration is
convénient 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

.foﬁﬁdétion. Thxs usually means that sement needs to be carried

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 probleém, then " -

.. this factor must be considered ih the selectlon of the site. \\

The Storage Fa01erx The th1rd major component of the system
is the site to _which the pump will deliver. The delivery = =
p01nt/storage facility should_beg at some convenient locatiomn that
allows the water to gravity flow to where it is needed., The major
determinants of the site for the storage. fa0111ty are the dellvery
head the system can accommodate and the length of ‘the delivery
line. The delivery head must be within the range :6f the systems'
capabilities, and the length of the delivery pipe must be within
reasonable cost constra1nts. The - distance from the storage - '/ )
fa0111ty to the point of use (see handout 18B, d3), should be kept
to a minimum. But this d1stance, d3, is secondary to the ngeds. of’
the hydram system. S - .
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The factors that 1nfluence the s1t1ng of these components are:

1) flood.conslderatiOns, .
' 2) available heda, . | T oo
“357aiStancéé/pipé,iéhgth‘bétﬁéén ccmpcnénts;
'isiécét 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 condltlons., Each component of the system must be
placed outside th@ potentlal flood area.

) 2) The avallable head and that necessary for the system is
the key- factor in siting the system. There are three heads 1n—
volved here: the drive head; the delivery head; and _the supply
head. _The most important of these is the dr;ve,head _H. "~ This- B,
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, sufflclent drop to let the water run down hlll.

3) D1stahces or pipe. len ths aré the next major conslderatlon
in selecting .a site for he system. Pipes afe usually the most
costly items.of the system. There are three distances that must -
bé 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_ 1sfgsually

"' 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 deii-

vers the necessary head). The length of the delivery iine is next

in order of importance. It is. constrained by ‘the capacity of the

" system ana by costs.v ‘However plastxc pipe can’ be: used here. The

supply 11ne is constained by cost factors only. It can be run as

far ‘as the, terraIn and the budget aiiows.”

4) The gost of a §¥%§§§ may be the final determinant as to

-whether or not it is implemented. Pipes and plumbing components”

are the main expense, with cement and pos51bly labor second. The
hydram it8€lf is a lowly third. 1If care .is taken in the siting
and . the desxgn of the system; the costs can be kept to their
m1n1mum Croe : T
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5) Convenience of location of the hydram and the storage

fac111ty 1s another 51t1ng factor. Basxcaiiy the components of

construction, repairs and ﬁéiﬁteﬁéﬁéé.

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 componente of the

system and the siting factors in mind as the survéy work is being
done.

x COMPONENTS -

—_— . e STORAGE
SITING TAKE OFF HYDRAM FACILITY
FACTORS

FLOOD
CONSIDERATIONS

HEAD : - o

DISTANCES B -

COSTS 7 o i

CONVENIENCE

SOCIAL - -
FACTORS

‘4
o
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DIAGRAM OF HYDRAM SYSTEM FOR SITE SELECTION

L

-
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PROJECT PLANNING s ~° Time: 2 hours

OBJECTIVES

OVERVIEW

By the end of this se551on, participants witltl
have completed a plan for a hydram pro ject
at _their site. The plan will include problem
definition; an articulation of why a hydram
is the most appropriate solution; goals,

act1v1t1es, resources, ~responsibiitities;

N
>

The key issues in hydram pro ject Impiementatron,
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:
™~

TRAINER"S NOTE: Remind participants to bring along

MATERIALS

Site Information Worksheet, Cost Calculations,

. Repair and Maintenance Worksheets-; and
i Site Selection worksheets.

Flipchart/wﬁrkers

'd

¢!
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)  bRocebuREs S NOTES

1. Introdgpe session by stat%ng

2. Ask participants to spe nd an ho\dr; | Remind group that much of -
individually,. developipg a plan this is in Sité Information
wing: Worksheet used in Session 2.

that includes the 101

’
/

A. Statement of water problem

at the site:

- who needs water, why, how
much

- who percelves the problem

- what is current situation r?/'
o~

1y

B. Evaluate current 51tuat10n.
- where is there water?
- how much?_ what quality?
- accessibility? ownership?
- current and future needs?
- community structure,
social, political, SkllLS

€. What are the possible 7 It's important that participants
solutions? i are clear about hydrams being
- hydram  _ 1 one solation; and that they
- others..diesel pumpt, . evaluate it against all criteria.
gravity pump etc. i
2
D. Evaluation of solutions for: Link this to criteria that have
- - cost been developed in other sessions
- longevity. in the workshop.
- feasibility
- material needsr - -
- availability of skills
- local technical support for
repair and maintenance
= time to install i
» = social responsibility .
= reliability .
= results -
= community involvement
E. For the ,stlected strategy: . The tasks and activities shouldy
wt op“a schedule of tasks; include any further data to be
'iés, responsibilities, collected; other groups to be
Z resource require- included in planning and
And time frames. implementations

progres

"ol
@W
1
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PROCEDURES : |  NOTES

3. Ask participants to share their If participants are {rom the
plan with at least one other same agency it might pe appro-

person; for critique; additions. |} = priate to share plans with each
R . o other.

Alternatively ask someone to = ;

volunteer to present plan to the

whole group-

]

4. Ask participants if they feel

comfortablte about the next steps

they need to take_to implement
their learning. If not, it's
likety that plan needs revising.
Ask if specific parts of "the plan
require rethinking.

‘

236
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SESSION 20: WRAP UP AND EVALUATION : 2 Time: 2-4 hours
OBJECTIVES: @ evaluate workshop activ1ties , S e

[ prov1de closure to workshop
OVERVIEW: Thig session will vary with the actual situation:
-At. a minimum, eévaluation 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 thi's technology

and the skllls of ‘the- partlcipants.u

TRAINER ~ The d;sposition 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; pencxis, )
Nhe has not yet been distributed.

Participant roster if

~

’

v
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PROCEDURES | . NOTES
1. State the purpose of the activity. -
~ Ask participants if they have any 7 A
loose ends that need to be tied up:) <L
If so; list these on a fiipchart " )
developing an agenda of sorts.:
2. Distribute éVéfuatlon forms. 7#116% ‘
' about 20-30 minutes to completeg e
3. Ask workshop sponsor to close; -
perhaps with cert111cates, ir
approprlate.
£
;;; ~ AN
4 .
¢ -
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APPENDIX :

GLOSSARY OFﬁTERMS

Accu-ulatqr - (alr dome) the a1r chamber on the hydram wh1ch
cushions the water hammer, e11m1nat1ng de11very pulsatlons and
heips prov1de rebound. - /

-we1ght of air; atmospherlc pressure = 14.7 and 0 ps1g

Battery of Hydrams - (or parallel hydrams) a hydram 1nsta11at10n
where two of mor& hydrams are connecteddto the same source :
with different drive pipes, but usUally with the same delivery

f 1nsta11at10n is used where the s1ze of the .
.A

pipe. This type =@
hydram is:limited.

Check Valve = (non-return Vaive,\secondary vaive,'ihternai vaive§

head pressure from forc1ng water back through the hydram body.

highest leve

Delivery head - i:e vert1ca1 d1stance between the hydram and the
‘,pumping to.

Delivery pipe - he plpe whlch connects the output of the hydram
to the stordge tank. - . )

* prive heaé the vertical d1stance between the hydram and the
h1ghest level of water in the supply system. -

~

AN

Force - to move something against reslstance,ssure times the
aréa measured in pounds; newtons or dynes:

equency - (f) the number of times a hydram cycies in one mlnute.

[T !1\

H ratlo - (de11very to dr1ve head ratlo) the ratio of- 11ft to )

fali: The inverse of this ratio times ‘the efficiency of the-
hydram will determine the percentage of water the hydram Wlll
pump. The hlgher the h:H ratio; the lower the hydram

efficiency: (n). The usual range: of the h:H. rafiq is from. 2 i
tb 20:1 but h: H ratios thave been measured Ub>'6 60 1 -
\‘ s " ' ¢ ! -
- X e | )
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Holding tank - (storage tank) the means of storing water once it
has been pumpéa tb the desired héad.

Hydram - (hydraullc ram; hydraulic ram pump, automatic hydraulic
ram pump; ram) an ingenicdus 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 hydraullc pr1ﬁc1ples

and requiring no fuel. '

Hydram capacxty Z 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.

' s

tmpulse valve - (clack valve, out-side valve, impetus valve, waste -

valve) the valve on the hydram that creates and controls the
water hammer.

the distance the impulse valvéktravels

Impulse valve stfaké

P

Impulse valve Wéigﬁt the total weight or downward force of the
impulse valve and its springs or welghts

‘"Renetic energy.- active energy; 5 the mass times the velocity

squared B ) -

| : Eg = ymv2

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 tess than 25 should = 4
When H is greater than 20 " " " = .50 " = 3
When H is greater than 50 L:H ratio should eq c2e
{see Glossary, Session 6 for metric.equivalvents)

Potential energy - energy derived from position or he1ght, is

equal to the hE1gEt that a mass cam fall times 4dts weight.

watér develops a pressure of 1 pS1)“ar a. pascal (Pa) whlch is
equai to 1 newton per square meter (a head of 1 cm = 98 Pa)

©18" of water . equals 71. l of water eguals “r psi = 6895 Pa.

Ram box - the small; sErﬁéEﬁre usgriiy made out of concrete and/or
wood which houses a. hydram protecting it from freezing,
weatherxng and p0551bly from vandallzlng.

»
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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.

- - - L S
Series hydram -_a hydram installation where two or more hydrams _
‘are-u

used iﬁ?%étiés to :pump water higher: than one hydram could.

Settling basin = a small tank usually made of steel joxr concrete : -

that is used in place of a stand pipe in*an installation where
additional settling is héééééaﬁy;

. - - - oA S
Snifter valve - (air valve, spit valve) the small valve just below
the check valve that allows air 'to enter the hydram.

- L i :

Spring box - a concrete box built around a spring to facilitate

water collection and to protect the water source from surface

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. \ o

Static head - a column of water withoyt motion. @Hg static drive
~ head of a hydram can be measured with a pressure gauge but
“only when ram is stopped and the drive pipé isifUII of water.

.basin.

Supply system - everythi
pipe; usually inc{

following; spring box, supply pipe, stand pipe, settling

* basin: * ) i 7
L 5\, e To- Ta—— s o- N sl
Time of cycle - (t) theitgme,;gftakes For a hydram to complete one
- cycle, such as the time lapse between the impulse valve

B closing twice: ’

Velocity = speed usually measured in feet per skcond or meters per
second. . - ,
Waste water - (Qwi théywatéf coming out of the fimpulse valve and
" the snifter. (.
Waste water drain - the drain in the bottom of a ram box which

N allgws the waste water from the hydram to drain out:

B
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) Waste water series hydrams - a hydram instailation 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; - N QX Hxn .
: a=" 5

Water flow to the hydram - (Q) ail the water used by a hydram

which is equal to the waste water, (Q,) plus the water
delivered (q)-. - .

' Water hammer - the effect created when water flowing through a )
s pipe is suddenly stopped: - In a hydram this causes the closing
of the impulse valve and opening of check vaive;

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 (Qws

Drive pipe - ,
diameter ‘ o Flow rate oo o

mm  in U.S. gal/min Imperial gal/min - liters/min.
19 . 3/4
25 1
32 1%
38 1%
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: IMPORTANT_NUMBERS 10U REMCMBER

1440 winutes in o day , : ) ] ,
433 psi per fool weasured vertically () of water coluiii
ZH lriches of a water column produces 1 psi I
14.7 psi utmospheric pressure

7:48 gullons jjer cubic fuoot
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Enghsh Mitric Umts Cbii’Véfslb’ii TaBle » -
Physical <. Thisln o _ Equals; in Metric® I
Quantity “English"” Units SpeITed out T Symbolic  _ __ Reciprocalt
~N .DISTANCE 1 inch o 2.54 centimeter © 254cm ©0.3937 |
: 1 foot o 0:3048 meter 03048 m . 3.281
1 yard 914 meter - 0:9144 m 1.094
1 mile .609 kilometer . 1609 km 0:6215
AKEX . 1 square §rj§h . %5452 -squiare cenumeter 6.452 cm? © 0 0.155
) 1 square foot C A0 09297§7qp§r§j§etgrigrx 0.0929 m? - 10.76
i . 929 square centimeters 929 em? - 0.001076
1 squareyard 0.836 square meter P - 0.836 m? 1:196:
P 1 acre - . 4,047 square meters or' 4047 m? " 0.000247
S ‘ : 0.4047 hectnrg . 0: 4047 B '2.47
1 square mile 2.590 square kilometgrs s
: B L or 259.0 hectares 250K 0.00386
"7 Voyume " 1 cubicingh - 16:39 cubic centimefers  16.39 cmi® 00610 -
- -1 pint {liquid) . 473.2 cubic centimetfs - 4732 ey : 0:002NZ;s--
P i ! quart 946.4 cubic centimeters 946 dcm! - ©0.001057
7 S o Zor 0.9464 liter S 0961 1057 .
b 1" gallon. 3.785 liters 3.7851 1 0.2642 '
i 1 cubic foot : 0.0283 cubic meter 0:283 m* ‘ 353 -
1 ciibic yard 0.765 cubic meter - 0.765 m* 1.308
1 acre-foot - . 0.1233 hiectare-meter 0.1233hm - ~ 811
. Viiocity 1 foot per hour, . R
minute or sccond 0.3048 meterthour; min- . . )zs1
S * ute, or scumd o .
1 mile per hour " 0:1470 meter per qpcmul 0.4470 ni/s ©2.207
I knot . 0 5145 meter per second 0.5145 m/s _ 1:944
'Muluply qumtuy known in British units. by th;s humbcr 16 g,u[mc(nc equwnlen[
1Mul[|ply quantity known in metric units by thiy humbcr to gct Hnush equivalent.
Q R : g ';;: C e V E
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ENGLISH-METRIC UNITS CONVERSION TABLE

N

Physical
Quantity

Spelled out

- Equals, in Metric*

Symbolic

EneRcy (61 WoRk)

1 watt-second

1 foot-pound

I Bta

1 watt-hour

1 horsepower-hour
1 kilowatt-hour

1.000 jouiile = 1.000
newton-metér

1.356 joule

3.60 kilojoules

2.684 megajoules”

3.60 megajoules

P

1.000J
1.366J
1.055 kJ
3.60kJ._
2684 MJ

360MJ

1.000
0.7375
0.948
0:2778 -
0.3726". -

_ 02778 "

Powkr

1 horsepower

1 joule per second

1 Buu per hour

745.7 watts or 0.7457 kilo-
o watt
1:000 watt

. *0.293 joule per second

745.7W
0.7457 kW
1.000 W
0:293 Jis

0.00134
1:34"17
1.000

341

TEMFERATURE

1 defree

Fahrenheit

% :

5/9 degree Celsius (Centi-
grade) for each Fahrenheit
degree above or below
32°F _ »

519 X (T, - 32)°C.

Fahrenheit
for each Cel-
sius degree

Sirrcial Comproly
UNits

I Btu per cubic

Cfoot

1 Btu per pound
of mass

1 Biu persquare .

\J_foot per hour

00 gallons per
acke

;1 pouRd of mass

e per a\bic foot

3730 joules per liter

2.328 joules per gram
3:158 joules per square
neter '

0.0935 centimeters depth

16.02 grams per liter

37.30 1
2.328 J/g

3:158 J1m.

16.02 g/l

f ..

I ton (short,
2000 pounds)

28:35 grams ;

453.6 grams
0.907 megagram
or 0:907 wetric ton

oF 0.907 tohne

28.35g
0:4536 kg
0.907 Mg
0.907 t
0.907 t

0.03527
0.002205
2.205
1:102
1.102
1.102

—

1 inch pound

0.1130 meter-newton

0.1130@wN .

8.851

Puxssonk

.

1 pound per square
foot

1 pound per square

inch @

1 millimeter of

mercury

"1 foot of water

1 atmosphere
S

47.88 newtons per square
_tneter .
6.895 kilonewtons per
___square meter
133.3 newtons per square
meter -
2.989 kilonewtons per
_square meter
0:1013 mejanewton per
square meter

4788 Nim
6.695 kKN/m? *
133.3 Nim?
2.989 kN/m!*

0.1013 MN/m?

0.02089
0.11240

ERIC

Aruitoxt provided by Eic:
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' Physical

q

Quantity . ..

This In

. Equals; in Metric® N
Spelled out

__ Symbalic ..

s

PR

¥ Reciprocalt -

FrLow

1 galloni per day

1 gallon per minute

1 cubic foot per

0.0438t milliliters per
63.08 millileter per second ~ 63.08 mUs
0.4719 liter per second 0.4719 U/s

28.32 liters per second 28:32 Us

0.04381 inils -
second : .

122,824
- 001585
2119

0.0353

i
Fouce

I ounce
1 pound
1 ton (2000

- 8.897 kilonewtons

0.2780 riewton
4.448 niewtons

0:2780 N
4.448 N

8.897 kN -

:3.597

0.2248

BESTCOPY AVAILABLE

ERIC

Aruitoxt provided by Eic:
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