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Executive Summary

The Irrigation Systems Management, (ISM) Project, Phase-II1 is
designed to increase agricultural production of Pakistan by
improving the reliability of water delivery and the equity of
water -distribution throughout the four provinces. Technical
assistance for the project is u.rided into six major components:

Rehabilitation/Civil Wirks

Cperation and Maintenance

Equipment Management and Utilization
Moni toring and Evaluation
Computerization

Training

0o00O0CQC

Under "Monitoring and Evaluation" and "Training" components, the
Technical Assistance team is to help the provincial irrigaticn
departments develop the capabilities of monitoring the operation

and performance of their canal systems, collecting
hydraulic/sediment data for future revision to hydraulic design
criteria for the canals, and cateloguing, computerizing and

storing the data for future use.

This report provides an assessment of the hydraulic/sadiment
monitoring needs of the provincial irrigation departments to
effectively monitor the operation and performance of their canals
and collect pertinent hydraulic and sediment data for future use.
Institutional approaches for data collection and training
requirements of the irrigation departments also are discussed.

Type of Equipment

The recommended equipment is suitable for measuring canals and
drains, but not the rivers. It includes hydraulic equipment for
discharge and stage measurements of cznals, sediment sampling
equipment for suspended and bed material sampling, and laboratory
equipment for particle size distribution analysis of suspended
and bed materi=l samples and total suspended sediment
concentration analysis.

The types and specifications of the equipment were selected based
on the mydraulic parameters of canals and sediment
characteristics required for design of alluvial or lined
channels, and for monitoring the cperation and performance of the
canals. The design requirements for hydraulic data were discussed
with Mr. Gene Thompson, Chief Design Engineer, Harza and
Mr. W.R. Stoneman Provincial Advisor of the Technical Assistance
Team, Karachi.

The reccmmended equipment do®s not include vehicles, computers
and other office assessories.



Activities of ISM/R Pruject

Under the Irrigation System Management Research (ISM/R) Project,
also funded by the United State Agency for International
Development, central research units have been recommended in each

province. These wunits are placed under the Chief Engineer,
Irrigation Research Institute in the Punjab Province; Director,
Design and Hydrology in tii® Northwest Frontier Province;

Director, Hydrology and Research in the Sindh Province and the
Chief Engineer in Balochistan Province. The responsibilities of
these units are not confined to the moritoring of the canal
systems but also include geineral assessment of water resources
both surface water and groundwater and climatology.

The Government of Punjab and NWFP have already submitied the PC-I
proformas for these units. However, the quantity of hydraulic and

sediment equipment proposed in all four provinces is not
sufficient to routinely monitor the operation and performance of
the canal systems. Therefore, no c¢redit is given to this

equipment in assessing the equipment needs defimed in this
report.

Institutional Approach

An institutional arrangement for monitoring should be consistent
with the objective of a continuing monitoring effort after the
termination of the project. Based on discussions with the
provincial advisors, provincial coordinators and on the writer’s
experience, there 1is consensus that a :zentral unit generally
deteriorates over a period. The best approach is to make those
engineers responsible for data collection who will be using the
data in future.

The data collection efforts include:

(o) Routine Hydraulic Survey - to check operation and
performance of canals for reliability and equity of
water distribution

o Detailed Hydraulic Survey - to collect data for
future revision of design criteria

() Laboratory and Office Analyses, 1including
computerization and storing of data for future use.

A most feasible institutional arrangement will be to perform the
routine survey at divisional levels, and detailed survey and
office analyses at circle levels. This will avoid too much rAeed
of vehicles and will need anly limited additiopal staff. The
additional staff required at a circle levei will be one junior
research officer, three research assistants, two hydrographers,
two field assistants and cne driver. The number of circles and
divisions responsible for maincenance of canals are 21 and &2 in



Punjab,
in NWFP,

16 and 3% in Sindh, 3 and 11 in Balochistan and 4 and 12
respectively.

Equioment Cont

The equipment cost is estimated for three levels of possible

funding,
project.

and also for a reduced monitoring designated as a "pilot

Equipment provided at circle levels, the divisions will
borrow equipment from the circles for routine survey.

Adequate Operation

Divisions are equipped for routine survey and circles are
provided with equipment to perform detailed survey.

Full Operation

Equipment at same levels as for adequate operation, with
some additional equipment such as sonic sounders,
velocity counters, mechanical sieve shakers, etc.

Pilot Project

A pilot project approach is recommended as an alternate
to the above three operations. This 1is a viable
approach because this will provide an opportunity to
judge the response and willingness of irrigation
engineers and sub-engineers to perform the monitoring
efforts. Also 1initial cost of providing the equipment
will be reduced. The pilot project should be started 1in
five circles 1in Punjab, four in Sindh and two each in
NWFP and Balochistan. The monitoring activities should be
limited to routine hydraulic survey and limited sediment
data collection. The additional staff required at circle
level will be two research assistants and one office
assistant.

Equipment requirements are estimated based on providing
one piece of each item of equipment for a
division/circle, except two pieces of the equipment that
will be subjected to frequent wear and tear. Spares are
provided for about two years of operation.



Minirum Operatioun

Local Cost (Rs.) Foreign Cost (USS)

{Miliion) Million)
Punjab 2.25 0.3521
Sindh 1.66 0.397
Balochistan 0.30 0.071
NWFP 0.38 0.095
Total 4,59 1.084

—— — ——— t— . — - 1o — —— - ——— ————— —— ———
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Million) Million)
Punjab S5.07 1.142
Sindh 3.24 0.776
Balochistan Q.62 ' Q.167
NWFP 0.73 0.199
Total 9.66 2.284

Full Operation

fMillien) iMitlion)
Punjab . S.12 1.649
Sindh 3.27 1.123
Balochistan Q.62 0.228
NWFP 0.73 0.275
Total ?.74 3.275

Pilot Project

Local Cost (Rs.) Foreign Cost (USS)

fMillion) Million)
Punjab 0.30 0.229
Sindh 0.97 ¢.174
Balochistan 0.43 C.095
NWFP 0.39 0.081
Total 3.09 0.57%
The above cost does not include the cost for vehicles, computers

and office facilities. However, the cost of survey levels and
levelling statfs is included in the local cost component.



Training

As part of its agreement with the Federal Coordination Cell, the
Alluvial Channels Observation Project 1is providing limited
training to the sub-engineers (overseers), assistant engineers
(sub-divisional officers), and executive engineers. The Ffield
training is well organized. However, the training documents given

to the trainees are not designed to provide step-by-step
instructions to conduct routine and detailed surveys, and to
interpret, evaluate and analyse the data for checking the

operation and performance of the canals and for future design.
Also the 1irrigation staff cannot wutilize this training now
because of non-availability of equipment. Between today and the
procurement of equipment, they may forget whatever was learned.

At the time of delivery of the equipment to circles/divisions, a
new training program will have to be planned and implemented
under the supervision of a hydraulic/sediment monitoring

specialist. The training documents should be rewritten by the
specialist.

The new field and office trainirig program should be rconfined to
the procedures suitable for monitoring the operation and
performance ot the canals, and for collection of hydraulic
parameterrs and sediment characteristics for possible revision of
the hydraulic design criteria in future. The program may include,
but not be limited to, the following.

Field Methods

1. Canal Stage Measurement
Daily Observations
During Routine and Detailed Surveys

2. Canal Discharge Measurement
Wading Method
Boat Method
Calibrated Control Structures

3. Canal Sediment Sampling
Suspended Sediment
Bed Material

4, Watercourse Measurement
Wading Method
Portable flumes
Cutlet Geometry

3. Precautions and Potential Errors in Measurements

6. Laboratory Procedures for Sediment Analyses



Purpose of Canal Surveys
Methods of Stage and Discharge Measurements
Development of Stage - Discharge Relationships

Sediment Sampling and Analyses
Data Interpretation, Evaluation,

Compilation
Evaluation of Reliability of Water Delivery and Equity

of Water Distribution.

Reduction and



Introduction

This report was prepared by Khalid Jawed, Senior Hydrologist from
Harza Engineering Company, Chicago, during his assignment in
Pakistan as Hydraulic/Sediment Equipment Specialist on Irrigation
Systems Management (ISM) Project, Phase II, from December 7, 1990
through January 14, 1991 and August 05 to 16, 1991. The
informaticn provided and the opinions expressed in the report are
based on:

o Information/data available from various reports
prepared by Alluvial Channels Observation
Project (ACOP) on Irrigation Systems and

Rehabilitation and Management Project, Phase-I1I;

[w] Various reports and correspondence on ISMP-11
provided by Mr. Mehboob Karim, Monitoring gnd
Evaluation (M&E) Specialist, and Mr. Adil
Hasni, Training Specialist, Harza Engineering

Company, Islamabad;

(o] Meetings held with Provincial Advisors of
Technical Assistance (TA) team of Harza
Engineering Company and Provincial Coordinators
from Provincial Irrigation Departments (PIDs) of
Punjab, Northwest Frontier (NWFP), Sindh, and
Balochistan.

Background

The ISM project is intended to directly support the activities of
the PIDs in the construction, operation, and maintenance of
irrigation and drainage systems. Each department has extensive
field organisations and a provincial secretariat with officers
responsible for design, planning, equipment management, hydraulic
and sediment monitoring, and research. However, the capabilities
of each department vary widely in successfully performing their

responsibilities.

Irrigation systems of Pakistan are quite old and were dc signed
based on the accepted design criteria at that time. Over *he
period, the water supply sourcez to the canal systems have
changed due to the construction of storage reservoirs and
development of ground water. The canal systems are generally run
at discharges higher than the design cepacities to meet the
increased food demands of the increasing population. Under these
changed conditions, some of the channels have become stable but
others have problems. However, all channels need periodic
maintenance for efficient running.

Since the goal of the ISM project is increasing agricultural
production by improving the reliability of water delivery and the
equity of water distribution in the irrig. systems throughout the
four provinces, the activities of the project were directed to



rehabilitation planning and design, and physical improvements to
selected canal systems, to monitoring and evaluation of the
result of physical improvements, and provision of necessary
training to the PIDs staff to ensure future efficient operation
and maintenance of the systems. The TA team provides assistance
in each activity to the PIDs.

For rehabilitation planning and design of canals carrying
discharges higher than the design capacities and for redesign of
canal with hydraulic problems, the existing conditions of the
canals 1in respect of sufficient and reliable observed hydraulic
parameters and sediment transport rates were required in order to
us2 the state-of-the-art alld¥ial rhannel design eriteria. Thesa
data were not available with the PIDs. The primary reasons for
the non-availability of the data were:

- Absence of specialized instituticnal arrangement
to collect and analyse the data,

- Lack of interest among the engineering staff for
monitoring the operation and pertormance of the
canal system or inexperienced staff,

- Practically no hydraulic/sediment monitoring
equipment.

Because of current inability of the PIDs to collect
hydraulic/sediment data, the United States Agency for Int.
Development (USAID) through the Federal Coordination Cell, Office
of the Chief Engineering Advisor, Ministry of Water and Power
(FCC) engaged ACOP to collect necessary limited
hydraulic/sediment data to achieve the objectives of the ISM-II
project. This arrangement is temporary and will be terminated at
the end of the project. Each PID is required to gain tech.
knowledge of data collection, train its reqular staff for field
and office procedures, and perform all future monitoring for the
operation and performance of the canal systems.

The canal systems/subsystems for hydraulic/sediment data
collection by ACOP were selected by the PIDs for condition
surveys and redesign and by USAID for impact monitoring. The

details of these systems/subsystems are provided in an agreement
dated May 1989, between FCC and ACOP, and periodic progress
reports issued by ACOP. The tasks performed by ACOP include:

- Condi tion survey;

- Detailed hydraulic/sediment data collection on
problematic channels;

- Hydraulic impact evaluation of selected channels
proposed for rehabilitation;



- Training to PID staff in hydrologic, hydraulic,

sediment and morphologic data collection and
analysis.

The details of the above tasks and procedures to perform these
tasks are provided in the agreement dated May 1989 between FCC
and ACOP, and a letter dated Feb. 046, 1990 from Mr. Alvin P.
Newman, Chief Water Resources Division, Agricultural and Rural
Development, USAID, addressed to Mr. R. K. Anver, Secretary,
Irrigation and Power Department, Government of the Punjab,
Lahore.

Objective of the Report

The objective of this report is to help development of an
effective hydraulic/sediment monitoring program in each PID to
monitor the operation and performance of its canmal and drainage
systems. The major tasks are:

1. Assess hydraulic/sediment monitoring equipment
needs of each PID for its canal system;

2. Prepare alternate equipment procurement lists and
specifications for different levels of possible
funding by USAID;

3. Investigate local availability ot the equipment and
evaluate its suitability for the monitoring
program;

4, Prepare cost estimates based on alternative

equipment procurement lists in local and foreign
somponents;

S. Suggest an appropriate institutional approach for
each province for hydraulic/sediment monitoring of
its canal systems;

6. Evaluate the hydraulic/sediment monitoring training
program being carried out by ACOP and suggest any
desirable modification;

7. Prepare a follow-up monitoring program for each
province.
Scope of the Report
The report covers the following major topics.
Hydraulic/Sediment Monitoring by PIDs
Equipment Requirements of Punjab Province

Equipment Requirements of Sindh Province
Eqguipment Requirements of NWF Province

0Oo0o0QO



Equipment Requirements of Balochistan Province
Training of PIDs Personnel
Recommended Monitoring Program for PIDs.
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Hydraulic/Sediment Monitoring by PIDs.

Project Regquirements

The ISM-II project is designed to develop capabilities in each
PID so that after the completion of the project, the PIDs can
assure a sustainable system of irrigation operation and
management without any external help. Technical assistance for
the project is divided into six components:

Rehabilitation/Civil Works

Operation and Maintenance

Equipment Management and Utilization
Monitoring and Evaluation
Computerization

Training

0o0000O

Under the component of "Monitoring and Evaluation," the TA team
is to help the PIDs develop the capabilities for monitoring the
operation and performance of their irrigation and drainage
systems by collecting and evaluating the hyd+~aulic, sediment and
morphological data. These data are essential for the future
rehabilitation or redesign of the system. The type of data
reguired to be collected by the PIDs will include:

1, History of systems/sub-systems

Sedimentation in channel bed

Excessive silt movement through outlets
Continuous shortages nn the outlets at tail
Encroachment on canal freeboard

Overgrowth on berms

Frequent canal breaches

000000

2. Hydraulic Parameters

o Discharges measured by current meters at head and
tail, and at other requlating structures

o Discharges estimated at regulating structures using
empirical relationships

o Discharges measured by current meters and by
empirical relc-ionships at outlets, and geometry of
outlets

o Water surface profiles for selected reaches of the
systems/subs-systems, within these reaches also
collect:

~ Cross sectional profiles at four locations
- Discharge measurement at one of the cross

section 1including velocity profiles at three
verticals

11



I. Szdiment Observations

(s] Depth integrated samples at 3 to 10 verticals
depending upon the width of channel, at the cross
section where discharge was measured.

o Bed material samples at three verticals (1/6, 172,
S5/6 of width)

o Bcil samples at regulators
4, Morphological Data
o Longitudinal profiles of canal beds

o Cross sectional profiles at selected intervals
within a study reach

. 3. Laboratory and Dffice Analyses

o Suspended sediment and bed mat.r-ial samples
analysis

o Cataloguing and computerization of data

The historv of systems/sub-systems will help the PIDs to identify
the problems with the systems. A channel reach may be considered
problematic if one or more of the following is true:

Canal cannot pass the design discharge
Chronic shortages exist at the tail
Periodic silt clearance is required
Frequent breaches occur

Berms are overgrown

Heavy silt passes through outlets

oOoaGgoo0oQpaO

The PIDs, based on the evaluatiocn of the hydraulic, sediment and
morphological data will take the necessary corrective measures.
If a canal is problematic, it should be redesigned. If a canal is
non—-problematic but is carrying discharqe higher than the design
capacity and also needs some modificat.on to the outlets, it
should be rehabilitated.

The hydraulic data will help to check the reliability and equity
of the system. Relishility is defined as "averaqe percent of days
that a planned water supply was available toc the tail outlets."
Equity is considered as a relationship between water delivery to
the farmers nedar the head versus the farmers near the tail. This

is analysed by comparing the ratio of delivered discharge to
design discharge in the head reach versus tail reach outlets.

12



The above project requirements can be further reclassified into
three categories:

o Routine Hydraulic Survey
o Detailed Hydraulic/Sediment Survey
o Laboratory and Office Analyses
The routine survey will essentially involve: updating the

performance history of the system/sub~system, at least three or
four discharge measurements by current meter during the year at
selected locations on the canals (head, tail and other requlating
structures), comparison of measured and computed discharges (from
empirical relationships of requlating structures or old stage-
discharge relationships), comparison of measured (by current
meter) and computed (by empirical relationships) discharges of
outlets, and survey of longitudinal profiles of canal beds and
cross sectiona. profiles during closure of the system/sub-system.
This survey will provide data on the operation and performance of
the systems and help to identit+y the canals that need
rehabilitation or redesign.

The detailed hydraulic/sediment survey should be conducted
periodically on se.ected sub-reaches of problematic canals. This
will include: survey of water surface profile, discharge
measurement and vertical velocity profiles at a selected location
within tre sub-reach, at least four cross sectional profiles,
suspended and bed material sampling, and 1longitudinal bed
profile. This survey will provide data to update the hydraulic
design criteria from time to time.

The office analyses will involve establishment and maintenance of

sediment laboratory, and cataloquing and computerization of the
hydraulic/sediment data.

Surrant Monitoring Practices:

According to general irrigation practices the field divisions of
the PIDs are required to update the history of the systems,
collect some hydraulic data including discharges on a routine
after every five years basis, and observe longitudinal and cross
sectional profiles durirg the closures of the canals. However,
over the years, this pr:ctice has been discontinued because of
the reasons discussed urder the section entitled "Background”.
Currently, these observations are only made by the PID field
divisions on the systems which need repair or improvement.

Type of Eguipment

Since this report primarily addresses the requirements of each
PID to monitor the operation and performance of its irrigation
and drainage systems, the equipment is selected consistent with
these two functions. The PIDs also may need equipment for
monitoring flow and sediment in the natural streams, for

13



measuring climatic parameters to determine irrigation water
requirements or to perform sedimentation survey in existing
reservoirs. The equipment for these tasks is not included. The
selected equipment 1is only suitable for measuring canals and
drains and includes:

1. Hydraulic Egquipment:

Current meters, wading rods, tag lines, headsets,
velocity counters, stop watches, waders, boat
improvizement sets, sounding reels and accessories,

sounding weights, staff gages, water level recorders and
survey slevels.

2. Sediment sampling Eguipment:

Handheld and cable suspended depth integrating suspended
sediment samplers and bed—-material samplers.

3. Laboratory Eguipmaent:

Sediment concentration and particle size analysers;
balances, ovens, sieve sets, pipette, desiccators,
evaporating dishes, cylinders, beakers, etc.

Basis for Equipment Needs

The equipment requirements for each province are discussed in the
subsequent sections. These requirements are assesszd based on the
following criteria:

(a] Numbers of regions (chief engineers), sub-regions
(superintending engineers), divisions (executive
engineers) and sub-divisions (sub-divisional

officers)

o Areal extent (physical locations) of regional, sub-
regional, divisional and sub-divisional offices.

(a] Minimum transport nerd to monitor operation and
performance of the system

(=] Maximum participation of field staff

14



Equipment Requirements of Punjab Province

Field Vvisit

A field visit was made to Lahore from December 31. 1990 to
January 3, 1991. The purpose of the visit was to discuss with the
Provincial Advisor of the TA team, Mr. Rue Boswell, and tne
Provincial Coordinator of the PID, Mr. C.M. Ashraf, (1) the
institutional aporoach for future monitoring of the ecperation and
performance of the irrigation canal and drainage systems and (2)
to assess the type and quantity of hydraulic/sediment monitoring
equipment required by the PID. The following persons also were
contacted to better understand the previous and current
monitoring practices in the province and the type of equipment in
use.

1. Mr. Rami z Afhmed Malik, Chief Engineer PID
(retired), 0O&M Specialist, Harza TR team,

2. Mian Abdul Khaliq, Superintending Engineer PID
(retired), Harza TA team,

3. Mr. M. Qayyum Bhatty, Senior Research Officer,
Irrigation Research Institute, PID,

4, Tariq Masood, Director Hydrology, and Research,
WAPDA.

The following informaticon was obtained during discussions with
the above persons:

1. About 62 divisions and 21 circles under the control
of five regional chief engineers are responsible
for monitoring the operation and performance of the
canal and drainage systems.

2. A list of equipment was provided which included
fibre glass boats, life jackets, current meters,
wire rope, sounding reels, meter flumes, velocity
rods, echo scunders, sounding rods, stop watches,
depth integrating samplers, bed load samplers, and
analytical balances. The number of each item was
based on two to eight sets per division. The
qQuantity required was judged to be too high. It was
pointes 2ut that instead of using meter flumes,
sounding rods or velocity rods, latest equipment to
measur= discharge and depth of water should be
used. Mr. Ashraf agreed and asked to reframe the
list according to the criteria selected by Harza.
Also bed 1oad samplers are not required. Bed
material samplers will be needed.

3. PID wused to collect hydraulic data on the canal
system but over the vyears, this practice has
deteriorated. Currently, the problematic canals are
judged by field inspections only.

4, Discharge Division Lahore is equipped with

15



instruments *o measure discharges. Its activities
are confined to river discharge measurements. It
has never been involved in canal measurements.

S. At headworks, the executive engineers headworks
have current meters which are used to measure
diversions into the canals at the barrages. The
executive engineers in charge of canals
occasionally make discharge measurements, mostly
using velocity rods.

6. C.M. ARchraf agreed that the routi.ie monitoring to
check the operation and performance of the canals
should be at divisional levels while the detailed
hydraulic and sediment data collection, and office
analysis, including sediment laboratory should be
at circle levels.

7. A few manufacturers in Lahore can provide wading
rod sets, sounding weights, boat improvizment sets,
hanger bars, flat bottom fibre glass boats, levels

and accessories (imported, locally available),
staff gages, depth integrating samplers and stop
watch (imported, locally available). The costs of

these items were obtained through Mr. Tariqg Masood.

Irrigation and Drainsge Systems

The 1irrigation and drainage systems in the Punjab Province are
under the administrative control of five chief engineers. The
number of field units responsible for operation and maintenance
of canal and drainage systems are given in Table 1. This table
does not include the tubewell divisions, divisions working under
the Chief Engineer Floods and Chief Engineer Coordination, and
the ivisions responsible for bunds (levees). There are five
chief engineers (regions), 21 superintending engineers (circles),
62 divisions and 270 sub-divisions.

Activities of ISM/R Project

Under the Irrigation System Management Research (ISM/R) Project,
some hydraulic equipment was recommended for the Irrigation
Research Institute, (IRI), Lahore. This equipment is only
sufficient for the routine operation of the IRI. However, it was
learned from Mr. M. Rayyum Bhatty, SRO, that the IRI has prepared

a PC-1 proforma entitled, "Strengthening, Modernization and Re-
organisation of Irrigation Research Institute, Lahore dated June
1990." In this proforma, a field unit is proposed for hydraulic

and sediment monitoring. A cost estimate of about 4.5 million
rupees 1is shown to procure sediment samplers, current meters,
water level recorders and other undefined equipment. The
responsibilities of the field unit are not defined. Mr. Bhatty
could not explain whether this unit is supposed to replace the

16


http:routi.je

monitoring duties of canal divisions and circles. Because of
uncertainty about the responsibility of the proposed unit, this
is assumed to be non-overlapping with the monitoring proposed in
this report.

Recommended Institutional Approach

As discussed wunder the section entitled, "Hydraulic/Sediment
Monitoring by PIDs", three tasks are identified.

o Routine Hydraulic Survey
la] Detailed Hydraulic/Sediment Survey
o Laboratory and Office Analyses

Four alternative institutional arrangements can be considered to
perform the above tasks.

1. A central unit for the province

2. Regional units under chief engineers

3. Sub-regional units under superintending engineers
4, Divisional units under executive engineers

A central unit for the whole province is technically not feasible
because the routine survey must be performed under the
administrative and technical control of the executive engineers
or superintending engineers incharge of the maintenance works. If
the survey is performed by a central unit, the local engineers
may not cooperate with the survey parties. Also because of the
large irrigation system, the transport need and its maintenance,
and additional staff required for the surveys will require a
large annual budget.

If the central unit is made responsible only to obtain the data
from the field units, interpret, analyse and prepare the data for
further use, there will be problems with the accuracy of the data
collected by the field staff. This may creatz controversies
between the central unit and field units, adversely aftfecting the
monitoring system.

Having the monitoring units at divisional levels responsible for
field data collection and office analyses will be highly
desirable. However, this will require a large field and office
staff and equipment for the &¢C divisions in the province.

A most feasible institutional arrangement recommended for the
province will be to perform the routine survey at divisional
levels and detailed survey and office analyses at a sub-regional
(circle) levels. The superintending engineers, incharge of the
Circles will be technically and administratively responsible for
the work done by the circle staff and by the divisions under
their control. The data collected by the divisions will be sent
to the circles for review, analyses and future use. By performing
the routine surveys, the executive engineers will obtain first
hand infor.ation on the operation and maintenance of their canal
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systems. Because these surveys will be performed by the sub-
divisional officer and sub-engineers responsible for the
maintenance of the canals, no additional staff will be required.
If these engineers are transferred, they will carry their
expertise to other divisions. This will ensure a continuous
monitoring system. Additional staff will be required for the
sub-regions (circles).

Generally, the sediment analysis is made by research type staff
(non-engineers) in the PIDs and WAPDA. Therefore, non-engineering
staff (for minimum, adequate or full operation) is recommended
for the sub-regions. The staff should include:

Designation Number
Junior research officer 1
Research assistant 3
Hydrographer 2
Field assistant 2
Driver 1

An alternative would be to perform the routine survey at sub-
regional level, and detailed survey and office analyses at
regional (chief engineer) level. This will reduce the quantity of
equipment but will need additional staff and transport at both
regional and sub-regional levels. Provision of a large additional
staff on regular basis may not be feasible because of budgetary
constraints imposed from time to time. Also because of the large
carnal systems operated by the superintending engineers, the
routine survey may not be performed successfully on schedule.

Equipment Needs

Equipment needs of the Punjab Irrigation Department are estimated
for three levels of possible funding by the USAID. The levels are
based on the following criteria:

1. Minimum Operation

Basic equipment provided at sub-regional level to
conduct routine and detailed surveys, and to
perform laboratory and office analyses. However,
the divisional offices will actually perform the
routine survey by borrowing the equipment from the
circle offices.

2. Adeguate Operation

Basic equipment provided at sub-regional level to
conduct detailed survey and to perform laboratory
and office analyses, and also at divisional level
to conduct routine survey.
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3. Full Opesration

Equipment at same levels as for the adequate
operation with additional equipment.

The type and quantity of equipment for the minimum,
adequate and full operations are listed in Table 2. The
requirements are estimated assuming one piece of each
item of equipment for each circle or divisicn, except two
pieces of the equipment that will be subjected to
frequent wear and tear. For wminimum operation, the
equipment is provided at circle levels. For the adequate
operation, hydraulic equipment is provided at divisional
levels while the sediment measuring and analysis
equipment is provided at circle levels. The full
operation is same as the adequate operation except that
additional water level recorders, and sonic sounders,
velocity counters, motorized sieve shakers and desiccabs
are provided.

The quantity of equipment and cost of each item, with
specifications and names of suppliers are given in Tables
3 and 4 for minimum and adequate operations. The total
cost is summarized below. The full operation cost is
estimated by adding the cost of about 62 velocity
counters, 21 sonic sounders (with spares), 21 motorized
shakers, 21 desiccabs, &2 sounding weights (30 1lbs) and
62 additional water level recorders (with spares) to the
cost of adequate operation.

Minimum Operation

Local Cost, Rs. 2,250,000
Foreign Cost, US $ 520,990

Adequate Operation

Local Cost, Rs. 5,070,780
Foreign Cost, US $ 1,142,130

Full Operation

Local Cost, Rs. 3,160,000
Foreign Cost, US % 1,648,600

The above cost does not include the cost of providing
vehicles and office equipment for data reduction. Also
the cost of additional ctaff for the monitoring
activities in the circle offices is not included.
However, the cost of survey equipment, (levels and
levelling staffs) is included in the local cost.

19



Pilot Projact

A pilot project approach is recommended as an alternative
to the above three operations. The hydraulic/sediment
monitoring should be initiated in five selected circles
only. This will reduce the initial cost of equipment and
also will provide an opportunity to judge the response
and enthusiasm of the PID to tine monitoring efforts, the
willingness of engineers and sub-engineers to monitor the
canal systems under their control along with their
routine duties, and to check the difficulties faced by
the PID to employ research staff for sediment analysis
and office work. The five selected circles are:

1. Lahore Zone (Chief Engineer, bLahore)
Upper Chenab Canal Circle, three divisions.

2. Sargodha Zone (Chief Engineer, Sargodha)
Lower Jhelum Canal Circle, four divisions.
3. Multan Zone (Chief Engineer, Multan)
Muzaffargarh Canal Circle, three divisions.
4, Faisalabad Zone (Chief Engineer, Faisalabad) lower
Chenab Canal East Circle, Faisal abad, three

divisions.

S. Bahawalpur zone (Chief Engineer, Bahawalpur)
Bahawal pur Canal Circle, Bahawal pur, three
divisions.

Hydraulic monitoring will be confined to the routine
survey and limited sediment sampling of suspended and bed
material and will be done at the divisional 1levels.
Detailed hydraulic/sediment monitoring for evaluating
canal design criteria will not be performed. Sediment
sample analysis, field data evaluation and record keeping
will be done at the circle level. Two research assistants
and one office assistant will be required in the circle
for this work. The cost of equipment will be about Rs.
1,298,700 and US $ 228,700 including 10 percent freight
for foreign equipment (Table 5). The cost is based on
five circles and 16 divisions.
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Equipment Reguirements of Sindh Pravince

Field Visit

A field visit was made to Karachi from 11th to 13th of December
1990. The purpose of the visit was to discuss with the Provincial
Advisor of the TA team, Mr. William R. Stoneman, and the
Provincial Coordinator of the PID, Mr. Nasir Ali Rajput, (1) the
institutional approach for future monitoring of the operation and
performance of the irrigation canal and drainage systems and (2)
to assess the type and quantity of hydraulic/sediment monitoring
equipment required by the PID. The following persons also were
contacted to better understand the current monitoring practices
in the province and to determine the type of available equipment,

if any.

1. Mr. Mir Mohammad Almani. Director Hydrology and
Research

2. Mr. Abdul Majid Abro, Executive Engineer, ACOP

3. Mr. Mohammad Munir, Senior Research Officer, ACOP

4, Mr. Gul Mohammad, Workshop Superintendent, Kotri

3. Mr. Khalid Masood, Design Engineer, Harza, ISM-II.

The following information was obtained during discussions with
the above persons.

1. Irrigation divisions in the province used to
observe water levels at selected locations on the
canal system, bed conditions during closure of the
canals, depth of water below regulating structures,
canal freeboards, etc., practice was discontinued
primarily due to day-to-day operations and other
functional requirements of limited field staff.

2. Practically, there is no hydraulic/sediment
monitoring equipment with the field divisions
except a few locally made current meters (Gurley
type) with the headworks divisions. These meters
are used to measure main canals discharge at the
headworks. For any special discharge measurement
(in case of dispute over water allocation among
different divisions), the Hydrolpqy and Research
Directorate 1is requested to make current meter
measurem:ants.

3. Sub-divisional officers (graduate engineers) and
sub-engineers are busy on other work tasks and pay
little attention to hydraulic monitoring. However,

the conditions are changing. If equipment and
training are provided to the engineers and sub-
engineers, they may keep up the work.

4, Hydraulic/sediment equipment is needed on a
divisional basis for routine monitoring. Some of



the expensive equipment may be provided on a circle
basis.

S. Some additional staff and transport will be
required for the monitoring.

6. Kotri Discharge Sub-Division, working under the
administrative control of the Hydrol ogy and
Research Directorate has capabilities of

manufacturing Gurley current meters, velocity rods,
y-rods and enamelled staff gages. However, Mr. Gul
Mohammad, the workshop superintendent is an old,,
man, working on work-charge basis after.retirement.
The younger staff is not well trained. The workshop
can produce about 15 to 20 current meters per year.
A general complaint about these meters (as
explained by Mr. Mohammad Munir, ACGP) is that the
brass bearing wears out after a few discharge
measurements. This affects the current meter
rating.

Irrigation and Drainage Systems

The 1irrigation and drainage systems in Sindh Province are under
the administration control of four chief engineers. The number of
field units responsible for operation and maintenance of canal
and drainage systems are given in Table &. This table does not
include the tubewell divisions or divisions responsible for the
maintenance of bunds. There are four regional offices (Chief
engineers), 16 sub-regions (circles), 39 divisions and 153 sub-
divisions.

Activities of ISM/R Project

Under the Irrigation System Management Research (ISM/R) Project,
some hydraulic monitoring equipment was recommended for Soil
Mechanics and Hydraulic Laboratories at Hyderabad. This equipment
is only sufficient for the routine operation of the laboratories.
The field units of the PID need equipment as recommended in this
report.

Recommended Institutional Approach

As discussed under the section entitled, "Hydraulic/Sediment
Monitoring by PIDs," three tasks are identified:

o Routine Hydraulic Survey

o Detailed Hydraulic/Sediment Survey

o] Laboratory and Office Analyses
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Four alternative institutional arrangements can be considered to
perform the above tasks:

1. A central unit for the province

2. Regional units under Chief Engineers

3. Sub-regional units under superintending engineers
4, Divisional units under executive engineers

A central unit for the whole province is technically not feasible
because the routine survey must be performed under the
administrative and technical control of the executive engineers
or superintending engineers incharge of the maintenance works. If
the survey is performed by a central unit, the local engineers
may not cooperate with the survey parties. Also because of the
large irrigation system, the transport needs and its maintenance,
and additional staff required for the surveys will require a
large annual budget.

If the central unit is made responsible only to obtain the data
from the field units, interpret, analyse and prepare the data for
future use, there will be problems with the accuracy of the data
collected by the field staff. This may create controversies
between the central and field units, adversely affecting the
monitoring system.

The monitoring units at divisional levels responsible for field
data «collection and office analyses will be highly desirable.
However, this will require a large field and office staff and
equipment for the 40 divisions in the province.

A most feasible institutional arrangement recommended for the
province will be to perform the routine survey at divisional
level, and detailed survey and office analyses at a sub-regional
(circle) level. The superintending engineers incharge of the
circles will be technically and administratively responsible for
the work done by the circle staff and by the divisions under
their control. The data collected by the division will be sent to
the «circles for review, analyses and future use. By performing
the routine surveys, the executive engineers will obtain first
hand information on the operation and maintenance of their canal
systems. Because these surveys will be performed by the sub-

divisional officer and sub-engineers responsible for the
maintenance of the canals, no additional staff will be required.
If these engineers are trancsferred they will carry their

expertise to other divisions. This will ensure a continuous
monitoring system. Additional staff will be required for the
sub-regions (circles).

Generally, the sediment analysis is made by research type staff
(non-engineers) in the PIDs and WAPDA. Therefore, non-engineering
staff (for minimum, adequate and full operation) is recommended
for the sub-regions. This staff should include:



Junior research officer 1
Research assistant 3
Hydrographer 2
Field assistant 2
Driver 1

An alternative would be to perform the routine survey at sub-
regional level, detailed survey and office analyses at regional
(chief engineer) level. This will reduce the quantity of
equipment required but will need additional staff and transport
both at regional and sub-regional levels. Provision of additional
staff on regqular basis may not be feasible because of budgetary
constraints imposed from time to time. Also because of large
canal systems operated by the superintending engineers, the
routine surveys may not be performed successfully on schedule.

Equipgment Needs

Equipment needs of the Sindh Irrigation Department are estimated
for three levels of possible funding by the USAID. The level are
based on the following criteria:

1. Minimum Operation

Basic equipment, provided at sub-regional level

(circle) to conduct routine and detailed surveys
and to perform laboratory and office anal yses.
However, the divisional offices will actually

perform the routine survey borrowing the equipment
from the circle offices.

2. Adequate Operation

Basic equipment provided at sub-regional level to
conduct detailed survey and to perform laboratory
and office analyses, and also at divisional level
to conduct routine survey.

2. Full Operation

Equipment at same levels as for the adequate
operation with additional equipment.

The type and quantity of equipment for the minimum, adequate and
full operations are listed in Table 7. The requirements are
estimated assuming one piece of equipment for each circle or
division except two pieces of the equipment that will be
subjected to frequent wear and tear. For minimum operation, the
equipment 1is provided at circle levels. For the adequate
operation, hydraulic equipment is provided at divisional lavels
while the sediment measuring and analysis equipment is provided
at circle 1levels. The full operation is same as the adequate
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operation except that additional water level recorders, and sonic
sounders, velocity counters, motorized sieve shakers and
desiccabs are provided.

The quantity of equipment and cost of each item, with
specifications and names of suppliers are given in Tables 8 and 9
for minimum and adequate operations. The total cost is summarized
below. The full operation cost is estimated by adding the cost of
about 39 sounding weights (30 1lbs), 39 velocity counters, 16
sonic sounders, 16 desiccabs, 16 motorized shakers and 39
additional water level recorders to the cost of adequate
operation.

Minimum Operation

Local Cost, Rs. 1,657,000
Foreign Cost, US $ 397,500
Adequate Operation
Local Cost, Rs. 3,240,000
Foreign Cost, US $ 766,100

Full Operation

Local Cost, Rs. 2,270,000
Foreign Cost, US $ 1,123,000

The above cost does not include, the cost of providing
vehicles and office equipment Tor data reduction. Also

the cost of additional staff for the monitoring
activities 1in the circle offices 1is not included.
However, the cost of survey equipment levels and

levelling staff is included in lpcal cost.

Pilot Project

A pilot project approach is recommended as an alternative
to the above three operations. The hydraulic/sediment,
monitoring should be initiated in four selected circles

only. This will reduce the cost of equipment and also
provide an opportunity to judge the response and
enthusiasm of the PID to the hydraulic/sediment
monitoring effort=, the willingness of engineers and

sub-engineers to nonitor the canal systems under their
control along with their routine duties, and to check the
difficulties faced by the PID to employ research staff
for sediment analysis and office work. The four selected
circles are:

1. Kotri Zone (Chief Engineer, Kotri)
Finyari Canal Circle, two divisions



2. Sukkur Zone (Chief Engineer, Sukkur)
Rohri Canal Circle, five divisions
Nara Canal Circle, three divisions.

3. - Guddu Canal (Chief Engineer, Sukkur) Begari Sindh
Feeder Circle, two divisions.

Hydraulic monitoring will be confined to the routine
survey and limited sediment sampling of suspended and bed
material and will be done at the divisional levels.
Detailed hydraulic/sediment monitoring for evaluating
design criteria for the alluvial canal will not be
performed. Sediment sample analysis, field data
evaluation and record keeping will be done at the circle
levels. Two research assistants and one office assistant
will be required in the circle for this work. The cost of
equipment will be about Rs. 968,300 and U.S.$%$ 173,600
including 10 percent freight for foreign equipment (Table
10). The cost is based on four circles and 12 divisions.
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Equipment Regquirements of Balochistan Province

Field Visit

A field visit was made to Quetta from December 14 to 19, 1990.
The purpose of the visit was to discuss with the Provincial
Advisor of the TA team Dr. Carlos . Gandarillas, and the
Provincial Coordinator of the PID, Mr. Shirin Khan Luni, (1) the
institutional approach for future monitoring of the operation and
performance of the irrigation canal and drainage systems and (2)
to assess the type and quantity of hydraulic/sediment monitoring
equipment required by the PID. The following persons also were
contacted or met during the meetings to better understand the
previous and current monitoring practices in the province and the
type of equipment in use, if any.

1. Mr. Mohammad Amin, Chief Engineer, :*ID.

2. Mirza Saeed Beg, Chief Design Engineer, PID.

3. Mr. Fazal Din Khan Mandokhel, Superintending
Engineer, PID, Kalat.

4, Mr. Mohammad Usman Bab, Director Planning and
Development, PID

S. M-. Ali Akbar Zehri, Executive Engineer, Pat Feeder
Canal, PID, Dera Murad Jamal

6. Ch. Abdul Majeed, Superintending Engineer
(Retired), D&M Specialist, Harza, Quetta

7. Sh. Mohammad Hussain, Resident Engineer, NESPAK,
Quetta

8. Mr. Abdul Mujeeb, Senior Engineer, ACOP, WAPDA.

The following information was obtained during discussions with
the above persons:

1. Practically no hydraulic/sediment monitoring
equipment exists in the PID. Mr. M. Amin wants to
create a hydrology division to work with WAPDA for
training. Also FID does need equipment to monitor
operations and performance of the canals.
Binoculars also are required to read gages on the
rivers during the floods.

2. Dr. Garcdarillas thinks that a cintralized
monitorirg unit stationed at Quetta is not
advisable. First, the unit will have to travel over
a large area and second, no engineer or sub-
engineer will like to be stationed at QRuetta.

3. Pat Feeder amd Kirthar canals are unlined. The rest
of the canals are small and lined or will be lined
under the rehabilitation proaram., Therefore,
sediment sampling equipment may not be needed in
most of the divisions.

4, Hydraulic/Sediment Monitoring should be done on
divisional basis.
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3. Generally, most of the canals are small with steep
slopes, construction of permanent structures such
as broad-crest weir will be desirable to measure
discharges. However, current meter measurements
will be needed to check the calibration of these
structures.

6. Water courses may be measured with portable flumes
or pygmy current meters.

7. Dr. Gandarillas apprehends that the monitoring

equipment may not be successfully used primarily
due to turn-over of personnel in the department.

Irrigation and Drainage Svstems

The 1irrigation and drainage systems in the Balochistan Province
are under the administrative control of one chief engineer
stationed at Quetta. The number of field units responsible for
operation and maintenance of canal systems, are given in Table
11. This table does not include the tubewell divisions, planning
divisions and divisions responsible for maintenance of bunds.

There are one chief engineer, three circles (superintending
engineers), eleven divisions (executive engineers) and twenty
five sub—-divisions.

Mr. Jalil-ud-Din Ahmad USAID Project Officer of the Irrigation
System Mariagement Research (ISM/R) was contacted to determine any
provision made for hydraulic/sediment monitoring equipment under
his project. A list of equipment could not be obtained. However,
Mr. Ahmad indicated that the equipment may not be sufficient for
all divisions.

Recommended Institutinonal Approach

A detailed discussion on alternative institutional approaches is
provided for the Punjab and Sindh Provinces. In view of the
locations of the irrigation systems, scattered all over the
province, a most viable institutional arrangement will be the
same as recommended for the Punjab or Sindh Province, that is,
routine survey at divisional levels and other monitoring and
office activities at circle levels.

The additional staff required in each circle will include:

Designation Numter
Junior research officer 1
Research assistant 2

28



Hydrographer 1
Field assistant 2
Driver 1

Egquipment Needs

Equipment needs of the Balochistan Irrigation Department are
estimated for three levels of possible funding by the USAID, as
discussed 1in details for the Punjab and Sindh Provinces. These
levels are designated as minimum operation, adequate, operation,
and full operation. The type and quantity of equipment for these
operations are listed in Table 12. The equipment requirements are
estimated assuming one piece of each item of equipment for each
circle or division except two pieces of the equipment that will
be subjected to frequent wear and tear. For minimum operation,
the equipment 1is provided at circle levels. For the adequate
operation hydraulic equipmepnt is provided at divisional levels
while the sediment measuring and analysis equipment is provided
at circle levels. The full operation is same as the adequate
operation except that additional water level recorders, and sonic
sounders, velocity counters, motorized sieve shakers and desiccab
are provided.

In the EBEalochistan Province, most of the canals are small and
steep. This will not need boats and related accessories for flow
measurements. Therefore, the equipment for discharge measurements
using boat and for suspended sediment sampling from boat, is not
based on the number of divisions in the province.

The quantity of equipment and cost of each item, with
specification and names of suppliers are given in Tables 13 and
14 for minimum and adequate cperations. The total cost is
summarised below. The full operation cost is estimated by adding
the cost of 11 velocity counters, one sonic sounder (with
spares), 11 additional water level recorders (with spares), three

motorized sieve shakers, four 30-lbs sounding weights and three
desiccabs.

Minimum Operation

Local Cost, Rs. 304,400
Foreign Cocst, US % 71,400

Adequate Operation

Local Cost, Rs. 618, 80O
Foreign Cost, US % 167,300

Full Operation

Local Cost, Rs. 621,900
Foreign Cost, US % 228, 200
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The above cost does not include the cost of providing
vehicles and office equipment for data reduction. Also

the cost of additional staff for the monitoring
activities in the <circle offices is not included.
However, the cost of survey equipment (levels and
levelling staffs) 1is 1included in the local cost
component.

Pilot Project

To be consistent with the approach of pilot project in
the Punjab and Sindh provinces, the hydraulic/sediment
monitoring should be initiated in two circle only. As
stated earlier, this will provide an opportunity to judge
the response and enthusiasm of the PID to monitoring
efforts, the willingness of engineers and sub-engineers
to monitor the canal systems under their control along
with their routine duties. The Pat Feeder and Sibi Circle
located at Dera Murad Jamali and Irrigation Circle,
Quetta should be selected for these purpose. There are
eight divisions in these circles.

Hydraulic monitoring will be confirmed to the routine
survey and limited sediment sampling of suspended and bed
material, and will be done at the divisional levels.
Detailed hydraulic/sediments monitoring for evaluating
design criteria for the alluvial canals will not be
performed. Sediment sample analysis, field data
evaluation and record keeping will be done at the circle
level. Two research assistant and one office assistant
will be required for this work. The cost of equipment
will be about Rs. 431,000 and U.S. $ 95,370 including 10
percent freight for foreign equipment (Table 15). The
cost of providing permanent flow measuring structures
such as flumes, weirs, etc. is not included. This should
be done by the PID on a need basis.
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Equiprent Requirements of Northwest Frontier Province

Fiele Vvisit

A meeting was arranged on December 21, 1990 in Islamabad with Mr.
Gene F. White, Provincial Advisor of the TA team in Peshawar,
because he was leaving for vacation. The institutional
arrangement for monitoring and equipment needs of the NWFP was
discussed. Mr. White provided the following information:

o Mr. White was not sure whether the PID is
undertaking routine survey to monitor the operation
and performance of its canal systems.

o Sizes of the canals are relatively small. Some of
the canals are lined and sediment is not much of a
problem. The canals in Bannu and Swat Canal Systems
are unlined. These may need sediment sampling.

o In NWFP, the canals are designed using the
Manning’s equation.

o Echo sounder may be needed in Swat Canal or some
canals in Bannu but not essential .

o Hydraulic/Sediment monitoring will be best at
divisional levels but if funding is a constraint,
the monitoring at circle levels may be sufficient.
At circle level, there will be some problem of
transport. There is some transport available at
divisional level.

o Sediment has ruined the pumps at Warsak Lift Cancl
but there 1is not much problem in the canal. In
Bannu area, coarse sediment is a problem in the
canals.

A field visit was made to Peshawer on December 26, 27, 1990. The

purpose of the visit was to discuss with the Provincial
Coordinator of the PID, Mr. Saleem Ullah Khan (1) the
institutional approach for future monitoring of the operation and
performance of the irrigation canal and drainage systems and (2)

to assess the type and guantity of hydraulic/sediment monitoring
equipment reiuired by the PID. The following persons also were
qontacted.

1. Mr. Ayub Jan, Executive Engineer, Assistant to
Provincial Coordinator.

2. Mr. Mohammad Wasil Sathi, Executive Engineer,
Hydrology.

3. Mr. Allah Bux Baloch, Executive Enginear, Warsak
Canal.

4, Dr. Farhat Javed, Design Engineer, ISM-1I Project.

S. Mr. Hashmat Ullah Awan, Director Water Sector

Investment Planning cell, PID.
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The following information was obtained during discussions with
the above persons,

1. Practically no hydraulic/sediment monitoring
equipment exists with executive engineers in-charge
of the canal systems. Hydrology Division is well
equipped with discharge measuring equipment but the
field operation is greatly affected due to lack of
transport.

2. Hydrology Division personnel lack training in
discharge measurements and instailatiocn ef oage and
discharge measuring facilities. There is an

immediate need for training.

3. Canal divisions will require additional staff for
monitoring the operation and performance of the
canals. Mr. A.B. Baloch feels that the canal

divisions are over loaded with routine work. A
central wunit for the whole province may be more
feasible. However, during the discussions, he
agreed to a divisional/circle level monitoring. The
major problem expressed by him was the transport in
the divisions.

4, Mr. A.B. Baloch is interested in echo sounders, not
necessarily for canals but for monitoring sediment
in Baran Dam.

S. Mr. Awan told that some canals in the PID are under
the administrative control of deputy commissioners.
Whenever the civil authorities find some problem
with the canal performance, they ask the irrigation
department for rehabilitation. The PID is not
performing any inspection on these canals.

Irrigation and Drainage Systems

The 1irrigation and drainage systems in the NWFP are under the
administrative control of one chief engineer stationed at
Peshawer. The number of field units responsible for operation and
maintenance of canal systems are given in Table 1&. This table
does not include the tubewell, SCARP, and planning division:.

There are one chief engineer, four superintending engineers,
twelve executive engineers (divisions) and 28 sub-divisions.

Activities of ISM/R Project

A PC-1 proforma dated June 1990 was prepared by the Government of
the NWFP, Irrigation and Public Health Engineering Department for
an Irrigation Management Research Project to be funded under
USAID ISM/R program. This proforma is essentially based on the
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recommendations of Dr. C.E. Brockway. The objectives of the
project are to collect discharges in natural streams and canals,
precipitation, ground water levels, well discharges, and other
related meteorological data. Interpretation, analysis and
computeriztion of data is stressed. A new unit is suggested under
the Director Design and Hydrology with sub-units at Mingora,
Mardan, Peshawer, and Bannu. Equipment is recommerided for water
flow, sediment, ground water level measurements, surveyine, and
meteorological monitoring, plus computers, office equipment, and
vehicles. The hydraulic/sediment equipment include current
meters, waders, water level recorders, portable weirs, sediment
samplers and laboratory apparatus. The total provision is about
Rs. 488,000. The number of current meters and water leve.
recorders are three and ten, respectively. This provision appears
to be too small to monitor the NWFP canal system.

Recommended Institutional Approach

A detailed discussion on alternative institutional approaches is
provided for the Punjab and Sindh Provinces. In view of the
locations of irrigation systems, scattered all over the province
a most viable 1institutional arrangement will be the same as
recommended for the other provinces, that is, routine survey at
divisional levels and other monitoring and office activities at
circle levels.

The additional staff required in each circle will include.

Designation Numbar

Junior research officer 1
Research assistant 2
Hydrographer 1
Field assistant 2
Driver 1

Eguipment Needs

Equipment needs of the NWFP Irrigation Department are estimated
for thre« levels of possible funding by USAID, as discussed in
detail f~- the Punjab and Sindh Provinces. These levels are
designate:: as "minimum operation", "adequate operation", and
"full operation". The type and quantity of equipment for these
operatiorns are listed in Table 17. The equipment requirements are
estimated assuming one piece of each item of equipment for each
circle or division except twc pieces of the equipment that will
be subjected to frequent wear and tear. For minimum operation,
the equipment 1is provided at circle levels. For adequate
operation, hydraulic equipment is provided at divisional levels
while the sediment measuring and analysis equipment is provided
at circle levels. The full operation is same as the adequate
operation except that additiomal water level recorders, and sonic
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sounders, velocity counters, motorized sieve shakers and desiccab
are provided.

In the MwWFP, some of the canals are of small sizes with steep
slopes. This will not require boats and related accessories for
flow and sediment measurements. Therefore, some of the discharge
measuring equipment and sediment samplers are not provided for
each division.

The quantity of equipment and cost of each item with
specifications and names of suppliers are given in Tables 18 and
19 for wminimum and’ adequate operations. The total cost is
summarized below. The full operation cost is estimated by adding
the cost of twelve velocity counters, two sonic sounder (with
spares), twelve water level recorders (with gpares), four
motorized sieve shakers, four desiccabs and six 30-1b sounding
weights.

Minimum Operation

Local Cost, Rs. 380, 440
Foreign Cost, US $ 95, 160

Adequate Operation

Local Cost, Rs. 723, 200
Foreign Cost, US % 199,100

Full Operation

Local Cost, Rs. 729,900
Foreign Cost, US % 275,200

The above cost does not include the cost of providing
vehicles and office equipment for data reduction. Al so

the cost of additional staff for the monitoring
activities in the circle offices is not included.
However, the cost of survey equipment (levels and
levelling staffs) is included in the local cost
component.

Pilot Project

To be consistent with the approach of pilot project in
the other provinces, the hydraulic/sediment moni toring
should be initiated in two circles only. As stated

earlier, this will provide an opportunity to judge the
response and enthusiasm of the PID to the monitoring
efforts, the willingness of engineers and sub-engineers
to monitor the canal systems under their control along
with their routine duties. The Northern Irrigation
Circle, located at Mardan and the Southern Circle
located at Bannu are recommended for this purpose. There

are six divisions in these circles.
Hydraulic monitoring will be confined to the routine
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survey and limited sediment sampling of suspended and bed
materials, and will be done at the divisional levels.
Detailed hydraulic/sediment monitoring for evaluating
design criteria for the alluvial canals will not be
performed. Sediment sample analysis, field data
evaluation and record keeping will be done at the circle
level. Two research assistants and one office assistant
will be required for this work. The cost of equipment
will be about Rs. 397,900 and U.S.$%$ 80,980 including 10
percent freight for foreign equipment (Table 20). The
cost of providing permanent flow measuring structures
such as flames, weirs, is not included. This should be
done by thie PID on a need basis.
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A well planned and accurately performed hydraulic/sediment
monitoring will provide information and data to enable an
assessment of the quality of irrigation service, an enhanced
system operation and to make planning decisions regarding
maintenance. Therefore, the PIDs personnel should be trained to:

1. Perform detailed hydraulic/sediment surveys to
obtain an accurate and reliable data base for
future improvement of the hydraulic design criteria
for the canals.

2. Properly use the conventional and more advanced
hydraulic/sediment monitoring equipment.

3. Successfully monitor the operation and performance
of canals, through routine surveys.

q, Perform laboratory analyses and evaluate and
maintain field data

Currently, the PID’s personnel are very lacking in training. Even
the provincial hydrology divisions and/or hydrology directorates
do not have trained staff. This is primarily due to two main
reasons:

1. Freguent turn-over in the departments
2. Least interest among engineers and sub-engineers to
work on hydrologic/hydraulic data collection

activities,

The regqular canal staff is proposed to conduct the routine
hydraulic survey and a special research unit is recommended for a
circle office. Once trained, there is less possibility of losing
this staff. This is because the canal staff will generally like
to be transferred to other running canals and will carry their
expertise to other systems. The research staff |is generally
interested in this type of assignment. Therefore, the training
should be given to the reqular staff operating and maintaining
the canals, and the staff employed for the circle offices. ,

ACOP Training Program .. p

As part of its agreement with the FCC, ACOP was assigned the
responsibility of +training the PID’s personnel operating and
maintaining the canals. A training plan was prepared by ACOP and
is being implemented. The plan consists of two sets of training
courses:

1. A three-week course was designed for sub-engineers,
research assistants and hydrogrphers. The course
was meant to emphasize field and laboratory
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training, and class room lectures were restricted
to +field and laboratory practices and potential
problems.

2. A five-week course was designed for engineers and
research officers, with less emphasis on field
measurements and more class room lectures to
introduce more advanced knowl edge of data
collection, computer application, and evaluation,
interpretation, and analysis of the hydraulic and
sediment data.

The training courses were proposed to be held at Lahore,
Faisalabad, and Multan (Punjab Province), Peshawer and Bannu
(NWFP), Hyderabad and Sukkur (Sindh Province), and Quetta
(Balochistan Province). The sequence of training was classroom
lectures, field measurements, classroom lectures, laboratory
analysis, data processing, and discussions. A seven - chapter
training document also was made available to the participants.

One December 16, 1990, the ACOP field training demonstration on
Pat Feeder Canal at Dera Murad Jamali (Quetta Irrigation Region)
was inspected. The training documents distributed to the
participants also were reviewed. The participants were sub-
engineers from various canal divisions. The field training was
well organized by Mr. Abdul Mujeeb, Senior Engineer, ACOP.
However, the following observations were made on the equipment
and measuring procedures.

1. Equipment used for the discharge and sediment
measurements was quite worn-out. The sounding reel
had a 0.125 inch dia meter steel cable without an
inner insulated core. An extra-flexible wire was
used to complete the electric circuit to count the
revolution of the current meter. The use of extra

wire is wusually gquite cumbersome for a new
hydrographer.
2. Locally made sounding weight and hanger bar did not

indicate standard 0.6 foot distance from the bottom
of the C-50 weight to the center of the current
meter suspension point on the bar.

3. USGS BM 54 (bed material) and USGS P61 (suspended
point integrating) samplers were demonstrated.
These samplers are too heavy to be used
conveniently on a small boat. USGS BMH &0 (bed
material) sampler should have been demonstrated.
For detailed hydraulic surveys, point sampling is
not required because the suspended sediment

concentration data at various depth is not required
for hydraulic design criteria.

4, Steel wire rope of 0.25-inch diameter was stretched
as tagline across the canal to measure width



between selected verticals to observe depth and
velocity. The rope was tagged at S-foot intervals.
Although the distances between the tags were
checked before the measurement a beaded tagline
should have been used.

3. Procedure demonstrated to measure water level
required a special O - type gage with a vernier
scale. This gage eliminates the wave action of flow
and water level is measured accurately with a
vernier scale. This type of gage is not required
for the monitoring work to be undertaken by the
PIDs. The gage may be useful for research projects.
A wooden peg driven into the bed can provide
reasonably accurate water level if distance from
top of peg to water level and elevation of the top
of the peg are known.

The training document 1is derived probably from previous
publications of ACOP or directiy from text books. It is a good
document if intended to present general stream gaging and
sediment sampling procedures for graduate engineer level. This is
certainly above the general comprehension of sub-engineers and
hydrographers. The terms like base line experiments, calibration
experiments, special experiments, sophisticated methodology, bed
shear and morphology are quite confusing for sub—engineers and
hydrographers..

Data collection objectives are defined for general stream gaging
and there is no reference to what is the objective of training
for the canal staff and what they will be required to do. Field
measurement procedures include all types of instruments and
procedures which will never be used by the PIDs, for example, ice
measurements, electronic gages, telemetry, etc.

Proposed Training Program

The ACOP training program will only provide an introduction on

general stream gaging to a limited number of participants. Since
the PIDs currently do not have the hydraulic/sediment moni toring
equipment, the participants cannot practice whatever they

learned. The procurement may take some time. During this period,
there 1is a great likelihood of forgetting whatever was learned.
This 1is particularly true because the tra:ning document is not
designed specifically for the needs of the PID’s personnel
required to monitor the operation and performance of the canal.
It does not provide step-by-~step procedures for field data
collection, including potential problems.

A new training program will be required for those circles and
divisions which will receive the equipment. A new training
document also will have to be prepared providing step-by-step
instructions to conduct routine survey (to monitor operation and
performance of canals) and detailed hydraulic/sediment survey,

38



and to evaluate, interpret and reduce the data for future use.
The training program should be implemented under the suporvision
of a hydraulic/sediment monitoring specialist, who should also
prepare the training documents.

The new field training program should be limited to the methods
of discharge measurements, sediment sampling and morphological
observations suitable for monitoring the operation and
performance of the canals, and for collection of hydraulic
parameters and sediment characteristics for possible revisicon of
the hydraulic design criteria in the future. The measurement of
discharge should be demonstrated by wading and boat methods, and

by using calibrated control structures (regulators, weirs, broad
- crested weirs and outlets). The use of staff gages (vertical or
inclined) and continuous water level recorders and their field

lnstallation also should be demonstrated.

Field training for sadiment sampling should include use of depth
integrating and bed material samplers, because only total
suspended zeaiment concentration and particle size distribution,
and particle size distribution of bed material are required for
the canal design. Laboratory procedures should be demonstrated by
actual analyses of total concentration and particle size
distiribution.

Attention of the trainees should be drawn to the field
precautions to be exercised to obtain accurate and reliable data,
particularly during selection of sites for staff gages/water
level recorders and for discharge measuring sites, and during
observations of water surface and canal bed profiles. Also
potential errors in velocity and depth observations for computing
canal or outlet discharges, and during sediment sampling and
analysis, should be pointed out.

The training documents should be written for the purpose of
educating the trainees with the field and office procedures for
canal monitoring and may include:

l. Purpose of Canal Survey

Canal Discharge
Suspended Sediment

Bed Material

Surface and Bed Profiles
Cross Sectional Profiles

2. GBGeneral Methodology

3. Measurement of Canal Water Levels
Staff Gage
Recording Gage
Gage Datum
Gage Data Reduction
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4.

Measurement of Discharge
Main Canal
Wading
Boat
Calibrated Control Structures
Water Course
Wwading
Portable Flumes
Outlet Geometry
Measurement of Width
Measurement of Depth
Computaticn of Flow Area
Measurement of Velocity
Methods of Mean Velocity Determination

Development of Stage - Discharge Relationships
Procedures for Sediment Sampling

Suspended Sediment

Bed Material

Methods of Laboratory @Analyses

Data Interpretation, Evaluation, Reduction and
Compilation

Evaluation of Reliability of Water Delivery and Equity of
Water Distribution.
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In principle, each PID should conduct the following monitoring
program. However, because of limited equipment provided to a few
selected circles, the monitoring program may be confined to
updating the performance listing and routine hydraulic survey.
Separate report has been prepared to define the responsibilities
of the selected divisions and circles under the pilot project
schemes defined in this report.

Besponsibility of Field Divisional Staff .

1. Update the performance history of canals after
every five years in respect of silting, scouring,
shortages, breaches, encroachments of free board,
berm growth, etc.

2. Make discharge measurements on canals and
distributaries three or four times during the vyear
by current meter to check the discharge tables and

empirical discharge relationships of control
structures. Also carry out flow measurements at
headworks.

3. Measure water course discharges at different flow

conditions in the canals using pygmy current meters
(cr portable flumes if available) and compare with
‘the discharge estimated using empirical
relationships.

4, Based on the above data, check the reliability and
equity of the canal system.

3. Prepare longitudinal and cross sectional profiles
of the canals/distributaries/minors during the
closure periods.

6. Evaluate the data and classify the canals as
problematic or non-problematic.

7. Define remedial measure to rehabilitate the canals
for submission to concerned authority.

8. Properly document the basic data and results for
transmission to the circle office.

1. Review the hydraulic data collected by divisional
staff and provide technical quidance.

2. Select reasonable number of problematic canal
reaches and perform detailed hydraulic/sediment
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survey to collect reliable data for potential
revision to the existing design criteria. These
surveys should be done in kharif and rabi seasons.

Operate sediment laboratory.
Conduct longitudinal canal bed surveys using echo
sounder during the period selected by the

divisional engineer.

Evaluate, interpret, analyse and computerize the
basic hydraulic/sediment data for future use.
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Table B {Continued)

-

special  solded  ruper grip
centaining vajve systes, cne litre

22, Hach Bottle Borosilicate #lorence flask with 16 76

capacity
. Filtering Pyrex glace, 40 angle borie, headed 32 - 80
Funne} to reduce chipping, top diasster
127 2, sten iength 10 pa
X, Filter Circle Ahatnan, achiece ¢1)ter paper, fins 32 - 23
perosity, Larticie retention .5
28, diameter 12,5 tn, packet
2. Stirring Rog blacs, 5 mn fiameter, 0 cp iong 32 - 2
2%, Thermosster Range - 20 w0 i Biniaua 32 - 32
ki !
gracuaticn one degree, length 36
£s,
2. 3-Hay Stop Cock Giass construciion, 32 - 12
& french Curve Set Flaetic, ia - 169

Totai: Rs, 14807,000
U5, ¥ 30, 502+107 freight = 39,992
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Table 9 {Continued)

Length 100 fest, marked in 0.1 foot
incresents or in inches; housed in
a case,

Topeen {Japan) automatic ievelling,
magnificaticn 20 ¥ with  ctandard
atceseories

35

Sibtain Brethers,
Yarachi

Sibtain frothere

[2% ]
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[
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=3

Levelling Japanese stave poie standard, 15 ft 3 Sibtain Brothere
Star¢ fong
Y - Fiod Standard, for meacuring geometry of B 195,000 - 200,009 - Kotri Gaging Sup-
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09y Directorate,
Hyder 021
o sy co o —_— PO -
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ecorger 136 gage ecale; chart eoped 2,4 Incy P.0. fos 455
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Water Levei 2. Fen ink 3§ - § - 33
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% 45 - onth  negarer pripg 34 - 750 - 30,510
griven cieck
% Float tape 3 - 240 - 8,190
3, Fleat 39 - 3 - 3,703
Z+ Counter weignt 3 - 13 - 307
8, Fen Cieaner, packer 3 - 9 - 33
Staff Bage Special porciain ensmsi  cpaton Kotri Saging Sup-
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aarred wvery foot, 00 e C Hyderabad, 0%
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3,33-8.88 it N0 300 - (G4 - Lancre
6.26-8,%5 {1 20 o - 40,000 -
9.99-13.33 ft 200 0 - 160,006 -
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Topie 9 {Continued)
Sediment Saspling Equipaent

Lo Wading Type,  US DH-48 mith wading rod including 16 240

2, - 33,600 - fhaad Enterprises,
Depth integrating three sets of spare gaskets, and Lanere
Suspended Sedizent nozzies of 178, 3/16 and 174 inch
Hand Sampier openings, almunius casting

Z,  Reei Type, US D-74, cact bronze ctreas lined is 6,600 - 103,800 - Arsad Enterpriees
Cepth Intergating Bedy, with hanger bar ang pin;  and
Sediment Samnjer intivding three spare spts  of

gaskets and nezzies of ird, 36
ang 174 inch openninge.

3. Fizton Type Bed U5 B4 53 ia - 420 - 5720 Hinnessta
Haterial Hand retricaters, 23:3
Saspler Highuay 51 Nortn

St. Paul Hin,
? 55469, U
g 3109, U5

4. Hand line Ped US B &) 1é - 1,160 - 17,6 Hinnecota
Haterial sampier Faoricaters

3. Fint Giass Fer use nith &H-45, 24 per ooy 32 - 73 - 2,460  iHinnecota
Entiles fabricatore

&, Plastic jer For uee with 074, 12 per boy 32 - 5 - 600  Hinnecota

Fabricatore

7. Saspie Labej For uze en all bottiee o dars, 32 - 2 - 640 Hinnesota

seif adnesive, nacket Fadrizaters
Laboratory Eguipsent For Sediment fnalysis

Lo ¥ieua V.o tube with  autematic trager if - 3,8% - 80,800  Federzi Inter-
fccusuiation ene poter (zdd Yoite-30 cyciel; gency Ssdimen-
Tude zang cize Incieding ali arcozenrise for 17 tation Project,
fSnaiyeer €a tubes; sizes i, 34, 3,0 ang 34, fntheny Fails

7.0 4 inside i metere a iouer i :
ends,

24 Cpares for 1. ¥ giass tuoes 2.1 14 - 210 - 3,380 Federal Interagency
VA Tube 2, VA glass tuas 3.4 rn io - 210 - 3,340

3. Yh glass tude: 5.0 ma 15 - iy - 3,38)
4, VA glass tude: 7.0 na I8 - 2H0 - 3,35
3. VAT Charte L5 - - - )

3. Botton Standard by St, fnthony Faiis 32 - 220 - 7,040 Fenera interagency
Withorawai Hydrauiic Laborateries, inciuding
Tube rubber tape 2nd ninch ciasp,

Ol
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fadie § (Continues)

2.  Hach Bottie Borosilicate ficrence flask with 1 - 78
special  soided  rupber grip
containing vaive systes, one iitre
Capacity

- 1,248 Soiltest, IL.

& Filtering Pyrex glass, &0 angie bowie, beadeq 32 - 8) - 2,550  Ficner Scient
Funnel to reduce chipping, tep dimet
127 om, stes lengtn 106 ma
4, Filter Lircle Fhatean, achiesc $ijter paper, fipe 32 - 3 - B Ficher Srien
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em, disseter 12.5 ca, packer
&, Stirring R biass, I mm diameter, 30 cn ipnp 3 - z - & Fisher Srientific,
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B French Qurve Zeb  Flaetic, i - Hed - 1,60 Cospon Ites,

Total: Rs. 3,239,510
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HYDRAULIC AND SEDIMENT Mo

TABLE 14
BALOCHISTAN POVINCE

NITORING EQUIPMENT FOR ADEQUATE OPERATION
AT DIVISIONAL AND CIRCLE LEVELS »
54 I SFEIFICATING WY N WA 05T SPum
local  ollar local  Pollar
R 55 R 5
@ 3) W f6) o (@) @)
Hydrauiic Equipsent
I Current fieter Price Type M0 {vertical axis, 22 - m - 17,380  Scientific

2. Mini Current
Meter
{Pygay)

3, Standard
Wading Reds

horizontal bucket Hheell; chrose
plated stainiess steel; mininus
velecity = 0.1 fps and mavimum
velecity = 20,9 ¢ps; single and
penta contacts; furnished tosplete
in a foaa cushioned carrying case,
along with a rating thart, tail
fin  aesembiy, screw driver,
assoried cpare parts, and special
lubricant, both for rod and cable
suspension,

Verticall axis, horizontal bucket
weel; chrose plated  staiplecs
steel; pinigun velocity: .05 fps
and eaximus velocity = 3,0 fps;
furniched complete in a foae
cushicned  carrying cace  with
assorted spare  parts, a rating
thart  and luorizant; for  rog
suspension only,

Four 2-foot graduated rods in 0,
foot incresents, bottos rod with
base plate; an adjustable sliding
suppert capable of hoiding price
Type A and Pygay current peters;
a tlexible tmo-conducter wire with
one end having tro-hole  conductor
for head cet and the other eng
suitable for connecting to current
ecter and rods. Fase plate ang
slider made from  corrosion
resistant saterial; cosplete cet in
heavy duty canvas carrying cace,

Instrusents Inc;
318 Kest Cherry,
Hilnaukee,ni 53212
-3822, 4iSA

{314) 263~ 1600

Fax (414)263-3508

22 - 630 - 13,850  Same as above

S
d
g

L]

&
5
=

- Phmad Enterprices
I-fecleca Road
Lahore



s,

~£3
-

10,

Light Duty
Tagline

Heavy Duty
Lee Au Type
Tagline

Headset

Velocity
Counter

Electronic Match

Spares for
Current Meters

Rubber Chest
Wader

Tahie 14 (Continued)

Rbout 300 fest long of 0.04 inch
diaseter stainless steel with a
hook at one end, wound on a heavy
plactic reel and mounted on a
hardwood stake; brass beads every
2 {est for the first 50 feet, every
3 feet froa 0to 200 feet and
every 10 feet from 200 to 300 feet.

About 500 feet long 1716 inch
diaseter open reel with handles;
aarked with brass beads every 2
feet for the first 50 fest, every 5
feet froa 50 to 200 feet, every 10
feet frem 200 to 300 feet and every
30 feet from 300 to 500 feet; heavy
duty hocks on both ends for attach-
ing to treec or other sturdy
chjects,

Flesible  headband, built in
cosparteent for dry cell battery,
including flexible wire with twp
pole cennecter for comnecting to
tocoiucter wire froa  current
seter on wading rod or frca
sounding reel,

Electro-mechanicai  type  for
tracking nusber of revolutions of a
current geter, working on dry cell
batteries, housed in 3 rugged
piastic case

Electronic, digitai reading to 9,01
cecend, with a neck cord and having
easy to use finger tip controi
puttens,

Copatible to the ceiectad current
seters;  should imiuder pivet
asseably, hanger <ccrew, binding
post ascesbly; extra cscrews for
price AR and  Pygay eeters;
instrusent oil, cieaning clcth,
twrpole comnecter  {male  ang
temaled; bucket wheel assemdiy

{. Hediua Size
2. Larye Size

it

3 Nos.for
gach
jtea,
both for
Pygay
and
brice Af

i1
1

3%

360

185

70

160
210

3,775

2,30

1,430

1,54

X0

Scientific Instru-
gents Inc. .

Scientific
Inst. Inc,

Scientific
Instrusent Inc,

Scientific
Inst. Inc,

Scientific
inst, Inc.

Scientific
Irst. Inc,

Rickly Hydraiogic
Company, 2710



it

i2l

14,

to.

17.

8.

19.

b=

2.

Hip boots

Boat lsprovize-
gent Set

Sounding Reel

Sounding Weight

Hanger Bar
nith Pin

Cable Connector

Sounding Cable

Life Jacket

Flat Bottca
Fibre Giacc Boat

fertable
Sonic Depth
Recorder

Epares for
Senic Depth
Recorders

Table 14 (Continved)

I, Mediua Size i -
2. Large Size . - i1 -
Boon and cross ara, 4 530
US65 standard ~ -

UGS Atype light duty, with a ] -
saximn  load capacity of 100

pounds; two-position handle for

leverage, scale reading 0.1 foat;

cosplete with 0. inch doudle

conductor cable, “* type connector

and flexible two-concuctor wire for

connecting reel to headset

Us6S Colushs {C) type

1. 30 pounds - 7%0
2, 50 pounds L] 1,300
USES type for 0 and 50 Colusbs 8 280

type veignts, one foot long
US55 Type B |

Eleworth  double conducter f{imner 400 -
core)y 0.1 inch diameter _

USG5 approved wodel A2 Adult 12 -
universal, general purpose type-11

16 feet long and & feet wide.

&
g

Single range 9 to 50 feet; paper - -
size B inches wide and 72 feet
long; paper speed | or 2 inches per
ainute; high reeolution fine line
trancreceiver with a frecuency of
100832;  trancducer frequency 100
#H2~7.3, voltage input 24 voits I,
weathertight alewniun construction
with water tight connecters,
plastic cover and f0unting
brackets,

Host frequently replaceable parts  L.5. -
to be decided by the zupplier

consistent with sodel conforming to

aove  specifications, including

recorder charts.

10,09

5,200

2,080

120,000

825

108

2,300

1,200

Joyce fve;
Colusbus, Dhio,
43211 o4

Phsad Enterprises,
Lehore

Scientific
Instrueents Inc

F. Ahnad & Sons
[-Brandreth Rd,
Lahore

e Ahmad & Sons

Ecientific Inst. Inc,

Scientific Inst, Inc.

E30 Industries,
Inc, Herzlehuret,
bi, 31539, UsA

fasrock Cospany
Hitan Rd. Lahore,

l. Ross 600 Series
Ross Laboratories
Inc; 3138 Fairview
fve;  Seattle, uh
Y6102, UsA 2.

2, Raytheen Serips
[E 719, Harine Co,
. Affairs, les-
ington, Hass,
02173 Ush,

1. Ross Laboratories
Z, Raytheon



2.

2.

(5]
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. Ketalic

Neasuring
Tape

Level with
Tripod
Levelling
Statf

Y - Red

Nater Level
Recorder

Spares for
Water Level
Recorder

Staff Bage

Table 14 {Continued)

Length 100 feet, marked in 0.1 foot
incresents or in inches; housed in
a case, >

Topeon (Japan) _aufoutic levelling,
sagnification 20 X with  standard
accescories

Jepanece stave pole standard, 15 #t
long

Standard, for eeacuring gecaetry of
outiets,

Stevens A-7l; Engiich units with
136 gage scale; chart cpeed 2.4
irches per day; chart 10 inches
wide end 25 yard long; 4.5 - sonth
negator <pring driven clock; 16-
inch  circusference pulley for
pericrated tape; ctainless ctes}
graduated, perforated tape 50 feet
len; with set end hooks and indey
bracket; B~inch diaseter flpat with
cowster veight, reversal indicator,

1. Fecorder chart

. Fen ink

« Capiliary pen with lucite recer-
yoir

4, 4,5 - aonth
griven ciock

3. Float tepe

6. Fleat

7. Counter weight

B. Pen Cleaner, packet

N

&l

negater  spring

Special porciain enase] teated,
four inches wide in  3.33~fcot
cections; graduated te .01 fost and
sarked every foot, 0.1 eng .02
font,
Range: §-3.33 #t

3. 336,84 ft

6,659,595 it

9.99-13.33 ft

i1

{1

1

i1

i
i1
i1

i1
i

i1

2NN N

240

21,000

1,260

2,500

g
o

*0
300

[/
)

3,100

21
82

7%0

(48]

10
53
13

2,310

231,000

13,80

27,50

30,000
30,000

30,000

34,100

23
572
8,490
2,310

1,045
13

Sibtain Brothers,
Karachi

Sibtain Brothers

Sibtain Brothers

Kotri Baging Sub-
divisien, Hydrol-
ogy Directorate,
Hyderabad

Leupold and Stevens,
Inc; P.0, Box 485
Beavertan, Oregon
97075 Ush

Leupold and Stevens

Kotri Baging Sub-
division, Hydrol-
ogy Directorate
Hyderabad, OR

fhaad Enterprises,
Lahore



Table 13 {Continued)

Sedinent Sampling Eqripeent

1. Wading Type, US DH-S with wading rod including
Depth Integraling three sets of spare gaskets, and
Suspended Sedirent nezzles of 1/8, 3/16 and 14 inch
Hand Saspler openings, aleuniua casting

2. Reel Type, U5 D-74, cast bronze ctreae lined
Depth Intergating body, with hanger bar and pin; and
Sedivent Sampler including three tnare sets  of

gaskets and nozzles of 1/6, 3/16
and 1/4 inch opennings.

3. Picton Type Bed  US B 53
flaterial Kang
Saspler

4, Hand line Bed US Bt &0
Haterial saspler

3. Pint Glass For use with DH~48, 24 per box
fottles

6.  Plastic Quarts  For use with 0-74, 12 per box
dar

7. Samle Label For uze on ail bottles o Jars,

self adhesive, packet
Laboratory Equipsent For Sedisent fnalysis

fo Visual V.A. tube with  autosatic tracer
Accusuiation and soter {280 Volts-5) tyclel;
Tube sand size  including il accessories for 120
fnalyser €3 tubes; sizes 2.1, 3.4, 5.0 and

7.0 =4 inside diaseters at Jower
ends.

2. Spares for 1. VA glass tube: 2.1 ma
VA Tube 2. VA glass tube: 3.4 na

3. VA glass tube: 5.0 es
4, VA glass tube: 7.0 ne
3. VAT Charts

3. Bottos Standard by St. fnthony Falls
Withdranal Hydraulic Laborateries, including
Tube

rubber tape and pinch clasp.

(22}

B eicici e

o~

2,100

6,800

420

3,800

6,300 _

20,400

1,260

150

1%

11,400

N\'n.a.d Enterprises,
Lahore

fhead Enterprices

Hinnesota
Fabricaters, 2515
Highway &1 North
5t. Paui Hin.
B0, Ush

Kinnesota
Fabricators

Rinnecora
Fabricators

Minnecota
Fabricators

ffinnesota
Fabricators

Federal Inter-
agency Sedimen-
tation Project,
St. Mnthony Falls
Hydraulic tabora-
tery, 2-3rd Avenue
South-East.
ffinneapolic, Hin.
D414 UGk

Federai Interagency

Federal Interagency
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Balance

Electroic
Balance

Electric
Oven

Sieve et
{fine)

Sieve cat
{Coarse)

Siev: Fryeh

Sieve Lid

Steve Pan

Table 14 (Continued)

Capacity of 200 grass with weight
box and 0001 qraa sensitivity,
beas -.05 to <05 gras in 200
graduated divisions; two concave
stainless steel pans, front and
back sliding glass doors case,

Capacity of 200 grass, Sensitivity
0001 graa

Fan-forced  air circulation,
tesperature range upto 11C, two
doors, pilot light, adjustable
shelf, welded stesl exterior,
overail diaseter 30°:23%:24c,

US4 stendard cieves,  3-inch
diaseter brass sieve, fine ceries

Yo, {genings
5 4.0) ma
10 2.00 ma
18 100 pa
A J10 =
5 300 na
45 . 339 ae
&0 230 =
& 180 ea
120 AL
170 050 #n
230 043 ma
35 043 pa

USA  standard cieve; @ - inch
diaseter, brass sieve,

Sieve size
5.6 an
6.0 =2

16.0 =a
3.5 en
65 ma
100 =2

Fine hair bristles, wonden nardle,
For U5 Standard 3-inch cieves

For S Standard 3-inch cigves

3

(22BN 2 IR 2 B 22 I F¥ I 75 Y O I 2 B YR ¥ YR Y|

[ZX N 72 B S By J% B SN 23]

1,800

1,100

LU HEHAdE 0 E

e e

16

- 5,400  Soiltest, 6

Albrecht Dr. P.0.
Bax 8004, Lake

» Bluff, IL. 4004~
9902 USA

- 7,800  Soiltest, IL,

- 3,700 Soiltest, IL,

Soiltest, I1,

- 114
- 14
- 114
- 114
- 114
- 114
- 114
- 114
- 114
- 135
- 165
- 40

Soiltest, I1.

- 114
- 114
- 114
- 14
- 114
- 114

- #  Soiltest, II,
- #  Soiltest, I1.

- 8 Soiitest, 11,



13.

14,

151

lél

17.

18,

19,

21,

Sieve Shakar
{Notorized)

Sieve Shaker
{Hand operated)

Stop Watch

Pipette

Vacuus Pusp

Beaker

Cylinder

Desiccab

Evaporating
Dich

Desiccator

' Table 14 {continued)

Motorized 220 wolts, W -.ovcle
capacity eigit  sisves - Prus
pan and cover, . B-inch mieye sizes

kad—dperated shaker;  capacity
seven sieves, Beinch diascter.

Reading to one second, Suise/China

Pyrex glass;

1. 5 al capacity;
tolerance + 0,05 ai
2, 50 8l capacity;
toierance + .10 al

Two  ceriec-comnected  electric
pusps, 0.3 ma ultisate pressure ip
leak proof cystea, 1/4 1P soter,
240 volts 50 Hz.

Pyrex glass; safe teaperature liait
H00E;

1. 100 =
2. 250 sl
3. 600 =i

Pyrex glass graduated
f. 100 al
2. 250 al
3. 500 al
4, 1000 ai

For cooling casples in moisture-
free environeent, cheaical
resistant, high impact  mlged
plastic;  alsuniva chelves,
resovable desicccant glass tray

Poreclain, giazed inside, partiaily
glazed cutside,
. 90 =9 diaseter
125 8l capacity
2, 115 =8 diaseter
230 ol capacity

For cooling saspiec in mgjsture-
free envircneent, glass
construckion, 125 m  insige
diaseter and 75 ma depth to plate

o~ o~

o~ O o~ O~

(5% )

100
130

L O 7Y Y 2 }

12
18
2

C 32

i3

3%

2,550

i8
18
4

n
108
132
192

70

370

153

Soiltest 11,

Soiltest, 11,

Ahead Enterprises,
Lahore

Fisher Scientific
1600 W.Glenlake
fve; ltasca

IL, 80145 USh

Soiltest, IL,

Soiltest, IL.

Soiltest, IL.

Soiltest, IL.

Soiltest, IL,

Soiltest, IL.



2,

A,

Wash Bottie

Filtering

Funnel

Filter Circle

Stirring Rod

Therapsoter

S-Hay Stop Cock

French Curve Set

Total: s. 418,750
U5 & IR, 1294101 freight = 167,334

Table 14 {Continued)

Borosilicate florence flask with
speciel - molded  rubber orip
containing valve systea, one litre
capacity '

Pyrex glasﬁ, 80 angie bowle, beaded
te reduce chipping, top diasster
177 en, stes length 100 es

Whatean, ashless filter paper, fine
parasity, particle retention .00Z5
ee, diaseter 12,5 ca, paciet
Blass, 5 =n diaseter, 3jca long
Range - 20 to 1105, ainimus
gradeation one degree, iength 300
B.l

fiazs construction.

Flastic.

3

L 22 ]

12

100

150

18

152

Soiltest, IL.

Ficher Scientific, IL,
Fisher Scientific, IL.

Fisher Scientific, IL.

Fisher Scientific, IL.

Fisher Scientific, IL.

Cosnen Ites.



TABLE 15
~ BALOCAISTAN POVINCE
HYDRAULIC AND S-IMENT MONI TORING EQUIPMENT FOR PILOT PROJECT

54 I SPETIFICATIOS WY NITORST malds  apum
local Dol local  Dollar
Re. ] R, I5$
wo @ (3 W () ) ® o
Hydraulic Equipsent
Lo Curreet Weter  Price Type M Gvertical  axis, 16 - o - 2,680 Scientifiz

horizentai bucket Hheel); chrose
plated stainless steel; sinisus
velecity = 0.1 fps and maximus
velecity = 20,0 fps; single and
penta contacts; furnished cosplete
in a fosa cushioned carrying case,
aleng with a rating chart, tail
fin  ascesdly, screw  driver,
assorted cspare parts, and special
lubricant, both for rod and cable
suspensicn,

Instrusents Inc;
18 Hest Cherry,
fii Iwaukee, Wi 53212
=3822, U3A

{414) 263-1600

Far {414)263-550b

2, HMini Current Verticall axis, horizontal bucket 18 - 630
Neter weel; chrose plated stainless
{Pygey) steel; sinieun velocity: .05 fps
and earisus velecity = 3.0 fps;
furniched complete in a foaa
cushioned carrying case  with
acsoried spare parts, a rating
chart and lubricant; for rod
suspension only,

- 10,080  Scientific
Inst. Inc.

3, Standard Four 2-foot graduated rods in 0.1 14 2,100 - 3,600 - Shead Enterpricec
Wading Rods feet incresents, bottea red with I-¥ciecd Read

base piate; an adjustable sliding Lahore
suppert  capable of hoiding price

Type 4 and Fygay current metere;

2 flexibie two-conducter wire with

one end having tro-hole conducter

for head cet and the other end

suitable for comnecting to current

meter and rods, Base plate and

slider made fres  corrosion

resistant saterial; cosplete cet in

heavy duty canvas carrying cace,



4.

5.

6!

1

Light Duty
Tegline

Heavy Duty
Lee fu Type
Tagline

Headset

Electronic Watch

Spares for
Current Meters

fupper TRrst
Nader

Table 15 (Continued)

Poout 300 feet long of 0.04 inch
diaseter stainless steel with a
hook at one end, wound on 2 heavy
plastic reel and mounted on a
hardwood stake; brass beads every
2 teet for the first 50 feet, every
3 feet from S0 to 200 feet and
every 10 feet froa 200 to 300 fest.

Aoout 500 feet leng 1716 inch
diaseter open reei with handles;
sarked with brass beads every 2
feet for the first Z0 feet, every 5
teet froa 50 to 200 feet, every 10
feet from 200 to 300 feet and every
X feet from 300 to 500 feet; neavy
duty nooks cn toth ends for attach-
ing to trees or other  sturdy
chject,

Flexibie  headbane, built in
cospartsent for dry cell battery,
including flexible wire with two
pole connecter for connecting to
tmo-concucter wire fres  current
seter on wading rod or  froa
sounding reel,

Electronic, digital reading to 0.0
second, with a neck cord and having
easy to use finger tip controi
buttens,

Cospatibie to the seiscted current
eeters; cheuid include: pivet
asseadly, hanger <screw, binding
post ascesoly; ertra cscrems for
price A} and  Pygay  msters;
instrusent oil, cleaning clotp,
teo-poie comnector (male  and
fesaiel; bucket wheel ascemniy

1. Hediua Size
2, Large Size

16

16

3 Hos, for
each
ites,
both for
Pygay
and
Frice A

o~

160
210

8,400

1,70

1,040

%)
420

Scientific Instru-
ments Inc,

Scientific
Inst, Inc.

Scientific
Inst, Inc.

Scientific

Inst. Inc.

Scientific
inst, Inc.

Rickly Hydrologic
Company, 2710



10,

i

12,

14'

15,

1.

l7l

18.

19.

Hip boo*s

Boat Isprovize-
gent Set

Sounding Reel

Sounding Weight

Hanger Bar
with Pin

{able Connector

Sounding Cable

Life Jacket

Fiat Bottoa
Fibre blass Brat
fletalic
Heasuring

Tape

Level uith
Triped
Leveiling
Staff

¥ - Rod

Table 15 (Continued)

1. Mediua Size
2, Large Size

Bocs and cross ara,
US6S standard

U6 Atype light duty, with a
sxima  load caparity of 100
pounds; two-position handle for
leverage, scale reading 0.1 foot;
cosplete  with 0.1 inch double
conductor cable, “B* type connector
and flevible two-conductor wire for
tonnecting reel to headset

US5S Colusbus IC) type
1. 5 pounds

USES type for 30 and 50 Colushys
type weights, one foot long

US55 Type B

Eicworth  double conductor {inner
coredy, 0.1 inch diaseter

US55 approved model A2  Adult
universal, general purpose type-i1

16 feet long and & feet wide.

Length 160 feet, marked in 0.1 foot
increseate or in inches; housed in
a case,

Topeon Japan) automatic levelling,
ragnification 20 X with  standarg
accessories

Japanece stave pole standard, 15 ft
long

Standard, for eeasuring geosetry of
outiets,

&l

(22 ]

4

(22 ]

- ‘ B

- 105
3,300 -

- 1,480
LW -
240 -

- 7

- )

- 100
BHe -
210 -
2,00 -
1,280 -
2,5% -

15,900

50,060

1,680

168,000

450
210

4,40

Joyce fve; .
Colusbus, Ghio,
43211 UsA

Ahaad Enterprises,
Lahore

Scientific
Instrueents Inc;

H. fhmad & Sons
I-Brandreth Rd,
Lahore

H. Ahead & Sons

Scientific Inst, Inc.
Scientific Inst. Inc.
ERD Industries,

Inc, Harziehurst,
BA, 31539, Ush

{asrock Cosoany
Hultan Rd. Lahore,

Sivtain Erothers,

Karachi

Sibtain Brothers

Sibtain Brothers

Kotri Baging Sub~
division, Hydrol-
ogy Directorate,
Hyderabad



Table 15 (Continued)

B, Vater level  Stevens A-71; English units with
" Recorder 1:6 gage scale; chart speed 2.4
inches per day; chart 10 inches
wide and 25 yard long; 4.5 - amnth
negater  spring driven clock; 18-
inch circusference pulley  for
perforated tape; stainiecs steel
graduated, perforated tape 50 feet
long with set end hooks and index
brocket; B-inch diaseter float with
counter weight, reversai indicator.
24, Spares for 1. Recorder chart
mater Levei 2, Pen ink
Fecorder 3. Capillary pen with ivcite reser-
yoir
4, Fen Clesner, packet
L. Staff Gage Special porclain enamel  coated,
four inches wide in 3.3 -foot
sections; graduated to .0l foot and
sarked every feot, 0.1 and .02
foot.
Range: 0-3.33 ft
3.33-6.8h ft
b.66-3,99 £t
2.99-13.33 ft
Sedinent Saapling Equipsent
I, Hading Type, US DH~48 with wading rod including
Depth Integrating three csts of spare gaskets, and
Suspended Sedicent nozzles of 1/8, 3/16 and /4 inch
Hand Sampier openings, aleuniua casting
2. PistonType Bed S EH
Haterial Hand
Sampler
3, Pint Glass For use with D448, 24 per box
Bottles
4, Sasle Latei For use on all bottles or Jars,

self adhesive, packet

EEE S

2,100

3,100

420

20,000
20,000
20,000
20,000

16,600

24,800

168
)
46

n

Leupold and Stevens,
Inc; P.0. Box 488
Beaverton, Oregon
7075 USA

Leupold & Stevens

Kotri Gaging Sub-
division, Hydrol-
oqy Directorate
Hyderabad. OR

Ahead Enterprisec,
Lahore

fhead Enterprices,

<Lahere

Hinnesota
Fabricators, 2515
Highway 61 North
St. Paul fiin,
5109, Ush

Hinnesata
fabricators

Ninnesata
Fabricators



Tatle 15 (Cantinued)

Laboratory Eqripeent For Sedisent fnalysis
I, Bettoa Standard by . St. Anthony Falls
Kithdrawal Hydraulic Laboratories, including
Tube rubber tape and pinch clasp,
2. fnalytical Capacity of 200 graes with weight
Balance box and .000! gras sensitivity,
beas -.05 to +.05 graa in 200
graduated divicions; two concave
stainless steel pans, front and
back cliding glass doors case.
3. Hectric Fan-forced  air  circulation,
Oven tesperatwre range upto 11€, two
doors, pilot light, adjustable
shelf, welded teel exterior,
overall diameter 30%:75%:24°,
4.  Sieve cet US4  sctandard sieves, 3-inch
{fine) diaseter brass sieve, fine ceries
Ka, {nenings
5 4,00 m
10 2,00 =
18 1,00 =a
35 J10 na
k4] 300 ne
45 353 ma
&0 250 oa
& 160 ma
120 A2 e
170 00 na
230 063 22
333 043 o
3. Sieve eot USA  standard sieve; 8 - inch
{Coarse

dianeter, brass sieve,

Sieve size
5.6 an
8.0 =

16,0 na
31.5 ra
8 pa
100 =a

LSIEACIN S IR AN ORI S B ORI I N I X ~Na
[] ]

NN NS
'

1,600

1,100

e SHEEYHYEHYS

TR

830  Federal Interagency

2,200

76
7
76
[
7b
[
ia
7a
7h
W
0
180

Lr-

~d mg =F .
o! 5! & i

-~y

Sedigentation Project,
§t. Anthony Falls
Hydraulic Laboratory,
2-3rd Avenus South-
East. Minneopolis, Nin,
414 USA,

Soiltest, 85
Albrecht Dr. P.0.
Box G004, Lake

Bluff, IL. 60044-
9902 LS

Soiltest, IL.

Soiltest, 11,

Soiltest, 11,



10,

llﬂ

12,

13,

i3

17.

Sieve Brush
Sieve Lid
Sieve Pan

Sieve Shaker
{Hand operated)

Stop Watch

Pipette

Vacuus Pusn

Beaker

Cylinder

Evaporating
Dich

Desiccarcr

Wash Bottie

Table 15 {Continued)

Fine hair bristies, wooden hangle,
For (5 Staﬁdard K;inch 5ieves
For US Standard 3-inch sie